
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

DANIEL HOROWITZ
Attorney at Law
P.O. Box 1547
Lafayette, California 94549
(925) 283-1863

Attorney for Alicia Kalamas

Pursuant to Emergency Rule 12 Service should be 
made to the following address:

Horowitz@PhysicianDefense.Lawyer

 

SUPERIOR COURT FOR THE STATE OF CALIFORNIA

COUNTY OF CONTRA COSTA
 

ALICIA KALAMAS, Case No.   

Plaintiff, COMPLAINT FOR DAMAGES

 vs. 1st COA: Health and Safety Code Section 1278.5 et. Seq.)

2nd COA: Intentional Infliction of Emotional Distress

JOHN MUIR HEALTH, CALVIN 3rd COA: Negligence

KNIGHT, TAEJOON AHN, JOHN 4th COA: Breach of Contract

MUIR MEDICAL GROUP 5th COA: Labor Code § 1102.5

and DOES 1-100,

Defendants.
_______________________________/

 

THE PARTIES

1

Dr. Alicia Gruber Kalamas is a Bay Area native who was raised in a medical family at
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a time when medicine was viewed as a profession and not a corporate endeavor.  She became a

physician when doctors knew their patients' names and did not complain when family weekends

were interrupted by emergencies, worried calls, or stops by the hospital just to make sure their

patient was doing "ok".

2

Dr. Kalamas attended M.I.T. and medical school at UCSF (which U.S. News and World

Report recently ranked as the world's 4th best medical school for research and 3rd best for

anesthesiology.)

https://www.usnews.com/best-graduate-schools/top-medical-schools/anesthesiology-rankings

3

Dr. Kalamas is among those few who were able to complete their medical degree,

internship, and residency at UCSF.  Her specialty was anesthesiology. Her focus was the

expansion of patient care so that anesthesiologists exercised input and control over preoperative

medical optimization, patient anesthesia during surgery, and post-surgical care improvements. 

This input has been demonstrated to reduce complications during anesthesia and improve patient

outcomes.

4

This approach is called perioperative medicine and it ensures that the many factors that

influence surgical success are scientifically controlled and properly managed.

5

Dr. Kalamas is so respected in this field that she was invited to speak at Cleveland

Clinic's national summit on perioperative medicine for several consecutive years and the

American Society of Anesthesiologists annual meeting.  Dr. Kalamas has contributed multiple

chapters to leading books in this field.  (See: Kaye, A., Urman, R., & Fox, III, C. (Eds.). (2018).

Operating Room Leadership and Perioperative Practice Management (2nd ed.). Cambridge:

Cambridge University Press. doi:10.1017/9781108178402), (See: Kaye, A., Urman, R., & Fox,
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III, C. (Eds.). (2012). Operating Room Leadership and Management (1st ed.). Cambridge:

Cambridge University Press. doi:10.1017/CBO9781139084277) 

6

 John Muir Health (hereinafter JMH) is a California Corporation headquartered at 1400

Treat Boulevard, Walnut Creek, California.

7

Calvin Knight is not a physician.  Mr. Knight is President and Chief Executive Officer

of JMH since 2011.  He holds master's degrees in Health Administration and Business

Administration from the University of Iowa, and a master’s degree and a bachelor's degree from

Western Washington University.  Mr. Knight’s salary at the Non-Profit JMH is approximately

$2,441,474 per year plus benefits.  Calvin Knight is a corporate officer and managing agent of

JMH.  

8

Taejoon Ahn is a Family Medicine practitioner whose practice is presently limited to

working at urgent care centers.  He is a physician board member at JMH (voting) and since

February 2005 has been the President and CEO of the John Muir Medical Group (hereinafter

JMMG) which is a group of clinicians providing services exclusively to JMH.  His LinkedIn

page does not reflect any publications but does reflect political and business positions. 

(https://www.linkedin.com/in/taejoon-ahn-2636581a)   Taejoon Ahn is a corporate officer and

managing agent of JMMG.

9

John Muir Medical Group (JMMG) was founded in 1996 by 30 primary care

physicians.  John Muir Medical Group (JMMG) now comprises more than 350 clinicians who

provide services exclusively for the John Muir Physician Network Foundation.  John Muir

Medical Group staffs a hospitalist program which is the primary source of hospitalists for JMH.
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10

JMMG is so tied to JMH that they act as business partners and co-actors in the operation

and management of the JMH business empire.  When a physician is required by law to take

action, or when hospital related conduct needs to be controlled, JMH will often use JMMG to

carry out the wishes of the corporate partner (JMH) so as to skirt restrictions on the corporate

practice of medicine.

11

Plaintiff sues defendants Does 1-100 by their fictiticious names as their true names

and/or capacities are presently unknown.  Plaintiff will amend to name said Does when their true

names and/or capacities are known to plaintiff.

JOINT ACTION AND RATIFICATION

12

In all matters alleged herein, the named defendants acted within the course and scope of

their employment, agency, and contracts with the other.  The conduct of each defendant was

ratified by the other.

13

Each defendant knew that the individual defendants named herein, the corporate entities

named, and the persons who are not defendants but acted within the course and scope of their

employment, agency and contracts with the other had a pattern, practice, and history of

retaliation, discrimination and other wrongful conduct.  When defendants, and each of them,

became aware of the specific conduct underlying this complaint they had an obligation to act to

intervene and prevent the wrongful conduct and by choice, action, and with a conscious

disregard of the rights of plaintiff and the public, chose not to act and chose to perpetuate the

wrongdoing.
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14

As set forth herein, corporate entities, management, and employees are guilty of

oppression, fraud, and acted with malice.  In all instances the corporate entities, management,

and employees knew of the conduct, approved of the conduct, and adopted the conduct.

15

All conduct of employees, agents, or servants were authorized by or ratified by one or

more officers, directors, or managing agents of each defendant.

16

All wrongful conduct was committed by an officer, director, or managing agent of any

corporate or business entity while such person was acting within the course and scope of her/his

employment and on behalf of the corporate defendant.

17

JMH and JMMG in function are an "integrated enterprise".

18

JMH, JMMG and the other defendants ignored complaints made by Dr. Kalamas and

took no disciplinary action or any remedial action against employees who engaged in wrongful

conduct.  Some of the employees who engaged in misconduct had a history of such misconduct

which was known to corporate and other defendants.

NON-PARTY INDIVIDUALS

19

Jane A. Willemsen is not a physician.  Ms. Willemsen is an Executive Vice President

and President of Hospital Operations at the JMH Walnut Creek & Concord Campuses and John

Muir Behavioral Health.  Ms. Willemsen is a nurse with her degree in Nursing from the

University of Iowa, and she has a Master of Management degree from the Kellogg Graduate

School of Management at Northwestern University.  Ms. Willemsen's salary at the Non-Profit
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JMH is approximately $1,036,606 per year plus benefits. Jane Willemsen is a corporate officer

and managing agent of JMH.

20

Michael S. Thomas is not a physician.  Mr. Thomas is an Executive Vice President &

Chief Transformation Officer who is active in a wide array of corporate enterprises affecting

both the growth and operation of JMH.  Mr. Thomas received his Master of Business

Administration from the Wharton School of the University of Pennsylvania, and a Bachelor of

Arts in Economics from Claremont McKenna College.  Mr. Thomas' salary at the Non-Profit

JMH is approximately $1,030,975 per year plus benefits.  Michael Thomas is a corporate officer

and managing agent of JMH.

21

Michelle Lopes is not a physician.  Ms. Lopes is a Senior Vice President and Chief

Nurse Executive at the JMH Walnut Creek & Concord Campuses.  Ms. Lopes is a nurse with her

degree in Nursing from Samuel Merritt School of Nursing and she has a Master of Nursing

Administration from California State University-Dominguez Hills.  Ms. Lopes is a corporate

officer and managing agent of JMH.

22

Anna Chang is a physician specializing in endocrinology.  She does not have inpatient

care status at JMH but does see patients on an outpatient basis.  Despite this limitation, Anna

Chang served on a JMH committee which oversaw and made policy decisions with respect to

in-house treatment of surgical patients.  Anna Chang claims no experience in surgery.  Anna

Chang is a  managing agent of JMMG.

23

Guillermo E. Umpierrez is a physician and one of the world's leading experts on

diabetes and related disorders. He is a professor of medicine in the Division of Endocrinology,

Metabolism, and Lipids at Emory University School of Medicine, and Chief of Diabetes and
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Endocrinology at Grady Memorial Hospital in Atlanta, Georgia.  Dr. Umpierrez has over 489

publications which have been cited 30,743 times.

(https://scholar.google.com/citations?user=pIKSz8QAAAAJ&hl=en)

24

Dr. Kalamas supported the research done by Dr. Umpierrez and communicated with him

on medical issues relating to the perioperative field and Dr. Umpierrez' patient safety protocols.

25

Nick Mickas is a physician specializing in the care of newborn babies (neonatology). 

Nick Mickas does not take care of adult patients or perform surgery.   He is the Vice President of

Clinical Affairs at JMH.  

26

In his role as Vice President of Clinical Affairs, Nick Mickas perpetuated gender-based

stereotyping and targeting of Dr. Alicia Kalamas.  His active conduct included demeaning her

complaints of institutional obstruction of her patient safety reforms without facts or logic but

instead by blaming the criticisms on Dr. Kalamas’ failure to adhere to his requirement that she

be obsequious and warm, pleasant and communal rather than clear, decisive and scientific.

27

He denigrated her reasoned approach by labeling it as "sharp elbows" as if being firm in

preventing the death of children and adult patients required a special “kind approach” when the

concerns are being ignored.  With this and other demeaning characterizations and conduct,

Mickas supported and perpetuated the personalization of attacks against Dr. Kalamas.  Nick

Mickas is a corporate officer and managing agent of JMH.

28

 Irving Pike is a physician specializing in gastroenterology.  He is not a surgeon.  At the

time of Dr. Kalamas' employment, Irving Pike was Senior Vice President and Chief Medical

Officer for JMH and had an additional role as the President of the John Muir Specialty Medical
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Group.  Like Nick Mickas, Irving Pike misused his authority to marginalize the patient advocacy

of Dr. Alicia Kalamas by minimizing her concerns, endorsing and supporting retaliation, actively 

fostering gender-based discrimination and other wrongful conduct.  When directly confronted

with the abusive conduct directed against Dr. Kalamas, Irving Pike called the mistreatment

simply a "misstep" which should be "brushed off". 

NON-PARTY CORPORATE ENTITIES

29

Medical Anesthesia Consultants Medical Group, Inc. (MAC) is a physician group that

contracts with JMH to provide physician services at JMH.  This group hired Dr. Kalamas and

this group contracted with JMH for her services.  Dr. Kalamas also signed the contract.  Dr.

Kalamas does not contend in this lawsuit that MAC engaged in any wrongful conduct.  

DR. KALAMAS IS HIRED TO MODERNIZE & IMPROVE JMH PATIENT CARE

30

 In 2011 the John Muir Health publication, “Physician News” May edition welcomed

“Cal Knight” as President and CEO of John Muir Health. (Exhibit 1)  In that same issue there is

an article titled “U.S. News & World Report Ranks John Muir Health Among Bay Area’s Best”. 

 31

The article quoted Jane Willemsen [“Recognition as one of the top-ranked hospitals in

the Bay Area is a tribute to the tremendous talent, skills and a long standing commitment to

excellence on behalf of our physicians, staff and volunteers,”] and Mike Thomas [“As the health

care needs of our growing and diverse community evolve, we will continue providing highly

advanced medical services and a superior patient experience for patients in their own

community.”]

32
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But hidden from that publication was the fact that in 2009, 2010 and 2011 Healthgrades

had given JMH 1 Star ratings in several surgical categories indicating they were performing in

the bottom 15% of Hospitals.

33

Surgeons were concerned because their excellent technical work was being undermined

by medically related complications.  These were types of complications that research suggested

could be reduced through use of an evidence-based set of procedures.

34

Dr. Douglas M. Lange, a prominent and respected surgeon in the community, was

actively looking for solutions to support JMH and its surgeons.  Dr. Lange interviewed the

clinical quality arm of the consulting group at Healthgrades, and with the support of Dawn

Knight, Senior Vice President of Quality, a preoperative clinic staffed with one nurse

practitioner was opened in July, 2011.  With no direct physician oversight, however, buy-in from

the surgeons and primary care physicians was limited as was the impact the clinic was having on

clinical quality metrics.

35

In 2012, and again in 2013 while attending Cleveland Clinic's Perioperative Medicine

Summit, Dr. Lange heard Dr. Kalamas speak on delivering preoperative medicine in the era of

value-based care.  Dr. Lange approached Dr. Kalamas and, while remaining in contact with her,

coordinated with JMH to create a new position, a Medical Directorship for the preoperative

clinic.

36

A contract was signed on October 1, 2013 and Dr. Kalamas left UCSF where she had

spent her entire medical career and began work reforming and revitalizing support for JMH's

surgeons and their patients.

37
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From 2013-2021 Dr. Kalamas was instrumental in identifying weaknesses and outlining

effective remedial strategies for JMH.  Her work changed surgery selection criteria, medical

optimization, and patient education.

FIRST STEPS - DR. KALAMAS LEGITIMIZES THE PREOPERATIVE CLINIC

38

Prior to the arrival of Dr. Kalamas, several surgeons and primary care providers (PCPs)

were hesitant to direct their patients to the preoperative clinic. The clinic was extremely

inefficient with patients subjected to duplicative processes with little coordination between

stakeholders. Consequently, surgeons, concerned about fragmented care, directed patients to

their PCPs in lieu of the clinic for "clearance" out of fear their cases would be canceled on the

day of surgery. Those patients who were referred to the clinic after seeing their PCPs were

subjected to two additional interviews, one over the phone with a RN and a second

comprehensive history and physical exam with a nurse practitioner (NP). 

  39

Dr. Kalamas met with several of the stakeholders to elicit their feedback and revamped

the workflow based on their input and her experience. 

40

Within months of signing her contract, Dr. Kalamas increased preoperative clinic volume

by 35% and NP productivity by 37% while decreasing total paid FTEs by 39% and total cost per

case by 45% saving the clinic a projected 1.8 million in annual spend. (Exhibit 194)

41

Once Dr. Kalamas improved access to the Clinic, she was able to devote more of her

energy and attention to quality improvement projects.  JMH at that time was required to

participate in a mandatory program for Medicare beneficiaries called the Comprehensive Care

for Joint (CJR) Replacement Model.  The idea was to support better and more efficient care for
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patients undergoing hip and knee replacements by bundling payment and tying it to quality

measurements for an episode of care. 

 42

JMH was at risk of losing hundreds of thousands of dollars annually if their quality

metrics, including rates of readmission, did not meet certain criteria.  

50 CENTS SAVES MILLIONS OF DOLLARS

43

Initial data analysis revealed that for the Pacific region the readmission rate was 6.9%,

whereas for the four highest volume surgeons at JMH, the average readmission rate was 8.3%

[range 6.5% - 17%].  Preliminary review of the raw data did not reveal a common factor.  

44

Dr. Kalamas learned that, surprisingly, no one had ever done an extensive "deep dive"

review of each and every patient chart to find a common thread or problem.

45

Dr. Kalamas personally and meticulously reviewed the notes from dozens of patient

charts looking for a common factor.  She found a rather stunningly simple and hospital caused

reason for a large portion of the problem.  

46

JMH was releasing patients with opiate prescriptions for pain control.  The standard of

care when prescribing opiates is to educate and provide patients with medication and a protocol

to prevent constipation. JMH was not doing this. 

47

100% of patients discharged from the hospital following a hip or knee replacement

surgery were given opiates for pain control, yet less than 50% were given medication or

instructions to prevent constipation.  Untreated constipation was leading to severe abdominal
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pain, nausea and vomiting, diverticulitis, impaction, kidney failure, bowel obstruction, and in the

most severe cases bowel perforation. 

48

To address this problem, Dr. Kalamas began prescribing both a stool softener and a

laxative at the time of the preoperative clinic visit and developed an in-person joint replacement

class that included extensive educational material focused on how to prevent the most common

complications after surgery and to avoid readmission.  

49

Ironically, JMH was profiting from constipating its patients as they charged Medi-Cal,

Medicare, and private insurance companies for their patients' emergency room visits and

readmissions.  

50

Millions of dollars were paid to JMH for their failure to provide their patients a fifty-cent

over the counter stool softener, a glass of water, and some basic advice.

STUNNINGLY EXCELLENT RESULTS ACHIEVED BY DR. KALAMAS

51

Dr. Kalamas' clinical insights, the educational program for patients, and the relationship

of mutual respect she developed with her surgical colleagues were foundational to the clinical

transformation JMH was able to achieve.   In the end, JMH experienced a 27% reduction in joint

replacement readmissions; an "Excellent" quality rating from CMS; and reduced the cost per

case by $1890, coming in 1st in California, and top 5% in the Nation regarding reconciliation

payments. 

52

That notwithstanding, Dr. Kalamas never received recognition from anyone in senior

leadership, and when the results from this highly successful project were presented to JMH's
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Board of Directors (BOD), senior leadership selected a male physician to present the work.  Dr.

Kalamas was not invited to attend the BOD's meeting to listen to the presentation or to

participate in the discussion.

53

In a corporate fashion, credit was shifted to those in administration and away from the

actual scientists.

54

Dr. Kalamas' work continued to have impact for several years earning the hospital

millions of dollars in revue. In fact, JMH was so successful in the program that they have been

precluded from further participation in this program.

TRIUMPH OF PROFITS OVER PATIENTS

55

There is no doubt that JMH has outstanding surgeons, well-trained anesthesiologists, and

expert consultants.  

56

Due to hospital negligence, there was an excessively high rate of Surgical Site Infections

(SSIs).  3% of patients who develop an SSI die as a consequence. Patients who develop a SSI are

60% more likely to be admitted to an ICU and five times more likely to be readmitted to the

hospital after discharge. The estimated cost to treat an average SSI can be more than $25,000,

increasing to more than $90,000 if the SSI involves a prosthetic implant. Overall, SSIs cost the

US healthcare system an estimated $3.5 to $10 billion annually.

(https://eloquesthealthcare.com/2018/07/11/financial-impact-of-surgical-site-infections-ssis/)

57

The surgeons who operate at JMH were and are among the best in the world (not just the

United States).   They perform outstanding technical work that was frequently undermined by
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the hospitals’ bad policies and substandard procedures when the patients transitioned from the

surgeons care within the operating room to the recovery room and other areas within the

hospital. By policy and procedure, the surgeons had no control except to advocate as they did

and to support Dr. Kalamas. Among the harms caused by the hospital were failure to provide

necessary tests, monitoring, and treatment. Below are some examples of the harms that Dr.

Kalamas and the surgeons who supported Dr. Kalamas saw inflicted on their patients due to the

negligence of JMH management to protect patients with the proper policies, procedures, and

organizational accountability:

1. Diabetic patient whose blood glucose was not well controlled following a joint replacement

developed an infection and required multiple procedures to clear the infection.  He eventually

returned for a revision surgery, but his heart was not strong enough to tolerate the procedure.  On

the day he returned home from the hospital, he developed severe chest pain, had a massive heart

attack in front of his wife, collapsed and passed away. 

2. High dose steroids were given to control pain, inflammation, and promote recovery in joint

and spine surgery yet there was often a failure by the hospitalists to cover these patients with

insulin therapy leading to hyperglycemia exposing them to infection.  Several patients required

debridements (wash out procedures), antibiotics, and ultimately revision surgery. 

3.  A young patient with kidney failure and diabetes did not have blood sugar checked prior to

having general anesthesia and died shortly after receiving anesthetic agents.  This patients’ blood

glucose was recorded at over 500 mg/dl when it was checked at the time the doctors were

attempting to resuscitate her. 

58

Paradoxically, JMH profited when patients suffered from poor perioperative protocols, as

these adverse outcomes allowed for extra treatment, expensive diagnostic tests, and other

ancillary services. There is no sanction for the fact that a large number of these additional costs

were necessitated by JMH's failures. These unnecessary costs were reimbursed by insurance
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carriers or by the government out of taxpayer dollars.

59

For JMH, the costliest healthcare system in the nation, private insurers have been dishing

out four times what Medicare pays for these largely preventable mistakes.  

(https://www.nytimes.com/2020/09/18/health/covid-hospitals-medicare-rates.html)

60

Theoretically, consistently high adverse outcomes after a successful surgery can lead

surgeons to do their work at other hospitals or even outside surgery centers.  However, JMH had

no immediate threat from a competitor, so it was free from that sanction. 

 61

Government oversight and changes in reimbursement standards did pressure JMH.   "Fee

for service" was slowly being replaced by "pay for performance" and once that independent

success metric was in place, JMH was exposed for poor patient outcomes.

62

In fact, JMH had been losing quite badly for years but only when the pay was being cut

did they sound the alarm.

 

JMH RANKED AMONG THE WORST PERFORMING SURGICAL HOSPITALS

63

The Center for Medicare and Medicaid Services (CMS), concerned about wasteful

spending, developed a value-based-purchasing program that links payment to healthcare quality.

 64

 It is called the Hospital-Acquired Condition (HAC) Reduction Program.  Under this

program, CMS reduces the overall Medicare payments to hospitals that rank the worst

performing quartile of all hospitals for HACs.  Surgical site infections are considered a HAC.

65
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In other words, JMH was making patients ill.

66

JMH Walnut Creek and Concord had been ranked amongst the worst performing

hospitals in the country for several consecutive years, and by 2018 had been forced to pay

millions of dollars in penalties to the federal government.

(https://khn.org/news/hospital-penalties/?penalty=hac)

67

JMH was finally motivated to address surgical site infections because it was no longer a

profit center and was becoming a financial liability.

HEALTHCATALYST FINDS PROBLEMS

68

To address to rising rate of SSI, JMH partnered with a data and analytics company,

HealthCatalyst. Dr. Kalamas attended a meeting on March 3, 2018 and a framework for reducing

the rate of surgical site infections was described.  The intervention for reducing SSI was

presented as an "ERAS bundle".

69

ERAS is an acronym that stands for enhanced recovery after surgery, and ERAS

protocols are multi-modal perioperative care pathways designed to achieve early recovery after

surgical procedures by reducing the profound stress induced by surgery.  ERAS protocols (or

"bundles") include elements such as preoperative counseling, optimization of nutrition, glycemic

(blood glucose)  management, multi-modal pain regimens, and early mobilization.

70

Notably, one of the key elements of the ERAS bundle is the maintenance of

"normoglycemia" (normal blood glucose) during the preoperative, intraoperative, recovery room

and postoperative phases of care. Yet at JMH, there was not even a protocol in place for
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diabetics to have their blood glucose checked on arrival to the hospital prior to receiving general

anesthesia, let alone have blood glucose checked in the operating room, recovery room or after

surgery. (Emphasis added)

71

Many of these ERAS protocols had already been adopted as the standard of care at other

hospitals in the San Francisco Bay Area including at JMH's competitors (e.g., Sutter and Kaiser)

but were not developed or routinely in use at JMH.

72

Exhibit 2 is a slide deck produced by HealthCatalyst in 2018 titled "Colorectal

ERAS/SSI".  Their presentation reflects the fact their recommendations track closely to Dr.

Kalamas'.

THE 2018 CONTRACT FOR DR. KALAMAS CREATED BROAD AUTHORITY

73

On May 10, 2018 Dr. Kalamas signed the Professional Service Agreement (PSA)

attached hereto as Exhibit 3. 

 74

This contract with John Muir Health (JMH) and Medical Anesthesia Consultants Medical

Group, Inc. (MAC) designated her as the "Medical Director" of the Perioperative Medicine

Program for JMH effective May 15, 2018, expiring May 31, 2021.

75

JMH contracted with MAC to provide the services of an expert physician to "Group shall

ensure that Physician provides to JMMC-Concord and JMMC-Walnut Creek those medical

director and professional services set forth in Exhibit 1 (the "Services"), upon the terms and

subject to the conditions set forth in this Agreement." (Exhibit 3 contract par. 1.1)  

76
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A signature line titled "Acknowledged by Physician" was signed by Dr. Alicia Kalamas.

77

The scope of services (Exhibit 1 to the contract) provided for a very broad range of

services to be provided.  The scope of authority granted was consistent with the demands of the

job. 

78

The task was described as directing that "Perioperative Medicine Program - Oversee the

preoperative clinic and lead the planning, development and implementation of the Program." 

Perioperative medicine is the care of patients from the time that surgery is scheduled (or

considered) through the surgery itself and the time period to recovery.  Perioperative care

involves numerous medical specialties including anesthesiologists, hospitalists, nursing and

pharmacy support staff. The surgeons are part of this team and their success rates can be

significantly influenced by the performance of the perioperative team.

79

The scope of responsibility and authority provided to Dr. Kalamas was necessary for Dr.

Kalamas to fully and effectively establish patient centered perioperative changes.  It included

direct supervision of medical staff ("a. On-site coverage for the clinic and at least 20 hours per

week to provide direct supervision of the nurse practitioners and other clinic staff, and

professional services for patients when appropriate").

80

The job required direct communication with physicians regarding patient care. 

("b. Communicate with physicians regarding patient care recommendations for optimal

outcome").

81

Major policy directions were to be forged by Dr. Kalamas:
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"c. Monitor and improve efficiencies in the John Muir Health preoperative clinic

d. Provide strategic direction for the Program

e. Support ongoing refinement of the preoperative clinic patient evaluation algorithms

and processes"

82

Dr. Kalamas was also tasked with creating real and accurate data to track the changes

(improvements) that were made. ("f. Lead development of quality metrics to support exceptional

quality for the Program").

83

The job went far beyond just developing general policies.  Dr. Kalamas was tasked with

creating actual implementation plans ("order sets") so that the policies and procedures could "go

live".  ("g. Facilitate and assist in the development of peri operative order sets (preoperative and

postoperative, etc.); care pathways and other measures to improve patient care").  

 84

This portion of the job can be analogized to the role of an Army Logistics Officer.  All

the plans in the world mean nothing if one cannot get food, supplies, and people to the right

location at the right time. 

 85

The navigation of the procedures through committees, chains of command, and chains of

authority required support from the corporate management of JMH.

86

The surgeons as a group were strongly supportive of Dr. Kalamas and the ERAS

protocols.  The surgeons saw the harm to patients whose surgeries were a success only to have a

preventable postoperative infection limit or even reverse the successful surgery.   The

anesthesiologists likewise saw the effect of poor preoperative management of patients as it

affects the patients' responses to anesthesia and increases risks of a crisis.
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87

The contract specifically authorized and required Dr. Kalamas to "h. Periodically present

surgical outcomes data to the Departments of Surgery or Anesthesia, surgical specialty sections

and other medical staff departments as appropriate."

88

Dr. Kalamas was to ("1. Participate in chart review of surgery patients who have been

evaluated in the clinic and a selection of patients who have been screened but not seen in the

clinic").  This chart review made Dr. Kalamas a second pair of eyes for the benefit of patients

and allowed her to access clinical data in a manner that raw computer-generated spreadsheet

numbers could not replicate.  It also meant that shoddy work would be seen by Dr. Kalamas, and

her role was to make corrections to protect the patients.

89

This same hands-on approach provided that Dr. Kalamas would attend rounds where

doctors of different disciplines would evaluate post-surgical patients.  This was not just for fact

finding, it was to enable Dr. Kalamas to provide actual support and training for these physicians

and nurses.  ("j. Provide support for and/or attend multidisciplinary rounds on surgical patients

as it relates to improving evaluations of patients and operations in the clinic").

90

The work that Dr. Kalamas was doing was so important that the contract required that her

accomplishments be communicated to the highest levels of physicians and executives at John

Muir Health.  This included communications with the Chief Medical Officer, Irving Pike. ("k.

Keep CMO apprised of all significant program activities; I. Meet regularly with executive

leadership from both John Muir Health hospitals and John Muir Physician Network to discuss

Program updates; m. Participate in strategy and development of total Program reporting to the

CMO (or CMO's designee))".

91

Dr. Kalamas' Performance and Quality Metrics state she is to "facilitate implementation
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of ERAS" and "design, educate, and implement a Perioperative Glycemic Management

Protocol" in Year 1 of her contract. (Exhibit 6)

92

These patient critical tasks necessarily meant that Dr. Kalamas would need the strong

support of JMH administration and supervisorial staff.  Without that support, Dr. Kalamas would

not be able to implement meaningful patient centered improvements.  As set forth more fully

herein, JMH did not provide support for Dr. Kalamas' changes and when resistance from

self-interested and fearful stakeholders created roadblocks, JMH and its management sided with

those who resisted patient centered improvements. 

  93

In time, JMH's interference with Dr. Kalamas' work degraded into vicious personal

attacks, nasty interchanges and later into direct attacks on Dr. Kalamas' professional reputation

and career. 

IT WAS DR. KALAMAS’ JOB DUTY AND HER DUTY AS A PHYSICIAN 

TO INSTITUTE PROPER GLYCEMIC CONTROL AS THIS IS AND 

WAS THE STANDARD OF CARE FOR SURGICAL PATIENTS

94

 Dr. Kalamas’ job description did not include any corporate interest considerations.  

She was hired to put patient protective protocols into place when these protocols would save

lives and reduce suffering.

95

ERAS protocols are 100% patient centered.  The science does not consider hospital

profits, convenience, or politics of hospital staff. 

96

They are evidence-based and cross medical disciplines.  It is this conflict between patient

safety and corporate medicine that led defendants and each of them to target Dr. Kalamas’ work
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and to target Dr. Kalamas personally.

97

Glycemic (blood glucose) management is a critical element to monitor and control. 

Thoracic surgeons were discussing and publishing on this topic for years.  See a 2018 article

stating that “It is established for over a decade that patients with diabetes undergoing isolated

CABG surgery are faced with a higher incidence of operation-related morbidity, mortality and

post-procedural angina recurrence...” (Exhibit 4, emphasis added).

98

The practices of certain groups such as cardiothoracic surgeons may establish a level of

care beyond that followed (for example) at an urgent center for suturing a wound.   However,

glycemic control has been scientifically established to improve outcomes in surgery in general. 

 99

  The legal standard of care for malpractice generally trails the science so that institutions

have time to adopt standards.  JMH was years behind in adopting these indisputable standards of

care and its failure rates reflect this.

100

  The literature contains numerous references to ERAS as the standard of care.  See e.g.,

Chapter 36 Operative Complications of the Gastrointestinal Tract, Linde's Operative

Gynecology, 12th Edition “gynecologic oncology practice: impact of enhanced recovery after

surgery ( ERAS) programs.” Gynecol Oncol 2016;141:371–378  (See also: CMAJ 2019 April

19;191:E469-75. doi: 10.1503/cmaj.180635 titled “Enhanced recovery after surgery:

implementing a new standard of surgical care”)

The authors of this article note that:

Enhanced recovery after surgery (ERAS) is an evidence based and

multidisciplinary perioperative care pathway and a surgical quality improvement

initiative, which has been shown to promote patient mobilization, reduce
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complication rates after surgery, decrease hospital length of stay and reduce costs,

if carefully implemented. There is an increasing interest across Canada to

implement enhanced recovery after surgery recommendations. Several Canadian

institutions have succeeded in implementing an official ERAS protocol.

However, it can be challenging to start such a program because it requires

multidisciplinary effort and the buy-in of many stakeholders. Because the

ERAS approach has been shown to decrease the stress of surgery through its

objective to maintain patients’ normal physiology as far as possible, any patient

undergoing surgery could benefit from the approach.

(Emphasis added)

SURGEONS ARE SUPPORTIVE OF THESE IMPROVEMENTS

101

The surgeons at JMH strongly supported Dr. Kalamas' changes.  Her work greatly

decreased their rate of post-surgical complications.  Most post-surgical complications are due to

hospital errors or random events and up to 60% of surgical site infections can be prevented by

using evidence-based guidelines.  The surgeons lacked control over  hospital protocols, nurses,

and the consulting hospitalists.  Conversely, Dr. Kalamas was a trusted partner who surgeons

knew they could faithfully rely upon to protect and represent the best interests of their patients.

INSTITUTIONAL BARRIERS SOCIALLY BASED & MALPRACTICE DRIVEN

102

ERAS changes were not particularly expensive.  However, changing a culture of neglect,

requiring attention to details that were previously ignored, and requiring staff and doctors to

follow new procedures often triggers resistance.

103

Some staff members are simply resistant to change.  Others view (correctly in many
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cases) the failure to follow evidence-based medicine established as efficacious for over a decade

as a criticism of their professional abilities and/or judgment.

104

Malpractice claims are possible when the standard of care is breached.  While the

adoption of improved protocols is not necessarily an admission that prior conduct was negligent, 

a tepid endorsement of the improved treatment protocols is self-protective as it does not admit

that JMH was delinquent in its failure to adopt the improved procedures.

105

Taejoon Ahn (President and CEO of John Muir Medical Group) and others as set forth

herein, deliberately attacked and attempted to marginalize the work of Dr. Kalamas when that

work reflected poorly upon his medical group and JMH.

106

Taejoon Ahn deliberately abused his power and control at JMH to defeat medical

standards that would have assisted patients when those standards revealed long standing neglect

of the patients.

107

Taejoon Ahn ignored clear ERAS science and led and organized a personal attack on Dr.

Kalamas.

108

The area where Taejoon Ahn was most aggressive was in defeating the science which (if

applied) would have drastically reduced surgical site infections.  Taejoon Ahn was not a

surgeon but any physician who can read a journal article and follow current science would have

understood the necessity for major changes at JMH.

109

 Exhibit 5, an article from the CDC defines Surgical Site Infections (SSI’s) this way:

A surgical site infection is an infection that occurs after surgery in the part of the
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body where the surgery took place. Surgical site infections can sometimes be

superficial infections involving the skin only. Other surgical site infections are

more serious and can involve tissues under the skin, organs, or implanted

material. CDC provides guidelines and tools to the healthcare community to help

end surgical site infections and resources to help the public understand these

infections and take measures to safeguard their own health when possible ...

(Emphasis added)

110

No responsible physician would wish to increase the number of SSI’s and yet Taejoon

Ahn did exactly that as he placed his personal pride and the reputation of his group and JMH

over a series of repairs that would have spared the JMH patients.

111

In leading these attacks, Taejoon Ahn did the bidding of JMH.  Without JMH and

without Taejoon Ahn doing the bidding of JMH, Taejoon Ahn would simply be a doctor at an

urgent care clinic instead of having a title as a corporate executive.  His ego and his position

were therefore tied to his obedience and allegiance to the corporate entity.

DR. KALAMAS HITS IRRATIONAL RESISTANCE

112

Never was there a complaint about Dr. Kalamas' personality until she attempted to

address glycemic (blood glucose) management and the astonishingly high (and hidden) rate of

surgical site infections. 

113

The science to reduce the number of SSI’s existed for a decade but was ignored at JMH.  

To institute changes in glycemic control as a major factor in reducing SSI’s, significant

procedural changes had to be instituted. 
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 114

Full and proper implementation of a glycemic management program requires system

wide education, changes to nursing protocols, adoption of new practice guidelines by the

hospitalists, and organizational accountability.  The impact on the day-to-day operation of the

hospital was greater than prescribing a stool softener and resistance to any significant change is

an anticipated cost of improvements.

115

However, one area of improper resistance was the recognition that acceptance of the

changes tacitly confirms that for over a decade, JMH had operated below the standard of care

and had harmed patients.  The grossly late adoption of standards exposed the fact that the

hospital and many physicians had harmed, maimed, and killed patients due to their negligence.

 THE ATTACKS IGNORE SCIENCE AND SEEK TO DISCREDIT DR. KALAMAS 

116

 Defendants and each of them attacked Dr. Kalamas and her work in violation of state and

federal law and directly against the interests of the patients.  

117

Taejoon Ahn (President and CEO of John Muir Medical Group) and others, undermined

Dr. Kalamas’ work by attacking Dr. Kalamas personally in a wide variety of ways that included

hostile communications, labeling Dr. Kalamas to fit the caricature of “disruptive physician”,

using gender stereotypes to belittle Dr. Kalamas and to belittle her work, organized undermining

of her work, exclusion from meetings, behind the back subversion and other hostile tactics.

118

The defendant physicians were working to protect their narrow and non-patient centered

interests and to protect JMH and to advance its corporate image and interests over patient care.

 JMH, JMMG and its hospitalists and nurses both individually and institutionally were aware

that courts have “consistently held that a physician is required to possess and exercise, in both
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diagnosis and treatment, that reasonable degree of knowledge and skill which is ordinarily

possessed and exercised by other members of his profession in similar circumstances.”

(Landeros v. Flood (1976) 17 Cal.3d 399, 408) 

119

These individuals and the corporations were aware that they had fallen below that

standard of care.  To justify their failures an attack on the ERAS standards and their messenger

(Dr. Kalamas) was put into action.

120

The malpractice had existed for over a decade.  Dr. Kalamas was directing JMH to enact

standards that had been developed and recognized as early as 2007.  

THE SCIENCE IS CLEAR AND PATIENT SAFETY IS THE CORE ISSUE

121

Surgical Stress Response is the systemic response to surgical injury (meaning incisions

and other physical intrusions).  It activates neurological responses and causes immunological and

haematological changes.  It has benefits particularly outside the surgical setting (e.g., when

injured in a car accident) but it has numerous risks including a rapid rise in blood sugar and an

increase in infections at the surgical site.

122

There is no scientific debate that rationally challenges this data.  In fact, since at least

2005, cardiac surgeons were escalating the review and preparation of patients prior to (non-

emergency) surgery.  Published articles showed that control of preoperative (and postoperative)

variables would lead to better outcomes.  In other words, good surgical work would not be lost to

infection and a larger number of patients would survive.  E.g., “Reduction of Surgical Site

Infections: Glucose Control Toolkit” published by the Washington State Hospital Association in

2013. (Exhibit 7)

123
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This “Toolkit” contains the following references which includes the study by Dr.

Umpierrez, “Randomized Study of Basal Bolus Insulin Therapy in the Inpatient Management of

Patients with Type 2 Diabetes (RABBIT 2 Trial)”.

124

As early as 2007 thoracic surgeons were aware that elevated glycemic levels correlated

with higher death rates. See Exhibit 8  The Society of Thoracic Surgeons Practice Guideline

Series: Blood Glucose Management During Adult Cardiac Surgery Ann Thorac Surg

2009;87:663–9 • 0003-4975/09/ stating that:

The average serum glucose level on the first postoperative day significantly 

predicted the development of an adverse outcome. The detrimental effects of

elevated intraoperative glucose levels were also reported in a retrospective,

observational study of 409 cardiac surgical patients by Gandhi and coworkers. 

Intraoperative hyperglycemia was an independent risk factor for perioperative

complications, including death.

125

In 2010 reputable journals were discussing this factor.  See e.g.,: Society for Ambulatory

Anesthesia Consensus Statement on Perioperative Blood Glucose Management in Diabetic

Patients Undergoing Ambulatory Surgery, (December 2010 • Volume 111 • Number 6

International Anesthesia Research Society) which suggested that “in patients with well

controlled diabetes, intraoperative blood glucose levels be maintained 180 mg/dL (10.0 mmol/L)

(LoE category 2A)”. (Exhibit 9)

126

The level of (less than) 180 (for blood sugar) addressed in the above article are for

diabetic patients based upon research done in 2010.   It is below the standard of care in 2019 and

in 2021 to apply such levels to non-diabetic patients.
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127

In an article titled “Perioperative Glycemic Management for Patients with and without

Diabetes: A Review for Internists” published in the Canadian Journal of General Internal

Medicine Volume 16, Issue 1, 2021 no longer views 10.0 mmol/L as an optimal level.  Instead,

its statistics show authoritative entities as recommending ranges with 10.0 being the absolute

top.  The data cited was from 2012-2019.  (Exhibit 10)

Diabetes Canada (2018) 5.0–10.0 mmol/L

American Diabetes Association (2019) 4.4 - 10.0 mmol/L

American Society of Anesthesiologists (2017) Less than 10.0 mmol/L

Association of Anaesthetists of Great Britain and Ireland (2015) 6.0–10.0 mmol/L

Royal Australian College of General Practitioners (2016 & 2012) 5.0–10.0 mmol/L

128

 The standards for protecting patients and preventing SSI (Surgical Site Infection) had

been developed over many years and by 2019 was well recognized as a major preventable

patient harm.    See e.g.,: Perioperative Hyperglycemia Management: An Update

Elizabeth W. Duggan, MD1, Karen Carlson, MD1, and Guillermo E. Umpierrez, MD, CDE2

Department of Anesthesiology, Emory University School of Medicine, Atlanta, Georgia

Department of Medicine, Emory University School of Medicine, Atlanta, Georgia.  (Exhibit 11)

129

This article discusses the association between perioperative hyperglycemia and adverse

outcomes in surgical patients, with morbidity being reduced in those treated with insulin.

130

 Dr. Kalamas was acting as a patient advocate in part because the data shows that ERAS

protocols have resulted in shorter length of hospital stay by 30% to 50% and similar reductions

in complications, while readmissions and costs are reduced.  (Exhibit 11)

131
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Given the established science, why did JMH lag over a decade behind the times while

ignoring or burying their moribund statistics.

CORPORATE MEDICINE CAUSING CHILDREN TO DIE

132

Under the leadership of Cal Knight (CEO) and driven by Jane Willemsen (President of

Hospital Operations) and others, JMH knowingly put its financial growth ahead of patient safety

as a matter of policy and practice.

133

In April of 2015 JMH and Stanford Children’s Health announced a partnership that

allowed JMH to compete against UCSF (in San Francisco) and Children’s Hospital in Oakland

despite JMH having far less resources and experience handling complex pediatric cases.

134

The Stanford connection did not provide significant on-site resources for JMH.

135

The April 2015 JMH and Stanford Children’s Health pediatric intensive care unit (PICU)

at John Muir Medical Center, Walnut Creek was primarily a JMH project with little staffing or

input from Stanford. 

  136

In selling the unit as “state of the art” parents were dissuaded from using truly qualified

facilities for difficult cases and this resulted in children dying.

PEDIATRIC DEATH

137

A family of a young child requiring a specialized surgery was sold by JMH on JMH

being the proper facility to do this extremely complex case. In fact, JMH had never done such a

procedure and did not have the team of experts needed to safely take care of this child.
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138

These facts were never disclosed.

139

JMH was seeking to establish a pediatric specialty center and this surgery, if successful,

would have very significantly assisted in establishing the unit and the brand.

140

Rather than direct the parents to Stanford or UCSF where they had experienced teams

who specialized in those complex procedures, JMH did a facility tour and sales pitch to

encourage the parents to have surgery at JMH.

141

JMH blatantly circumvented the informed consent process by incorrectly projecting

competence and capability via a tour of new facilities and failed to acknowledge the most

important element in delivering proper care for their child was missing, namely, pediatric

anesthesiologists, intensivist, and nurses with substantial experience performing these complex,

high-risk procedures.

142

Had JMH wished for assistance, qualified staff from other institutions could have trained

and guided the JMH staff.   JMH chose not to do this.

  143

The case should have been referred to a qualified medical center which is what Dr.

Kalamas strongly encouraged them to do.  Specifically, Dr. Kalamas explained to medical

leadership that she had extensive experience with similar cases at UCSF and that JMH was

massively under prepared.    

144

Dr. Kalamas had no authority over this case.  She was not the admitting physician,

treating physician nor supervisor.  However, she continued to advocate against the surgery.

145
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Ignored, Dr. Kalamas chose to speak with complete clarity.  Literally she told JMH

leadership that it would be a “clean kill” by JMH if they did the surgery at JMH.

  146

The surgery went forward.

147

The child died in the operating room.

DR. KALAMAS REFUSES TO BE SILENT ABOUT THE CHILD’S DEATH

148

Dr. Kalamas contacted Nick Mickas (Medical Director Hospital Operations) to discuss

in his capacity as Medical Director of Quality and requested the case be reviewed by the Medical

Executive Committee (MEC).  He assured her that rules would be put in place to safeguard

patients from this type of malpractice.  

149

A MEC investigation could result in discipline for those involved, medical board

reporting for the physicians involved, National Practitioner’s Data Bank reporting of the

wrongdoing and disclosures to the parents of the child.  

150

JMH failed and refused to have a MEC investigation.  

151

When Dr. Kalamas learned that this case did not go before the MEC, she reported the

details to Cal Knight (CEO) along with her knowledge of two other pediatric deaths. (Exhibit

199)

152

Cal Knight was dismissive of the complaint and plaintiff is informed and believes that

Cal Knight took no action to prevent a recurrence of this malpractice or address her concerns

about Jane Willemsen's (President of Hospital Operations) oversight of the pediatric program.
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JMMG & JMH UNDERMINE THE LIFE SAVING PROTOCOLS

  153

On June 28, 2018 Dr. Kalamas sent an email to the Medical Directors of Endocrinology

requesting a change to the ERAS Insulin Order Set.  The request was denied. (Exhibit 12)

154

Sending this request to the endocrinology department was completely consistent with

Paragraph (A)(b) the attachment to Dr. Kalamas’ contract with JMH.  This section authorizes Dr.

Kalamas to “Communicate with physicians regarding patient care recommendations for optimal

outcome”.  As the endocrinology department regularly deals with blood sugar levels as part of

the scope of practice, involving the leadership in that department is a natural and proper action

on the part of Dr. Kalamas.

155

The endocrinologists should already have been aware of the danger of SSI’s for diabetic

patients.  This was well documented in the literature. See e.g.,:  Diabetes and Risk of Surgical

Site Infection: A systematic review and meta-analysis Infect Control Hosp Epidemiol. 2016

January ; 37(1): 88–99. doi:10.1017/ice.2015.249. (Exhibit 13)

This article reviewed many studies:

Methods—Studies indexed in PubMed published between December 1985 and through

July 2015 were identified through the search terms “risk factors” or “glucose” and

“surgical site infection”. A total of 3,631 abstracts were identified through the initial

search terms. Full texts were reviewed for 522 articles. Of these, 94 articles met the

criteria for inclusion. Standardized data collection forms were used to extract study-

specific estimates for diabetes, blood glucose levels, and body mass index (BMI).

Random-effects meta-analysis was used to generate pooled estimates and meta-

regression was used to evaluate specific hypothesized sources of heterogeneity 
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156

The conclusion was that diabetes was to be considered “an independent risk factor for

SSIs for multiple surgical procedure types. Continued efforts are needed to improve surgical

outcomes for diabetic patients.”

157

Given the strong empirical support from numerous studies as well as pure logic, it

seemed a foregone conclusion that the endocrinologists (like the surgeons), would be strongly

invested in supporting Dr. Kalamas’ improvements to patient safety and patient outcomes.

158

The only variation on the existing literature is that since 2005, the effect of surgical stress

has been shown to increase blood sugar levels in all patients, even those whose blood sugar

levels were normal prior to surgery.

159

The literature from 2005 showed that SSI increases followed raised blood sugar levels

not just in diabetics but in all patients.

DR. CHANG REFUSES TO SIGN OFF ON PROTOCOL

160

On July 2, 2018 Dr. Kalamas sent a follow-up email to Dr. Anna Chang (Medical

Director of Endocrinology).  Dr. Chang is an outpatient endocrinologist.  She does not take care

of patients in the operating room or routinely manage postsurgical patients who were in the

hospital.  Her practice is limited to taking care of her own outpatient diabetic patients who

undergo surgery.

161

However, she was on the committee that signed off on Dr. Kalamas’ protocols.  As the

submitted protocol had been ignored, Dr. Kalamas contacted Dr. Chang to advance the process.

162
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Dr. Kalamas requested changes to the insulin orders embedded within the ERAS order

set. 

163

Dr. Chang responded that she was only willing to consider Dr. Kalamas' suggestion after

reviewing months of prospective data.

164

 Yet it was Dr. Kalamas that had 15+ years' experience managing hyperglycemia in the

operating room, not Dr. Chang. 

165

Dr. Chang's refusal to consider any (emphasized) changes to the insulin protocol

without collaborating with Dr. Kalamas was both passive aggressive and unprofessional.

(Exhibit 14)

 MEDICAL DIRECTORS BLOCK THE IMPROVEMENTS

166

On July 26, 2018 Dr. Kalamas was able to meet with the Medical Directors of

Endocrinology (Dr. Anna Chang and Dr. Doug Zlock) and the Executive Directors of Hospital

Medicine (Dr. Yash Mehta and Dr. Melanie Lee)  to discuss plans to implement day of surgery

(DOS) point of care (POC) glucose testing and insulin therapy and to stress the importance of

glycemic management for preventing surgical site infections (SSI), length of stay (LOS), and

readmission.  

 167

Dr. Kalamas should not have had to educate these supervisors as to the need for the

improvements.

168
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On July 31, 2018 Dr. Kalamas presented articles on the relationship between elevated

blood glucose (BG) and surgical site infection (SSI), reoperation, and mortality and the impact

of insulin-related glucose control during weekly ERAS/HealthCatalyst meeting. (Exhibit 15)

    169

This did not lead to the adoption of the modified insulin protocols.

170

Weeks went by without corporate buy-in.

171

On September 24, 2018 Dr. Kalamas sent an email to Orthopedic Surgeons announcing

plans to develop a Perioperative Glycemic Management Protocol.  Their support was strong and

unequivocal. (Exhibit 16)

172

Unfortunately, the surgeons were not the decision makers.

CONTINUED OPPOSITION FROM THE COMMITTEE

173

With the lifesaving protocols still tabled and ignored, Dr. Kalamas continued to do her

job by developing more detailed treatment protocols to protect surgical patients.

174

 On October 9, 2018 Dr. Kalamas circulated a full and complete Perioperative Glycemic

Management Order Set to the Medical Directors of Endocrinology and Executive Directors of

Hospital Medicine. (Exhibit 17)

175

Dr. Kalamas had now gone beyond theoretical or partial changes.  The full glucose

protection protocol was documented and ready for implementation.   However, JMH did not

adopt the protocol.
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RESISTANCE FROM THE HOSPITALISTS

176

A hospitalist is a doctor who treats patients of other physicians while that patient is in the

hospital.  Post-surgery, the hospitalists will monitor patient care until the patient is released.

177

The hospitalists at JMH were strongly affected by the ERAS protocols as their

management of the patient included monitoring the patients’ blood sugar levels, dispensing

appropriate medications, control of IV fluids, general medical care, and prevention of hospital

acquired conditions (e.g., diabetic ketoacidosis, surgical site infections).  A well-informed

hospitalist is critical to implementing ERAS protocols.

178

Sadly, at JMH, the hospitalists had never implemented ERAS recommendations on a

systemic basis.  When Dr. Kalamas sought to educate the Medical Directors on these

patient-centered, scientifically based standards, she met tremendous resistance.

179

JMH did not support Dr. Kalamas and instead allowed and encouraged this resistance to

take the form of personal attacks, professional agendas and ignoring safety protocols to the

detriment of the patients.

180

On November 20, 2018 Dr. Wendy Wong (Orthopedic surgeon) sent an email to

hospitalists and copied Dr. Kalamas regarding her concern about a postoperative patient (Exhibit

18).  This prompted Dr. Kalamas to undertake an extensive chart review of the arthroplasty

service line.   Such a review was part of her job description in her contract.  Dr. Wong’s

concerns could not be ignored as they directly concerned patient care.

181

Dr. Kalamas discovered that pre-op clinic notes were not consistently read and that 80%

of diabetic patients had hyperglycemia (high blood sugar) after surgery. Translated into practical
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terms, this means that there were many unnecessary surgical complications and potentially

deaths.   

 182

There is simply no excuse for not fully reading pre-op notes.   Had the notes been read

and appropriate medications administered, the hyperglycemia (high blood sugar) was almost

completely avoidable. 

 183

It was against the interests of the patients to ignore treatment and allow the patients to

have uncontrolled hyperglycemia postoperatively.  This failure is known to increase the patient's

risk as even mild (emphasized) hyperglycemia has been significantly associated with joint

infection .   

JMH MANAGEMENT SIDES WITH THOSE RESISTING PATIENT SAFETY

184

November 21, 2018 Dr. Kalamas sent an email to Patty Haggen (VP of Hospital

Operations). (Exhibit 19) Patty Haggen is a physical therapist who became Director of

Rehabilitation Services at John Muir (2000-2009).

185

She continued to progress professionally and in 2020 was promoted to Vice President of

Hospital Operations.  Given her physical therapy background, Patty Haggen had rehabilitated

many patients, post-surgery.  She was personally aware of the pain, suffering, and long-term

damage caused by surgical site infections.  

 186

Dr. Kalamas alerted Patty Haggen to the fact that 80% of post-op diabetic arthroplasty

(joint replacement) patients were hyperglycemic.  Dr. Kalamas suggested a meeting be arranged.

187
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Seven days later, on November 28, 2018 Dr. Kalamas received feedback from the

Medical Directors of Endocrinology on the Perioperative Glycemic Management Order Set. 

(Exhibit 20)  Dr.  Kalamas requested a meeting with Dr. Anna Chang (Medical Director of

Endocrinology) to finalize changes to Perioperative Glycemic Management Order Set.  Had Dr.

Chang and JMH cooperated at this time, literally dozens of patients would have been spared

untold misery.  

188

Dr. Kalamas was hopeful that her efforts had brought the entire team on board to help

patients.

189

 On December 3, 2018, Dr. Kalamas, Dr. Chang (Medical Director of Endocrinology)

and Alicia Bakkum FNP (Certified Diabetes Educator) met at the John Muir offices at 1450

Treat Blvd., Walnut Creek, California to discuss the Perioperative Glycemic Management Order

Set.  

  190

It was Dr. Kalamas' understanding at the conclusion of the meeting that they would work

collaboratively on the project.  This was the only logical outcome of the meeting as the protocols

were well written and based upon indisputable scientific standards.

191

However, as set forth below, JMH management was supporting the delays and

obstruction led by committees and stakeholders.  

 DR. KALAMAS IS SYSTEMATICALLY IGNORED AND RESISTED

192

On December 11, 2018 Dr. Kalamas sent an email to Girlynda Gonzales (Associate

Chief Nursing Officer), Tammie Iseri (Pharmacy Operations Manager), and Michelle Lopes

(Chief Nursing Officer) to report a widespread knowledge deficit amongst nursing staff
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regarding different insulin types; shortcomings with Medication Administration Record (MAR)

instructions in EPIC; and availability of insulin pens. (Exhibit 21)

193

On December 13, 2018 Dr. Kalamas attempted to engage the stakeholders by sending an

email to Michelle Lopes (CNO) and Tom Greely (VP of Clinical Affairs) suggesting the

formation of a Glycemic Management Work Group.  She noted there are several issues, but one

is "urgent", namely, RNs do not understand the concept of "pre-meal" insulin. (Exhibit 22)  

194

Dr. Chang (Medical Director of Endocrinology) then informed Dr. Kalamas that her

group was concerned that the protocols might lead to excessively low blood sugar levels

(hypoglycemia).  She deemed Dr. Kalamas’ protocols “too aggressive”.  The science did not

support this fear.  It was personal and not evidence based.

195

 Dr. Chang had no surgical experience and cited no literature to support her position. 

Her statement was contrary to all peer reviewed medical literature. 

 196

Despite the lack of thought or science to this comment, Dr. Kalamas responded calmly

and Dr. Kalamas suggested adopting Emory University’s protocols.   

197

By citing established (and in use) protocols used at one of the preeminent medical

schools in the country, Dr. Kalamas avoided criticizing (directly) Dr. Chang’s unreasonable fear

and lack of understanding of the basic science.  

198

Instead, Dr. Kalamas tried to focus her attention on the mainstream acceptance of Dr.

Kalamas’ patient safety standards.

199
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On December 14, 2018 Dr. Kalamas sent a second case to Girlynda Gonzales

(Associate Chief Nursing Officer) and Tammie Iseri (Pharmacy Operations Manager) involving

a knowledge deficit with pre-meal insulin and delay in getting the medication from pharmacy.

(Exhibit 23)

200

That same day, Dr. Kalamas emailed Virginia Smelser (RN Certified Diabetic Educator)

to give feedback on how the instructions are presented on the Medication Administration Record

(MAR), as she and the nursing staff found them very confusing. (Exhibit 24)

201

Virginia Smelser (RN Certified Diabetic Educator) responded, acknowledging that

ongoing educational sessions for RNs are taking place.  This is one of the few times that a

member of JMH responded affirmatively to Dr. Kalamas’ glycemic recommendations and

comments.

202

The next day (December 15, 2018) Dr. Kalamas sent an email to Michelle Lopes (Chief

Nursing Officer) and Tom Greely (VP of Clinical Affairs) re: need to consider moratorium on

pre-meal insulin until RNs have demonstrated they know the difference between the different

types of insulin therapy.  Short-term and long-term insulin for example have different uses in

preoperative care. (Exhibit 25)

203

That same email was sent to Drs. Chang  and Zlock (Medical Directors of

Endocrinology). (Exhibit 26)

204

Dr. Kalamas also sent an email to Girlynda Gonzales (Associate Chief Nursing Officer)

with information involving the third incident in 5 days in which a RN did not understand the

difference between the different types of insulin therapy and caused problems with a

preoperative patient.
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205

Part of Dr. Kalamas’ role was to make changes to systems within JMH.  On December

16, 2018 Dr. Kalamas sent an email to Dr.s Chang and Zlock (Medical Directors of

Endocrinology) and Alicia Bakkum FNP (Certified Diabetes Educator) requesting an immediate

change to the insulin administration instructions within EPIC. (Exhibit 27)  EPIC was and is the

software program in use at JMH.  Dr. Kalamas noted (again) that there was a knowledge deficit

with the different types of insulin which was "widespread".  The issue was not only with nursing

but hospitalists as well and suggests that education involve both groups. 

206

 Despite these requests the changes were not made. 

DR. KALAMAS EXPOSES SLOPPY POST SURGICAL MEDICAL CARE

207

On December 19, 2018 Dr. Kalamas requested a meeting with the Executive Directors

of Hospital Medicine regarding the hospitalists’ suboptimal management of postsurgical

patients. (Exhibit 28) This was specifically within the scope of her contract with JMH as post-

surgical care is part of the perioperative program. This was one of many criticisms of hospitalist

errors that Dr. Kalamas observed and reported.

 PERSONAL ATTACKS AGAINST DR. KALAMAS

208

Corporate medical groups such as JMH use scripted techniques to destroy physicians

who speak for patients.

209

By December, 2018, Dr. Kalamas was not only being ignored but personal attacks were

being leveled against her with increasing personal focus.  

210
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The term “Disruptive Physician” is a term of art which is used to discipline physicians

who have genuine anger problems.  However, it is abused by plan and design by JMH in order to

silence physicians who voice opinions that are critical of the facility.

211

A “disruptive physician” filing tied to an internal review process is usually the end of a

physician’s career.  Hearings are set that are so rigged that the “judge” (hearing officer) is

selected by the hospital and the “jury” is selected by the hospital and its “judge”.   

 212

The preordained result of these rigged hearings usually results in reports to the Medical

Board of California (which may then file a public Accusation) and by publication in the “book of

death for physicians”, the National Practitioner Data Bank.

 213

JMH started the process of soliciting, encouraging and falsely documenting an invented

narrative that attempted to focus attention away for the actual factual issues.  This narrative

painted JMH and the other defendants as competent and honest and Dr. Kalamas as having

“sharp elbows” and being improperly disruptive.   

214

The steps involved marginalizing Dr. Kalamas, silencing her, criticizing her work

unfairly, and announcing to staff that it was open season to file complaints against Dr. Kalamas.

215

In reality the only disruptive activity by Dr. Kalamas was disrupting JHM’s infliction of

harm on its patients.

MARGINALIZING DR. KALAMAS’ SCIENCE BASED PROGRAMS

216

On December 26, 2018 Dr. Kalamas received an email from Girlynda Gonzales

(Associate Chief Nursing Officer) informing her that Alicia Bakkum FNP (Certified Diabetes
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Educator) would chair a Glycemic Task Force that will take on the issues Dr. Kalamas had

identified as causing significant injury. (Exhibit 29)

217

Even the setting up of a “Task Force” was peculiar as Dr. Kalamas had been hired to

enact these programs and review of 14-year-old scientific facts by a nurse led staff undercut her

authority.   A “task force” presumed that non-experts who were not above Dr. Kalamas in the

JMH chain of command were now making decisions for her.

218

On December 26, 2018 in response to Gonzales' (Associate Chief Nursing Officer)

December 26 email, Dr. Kalamas sent an email to both Michelle Lopes (Chief Nursing Officer)

and Tom Greely (VP of Clinical Affairs) expressing concern that the Glycemic Task Force may

not be the proper approach. (Exhibit 30)  No response was received.

219

On December 28, 2018 Dr. Kalamas sent an email to Michelle Lopes (CNO)

acknowledging her willingness to work with Alicia Bakkum FNP (Certified Diabetes Educator).

(Exhibit 31) This was a compromise as there was no requirement that nursing staff agree to these

medical decisions.  However, Alicia Bakkum’s area of focus was at least in the area of concern

(blood sugar control).

JMH & JMMG USED MICHELLE LOPES AGAINST DR. KALAMAS KNOWING

THAT MICHELLE LOPES HAD A HISTORY OF ABUSING STAFF

220

The failure to admit major defects in blood sugar control was more than just passive

resistance.  Within JMH there was a deliberate culture, pattern, and practice to target whistle

blowers and harm them.

221
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Michelle Lopes was middle level manager who had advanced in her career in part by

abusing whistle blowers.  In 2012 Michelle Lopes was having an affair with her subordinate,

Charles Griffin.

222

At that same time, nurses complained of sexual harassment by Mr. Griffin. 

 223

In response, Michelle Lopes retaliated against the victims assigning them unreasonable

and "heavy" workloads of difficult assignments, unwarranted poor performance reviews, ignoring

complaints, constructive firing, and as was and is the pattern at JMH, initiating unwarranted

disciplinary actions against the complaining persons.   (See: Perez v. John Muir Health Case No.

15-01792 HSG.)

224

JMH rewarded Michelle Lopes and at the times relevant to the lawsuit herein, gave her

power as a nurse over Dr. Kalamas.  Michelle Lopes (and others) used this unwarranted authority

to impose corporate medical decisions on Dr. Kalamas and the JMH surgeons and medical staff.

“SILENT TREATMENT”

225

On January 2, 2019 Dr. Kalamas sent emails to Executive Directors of Hospital

Medicine regarding a post-surgical patient who was not seen in the hospital for several days and

was readmitted with acute hypoxic respiratory failure (low blood oxygen). (Exhibit 32) 

226

Dr. Kalamas noted in her email that this patient (who was diabetic) was not treated with

POC glucose (testing for blood sugar level at the hospital) or insulin SS (a sliding scale

assessment).  

227
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These were basic monitoring tests that tell doctors whether the patients are at risk from

blood sugar complications.  These are safe tests, harmless to the patient and potentially lifesaving.

 228

No changes were made in response to Dr. Kalamas’ email and on January 2, 2019 Dr.

Kalamas referred two cases to Dr. Rosa Won at Physician Peer Education Committee (PPEC).

(Exhibit 33) 

229

These referrals are mandated reports of doctor failures that could or did impact patient

health.  These two specific referrals involved failure of the admitting hospitalist to initiate

long-acting insulin treatment in Type 1 diabetics.  Type 1 diabetics (as opposed to Type 2

diabetics) do not produce insulin and are therefore insulin dependent and at risk for diabetic

ketoacidosis (DKA). 3.5-4.5 % of patients who suffer a DKA incident, die.  In the hospital setting

virtually every single DKA incident is preventable.

230

On January 7, 2019 Dr. Kalamas sent an email to Dr. Mehta and Dr. Lee expressing

concern that hospitalist had made an improper medical decision resulting in a diabetic patient

being readmitted to the Emergency Department with a glucose greater than 440. (Exhibit 34)

231

Dr. Kalamas was charged with post-surgical care review and there is almost no medical

condition that would lead to such a high blood sugar level (about three times high normal) unless

there was a medical failure.

232

The role of a “hospitalist” is to be the person caring for a patient while they are in the

hospital.  The patient’s blood sugar level has to be controlled properly and the hospitalist is the

primary person responsible for ensuring that this takes place.

233
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The same patient care failings were documented in a January 7, 2019 e-mail by Dr.

Kalamas to Patty Haggen (VP of Clinical Operations). (Exhibit 35)  That email expressed

concern that the Executive Directors (Yash Mehta and Melanie Lee) failed to respond to

patient management concerns.  

234

On January 8, 2019 Dr. Kalamas noticed the patient's crisis had not yet been brought

under control and his blood glucose remained elevated at close to 400 mg/dl all night putting him

at risk for developing a joint infection.  Dr. Kalamas sent an e-mail to Dr. Mehta asking him to

review this case. Dr. Kalamas also referred the case to Dr. Rosa Won (Chair, Physician Peer

Review) for review. (Exhibit 36) 

235

A meeting was scheduled for January 17, 2019 to address this and similar cases as well as

to discuss implementation of the Perioperative Glycemic Management Order Set since progress

on that front had stalled.

236

On January 16, 2019, Dr. Yash Mehta (Executive Medical Director of Hospital

Medicine) requested an agenda for the meeting set for January 17, 2019. Dr.  Kalamas responded

professionally and politely and described her goals for the meeting.  In fact, in her email she

conveyed agreeing with many of Dr. Mehta’s suggestions for a productive meeting. (Exhibit 37)  

However, as set forth below, this meeting and later meetings were undercut and sabotaged by

JMH and its corporate practice of medicine figurehead doctors.

  TAEJOON AHN LEADS THE ATTACK

237

The scientific advocacy of Dr. Kalamas and the surgeons who strongly supported her, had

to be undercut by failed leaders, frightened JMMG doctors and corporate controlled physicians.
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Taejoon Ahn (President and CEO of John Muir Medical Group) was their leader, cheerleader

and organizer.  

238

Dr. Kalamas focused on persuasion and logic.  However, her persuasive efforts were met

by ridicule, attacks and the silent treatment.

   239

Taejoon Ahn (President and CEO of John Muir Medical Group) manipulated and

politicked against her both covertly and openly.  Patient care was almost never addressed.

240

The level of discussion of the science and patient needs was incidental to the attack

component.  In almost every instance that science and medicine were presented, Dr. Kalamas was

ignored or personally criticized.

241

The undercutting by Taejoon Ahn was particularly damaging to the patients because Ahn

was the leader of JMMG.  This meant he controlled the careers of hundreds of physicians.  

242

His attacks were a Pied Piper call to the JMMG physicians to join in the attack (or at the

very least ignore Dr. Kalamas).   To openly support Dr. Kalamas would mean opposing the

person who controls the doctor’s bread and butter.  

243

Ahn put a target on Dr. Kalamas’ back in a public attack contained in a pernicious email.

(Exhibit 38)

244

Ahn’s pernicious e-mail was a bombastic critique of a nationally accepted medical journal

article that Dr. Kalamas had circulated in advance of the meeting of January 17, 2019.    

245
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This article summarized the research and science supporting Dr. Kalamas’ protocols.  It

was peer reviewed, published by highly respected researchers and not contradicted by any other

published research.  The data and the protocols were widely accepted in the United States and

internationally.

246

This article was a threat to JMH and Taejoon Ahn (President and CEO of John Muir

Medical Group) because it presented irrefutable scientific proof of that JMH had used the wrong

treatment standards and failed its patients.  If the team at the meeting reviewed the article and

accepted its findings the team would have no logical choice other than to buy in to the Kalamas

protocols.

247

Taejoon Ahn (President and CEO of John Muir Medical Group) did not cite a single

contradicting study and he did not cite any contradicting data.  Instead, wrote a criticism of the

study itself using big words as if he had taken out a thesaurus.  He jumbled criticisms that were

generic without actually addressing the data, the conclusions or the consistency between predicted

and actual outcomes.  It was essentially an ad hominem “personal” attack on the authors of the

study and their techniques.  It was so generic that the same criticisms could be cut and pasted

almost endlessly for high school or college reports.

248

Taejoon Ahn has no training or credentials to challenge the vast established scientific

evidence supporting the protocols.  His career was political and corporate, and he genuinely

lacked any background in the surgical stress response, hyperglycemia management, or the

establishment of hospital wide treatment protocols.     

 249

Taejoon Ahn was head of JMMG and not above Dr. Kalamas in the JMH chain of

command.  Despite this JMH supported him and empowered him in attacks against Dr. Kalamas.

250
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Dr. Ahn’s interference and his groups veto power of the enactment of the patient

protecting protocols is contrary to the contract signed between Dr. Kalamas, MAC and JMH.

(See: Exhibit 1 to the JMH contract which itself is Exhibit 3 to this complaint.)

251

The contract never states that her work and authority is subject to the supervision of an

urgent care doctor with no experience in perioperative medicine.  Her work and procedures were

not related to the operation of an urgent care center.   Dr. Kalamas’ contract was with JMH as a

hospital and she had no contract with Taejoon Ahn.  But now, without reason, JMH was

allowing him to be a “monkey on her back.”

252

The contract actually requires Dr. Kalamas to provide “On-site coverage for the clinic and

at least 20 hours per week to provide direct supervision of the nurse practitioners and other clinic

staff, and professional services for patients when appropriate”.  It is Dr. Kalamas who is in the

role of viewing the overall picture and intervening on behalf of patients.

253

 It was Dr. Kalamas’ job to read charts, research and understand the associated science,

make referrals, recommendations, and intervene in patient care.  Taejoon Ahn may supervise a

large group of doctors but nothing in that role gave him the right to interfere with Dr. Kalamas’

written contract with JMH.

254

The contract provides oversight and control over the treatment at the hospital so that

surgical patients do not come into the OR in a random and uncontrolled condition.  Their post-

surgical treatment likewise was intended to adhere to established scientific safety protocols.

 DR. KALAMAS ATTEMPTS TO WORK CONSTRUCTIVELY WITH TAEJOON AHN

255

Despite this clear decision to undercut her, Dr. Kalamas attempted to work with Dr. Ahn.
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256

Dr. Kalamas responded to his unfounded personal attack by reminding him that “PPEC is

a protected internal review process and those of us who take the time to review and refer cases

should not be demonized”. (Exhibit 38) 

257

Dr. Kalamas, as previously shared with Dr. Mehta, told Taejoon Ahn (President and CEO

of John Muir Medical Group) that she was open to discussion, not wedded to any particular

protocol, but committed to solving a hospital-wide problem. 

258

A meeting had been set to discuss the protocols and this was an opportunity for all

stakeholders to meet and compromise.

259

 On January 17, 2019 Dr. Kalamas met with Executive Directors of Hospital Medicine

(Yash Mehta and Melanie Lee), Debbie Arce (Chair, Inpatient Services, John Muir Medical

Group), Maureen Stevenson (Chair, Ambulatory Services), Dr. Chang (Medical Director of

Endocrinology), Nick Mickas (Medical Director Hospital Operations), Ryan Green (Medical

Director of Operating Room), and Arash Mohebati (Medical Director of Surgical Quality) to

discuss the glycemic management issue, and the need to implement a Perioperative Glycemic

Management Order Set for elective non-cardiac surgical patients.  

260

Dr. Green committed to giving Dr. Chang access to the ERAS database so she could

review the data.  Dr. Kalamas requested to have a collaborative partnership with Dr. Chang so

that they could proceed with developing a Perioperative Glycemic Management Order Set.

DISRUPTIVE PHYSICIAN THREAT TO DR. KALAMAS’ CAREER

261
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The success in bringing people together to develop a patient centered protocol led

Taejoon Ahn (President and CEO of John Muir Medical Group) to escalate his attacks.  Having

at least partially failed to attack the science, Taejoon Ahn focused on the messenger.

262

Taejoon Ahn told Jane Willemsen who is President of Hospital Operations and the

person who is hoping to succeed Cal Knight (CEO), and Michelle Lopes (Chief Nursing

Officer) who had a history of abusing staff that was known to JMH and all defendants, that his

Medical Directors were not to attend any meeting where Dr. Kalamas was present.

 263

Taejoon Ahn with his group of defendants and corporate backers, started to create a false

narrative that Dr. Kalamas was a “disruptive physician”.   

264

The label, “disruptive physician” is a term commonly used in the medical personnel field

and it is often used to label a physician in a way that is career ending.  This is what Taejoon Ahn,

and all defendants did in order to silence Dr. Kalamas.

265

If the label was applied and Dr. Kalamas was sanctioned or disciplined for her

“behaviors” that meet that stereotype, her career would be irreparably damaged.

266

The average physician fills out approximately twelve professional applications per year.

These applications are vital to maintain the doctor’s reputation and livelihood.

 267

The applications include state medical board licensure, employment, membership in

hospital medical staffs (giving the rights to the doctors to practice and perform surgery at the

hospital), membership in medical and specialty societies (including Board Certification),

malpractice insurance, and inclusion in health plans and health insurers provided panels (which is

economically vital to physicians). 
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268

These applications are vetted in a process known as “credentialing”. Credentialing entails

checking the doctor’s educational and employment background, as well as the doctor’s

disciplinary history at all hospitals where the doctor has had medical staff privileges. Another

essential part of credentialing is checking with the state medical licensing board wherever the

doctor has held a license to see if there has been any disciplinary action taken against the doctor.

Of paramount importance in credentialing is the National Practitioners’ Data Bank, a

governmentally maintained database of all physicians who have settled malpractice suits or have

been the subject of disciplinary action by a state licensing board or any hospital. Under Federal

law this Data Bank must be checked before a state licensing board issues or renews a physician’s

license. Likewise, before granting a physician privileges to operate at any hospital, the hospital

must check the Data Bank, as must medical groups, specialty societies, and board certificating

organizations. 

269

Most importantly, health insurers and health plans check the Data Bank before putting

doctors on their provider panels. Some insures exclude doctors automatically if they have been

reported to the Data Bank. 

270

 If the official website of the licensing boards or the NPDB have wrong, misleading, or

unfair information, they can ruin a doctor’s reputation and make it very difficult for the doctor to

get a job or be credentialed by hospitals and health plans, etc. Reporting, therefore, has a direct

impact on the compensation a doctor can earn.

271

Hospitals and large employers routinely use the threat of reporting a doctor to the

California Medical Board and/or the Data Bank to intimidate doctors and “keep them in line”.

Management regularly collects negative secret reports about doctors, which they reveal only

when they want to threaten the doctor with reportable discipline. 
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272

 Taejoon Ahn headed an attack that led to these false characterizations against Dr.

Kalamas.  He used gender based stereotyping and other tools to encourage false reporting and

false characterization of her patient advocacy as “disruptive”.

273

 The goal of Taejoon Ahn and the other defendants was to use false allegations against Dr.

Kalamas personally to then initiate a sham peer review which would damage Dr. Kalamas

irreparably.

274

The only check on the power of Ahn and JMH was the tremendous support that Dr.

Kalamas had from some of the top physicians at JMH and virtually every surgeon who used the

facility.  

DR. KALAMAS CONTINUES TO ADVOCATE FOR 

UNDERSTANDING AND COOPERATION

275

Dr. Chang had no surgical experience, she was not a surgical endocrinologist, and she

had no experience in ERAS protocols.  Despite this lack of training or perhaps because of it,

Taejoon Ahn (President and CEO of John Muir Medical Group) allowed her to sit on the

reviewing committee that Ahn had established to review Dr. Kalamas’ work. 

276

Once again, a person unqualified in perioperative medicine was being used to attack Dr.

Kalamas personally.

277

Dr. Chang never cited a single study or data to contradict Dr. Kalamas.  Instead, she

stooped to and adopted Dr. Ahn’s personal attack protocol rather than work with Dr. Kalamas to

help patients.
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278

Her contribution was to participate in the “disruptive physician” attack.  Dr. Chang

objected to the e-mails where Dr. Kalamas discussed the glycemic protocols. 

279

Dr. Chang ignored the contents of the e-mails.  Instead, she attacked Dr. Kalamas by

claiming the e-mails were “bullying”.   

280

This absurd attack was clearly not fact based and not remotely “bullying” and Dr.

Kalamas responded to Dr. Chang’s “bullying” claim by suggesting that they meet and work

together. (Exhibit 39)

281

Dr. Kalamas stated that “I fully recognize your limited role in hospital-wide diabetes

management and would never expect you to solve this on your own” and “I have always

respected and valued your input, and hope that we can work together in an amicable fashion

moving forward.” 

282

A group meeting that included Dr. Chang was held on January 17.

283

During the January 17th meeting Dr. Chang had expressed a fear that patients’ blood

glucose might drop too low.  This was not supported by the literature or by any scientific

evidence.  It was a personal fear, an institutional barrier or both; but it was not evidence-based

medicine.  If fear drives medicine, then JMH should disclose to patients that “JMH is ignoring

established safety protocols because one of doctors is afraid that something could go wrong.  By

signing below you agree that evidence based medicine can be ignored whenever one of the

doctors is afraid.”

DR. KALAMAS PREVENTED FROM CORRECTING DR. CHANG’S 
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UNREASONABLE FEARS OR ADDRESSING THE COMMITTEE

284

Dr. Chang’s concern was unfounded medically, but despite the personal fear that she

expressed,  Dr. Kalamas did not belittle Dr. Chang nor degrade her in any manner.  Instead, Dr.

Kalamas provided a reasoned and factual response based upon science.  Talking science to a

frightened doctor who has made false personal accusations is and was highly professional on the

part of Dr. Kalamas.

285

On January 21, 2019 Dr. Kalamas sent an email to the entire group of attendees from the

January 17th meeting with a copy of the Perioperative Glycemic Management Order. (Exhibit

40)

286

She included her correspondence with Drs. Elizabeth Duggan and Professor Guillermo

E. Umpierrez of Emory University addressing Dr. Chang’s concerns about insulin dosing

frequency (every 2 hours versus 3 hours).  Drs. Duggan and Umpierrez were two of the leading

ERAS experts in the area of glycemic control.  Their publications and their expertise were

renowned worldwide and they were and are the established experts in this area.

287

The fact that these physician researchers were willing to evaluate the concerns and address

them is a testament to the portion of the medical community that focuses on patient interests. 

Drs. Duggan and Umpierrez were not compensated for their time, and they acted from concern

and altruism.

288

Their contributions submitted to the committee members were met with dead silence.  Not

a single person responded to Dr. Kalamas.  

 289
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This silence in the face of evidence is consistent with a predetermined outcome to

discredit Dr. Kalamas and thwart her protocols.

290

Later this same day Dr. Kalamas sent data from the OR showing the difference in glucose

levels with different management and testing procedures.  This was a simple roadmap to alleviate

a problem. (Exhibit 41)

291

Dr. Kalamas was ignored.

292

The hostility inherent in being ignored in the workplace being increasingly oppressive on

a personal level.  Ignoring Dr. Kalamas also forced her to make a choice.  Either get along and go

along while patients suffered or continue to report the harms to patients and escalate the

information to higher levels of management.

293

Dr. Kalamas chose not to be silent.

DR. KALAMAS PERSONALLY REVIEWS FILES TO HELP PATIENTS

294

As Dr. Kalamas’ order set and protocols were being blocked, she personally began to

review patient files to spot dangers and order remedial measures.  

295

On vacation, at home at night, on weekends, Dr. Kalamas poured through inpatient files to

see who was being mismanaged.

  296

This exhausting work prevented countless complications and negative results.  However,

the physical and emotional toll on Dr. Kalamas was massive.

297
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Dr. Kalamas was being ignored, ostracized, and prevented for doing her work.

298

Dr. Kalamas never stopped her advocacy and she continued to seek to have the protocols

adopted officially so that she did not have to single handedly protect the patients.   

299

Dr. Kalamas was not paid for this work but it was necessary as real people at JMH were

being saved from harm.

THE SILENT TREATMENT AT HIGHER LEVELS

300

January 26, 2019 Dr. Kalamas sent the first of several emails to the Executive Directors

of Hospital Medicine asking them to message their group about adhering to Endocrine Society

Guidelines for Management of Hyperglycemia in Hospitalized Patients in Non-Critical Care

Settings. (Exhibit 42)

301

In other words, if JMH/JMMG would not adopt Dr. Kalamas’ specific plan, they could at

the very least follow major aspects of the plan since her plan was the standard of care that was

and is nationally accepted. 

 302

 This compromise and fallback that would provide some modicum of patient safety

improvement was ignored.

303

On January 28, 2019 Dr. Kalamas sent an email to Taejoon Ahn discussing yet another

incident where a patient suffered due to JMH’s failures. (Exhibit 43) This patient and other

patients were at risk.  Dr. Kalamas was ignored.

304
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If patient lives were not at risk Dr. Kalamas may have just resigned, but she had seen

deaths and injuries and she could not stop.

305

On January 31, 2019 Kalamas sent email to Debbie Arce (Chair, Inpatient Services, John

Muir Medical Group) calling out her concern that glycemic management had not been adequately

addressed by the Executive Directors of Hospital Medicine and requesting that she get

involved. (Exhibit 45)  She wrote in her email “For months I attempted to engage your

Medical Directors, Yash Mehta and Melanie Lee, in a dialogue around the medical

management of post-surgical patients. For a variety of reasons, those discussions broke

down.” 

306

In an effort to convey the severity of her concerns, and the unacceptable sub-standard care

by the hospitalists, Dr. Kalamas wrote “I know you would never approve of the care currently

being delivered by some of your hospitalists.” 

307

She described the instance of a patient who was left with a BG of >500 for over 24 hours.

The patient’s dangerously elevated BG was not addressed by either the hospitalists or the nurses

despite being alerted.

308

As a final point Dr. Kalamas conveyed that she is aware that Taejoon Ahn has instructed

the hospitalists to disengage working with her. 

309

Dr. Kalamas’ contract required her to work with the hospitalists.

310

On February 3, 2019 Dr. Kalamas emailed Debbie Arce (Chair, Inpatient Services, John

Muir Medical Group) regarding a case of gross negligence on the part of the hospitalists

regarding a patient who had BG of almost 600.  (Exhibit 46) Dr. Kalamas wrote that: “I don’t
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understand how this case was presented to 3 different hospitalists and no one sent labs or

transferred this patient to a higher level of care for BG monitoring and treatment”. 

311

Later that same day Dr. Kalamas emailed Arce the details for another specific case she

was concerned about which was mismanaged and concerning. (Exhibit 47)

312

Dr. Kalamas continued to bring serious breaches of care to the attention of appropriate

management.  On February 11, 2019 Dr. Kalamas sent an email to Betsy Jacobs (Medical

Director of Hospital Medicine) and copies Debbie Arce (Chair, Inpatient Services, John Muir

Medical Group), Tom Greely (VP of Clinical Affairs), and Rosa Won (Chair, Physician Peer

Review). (Exhibit 48)  A morbidly obese, diabetic arthroplasty patient was readmitted for a

COPD exacerbation.  The hospitalist mentioned that blood glucose is poorly controlled but did

nothing to remedy the problem.  The condition worsened and the patient’s blood glucose rose to

almost 600.

SEVEN BELOW STANDARD OF CARE CASES EXPOSED BY DR. KALAMAS

313

On February 15, 2019 Dr. Kalamas sent seven cases to Physician Peer Education

Committee (PPEC) (Rosa Won) for review. (Exhibit 49) Dr. Kalamas wrote in her email to Dr.

Won “Attached are 6 cases (*later seven). This is unfortunately just the tip of the iceberg. Have

reviewed over 100 cases and have at least 20 that are worthy of peer review”. She also conveyed

to Dr. Won that Debbie Arce (Chair, Inpatient Services, John Muir Medical Group) encouraged

her to send every case to PPEC. Dr. Kalamas explained that Debbie Arce (Chair, Inpatient

Services, John Muir Medical Group) wanted her hospitalists to receive direct feedback through

the peer review process as opposed to from their medical doctors. 

314
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Dr. Kalamas was not informed of any action taken on this (series) of complaints. 

However, a meeting was held on February 19, 2019 with Dr. Kalamas excluded.  

315

The meeting was not about implementing changes to patient care.  The meeting was

 about silencing and punishing Dr. Kalamas for her work supporting patient care.

316

Dr. Kalamas was not deterred.  On February 19, 2019 Dr. Kalamas sent email to Betsy

Jacobs (Medical Director Hospital Medicine) and cc’d Deborah Arce regarding a rape victim

who was not taken care of by hospitalists. (Exhibit 50) Dr. Kalamas was so concerned about the

patient that she called the patient herself while on vacation and asked that the case be reviewed.

317

On March 11, 2019, Dr. Kalamas sent email to Betsy Jacobs (Medical Director, Hospital

Medicine) reminding her that patients who receive stress dose steroids should have blood glucose

(BG) checked (standard of care per Endocrine Society Guidelines for Management of

Hyperglycemia in Hospitalized Patients in Non-Critical Care Settings). (Exhibit 42)  She

noted that the patient was on Metformin (diabetes medication) and did not have blood glucose

checked. (Exhibit 52)

318

Again, Dr. Kalamas attempted to work around the resistance to “her” protocols (the ERAS

protocols) and reference was made to well-established and respected medical guidelines.  This

depersonalized the dispute and focused on established medical standards.   

319

However, nothing came of this suggestion.  Instead, the hospitalist “cut and pasted” the

same inaccurate note as if he had done a re-examination.  This is below the standard of care and

potentially billing fraud if the work was not actually done.  The purpose was to pretend to listen

to Dr. Kalamas while ignoring her.
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HOSTILITY FROM HOSPITALISTS

320

Hostility become increasingly overt. On March 26, 2019 Dr. Kalamas sent email to

Debbie Arce (Chair, Inpatient Services, John Muir Medical Group), Tom Greely (VP of Clinical

Affairs), and copied Irving Pike (Chief Medical Officer) regarding hostile text she received from

a hospitalist re: orders she wrote on a patient who was in the recovery room. (Exhibit 53) 

321

Dr. Kalamas had written to the hospitalist “Patient is under the care of anesthesia while in

the PACU”. 

322

The hospitalist’s immediate reply was unprofessional and disrespectful. The

hospitalist wrote to Dr. Kalamas “I will cancel you order the moment she is out” to which Dr.

Kalamas replied “Please contact Debbie Arce”. The hospitalist belligerently wrote “You can call

Dr. Arce”.  It was again clear that staff and persons under her supervision could ignore her orders,

insult her, and oppose her.  

323

The work environment was hostile and this overt and direct hostility was ratified by JMH

in the refusal to discipline, correct or even mediate a solution.

324

On March 27, 2019 Dr. Kalamas sent an email to Betsy Jacobs (Medical Director,

Hospital Medicine), Debbie Arce (Chair, Inpatient Services, John Muir Medical Group), and

Tom Greely (VP of Clinical Affairs) regarding her concern that surgical patients were not being

evaluated by hospitalists on day of surgery. (Exhibit 54) 

325

To put someone under anesthesia and to cut into their body based without checking their

condition close to the time of surgery is below the standard of care.  Conditions change and data

relevant to proper anesthesia and surgical issues should not be 24 hours old.  The re-evaluation is
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quick, inexpensive, and non-invasive.  The failure to do the re-evaluation could result in

significant complications or death.

MANAGEMENT CONTINUES TO IGNORE REQUESTS FOR ASSISTANCE

326

Dr. Kalamas attempted to have the highest levels of JMH assist in curing this hostile work

environment.  On April 3, 2019 Dr. Kalamas sent email to Tom Greely (VP of Clinical Affairs),

Nick Mickas (Medical Director Hospital Operations), Yaron Friedman, and Moussa Yazback

(Medical Staff Officers) asking them to send out communication clarifying her role to address

hostility she was facing from hospitalists. (Exhibit 55)

327

Dr. Kalamas wrote in her email “I’m asking for your assistance in resolving an untenable

situation, namely, persistent hostility by a subset of hospitalists who either do not understand or

refuse to accept my role as the Medical Director of JMH’s Perioperative Medicine Program”. 

328

Dr. Kalamas’ April 3rd email was also a reminder to these key management personnel that

the primary goal of “ensuring diabetic surgical patients would receive timely and consistent

management of hyperglycemia on the day of surgery and during transitions of care” was not

being met. 

329

To protect patients, on April 5, 2019 Dr. Kalamas sent an email to Dr. Anna Chang

(Medical Director of Endocrinology) requesting that she send email to the hospitalists re: basal

(long-acting) insulin (second request). (Exhibit 56) Dr. Kalamas noted in the email the swelling

frustration between the surgeons and hospitalists regarding differing opinions on holding basal

insulin.   The surgeons supported Dr. Kalamas because their patients were suffering needlessly.

330

Dr. Kalamas was ignored.
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331

On April 9, 2019 Dr. Kalamas sent email to Zarah Ross (Director of Physician

Contracting) letting her know that she was unable to execute against year 1 metrics of her

contract and therefore could not commit to year 2 metrics. (Exhibit 57)  She specifically wrote

“Unless/until I understand what support I will have from the medical leadership, I cannot commit

to year 2 metrics.”

332

This was a clear statement to management that improvements cannot take place if Dr.

Kalamas is ignored.

333

This notice was ignored.

DR. KALAMAS MAKES DIRECT COMPLAINTS ABOUT THE 

HOSTILE WORK ENVIRONMENT

334

Dr. Kalamas was suffering from the near constant hostility and obstruction.  On April 10,

2019 Dr. Kalamas met with Nick Mickas (Medical Director Hospital Operations), Yaron

Friedman, Moussa Yazback (Medical Staff Officers), and Irving Pike (Chief Medical Officer)

to express her frustration with the hostile and unproductive work environment.

335

Taejoon Ahn (President and CEO of John Muir Medical Group) was specified as the

focal point for the hostility as those who were most obstructionist reported to him.   She raised the

point that gender and cultural biases exist, and that in part she had been penalized by Taejoon

Ahn for being an assertive woman.  

336
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Dr. Kalamas contrasted that to fantastic relationships of mutual respect she developed

with her surgical colleagues who appreciate her direct, no-nonsense style of communication, and

“intense” demeanor.  

337

As a woman, Dr. Kalamas was being forced to defend herself for being strong, confident, 

and correct.  

CONTINUED PSUEDO SCIENTIFIC ATTACKS ON ERAS SCIENCE 

338

On April 18, 2019 Dr. Chang (Medical Director of Endocrinology) sent email to Tom

Greely (VP of Clinical Affairs) announcing that a new insulin algorithm has been embedded into

a tool in the hospitals software system called EPIC (EMR). (Exhibit 58)  It was named, Agile

pathway.  This Agile pathway was supposed to help hospitalists select the correct doses of

insulin for patients. 

339

 This Agile pathway was not specific to JMH but it was a major step toward Dr. Kalamas’

protocols and a recognition that her protocols were national adopted and accepted.   

340

On April 22, 2019 Dr. Kalamas sent an email to Tom Greely (VP of Clinical Affairs)

asking why the Perioperative Glycemic Management Order Set that she had been working on

had been put on indefinite hold. (Exhibit 59)  She wrote “I have been trying to get this through for

10 months”. To eliminate any incorrect presumption that the order set is duplicative or redundant

she writes “It has nothing to do with what Anna has pulled together (Agile pathway)”. 

341

On April 24, 2019 Dr. Kalamas sent an email to Betsy Jacobs (Medical Director, Hospital

Medicine) and Dr. Chang (Medical Director of Endocrinology) with concern that tool developed

to assist with glycemic management (Agile pathway) was not being used. (Exhibit 60) She
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wrote: “Wondering if you have given any thought on how to provide feedback/educate when

physicians are not using it” and includes a case example.  

342

On May 6, 2019 Dr. Kalamas sends an email to Alicia Bakkum FNP (Certified Diabetes

Educator and Chair of the Glycemic Task Force) inquiring about the status of changes to the

Medication Administration Record (MAR) instructions in EPIC as these related directly to the

ERAS program and glycemia program. (Exhibit 61)

343

No responses were received.

SURGEONS SUFFERING FROM HOSPITALISTS RUNNING AMOK

344

May 14, 2019 Sam Oommen (colorectal surgeon) sent email to Debbie Arce (Chair,

Inpatient Services, John Muir Medical Group) and Betsy Jacobs (Medical Director, Hospital

Medicine) expressing his concern over lack of engagement by hospitalists on blood glucose

management. (Exhibit 62)

345

Echoing Dr. Kalamas’ sentiments he specifically wrote “Would have expected closer

engagement from hospitalists on BS management”. To further stress the importance of Dr.

Kalamas’ role and work he conveyed “Perioperative glycemic control in diabetics on Colorectal

ERAS is in need of a better process. Only the top of the iceberg when you consider all diabetics

who undergo complex surgeries”. 

346

In response to this email, Dr. Kalamas in her role as the Medical Director of

Perioperative Medicine arranged to meet with Debbie Arce (Chair, Inpatient Services, John

Muir Medical Group), Betsy Jacobs (Medical Director Hospital Medicine), and Tom Greely

(VP of Clinical Affairs), on May 16th to discuss Dr. Oommen’s case and several other cases.  
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 DR. KALAMAS CONTINUES TO SEEK CORPORATE SUPPORT

347

Dr. Kalamas attempted to put the protocols into effect through medical management.  On

May 15, 2019 Dr. Kalamas sent an email to Tom Greely (VP of Clinical Affairs) telling him that

having her “hover” was not a viable solution, and expressing her desire to get Debbie Arce

(Chair, Inpatient Services, John Muir Medical Group) to commit to concrete goals and a

reasonable timeline. (Exhibit 63)

348

At this time Dr. Kalamas also sent an email to Nick Mickas (Medical Director of Hosptial

Operations) noting that she hopes Sam Oommen’s note to Debbie Arce  will allow Arce to

appreciate that the problem is not Dr. Kalamas. (Exhibit 64) Dr. Kalamas notes “I would like to

extricate myself from this mess ASAP”. 

349

Nick Mickas (Medical Director Hospital Operations) responded with positive

affirmations in a communication sent solely to Dr. Kalamas.  (Exhibit 64)  Unfortunately that

private attestation did not translate into any action by JMH. At this point Dr. Kalamas still

believed some JMH leaders were in support of her, Nick Mickas being one of them. Little did she

know he would eventually put climbing the corporate ladder above the patients. 

350

 Dr. Kalamas sent an email to Debbie Arce (Chair, Inpatient Services, John Muir Medical

Group) reiterating some talking points and some of Dr. Oommen’s concerns in preparation for the

May 16th meeting. (Exhibit 65) Dr. Kalamas recommended that “rather than get into the weeds

and discuss individual cases tomorrow, I am hoping we can figure out what it will take to

convince the hospitalists that their active management of co-morbid conditions is necessary for a

successful recovery.” 

351
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Later that day Dr. Kalamas received an email from Dr. Oommen stating “My experience

is that most of the hospitalists are reluctant to go beyond the sliding scale regimen, which we

know is inadequate...Thank you for being there for our patients. This one is a good one for us to

rally around.” (Exhibit 66)     

352

Dr. Kalamas looked forward to her meeting with Debbie Arce (Chair, Inpatient Services,

John Muir Medical Group), Betsy Jacobs (Medical Director Hospital Medicine), Nick Mickas

(Medical Director Hospital Operations), and Tom Greely (VP of Clinical Affairs). On May 16,

2019 Dr. Kalamas was informed that Tom Greely (VP of Clinical Affairs) and Nick Mickas

(Medical Director Hospital Operations) might not be able to attend.

353

Kalamas sent an email to Tom Greely (VP of Clinical Affairs) and Nick Mickas

(Medical Director Hospital Operations) stating that she will attend the meeting alone but noted “I

really think someone other than me needs to lead this effort”.  (Exhibit 67) 

354

Dr. Kalamas shared several cases with Debbie Arce (Chair, Inpatient Services, John Muir

Medical Group) where lack or inadequate documentation of significant co-morbid conditions by

a hospitalist had the potential to significantly impact a patient’s postoperative course. (Exhibit 68) 

Debbie Arce (Chair, Inpatient Services, John Muir Medical Group), appropriately concerned by

the cases shared with her, made a commitment to address these cases with the group. During the

meeting both Debbie Arce (Chair, Inpatient Services, John Muir Medical Group) and Betsy

Jacobs acknowledged that their hospitalists failed to document and address key elements of the

patients’ medical history. However, the meetings ultimately did not result in any systemic

changes.

355
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On June 3, 2019 Dr. Kalamas sent an email to Betsy Jacobs re: “Patient who did not have

basal (long-acting) insulin restarted by hospitalist, sub-optimal care, and woefully incomplete

documentation.” (Exhibit 69)

CONTINUED INSTITUTIONAL BLAMING DR. KALAMAS

356

Management continued to blame Dr. Kalamas for having a bad personality and never

addressed the medical concerns or patient safety issues.

357

On June 7, 2019 a meeting was held with Tom Greely (VP of Clinical Affairs), Patty

Haggen (Executive Director of Clinical Operations), and Michelle Lopes (Chief Nursing

Officer) to discuss the problems with enacting patient-oriented reforms.

  358

The reforms were not discussed.  Instead, JMH turned on Dr. Kalamas personally and she

was told that she had an abrasive personality and that she needed professional coaching.  This was

gender discrimination as well as retaliation for the whistle blowing and patient advocacy of Dr.

Kalamas.

359

A demand for personality coaching is the first step in the long-established play book to

discredit a physician and label her “disruptive”.  

360

The request for “coaching” is phrased in a friendly manner as if the corporate tycoons

with medical degrees wanted to teach Dr. Kalamas how to properly navigate the corporate waters.

361

However, it is in fact a label and an attempt to elicit a tacit admission that the problems

are not those of the corporation but a failing by the doctor.

362
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Dr. Kalamas was desperate to protect her patients and to end the hostility that was

inflicted upon her daily.  If the “course” would allow the patient protections to go into effect Dr.

Kalamas was willing to take the “course”.  

363

Dr. Kalamas learned that the course was different than described and she was informed

that the course was not necessary or appropriate for her situation where her conduct was proper,

and the remediation was needed by those improvidently challenging medical protocols.

364

On July 19, 2019  Dr. Kalamas sent an email to Betsy Jacobs (Medical Director, Hospital

Medicine) re: concern that critical information is being overlooked in pre-op clinic note. (Exhibit

70)

365

On July 22, 2019 Dr. Kalamas received an email from Patty Haggen (Executive Director

of Clinical Operations) with a coaching agreement. (Exhibit 71) The agreement was more than a

coaching agreement.  It was part agreement and part confession that she was an angry physician

and that Taeoon Ahn was right.  However, at the time she did not understand this ulterior

purpose.  A male physician in the same situation would not have been deemed angry, disruptive,

or in need of remediation.

366

On August 5, 2019 Dr. Kalamas sent Patty Haggen (Executive Director of Clinical

Operations) an email with concern about some of the language in the Coaching Agreement. Dr.

Kalamas stated that there was nothing she ever said or did to warrant Taejoon Ahn’s retaliatory

actions. 

367

Dr. Kalamas noted that she attempted to seek resolution on her own, however Taejoon

Ahn refused to meet with her.  She requested that the hospital leadership arrange a meeting to

“put the issue to rest and move on”. (Exhibit 72)
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368

On August 6, 2019 Dr. Kalamas received an email from Tom Greely (VP of Clinical

Affairs) acknowledging that the “embargo” Taejoon Ahn had in place regarding meeting with

her was “inappropriate”. (Exhibit 73)  Dr. Kalamas understood that the conduct of Taejoon Ahn

was malicious, gender based, and retaliatory.  However, she was willing to receive coaching in

the hope that this would assist her in bypassing Taejoon’s prejudices, animosity, and obstruction.

 369

The apparent willingness of Tom Greely (VP of Clinical Affairs) to acknowledge (if not

repair) Taejoon Ahn’s misconduct did not lead Dr. Kalamas to remain silent.  On August 8, 2019

Dr. Kalamas sent an email to Renee Juster RN (Director, Inpatient Diabetes Education) about

finding a system wide solution to ensure that diabetics receive the correct diet while in the

Hospital. (Exhibit 74)

370

That same day,  Dr. Kalamas escalated her concern to Girlynda Gonzales (Associate

Chief Nursing Officer). (Exhibit 75)

371

Again, attempting to find a pathway to gain compliance, on August 9, 2019  Dr. Kalamas

suggested an alternative method by which diabetics could receive the correct diet orders while in

the Hospital. (Exhibit 76) She recommended having a pre-checked order for a diabetic modifier to

be added to an existing diet order on the Inpatient Insulin Order Set.  She presented her idea by

Tom Greely (VP of Clinical Affairs) and he was supportive of this change.  

372

Dr. Kalamas then sent an email to Alicia Bakkum FNP (Certified Diabetes Educator and

Chair of the Glycemic Task Force) and copied her boss, Renee Juster RN (Director, Inpatient

Diabetes Education), Girlynda Gonzales (Associate Chief Nursing Officer) and Dr. Chang

(Medical Director of Endocrinology) requesting the change.  This request was ignored.

373
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Hundreds of medical and surgical patients received and continue to receive the improper

diets resulting in subsequent hyperglycemia with its associated risks.

374

On September 10, 2019 Dr. Kalamas received an email from Patty Haggen (Executive

Director of Clinical Operations) regarding an inquiry Haggen received from a co-worker whose

father was in the hospital recovering from knee surgery (JMH employee). (Exhibit 77)

375

Dr. Kalamas had evaluated the patient pre-op and wrote a detailed note documenting the

patient’s risk factors and anticipated postoperative needs. The patient’s daughter had legitimate

concerns about the hospitalist’s level of engagement and communication with family. 

  376

This was the tip of the iceberg as the engagement with patients or their family was deeply

flawed.

DELIBERATE EXCLUSION OF DR. KALAMAS

377

On September 11, 2019 Dr. Kalamas received notice Dr. Chang (Medical Director of

Endocrinology) had gone around Dr. Kalamas and self-produced a new Inpatient Insulin Order

Set that would impact surgical patients. (Exhibit 78)

378

 Dr. Kalamas sent an email to Dr. Chang asking her to hold off on implementing until all

stakeholders have a chance to weigh in.

379

This undercut Dr. Kalamas’ job and it became clear that her contract was either going to

time out and not be renewed or she would be terminated following a peer review for being a

“disruptive physician”.  The medicine and patient safety were no longer factors.

380
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On September 12, 2019 Dr. Kalamas sent an email to Tom Greely (VP of Clinical

Affairs) stating that it  “Concerns me greatly that 2 people who do not take care of patients in the

hospital have gotten this far without any input from the relevant stakeholders”. (Exhibit 79) Dr.

Kalamas was referring to Dr. Chang (Medical Director of Endocrinology), who is an outpatient

diabetologist and Renee Juster RN (Director of Inpatient Diabetes Education).   

381

On September 13, 2019 Dr. Kalamas’ request for input was denied and Renee Juster RN

(Director of Inpatient Diabetes Education) on behalf of herself and Dr. Chang (Medical Director

of Endocrinology) stated  “all involved are reluctant to delay further progress at this time”.

(Exhibit 80)

382

Dr. Kalamas was in charge of this exact area of medicine at the hospital, but it had been

hijacked by people who did not have the knowledge, authority, or ability to properly handle this

job.

383

The next day (September 14, 2019) Dr. Kalamas sent an email to Dr. Chang (Medical

Director of Endocrinology) letting her know Renee Juster’s email did not address her concerns

and recommended  holding off on advancing the new Inpatient Insulin Order Set until a

meeting could be arranged with a much broader swath of physician representation. (Exhibit 81)

Dr. Kalamas also noted that releasing “as is” will result in an “unmitigated disaster”.   

 384

Later that day Dr. Chang (Medical Director of Endocrinology) responded claiming first

that a multi-disciplinary approach was taken and second, that Dr. Kalamas was given an

opportunity to be involved in the process. (Exhibit 82) 

385

In other words, Dr. Chang had accomplished a coup d'etat and she would not consider Dr.

Kalamas at all.
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386

Without any science, without any studies, without any clinical data, Dr. Chang invented a

protocol that arbitrarily set blood sugar 20% higher than scientifically recommended.   Patients

were not informed that this level was unscientific, below the standard of care, and invented by a

doctor with no surgery training, no anesthesia training, and no relevant training or experience in

perioperative medicine. 

387

 Surgeons were not informed that standards had been set without Dr. Kalamas’ input and

against her specific instruction.

388

On September 15, 2019 Dr. Kalamas sent an email to Patty Haggen (Executive Director

of Clinical Operations), Tom Greely (VP of Clinical Affairs), and Arash Mohebati (Medical

Director of Surgical Quality) alerting them of her concerns about raising treatment threshold from

150  mg/dl to 180 mg/dl. (Exhibit 83)

389

The data was clear, this difference led to morbidity, mortality, and SSI increases.

On September 16, 2019 Dr. Kalamas sent an e-mail to Tom Greely (VP of Clinical

Affairs) urging him to convince Dr. Chang (Medical Director of Endocrinology) to collaborate

with surgical services before moving forward with proposed changes to the inpatient Insulin

Order Set. (Exhibit 84)

390

Surgeon Dr. Mike deBoisblanc sent an e-mail on September 18, 2019 to Dr. Kalamas

concurring with her recommendation to adhere to a treatment threshold of 140 mg/dl (as endorsed

by Professor Guillermo E. Umpierrez of Emory University). (Exhibit 85)

391
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Dr. deBoisblanc was a surgeon and like virtually every surgeon who used JMH facilities,

he was concerned that his patients receive the best possible care. Dr. deBoisblanc was also a

vocal advocate for evidence-based medicine.

392

JMH later retaliated against Dr. deBoisblanc terminating him for advocating on behalf of

patients.

393

On September 18, 2019 Dr. Kalamas sent email to Betsy Jacobs asking her to evaluate a

patient on the floor. (Exhibit 86) Dr. Kalamas read one of the hospitalist’s post-op notes and it did

not appear to adequately reflect the patient’s clinical condition.  This deficient documentation was

below the standard of care and was same issue Dr. Kalamas discussed with Debbie Arce (Chair,

Inpatient Services, John Muir Medical Group) and Betsy Jacobs (Medical Director Hospital

Medicine) during their May 16, 2019 meeting. 

394

Knowing that Dr. deBoisblanc and other surgeons wanted the highest survival and

success rates for their patients on September 19, 2019 Dr. Kalamas forwarded an email she

received from Professor Guillermo E. Umpierrez of Emory University to Dr. Chang (Medical

Director of Endocrinology) with latest recommendations to initiate insulin treatment at BG of 140

mg/dl, not 180 mg/dl. (Exhibit 87)

395

Professor Guillermo E. Umpierrez is the leading researcher on this topic in the entire

world.  At the very least his mass of peer reviewed, and recognized work should have been

reviewed and considered.  

396

This e-mail was ignored.

397
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On September 20, 2019 Dr. Kalamas received a forwarded email from Dr. Mike

deBoisblanc alerting her that she was excluded from an email thread  that was initiated by Dr.

Chang re: new Inpatient Insulin Order Set. (Exhibit 88)

398

Escalating the issue did nothing. On September 20, 2019 Dr. Kalamas sent an email to

Arash Mohebati (Medical Director of Surgical Quality), Ryan Green, and Mike deBoisblanc

about her concerns that Dr. Chang does not understand the implications that the new Insulin

Order Set will have on surgical and critical care patients. (Exhibit 88)

399

Meanwhile the JMH intentional harms inflicted on patients and the overall medical

malpractice continued.

400

On September 25, 2019 Dr. Kalamas sent an email to Rosa Won re: postoperative spine

patient who was discharged to a skilled nursing facility (SNF) with a blood glucose of 437 mg/dl  

This discharge was gross negligence and extremely dangerous. (Exhibit 89)

401

 As patient lives were at stake, Dr. Kalamas did not stop.  On October 2, 2019 she sent an

email to Tom Greely (VP Clinical Affairs) expressing concern that the Perioperative Glycemic

Management Order Set submitted in September 2018 on behalf of surgical services had been

put on indefinite hold. (Exhibit 90)

402

On October 9, 2019 she sent an email to Betsy Jacobs (Medical Director, Hospital

Medicine) reminding her that Sliding Scale (SS) insulin should not be used alone (second

request SSI). (Exhibit 91)

403

The willingness to harm patients in order to “beat” Dr. Kalamas continued.  On October

12, 2019  Dr. Kalamas learned of such an incident and sent an email to Betsy Jacobs (Medical
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Director Hospital Medicine) and Yash Mehta (Executive Medical Director of Hospital Medicine)

re: newly diagnosed diabetic on a steroid taper who did not have orders for insulin. (Exhibit 92)

Orders Dr. Kalamas wrote for patient were canceled putting the patient in danger.

404

This harm to patients continued.  On October 14, 2019 Dr. Kalamas sent an email to Betsy

Jacobs and Yash Mehta again re: second diabetic on steroid taper without insulin orders.

(Exhibit 93) In this instance a hospitalist canceled orders written by Dr. Kalamas and incorrectly

told the surgeon and RN that the patient was not a diabetic.  

405

On November 20, 2019 Dr. Kalamas sent email to Betsy Jacobs and Yash Mehta re:

inadequate documentation by a hospitalist in a patient whose blood glucose was mismanaged.

(Exhibit 94)

406

On November 21, 2019 Dr. Kalamas sent an email to Betsy Jacobs and Yash Mehta re:

inadequate documentation on postoperative arthroplasty patient. (Exhibit 95)

407

On January 14, 2020 Dr. Kalamas sent email to Rosa Won (Chair, Physician Peer

Review) and Girlynda Gonzales (Associate Chief Nursing Officer) re: diabetic spine patient

admitted on 1/8/2020 did not have BG monitored while in house. (Exhibit 96) Multiple

physicians and nurses should have noticed patient was receiving an oral hypoglycemic agent yet

not having blood glucose monitored. 

408

On January 16, 2020 Dr. Kalamas sent email to Tom Greely (VP Clinical Affairs) and

Nick Mickas (Medical Director of Hospital Operations) recommending a policy and procedure to

ensure blood glucose is checked in all diabetics at least twice a day. (Exhibit 97) She also raised

the question whether nursing should be administering oral hypoglycemic agents without first

checking a blood glucose level.
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409

On February 4, 2020 Dr. Kalamas sent an email to Arash Mohebati (Medical Director of

Surgical Quality) and Ryan Green (Medical Director Operating Room) alerting them that the

postoperative spine patient from 1/8/2020 was readmitted with an infection and had to be taken

back to the operating room to open the wound and drain the pus (incision and drainage

procedure). (Exhibit 98) 

410

If a class action lawsuit were filed asking for the blood glucose levels of patients at JMH

and adverse outcomes were compared between those above and below 150, JMH would have

major malpractice exposure. 

411

On February 25, 2020 Dr. Kalamas sent a reminder email to Betsy Jacobs (Medical

Director, Hospital Medicine) and Yash Mehta (Executive Director of Hospital Medicine) re:

importance of covering patients who receive steroids with insulin. (Exhibit 99)

412

Years into this struggle, patients were still being harmed. On June 25, 2020 Dr. Kalamas

sent an email to the ERAS workgroup (surgeons, hospitalists, nurse managers, informaticists)

alerting them there are nurses on the floor who still do not know the difference between the

different types of insulin therapy. (Exhibit 100)  She called upon all of them to get more actively

involved, reminding them of the direct correlation between hyperglycemia and surgical site

infection (SSI).  

413

As set forth earlier in this lawsuit, to counter the negligence of JMH, Dr. Kalamas had

been reviewing files and writing orders to protect patients.  She did this at home, she did this on

vacation, during holidays, and after work hours.

414
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To thwart her, Taejoon Ahn (President and CEO of John Muir Medical Group) forbade

her from writing such orders (even though he was not her superior).  He instructed staff not to

carry out her orders.  This instruction was criminal.

415

Taejoon Ahn literally instructed that patients receive substandard care and be denied

adequate medical care.  He did this knowing that the care he ordered would or could cause harm

and that the care denied would or could save lives.

416

Responsive to these interferences by Taejoon Ahn, in the email Dr. Kalamas wrote "I

would love to write the damn orders myself and get this taken care of once and for all".  She was

referring to one of the retaliatory restrictions Tae Ahn had placed on her ability to take care of

patients.  

417

The rule by Taejoon Ahn was that Dr. Kalamas was never to write any postoperative

orders on surgical patients without first getting permission from a hospitalist.  Dr. Kalamas did

not work for Ahn and the order subverted her role at JMH.

418

Taejoon Ahn and his group were not the admitting physicians, the surgeons were, and Dr.

Kalamas had been specifically hired to assist with the surgeons’ management of these patients.

419

It was a demotion by Taejoon Ahn (President and CEO of John Muir Medical Group)

sanctified, endorsed, ratified and directed by JMH.

420

The disrputive physician attacked continued.  

421

On June 25, 2020 Michelle Lopes (Chief Nursing Officer) who had a history of targeting

and harming staff members sent an email to Dr. Kalamas.  She had specifically retaliated against
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women who made sexual abuse allegations against her lover, who worked at JMH and was their

supervisor.

422

JMH forgave Lopes for her attacks and she now turned her ire on Dr. Kalamas.

423

She tried to silence Dr. Kalamas making the fraudulent claim that Dr. Kalamas exhibited a

"very concerning pattern of unprofessional communication".  

424

Lopes wrote, "As a medical staff leader I would expect that you would lead with HRO*

principles and ARCC your concerns to nursing leadership…rather than publicly disparage our

staff in a disrespectful and condescending tone." (Exhibit 101)

(* Exhibit 198)

425

In other words, Dr. Kalamas was unprofessional because she put her concerns of patient

abuse in writing.  Dr. Kalamas made a record so that state or federal regulatory authorities or

attorneys could learn about the harms inflicted on patients.  Dr. Kalamas had become the Frank

Serpico of JMH.

426

On June 26, 2020 Dr. Kalamas responded to Michelle Lopes' (Chief Nursing Officer)

email and wrote:

 I must respectfully disagree with you.  I do not believe my email was either disrespectful

or condescending and I am sorry you interpreted it that way.  I assume you are aware we

continue to be a high outlier with regard to SSI at the Concord Campus, a problem Dr.

Mohebati and I have been trying to address for several years.  The intent of my email was

not to disparage anyone.  Rather, it was to ask for the help of my medical colleagues in

educating the nursing staff since they are on the front lines and I am not.
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427

  On June 26, 2020 Dr. Kalamas received email responses from Drs. Mohebati, Jacobs,

Oommen, (Exhibit 103) and Alicia Bakkum FNP (Certified Diabetes Educator and Chair of the

Glycemic Task Force) regarding issues surrounding pre-meal insulin orders. (Exhibit 104)

428

Dr. Mohebati said: "We just need to get back on with education…making any changes to

an order set is a monumental task here".

   429

Dr. Mohebati was correct in his assessment that real changes were a “monumental task”.

430

Dr. Jacobs said: "Maybe we could more clearly distinguish the correctional and

nutritional orders on EPIC so that they are clearly two distinct orders".

431

Dr. Jacobs was correct in this recommendation and unknown to him Dr. Kalamas had

made that recommendation in December 2018, only to be ignored.

432

Dr. Oommen said: "Thank you for alerting us about the issue of pre-meal insulin orders. 

Your efforts in trying to reduce SSI through better glycemic control are much appreciated!". 

433

Alicia Bakkum FNP said: "The more education on glycemic management we can get out

there, the better!”

COVID SUGGESTIONS TO PROTECT THE 

AFRICAN AMERICAN COMMUNITY - IGNORED

434

In the summer of 2020, there was a moratorium on Elective Surgery (COVID). Dr.

Kalamas did not follow post-op patients during this period.
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435

Dr. Kalamas still performed her duties and she also focused on COVID issues.

436

Dr. Kalamas like so many people was burdened by the fact that our African American

community was suffering far higher morbidity and mortality rates from COVID than the general

population. Dr. Kalamas suggested in writing to JMH management that there be COVID related

outreach to the African American community addressing risk issues that could be controlled or

moderated.  She outlined a plan to identify those at higher risk of severe outcomes and to provide

intervention strategies.  

437

She was ignored.

438

The level of care monitored by Dr. Kalamas’ regular duties at JMH did not improve.  For

example, on October 13, 2020 Dr. Kalamas sent a text to a Neuro Intensivist re: spine patient

whose blood glucose was not well controlled in the ICU overnight. (Exhibit 105)

439

On October 14, 2020 Dr. Kalamas sent a text to a hospitalist re: post-op patient whose

blood glucose had been close to 250 mg/dl all night. (Exhibit 106)

440

On October 23, 2020 Dr. Kalamas sent an email to Dr. Chang (Medical Director of

Endocrinology) alerting her there continues to be a concerning rate of postoperative

hyperglycemia because:

1. Hospitalists continue to write for Sliding Scale insulin only (no long acting) and 

2. Chang’s new Inpatient Insulin Order Set has reduced insulin doses (something she had

warned about in her September 2019 emails). Meanwhile the surgeons continued to be concerned

about the lack of care given their patients. (Exhibit 107)

441
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As was now standard practice, Dr. Kalamas was ignored. However, the surgeons

continued to support Dr. Kalamas.

442

On October 23, 2020 Dr. Kalamas received an email from Dr. Negar Salehomoum

(Colorectal Surgeon) with inquiry: “Would it help to work closely with one hospitalist who can

then relay some of this information to their group …so that the periop glycemic control can be

better explained?” (Exhibit 108)

443

Trying to work within the broken system, on October 24, 2020 Dr. Kalamas sent a

follow-up email to Dr. Chang (Medical Director of Endocrinology)  asking whether hospitalists

were required to attest to the fact they (Exhibit 109):

1. Attended the educational session

2. Understand what was presented

3. Agree to adhere to the guidelines

444

On November 4, 2020 Dr. Kalamas sent an email to Betsy Jacobs (Medical Director,

Hospital Medicine) reminding her that Sliding Scale (SS) insulin should not be used alone

(third request SSI). (Exhibit 110)

445

On November 8, 2020  Dr. Kalamas sent an email to Betsy Jacobs (Medical Director,

Hospital Medicine) with another example of a hospitalist covering a patient with Sliding Scale

insulin only. (Exhibit 111)

446

In this case the hospitalist eventually started basal (long-acting) insulin, but the blood

glucose was persistently above 200 mg/dl and as high as 320 mg/dl. The patient was ultimately
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readmitted postoperative day #7 with a fever and elevated white blood cell.   This was a doctor

caused complication and just one of countless similar unnecessary patient harms.

447

Dr. Kalamas requested Jacobs remind her colleagues that most post-surgical patients

require 100% of basal insulin (third request basal (long-acting)). Dr. Kalamas specifically

requested Jacobs message her group that most post-surgical patients require 100% of basal insulin

(third request basal (long-acting)).

448

The policy and practice of ignoring Dr. Kalamas extended to all areas of her advice.

449

Meanwhile, Dr. Kalamas continued her attempts to obtain better outcomes for surgery

patients.  On November 10, 2020 Dr. Kalamas sent an email to Betsy Jacobs (Medical Director,

Hospital Medicine) with yet another example of a hospitalist covering a patient with Sliding Scale

insulin only. (Exhibit 112)

450

By November 10, 2020 Dr. Kalamas had seen no positive change after over two years of

struggle. (Exhibit 113) Dr. Kalamas sent an email to Tom Greely (VP of Clinical Affairs)

alerting him that 2+ years had passed, and no meaningful progress has been made (“we are in the

exact same spot we were 2 ½ years ago”). She requested that they re-visit their approach to

glycemic management (“We need a transformational change to the way we manage surgical

patients and their glucose.”)

451

This e-mail was ignored.

452

The ignored e-mails were finally addressed on November 11, 2020 when Betsy Jacobs

(Medical Director, Hospital Medicine) responded, but she refused to act in a forceful manner to

protect the patients. (Exhibit 114) She stated, “I do not plan to send an email to the group”. She
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noted, “I will again emphasize at our meeting next week the benefits of continuing oral agents

and/or basal insulin”.  This tepid response to a major issue was disappointing given the fact that

patients were being readmitted, in danger of infection and in danger of dying.

453

On November 12, 2020 Dr. Kalamas responded to Betsy Jacobs (Medical Director,

Hospital Medicine) November 11 email asking Jacobs to acknowledge the problem persists and

seeking her partnership in crafting the solution. (Exhibit 115) 

454

On November 13, 2020 Dr. Kalamas sent an email to Betsy Jacobs (Medical Director,

Hospital Medicine). (Exhibit 116) This was the fourth email she sent Jacobs in just over 1

week regarding hospitalists’ mismanagement of postsurgical patients. The email noted that

the hospitalist failed to mention the patient was diabetic in his note, failed to restart the patient’s

home diabetes medications, or prescribe supplemental insulin therapy. 

455

In other words, the diabetic patient was treated as if he/she were not diabetic.

456

Dr. Kalamas noted “I am obviously frustrated because I cannot continue to serve as a

safety net for these patients, yet every night there seems to be some error that leaves our patients

vulnerable vis a vis glycemic management.”

457

This strong language and strong expression of genuine concern for patient safety was met

with silence ...

CHANGING OF THE GUARDS

458

On November 13, 2020  Tom Greely (VP of Clinical Affairs) sent an email to Dr.

Kalamas alerting her that Nick Mickas (Medical Director Hospital Operations) would officially
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be the new point person for addressing hyperglycemia in postsurgical patients (i.e., Dr. Kalamas

should copy Mickas on all emails she sent to the hospitalist Leadership moving forward, not

Greely)  While this acknowledged that Dr. Kalamas was still employed and had a scope of

authority and responsibility, it did not address any of her concerns about patient care. (Exhibit

117)

459

On November 13, 2020 Dr. Kalamas sent an email to Betsy Jacobs discussing some

critical points that need to be followed by the hospitalists. (Exhibit 118) She reiterated  “The

widespread phenomenon of SS alone that I am seeing is concerning. You may treat sick medical

patients differently, but please understand different consideration must be given to our elective

surgical patients.”

460

Two days later on November 15, 2020 Dr. Kalamas sent another email to Dr. Betsy

Jacobs pointing out the failure of an attending hospitalist to properly manage a patient’s insulin

regimen stating, “Perhaps you could suggest that hospitalists refer to the glucose management

tab.” (Exhibit 119)

461

Another patient was put at risk and Dr. Kalamas advocated for the patient.  Dr. Kalamas

sent an email to Betsy Jacobs (Medical Director, Hospital Medicine) stating “Not sure what else

to say at this point…We rely on hospitalists active, not passive management of patient’s medical

care.” (Exhibit 120) Dr. Kalamas was referring to the fact that she had written orders for patient

to receive long-acting insulin, nutritional, and sliding scale yet the hospitalists’ note reflected

something completely different indicting that he neither read the preoperative clinic note nor

reviewed the patient’s orders in the chart.

462

Once again, Betsy Jacobs did not outline any course of action.  

463
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On December 3, 2020 Betsy Jacobs (Medical Director, Hospital Medicine) made it clear

that she had no intention of implementing any meaningful changes to improve hospitalist care at

JMH.  (Exhibit 121)

464

She defended the hospitalists’ inaccurate documentation and chart reading protocol.  She

wrote “I know the intention of the red bolded information at the top of the PAT note is for it to

“pop”; however, we typically read the Assessment and Plan and are not accustomed to reading

the header, so it does not “pop” to us.”

465

Dr. Kalamas was clear. “Your hospitalist consult note is factually incorrect. Full Stop. It

does not accurately reflect the care the patient was receiving.”  This whistle blowing and

insistence upon accurate recording of events was yet another instance of JMH and its staff forcing

Dr. Kalamas to oppose hospital coverups.

466

On December 9, 2020 Dr. Kalamas sent an email to Nick Mickas (Medical Director

Hospital Operations) with a copy of the text she sent to a hospitalist and surgeon earlier that day.

(Exhibit 122) The hospitalist failed to see the patient on the day of surgery (which is the

expectation), so Dr. Kalamas wrote orders since the blood glucose was significantly higher than

desired (< 140 mg/dl).

467

To ignore a patient the day of surgery is to roll the dice with the patient’s life.

468

On December 9, 2020 Dr. Kalamas, Arash Mohebati (Medical Director of Surgical

Quality), and Betsy Jacobs (Medical Director Hospital Medicine) received an email from Nick

Mickas (Medical Director Hospital Operations) acknowledging the problem of hyperglycemia

and plans to meet. (Exhibit 123)

469
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That meeting was never scheduled.

MORE PERSONAL ATTACKS FROM MANAGEMENT 

(INCLUDING NICK MICKAS)

470

The change to Nick Mickas (Medical Director Hospital Operations) resulted in a meeting

where Dr. Kalamas presented problems with several cases re: suboptimal patient management by

hospitalists.   

471

Instead of expressing concern for the patients, Dr. Mickas blamed Dr. Kalamas for having

“sharp elbows”.   This was a degrading phrase designed to denigrate and diminish a female

physician who was advocating for patients.

472

At a meeting with Optum Health Services Organization in early February, Dr. Kalamas

had been treated in a manner that she deemed demeaning and sexist.  To add insult to injury, two

of Dr. Kalamas’ male associates were listed in the kickoff document as Medical Directors while

she was listed as merely the “Clinic Representative”. (Exhibit 125)

473

 In addition, during a different presentation by Optum Health Services, Dr. Kalamas was

listed as merely a “Team Member”, without any title, even her M.D. title, while other male

colleagues were listed as MD’s. 

474

On February 9, 2021 Dr. Kalamas sent an email to Irving Pike (Chief Medical Officer)

and Nick Mickas (Medical Director Hospital Operations) addressing this and wrote “l am not a

sensitive person and am not looking for "atta-boys" or accolades at this stage of my life. I did earn

the same degree as my 4 male colleagues listed below as "Team Members". Unclear why Drs.

Dzankic, Meezan, Green, and  Dittmar are worthy of the title and I am not. I did, after all, train
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Drs. Dzankic and Meezan while at UCSF and Dr. Dittmar and I were residency classmates.

Again, probably an oversight, but I think your consultants should be held to a higher standard.”

(Exhibit 126)  

475

Dr. Kalamas later received an email from Irving Pike (Chief Medical Officer) responding

to this.  He suggested the degrading treatment was simply a “misstep”.  He asked her to “brush

this off”. (Exhibit 127) 

476

This insensitivity to gender stereotypes was endemic at JMH.

 CONTINUED PATIENT ADVOCACY

477

The gender discrimination did not stop Dr. Kalamas from fighting for her patients.  On

February 11, 2021 Dr. Kalamas sent an email to Nick Mickas (Medical Director Hospital

Operations) asking for assistance putting a glycemic management program in place. (Exhibit 128)

 478

No response was received.

479

On February 18, 2021 Dr. Kalamas sent an email to Alicia Bakkum FNP (Certified

Diabetes Educator and Chair of the Glycemic Task Force) and Renee Juster RN (Director of

Inpatient Diabetes Education) suggesting she arrange educational sessions for the RN diabetic

educators, as she has concerns, they do not have the proper education or training to manage

postsurgical patients. (Exhibit 129)  She included with her email a specific case demonstrating

suboptimal management and subsequent poor outcome.

480

This was ignored and the plaintiff is informed and believes that the patient was not

informed of the medical malpractice.
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481

On February 18, 2021 Dr. Kalamas received an email from Dr. Chang (Medical Director

of Endocrinology) responding to the email she sent Bakkum and Juster. (Exhibit 130)  

482

Rather than work to improve patient care, Dr. Chang defended the recommendations

made by the RN diabetic educator.  She did not accept Dr. Kalamas’ offer to provide additional

educational opportunities.  Rather than accept the fact that JMH had the wrong standards for

patient care, Dr. Chang blamed an increased workload for poor results.  Her solution was more

staff.

483

Dr. Kalamas responded explaining that it was not a staff shortage, it was a lack of

understanding of the insulin needs of post-surgical patients and that lack of understanding is often

reflected in their recommendations which are often followed by the hospitalists. (Exhibit 131) 

“This has led to unnecessary hyperglycemia in our surgical patients."  

484

Dr. Kalamas again tried to work with Dr. Chang saying that she would like to

"collaborate with (you) on some form of education for our diabetic educators on appropriate

management for post-surgical patients rather than focus on one patient in particular."

PLAN TO REMOVE DR. KALAMAS FROM THE SYSTEM

485

On February 20, 2021 Dr. Kalamas sent an email to Irving Pike (Chief Medical Officer)

expressing her concern that she has not received any support from the Medical Leadership and is

being ignored by Mickas, the one person who had been given oversight of patient safety and

quality. (Exhibit 132)

486

 A meeting was scheduled for March 3, 2021 to address these concerns.

487
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The next day, Dr. Kalamas sent another email to Irving Pike (Chief Medical Officer)

expressing concern that RN diabetic educators are working outside of their scope of practice.

(Exhibit 133)  Michelle Lopes (CNO) was copied on this email.  In other words, blood glucose

levels are set by doctors applying the scientifically accepted standards in the medical profession

and not by diabetic educators who lack medical degrees.

488

On February 25, 2021 Dr. Kalamas documented an adverse medical event in an email to

Dr. Chang (Medical Director of Endocrinology) and copied Irving Pike (Chief Medical Officer),

Nick Mickas (Medical Director of Hospital Operations), Michelle Lopes (CNO) and Renee

Juster RN (Director of Inpatient Diabetes Education). (Exhibit 134)

489

The email described a patient who was mismanaged by a diabetic educator and who was

readmitted with acute perforated sigmoid diverticulitis.  As if this was not bad enough, the

re-admitting hospitalist did not review the patient's home medication list and failed to prescribe

insulin to a Type 1 diabetic on the day of admission, allowing the blood glucose to soar to over

400 mg/dl.

490

Plaintiff is informed and believes that this medical malpractice was never disclosed to the

patient and that JMH billed for the services that it provided due to its negligence.

SILENCING DOCUMENTATION OF MEDICAL MALPRACTICE

491

On February 25, 2021 JMH demanded that Dr. Kalamas refrain from exposing JMH’s

failings and malpractice.  Nick Mickas (Medical Director Hospital Operations) instructed her to:

"refrain from further email traffic follow our process."  (Exhibit 135)

492
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There was no “process”, and his demand was that Dr. Kalamas not document JMH’s

malpractice in writing.

493

In other words, documentation of malpractice and below standard care should be

addressed outside the context of the email system or patient files so that patients and attorneys

would not see the problems. 

494

Dr. Kalamas replied: "I have been following a flawed process for 3 years and patients

continue to be harmed.  If the processes you had in place worked, I would not have to continue to

send emails and rattle cages.  I am advocating on behalf of patients and the families who have lost

loved ones because we failed them." 

495

On March 3, 2021 after Dr. Kalamas had emailed with Patty Haggen (Executive Director

of Clinical Operations) regarding concerns.  Dr. Kalamas met via ZOOM with Irving Pike (Chief

Medical Officer) and Patty Haggen (Executive Director of Clinical Operations) to discuss her

unease and apprehension about Nick Mickas being given leadership responsibility for patient

safety and quality. (Exhibit 137)

496

Dr. Kalamas stated that Mickas had failed to address any of her concerns about

hospitalists' engagement, hyperglycemia management, or the rising rate of surgical site infection.

 497

Dr. Kalamas stated that Nick Mickas' failure to hold any meetings related to the topic, his

lack of response to her email inquiry, and his unfounded claim that she is to blame for poor

clinical care because of "sharp elbows" were wrong.  

498

Again, the personal attacks were designed to protect JMH from malpractice claims and

reputationally and more generally.
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499

Rather than address the patient quality issues or elicit feedback from Dr. Kalamas on how

to solve the problems, Irving Pike defended Nick Mickas.  He then joined in claiming that JMH

was acting without fault and that the problems were all due to Dr. Kalamas’ personality. 

500

Dr. Kalamas stood up to Irving Pike (Chief Medical Officer) and directly stated that he

was making his statements due to her being a woman. 

501

The meeting ended at that point.

CEO CAL KNIGHT DIRECTLY RATIFIES THE MISCONDUCT 

502

On March 7, 2021 Dr. Kalamas requested a meeting with Cal Knight (CEO). (Exhibit

138)

503

On March 16, 2021 Dr. Kalamas requested data from Julie Stammers RN (NSQIP*

Surgical Case Reviewer) in preparation for meeting with Cal Knight. (Exhibit 139) *NSQIP is an

acronym for National Surgical Quality Improvement Program and is a nationally validated,

risk-adjusted, outcomes-based program designed to measure and improve the quality of surgical

care. It uses data gathered from medical charts by clinically trained personnel who track

complications through 30-days post-op. https://www.facs.org/quality-programs/acs-nsqip)

504

On March 18, 2021 Dr. Kalamas met in person with Cal Knight (CEO) and Lisa Foust

(SVP of HR) to express her frustration that quality management issues have not been adequately

addressed, despite her many and extended efforts to draw attention to them. 

505
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Dr. Kalamas raised concern about the inappropriate restrictions placed on her ability to

perform her duties at JMH. 

506

Dr. Kalamas raised the issue of gender bias.  She cited the fact that men in leadership

continually refuse to take her advice.  Neither Knight nor Foust offered any remedy or

follow-up. The wall was as responsive as they were.

507

Dr. Kalamas suggests a meeting with Lisa Foust (SVP of HR) and the incoming Chief

Medical Officer, Russ Rodriguez.

508

On March 23, 2019 after an initial email on March 19, Dr. Kalamas forwarded Lisa Foust

(SVP of HR) an email she received from Nick Mickas (Medical Director Hospital Operations)

with example of what she had been experiencing over the years at JMH (male physicians

belittling and unwilling to take advice from a female physician). (Exhibit 141)

DR. KALAMAS CONTINUES TO DOCUMENT MALPRACTICE

509

On March 25, 2021 Dr. Kalamas sent an email to Rosa Won (Chair, Physician Peer

Review) on a diabetic surgical patient readmitted by hospitalist without appropriate orders.

(Exhibit 142)

510

On March 27, 2021 Dr. Kalamas sent an email to Yash Mehta and Melanie Lee

(Executive Directors of Hospital Medicine) requesting that they message the hospitalists to:

1. Adhere to insulin scales based on BMI/steroid usage 

2. Refrain from cancelling orders that have been placed by Dr. Kalamas unless there is a

clinical indication to do so. (Exhibit 143)
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ANOTHER DEMAND NOT TO DOCUMENT MALPRACTICE

511

On March 29, 2021 Dr. Kalamas send an email to Dr. Moussa Yazbeck (Chief of Staff)

expressing concern that RNs were making clinical recommendations which were impacting

patient care (infections, readmission, reoperation). (Exhibit 144)  Nurses cannot make such

clinical recommendations.  She had discussed her concerns with Dr. Chang (Medical Director of

Endocrinology) "several times", and neither Irving Pike nor Michelle Lopes (CNO) had

responded to an email she sent them on February 21, 2021.

DR. KALAMAS CONTINUES TO WHISTLE BLOW

512

On March 30/31, 2021 Dr. Kalamas sent emails to Girlynda Gonzales (Associate Chief

Nursing Officer) expressing need to educate RNs on nutritional (pre-meal) versus correctional

insulin. (Exhibit 145) This is the same issue over and over again.  The response was the same as

well.  Nothing.

DEFENDANT AGAIN DEMANDS DR. KALAMAS STOP DOCUMENTING

MALPRACTICE

513

On March 31, 2021 Moussa Yazbeck (Chief of Staff) sent Dr. Kalamas an e-mail

questioning her documentation of the patient abuse. (Exhibit 146)  He termed it as a request for a

meeting regarding emails people perceive as "finger pointing" and an "unwarranted liability" and

requests that for non-urgent concerns about quality of care, "please SPARK it". (Note: One of Dr.

Kalamas' complaints is that she had been "SPARKING IT" for 3 years).  SPARK alert is the

Hospital's internal incident reporting system.  Dr. Kalamas filed over 20 SPARK alerts beginning

November 2018 and not a single quality issue that she identified was ever successfully addressed

(through that process).
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514

Most ominous was the implication that it was improper to document in writing the

medical failures at JMH.  He wrote:

We have had multiple complaints about you sending emails to different

individuals and certain documentations in EPIC which some people perceive as

"finger pointing" and an unwarranted liability.

(Exhibit 146)

515

Once again, JMH did not care about harming patients but only silencing the paper trail of

deliberate medical malpractice.

516

Dr. Kalamas was not silenced and on March 31, 2021 Dr. Kalamas sent an email to

Girlynda Gonzales (Associate Chief Nursing Officer) and copied Michelle Lopes (Chief

Nursing Officer); Irving Pike (Chief Medical Officer); and Nick Mickas (New VP of Clinical

Affairs effective 4/1/2021) and reported two additional incidents related to pre-meal (a.k.a.

nutritional) insulin. (Exhibit 147)

517

Dr. Kalamas wrote "You may recall that I sent an email on June 25, 2020 (9 months ago)

about my concern that as an organization we need to invest more time educating the front line

staff on this topic (correctional versus nutritional insulin).  In the name of HRO, I am now

"ARCC'ing" this up to you since it has not been adequately addressed."

518

On April 1, 2021 Dr. Kalamas sent an email to Lisa Foust (SVP of HR) asking when she

should expect follow-up from their March 18 meeting with Cal Knight (CEO).(Exhibit 148) Dr.
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Kalamas requested a follow-up meeting with Foust and incoming CMO Russ Rodriguez.

(Exhibit 149)

519

On April 2, 2021 Dr. Kalamas contacted  Russ Rodriguez, to congratulate him on his new

role as interim Chief Medical Officer, and more to the point, to ask to get time on his calendar.

(Exhibit 150)

520

  Lisa Foust (SVP of HR) intercepted the communication and sent an email to Dr. Kalamas

stating:  “Thank you for your email. I touched base with Dr. Rodriguez today and he would like

to participate in a meeting with you and I. He will work on bringing himself up to speed on this

issue and we will reach out soon to schedule a meeting. As a reminder, next week is an admin

closure week at JMH so it's likely that our follow up meeting will happen sometime during the

week following.” (Exhibit 149)

521

Rodriguez responded, "I will try to set up a meeting with Lisa, you and I in the next

couple of weeks.  I will be in touch." (Exhibit 151)

522

 Dr. Rodriguez never got back in touch with Dr. Kalamas, and the meeting never took

place.

523

On April 6, 2021Dr. Kalamas sent a follow-up email to Melanie Lee (Executive Directors

of Hospital Medicine) re: the email she sent on March 27: "It happened again today on one of Dr.

Kronick's patients.  I am speaking on behalf of all surgeons who send their patients to pre-op

clinic when I say "we" do not want the insulin orders modified until POD#1 unless there is a

clinical indication to do so." (Exhibit 152)

524

Dr. Kalamas continued to document poor patient care, in writing.
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525

On April 7, 2021 Dr. Kalamas sent an email to Wendy Wong (Orthopedic surgeon) and

copies incoming CMO Russ Rodriguez with her assessment of two recent cases that were sub

optimally managed by hospitalists. (Exhibit 153)

526

On April 8, 2021 Dr. Kalamas sent an email to Russ Rodriguez (Interim Chief Medical

Officer) highlighting additional cases of RNs withholding pre-meal (nutritional) insulin. (Exhibit

154)  Dr. Kalamas noted, "I have not had any luck with this issue either…2 more cases this

week…this time it was intentional…Even though I spoke with her over the phone and told her it

was ok, she did not give it.  There is a complete lack of understanding about nutritional insulin."

  

527

Russ Rodriguez did not respond to Dr. Kalamas' email because he heard from senior

leaders that there was only "some merit" to her concerns and the issue was primarily

"communication" (i.e., Dr. Kalamas is the problem).

528

On April 19, 2021 Dr. Kalamas sent an email to Rosa Won (Chair, Physician Peer

Review) regarding a case that was mismanaged by a hospitalist resulting in the patient's blood

glucose shooting to over 350 mg/dl post-operatively. (Exhibit 155) This same day Dr. Kalamas

sent another email to Rosa Won (Chair, Physician Peer Review) regarding a patient being

readmitted for a presumptive hip infection in which the hospitalist failed to document diabetes

and obstructive sleep apnea.  (Exhibit 156)

SURGEONS TRY TO INTERVENE ON BEHALF OF DR. KALAMAS

529

JMH had a blanket policy to ignore Dr. Kalamas even at the highest executive levels.  On

April 20, 2021 Dr. Kronick intervened and used his authority to have management meet with Dr.
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Kalamas.  Dr. Kronick sent an email to Russ Rodriguez (incoming CMO) requesting to meet

with him and Dr. Kalamas to discuss hospitalists' care of postoperative joint replacement patients.

(Exhibit 157)  He noted that Dr. Kalamas will bring "multiple cases to demonstrate our concerns".

530

The next day, Dr. Kalamas sent an email to Dr. Chang (Medical Director of

Endocrinology) requesting that RN diabetic educators refrain from making insulin

recommendations on elective post-surgical patients until she has provided an in-service for them.

(Exhibit 158)

531

In other words, medical policy should be set by physicians and not nursing staff.

Dr. Chang refused to intervene stating that performance issues will be addressed by a

nurse, Renee Juster RN (Director of Inpatient Diabetes Education).  

532

Dr. Kalamas reminded Dr. Chang that Juster is a RN and therefore does not have the

training or expertise to determine if recommendations made by a fellow RN are appropriate.  Dr.

Kalamas reminded Dr. Chang that clinical decisions need to be made by physicians, not RNs.

(Exhibit 159)

533

This was ignored.

534

On April 21, 2021, Dr. Kronick’s intervention on behalf of the surgeons and the hope that

Russ Rodriguez would bring new eyes to the issue, was dashed.  

535

Drs. Kalamas and Kronick received an email from Russ Rodriguez (incoming CMO). He

stated that after discussing Irving Pike (outgoing CMO) and Nick Mickas (new VP of Clinical

Affairs) he had a change of heart and was no longer willing to meet because there was only "some

merit to the concerns" and "communication issues with hospitalists have been a major sticking
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point." (Exhibit 160) By blaming “communication issues”, Russ Rodriguez was parroting the

bigoted anti-women, anti-patient corporate policy that quashed any constructive interaction.  He

was communicating to the surgeons that JMH blamed Dr. Kalamas.

536

Despite being ignored by Cal Knight, Dr. Kalamas continued to try to have the highest

level of management intervene. 

537

On April 23, 2021 Dr. Kalamas forwarded two emails to Mike Thomas (SVP and Chief

Transformation Officer).  One let  him know that John Kronick (Orthopedic Surgeon) and Dr.

Kalamas were not happy that Russ Rodriguez was unwilling to meet to discuss patient care.  The

other reflected concerns that Dr. Kalamas has been "blowing the whistle" internally for several

months and Nick Mickas has been ignoring her. (Exhibits 161 and 162)

DR. KALAMAS IS ATTACKED FOR PROPERLY TREATING PATIENTS

538

On April 23, 2021, Dr. Kalamas met in-person with Moussa Yazbeck and Diane Kwan

(Chiefs of Staff).  She was chastised for writing insulin orders for post-surgical patients.  There

was no claim that the orders were improper and in fact they were necessary.

539

Threats were made to ruin her career.

DR. KALAMAS (AGAIN) ATTACKED FOR LEAVING A PAPER TRAIL

DOCUMENTING JMH MALPRACTICE

540

Dr. Kalamas was told that "several" SPARK alerts had been filed against her.  One of the

SPARK alerts claimed Dr. Kalamas included a patient name in the email making it
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"discoverable".   In other words, by revealing the name of a patient who was harmed by JMH, Dr.

Kalamas violated the rule of hiding patient abuse and medical malpractice.

DR. KALAMAS BRINGS COMPLAINTS (AGAIN) TO THE 

HIGHEST GOVERNANCE LEVELS

541

Dr. Kalamas clearly stated that the meeting was retaliation for calling out patient safety

issues.  Immediately following the meeting, Dr. Kalamas called Mike Thomas (SVP and Chief

Transformation Officer) and asked him to contact Cal Knight (CEO) to let him know that if the

retaliation continues, she will have no choice but to seek legal recourse.   

JMH TRIES (BUT FAILS) TO ALIENATE THE SURGEONS FROM DR. KALAMAS

542

On April 23, 2021 Yash Mehta (Executive Director of Hospital Medicine) sent an email

to John Kronick (Orthopedic Surgeon) on behalf of Taejoon Ahn and his medical group, the

John Muir Medical (JMMG) hospitalist Leadership extending an invitation to meet members

of Muir Orthopedics to discuss "concerns that have been raised".  (Exhibit 163)

543

Dr. Kalamas was not included on this email.  It was a meeting meant to undercut Dr.

Kalamas and separate her from the surgeons who supported her work.

544

However, this attack failed because the surgeons understood the patient safety needs and

put their patients before corporate pressures.

545

The same day this attack took place, Dr. Kalamas received a text from Dr.Abid Quershi

(whose reputation as an almost miraculous surgeon is known nationwide) stating: “It’s amazing
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how well my patients have done since you took over care. Many thanks. Please feel free to use

me as a reference”. (Exhibit 164)

546

On April 25, 2021 Dr. Kalamas sent an email to Cal Knight (CEO) letting him know that

she expects Taejoon Ahn (President and CEO of John Muir Medical Group) to allow her to

attend an upcoming meeting with Muir Orthopedics which had been set up by Dr. Kronick.

(Exhibit 165)

547

On April 26, 2021 Cal Knight (CEO) responded stating, "When Dr. Kronick called me, I

suggested that he speak directly with Dr. Ahn and other leaders of the hospitalist team…I think

they can decide who will attend."  Dr. Kalamas responded:

 Agree.  Dr. Kronick and other members of the Muir BOD have specifically requested that

I be in attendance.  Last time a meeting was scheduled between the hospitalists and

surgeons, I was precluded from attending despite the fact the surgeons wanted me

there…The fact that no one from this organization came to my defense to clear the

barriers is completely unacceptable.  It is also unacceptable that Dr. Tae Ahn, a sitting

member of your Board, was not held accountable for his inappropriate behavior.

548

On April 26, 2021 Dr. Kalamas sent a text to Patty Haggen (Executive Director of

Clinical Operations) re: contract renewal.  Haggen responded that a meeting to decide whether

Dr. Kalamas' contract will be renewed is going to be held on Wednesday, April 28. (Exhibit 166) 

That evening, John Kronick (Orthopedic Surgeon) called Irving Pike (CMO) and asked why

they (JMH) are firing Dr. Kalamas.  Pike responded, "because she is threatening lawsuits."

549
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This is a clear retaliation for Dr. Kalamas’ documentation of the abuse of patients, her

abuse by staff, managers, and management and her complaints to the highest levels of JMH

management.

550

That same day (April 26, 2021) Dr. Kalamas sent an email to Rosa Won (Chair, Physician

Peer Review) re: long-acting insulin withheld by hospitalist because "patient had decreased intake

at dinner".  As a result, the patient's blood glucose remained elevated all night and the next day.

551

On April 27, 2021 Dr. Kronick sent an email to Yash Mehta (Executive Director of

Hospital Medicine) and Cal Knight (CEO) regarding the meeting that Taejoon Ahn (President

and CEO of John Muir Medical Group)  had scheduled with hospitalists and Muir Ortho. (Exhibit

167)  He stated that the "Meeting without Dr. Kalamas will be nonproductive.  We met 2 years

ago without Dr. Kalamas and there has been no resolution or progress.  If you don't include Dr.

Kalamas, I am not attending.

552

Taejoon Ahn responded to Kronick's email, rejecting his request for Dr. Kalamas to

attend and suggests they "go forth with the meeting as scheduled".  He noted that if they "do not

wish to attend, please let (me) know and we'll cancel." (Exhibit 168)

553

If Taejoon Ahn and his hospitalists refused to see Muir Ortho patients it would severely

hamper Muir Ortho from working in the area.  It took tremendous courage and integrity for the

surgeons to stand up for their patients via support for Dr. Kalamas.

554

Taejoon Ahn having the support of the management at JMH had vast power to inflict

harm on Muir Ortho.

555
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Despite Taejoon Ahn’s ability to inflict severe damage, numerous members of Muir

Orthopedic made written statements in support of Dr. Kalamas.  These surgeons included Abid

Qureshi (Spine surgeon): "I might be echoing what Kronick is pointing out, however it's only fair

to have all parties at the table to have a fair discussion.  I also feel that Alicia Kalamas has made

significant contributions to peri-operative care at JMH and deserves to be at the table." (Exhibit

169)

 JMH RETALIATES BY DISSOLVING DR. KALAMAS’ POSITION 

AND NOT PROVIDING ALTERNATE EMPLOYMENT

556

On April 27, 2021 Dr. Kalamas sent an email to Patty Haggen (Executive Director of

Clinical Operations) confirming that she found out they will not be renewing her contract.

(Exhibit 170)

557

On April 28, 2021 Dr. Kalamas sent a text to Mike Thomas (SVP and Chief

Transformation Officer) letting him know she is aware of JMH's plan to use reorganization as a

pretext to not renew her contract, which ended May 31, 2021. (Exhibit 171)  Dr. Kalamas stated

that there will be a "backlash" if the surgeons hear they are "reorganizing" her out.

558

On April 29, 2021 Dr. Kalamas sent an email to Cal Knight (CEO) requesting a decision

re: her contract renewal, as her existing contract is set to expire in one month on May 31, 2021.

(Exhibit 172)  Dr. Kalamas referenced the ongoing abuse of power, retaliation, and character

assassination she faced at the hands of Taejoon Ahn (President and CEO of John Muir Medical

Group) . Dr. Kalamas noted how this impacted her not only personally, in terms of a hostile work

environment, but importantly, how Taejoon Ahn and his team had completely undermined her

authority, giving all hospitalists in the organization permission to ignore protocols that were
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generated by the Pre-op Clinic and prevented her Perioperative Glycemic Management Order Set

from advancing through the established process. 

559

She added: “ I have unapologetically put pressure on lots of people in this organization for

failing our patients.”

560

On May 3, 2021 Dr. Kalamas sent an email to Debbie Arce (Chair, Inpatient Services,

John Muir Medical Group) alerting her that she was precluded from attending the meeting that

took place on April 28, 2021 between hospitalist Leadership and Muir Ortho BOD. (Exhibit 173)

561

On May 4, 2021 Dr. Kalamas sent an email to Betsy Jacobs (Medical Director Hospital

Medicine), Dr. Chang (Medical Director of Endocrinology), and Taejoon Ahn (President and

CEO of John Muir Medical Group) with a request to "revisit" the treatment threshold of 180

mg/dl.  (Exhibit 174)

562

The postoperative infection rate could be cut significantly if this modification was made

and as one of her last acts in the position, she hoped that this change could take place.

563

Dr. Kalamas pointed out that since changing from tradition of Sliding Scale insulin with a

treatment threshold of 150 mg/dl to a threshold of 180 mg/dl at bedtime and 0200 there has been

a concerning trend in the NSQIP data.   In other words, by overriding Dr. Kalamas’ standard,

infections soared.

564

Technically hospitals cannot “employ” physicians and on May 5, 2021 Dr. Kalamas

received a call from David Fitzgerald of MAC/Envision who employed her and then contracted

her to JMH.  The group stated that her contract would not be renewed. 

565

______________________________________________________________
COMPLAINT FOR DAMAGES

105



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

This group was not a party to the matters herein and is not in any manner responsible for

the abuse of patients or the mistreatment of Dr. Kalamas.

566

Undeterred, on May 7, 2021 Dr. Kalamas sent an email to Patty Haggen (Executive

Director of Clinical Operations) with several questions re: the decisions made around the Pre-op

Clinic including future state.  (Exhibit 175)

567

Dr. Kalamas learned that her Medical Directorship would be replaced with something that

JMH named a "physician oversight" model.

568

She contacted Patty Haggen (Executive Director of Clinical Operations) and asked how

to apply for the position stating, “Presumably I am the most qualified candidate, no?"   Dr.

Kalamas did not receive a response to this email. (Exhibit 176)

569

Dr. Kalamas’ support from the surgeons was unwavering.

570

On May 10, 2021 Dr. Kalamas sent an email to Arash Mohebati (Medical Director

Surgical Quality) to let him know some of what she discovered during her "deep dive" chart

analysis of NSQIP surgical site infection (SSI) cases.  

571

She noted that the trend she was seeing with non-diabetics, and specifically, non-diabetics

receiving steroids, and once again urged him to consider hyperglycemia at a threshold of 150

mg/dl, not 180 mg/dl.  

572

Dr. Mohebati responded: "You are preaching to the choir.  We have talked about effects of

hyperglycemia on non-diabetics since the beginning of this process/ERAS.  Unfortunately, I don't

think this view is shared by all." (Exhibit 177)
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573

On May 10, 2021 Dr. Kalamas received a letter from Envision Physician Services

regarding her Employment Agreement with Medical Anesthesia Consultants Medical Group Inc.

("Company") informing her that, "pursuant to section 8.1 (c) of your Employment Agreement,

your Employment Agreement with the Company shall terminate effective June 1, 2021 (the

"Termination Date"). (Exhibit 178)

574

On May 11, 2021 Dr. Kalamas sent an email to Susie Logoteta (Privacy Officer,

Corporate Compliance) requesting information on protection for whistleblowers.  Susie Logoteta

directed Dr. Kalamas to Melisa Calica, the VP of Compliance and Privacy. (Exhibit 179)

575

On May 12, 2021 Dr. Kalamas emailed Lisa Foust (SVP of HR) letting her know that

while Foust was on vacation, Dr. Kalamas' Medical Directorship had been eliminated in favor of

a "physician oversight" model. (Exhibit 180)

576

Dr. Kalamas noted that given the proximity to the time she raised concerns about several

serious safety issues within JMH that retaliation appears to be the motive.  

577

Dr. Kalamas also alerted Lisa Foust (SVP of HR) that she had contacted the compliance

hotline to report a violation of California Whistleblowers' Health and Safety Code 1278.5 and

requested to meet with her to see if they could reach an amicable solution before Dr. Kalamas'

contract expired.

578

On May 13, 2021 Lisa Foust (SVP of HR) replied to Dr. Kalamas "You and I already

have a meeting on the calendar for tomorrow in my office…I was hoping to update you on our

Belonging and Equity work.  If you agree, we can also use this time for you to share your

concerns noted below." 
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579

Dr.  Kalamas responded with a lengthy email reminding Foust that she met with her and

Cal Knight on March 18th and was "extremely disappointed that you did not take any of my

concerns seriously…happy to meet with you, but I think you know what my 'concerns' are.”

(Exhibit 181)

580

She further stated that “I am interested in meeting tomorrow only if you want to discuss

solutions."  Foust declined to meet.  

581

Paradoxically, Faust encouraged Dr. Kalamas to "reconsider and join our ongoing efforts

through the Belonging and Equity Initiative."  

582

This was not a genuine offer because Dr. Kalamas would be gone in 18 days.

583

Dr. Kalamas responded to Foust stating that strong women were not being heard:  "I

realize you, too, would face retaliation for speaking the truth. At some point, people need to stand

up to malignant people like Cal Knight and Jane Willemsen and institutions that have gone

sideways and do the right thing."

584

On May 15, 2021 Dr. Kalamas documented failures via an email to Rosa Won (Chair,

Physician Peer Review) alerting her to an "ongoing issue", namely, hospitalists not reading pre-op

clinic notes and are therefore unaware of the care plan for post-surgical patients. (Exhibit 182) 

She notes that she has brought this to the attention of the Medical Directors of the hospitalist

Group on several occasions over two years who have failed to address the problem, creating a

system-wide patient safety issue.  Dr. Kalamas included two case examples with her email.

585
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On May 17, 2021 Dr. Kalamas sent Rosa Won (Chair, Physician Peer Review) another

case example of a hospitalist who did not read the pre-op clinic note and therefore was not aware

of the patient's care plan and was unaware of and incorrectly documented the treatment patient

was receiving. (Exhibit 183)

586

By this time Dr. Kalamas understood that her position had been eliminated and she was

being pushed out so that her years of whistle blowing, the deaths and harms to children and

patients would be potentially forgotten.    

THE SURGEONS ANALYZE THE DATA FOR JMH AND SUPPORT DR. KALAMAS

587

Towards the end of May, 2021 Irving Pike (CMO) asked Arash Mohebati (Medical

Director of Surgical Quality) to analyze the NSQIP colorectal data.

588

Specific to JMH, Drs. Arash Mohebati (Medical Director Surgical Quality) and Ryan

Green (Medical Director Operating Room) analyzed data from 250 colorectal patients from

Walnut Creek and Concord between January 2019- July 2020.   The population was NOT risk

adjusted but it did show a clear association between surgical site infection (SSI) and blood

glucose.  

589

Specifically, patients who developed SSI had a higher incidence of at least one blood

sugar over 150, 180 or 200 mg/dl compared to the group without infection.  A patient with a

blood glucose measurement of 180 mg/dl had a 20% chance of developing a surgical site

infection, which is consistent with what is published in the literature (Annals of

Gastroenterological Surgery, 2017) and was presented by Dr. Kalamas in July 2018. 

590
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The data showed exactly what Dr. Kalamas predicted (i.e., raising the threshold to treat

BG from 150 mg/dl to 180 mg/dl was going to have dire consequences for patients). It was proof

that patients had been seriously harmed.

591

On May 19, 2021 Dr. Kalamas texted Dave Fitzgerald (CEO MAC Anesthesia) and

asked whether JMH has communicated with him as to whether she can work in the pre-op clinic

on a "per diem" basis in this new "physician oversight" role that had been created.  (Exhibit 184)

592

Fitzgerald texted back stating JMH requires the position be split between 3-4 people 8-20

hours/week for 6-12 months maximum while Optum comes up with its recommendation.  In other

words, JMH would keep control and Dr. Kalamas was to be gone.

593

On May 20, 2021 Dr. Kalamas spoke with John Merson (retired Orthopedic surgeon and

member of JMH BODs).   

594

Dr. Kalamas asked Dr. Merson to facilitate a meeting between Cal Knight (CEO) and

several surgeons, who were concerned about the quality of care and the non-renewal of Dr.

Kalamas’ contract and wished to speak to Knight on her behalf.  

595

Dr. Merson was agreeable to the plan and committed to calling Knight to arrange the

meeting.  Dr.  Kalamas texted Merson the names of the surgeons who wanted to attend the

meeting. (Exhibit 185)

596

On May 21, 2021 Dr. Kalamas texted Jeannemarie Hennessey (Director of Operations,

Medical Anesthesia Consultants (MAC)) letting her know her intent to apply for the new

"physician oversite" position that had been created by JMH in lieu of her Medical Directorship.

(Exhibit 186)
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COMPUTER DATA DELETED BY JMH

597

In the meantime, Dr. Kalamas noticed that her computer data had been tampered with and

files had been deleted.

598

On May 23, 2021 Dr. Kalamas emailed Melisa Calica (Chief Compliance Officer) to let

her know that someone had been deleting emails and excel spreadsheets from her laptop. (Exhibit

187)

CAL KNIGHT PERMANENTLY SILENCES DR. KALAMAS

599

On May 24, 2021 Dr. Kalamas learned from John Kronick (Orthopedic Surgeon) that

Cal Knight (CEO) would meet with a select group of surgeons to discuss quality issues, but Dr.

Kalamas was "off topic" because Cal Knight stated he would never consider hiring her back as

she is "litigious". 

600

It was clear from the non-renewal activity, Dr. Kalamas’ continued advocacy, the failure

of JMH to alienate the surgeons from Dr. Kalamas, the continued corporate medical malpractice

by JMH and other defendants, and the deleted files and data manipulation, that Dr. Kalamas was

going to be silenced.

GOVERNMENT REPORTING

601

On June 21, 2021 Dr. Kalamas filed complaints against Michelle Lopes RN , Renee Juster

RN, and 3 other RNs with the California Board of Registered Nursing for working outside their
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scope of practice (making clinical recommendations; practicing medicine without a license).

(Exhibit 200)

602

On June 22, 2021 Dr. Kalamas reached out to the Director and State Public Health Officer

Tomás J. Aragón , M.D., P.H.D. to relay her concerns.

603

On June 30, 2021 Dr. Kalamas spoke with Cassie Dunham (Acting Deputy Director for

Health Care Quality, California Department of Public Health (CDHP)) . 

604

In advance of the meeting, Dr. Kalamas sent Deputy Director Dunham a copy of the

JMH NSQIP data. (Exhibit 188)  This data is considered the “gold standard” for data analysis and

highlighted the discrepancies in the number of infections JMH reported out to the state in terms of

number of surgical site infections (SSIs) to the State of California. (Exhibit 189) 

605

 Exhibit 190 is a July 2, 2021 email sent by Dr. Kalamas to Deputy Director Dunham

outlining the many points which included the facts that:

A. When JMH adopted protocols that ran counter to those recommended by Dr. Kalamas

the NSQIP data began showing an uptick in surgical site infections.  

B. The uptick included infections with superficial incisional, deep and organ space and

was across all surgical service lines. 

C. An internal analysis of data of 250 colorectal cases across two campuses, 31 (12.4%)

patients developed SSIs. Colorectal patients who developed SSIs had a higher incidence

of having at least one blood sugar over 150, 180 or 200 mg/dl compared to the group

without infection. 

D. If a patient had a single BG measurement above 180 mg/dl, their risk for developing

SSI was 20% (which was consistent with what is well documented in the literature).
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E.  JMH committed fraud in its reporting.  At JMH Concord for the time period 1/1/2019-

12/31/2019 there were 1181 non-cardiac surgery cases reported with 11 Deep/OS SSIs

at a rate 1.10% on the 2019 NSQIP report, yet significantly far fewer, only 7 of the

2257 Deep/OS SSIs for non-cardiac surgery were actually reported publicly on the

California Dept. of Public Health website.

( https://www.cdph.ca.gov/Programs/CHCQ/HAI/Pages/AnnualHAIReports.aspx) 

F.  Personal observation of data being manipulated on the internal NSQIP excel

spreadsheets while at JMH and belief that there was potential intentional under reporting

of the infection rates to California Department of Public Health. 

606

On July 7, 2021 Dr. Kalamas filed a formal complaint with The Joint Commission

requesting that they investigate the lack of procedures and protocols for monitoring patients’

blood glucose. (Exhibit 201)

607

 On July 12, 2021 Dr. Kalamas received an email from Dr. Michael Bennett (Chief

Medical Consultant, CDPH). (Exhibit 191) He had been assigned to investigating the policies

and procedures aspect of the complaint (NOT data manipulation). 

608

Dr. Kalamas  spoke with him on Wednesday 7/14/2021 and sent him a follow-up email on

7/16/2021. (Exhibit 192)

609

On August 18, 2021 the Optum Consultant to JMH, Jennifer Griffin sent an email to

ALL JMH surgeons with the new Perioperative Glycemic Management Order Set. (Exhibit

193) She included the Rabbit 2 trial as a reference.  This trial and reference were to the paper by

Dr. Umpierrez that Tae Ahn so absurdly attacked in his January 16, 2019 email.  

610
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On August 31, 2021, Dr. Michael Bennett informed Dr. Kalamas that The Perioperative

Glycemic Order Set had been implemented. He spoke with Dr. Chang (Medical Director of

Endocrinology) to find out what the holdup had been, and she told him they needed to get “buy

in” from the stakeholders.  She tweaked the threshold to 180 rather than the necessary 150.

611

Dr. Kalamas sent an email to Mike Thomas (SVP and Chief Transformation Officer)

alerting him that she had been in contact with Dr. Michael Bennett from CDPH. Included in this

email were two articles showing that the treatment threshold should be closer to 140-150 mg/dl,

NOT 180 mg/dl. (Exhibits 195 and 196)

612

On September 1, 2021 Dr. Kalamas learned that Dr. Chang was still delaying and

claimed that she wanted to review more data before changing the treatment threshold from 180

mg/dl back to 150 mg/dl.   Dr. Kalamas sent Mike Thomas (SVP and Chief Transformation

Officer) an email asking him if Dr. Chang needed to “count body bags” before making the

necessary changes.  (Exhibit 197)

613

Therefore, while JMH was forced to make changes to their deadly protocols by the State

of California, to this day they resist following modern protocols and due to their own failings

continue to cause unnecessary death and suffering.

614

On September 18, 2021 Dr. Kalamas received an email from The Joint Commission

alerting her that they had completed their review and evaluation into her glycemic management

concerns with the leadership at JMH. The email noted that The Joint Commission will continue to

“monitor the organization in the area of” Dr. Kalamas’ concerns and will continue to “track (this)

organization’s performance” meaning JMH is on a remedial program and cannot be trusted to do

the right thing for its patients without being supervised by a regulatory body. (Exhibit 202)
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THE ABOVE ACTIONS WERE IN RETALIATION FOR WHISTLE BLOWING AND
PATIENT CARE ACTIVITIES OF DR. KALAMAS

615

As set forth above, Dr. Kalamas reported to all levels of JMH and JMMG the pediatric

deaths including the pediatric surgical death where the fatal outcome was almost guaranteed and

the many glycemic management errors, nursing errors and hospitalist errors which were not only

tolerated but oftentimes encouraged by management.

616

During this same time period, JMH was touting itself as a “high reliability organization”

which was a claim that complaints and issues raised by staff were properly considered by

management without penalty to the staff member.

617

In fact, as demonstrated with Dr. Kalamas, just the opposite was true and the “high

reliability organization” label was designed to hide the corporate practice of medicine and the

financial core of JMH’s decisions.

618

The failure to renew the contract was done in retaliation for the lawful patient advocacy of

Dr. Kalamas.

619

California Business and Professions Code § 2056 makes it unlawful to “terminate an

employment or other contractual relationship with, or otherwise penalize, a physician and surgeon

principally for advocating for medically appropriate health care consistent with that degree of

learning and skill ordinarily possessed by reputable physicians practicing according to the

applicable legal standard of care violates the public policy of this state.”

620

The law further states that “No person shall terminate, retaliate against, or otherwise

penalize a physician and surgeon for that advocacy, nor shall any person prohibit, restrict, or in
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any way discourage a physician and surgeon from communicating to a patient information in

furtherance of medically appropriate health care.”

621

Defendants and each of them violated B&P § 2056 and these violations were both a

breach of contract, tortious breach of contract and an element of each tort and cause of action set

forth herein.

622

Dr. Kalamas suffered severe and continued emotional injury due to conduct described

herein including but not limited to the hostile workplace, professional and personal attacks as

well as from the traumas of watching patient after patient suffer adverse health consequences due

to the misconduct of defendants. 

623

Dr. Kalamas suffered professional harm due to the conduct set forth herein including loss

of professional reputation, loss of professional advancement opportunities, loss of opportunities

to advance in the JMH hierarchy and loss of opportunity to publish and further develop her

professional career.

  
FIRST CAUSE OF ACTION

(Health and Safety Code Section 1278.5 et. Seq.)

(Against All Defendants)

Plaintiff realleges and incorporates herein paragraphs 1-623 of the complaint.

Health & Safety Code § 1278.5 states that a health facility shall not discriminate or

retaliate, in any manner, against a patient, employee, member of the medical staff, or other health

care worker of the health facility because that person has done either of the following:
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(A) Presented a grievance, complaint, or report to the facility, to an entity or agency

responsible for accrediting or evaluating the facility, or the medical staff of the facility, or to any

other governmental entity.

(B) Has initiated, participated, or cooperated in an investigation or administrative

proceeding related to the quality of care, services, or conditions at the facility that is carried out

by an entity or agency responsible for accrediting or evaluating the facility or its medical staff, or

governmental entity.

The conduct of Dr. Kalamas met the criteria for someone protected under this

whistleblower statute. 

Among other violations of state and federal law, defendants Health & Saf. Code, §

1279.6(c) and 1279.1 were repeatedly violated by JMH and Dr. Kalamas repeatedly attempted to

cure the underlying problem but was deliberately thwarted by and retaliated against by JMH.

JMH operates a “health care facility” as defined by this statute as Cal. Health & Saf. Code

§ 1278.5(b)(1)(A)–(B). A “health facility” is defined as a facility, place, or building that is

organized, maintained, and operated for the diagnosis, care, prevention, and treatment of human

illness, physical or mental, including convalescence and rehabilitation and including care during

and after pregnancy, or for any one or more of these purposes, for one or more persons, to which

the persons are admitted for a 24-hour stay or longer.

Dr. Kalamas suffered discriminatory treatment under the statute which prohibits

“discriminatory treatment of an employee, member of the medical staff, or any other health care

worker”.  That discriminatory treatment suffered by Dr. Kalamas includes, but is not limited to,

discharge, demotion, suspension, or any unfavorable changes in, or breach of, the terms or

conditions of a contract, employment, or privileges of the employee, member of the medical staff,

or any other health care worker of the health care facility, or the threat of any of these actions.
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 Plaintiff has suffered general and special damages according to proof.

Plaintiff seeks such other and further remedies authorized by law as necessary to protect

health, safety and rights of patients.

The conduct of defendants and each of them were wanton, wilful and malicious. 

Defendants acted with conscious disregard of the rights of plaintiff and patients.  Therefore,

plaintiff is entitled to punitive and exemplary damages.

Plaintiff further prays for attorney’s fees as authorized by statute or   otherwise authorized

by law.

 SECOND CAUSE OF ACTION

INTENTIONAL INFLICTION OF EMOTIONAL DISTRESS

(Against All Defendants)

Plaintiff realleges and incorporates herein paragraphs 1-623 of the complaint.

Defendants and each of them owed plaintiff a duty of care.

The conduct of defendants as set forth herein intentionally breached that duty of care

toward plaintiff.

 Plaintiff has suffered general and special damages according to proof.

The conduct of defendants and each of them were wanton, wilful and malicious. 

Defendants acted with conscious disregard of the rights of plaintiff and patients.  Therefore,

plaintiff is entitled to punitive and exemplary damages.

THIRD CAUSE OF ACTION

 NEGLIGENCE 
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(Against All Defendants)

Plaintiff realleges and incorporates herein paragraphs 1-623 of the complaint.

Defendants and each of them owed plaintiff a duty of care.

The conduct of defendants as set forth herein negligently breached that duty of care

toward plaintiff.

 Plaintiff has suffered general and special damages according to proof.

The conduct of defendants and each of them were wanton, wilful and malicious. 

Defendants acted with conscious disregard of the rights of plaintiff and patients.  Therefore,

plaintiff is entitled to punitive and exemplary damages.

FOURTH CAUSE OF ACTION

(BREACH OF CONTRACT)
(Against JMH Only)

Plaintiff realleges and incorporates herein paragraphs 1-623 of the complaint.

The contract between JMH and plaintiff had implied by law a covenant of good faith and

fair dealing.

The employment position accepted by Dr. Kalamas was narrow and specialized.  Her role

in developing a successful program was integral to her career development opportunities and her

ability to continue to work either at JMH or elsewhere, within this specialized area of her

profession.

In breaching the covenant of good faith and fair dealing, JMH limited Dr. Kalamas’ career

options and limited her ability to move to a related career opportunity in her chosen area of

specialization.
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FIFTH CAUSE OF ACTION

(LABOR CODE 1102.5)
(Against JMH Only)

Plaintiff realleges and incorporates herein paragraphs 1-623 of the complaint.

 Labor Code § 1102.5(b) protects employees from retaliation who report suspicions of

illegal activity or noncompliance with rules or regulations as Dr. Kalamas did.

The reporting by Dr. Kalamas was directly to another employee of the employer,

managers of the employer and corporate executives who had the authority the to investigate,

discover and/or correct the violations and noncompliance. 

The reports that prompted the adverse employment action involved violation of a state or

federal law or regulation or local, state, or federal rule or regulation.

The reporting by Dr. Kalamas included reports of misconduct by both JMH, JMMG and

individual employees.  

The conduct of defendant materially affected the terms and conditions of employment for

Dr. Kalamas.

 Plaintiff has suffered general and special damages according to proof.

The conduct of defendants and each of them were wanton, wilful and malicious. 

Defendants acted with conscious disregard of the rights of plaintiff and patients.  Therefore,

plaintiff is entitled to punitive and exemplary damages.  

Wherefore, plaintiff prays for damages as follows:

First Cause of Action:

Health and Safety Code Section 1278.5 et. Seq.
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1. General damages according to proof;

2. Special damages according to proof;

3. Punitive and exemplary damages;

4. Statutory damages including injunctive relief as allowed by statute;

5. Costs and attorney’s fees;

6. Such other and further relief as the Court deems proper.

Second Cause of Action

Intentional Infliction of Emotional Distress:

1. General damages according to proof;

2. Special damages according to proof;

3. Punitive and exemplary damages;

4.  Such other and further relief as the Court deems proper.

Third Cause of Action

Negligent Infliction of Emotional Distress:

1. General damages according to proof;

2. Special damages according to proof;
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3. Punitive and exemplary damages;

4.  Such other and further relief as the Court deems proper.

Fourth Cause of Action

Breach of Contract:

1. General damages according to proof;

2. Special damages according to proof;

3. Punitive and exemplary damages;

4.  Such other and further relief as the Court deems proper.

Fifth Cause of Action

Labor Code § 1102.5:

1. General damages according to proof;

2. Special damages according to proof;

3. Punitive and exemplary damages;

4. Reinstatement with back pay and benefits (Lab.C. § 98.6(b));

5.  Actual damages (Lab.C § 1105);
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6. A civil penalty of $10,000.00 for each violation as set forth above and according to

proof;

7. Attorney’s fees.

8. Such other and further relief as the Court deems proper.

Dated: 1/12/2022 

______________________________________

Daniel Horowitz

Attorney for Dr. Alicia Kalamas
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Physician News
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Message from the Chief of Staff

For The Ph ysici a ns of John Muir He a lth

Calendar - Walnut Creek Calendar - Concord

Continued on page 2

Know Thy Neighbor
Is it just me, or 
are we losing 
the concept of 
community?  
When I was 
growing up, I 
knew everyone in 
my neighborhood.  
We played in the 

street until the streetlights came on, 
mobbed the ice cream truck, knew all 
the grown-ups, and provided marginal 
babysitting and lawn mowing services.  
Perhaps I look into the past with rose-
tinted glasses, but I remember a much 
stronger sense of community than we 
have now.  Honestly, I don’t even know 
the names of my neighbors more than 
two houses down.  Several efforts to get 
people together have fallen flat.  Kids 
don’t play on the streets that much, and 
newspapers are being delivered by some 
creepy-looking guy driving a heap with 
very suspect aim at five every morning.

I’m pretty sure it’s not just me.  I don’t 
remember doing anything dramatic to 
have us blackballed by my neighbors.  
We certainly don’t have an excessive 
number of lawn gnomes and we always 
keep our cars on clean cement blocks 
on the front lawn.  Perhaps it’s a sign 
of the times.  Why borrow a cup of 
sugar if you can go online and have 

it delivered by your local grocery 
store, or buy a 30-lb. bag at Costco?  
Why mingle and chat when you have 
Facebook?  Who has time to talk 
between tweets?  What happened to 
just having one e-mail address?

Let’s take a look at our community, 
our medical community.  At the last 
quarterly medical staff meeting, I 
spent a good part of it pointing out 
all the new specialists to the primary 
care doctors.  I felt like I was playing 
matchmaker.  “Bob, this is Jane, Jane 
specializes in [whatever].  Jane, this 
is Bob, he is a primary care doctor in 
[wherever].  Now you two go and get 
to know each other.”  What is this?  
A junior high dance with boys and 
girls playing virtual Red Rover?  Why 
can’t we just talk and get to know 
each other?  We hear of providers 
referring their patients outside of the 
network because they didn’t realize 
there were in-network providers.  Often, 
miscommunication happens in the 
transition between inpatient and 
outpatient care.  Many primary care 
doctors don’t know when their patients 
are seen in the Emergency Department, 
or when they are admitted.  Sometimes 
it’s a struggle for nursing facility 
physicians to find out what changes 
to a patient’s medications were made 

Hartwell Lin, M.D. 
Chief of Staff, Concord

In This Issue:

Guest Feature: David Hook, Marketing: 
A New Brand Promise, p. 2

Cal Knight Takes Office as President/
CEO, p. 2

Update: WC Tower Officially Open  
April 17, p. 5

U.S. News Ranks JMH Among Bay 
Area’s Best, p. 4

Wendel Brunner to Address Community 
Health Report, p. 11

Clinical News:
Addition of New Oral Anticoagulant, p. 6

JMH Gallery:

Community Celebrates WC Tower, p. 14

Kate’s Corner:

Clinical Care Transformation Update, p. 8

Service Line Spotlight:
Oncology’s New Breast Center, p. 9

Updates:
In the News, p.8

MD Nominees Sought for Culture of 
Caring, p. 5

Building an Inclusive Environment, p. 7



2 John Muir Health Physician News – May  2011

Physician News

Know Thy Neighbor  Continued from page 1

notification of ED visits and admissions.  We’re hoping 
to plan some social events for our medical community 
and two of our four quarterly medical staff meetings will 
be combined between campuses so we can eat sushi and 
mingle.  The network is also making efforts to introduce 
specialists to our primary care base.  Understand that all 
these efforts will require your participation.  We can throw 
all the dances we want but if everyone keeps on staring at 
each other across the multipurpose room, we’re DOA.  

As always, my office is open.  If you have ideas about 
this or anything else, please let me know.  Sure, you can 
send me an e-mail, but better yet, call me or stop by the 
medical staff office.  

In the meantime, can I borrow a cup of milk?

during their most recent hospitalization.  So why are folks 
reluctant to pick up the phone and talk?  Is it that we’re 
just too busy?  I’d argue that talking on the phone takes 
less time than to type a long winded e-mail.  We don’t 
for the same reason we don’t knock on our neighbors’ 

doors to borrow a few 
eggs or a cup of sugar.  It’s 
because we don’t know 
each other well enough 
to feel comfortable doing 
so.  Without proactive 

effort to communicate and get to know each other, our 
community will suffer.  When our medical community is 
not robust, we can become less efficient. 

So get to know thy neighbors.  Not your real neighbors 
(God forbid), your medical neighbors!  Get to know your 
John Muir Health community.  Be proactive in talking to 
each other.  Participate in CMEs being offered in satellite 
offices.  Pick up the phone and talk to each other.  E-mail 
only gives you half credit for communication.  In the next 
year, the medical staff will embark on projects to help 
this along.  There are efforts to improve primary care 

Hartwell Lin, M.D.
Chief of Staff 
John Muir Medical Center, Concord

This column reflects the opinion of the authors, and does not necessarily 
express the views of other members of the medical staff, administration, or the 
John Muir Health Board of Directors.

Calvin “Cal” Knight Takes Office as President and CEO
Calvin “Cal” Knight started in his new position as 
president and CEO of John Muir Health on April 4. Cal 
joins John Muir Health after serving as president and chief 
operating officer (COO) for Swedish Health Services in 
Seattle, Washington.

In that role, Cal was accountable for all Swedish Health 
Services operations, including its five medical campuses 
(including two tertiary medical centers) and multiple 
ambulatory care sites. He had also been a key leader 
and strategist in building a multi-specialty physician 
organization and in the development of highly-regarded 
Orthopedics, Cancer, Cardiovascular, Neurosciences, 
Women and Infants, and Pediatrics service lines. Swedish 
Health Services, which has 1,492 hospital beds and net 

revenues of $1.8 billion, is one of the leading health care 
systems in the Pacific Northwest and has been widely 
recognized for its quality, innovation and service.

Cal succeeds Ken Anderson who retired from John Muir 
Health as president and CEO on March 31, 2011, after 
more than 36 years serving the organization.

Cal holds master’s degrees in health administration and 
business administration from the University of Iowa, as 
well as a bachelor’s degree from Western Washington 
University. He is currently house-hunting in the area with 
his wife of 33 years, Maureen. They have two grown 
daughters.

Please welcome Cal Knight to John Muir Health.

Pick up the phone 
and talk to each other.  
E-mail only gives you half 
credit for communication
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A “New” Brand Promise: Putting Our Best Foot Forward

David Hook 
Executive Director,  
Marketing Communications

As John Muir Health plans for its future 
success, we’ve been putting together 
the strategies that will help us become 
the healthcare provider of choice to our 
community.  But aren’t we that already 
today, you might ask? Well, yes and no. 
Without a doubt, the John Muir Health 
name is synonymous with quality and 
clinical expertise in our community’s 
eyes. Yet, our data show that over 

the past decade, more and more patients have chosen to go 
elsewhere for their care. Why? 

Well, for one thing, consumers and patients think about the 
“total cost” of care. More 
and more, the cost to select 

“the Kaiser route” is less, or 
at least, perceived to be less, 
than the cost of another 
health plan plus care at John 
Muir Health. We know 
we need to achieve a competitive total price for patients and 
consumers and we have initiatives underway to do this.

Beyond price, we’ve also invested a lot of time and energy in 
determining what else we need to do to become the #1 choice 
for healthcare. To answer this question, John Muir Health 
invested in a significant research project with consumers and 
patients that included two rounds of focus groups followed 
by an in-depth survey.  In brief, what we learned is that while 
quality and clinical expertise are valued, they aren’t the most 
important things to consumers or patients. What consumers 
and patients said they wanted is collaborative, patient-centered 
care. To start, they want doctors, nurses and staff who clearly 
explain everything. And 
they want to feel that their 
concerns are listened to and 
heard. We heard time and 
time again that, in general, 
consumers and patients 
do not feel that they are 
understood, do not feel that 
they are treated as partners 

in their own care, and do not feel respected as individuals and 
humans in the course of  their treatment. 

Here’s the good news in this story: we also heard in our 
research that John Muir Health staff and physicians do 
deliver this kind of care. And, as we’ve shared this research 
with physicians across the system, many of you have said that 
this “rings true” and is, in fact, the main reason you came 
into healthcare to begin with. In short, this “consumer truth” 
resonates with physicians and staff as well. It’s also worth noting 
that delivering this kind of patient experience will almost 
certainly increase patient satisfaction scores and a patient’s 
likelihood to recommend you to his or her friends and family.

So beginning May 30, we’ll be launching a new advertising 
campaign that puts the 
John Muir Health stake 
in the ground. We’ll 
commit to delivering a 
better patient experience 
based on partnership, 
collaboration and respect for 

the individual. The ads will clearly convey that at John Muir 
Health, “we listen” and “we explain.” 

How can you do this? Many of you have shared a few of your 
skills and techniques with me along the way:

• Body language is crucial: sit, lean in, and listen.

• Let the patient talk.  Listen to three to five uninterrupted 
sentences. This typically takes less than 30 seconds.

• Express empathy: ask what the patient is concerned about, 
reflect back what you hear the patient saying (“that sounds 
like it hurts.”)

• Explain what is happening and why/explain what you are 
going to do before you do 
it. Use “plain English” and 
simple language that is easy 
to understand.

These are only a few 
examples of skills and 
techniques that can help a 

Continued on page 4

GUEST FEATURE:

These two billboards are examples of our multi-media campaign 
that also includes TV, magazine and online advertising.
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patient feel respected and heard. We will be developing tools 
and support resources across the organization as we move 
forward to help everyone succeed.

Here’s how you can help us collectively make this a success. 
To our community, our consumers, and our patients, the 
physicians are one of the most important manifestations of our 
brand. To our staff and volunteers, the physicians are often 
viewed as the leaders of behavior. We’d like to ask you for your 
support to fulfill our new promise to our community: “we 
listen, we explain.”

According to Hartwell Lin, M.D., Chief of Staff, Concord, 
“This is an excellent example of an initiative that 
simultaneously improves patient care and the financial 
strength of our organization.  First and foremost, it’s the right 
thing to do. We simply cannot achieve this without engaging 
patients in their care and providing them with an empathic 
and healing environment.”

(If you are a member of the John Muir Physician Network 
and would like to discuss how to deliver this brand promise 
and increase your patient satisfaction scores, please contact Dr. 
Mike Kern at (925) 952-2810.)

“New” Brand Promise   Continued from page 3

Physician News

U.S. News and World Report published its metropolitan 
area hospital rankings recently, naming John Muir 
Medical Center, Walnut Creek, #2 and John Muir 
Medical Center, Concord, #4 out of all 44 hospitals in the 
San Francisco metropolitan area, which includes Oakland 
and Fremont. U.S. News ranked hospitals within all 52 
U.S. metro areas with populations of one million or more 
to identify high-performing hospitals. 

“Recognition as one of the top-ranked hospitals in the 
Bay Area is a tribute to the tremendous talent, skills and 
a long standing commitment to excellence on behalf of 
our physicians, staff and volunteers,” said Jane Willemsen, 
president and chief administrative officer of John Muir 
Medical Center, Walnut Creek. “We proudly celebrate 
this distinction, which coincides with the completion of 
major expansion and renovation projects in Walnut Creek 
and Concord.” 

“We are making a substantial investment in our medical 
center and the community as part of our continuing 
commitment to provide the best possible care and experience 
for patients and their families,” said Mike Thomas, president 
and chief administrative officer of John Muir Medical 
Center, Concord. “As the health care needs of our growing 
and diverse community evolve, we will continue providing 
highly advanced medical services and a superior patient 
experience for patients in their own community.” 

U.S. News & World Report Ranks John Muir Health 
Among Bay Area’s Best

Between the two medical centers in Walnut Creek and 
Concord, John Muir Health has 733 licensed beds. In 
2010, more than 26,500 patients were discharged from the 
hospitals. John Muir Health programs and services include 
neurosciences, orthopedics, cancer care, cardiovascular 
care, high-risk obstetrics, and pediatrics. Other areas of 
specialty include expanded surgical services including 
general, robotic and weight-loss surgery, rehabilitation 
and critical care. John Muir Health also serves as the 
designated trauma center for Contra Costa County. 

John Muir Health has 
consistently ranked high in 
national surveys, including 
the U.S. News’ “America’s 
Best Hospitals” list. For 
four consecutive years, it has been included in Top 50 
for orthopedics and gastroenterology. The American 
Nurses Credentialing Center (ANCC), a subsidiary of the 
American Nurses Association, has also honored John Muir 
Health with Magnet® recognition status, which is the 
highest level of recognition that the ANCC can accord to 
a health care organization for excellence in nursing care. 

The ranking information can be viewed online at www.
usnews.com. 

The ranking information 
can be viewed online at 
www.usnews.com.

http://cts.businesswire.com/ct/CT?id=smartlink&url=http%3A%2F%2Fwww.usnews.com&esheet=6667717&lan=en-US&anchor=www.usnews.com&index=1&md5=150174f1d6d0b4c615b2f6204681505b
http://cts.businesswire.com/ct/CT?id=smartlink&url=http%3A%2F%2Fwww.usnews.com&esheet=6667717&lan=en-US&anchor=www.usnews.com&index=1&md5=150174f1d6d0b4c615b2f6204681505b
http://cts.businesswire.com/ct/CT?id=smartlink&url=http%3A%2F%2Fwww.usnews.com&esheet=6667717&lan=en-US&anchor=www.usnews.com&index=1&md5=150174f1d6d0b4c615b2f6204681505b
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Physician News

Update: WC Patient Care Tower Officially Open April 17
The Tom and Billie Long Patient Care Tower at John Muir 
Medical Center, Walnut Creek was officially opened to 
patients this Sunday, April 17 at 5 a.m.

The work to replace piping connections in the heating 
system in the ceilings was completed ahead of schedule. 
Work on the lower floors is done and the remaining 
connections were replaced, inspected and tested by the end 
of the day on Friday.

We know everyone has been ready to complete the final 

components of the move into The Tom and Billie Long 
Patient Care Tower. Detailed plans ensured a smooth 
transition into the new building for our patients and staff. 
Please continue to check the “Transition into The Tom and 
Billie Long Patient Care Tower Communications Hub” on 
the Intranet for more updates. Thank you for your patience 
and support.

Below is a timeline for the opening of major components of 
the building.

Ken Meehan, Executive Vice President, Operations, John Muir Health

Jane Willemsen, President and Chief Administrative Officer, John Muir Medical Center, Walnut Creek

COMPLETED MOVES/SERVICES OPEN

March 24
 • ITS

March 30
 • Rooftop Helipad

March 31
 • Loading Dock

April 4
 • Materials Management 
 • PBX

April 6
 • Pharmacy

April 10
 • Imaging

April 11
 • Lab 
 • Operating Rooms 
 • Main Lobby

April 12
 • East Lobby

April 14
 • Remaining ED Beds 
 • Kitchen

April 15
 • Respiratory Therapy

April 17
 • Main Entrance 
 • Trauma ICU 
 • NICU 
 • Pediatrics 
 • Mother/Baby (Postpartum) 
 • Pre-Op and Post-Anesthesia Care  
 Unit (PACU)

April 19
 Inpatient Rehab and Orthopedics

April 21
 Neuro ICU

MD Nominees Sought for Concord’s Culture of Caring
It’s time to nominate a physician who exemplifies our Culture 
of Caring, the John Muir Way. If chosen he/she will be 
honored as a Physician of Excellence. Please take a moment to 
honor our fellow heroes.  Forms are available on the Intranet, 
under Concord Campus, Culture of Caring, Employee 

Satisfaction Committee. Forms can also be found on nursing 
units with charge nurses, in the Medical Staff Office, or 
Doctor’s Lounge.

Paula Lozano, CME Coordinator & Medical Staff Assistant
John Muir Medical Center, Concord
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Formulary Addition of a New Oral Anticoagulant:  
Pradaxa® (dabigatran)

Clinical News

Pradaxa (dabigatran), an oral direct thrombin inhibitor, 
indicated for prevention of stroke and systemic embolism in 
patients with non-valvular atrial fibrillation, was added to the 
JMMC formulary in December 2010.  It is the first of many 
new oral anticoagulants currently in clinical trials that can be 
used as a possible alternative to Coumadin in non-valvular 
atrial fibrillation patients. 
Pradaxa’s mechanism of action is inhibition of free thrombin 
(factor IIa), fibrin-bound thrombin, and thrombin-induced 
platelet aggregation. Unlike Coumadin, it does not require 
INR monitoring but it does require dose adjustment in renal 
dysfunction and is contraindicated in patients with CrCl 
<15ml/min or on dialysis.

Literature
RE-LY: Randomized Evaluation of Long-Term Anticoagulation Therapy

Type of Study Comparison of Pradaxa 110mg, 150mg and 
Coumadin in a multi-center, multi-national non-
inferiority clinical trial 

# of Patients 18,113 patients (mean age 71.5 years) 

Study Duration 2 years 

Primary Endpoint 
Result 

Stroke or PE: 
•	Coumadin 1.69 % / year
•	Pradaxa 150mg 1.11 % / year (p<0.002) 

Major Bleeding GI Bleeds: 
•	Coumadin 1.1%
•	Pradaxa 150mg 1.6%

Hemorrhagic Stroke: 
•	Coumadin 0.3 % / year
•	Pradaxa 150mg 0.1%  / year (p<0.001) 

Outcomes 5 fewer strokes/year in Pradaxa versus Coumadin 
patients 

Dosing
•	 Usual: 150mg PO twice daily (may take with or without 

food)
•	 CrCl 15-30ml/min: 75mg PO twice daily
•	 <15ml/min or dialysis: not recommended
•	 No dose adjustment needed for liver impairment or 

geriatric patients.
Administration and Storage 
•	 Capsules must be swallowed whole, cannot be crushed or 

chewed
•	 If patient is NPO, will need to be changed to another 

anticoagulant
•	 Once unit dose bottle is opened, must be used within 30 

days due to loss of potency. 

•	 FDA currently reviewing extending this period to a 60 
day expiration date.

Missed Dose 
•	 Take within 6 hours of scheduled time, do not double 

dose.
Common adverse effects
•	 Dyspepsia (35 percent incidence) which may be 

mitigated by administering with food to help upper GI 
symptoms. However, lower GI symptoms usually do not 
improve and may require discontinuation of Pradaxa.

Contraindications
•	 Bleeding and hypersensitivity to Pradaxa (<0.1 percent 

incidence).
Antidote
•	 No direct antidote.
•	 Support with blood products.
Pharmacokinetics
•	 Half-life: 12-17 hours (longer in patients with renal 

dysfunction)
•	 Excretion: primarily renal (86 percent)
•	 Bioavailability: increases by 75 percent when capsule is 

compromised
Conversion of Pradaxa to and from Other Anticoagulants:
•	 Given Pradaxa’s relatively short half-life, it can be 

converted to and from other anticoagulants in a relatively 
short amount of time:

Conversion When to start new agent

Coumadin ➔ Pradaxa When INR < 2.0

Parenteral anticoagulant 
(Lovenox, Arixtra or 
Heparin) ➔ Pradaxa

At the next scheduled dose of Lovenox or 
Arixtra, or
at the time the heparin infusion is 
discontinued. 

Pradaxa ➔ Coumadin For CrCl > 50 mL/min: 3 days before 
discontinuing Pradaxa
For CrCl 31-50 mL/min: 2 days before 
discontinuing Pradaxa
For CrCl 15-30 mL/min: 1 day before 
discontinuing Pradaxa
For CrCl <15 mL/min: Pradaxa not 
recommended

Pradaxa ➔ parenteral 
anticoagulant (Lovenox, 
Arixtra or Heparin)

For CrCl > 30 mL/min: 12 hours after 
discontinuing Pradaxa
For CrCl < 30 mL/min: 24 hours after 
discontinuing Pradaxa

Continued on page 7
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Clinical News

Post-Surgery Recommendations
• Pradaxa can be restarted within 24 hours post-surgery 

(once adequate hemostasis is achieved and post-
operative bleeding risk is minimal). 

• When Pradaxa is restarted after surgery, no 
parenteral anticoagulation overlap is required with 
the first dose since it achieves 80% of its full effect 
within 2 hours of administration.

Drug Interactions
• As opposed to Coumadin, there are no drug 

interactions via the CYP450 enzymes.
• Drug interactions are documented with 

p-glycoprotein inhibitors:
o Multaq (dronedarone) ➔ two-fold increase 

in Pradaxa levels
 FDA does currently require a 

Pradaxa dose adjustment when given 
concurrently with Multaq

o Rifampin ➔ reduces Pradaxa to 
subtherapeutic levels
 Recommendation: contraindicated 

for use with Pradaxa.
Cost

• Pradaxa will cost approximately $8/day, which is 
significantly higher than Coumadin. However, 
Pradaxa does not require INR monitoring.

• In a cost-effective analysis of Pradaxa compared to 
Coumadin for stroke prevention in atrial fibrillation, 

it was found that Coumadin was more cost-effective 
in low risk individuals with CHADS2 scores equal to 
zero, whereas Pradaxa was more cost-effective in high 
risk individuals with CHADS2 scores > 1.

• Insurance co-pays may be higher with Pradaxa than 
Coumadin.

Please contact me with any questions at (925) 674-2763.
Teresa Halperin, Pharm.D.
Clinical Coordinator: Pharmacy
Concord Campus 

References:
Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran 
versus warfarin in patients with atrial fibrillation. N Engl J 
Med 2009;361:1139-51.

Freeman JV, Zhu RP, Owens DK, et al. Cost-effectiveness of 
dabigatran compared with warfarin for stroke prevention in atrial 
fibrillation. Ann Intern Med. 2011;154:1-11.

FDA Advisory Committee unanimously recommends approval 
of dabigatran etexilate for stroke prevention in atrial fibrillation. 
(2010). Retrieved from http://www.boehringer-ingelheim.com/
news/news_releases/press_releases/2010/20_september_2010_
dabigatran.html.

Lexi-Comp ONLINE™, Hudson, Ohio: Lexi-Comp, Inc.; 2010; 
October 7, 2010.

Pharmacist’s Letter/Prescriber’s Letter 2010;26(11):261101.

Product information for Pradaxa. Boehringer-Ingelheim. Ridgefield, 
CT 06877. October 2010.

Formulary Addition Continued from page 6

Get in Touch! Building an Inclusive Environment
Get to know the person, not the type of person. 
When you walk into a patient’s room or into a meeting 
what do you notice first about the person? The color of his 
skin? The shape of her eyes? When a person says hello, do 
you notice an accent? What kinds of conclusions do you 
make from these observations? We all naturally process 
these little details and are all guilty of making automatic 
judgments and generalizations about an individual or 
situation based on those details.  This is our unconscious 
bias.  The problem with unconscious bias is that it justifies 
our decisions and behaviors as rational even though they 

may be based solely on our assumptions, expectations and 
generalizations driven from the little details we observe.  
You must make the effort to see and get to know the person 
as an individual. Use your generalizations as a tentative 
starting point, but leave plenty of room for modification 
as you learn more about the person, not the type of person, 
who stands before you. 

From the CME Committee and the John Muir Health 
Community Alliance



8 John Muir Health Physician News – May  2011

Kate’s Corner

Kathryn J. Bennett, M.D. 
Chief Medical Information Officer 

Clinical Care Transformation Program Update
I wanted to advise you of a recent 
development in the Clinical Care 
Transformation Program (CCTP).  
This program is part of the $40 million 
Patient Safety Initiative to apply 
information technology to improve 
quality and patient safety throughout 
our organization.  CCTP includes 
cross-campus nursing documentation 

standardization, Computerized Provider Order Entry 
(CPOE) and the Meditech Migration.  In preparation for 
CPOE, automated medication reconciliation and Meaningful 
Use, we planned to upgrade the current 10.1 version of Care 
Manager to a new version 10.3.1 this summer and then bring 
CPOE live this fall. 

While planning for this upgrade, we discovered some 
technical difficulties which raised concerns and may impact 
the proposed timelines.  As a result, we are taking a 90-day 
hiatus from engaging clinical staff input into any application 
build activities so that we can reassess our plans as well as 

focus on the move into the Tom and Billie Long Tower in 
Walnut Creek (more on that next month).  Obviously this is 
a disappointment for our staff and me personally, but we felt 
this was the wisest thing to do to minimize any risks.  

In the meantime, we are pressing on with the great effort 
of the Evidence Based Practice Team which will form 
the clinical content of CPOE.  Cross-campus nursing 
standardization efforts will also continue in order to sustain 
the momentum you’ve helped us establish.  I’m proud to tell 
you that we now have 121 approved order sets of which 33 are 
new to John Muir Health.  There are also 15 sets in process 
and we have retired 129 old sets.  These activities are core to 
the organization’s ongoing patient safety, quality reporting, 
performance improvement, and regulatory initiatives.  I’m 
proud of the work you all have done. 

We will keep you informed as to future timelines as soon 
as they are available.  Please feel free to contact me if you 
have any questions or concerns at kate.bennett_md@
johnmuirhealth.com, (925) 941-2626 or ext. 32626.  

In the News:
Steven Holtz, M.D., is currently the president of the 
California Neurology Society, the statewide association of 
California neurologists.

Physicians Norris Childs, M.D., John Leonard, M.D. 
and Stephen Bretz, M.D. participated in recent “Every 15 
Minutes” programs, which dramatize the consequences of 
drunk driving for high school audiences.  At De La Salle and 
Carondelet, 900 juniors and seniors in Concord watched a 
mock “accident” complete with wrecked cars in their parking 
lot, staged by community partners including the police and 
fire departments and CALSTAR (California Shock Trauma 
Air Rescue).  High school students act as impaired drivers, 
injured passengers, and even casualties of the wreck as the 
drama plays out realistically, including a fatality.  A video is created, and is shown to the student body.  Co-chair of the  
De La Salle event was Michelle Lopes, Manager of Nursing Operations at John Muir Medical Center, Walnut Creek. 
Coordinating a Concord High videotaping at the Concord ED was Amelia Ramage, R.N., Charge Nurse.

Photo: Susan Wood

Drs. Leonard (left) and Childs treat as “patient” in an “Every 15 
Minutes” dramatization.

mailto:?subject=
mailto:?subject=
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Service Line Spotlight

Breast Health Services to Open New Center in WC
This month’s Spotlight focuses on Breast Health Services within the 
Oncology service line.  Finishing touches are now being put on the 
new Theresa M. Caygill  Breast Health Center in Walnut Creek  
which will  celebrate its opening in mid-May.

The specific location is 133 La Casa Via, #140, which is in 
close proximity to diagnostic imaging and adjacent to the Aspen 
Surgery Center.  

JMHPN checked in with Brenda Carlson, Executive Director of 
Oncology Services,  Deborah Kerlin, M.D., Breast Health Services 
Medical Director and Vivian Wing, M.D., Chair, Department of 
Medical Imaging, about the new “home” for patient care at John 
Muir Medical Center, Walnut Creek. Vicki Rocconi, R.N., Nurse 
Navigator, Shellie Campos R.N., NP, Nurse Navigator and Nurse 
Practitioner for the Breast Health program and Shell Portner R.N., 
Survivorship Nurse Navigator, also add comments.

Administrators are happy to say that the building project has gone 
according to plan in terms of facility design and construction. 

“It’s amazing how coordinated the project was – it was like 
choreography, and the team got things done so beautifully,” says 
Brenda Carlson.  “Everyone is really excited – it’s just beautiful, 
with curves and color, a nice vibrant place to be a part of.  It gives 
staff that extra boost to be part of this wonderful build-out, both 
in terms of the building and program.”

JMHPN:  Tell us about the needs that the center was built to 
address, and how you have worked towards the goal of opening it.

Dr. Kerlin: The breast center was built to address the 
sometimes fragmented and difficult care that often occurs for 
patients who have breast health issues.

We evaluated other breast centers, and brought the concept to 
the John Muir Health administration. Delivering the benefits 
of improved, comprehensive, state-of-the-art care for our 
patients is our goal.

Brenda Carlson: We have had tremendous, comprehensive 
Breast Health Services across the continuum on both 
campuses for many years – and now the Walnut Creek center 
provides an opportunity to centralize access to all our varied 
services, as well as an opportunity for program expansion.

To have this single center, contiguous with diagnostic imaging 
and Aspen Surgery Center, allows for flow of patient care in a 
more streamlined fashion. Continued on page 10

How will the new center enhance the patient care that you 
deliver?

Dr. Kerlin: It will provide “one stop shopping” for all the 
services available to our patients with breast health concerns, 
including:

• an education center
• Nurse Navigators
• screening and diagnostic services
• multidisciplinary pre-treatment conferences
• comprehensive multi-disciplinary tumor boards
• clinical trials
• genetic counseling and testing

• post-treatment survivorship program

BC: I agree.  We’ve been limited until now, without a physical 
space to expand our programs and services.  Patients actually 
will have one place to go that is open and comfortable.  This 
will add convenience and contribute to a better patient 
experience.  It will provide more comfort and assurance for 
patients, from screening through diagnosis, treatment and 
support in survivorship.

Vicki Rocconi R.N., OCN, Certified Breast Patient 
Navigator: The strategic placement of the breast health 
center will enhance our multidisciplinary team approach 
to treatment planning and timeliness of care and improve 
patients’ access to education, support and other resources for 
women with breast cancer and other breast health concerns. 

Shellie Campos, R.N., MSN, FNP-BC: The new center 
will be a wonderful addition to comprehensive breast health 
services provided through John Muir Health.  We have 
exciting plans for a high risk breast clinic to help patients 
and providers access multidisciplinary expertise and 
recommendations regarding their medical histories, family 
histories, screenings and diagnostic services.

Shell Portner, R.N., Nurse Navigator:  We are all really 
excited about the opening!  From my point of view, the 
Walnut Creek center will enhance post-treatment survivorship 
services that help patients transition smoothly towards 
living well beyond cancer. We will be there with guidance, 
education and resources. We work together with patients to 
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Breast Health Services  Continued from page  9

achieve resolution of treatment side effects, connect them 
with psychosocial services and support, and identify ways to 
maximize quality of life.

What will be the main differences the physicians and staff will 
enjoy in the new center?

Dr. Kerlin: It will be mainly a strategic and central location 
for patients, physicians, families, friends, and staff to access 
services for their breast health concerns.

BC: The location is in close proximity to diagnostic and 
treatment services for breast health issues – and nurse 
navigators will be readily available to provide patients with all 
the appropriate resources and support. 

What do you wish other MDs knew about the center?

Dr. Kerlin: Just that the breast center will provide a dedicated 
resource for their patients to receive designated and accredited 
state-of-the-art -- and excellent -- breast health care.

Are there other highlights or developments in your department?

Dr. Kerlin: There will continue to be ongoing evaluation and 
expansion of our services and program. For instance, we hope 
to develop and implement the high-risk breast clinic before the 
end of the year.

Dr. Wing: We offer state-of-the-art breast imaging services 
(digital mammography, breast ultrasound, and breast MRI) 

in addition to performing all types of interventional breast 
procedures.  All of our studies are performed by technologists 
with a special interest and expertise in breast imaging 
and interpreted by radiologists with special training in 
mammography.  All of our facilities and radiologists are ACR 
(American College of Radiology) accredited.

Of what are you most proud?

Dr. Kerlin: For me, it’s the tremendous generosity 
and support we’ve received from so many individuals, 
including our very special donor Theresa Caygill, and the 
administration of John Muir Health, as well as all the staff in 
our breast health program.

I am so proud to be part of a health system that recognizes the 
importance of providing exceptional care for our patients.

Dr. Wing: I am proud to work with such a fine team of 
physicians, technologists and nurses whose common goal is to 
provide the highest quality care to all of our patients.

BC: I’m proud of many things.  A distinguishing factor for us 
is the recent designation as a Certified Quality Breast Center 
of Excellence by the National Consortium of Breast Centers 
(NCBC), fourth in the nation, and accreditation by the 
National Accreditation Program of Breast Centers (NAPBC) 
through the American College of Surgeons (ACoS)/
Commission on Cancer (CoC).

I am most proud of the dedication and commitment of 
the interdisciplinary team, without exception, across the 
entire spectrum of care.  Our team has been committed to 
providing personalized, compassionate, tertiary level care to 
the patients in our own community at a convenient location at 
John Muir Medical Center, Walnut Creek. 

Service Line Spotlight

Countertops, flooring and 
wall surfaces are finished 
as the Breast Health 
Center awaits its opening 
in mid-May.
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Come and discuss the report below and implications for 
your practice with Wendel Brunner, M.D., Director of 
Public Health Contra Costa County Health Services, on 
Friday, May 6 from 12:30-1:30 p.m. on the Concord 
Campus in the Concord I & II Rooms.  

The 2010 Community Health Indicator Report for Contra 
Costa County presents the demographics, health status 
and health issues of the community in order to guide 
local efforts to develop programs, strategies and policies to 
improve the health of the county.  Below is a closer look at 
the data included in the report:

Health Disparities:  The National Institutes of Health 
(NIH) defines health disparities as differences in the 
incidence, prevalence, mortality, and rate of disease and 
other adverse health conditions between specific population 
groups. Many of these differences can be attributed to social 
determinants of health, e.g. ethnicity, education, income 
level, neighborhood safety, etc. 

• Non-white residents of Contra Costa County are 
disproportionately represented among the poor. A child 
born in low-poverty areas could expect to live 6 years 
longer than a child born in a high-poverty area.  Living 
in poor neighborhoods can have a direct negative impact 
on health.

• African-American residents in Contra Costa County had 
a shorter life expectancy (12 years less than Asians and 
Hispanics and 5 years less than whites) than other county 
residents and significantly higher rates of death for heart 
disease, cancers, stroke, diabetes, and homicide.

• Residents 65 and older were more likely to die and be 
hospitalized from unintentional injuries. More than half 
(56.1 percent) of unintentional injury deaths and 75 
percent of unintentional injury hospitalizations in this 
age group were due to falls. 

Causes of Death and Disability: In Contra Costa County on 
average 6,838 residents die each year and the prevalence of 
chronic disease is widespread among the population. 

• Most deaths in Contra Costa were from chronic 
diseases. The top four leading causes of death (cancer, 
heart disease, stroke and lower respiratory disease) were 
common to the county and state and accounted for 60 
percent of deaths.

Wendel Brunner to Speak on Community Health Indicator Report
• Cancer accounted for one quarter (25 percent) of all 

deaths in the county.  Lung, colorectal and breast cancer 
were the leading causes of cancer death. 

• Of Contra Costa’s top 10 leading causes of death, only 
homicide was more likely in the county than the state.  
Large numbers and high rates of homicide threatened the 
health and well-being of some communities more than 
others, including Antioch, Pittsburg and Richmond 

Demographics:  Contra Costa County is the ninth most 
populous county in California and has experienced an 8.1 
percent population growth since 2000.

• The racial and ethnic composition of the county’s 
population is diversifying.  Non-White residents make 
up 50.3 percent of the population and are now the 
majority.  Hispanic/Latinos are the largest growing 
ethnic group, making up 23.2 percent of the population. 

• The population of residents 65 and older has increased 
county-wide from 8.3 percent in 2000 to 12.0 percent 
in 2008.  The 65-and-older population is projected to 
increase by 17.25 percent in the next 5 years. 

• Within the county, the distribution of income and 
employment was not uniform.  In Contra Costa, 23.3 
percent of residents lived below 200 percent of the 
federal poverty level ($42,400 for a family of four) and 
10.9 percent were unemployed.  Poverty is associated 
with poorer health status and shorter life expectancy 
among Contra Costa residents. 

What is John Muir Health doing?  

John Muir Health has made efforts to address the health 
needs of residents and health disparities by focusing our 
community benefit programs on vulnerable populations: 
those who are low income, experience significant barriers to 
care such as language, culture, frailty, or health insurances 
and who are part of groups who experience disparities in 
health outcomes.  Click here to learn more about JMH’s 
community benefit programs and to read the full version of 
the Indicator Report.

For more information, contact Lynn Baskett, VP/Executive 
Director, John Muir Community Health Alliance at (925) 
363-7588 or ext. 27588.

http://www.johnmuirhealth.com/about-john-muir-health/community-commitment/community-health-alliance/our-programs.html
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Calendar - Concord

Monday Tuesday Wednesday Thursday Friday

 

May 2011

Monday Tuesday Wednesday Thursday Friday

 

 

9 10 11 12 13

16 17 18 19 20

23 24 25 26 27

	 30

6:30 Anesthesia Dept. (WC/HR)
7:30 Invasive Cardiology (MZ)
12:30 General Tumor Board* (CR)
 Elizabeth Odumakinde, MD 
12:30 Pulmonary Div (Pacheco)

7:30 Orthopedics Dept (S1 & S2)
12:30 OB/GYN Div (WC/S1 & S2)
12:30 General Tumor Board* (CR)
 Elizabeth Odumakinde, MD
1:30 Breast Tumor Board* (PH)
 Deborah Kerlin, MD

7:15 CVS Dept (PH)
12:30 Gastrointestinal TB*( CR)
 Sam Oommen, MD

JOHN MUIR HEALTH 
OBSERVED HOLIDAY

12:15 Safety and Performance   
 Improvement (SPI) Leadership  
 Team (MZ)
12:30 Medicine Dept (LA)
5:30 GI Div (MZ)

12:30 CME Conf (LA)
 Ultrafiltration For Managing  
 Decompensated Heart   
 Failure
 Garrie J. Haas, M.D., F.A.C.C. 
12:30 Thoracic TB (PH)
 Michaela Straznicka, MD
 Wilson Tsai, MD
5:30 Urology Div (WC/HR)

12:30 CME Conf*
 Club Sur GI-X (CR)
 Richard Messian, MD
12:30 CCMLT (WC/HR)
12:30 Medicine DRC (PC)

12:30 Infection Prevention Cmte 
(LA)

12:30 Joint Contracts Cmte 
 (WC HR)
1

7:15 Critical Care Team (MZ)
12:30 P & T Team (PH)

7:00 OR Cmte (LA)
12:00 IAHP (ACR)
12:30 Credentials (Epstein 1)
12:30 CME Conf* (LA)
 Pain Management: A Focus  
 on Proper Dosing*
 Ruben Kalra, MD,   
 Anesthesiologist & Chair   
 Pain Team, JMH

7:15 CV PI Team (PH)
12:30 CME Conf* (CR)
 2010 Community Indicator   
 Report* 
 Wendel Brunner, MD,   
 Director of Public Health   
 Division, CCC

12:30 CME Conf* (CR)
 What Broke My Father’s   
 Heart*
 Katy Butler, Writer; New   
 Yorker, New York Times
 Mother Jones, Finalist,   
 National Magazine Award
 Paul McWhirter, MD,   
 Cardiologist, JMH (CR)
12:30 PRC Peer Review Cmte (PH)

8:30 Emergency Dept (PH)
12:30 MS Open Forum (LA)

12:30 Medical Executive Cmte (LA)
12:30 Thoracic TB (PH)
 Michaela Straznicka, MD
 Wilson Tsai, MD

12:30 PAC (LA)
5:30 RC (LA)

12:30 Medical Ethics Cmte (MZ)

7:30 Surgery Dept (CR)
8:00 Nephrology Div. (CLD)
12:30 Clinical Education (CRII)

	 31

7:15 CVS DRC (MZ)
12:30 General Tumor Board*(CR)
 Elizabeth Odumakinde, MD
1:30 Breast Tumor Board* (PH)
 Deborah Kerlin, MD

63 4 62

CME Conference Information
Target Audience:
Each conference is designed for physicians on 
the medical staff with an interest in the patient 
population identified by conference specialty 
and topic content.

Credit information:
John Muir Medical Center,Concord, is accredited 
by the Institute for Medical Quality and the 
California Medical Association (IMQ/CMA) 
to provide continuing medical education for 
physicians. John Muir Medical Center, Concord 
takes responsibility for the content, quality and 
scientific integrity of this CME activity. 

*John Muir Medical Center, Concord designates 
this educational activity for a maximum of one 
AMA PRA Category 1 Credit(s)™. Physicians 
should only claim credit commensurate with 
the extent of their participation in the activity. 
This credit may also be applied to the CMA 
Certification in Continuing Medical Education.

Location Legend
AN Antioch Room (Park St.)
BC  Brentwood Campus
ACR Admin. Conf. Room (B2)
CCL Cancer Center Library
CLD Clyde Room
CR Concord Room I & II
EC Education Classroom

LA Lesher Auditorium
LF Lafayette Room (A2)
MSO Medical Staff Office C-4
MZ Martinez Room
PC Pacheco Room
PH Pleasant Hill Room
VC Video Conference
WC Walnut Creek Room (A3)
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Calendar - Walnut Creek
May 2011

CME Conference Information
Target Audience:
Each conference is designed for physicians on 
the medical staff with an interest in the patient 
population identified by conference specialty 
and topic content.

Credit information:
John Muir Medical Center-Walnut Creek Campus, 
is accredited by the Institute for Medical Quality 
and the California Medical Association (IMQ/
CMA) to provide continuing medical education 
for physicians. John Muir Medical Center-Walnut 
Creek takes responsibility for the content, quality 
and scientific integrity of this CME activity. 

*John Muir Medical Center-Walnut Creek Campus 
designates this educational activity for a maximum 
of one AMA PRA Category 1 Credit(s)™. Physicians 
should only claim credit commensurate with the 
extent of their participation in the activity. This 
credit may also be applied to the CMA Certification 
in Continuing Medical Education.

Location Legend
OBC OB Classroom
E1 Epstein 1
E2 Epstein 2
SCR Sterns Conf. Room
BA Ball Auditorium

S1 Sequoia 1
S2 Sequoia 2
HR Hanson Room
TBA To Be Announced
ROCR Radiation Oncology Conf. Room

Monday Tuesday Wednesday Thursday Friday

 

9 10 11 12 13

16 17 18 19 20

23 24 25 26 27

	 30

6:30 Anesthesia Dept/HR
7:30 Trauma Rounds*/BA 
 Michael deBoisblanc, MD
12:30 Tumor Board GU*/SCR
 Brian Hopkins, MD
12:30 Trauma Exec Cmte/E1
5:30 Surgery Dept/BA

7:30 CCU/Cardiology Sect/E1
7:30 Orthopaedics Dept/S1 2
12:30 Thoracic Tumor Board*/SCR
 Michaela Straznicka, MD
 Wilson Tsai, MD
12:30 OB/GYN Dept/S1 2
5:30 ENT Section/S2

7:30 Hepatic Tumor Board*/SCR
` Samuel Oommen, MD

JOHN MUIR HEALTH 
OBSERVED HOLIDAY

12:15 Safety & Performance   
 Improvement Leadership   
 Team/(SPI)/E1
12:30 Clinical Conf/CANCELLED
6:00 Podiatry Sect/E2

7:00 Special Conf*/BA
 End of Life Communication  
 Workshop
 Michael Rabow, MD, UCSF
12:30 Clinical Conf/CANCELLED
12:30 Infection Control/E1
12:30 CCMLT/HR

12:30  Clinical Conf/BA TBA
12:30 Women’s Svcs. Quality Care  
 Cmte/S2

8:30 QSI/Sterns
12:30 Breast Tumor Board*/SCR
 Deborah Kerlin, MD
12:30 U.R. Cmte Cross Campus/E2
12:30 Physician Contracts Cmte
 X Campus @ JMWC/HR

7:30 ICN Peer Review/S2
12:30 Breast Tumor Board*/SCR
 Deborah Kerlin, MD

8:30 QSI/Sterns
12:00 Pharmacy & Therapeutics   
 Cmte/HR
12:30 Breast Tumor Board*/BA
 Deborah Kerlin, MD

7:00 Cardiac Cath/M&M Com/  
 HR
7:30 Pediatrics Dept/BA
8:00 NSI/SRS Neuro Oncology   
 Tumor Board*/S1 2
12:30 Clinical Conf/BA TBA
12:30 Credentials Cmte 
 X Campus @ JMWC/E1

7:30 Tumor Board GYN*/SCR   
 Babak Edraki, MD

12:30 Tumor Board General*/SCR
 Esther Catalya, MD

7:30 Tumor Board GYN*/SCR
 Babak Edraki, MD
12:30 IDPC/E1

7:30 PICU Conf*/E1  Tics &   
 Tourette’s Syndrome
 Audrey Foster Barber, MD, UCSF
8:00 NSI/SRS Neuro Oncology   
 Tumor Board*/S1 2
12:30 Clinical Conf/BA TBA
12:30 PAC Computer Technology/  
 E1 2
5:15 Pain Mgmt Team Cmte/ SCR

7:30 Pediatric Chart Rev/S1
12:30 Clinical Conf/CANCELLED

8:00 Neurosurgery Sect/S2
12:30 Breast Tumor Board*/SCR 
 Deborah Kerlin, MD
12:30 MKSAP Brd Rev/E2

7:30 Pediatric Conf*/E1   
 Pediatric/Neonatal Disaster  
 Preparedness
 Pat Frost, RN, CCC EMS
8:00 NSI/SRS Neuro Oncology   
 Tumor Board*/S1 2
8:00 Medicine Peer Rev/E2
12:30 Clinical Conf/CANCELLED
12:30 Pre Contracts Cmte
 X Campus @ JMWC/E2

7:30 Tumor Board GI*/SCR
 Samuel Oommen, MD
12:30 Medical Ethics Cmte
 X Campus/JMCC  
 Martinez Room & 
 JMWC Epstein 1

7:30 Perinatology Conf*/E1   
 Perinatal Mobidity &   
 Mortality
 Charles Scott, MD
 Rosa Won, MD
8:00 NSI/SRS Neuro Oncology   
 Tumor Board*/S1 2
12:30 Clinical Conf/BA TBA
12:30 OB/GYN Peer Rev/SCR

	 31 	 	 	

6:30 Anesthesia QM/HR
12:30 Thoracic Tumor Board*/SCR 
 Michaela Straznicka, MD
 Wilson Tsai, MD
12:30 Medical Exec Cmte/HR

63 4 62

7:30 O.R.Cmte/E1
12:30 Cardiology Conf/BA 
 TBA
12:30 Peer Rev Oversite Cmte/E1

CME Conference Information
Target Audience:
Each conference is designed for physicians on 
the medical staff with an interest in the patient 
population identified by conference specialty 
and topic content.

Credit information:
John Muir Medical Center, Walnut Creek, is 
accredited by the Institute for Medical Quality 
and the California Medical Association (IMQ/
CMA) to provide continuing medical education 
for physicians. John Muir Medical Center, Walnut 
Creek takes responsibility for the content, quality 
and scientific integrity of this CME activity. 

*John Muir Medical Center, Walnut Creek 
designates this educational activity for a maximum 
of one AMA PRA Category 1 Credit(s)™. Physicians 
should only claim credit commensurate with the 
extent of their participation in the activity. This 
credit may also be applied to the CMA Certification 
in Continuing Medical Education.

Location Legend
OBC OB Classroom
E1 Epstein 1
E2 Epstein 2
SCR Sterns Conf. Room
BA Ball Auditorium

S1 Sequoia 1
S2 Sequoia 2
HR Hanson Room
TBA To Be Announced
ROCR Radiation Oncology Conf. Room
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John Muir Health Mission:

We are dedicated to improving the health of the communities  
we serve with quality and compassion.

1400 Treat Blvd. 
Walnut Creek, CA  94597

 

John Muir Health Physician News
Hartwell Lin, M.D.
Chief of Staff – Concord

Terence Chen, M.D.
Chief of Staff – Walnut Creek

John Muir Health Physician News is published monthly by the 
Marketing Communications Department for physicians at John 
Muir Health.

Laura Kaufman - Editor

(925) 947-5384   
(925) 947-4414 Fax

Please submit items for inclusion in the June 2011 issue  
by May 5 to:   
laura.kaufman@johnmuirhealth.com

Community Celebration Gives an Inside Look at the New  
John Muir Medical Center, Walnut Creek
On Saturday, April 2, more than 
6,000 people turned out to celebrate 
the opening of The Tom and Billie 
Long Patient Care Tower at John Muir 
Medical Center, Walnut Creek. During 
the six-hour event, there were more 
than 90 building tours conducted – 
roughly one tour every four minutes.  
In addition, there was a health fair with 
screenings, food, music and activities 
for kids. Community members also 
enjoyed seeing a CALSTAR helicopter 
up close at the old helipad and talking 
with the flight crew. Thank you to all 
of the volunteers, clinical experts and 
staff who helped with tours, the health 
fair, bike rodeo and more.

CALSTAR flight crew shows the 
aircraft’s high-tech interior to visitors.

A tour group stops to hear Dean Charkow, 
R.N., describe the new Critical Care Unit. Health fair attracts community members.

Administration leadership, joined by local dignitaries, slices through the ribbon.

mailto:laura.kaufman%40johnmuirhealth.com?subject=
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EXHIBIT 4



REVIEW Open Access

Effect of glycaemic control on
complications following cardiac surgery:
literature review
M. Navaratnarajah*, R. Rea, R. Evans, F. Gibson, C. Antoniades, A. Keiralla, M. Demosthenous, G. Kassimis
and G. Krasopoulos

Abstract

Introduction: No uniform consensus in the UK or Europe exists, for glycaemic management of patients with Diabetes
or pre-diabetes undergoing cardiac surgery.

Objective: [i] Determine the relationship between glycaemic control and cardiac surgical outcomes; [ii] Compare
current vs gold standard management of patients with Diabetes or pre-diabetes undergoing cardiac surgery.

Methods: Searches of MEDLINE, NHS Evidence and Web of Science databases were completed. Articles were
limited to those in English, German and French. No date limit was enforced.13,232 articles were identified on
initial literature review, and 50 relevant papers included in this review.

Results: No national standards for glycaemic control prior to cardiac surgery were identified. Upto 30% of cardiac
surgical patients have undiagnosed Diabetes. Cardiac surgical patients without Diabetes with pre-operative
hyperglycaemia have a 1 year mortality double that of patients with normoglyacemia, and equivalent to patients
already diagnosed with Diabetes. Pre- and peri-operative hyperglycaemia is associated with worse outcomes. Evidence
regarding tight glycaemic control vs moderate glycaemic control is conflicting. Tight control may be more effective in
patients without Diabetes with pre−/peri-operative hyperglycaemia, and moderate control appears more effective in
patients with pre-existing Diabetes. Patients with well controlled Diabetes may achieve comparable outcomes to patients
without Diabetes with similar glycaemic control.

Conclusions: Pre / peri-operative hyperglycaemia is associated with worse outcomes in both patients with, and without
Diabetes undergoing CABG. This review supports the pre-operative screening, and optimisation of glycaemic control in
patients undergoing cardiac surgery. Optimal glycaemic management remains unclear and clear guidelines are needed.

Keywords: Diabetes, Cardiac surgery, CABG

Background
Diabetes is a common life-long health condition and a
major risk factor for coronary artery disease. Latest
estimates show a global prevalence of 382 million in
2013, with a projected rise to 592 million by 2035 [1].
Average annual increases in insulin dependent Diabetes
of 3% worldwide and 4% in Europe [2] are reported. In
the United Kingdom [UK] there are currently 3.2 million
people diagnosed with Diabetes, while another 630,000
remain undiagnosed [1]. Approximately 26 million [8%]

people suffer from Diabetes in the United States [US]
population, while an estimated additional 7 million are
undiagnosed [3]. Due to the slow onset of non-insulin
dependent Diabetes, and long pre-detection period, up
to one-half of cases may be undiagnosed [1], and an
estimated 80 million US citizens are considered to have
pre-diabetes, pre-disposing them to an increased risk of
developing overt Diabetes.
UK and worldwide data shows that the proportion of

people with Diabetes undergoing isolated CABG surgery
has increased by 33% in recent years to 25–40% [4].
These patients face increased morbidity and mortality
following cardiac surgery and represent a sizeable

* Correspondence: manoraj.navaratnarajah@doctors.org.uk
Oxford Heart Centre, John Radcliffe Hospital, Headley Way, Oxfordshire OX3
9DU, UK

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Navaratnarajah et al. Journal of Cardiothoracic Surgery  (2018) 13:10 
DOI 10.1186/s13019-018-0700-2

http://crossmark.crossref.org/dialog/?doi=10.1186/s13019-018-0700-2&domain=pdf
mailto:manoraj.navaratnarajah@doctors.org.uk
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


medico-economic predicament worldwide. Specific UK
guidelines and standards exist regarding medical
management of Diabetes and risk implications for
cardiovascular disease [5]. In the US guidelines for the
glycaemic management of patients with Diabetes, or pre-
diabetes undergoing cardiac surgery have been available
for nearly a decade. Surprisingly however, no uniform
consensus in the UK or Europe exists for the glycaemic
management of these patients.
This literature review considers the care and outcomes

of patients with Diabetes and pre-diabetes undergoing car-
diac surgery. The main purpose of this article is to: a]
identify current standards of care of patients with Diabetes
/ pre-diabetes undergoing cardiac surgery and b] address
the question; “what is best glycaemic management of pa-
tients with Diabetes / pre-diabetes undergoing cardiac sur-
gery?”. Based on the reviewed published literature related
to the care and outcomes of patients with Diabetes and
pre-diabetes undergoing cardiac surgery, it is clear that
there is a lack of evidence against which institutions can
benchmark their glycaemic management.

Methods
Literature review
In pursuit of clinical evidence regarding management
and outcomes of patients with Diabetes or pre-diabetes
undergoing cardiac surgery, an extensive search was per-
formed using the MEDLINE, NHS Evidence and Web of
Science databases. The search criteria were: [“Diabetes”
OR “hyperglycaemia” OR “hypoglycaemia” OR “HbA1c”
OR “pre-diabetes” OR “glycaemic control” OR “glucose”
OR “blood glucose” OR “insulin”] in title/abstract AND
[“cardiac surgery” OR “surgery” OR “coronary artery
bypass grafting” OR “CABG” OR “cardiovascular”] in
title/abstract. Articles were limited to those in English,
German and French. No date limit was enforced.
In total 13,232 articles were initially identified. Duplicates

and false positives were removed. Following examination
of the remaining titles and abstracts only 148 articles were
regarded of relevance to the topic of review. Reference lists
of these articles were also screened for any further relevant
papers. Fifty papers from this search have been included in
this review.

Results – Literature review
Diabetes and hyperglyacemia
Diabetes
It is established for over a decade that patients with
Diabetes undergoing isolated CABG surgery are faced
with a higher incidence of operation-related morbidity,
mortality and post-procedural angina recurrence [6, 7].
Numerous studies show that patients with Diabetes have
a significantly greater risk [up to 44%] of readmission

following discharge after CABG [6, 8–12]. This finding
is also supported by most recent British national data
[13]. Despite this, no specific guidance exists in the UK
or Europe, as to the optimal level, or method of achiev-
ing adequate glycaemic control in patients undergoing
cardiac surgery. In the US, guidelines have been available
for almost a decade [12].

Hyperglycaemia
Distinct from Diabetes, isolated hyperglycaemia is a long
established marker of adverse outcome and increased
LOS in numerous diverse clinical settings, in both
patients with, and without Diabetes. Effects appear to be
“dose-dependent”, as longer duration and higher levels
of hyperglycaemia are both associated with increased
morbidity and mortality [14]. This relationship is also
apparent in patients undergoing CABG surgery [15],
following acute myocardial infarction [MI] [16], severe
trauma, ischaemic stroke, and in critically ill medical
[17–19] and peri-operative neurosurgical patients within
the ITU environment. Treatment of hyperglycaemia
shows clinical outcome benefit [17, 18, 20], however the
optimal range and duration of glycaemic control is
unclear and remains controversial.

Pre-operative hyperglycaemia in surgical patients
At present no specific guidance exists in the UK or Europe,
regarding the detection and management of pre-operative
hyperglycaemia in patients undergoing cardiac surgery.
The prevalence of hyperglycaemia amongst hospita-

lised patients is reported as high as 38%. Newly
discovered in-hospital hyperglycaemia is associated with
a higher mortality rate [16%] compared with
hyperglycaemia for patients with known Diabetes [21,
22], increased short-term morbidity, and also short and
long-term mortality following non-cardiac surgery [23, 24].
A retrospective analysis of 60,000 patients undergoing

elective non-cardiac surgery from the Cleveland Clinic
showed that pre-operative hyperglycaemia [random BG
≥12 mmol/l at pre-operative assessment] in patients
without an established diagnosis of Diabetes increased
1 year mortality [23]. Diabetic status significantly altered
this relationship and for a given level of pre-operative
hyperglycaemia; the risk of 1 year mortality was lower in
the Diabetes patient group compared with non-diabetes.
A similar relationship was demonstrated between pre-
admission hyperglycaemia and increased in-hospital
mortality in the ITU setting [25], with therapeutic
glycaemic control showing benefit in only those without
a diagnosis of Diabetes [18]. These findings prompted
the authors to suggest that A] pre-operative hypergly-
caemia should be given greater consideration in patients
without Diabetes than those already diagnosed with
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Diabetes, and B] the expected benefits of adequate
glycaemic control may be determined by the pre-
operative diagnosis of Diabetes [23]. This suggestion
may be regarded as counter-intuitive, but emphasises
the need to “glucose screen” all patients undergoing car-
diac surgery, something that is currently not routine
practice in the UK.
In another large study, over 20% of ~ 34,000 non-cardiac

surgical patients were hyperglycaemic on admission
[fasting BG > 6.1 mmol/l] without having a prior pre-
operative diagnosis of Diabetes. In over half of these pa-
tients, a subsequent provisional diagnosis of Diabetes was
made [26]. Hatzakorzian et al., in a much smaller study of
non-cardiac surgical patients showed a prevalence of pre-
operative hyperglycaemia of greater than 25% [27]. A study
of 7310 patients by Lauruschkat et al. [28], showed that the
prevalence of undiagnosed Diabetes in patients undergoing
CABG to be 29.6%. This was associated with increased rate
of adverse outcomes, including those of cardiac resuscita-
tion, re-intubation and prolonged ventilation. Anderson et
al., in a study of 1895 patients undergoing CABG showed
that patients not known to have Diabetes, but with an ele-
vated pre-operative fasting BG [≥ 5.6 mmol/l] had double
their expected 1-year mortality, and this was equivalent to
patients known to have Diabetes [29]. Key studies relating
to the effects of hyperglycaemia on outcomes are sum-
marised in Table 1.

Pre-operative HbA1c
In a prospective study of 3555 CABG patients, an
HbA1c ≥ 8.6% [70 mmol/l] was shown to be an inde-
pendent risk factor for early adverse outcomes and

mortality [10]. The same group when conducting a study
of 3201 patients demonstrated an HbA1c ≥ 7.0%
[53 mmol/l] to be associated with decreased 5 year sur-
vival following CABG, compared to patients having a
value < 7.0% [53 mmol/l]. More importantly, patients
with well controlled Diabetes [HbA1c < 7.0%], could
achieve comparable outcomes to those patients without
a diagnosis of Diabetes [30]. Alserius et al., also demon-
strated significantly reduced 3-year survival, and elevated
rates of early superficial wound infection to be associ-
ated with HbA1c ≥ 6.0% [42 mmol/l] following CABG
[31]. However, two studies [32, 33] have failed to show a
relationship between HbA1c and LOS, significant early
adverse outcomes, or long-term survival following
CABG.
Arguably, the predictive value of pre-operative HbA1c

in cardiac surgical patients without Diabetes is less well
studied. Hudson et al., in a retrospective observational
study of 1474 elective patients showed an HbA1c of ≥ 6%
[42 mmol/l] in almost a third of patients [31%]. This was
associated with elevated intra-operative BG values, a
known predictor of adverse outcomes [34], and in isola-
tion, was shown to be an independent predictor of
30-day mortality [35]. Other studies of patients not
known to have Diabetes and undergoing percutaneous
coronary, vascular or cardiac [4] surgical interventions,
also demonstrated a strong association between the pre-
procedural elevated HbA1c [30–58%], and risk of early
adverse events. These findings suggest that pre-operative
HbA1c assessment will be useful as a screening tool in
all patients undergoing cardiac surgery, both those with
and without Diabetes.

Table 1 Impact of newly discovered hyperglycaemia on the outcome of patients admitted to hospital

Aim of Study Results

Umpierrez et al.22

n = 2030
medical patients

To determine the prevalence of in-hospital
hyperglycemia and determine the survival
of patients with hyperglycemia with and
without a history of Diabetes

Newly discovered hyperglycemia was associated
with a higher in-hospital mortality rate compared
with those patients with a prior history of Diabetes
and patients with normoglycemia.
Patients with hyperglycaemia had longer length of
hospital stay, a higher admission rate to an intensive
care unit and were less likely to be discharged home.

Abdelmalak et al.23

n = 61,536
surgical, non-cardiac
surgery patients

To study the hypothesis that pre-operative
BG levels and the Diabetes diagnosis status
of the patients are related to surgical outcomes

One year mortality was significantly related to pre-operative
BG. Hyperglycaemic patients with diagnosed Diabetes displayed
a significantly lower 1 yr. mortality than hyperglycaemic patients
without Diabetes

Noordzij et al.24

n = 108,593
surgical, non-cardiac
surgery patients

To determine the relationship between pre-operative
BG levels and peri-operative mortality in non-cardiac
and non-vascular surgery

Pre-operative hyperglycemia was found to be associated with
increased cardiovascular mortality in patients undergoing
non-cardiac and non-vascular surgery

Whitcomb et al.25

n = 2713
ITU patients

To assess the association between hyperglycemia and
in-hospital mortality in different ITU departments

Higher mortality was seen in hyperglycemic patients without
history of Diabetes in the cardiothoracic and neurosurgical units

Anderson et al.29

n = 1895
cardiac surgery patients

To determine whether pre-operative fasting BG is
associated with an increased mortality after CABG.

Patients not known to have Diabetes but with an elevated
pre-operative fasting BG had a 30 day and a 1-year mortality
twice that of patients with normal values, and equivalent to
patients known to have Diabetes
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Peri and post-operative hyperglycaemia
Intra-operative hyperglycaemia during cardiopulmonary
bypass is an independent risk factor for mortality and
morbidity in patients with and without Diabetes [34, 36].
Insulin resistance rather than impaired secretion is
considered responsible for this [36]. However, it remains
unclear whether hyperglycaemia per se, as opposed to
increased insulin resistance, drives adverse outcomes.
Furnary et al., proposed that improvement in underlying
impaired myocardial glycometabolism was one of the
predominant mechanisms underlying the favourable
effects of insulin therapy, rather than pure achievement
of euglycaemia [8, 9] and this has been subsequently
supported by other studies [37, 38]. Overall, peri-opera-
tive control of hyperglycaemia via continuous insulin in-
fusion was associated with decreased incidence of deep
sternal wound infection, shortened hospital LOS, re-
duced rates of recurrent ischaemia, improved long-term
survival and significantly decreased morbidity [8, 11], in
a large number of cardiac surgical patients [> 8000].
As such, it is now a globally accepted standard practice of
care, although the precise stringency of control i.e. tight
vs. moderate, timing and duration of intravenous therapy
remain matters of debate [7, 12].

Atrial fibrillation in patients with diabetes
The relationship between Diabetes status and post-
operative AF requires clearer definition. Most studies do
not show any clear association [6], however, some
studies show a decreased AF incidence in patients with
elevated pre-operative HbA1c [10, 33, 39]. These studies
reflect outcomes from a non-UK population, involving
pre-dominantly off pump CABG surgery. The potential
protective mechanisms of an elevated HbA1c on post-
operative AF are unclear. Kinoshita et al. [39], propose
that one plausible explanation is that patients with
elevated HbA1c require more insulin for adequate
glycaemic control, a therapy which is shown to reduce
post-operative AF [8, 40]. In support, Lazar et al. have also
demonstrated tighter glycaemic control via intravenous in-
sulin to lower incidence of post-operative AF [11].

CABG vs non-CABG cardiac surgery
The majority of evidence reviewed in this paper relates
to CABG surgery as opposed to non-CABG surgery.
Studies including non-CABG cardiac surgery did not
clearly delineate outcomes relating to type of surgery,
with the majority of patients having undergone CABG.
Therefore it is difficult to draw firm conclusions regard-
ing the relationship between deranged glycaemic control,
outcomes and precise type of surgery. It is intuitive to
think that the effects of deranged glycaemic control on
outcomes, would be most prominent following CABG
surgery as opposed to non-CABG surgery, due to the

well-recognised and established effects on lipid metabol-
ism, endothelial cell function, coronary artery disease, as
well as arterial vascular properties / function although,
this remains to be proven. Future studies should focus
on defining whether deranged glycaemic control has dif-
fering effects on outcomes depending on type of surgery.

Optimal glycaemic care and barriers to standardisation
A critical factor hindering the establishment of clearly
defined glycaemic control guidelines is the lack of con-
sensus on what optimal treatment actually is [7, 14].
Brief consensus was reached following 2001, when the
Leuven Surgical Trial demonstrated reduced 1-year mor-
tality among critically ill patients when BG levels were
tightly controlled between 4.4–6.1 mmol/l as compared
to 10.0–11.1 mmol/l [17]. This study instigated an era of
tight glycaemic control for all critically ill patients in-
cluding cardiac surgical patients. The aim of tight con-
trol was reinforced by further studies showing beneficial
effects of intensive insulin therapy in surgical, medical
[18, 20] and cardiac surgical patients [8, 38]. The Port-
land Diabetic Project provided strong evidence of the
adverse effects of hyperglycaemia in patients with Dia-
betes undergoing cardiac surgery, using an 8.3 mmol/l
cut off target value [8, 38].
The concept of tight glycaemic control in critically ill

patients was called into question with the publication of
the NICE-SUGAR Study [37]. This study of 6104 pa-
tients failed to reproduce the findings of the Leuven Sur-
gical Trial, and in fact demonstrated increased 90-day,
all-cause mortality after surgery in the tight control
group [37]. In support of these findings more recent
studies in CABG patients have either failed to demon-
strate beneficial effects with tight control [41–44], or
shown superior beneficial effects with moderate control
[7.0–9.9 mmol/l] [45].
The recent randomised controlled GLUCO-CABG

trial of 302 patients showed no difference in outcomes
between intensive or conventional moderate glucose
control in CABG patients with Diabetes [46]. However,
in patients without Diabetes intensive glucose control
was associated with lower complication rate. This rein-
forces the idea from the Portland Diabetic Project and
Cleveland Clinic group of the importance of Diabetic
status [pre/peri-operative hyperglycaemia in patients
with and without Diabetes] [38]. Possibly a lower BG
target is needed for patients without Diabetes, whereas a
higher target is permissible for those with Diabetes.
The recently published American multicentre study of

4316 cardiac surgical patients by Greco et al., [47]
showed that, increasing hyperglycaemia above 180 mg/dl
[10 mmol/l] in patients without Diabetes was associated
with worsening outcomes. However, this relationship did
not hold for patients with non-insulin treated Diabetes.
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Adding further complexity, this study demonstrated that
in insulin treated group allowing BGs above 180 mg/dl
[10 mmol/l] was beneficial, with worsening outcomes
when “better” control was achieved.
Inducing unnecessary and dangerous hypoglycaemic

events with insulin, historically represented another issue
driving reluctance to employ stringent BG control proto-
cols. However, these events are now recognised as being
rare and avoidable [3, 46], provided BG is frequently
monitored.
The lack of consensus amongst the studies we have

analysed in this review may be due to the heterogeneity
with regards to treatment of hyperglycaemia, glycaemic
control protocols, glucose measurement protocols, the
glucose metrics employed, their validity and relevance,
as well as the individual population demographics. The
best metric of glycaemic control remains a matter of de-
bate, and many have been utilised. Average BG over
3 days [3-BG] is considered a good measure [38, 48].
Studies show that metrics incorporating glucose values
over longer time periods have greater prognostic rele-
vance in comparison to isolated glucose measurements
from just the first 24 or 48-h of an index event e.g.
surgical operation or hospitalisation [49]. Metrics of
variability/complexity of the circadian glucose pattern
are also proposed to be of greater importance than
actual BG levels [50].

Future targeted therapies
The multiple proposed detrimental downstream path-
ways of hyperglycaemia / insulin resistance, and positive
effects of insulin therapy following cardiac surgery are
largely unknown and require further detailed definition
[3]. They are not the focus of this review, but they are of
importance with respect to the development of future
targeted therapies. Altered free fatty acid metabolism,
endothelial dysfunction, reduced nitric oxide bioavail-
ability and accumulation of reactive oxygen species are
implicated [3]. So too is protein kinase C-dependent
vasoconstriction, vascular inflammation and platelet ag-
gregation; as well as advanced glycation products [AGE]
driven pro-inflammatory cascades [3]. In addition to the
metabolic benefits, improved myocardial recovery fol-
lowing myocardial ischemia and direct improvement of
contractile function are thought to occur with insulin
therapy. Increasing evidence now suggests that reduction
in BG variability, rather than absolute levels, to be a
major determinant of the beneficial effects of insulin
therapy [50]. Other proposed beneficial mechanisms in-
clude; membrane stabilization, anti-arrhythmic effects,
improved glucose utilization, improved cardiac output
via vasodilation and lowering of total peripheral resist-
ance, and improved immune function [3].

Improving clinical outcomes
The detrimental effects of hyperglycaemia and Diabetes
on cardiac surgery outcomes are well recognised.
Despite that, clear treatment guidance is still lacking in
UK and Europe and this has to be addressed. It is vital
for all disciplines associated with the care of cardiac sur-
gical patients, to engage in addressing the discrepancy in
quality of outcomes observed in patients with poor gly-
caemic control. By looking into this discrepancy in out-
comes, a decision needs to be made as to whether this
discrepancy is A] acceptable, B] modifiable, and if so
how, and C] is enough currently being done to minim-
ise, or potentially abolish it. We feel that the current
dogma stating that “patients with Diabetes have worse
outcomes than patients without Diabetes following
cardiac surgery” is potentially wrong, as these patients
are currently not receiving best therapy, and this dogma
must be challenged.

Proposal’s for quality service improvement
The extensive evidence reviewed in this article provides
a sufficient mandate to commence a national / inter-
national initiative to standardise and improve the quality
of glycaemic control in patients undergoing cardiac sur-
gery in UK and Europe.
In the US, a national initiative to improve post-

operative glycaemic control in cardiac patients has
already commenced in the form of a Surgical Care
Improvement Project [SCIP] [21, 48]. This initiative in-
volves collection and analysis of specific performance
measures relating to glycaemic control in all participat-
ing cardiac centres, with subsequent public reporting of
outcomes and compliance. In addition the Society of
Thoracic Surgeons [STS] have published detailed US
practice guidelines relating to pre-, intra- and post-
operative glycaemic management of patients with and
without Diabetes undergoing cardiac surgery; Table 2
[12]. The STS practice guidelines include: A] active con-
trol of BGs < 180 mg/dl[10 mmol/l] for all patients dur-
ing the intra- and post-operative period B] all patients

Table 2 Summary of the US STS guidelines for glycaemic
control during adult cardiac surgery (2008)

A] active control of BGs < 180 mg/dl[10 mmol/l] for all patients during
the intra- and post-operative period

B] all patients with Diabetes receive an insulin infusion in the operating
room and for at least 24 h postoperatively

C] pre-operative HbA1c measurement in all patients with Diabetes and
those at high risk of post-operative hyperglycaemia, to optimise
glycaemic management, and identify patients requiring more
aggressive glycaemic control

D] pre-discharge in-patient education of all patients with Diabetes and

E] appropriate follow up and communication with primary care
physician
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with Diabetes receive an insulin infusion in the operat-
ing room and for at least 24 h postoperatively C] pre-
operative HbA1c measurement in all patients with
Diabetes and those at high risk of post-operative hypergly-
caemia, to optimise glycaemic management, and identify
patients requiring more aggressive glycaemic control, D]
pre-discharge in-patient education of all patients with Dia-
betes and E] appropriate follow up and communication
with primary care physician.
It is inevitable that practice and outcomes around the

UK and Europe in relation to patients with Diabetes or
pre-diabetes varies between individual treatment centres.
However, the formation of national guidelines,

standardisation of care, centralised reporting and open
sharing of glycaemic performance data is critical to im-
proving future standards of care. Formation of this
structure along with a national glycaemic SCIP would
also serve to incentivise service improvement. An ex-
ample of such a novel potential European SCIP is shown
in Table 3. In addition the novel care pathway utilised in
our unit is shown in Table 4.

Future studies
Future studies need to A] define the optimal level, dur-
ation and timing of glycaemic control of patients under-
going cardiac surgery B] quantify any potential benefit
derived from pre-operative glycaemic control optimisa-
tion C] define the optimal glucose metrics for glycaemic
control assessment and validate their positive predictive
value for adverse events and D] mechanistically interro-
gate and identify potential therapeutic targets that
improve outcomes in patients with Diabetes, pre-
diabetes and those with peri-operative hyperglycaemia
and E] aim to define the precise relationship between
and deranged glycaemic control and outcomes following
types of cardiac surgery; CABG vs non-CABG.
Establishing a new culture in which widespread de-

tailed measurement, reporting and analysis of glycaemic
control in relation to patient outcomes will enhance our
understanding, help to identify and direct avenues for
research and ultimately improve practice and outcomes
in these patients.

Conclusions
The incidence of diagnosed Diabetes continues to rise,
and in addition high levels of undiagnosed Diabetes and

Table 3 Potential Steps for Facilitating Service Improvement in
Diabetic / Pre-diabetic Patients Undergoing Cardiac Surgery

Step 1

Publication of detailed and specific guidelines regarding:
Pre-operative screening of all patients undergoing elective cardiac
surgery and therapeutic intervention for Diabetes / pre-diabetes

Pre-operative target glycaemic criteria permitting elective surgery e.g.
HbA1c < 7.5%

Methods, triggers and duration of intra-operative and post-operative
glycaemic control

Post-operative / pre-discharge target criteria of glycaemic control on ITU
and ward e.g. blood glucose ≤12 mM pre-discharge

Early post-discharge follow up by family doctor / Diabetes specialist
team to ensure ongoing good glycaemic control

Step 2

Establishment of a dedicated cardiac diabetic specialist team in every
cardiac surgical unit to facilitate:
Pre-, peri-, post-operative and discharge glycaemic control and planning

Patient and professional education at all levels and communication with
primary and community care services

Step 3

Establishment of specific national diabetic cardiac Surgical Care
Improvement Project (SCIP) Europe-wide to include:
Introduction of relevant and appropriate performance quality measures
e.g.:-

HbA1c measurement in 100% of elective patients undergoing cardiac
surgery

Pre-operative point of care fasting blood glucose of ≤8 mM in 95% of
operated patients

Pre-operative HbA1c value of < 7.5% in 95% of elective patients going
for cardiac surgery

Median post-operative LOS of diabetic patients ≤1.0 day greater than
median postoperative LOS for non-diabetic patients

Pre-discharge blood glucose range of 4–12 mM (day before discharge)
in 95% of all patients going for cardiac surgery

Post-discharge review by diabetic specialist nurse or family doctor
within 1 week in 95% of patients

Incidence of deep sternal wound infection for diabetic patient within
the 95% CI of non-diabetic patient
A peri-operative glycaemic control multi-disciplinary working group in
every cardiac surgical unit, responsible for monitoring and reporting
SCIP adherence and compliance.

Table 4 Oxford Heart Centre Diabetes Care Pathway

• Routine pre-operative diabetic screening for all cardiac surgical
elective patients (HbA1c). Via GP or part of Pre Assessment Clinic(PAC)

• Routine diabetic screening for all cardiac surgical urgent in-patients
(HbA1c)

• Point of care diabetic specialist team review of all diabetic, OR
selectively identified “High Glycaemic Risk” cardiac surgical patients

• Automatic / mandatory ITU, ward, point of ITU discharge and
pre-hospital discharge diabetic specialist team review of all diabetic,
OR selectively identified “High Glycaemic Risk” cardiac surgical patients

• Automatic / mandatory GP or specialist nurse post-discharge follow
up arrangement on agreed day e.g. day 4

• Routine pre-operative blood glucose measurement on admission of
all surgical patients

• Establishment of a glycaemic control working group responsible for
regular monitoring, auditing and presenting glycaemic control
performance data

• New standardised Intravenous Insulin protocol for all patients
undergoing cardiac surgery and guidelines for management of hyper
and hypo-glycaemia
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pre-diabetes are reported in surgical patients. Poor gly-
caemic control is associated with adverse outcomes fol-
lowing cardiac surgery, and the evidence suggests that
pre-operative hyperglycaemia in patients without
Diabetes carries greater clinical significance; than in pa-
tients already with diagnosed Diabetes. These results
suggest that implementation of routine pre-operative
glycaemic screening should be performed in all patients.
There is conflicting evidence regarding the precise strin-
gency of glycaemic control that should be employed in
these patients i.e. tight vs. moderate control; and this re-
quires clearer definition. Patients with Diabetes with
good glycaemic control can achieve similar outcomes to
patients without Diabetes undergoing cardiac surgery.
As such, the current dogma stating that “diabetic
patients have worse outcomes than non-diabetic patients
following cardiac surgery” is potentially wrong. It is im-
perative that we generate national and European guide-
lines and standardise the care for patients with Diabetes/
pre-diabetes undergoing cardiac surgery.
The main findings from this review are summarised in

Table 5.
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Healthcare-Associated Infections (HAIs)

Surgical Site Infection (SSI)
A surgical site infection is an infection that occurs after surgery in the part of the body where the surgery took place. Surgical
site infections can sometimes be super�cial infections involving the skin only. Other surgical site infections are more serious
and can involve tissues under the skin, organs, or implanted material. CDC provides guidelines and tools to the healthcare
community to help end surgical site infections and resources to help the public understand these infections and take
measures to safeguard their own health when possible.

Resources for Patients and Healthcare Providers
Frequently Asked Questions about Surgical Site Infection (SSI)

CDC Feature: Having Surgery? What You Should Know Before You Go

Strategies to Prevent Surgical Site Infections in Acute Care Hospitals: 2014 Update

Monitoring SSIs
CDC’s National Healthcare Safety Network Patient Safety Component includes surveillance methods to identify and track
procedure-associated infections, such as Surgical site infection.



See the library of 
Infection Control Guidelines

Page last reviewed: November 24, 2010

https://www.cdc.gov/
https://www.cdc.gov/hai/index.html
https://www.cdc.gov/hai/ssi/faq_ssi.html
https://www.cdc.gov/features/safesurgery/index.html
http://www.jstor.org/stable/10.1086/676022
https://www.cdc.gov/nhsn/index.html
https://www.cdc.gov/infectioncontrol/guidelines/index.html
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Executive Summary 
 

Patients want to know that when they have surgery, 
they will be safe from infection.  
 
Surgical site infections (SSI) are the third most 
frequently reported health care-associated infection 
(HAI) with significant morbidity and mortality.3 

Between 750,000 and 1 million surgical site 
infections occur in the United States each year, 
extending hospital stays by 3.7 million extra days and 
generating more than $1.6 billion in excess hospital 
charges each year.8 

 
Hospitals in Washington have reduced surgical site infections and yet infections still 
occur in 4 percent of patients following colorectal surgery.  
 

 Science shows that mortality rates double in surgical patients with high glucose 
levels.4  

 Thirty percent of patients that have high glucose are not diagnosed as diabetic.5  
 Maintaining glucose control in patients having general surgery saves lives and 

reduces complications.5   
 Patients having colorectal surgery are readmitted 12 percent of the time in the first 

30 days.6  
 

If you are having surgery, ask your surgeon for glucose control! 
 

The high rate for both infection and related readmissions make reducing complications 
from colorectal and other surgeries a high priority to reduce harm, improve quality, and 
reduce costs.5 
 

 In general surgery patients, the relative risk for “serious” postoperative infections 
(sepsis, pneumonia, and wound infection) increased 5.7 fold when any 
postoperative day one blood glucose was > 220 mg/dL.9 
 

 
There is a solution. Research shows that giving insulin during the perioperative period 
has a significant impact on reducing post-operative infections and complications.9  
Infection specialists are recommending that glucose monitoring be a routine part of the 
infection control efforts before and after surgery.9  Standardized processes are important 
to recognize blood glucose greater than 180 mg/dl and treat appropriately.9  

 

Reduction of Surgical Site Infections: Glucose Control 
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We can learn from Legacy Health and 
Providence Oregon who have been leaders and 
seen first-hand the benefits. Oregon has been at 
the forefront of glucose control in surgical 
patients with strong research and 
implementation.10 This is a collaborative effort 
with: 
 
 Centers for Medicare &Medicare Services  
 Northwest Organization of  Nurse Executives    
 Qualis Health  
 Rural Healthcare Quality Network  
 Strong for Surgery - Certain 
 Surgical Care and Outcomes Assessment  
   Program  
 Washington State Pharmacy Association  

 
This work is part of the Washington State 
Hospital Association program that is committed 
to reducing patient harm in hospitals by 40 
percent and readmissions by 20 percent by 
December 2013.  One of the ten strategies that 
are being used to achieve this goal is the 
reduction of surgical site infections. Tools and 
resources to support this strategy are provided 
as links within the attached implementation 
plan. 
 

         
Key to Success 
 Engage and educate clinicians on importance of 

managing glucose in both diabetic and non-
diabetic patients having surgery.  

 Start with one type of surgery such as colorectal 
and then spread to other surgeries. 

 Ensure glucose is in good control prior to arrival 
for surgery. (Strong for Surgery) 

  Implement policies, procedures, and order sets 
to identify and treat blood glucose levels greater 
than 180 mg/dl in the perioperative period. 

  Monitor surgical site infection data and blood 
glucose data to evaluate compliance with these 
practices. Discuss in forums from board to unit 
based meetings. 

 
 
 
For questions or comments contact Amber Theel, Director Patient Safety Washington State Hospital 
Association, at ambert@wsha.org or (206) 577-1820.  

In Washington, infections increased by 30% in 
colectomy patients with glucose 180 mg/dl or higher. 

In Washington, 30 percent of patients with glucose 
greater than 180 were non-diabetic. 

Hyperglycemia vs No Hyperglycemia
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30% of all hyperglycemic 

patients were not diabetic!

In Washington, mortality doubled in patients that 
did not receive insulin. 
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Implementation   
 
Below is an outline of the implementation steps. Many of the steps can be implemented at 
the same time. Tools and resources are linked throughout the document to assist with the 
implementation process. 
 

Im
pl

em
en

ta
tio

n 
St

ep
s 

Step 1: Engage 
 Assemble steering team 
 Tell a story 
 Share data  
 Identify which surgical population will be the first implemented      

Step 2: Implement Policies, Procedures, and Order Sets 
 Adopt policy, procedure, and order sets to identify and treat with insulin 

blood glucose greater than 180 mg/dl. 
 Support with glucose control prior to arrival for surgery. 

       http://www.becertain.org/strong_for_surgery 
Step 3: Training and Education  

 Educate staff and physicians. 
 Board members and c-suite leaders.                           

Step 4: Evaluate Success:                    
 Monitor monthly colorectal and other surgical infection rates using the                    

existing data your hospital reports to the Center for Disease Control and 
Prevention (CDC). 

 Collect and report blood glucose greater than 180 mg/dl anytime                        
pre-operatively and during the first two days post-op. 

 Share data monthly with forums at all levels from the board to nursing 
units. 

Step 5: Hardwire 
 Collect staff input to evaluate need for changes in the process. 
 Celebrate successes. 
 Spread to other surgeries. 
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Step 1:   Engage  
 
Assemble a Steering Team  
The steering team will determine which surgery population(s) will have glucose control 
first implemented. They will develop policies, procedures and order sets. The team will 
include a physician champion, executive champion, nursing and/or pharmacy lead, and 
quality and/or infection preventionists.  
 
The physician champion is essential for success in the implementation and should be a 
surgeon, hospitalist, anesthesiologist or Chief Medical Officer. The physician champion 
will assist with the interventions as well as communications with physician groups as 
needed. 
 
The senior executive should be a vice president or higher level who will support staff and 
physicians during implementation. Other key individuals to engage are the following: 
 

Nursing and/or Pharmacy Leader 
 

ources 
 

 
 

 
Quality Leader and Infection Preventionists 

education 
timely manner 

 
 

 
Tell a Story 
Make the problem real by telling a story of a patient who developed a surgical site 
infection in your hospital and had a high glucose or tell a story of a patient that had a high 
glucose that was treated and did not get an infection. If you use the second type of story, 
be sure to include the good work of nursing in managing the insulin.   
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Share Data 
 Post a graph with the number of people who developed a SSI each quarter and year to 

date.  
 Post a trend line so nurses and physicians can see at a glance your SSI rate and how it 

is changing over time.   
o These reports are, distributed to hospitals quarterly from the Washington State 

Hospital Association.  
 
 Post the number of days (weeks or months) since your last SSI. 
 

 Use formal and informal opportunities to talk about the intervention and about unit 
specific infection rates.   

 Make a point of recognizing providers who appropriately follow the protocol.   
 Invite your hospital infection control professional or epidemiologist to become an 

active part of your clinical area’s improvement team and draw on their expertise to 
help with your specific challenges.  

 Share data at unit level and all the way up to board meetings.   
 

 For questions related to your data, contact Amber Theel at (206) 577-1920. 
 
The steering team will emphasize benchmarking your performance against similar 
clinical areas to assist in meeting your goal of zero preventable hospital acquired 
complications. 
 
Feedback is the key to maintaining engagement and achieving results. Use the 
opportunity calculator provided below to turn your data into a story. The calculator helps 
you provide leaders and staff the number of patients that are affected as well as the 
hospital days and dollars associated with surgical site infections. 
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Opportunity Calculator 
Use baseline data on colorectal SSI rates in your clinical area to calculate opportunity to 
improve the number of preventable SSI, preventable deaths, excess hospital days and 
costs per year.  Share this information openly with your colleagues.  
 
 Preventable SSIs Per Year 

SSI Rate/100 procedures x Total Number of Procedures = Preventable SSI (PSSI) 8 

 
 Preventable Deaths Per Year 

5 percent mortality non-emergent colon surgeries4  
 PSSI x 0.5= Preventable Deaths Non-Emergent 

16 percent mortality on emergent or high risk colon surgeries4  
 PSSI x .16= Preventable Deaths Emergent 

 
 Preventable Hospital Days 

On average patients that develop a colon SSI stay in the hospital for an additional 11 
days. 3 PSSI x 11 = Preventable Hospital Days 

 
 Preventable Costs Per Year 

The average cost of each colorectal SSI is $8,000.00.1  

PSSI x $8,000.00 = Preventable Costs 
 

*PSSI = Preventable Surgical Site Infections   
 
Actual estimates of mortality, LOS and costs of care vary by clinical area but these 
estimates are consistent with those published in the literature.1,3,4 Share this information 
openly with your colleagues and senior leadership. 
 
Identify Which Surgical Population Will be the First to be Implemented  
The steering team will determine which surgery population(s) will have glucose control 
first implemented. This toolkit focuses on colons but facilities should prioritize based on 
their data analysis and what makes sense for their surgical population. 

 

Step 2:   Implement Polices, Procedures, and Order Sets 
 
Adopt Policy, Procedure, and Order Sets  
Here are sample policies, procedures, and order sets that are being used in hospitals or are 

referenced in key articles on glucose control. Infusion 
is shown to be the most effective treatment. Some 
hospitals begin with basal bolus. Both are supported in 
this collaborative. 
 
Sample Policy and Procedure Glucose Control 
Harborview Pre-Surgical Diabetic Orders 

http://www.wsha.org/files/177/Sample_Glucose_Control_Policy_and_Procedure.docx
http://www.wsha.org/files/177/Harborview_Pre-Surgery_Diabetic_Orders.pdf
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Harborview Standard Dose Insulin Infusion Orders 
Harborview Insulin Guidelines for NPO Inpatients Prior to Procedure 
PeaceHealth Southwest Anesthesia Pre-Op Orders 
PeaceHealth Southwest Anesthesia Post-Op Phase 1 Orders 
PeaceHealth Southwest Colorectal Surgery Pre-Op Orders 
PeaceHealth Southwest Colorectal Surgery Post-Op Orders 
PeaceHealth Southwest Protocol Inpatient Glycemic Control Team 
SkagitValley Non-DKA Insulin Infusion Orders 
SkagitValley SQ Insulin Protocol 
LegacyHealth Anesthesia EHR Order Set: Managing Glucose 
RABBIT2 Trial-Basal Bolus vs. SSI 
 
Support with Glucose Control Prior to Arrival for Surgery 
Help to address the patient’s care at the clinics prior to surgery will be available through 
the Strong for Surgery Program at: http://www.becertain.org/strong_for_surgery 
 
Step 3:   Training and Education 
 
Staff  
Pharmacy and department staff should be educated on the surgical glucose control 
toolkit. A clinical presentation, sample nursing module and policy and procedures are 
attached. 
 
Surgical Glucose Control – Clinical Presentation 
Sample Learning Module for Staff  
SSI Reduction Safety Action Bundle 
 
Physicians 
The biggest barrier to compliance with evidence-based practice is not that providers 
disagree with the evidence, but rather that providers don’t know the evidence exists or 
don’t know what they should be doing.  To educate providers about the evidence-based 
practices refer to the following documents: 
 
Surgical Glucose Control – Clinical Presentation 

http://www.wsha.org/files/177/Harborview_Standard_Dose_Insulin_Infusion_Orders.pdf
http://www.wsha.org/files/177/Harborview_Standard_Dose_Insulin_Infusion_Orders.pdf
http://www.wsha.org/files/177/Insulin_Guidelines_for_NPO_%20inpatients_prior_to_procedure.pdf
http://www.wsha.org/files/177/Insulin_Guidelines_for_NPO_%20inpatients_prior_to_procedure.pdf
http://www.wsha.org/files/177/Peacehealth_Anesthesia_Pre-op.pdf
http://www.wsha.org/files/177/Peacehealth_Adult_Postop_PhaseIt.pdf
http://www.wsha.org/files/177/Peacehealth_ColorectalSurgery_Pre-op.pdf
http://www.wsha.org/files/177/Peascehealth_ColorectalSurgery_Post-op.pdf
http://www.wsha.org/files/177/Peacehealth_Protocol_Inpatient_GlycemicControlTeam.pdf
http://www.wsha.org/files/177/SkagitValley_Non-DKA_Insulin_Infusion_Orders.docx
http://www.wsha.org/files/177/SkagitValley_Non-DKA_Insulin_Infusion_Orders.docx
http://www.wsha.org/files/177/SkagitValley_SQInsulin_Protocol.pdf
http://www.wsha.org/files/177/SkagitValley_SQInsulin_Protocol.pdf
http://www.wsha.org/files/177/Legacy_Health_EHR_Anesthesia_Order_%20Set_Glucose_Management.doc
http://www.wsha.org/files/177/Legacy_Health_EHR_Anesthesia_Order_%20Set_Glucose_Management.doc
http://www.wsha.org/files/177/RABBIT_2_Trial_Reducing_Hyperglycemia.pdf
http://www.wsha.org/files/177/RABBIT_2_Trial_Reducing_Hyperglycemia.pdf
http://www.becertain.org/strong_for_surgery
http://www.wsha.org/files/177/Perioperative_GlycemicControl_Clinical%20Presentation.pptx
http://www.wsha.org/files/177/Example_%20Module-for-Staff_Surgical_Glucose_Control_WSHA2012.pptx
http://www.wsha.org/files/177/Example_%20Module-for-Staff_Surgical_Glucose_Control_WSHA2012.pptx
http://www.wsha.org/files/177/SAB_SSI_4_2_with_links_fixed.docx
http://www.wsha.org/files/177/SAB_SSI_4_2_with_links_fixed.docx
http://www.wsha.org/files/177/Perioperative_GlycemicControl_Clinical%20Presentation.pptx
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RABBIT2 Trial-Basal Bolus vs. SSI 
 
Board Members and C-Suite Leaders 
Using comparative data to identify problem areas and/or opportunities 
for improvement is a high priority for the board. Introduce the board 
member to this new process using the Surgical Glucose - Board 
Presentation. Provide data to the board to show the progress and 
outcome of the surgical glucose implementation. 
 
Surgical Glucose Control – Board Presentation 
Sample Site Surgical Infection Report 

 
 
 

Step 4:   Evaluate Success  
 
Monitor Colorectal and Other Surgical Infection Rates 
Monitor monthly colorectal and other surgical infection rates using the                    
existing data your hospital reports to the CDC. WSHA will provide monthly reports to 
hospitals showing their trended data in formats that can be used for staff, committees, 
leaders and boards.  This data can be used to benchmark with others and determine the 
priority for this work. 
 
Collect and Report Blood Glucose Data 
Hospitals will collect and report any blood glucose greater than 180 mg/dl for patients 
pre-operatively and during the first two days post-op in colorectal surgery and other 
targeted surgeries. Some hospitals are already collecting this data through the Surgical 
Care Assessment and Outcomes Program (SCOAP). http://www.scoap.org/ 
 
Continue to Share Data 
SSI rates and blood glucose data should be shared monthly with the steering team and with 
forums at all levels from the board to nursing units. 
 
Step 5:   Hardwire 
 
Collect Staff Input to Evaluate Need for Changes in Processes or Forms to Maintain 
Success 
Leaders can support staff by rounding during implementation to find out what is working 
and what is not.  Collecting and acting on staff input to evolve the process ensures quality 
care to the patient and efficient flow for staff. 
 
Celebrate Successes 
In addition to celebrating successes at the staff and unit level, share your stories with the 
Washington State Hospital Association. Sharing best practices across our state benefits 
all Washington patients. 
 
Spread to Other Surgeries 

http://www.wsha.org/files/177/RABBIT_2_Trial_Reducing_Hyperglycemia.pdf
http://www.wsha.org/files/177/Perioperative_Glycemic_Control_Board_Presentation_.pptx
http://www.wsha.org/files/177/Perioperative_Glycemic_Control_Board_Presentation_.pptx
https://www.wsha.org/files/177/Sample_Data_Reporting_SSI.docx
https://www.wsha.org/files/177/Sample_Data_Reporting_SSI.docx
http://www.scoap.org/
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After the initial implementation determine the next priority for this work. Ensure all 
surgical patients can benefit from this strategy. 
  
 
We recognize that this process represents a lot of new material.  Yet most of it is intuitive 
and self-explanatory.  Many of the questions you have can be answered in the toolkit. You 
can send additional questions by email to ambert@wsha.org. 

mailto:ambert@wsha.org
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he prevalence of diabetes mellitus in patients requir-
ing cardiac surgery is rapidly increasing. These

atients have higher perioperative morbidity and mor-
ality, significantly reduced long-term survival, and less
reedom from recurrent episodes of angina [1–3]. There is
ow evidence to suggest that achieving glycemic control

n patients with diabetes decreases perioperative mor-
idity and improves short-term and long-term survival.
Despite the emerging recognition of the importance

f glycemic control, there are no specific guidelines for
ardiac surgeons as to what the optimal level of glu-
ose should be during the perioperative period, and
he best method to achieve these target values. What
ollows is an executive summary of guidelines for the

anagement of hyperglycemia in both patients with
nd without diabetes undergoing adult cardiac surgical
rocedures, derived from evidence-based recommen-
ations (Table 1).

. Detrimental Effects of Hyperglycemia in the
erioperative Period

ey Points: Poor Perioperative Glycemic Control is
ssociated With Increased Morbidity and Mortality
oenst and coworkers [4] retrospectively reviewed the

ffects of hyperglycemia on the clinical outcomes of
,280 patients undergoing cardiac surgical procedures.

his article was written by members of The Society of Thoracic Surgeons
lood Glucose Guideline Task Force whose names appear in the author

ine.

or the full text of The Society of Thoracic Surgeons (STS) Guideline on
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ther titles in STS Practice Guideline Series, visit http://www.sts.org/
ections/aboutthesociety/practiceguidelines at the official website of STS
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igher glucose levels during surgery were found to be
n independent predictor of mortality in patients with
nd without diabetes. Fish and coworkers [5] retro-
pectively reviewed the importance of blood glucose
evels in the intraoperative and immediate postopera-
ive period to predict morbidity in 200 consecutive
oronary artery bypass graft (CABG) patients. A post-
perative serum glucose level (� 250 mg/dL) was
ssociated with a 10-fold increase in complications.
imilar findings were reported by McAlister and co-
orkers [6] in a retrospective study of 291 patients
ndergoing CABG surgery. The average serum glucose

evel on the first postoperative day significantly pre-
icted the development of an adverse outcome. The
etrimental effects of elevated intraoperative glucose

evels were also reported in a retrospective, observa-
ional study of 409 cardiac surgical patients by Gandhi
nd coworkers [7]. Intraoperative hyperglycemia was
n independent risk factor for perioperative complica-
ions, including death. Abnormal glucose values prior
o surgery may also be predictors of decreased survival
fter surgery. Lastly, Anderson and coworkers [8] stud-
ed the effect of elevated fasting blood glucose levels
rior to surgery in a group of 1,375 CABG patients.
atients with elevated fasting blood glucose had a
-year mortality that was twice as great as patients with
ormal fasting values and equal to that of patients who
ere suspected, or known to have diabetes mellitus.
Collectively, these studies strongly suggest that in-

reased fasting glucose levels prior to surgery, and per-
istently elevated glucose levels during and immediately
fter cardiac surgery, are predictive of increased periop-
rative morbidity and mortality in patients with and
ithout diabetes. The next section will review those

tudies showing that lowering perioperative glucose lev-
ls with insulin therapy will decrease morbidity and

ortality in cardiac surgical patients.

Ann Thorac Surg 2009;87:663–9 • 0003-4975/09/$36.00
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I. Beneficial Effects of Glycemic Control on
linical Outcomes During Cardiac Surgery

ey Points: Glycemic Control (� 180 mg/dL) in
atients With Diabetes During Cardiac Surgery:

● Reduces mortality
● Reduces morbidity
● Lowers the incidence of wound infections
● Reduces hospital length of stay
● Enhances long-term survival

One of the earliest studies to examine the effects of
lycemic control during cardiac surgery was reported by
urnary and coworkers [9]. The study involved 3,554
atients undergoing CABG surgery from 1987 to 2001.
atients were divided into three groups based on the
ear of surgery, the method of glycemic control, and the
argeted glucose levels. From 1987 to 1991, patients re-
eived subcutaneous insulin, given every 4 hours to keep
erum glucose � 200 mg/dL. From 1991 to 1998, a con-
inuous intravenous (IV) insulin infusion was used to
eep serum glucose between 150 and 200 mg/dL. From
998 to 2001, the Portland protocol was instituted, which
sed a continuous insulin drip to keep serum glucose
etween 100 and 150 mg/dL. Continuous insulin infu-
ions resulted in significantly lower mean glucose levels
han could be obtained with intermittent subcutaneous
nsulin therapy. The perioperative mortality in CABG
atients with diabetes was decreased by 50% after 1992

4.5% vs 1.9%; p � 0.0001) when continuous insulin
rotocols were instituted, and it was similar to that for
ondiabetic CABG patients. There was also a significant
ecrease in the incidence of deep sternal wound infec-

ions (p � 0.001). Furnary and coworkers [10] expanded
heir original series to include an additional 1,980 pa-
ients managed with the Portland protocol from 2001 to
005. They introduced a new method to assess glycemic
ontrol called 3-blood glucose, or “3-BG,” consisting of
he average of all glucose values obtained on the day of

able 1. Classification System Used for Evidence Based
ecommendations

● Class I: Conditions for which there is evidence for and/or
general agreement that the procedure or treatment is
beneficial, useful, and effective

● Class II: Conditions for which there is conflicting evidence
and/or a divergence of opinion about the usefulness/efficacy
of a procedure or treatment

● Class IIA: Weight of evidence/opinion is in favor of
usefulness/efficacy

● Class IIB: Usefulness/efficacy is less well-established by
evidence/opinion.

● Class III: Conditions for which there is evidence or general
agreement that the procedure/treatment is not
useful/effective, or both, and in some cases may be harmful

● Level of Evidence—A: Data derived from multiple
randomized clinical trials

● Level of Evidence—B: Data derived from a single
randomized trial or nonrandomized studies

● Level of evidence—C: Only consensus opinion of experts,
case studies, or standard-of-care
urgery and the first and second postoperative days. An a
ncrease in 3-BG was an independent predictor of peri-
perative mortality (p � 0.001). Mean 3-BG was also
ignificantly related to the incidence of deep sternal
ound infections, hospital length of stay, blood transfu-

ions, new onset atrial fibrillation, and low cardiac output
yndrome.

Further evidence to support the role of insulin therapy
n the CABG patient with diabetes was presented by
azar and coworkers [11] using a modified glucose-

nsulin–potassium solution. In this trial involving 141
atients with diabetes undergoing isolated CABG sur-
ery, patients were prospectively randomized to receive
lucose-insulin–potassium to keep serum glucose be-
ween 120 and 180 mg/dL, or sliding scale insulin cover-
ge to maintain glucose � 250 mg/dL. The glucose-
nsulin–potassium was started on induction of anesthesia
nd continued for 12 hours in the intensive care unit
ICU). The glucose-insulin–potassium-treated patients
chieved significantly better glycemic control immedi-
tely prior to cardiopulmonary bypass (169 mg/dL vs 209
g/dL; p � 0.0001), and after 12 hours in the ICU (134
g/dL vs 266 mg/dL; p � 0.0001). Patients treated with

ight glycemic control had significantly higher cardiac
ndices (p � 0.0001) and less need for inotropic support (p

0.05) and pacing (p � 0.05). Tighter glycemic control
lso resulted in a lower incidence of infections (0% vs
3%; p � 0.01) and atrial fibrillation (15% vs 60%; p �
.007). This all contributed to a shorter hospital length of
tay (6.5 days vs 9.2 days; p � 0.0003). After 5 years, the
aplan-Meier curves showed a significant survival ad-
antage (p � 0.04) for patients receiving better glycemic
ontrol. They had a significantly lower incidence of
ecurrent ischemia (p � 0.01) and wound infections (p �
.03), and were able to maintain a lower angina class (p �
.03).
The importance of tight glycemic control in patients

ndergoing CABG surgery was also demonstrated in a
tudy by Van den Berghe and coworkers [12] involving
,548 ventilated patients admitted to a surgical ICU. In
his prospective, randomized study, 62% of patients had
ndergone cardiac surgery, and only 13% had a prior
istory of diabetes. During their ICU stay, patients were
andomized to a conventional therapeutic group in which
nsulin was administered only if serum glucose exceeded
15 mg/dL to maintain a target goal of 180 to 200 mg/dL,
nd an intensive group that received a continuous insulin
nfusion to maintain glucose levels between 80 and 110

g/dL. Intensive insulin therapy resulted in a significant
eduction in mortality (10% vs 20%; p � 0.005), exclu-
ively in those patients who required � 5 days of ICU
are with multiorgan failure and sepsis. Similarly, cardiac
urgical mortality was only reduced in those patients
equiring � 3 days of ICU care. Hospital mortality for all
ardiac surgical patients, irrespective of their ICU stay,
as reduced from 5.1% to 2.1% (p � 0.05). Intensive
lycemic control had no effect on morbidity and mortality

n those patients spending � 3 days in the ICU. In a
urther attempt to identify those patients who might
enefit most from tight glycemic control, D’Alessandro

nd coworkers [13] sought to correlate the effect of tight
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lycemic control with expected EuroScore outcomes in
ABG patients with diabetes. Three hundred patients
ith diabetes undergoing CABG surgery from January

003 to June 2004 receiving tight glycemic control (150 to
00 mg/dL in the operating room; � 140 mg/dL in the
CU) were matched with 300 CABG patients with diabe-
es treated from March 2001 to September 2002, when
nsulin protocols were not present, using propensity-
ased analyses. The group with tight glycemic control
ad an observed mortality that was significantly lower

han expected (1.3% vs 4.3%; p � 0.01). Mortality was
specially lower in the higher risk cohort (EuroScore � 4;
.5% vs 8.0%; p � 0.03). In contrast, there was no differ-
nce between observed and expected mortality in the
roup without tight glycemic control in patients with
uroScore � 4. Two additional studies have shown the

mportance of glycemic control in lowering sternal
ound infections. Zerr and coworkers [14] studied the

ffects of glycemic control on the incidence of sternal
ound infections in 1,585 CABG patients with diabetes.
ternal wound infections increased from 1.3% in patients
ith mean glucose values of 100 to 150 mg/dL to 6.7% in
atients with levels of 250 to 300 mg/dL. In a retrospec-

ive study involving CABG patients with diabetes,
ruska and coworkers [15] found that a continuous

nsulin infusion maintaining glucose levels between 120
o 160 mg/dL significantly decreased the incidence of
ternal wound infections compared with intermittent
ubcutaneous injections.

II. Glycemic Control in Patients Without
iabetes During Cardiac Surgery

ey Points: Intraoperative Glycemic Control Using
ntravenous Insulin Infusions is Not Necessary in
ardiac Surgery Patients Without Diabetes Provided
hat Glucose Values Remain � 180 mg/dL

s tight glycemic control necessary for all patients
ndergoing cardiac surgery? Butterworth and co-
orkers studied the effects of tight glycemic control in

81 patients without diabetes undergoing isolated
ABG surgery [16]. In this prospective, randomized

rial, one group received an insulin infusion when
ntraoperative glucose levels exceeded 100 mg/dL. The
ther group received no insulin coverage. The primary
utcome was the incidence of new neurologic, neuro-
phthalmologic, or neurobehavioral deficits, or neuro-
ogic-related deaths. Intraoperative glucose levels
ere significantly lower in the patients who received

n insulin infusion; however, there was no difference
etween the incidences of neurologic complications
etween the groups. Furthermore, there was no differ-
nce in operative mortality, need for inotropic support,
r length of hospital stay between the groups, despite
he fact that patients without intraoperative insulin
ad glucose levels � 200 mg/dL. In this study, intra-
perative glycemic control failed to improve short-
erm or long-term clinical outcomes in a group of

atients without diabetes. s
Gandhi and coworkers [17] looked at the effects of
ntensive intraoperative insulin therapy in 400 elective
ABG patients. Patients were prospectively randomized

o a continuous insulin group to maintain serum glucose
etween 80 and 100 mg/dL, or a conventional group

argeted to keep serum glucose � 200 mg/dL using
ntermittent boluses of intravenous (IV) insulin. The
ncidence of diabetes was 20% in both groups. There was
o difference in the primary outcome between the
roups, which consisted of the composite incidence of
eath, sternal wound infections, prolonged ventilation,
ardiac arrhythmias, strokes, and renal failure within 30
ays of surgery. There was also no difference in ICU or
ospital stay between the groups. There was a tendency

or more deaths (p � 0.06) and strokes (p � 0.02) in the
ntensive insulin group. This study was limited in that it
ncluded patients both with and without diabetes, and
oth groups received intensive insulin therapy in the

mmediate postoperative period.

V. Management of Hyperglycemia Using
nsulin Protocols in the Perioperative Period
ecommendations: Class I

● Glycemic control is best achieved with continuous
insulin infusions rather than intermittent subcu-
taneous insulin injections or intermittent IV insu-
lin boluses (level of evidence � A).

● All patients with diabetes undergoing cardiac
surgical procedures should receive an insulin in-
fusion in the operating room, and for at least 24
hours postoperatively to maintain serum glucose
levels � 180 mg/dL (level of evidence � B).

Intravenous insulin therapy is the preferred method
f insulin delivery during the perioperative period. It
llows for rapid titration, which facilitates glycemic
ontrol during periods of malabsorption, insulin defi-
iency, and resistance [18]. Table 2 describes various
rotocols that are readily available for use and target
lucose values that can be achieved. Choosing an

nsulin infusion protocol is dependent on the needs
nd resources of the institution. To ensure safe and
ffective implementation of any protocol, those indi-
iduals involved in the patients’ care must be comfort-
ble using it. The success of any protocol can be
etermined by outcomes such as the time needed to
chieve the target value, specific BG concentrations,
verage BG control, percentage of values in the desired
ange, or an area under-the-curve calculation reported
s the percentage of time spent in a determined range
19]. This issue is addressed specifically on the Amer-
can Association of Clinical Endocrinologists website
or hospital management of hyperglycemia [20, 21]. For
afety tracking, the number of episodes (or percent) of
ypoglycemic events and any clinical consequences

hould be monitored.
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. Preoperative Management and Assessment
or Patients With Diabetes Recommendations:
lass I

● Patients taking insulin should hold their nutri-
tional insulin (lispro, aspart, glulisine, or regular)
after dinner the evening prior to surgery (level of
evidence � B).

● Scheduled insulin therapy, using a combination
of long-acting and short-acting subcutaneous
insulin, or an insulin infusion protocol, should
be initiated to achieve glycemic control for
in-hospital patients awaiting surgery (level of
evidence � C).

● All oral hypoglycemic agents and noninsulin dia-
betes medications should be held for 24 hours
prior to surgery (level of evidence � C).

● The hemaglobin A1c (HbA1c) level should be
obtained prior to surgery in patients with diabetes
or those patients at risk for postoperative hyper-
glycemia to characterize the level of preoperative
glycemic control (level of evidence � C).

lass IIA

● Prior to surgery, it is reasonable to maintain blood
glucose concentration � 180 mg/dL (level of evi-
dence � B).

Efforts should be made to optimize glucose control
rior to surgery, because poor preoperative glycemic
ontrol has been associated with increased morbidity,
ncluding a higher incidence of deep sternal wound
nfections and prolonged postoperative length of stay [10,
1]. In general, all oral diabetes medications should be

able 2. List of Published and Commercially Available Varia

Glucose Target Protocol Brief D

arkovitz Five algorithms with pre-calc
infusion rates are determin

euven General guidelines on titrati
ale Calculated rates based on gl
ortland Specified infusion rates by g

needed; five target ranges
floor

IGAMI Specified infusion rates by g
niversity of Washington Four algorithms with pre-cal

multiplier; infusion rates a
range

tlanta Medical Center 10 algorithms with pre-calcu
infusion rates are determin

lucommander Computer calculated infusio
algorithms

larian Computer calculated infusio
programmed algorithms

IGAMI � diabetes and insulin-glucose infusion in acute myocardial in
ithheld within the 24 hours prior to surgery, especially t
ulfonylureas (eg, glipizide) and glinides (eg, nateglinide
r repaglinide). These drugs can induce hypoglycemia in
he absence of food. Patients who are taking insulin and
ho are admitted on the day of surgery should be

nstructed to continue their basal insulin dose (eg,
largine, detemir, or NPH) and hold their nutritional

nsulin (eg, lispro, aspart, glulisine, or regular) unless
nstructed otherwise by their primary physician. The

PH insulin may be reduced by one half or one third
rior to surgery to avoid hypoglycemia.
To achieve rapid control in a hospitalized patient with

yperglycemia (glucose persistently � 180 mg/dL for �
2 hours before surgery), insulin therapy either with
ntravenous variable-rate continuous infusion or subcu-
aneous basal plus rapid-acting insulin should be used
epending on the availability of either therapy. For the
atient noted to be hyperglycemic in the preoperative
rea on the day of surgery, IV insulin therapy is an
ffective way to achieve rapid control. Patients with a
nown history of diabetes (either type 1 or type 2) can be
tarted immediately on IV therapy in the preoperative
rea. All preoperative medications should be reviewed to
etermine the potential for insulin resistance. These

nclude steroids, protease inhibitors, and anti-psychotic
rugs. Finally, patients with renal insufficiency should be

dentified, because insulin clearance is impaired and the
isk for hypoglycemia is increased.

The hemaglobin A1c (HbA1c), a glycosylated hemoglo-
in, is an accurate indicator of glycemic control for a
-month to 3-month period. The American Diabetes
ssociation has reported that adequate glycemic control

s associated with an HbA1c � 7% [21]. Obtaining an
bA1c prior to surgery in diabetic patients or those
atients at risk for postoperative hyperglycemia will help

ate Insulin Infusion Protocols

ption mg/dL Reference

d rates using a multiplier;
or each glucose range

120–199 27

insulin drip 80–110 12
value and rate of change 90–120 20

e range with IV bolus as
vailable for both ICU and

70–110 10
80–120

100–150
125–175
150–200

e range 126–180 28
ed rates using a
termined for each glucose

80–180 29

rates using a multiplier;
or each glucose range

80–110 30

s based on programmed 80–120 31

s based on glucostabilizer 80–110 32

n; ICU � intensive care unit; IV � intravenous.
ble-R

escri

ulate
ed f

on of
ucose
lucos
are a

lucos
culat
re de

lated
ed f

n rate

n rate
o optimize glycemic control in those patients with ele-
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ated HbA1c levels. It will also identify those patients
ho might require more aggressive glycemic control
pon hospital discharge.

I. Intraoperative Control Recommendations:
lass I

● Glucose levels � 180 mg/dL that occur in patients
without diabetes only during cardiopulmonary
bypass may be treated initially with a single or
intermittent dose of IV insulin as long as levels
remain � 180 mg/dL. However, in those patients
with persistently elevated serum glucose (� 180
mg/dL) after cardiopulmonary bypass, a continu-
ous insulin drip should be instituted, and an
endocrinology consult should be obtained (level
of evidence � B).

● If an intravenous insulin infusion is initiated in
the preoperative period, it should be continued
throughout the intraoperative and early postop-
erative period according to institutional protocols
to maintain serum glucose � 180 mg/dL (level of
evidence � C).

Patients receiving IV infusions of insulin should have
heir blood glucose monitored every 30 to 60 minutes.

ore frequent monitoring, as often as every 15 minutes,
hould be made during periods of rapidly fluctuating
ensitivity, such as during the administration of cardio-
legia and systemic cooling and rewarming. Patients
ith IV insulin infusions initiated in the preoperative
eriod should have them continued in the operating
oom (OR) to maintain serum glucose � 180 mg/dL.

Patients with no history of diabetes prior to surgery,
ay exhibit transient elevation of BG � 180 mg/dL

uring cardiopulmonary bypass. These patients may
ave insulin resistance and should be treated with a
ingle or intermittent dose of IV insulin to maintain
lucose � 180 mg/dL. Caution should be exercised in

nitiating a continuous IV insulin drip in these patients,
ecause insulin requirements may decrease rapidly in

he immediate postoperative period resulting in serious
ypoglycemia [22]. However, those patients not known to
ave diabetes who have persistently elevated glucose
alues (� 180 mg/dL) during surgery should receive a
ontinuous IV insulin drip. Because a large percentage of
hese patients may ultimately be found to have diabetes

ellitus, an endocrinology consult should be obtained in
he postoperative period.

II. Glycemic Control in the ICU
ecommendation: Class I

● Patients with and without diabetes with persis-
tently elevated serum glucose (� 180 mg/dL)
should receive IV insulin infusions to maintain
serum glucose � 180 mg/dL for the duration of
their ICU care (level of evidence � A).

● All patients who require � 3 days in the ICU

because of ventilatory dependency or requiring the
need for inotropes, intra-aortic balloon pump, or left
ventricular assist device support, anti-arrhythmics,
dialysis, or continuous veno-venous hemofiltration
should have a continuous insulin infusion to keep
blood glucose � 150 mg/dL, regardless of diabetic
status (level of evidence � B).

● Before intravenous insulin infusions are discon-
tinued, patients should be transitioned to a sub-
cutaneous insulin schedule using institutional
protocols (level of evidence � B).

Patients with or without diabetes mellitus who have
ersistently elevated serum glucose � 180 mg/dL should
eceive intravenous insulin infusions to maintain serum
lucose � 180 mg/dL [9–12]. Furthermore, those patients
ho require � 3 days of ICU care due to prolonged

entilatory support, inotropic or mechanical support,
enal insufficiency, or need for anti-arrhythmic therapy
hould have continuous IV insulin infusions to keep
lood glucose � 150 mg/dL [10, 12]. When patients are
eceiving IV insulin infusions in the ICU, glucose levels
hould be monitored at least hourly until stable. This
requency avoids fluctuations in glucose levels and min-
mizes the risk of hypoglycemia, which is fortunately rare
nd has resulted in minimal morbidity [10–12].
When patients are ready to be discharged from the

CU, patients should be transitioned to a subcutaneous
nsulin-dosing schedule. Daily insulin requirements can
e estimated by extrapolating the amount of insulin
equired in the preceding 24 hours and considering the
atients’ current nutritional intake [23].

III. Glycemic Control in the Stepdown Units
nd on the Floor Recommendations: Class I

● A target blood glucose level � 180 mg/dL should
be achieved in the peak postprandial state (level
of evidence � B).

● A target blood glucose level � 110 mg/dL should
be achieved in the fasting and pre-meal states
after transfer to the floor (level of evidence � C).

● Oral hypoglycemic medications should be re-
started in patients who have achieved target
blood glucose levels if there are no contraindica-
tions. Insulin dosages should be reduced accord-
ingly (level of evidence � C).

● According to the American Association of Clinical
Endocrinologists, a reasonable goal for a noncriti-
cally ill patient on a regular hospital ward is � 110
mg/dL pre-meal and � 180 mg/dL postprandial or
randomly [24]. The best method to achieve this
control is with scheduled subcutaneous basal and,
or bolus insulin therapy, such as glargine or
determir (basal) and lispro, aspart, or glulisine
(bolus). Patients with type 2 diabetes who have
used oral diabetes medications preoperatively can
be restarted on those medications once they have
reached their targeted glucose goals and are eat-
ing a regular diet. Metformin should not be re-

started until stable renal function has been docu-
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mented. Thiazolidineadiones (eg, pioglitazone,
rosiglitazone) can be re-started in patients with-
out congestive heart failure or liver dysfunction.

X. Preparation for Hospital Discharge
ecommendations: Class I

● Prior to discharge, all patients with diabetes and
those who have started a new glycemic control
regimen, should receive in-patient education re-
garding glucose monitoring, medication adminis-
tration (including subcutaneous insulin injection
if necessary), nutrition, and lifestyle modification
(level of evidence � C).

● Upon discharge, changes in therapy for glycemic
control should be communicated to primary care
physicians, and follow-up appointments should
be arranged with an endocrinologist when appro-
priate (level of evidence � C).

All patients with hyperglycemia after cardiac surgery
hould be assessed by an inpatient diabetes team to
ecide on a glycemic control program after discharge.
hen hyperglycemia is discovered for the first time in

he perioperative period, or if insulin is first being ad-
inistered, or when a new insulin protocol is instituted,

he patient should receive specialized education prior to
ischarge. This can be provided by a certified diabetes
ducator, and supplemented by nurses or registered
ieticians with expertise in diabetes. Education should be
tarted at least 2 days prior to discharge, including
echniques of glucose monitoring, administration of

edications, nutrition, exercise, and lifestyle modifica-
ion [25, 26]. Appropriate follow-up should be arranged
ith primary care physicians prior to discharge. Refer-

ing physicians should be informed of any changes made
n the diabetes management plan.

X. Future Areas of Study

mportant issues in the management of hyperglycemia
uring cardiac surgery remain to be elucidated. Future
tudies will determine: (1) the optimal level of glycemic
ontrol and which, if any, specific time in the periopera-
ive period is most crucial for maintaining glycemic
ontrol; (2) whether the level of glucose achieved is as
mportant as the amount of insulin delivered; and (3) the
mportance of preoperative HbA1c levels and whether
urgery should be delayed in patients with higher values.
hese studies will increase our understanding of hyper-
lycemia during cardiac surgery and help us to deter-
ine the most optimal methods to achieve glycemic

ontrol and improve clinical outcomes in these high-risk
atients.
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Society for Ambulatory Anesthesia Consensus
Statement on Perioperative Blood Glucose
Management in Diabetic Patients Undergoing
Ambulatory Surgery
Girish P. Joshi, MB, BS, MD, FFARSCI,* Frances Chung, MD, FRCPC,† Mary Ann Vann, MD,‡
Shireen Ahmad, MD,§ Tong J. Gan, MD, FRCA,� Daniel T. Goulson, MD,¶ Douglas G. Merrill, MD,#
and Rebecca Twersky, MD, MPH**

Optimal evidence-based perioperative blood glucose control in patients undergoing ambula-
tory surgical procedures remains controversial. Therefore, the Society for Ambulatory
Anesthesia has developed a consensus statement on perioperative glycemic management in
patients undergoing ambulatory surgery. A systematic review of the literature was conducted
according the protocol recommended by the Cochrane Collaboration. The consensus panel
used the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE)
system for providing suggestions. It was revealed that there is insufficient evidence to provide
strong recommendations for the posed clinical questions. In the absence of high-quality
evidence, recommendations were based on general principles of blood glucose control in
diabetics, drug pharmacology, and data from inpatient surgical population, as well as clinical
experience and judgment. In addition, areas of further research were also identified. (Anesth
Analg 2010;111:1378–87)

Given the escalation in the prevalence of diabetes
mellitus worldwide and a significant increase in
surgical procedures performed on an outpatient

basis, anesthesiologists will encounter diabetic patients in
the ambulatory setting with increasing frequency. Surgical
stress response can lead to relative insulin deficiency
through increased insulin resistance and reduced insulin
secretion, which elevate blood glucose levels.1 Hyperglyce-
mia in the perioperative period can cause dehydration,
fluid shifts, electrolyte abnormalities, a predisposition to
infection, and impaired wound healing, as well as ketoaci-
dosis and hyperosmolar states.1

In critically ill patients and in patients undergoing major
surgical procedures, hyperglycemia may be associated with
increased perioperative morbidity and mortality.1 How-
ever, several randomized controlled trials (RCTs) evaluat-
ing tight perioperative glycemic control (blood glucose
levels between 80 and 110 mg/dL) have reported inconsis-
tent results, including some studies reporting harm to the
patients.1–3 In addition, tight control demands frequent

measurements of glucose levels, which may further in-
crease the complexity of perioperative glucose management.
Nevertheless, tight glycemic control during the perioperative
period has been recommended by several professional
organizations and has been targeted as a national quality
improvement initiative by the Centers for Medicare and
Medicaid Services.4

Although a recent consensus statement of the American
Association of Clinical Endocrinologists (AACE) and the
American Diabetes Association (ADA) issued clinical rec-
ommendations for the management of hyperglycemia in
hospitalized patients, including the critically ill and those
undergoing major surgical procedures; perioperative blood
glucose control in patients undergoing ambulatory surgical
procedures was not addressed.5

On the basis of the demands from members of the
Society for Ambulatory Anesthesia (SAMBA), the Task
Force on Clinical Practice Guidelines developed a consen-
sus statement on perioperative glycemic management in
patients undergoing ambulatory surgery. In approving this
document as a consensus statement, a similar process was
used as created by the SAMBA Board of Directors for the
development of the SAMBA consensus guidelines for the
management of postoperative nausea and vomiting.6

METHODS
A systematic review of the literature concerning perioper-
ative blood glucose management in adult patients under-
going ambulatory surgery was conducted according to the
protocol recommended by the Cochrane Collaboration.7

We searched the Cochrane Controlled Trials Register, the
Cochrane Library (Issue 4, 2009), MEDLINE, and EMBASE
from January 1980 to November 2009. A reference librarian
familiar with literature search protocol of the Cochrane
Collaboration (Marina Englesakis, Toronto, Ontario, Can-
ada) designed and conducted the electronic search strategy
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with input from members of the consensus panel. The
following keywords were used to develop the search strategy:
“diabetes mellitus,” “hyperglycemia,” “insulin,” “hypoglyce-
mic agents,” “NIDDM,” “DM,” “IDDM,” “blood glucose,”
“intraoperative,” “postoperative,” “perioperative,” “preop-
erative,” “surgery,” “surgical procedures,” “outpatient,” and
“ambulatory.” Of note, anesthetic management of diabetic
patients is not reviewed.

We hand-searched reference lists from the already re-
trieved articles to identify further trials. The search was
limited to only English language and human trials. The
librarian deleted duplicate records. The search results were
screened by the authors in a stepwise manner to identify
the eligible studies. In the first step we screened the titles,
and irrelevant papers were excluded. In the next step, we
read the abstract or full text of the papers for inclusion. The
number of and reason for excluded studies in this step was
recorded. We selected all reviews, trials, or RCTs of ambula-
tory surgical procedures in which perioperative management
of adult (age �18 years) diabetic patients was studied.

The recommendations were formulated by the consen-
sus group, using the Delphi method to collate rounds of
individual comments on the evidence and draft recommen-
dations, followed by roundtable discussions and then fur-
ther Delphi rounds to achieve final consensus.8 The benefits
and risks of interventions and clinical practice information
were considered to ensure that the recommendations main-
tain patient safety and have clinical validity and usefulness.
The categories of evidence were based upon the level of
evidence and agreement among the members of the con-
sensus panel (Table 1).

We used the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) system for grading
the recommendations.9–11 The strength of recommenda-
tions was graded either as “strong” or “weak.” A strong
recommendation was offered when the desirable effects of

an intervention clearly outweighed or clearly did not out-
weigh the undesirable effects. A weak recommendation was
offered if the overall effects were less certain, either because of
low-quality evidence or because evidence suggested that
desirable and undesirable effects were closely balanced.

The consensus panel considered the following clinical
questions:

1. What, if any, preoperative information specifically
related to glycemic control should be obtained about
diabetic patients?

2. How do we manage preoperative oral antidiabetic
and noninsulin injectable therapy?

3. How do we manage preoperative insulin therapy?
4. Is there a preoperative blood glucose level above

which one should postpone elective surgery?
5. What is the optimal intraoperative period blood

glucose level?
6. How do we maintain optimal blood glucose levels?
7. Should an insulin-naïve patient receive insulin to

optimize blood glucose levels?
8. What are the other considerations specific to glyce-

mic control in diabetic outpatients?
9. What is the optimal perioperative blood glucose

monitoring?
10. How should we identify and manage perioperative

hypoglycemia?
11. What are the discharge considerations for diabetic

outpatients?
12. What advice should we give to patients for glucose

control after discharge home?
13. What are the areas for future research?

RESULTS
The Quality of Reporting of Meta-analysis (QUORUM) guide-
lines were followed for the description of this study (Fig. 1).
We screened 8488 abstracts yielded by our search strategy;
after title review, 8179 irrelevant studies were excluded and
309 studies were considered for inclusion, but 299 studies
were subsequently excluded for reasons that are given in
detail in Figure 1. We eventually included only 1 systematic
review and 9 trials including 5 RCTs.12–21

Overall, studies evaluating perioperative glycemic con-
trol in patients undergoing ambulatory surgery are sparse
and of limited quality. Thus, there is insufficient evidence
to provide strong recommendations for the posed ques-
tions regarding perioperative blood glucose management
of diabetics undergoing ambulatory surgery. In the absence
of high-quality evidence, recommendations were based on
general principles of blood glucose control in diabetics,
drug pharmacology, data from inpatient surgical popula-
tion, and review articles,22–32 as well as clinical experience
and judgment.

DISCUSSION
In an ambulatory surgery setting, the primary goals are the
avoidance of hypoglycemia and maintenance of adequate
blood glucose control. This is accomplished with minimal
disruption in the patients’ antidiabetic therapy, frequent
blood glucose monitoring, and prompt resumption of oral
intake after the surgery.

Table 1. Level of Evidence
Category 1 High-level evidence (i.e., high-powered randomized

clinical trials or meta-analyses), and the panel
has reached uniform (near unanimous)
consensus.

Category 2A Lower-level evidence (phase II or large cohort
studies), but despite the absence of higher-
level studies, there is uniform consensus that
the recommendation is appropriate. It is
assumed that these recommendations may be
modified as higher-level evidence becomes
available.

Category 2B Lower-level evidence, and there is nonuniform
consensus that the recommendation should be
made. This suggests to the practitioner that
there could be more than one approach to the
question in statement.

Category 3 A major disagreement among the panel members.
The level of evidence is not pertinent in this
category, because experts can disagree about
the significance of high-level trials. This
category directs the practitioners that there is a
major interpretation issue in the data and
directs them to the manuscript for an
explanation of the controversy.
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What, if Any, Preoperative Information
Specifically Related to Glycemic Control Should
Be Obtained About Diabetic Patients?
With regard to blood glucose management, preoperative
evaluation may include the level of glycemic control (as is
assessed by blood glucose levels and glycosylated hemo-
globin A1c [HbA1c]). The HbA1c reflects the average
glycemic levels over the previous 3 to 4 months and
therefore is a good indicator of long-term glycemic control.
The evaluation should also include the type and dose of
antidiabetic therapy (i.e., oral antidiabetics and insulin), the
occurrence and frequency of hypoglycemia, the manifesta-
tions of hypoglycemia and blood glucose level at which
hypoglycemic symptoms occur, and hospital admissions
due to glycemic control issues. The ability of the patient to
reliably test blood glucose levels as well as to understand
and manage diabetes should also be noted, because this
would guide perioperative treatment goals.5

How Do We Manage Preoperative Oral
Antidiabetic and Noninsulin Injectable Therapy?
There is insufficient evidence regarding preoperative man-
agement of oral antidiabetics. The pharmacology of oral

antidiabetics (Table 2) and noninsulin injectables (Table 3)
suggests that hypoglycemia rarely occurs with these medica-
tions, except occasionally with sulfonylureas, meglitinides,
and noninsulin injectables.22,23,32–35 In addition, there is no
evidence that metformin is associated with an increased risk
of perioperative lactic acidosis (level of evidence [LoE] cat-
egory 1).36,37 Nevertheless, in patients with renal dysfunction
and those who might receive IV contrast, metformin may be
discontinued 24 to 48 hours before surgery.

Overall, it may not be necessary to discontinue oral
antidiabetics before the day of surgery (LoE category 2A).
However, we suggest that oral antidiabetics and noninsulin
injectables should not be taken on the day of surgery (LoE
category 2A) until normal food intake is resumed.

How Do We Manage Preoperative Insulin Therapy?
There is insufficient evidence regarding preoperative man-
agement of insulin. In the absence of evidence, patient
instructions regarding preoperative insulin use should be
based on safety concerns (i.e., avoidance of hypoglycemia)
as well as maintenance of adequate glucose control. Sug-
gestions for perioperative insulin use are based upon
principles for insulin administration to maintain blood

Figure 1. Flowchart of the literature search
and study selection. Numbers in boldface
type are to be added; other numbers may
overlap. RCT � randomized controlled trials;
CCTR � Cochrane Controlled Trials Register.
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glucose control, which mimics physiologic insulin release
consisting of both a basal component (targeting fasting or
interprandial [between meals] hyperglycemia) and a cor-
rection component (targeting postprandial hyperglycemia).
Basal glycemic control is usually accomplished by using
long- or intermediate-acting insulin or continuous sub-
cutaneous insulin infusion of rapid-acting insulin deliv-
ered via an insulin pump. Postprandial glycemic control
is usually accomplished by using short-acting or rapid-
acting insulin (Table 4). The basal-bolus insulin regimens
have been used with increasing frequency in recent
years.22–24

Because basal insulin regimens are generally used to
maintain blood glucose control between meals, patients
should not experience hypoglycemia with these regimens,
even if meals are missed (e.g., during preoperative and
postoperative fasting). Thus, there should be minimal al-
terations in the basal insulin doses on the day before

surgery unless the patient reports a history of hypoglyce-
mia at night, in the morning, or with missed meals and in
patients on diet restriction preoperatively (e.g., bowel
preparation). On the other hand, patients using insulin in
combination with oral antidiabetics38 or regimens using
intermediate-acting insulins with a peak effect (e.g., NPH,
Lente, and Protamine lispro) may experience hypoglyce-
mia, if a meal is omitted.25,39

Plans for preoperative insulin management should con-
sider the level of preoperative glycemic control (i.e., fasting
blood glucose level and HbA1c); for example, patients with
tight glycemic control or those with a wide range of daily
blood glucose values and those using complex insulin
regimens are more likely to experience hypoglycemia if
meals are omitted. Patients’ ability to check blood glucose
levels and follow instructions regarding appropriate
dose adjustments is critical in avoiding hypoglycemia. In
addition, the timing of surgery and the expected time to

Table 2. Pharmacology of Oral Antidiabetic Agents
Drug class: generic

(trade name) Mechanism of action
Half-life
(hours) Adverse effects

Biguanides Decrease hepatic gluconeogenisis, 6–18 Diarrhea, nausea, vomiting, lactic acidosis (avoid in
renal & liver disease, congestive heart failure).Metformin (Glucophage) increase insulin sensitivity. 24

Metformin extended release
Sulphonylureas

Chlorpropamide (Diabenese)
Tolbutamide (Orinase)

Stimulate insulin secretion, decrease
insulin resistance.

2–10 Hypoglycemia (caution in elderly & renal disease).
Gastrointestinal disturbance.

Glimepride (Amaryl)
Glipizide (Glucotrol)
Glyburide (DiaBeta,

Micronase)
Meglitinides Stimulate pancreatic insulin

secretion.
1 Hypoglycemia, but less common in comparison with

sulfonylureas.Repaglinide (Prandin)
Nateglinide (Starlix)

Thiazolidindiones
Rosiglitazone (Avandia)
Pioglitazone (Actos)

Regulate carbohydrate and lipid
metabolism, reduce insulin
resistance and hepatic glucose
production.

3–8 Fluid retention, increased cardiac risk including
congestive heart failure. Hepatotoxicity.

Alpha-glucosidase inhibitors Reduce the intestinal absorption of
ingested glucose.

2–4 Gastrointestinal irritation, flatus.
Acarbose (Precose)
Miglitol (Glyset)

Dipeptidyl peptidase-4 (DPP-4)
inhibitors

Sitagliptin (Januvia)
Saxagliptin (Onglyza)

Reduces breakdown of
gastrointestinal hormone-incretins
(glucagon-like peptide type-1,
enhance insulin secretion,
decrease glucagon.

8–14 Infection.

Table 3. Noninsulin Injectables
Drug class: generic

(trade name) Mechanism of action
Half-life
(hours) Adverse effects

Exenatide (Byetta) Synthetic form of exendin 4, which has actions similar to
glucagon-like peptide type-1 (GLP-1).

6–10 Nausea, vomiting, weight loss, hypoglycemia
when combined with sulfonylureas.

Suppresses glucagon secretion and hepatic glucose
production.

Suppresses appetite.
Delays gastric emptying.

Pramlintide (Symlin) Synthetic form of amylin, a naturally occurring peptide
that is cosecreted with insulin by beta cells.

2–4 Nausea, vomiting, weight loss, hypoglycemia
with insulin.

Suppresses postprandial glucagon secretion and hepatic
glucose production.

Enhances the effects of insulin.
Suppresses appetite.
Delays gastric emptying.
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resumption of regular diet after surgery should also be
considered. The suggestions for preoperative insulin
administration are included in Table 5 (LoE category 2A).

Is There a Preoperative Blood Glucose Level Above
Which One Should Postpone Elective Surgery?
There are insufficient data to specifically recommend the
level of preoperative fasting blood glucose or HbA1c levels
above which elective ambulatory surgery should be post-
poned. In addition to inadequate long-term glycemic control,
preoperative hyperglycemia is commonly due to inappro-
priate discontinuation of preoperative antidiabetic therapy
and preoperative stress response. Surgery should be post-
poned in patients with significant complications of hyper-
glycemia such as severe dehydration, ketoacidosis, and
hyperosmolar nonketotic states (LoE category 2A).1

It may be acceptable to proceed with surgery in patients
with preoperative hyperglycemia but with adequate long-
term glycemic control (LoE category 2A). The ADA recom-
mends that outpatient management of diabetes should
ideally include a combination of a target HbA1c �7%
(normal 4%–7%), a preprandial blood glucose level of 90 to

130 mg/dL and a peak postprandial blood glucose level of
�180 mg/dL,22 although this has not been verified in the
ambulatory surgical population.

In chronically poorly controlled diabetic patients, the
decision to proceed with ambulatory surgery should be
made in conjunction with the surgeon while taking into
consideration the presence of other comorbidities and the
potential risks of surgical complications (e.g., delayed
wound healing and wound infection). There are no RCTs
evaluating the effects of preoperative glycemic control on
postoperative infection in ambulatory surgical proce-
dures.40 However, a review of outcomes after noncardiac
surgery found that HbA1c �7% was associated with a
significantly lower incidence of postoperative infections.41

What Is the Optimal Intraoperative Blood
Glucose Level?
There is no evidence in the literature that any particular
blood glucose level is either beneficial or harmful for
patients undergoing ambulatory surgical procedures.
Therefore, the optimal blood glucose level for ambulatory
surgical patients remains unknown. In the absence of direct

Table 4. Pharmacology of Insulin
Drug class: generic (trade name) Onset Peak effect Duration

Short acting and rapid acting
Regular (Novolin R, Humulin R) 30–60 minutes 2–4 hours 6–8 hours
Lispro (Humalog) 5–15 minutes 30–90 minutes 4–6 hours
Aspart (Novolog) 5–15 minutes 30–90 minutes 4–6 hours
Glulisine (Apidra) 5–15 minutes 30–90 minutes 4–6 hours

Intermediate acting
NPH (Novolin N, Humulin N-NF) 2–4 hours 4–10 hours 10–16 hours
Zinc insulin (Lente) 2–4 hours 4–10 hours 12–20 hours
Extended zinc insulin (Ultralente) 6–10 hours 10–16 hours 18–24 hours

Long acting (peakless)
Glargine (Lantus) 2–4 hours None 20–24 hours
Detemir (Levemir) 2–4 hours None 20–24 hours

Mixed insulins (NPH � regular)
70% NPH/30% regular (Novolin 70/30, Humulin 70/30) 30–90 minutes Dual 10–16 hours
50% NPH/50% regular (Humulin 50/50) 30–90 minutes Dual 10–16 hours

Mixed insulins (intermediate-acting � rapid-acting analogs)
70% Aspart Protamine suspension/30% Aspart (Novolog mix 70/30) 5–15 minutes Dual 10–16 hours
75% Lispro Protamine suspension/25% Lispro (Humalog mix 75/25) 5–15 minutes Dual 10–16 hours
50% Lispro Protamine suspension/50% Lispro (Humalog mix 50/50) 5–15 minutes Dual 10–12 hours

Table 5. Instructions to Patient Regarding Preoperative Insulin and Noninsulin Injectable Administration
Insulin regimen Day before surgery Day of surgery Comments

Insulin pump No change No change Use “sick day” or “sleep” basal rates.
Long-acting, peakless

insulins
No change 75%–100% of morning

dose
Reduce nighttime dose if history of

nocturnal or morning hypoglycemia.
On the day of surgery, the morning dose of

basal insulin may be administered on
arrival to the ambulatory surgery facility.

Intermediate-acting
insulins

No change in the daytime dose. 50%–75% of morning dose See the comments for long-acting insulins.
75% of dose if taken in the

evening
Fixed combination

insulins
No change 50%–75% of morning dose

of intermediate-acting
component

Lispro-protamine only available in
combination; therefore use NPH instead,
on day of surgery.

See the comments for long-acting insulins.
Short- and rapid-acting

insulin
No change Hold the dose

Noninsulin injectables No change Hold the dose
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evidence, suggestions are based on data from hospitalized
surgical patients and a consensus statement of the
AACE/ADD.5 We suggest that in patients with well-
controlled diabetes, intraoperative blood glucose levels be
maintained �180 mg/dL (10.0 mmol/L) (LoE category 2A).
Of note, the selection of perioperative blood glucose level
should depend upon the duration of surgery, invasiveness
of surgical procedure, type of anesthetic technique, and
expected time to resume oral intake and routine antidia-
betic therapy. For example, higher blood glucose levels
may be acceptable in patients undergoing short surgical
procedures after which patients are promptly expected to
resume oral intake and antidiabetic therapy.

However, in patients with poorly controlled diabetes, if
the decision to proceed with the surgery is made, the blood
glucose levels should be maintained around their preoperative
baseline values rather than temporarily (i.e., perioperatively)
normalizing them (LoE category 2A). Chronically elevated
blood glucose levels should not be decreased acutely in the
perioperative period because the threshold at which a
patient experiences symptoms or organ impairment due to
hypoglycemia is dynamic and varies with their long-term
glycemic control.22,25 Patients with poorly controlled type 2
diabetes have an altered counterregulatory response (i.e.,
release of epinephrine, norepinephrine, growth hormone,
cortisol, and pancreatic polypeptide), resulting in hypogly-
cemic symptoms at normal blood glucose levels.42–44 Also,
significant fluctuations in blood glucose levels caused by
acute reduction in chronically elevated blood glucose levels
can lead to detrimental biochemical effects including in-
creased oxidative stress response45 and may increase peri-
operative morbidity and mortality.1,46

How Do We Maintain Optimal Blood Glucose Level?
There are insufficient data regarding the best strategy or
regimen to attain target blood glucose levels in ambulatory
surgical patients with diabetes mellitus. The type, dose, and
route of administration of insulin used to maintain an
optimal blood glucose level are discussed below.
Type of insulin (regular insulin vs. rapid-acting insulin).
There is not enough evidence at this time to recommend the
use of one type of insulin in preference of another, because
there are no studies comparing regular insulin with rapid-
acting insulins in ambulatory surgical patients. However,
for subcutaneous dosing, rapid-acting insulins have supe-
rior pharmacokinetics in comparison with regular insulin
(Table 4). Studies in patients with diabetic ketoacidosis
demonstrated that subcutaneous doses of rapid-acting in-
sulin administered every 1 to 2 hours closely matched IV
infusion of regular insulin with respect to efficacy and
safety.47,48 In addition, the use of a subcutaneous rapid-
acting insulin approach was less labor-intensive and thus
more cost effective. Another benefit of using rapid-acting
insulin is that it may reduce the duration of observation
required in the postoperative period because the peak
blood levels are achieved earlier than with regular insulin
(see the Discharge section). Therefore, in an ambulatory
setting, subcutaneous rapid-acting insulin analogs may be
preferred over regular insulin (LoE category 2A).

Route of insulin administration (IV vs. subcutaneous).
Because IV bolus doses of insulin have a very short
duration of action (30 to 40 minutes), which can cause
significant fluctuations in blood glucose levels that could be
detrimental to the patients,31 it is not recommended (LoE
category 2A).

Although IV infusion of regular insulin has been used to
maintain optimal blood glucose levels in patients undergo-
ing major surgical procedures and in critically ill patients,
the AACE/ADA consensus statement recommends the
subcutaneous route for noncritical patients.5 IV insulin
infusion requires more frequent monitoring because there
are concerns of hypoglycemia. Overall, insulin infusion
may not be necessary or practical in the outpatient surgical
setting. Furthermore, as is mentioned above, subcutaneous
administration of rapid-acting insulin has been shown to
provide similar control as IV infusion of regular insu-
lin.47,48 Therefore, subcutaneous administration is the pre-
ferred method for achieving and maintaining target glucose
levels (LoE category 2A).

Of note, one of the concerns with subcutaneous admin-
istration is the possibility of “stacking” of repeated doses,
which may result in hypoglycemia. Thus, additional sub-
cutaneous doses of insulin should not be administered until
the time to peak effect has passed or blood glucose is being
closely monitored.
Dosing schedule. There is not enough evidence to recom-
mend a dosing schedule to optimize the blood glucose
levels. There are no validated insulin administration pro-
tocols that have been shown to be safe and effective in
ambulatory surgical patients. Dosing of insulin may de-
pend on the patient’s insulin sensitivity, which is reflected
by the patient’s total (basal and prandial) daily dose of
insulin. Sliding-scale insulin regimens are commonly
used30–32; however, they have been questioned in recent
years.5 Another approach to calculating the initial insulin
dose is based on the “rule of 1800” (for rapid-acting insulin)
or the “rule of 1500” (for regular insulin), which provides
the expected decrease in blood glucose with each unit of
insulin. The “rule of 1800” is more conservative than the
1500 rule. However, some authors have recommended the
use of the “rule of 1500” for all surgical patients.47 Thus,
1800 or 1500 is divided by total daily insulin dose to
determine the expected decrease in blood glucose level
with 1 unit of insulin. For example, if the patient’s daily
insulin requirement is 60 U, each unit of insulin would
reduce the blood glucose level by 25 to 30 mg/dL (i.e.,
1500/60 or 1800/60).

Should an Insulin-Naı̈ve Patient Receive Insulin
to Optimize Blood Glucose Levels?
There is insufficient evidence in the literature to guide
insulin use in an insulin-naïve patient. There has been
reluctance on the part of physicians to use insulin in
patients with type 2 diabetes who take only oral antidia-
betic medications because of concerns of hypoglycemia.49

However, such reluctance may be misplaced because many
of these patients eventually require insulin therapy in
addition to an oral hypoglycemic drug as part of the
natural progression of their disease. In fact, only a rela-
tively low incidence of hypoglycemia has been reported in
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patients who have been recently prescribed insulin because
of the failure of oral hypoglycemic therapy.25,26 Therefore,
perioperative insulin therapy may be considered in this
setting if the blood glucose levels are increased significantly
(i.e., if there are concerns of severe dehydration, ketoacido-
sis, and hyperosmolar nonketotic states) and if the patient
will be able to test his or her blood glucose levels at home
(LoE category 2A).

What Are the Other Considerations Specific to
Glycemic Control in Diabetic Outpatients?
When possible, diabetic patients should be scheduled as the
first case of the day to minimize disruption to their routine
and allow smooth and prompt return to their normal
dosing regimen and meal plan. Patients should be asked to
bring all their insulins with them to the facility and to travel
with a suitable treatment such as clear juices for hypogly-
cemia that might occur in transit. Glucose tablets or gels are
usually particulate in nature and therefore should be
avoided in the preoperative period. Adequate preoperative
hydration (i.e., consumption of water until 2 hours before
surgery) and adequate intraoperative crystalloid adminis-
tration (20 to 40 mL/kg bolus, assuming there are no
contraindications such as history of congestive heart fail-
ure) should prevent postoperative dehydration.50–52

Aggressive nausea and vomiting prophylaxis and
avoidance of factors that might increase postoperative
nausea and vomiting (PONV) such as postoperative opi-
oids should allow early resumption of oral intake.6 Dexa-
methasone is a well-established antiemetic and is routinely
used either alone or in combination with other antiemetics
for the prevention of PONV.6 The use of dexamethasone,
even after a relatively modest single dose, has been dem-
onstrated to transiently increase perioperative blood glu-
cose levels.

Dexamethasone in a dose of 10 mg IV has been reported
to increase blood glucose concentrations in diabetic and
nondiabetic patients.53,54 Hans et al.55 prospectively inves-
tigated the change in perioperative blood glucose after
dexamethasone 10 mg IV in type 2 diabetic patients who
were treated exclusively with oral hypoglycemics and in
nondiabetic patients. They found that blood glucose con-
centrations increased significantly over time (4 hours) and
peaked at 2 hours in both groups. The magnitude of
increase was around 20% from baseline and was compa-
rable between the 2 groups. Maximum concentrations were
higher in the diabetic group (8.97 � 1.51 mmol/L) than in
the nondiabetic group (7.86 � 1.00 mmol/L). Of interest,
50% of the subjects underwent bariatric surgery, and the
authors found that the body mass index and preoperative
HbA1c values were determinant factors of perioperative
blood glucose concentration.

In another study of bariatric surgery patients with
impaired glucose tolerance, dexamethasone was associated
with significantly increased postoperative blood glucose
concentrations.56 Overall, the increase in blood glucose
levels after a single dose of dexamethasone 8 to 10 mg
appears to be similar between diabetic and nondiabetic
patients, and there is no evidence that this increase results
in poor outcomes in either population. It is highly likely that
the increase in blood glucose levels with dexamethasone 4

mg, which provides similar PONV prophylaxis as does 8
mg,53 would be lower than that after dexamethasone 8 mg.
Therefore, dexamethasone 4 mg can be used for PONV
prophylaxis (LoE category 2A). Diabetic patients receiving
dexamethasone should have appropriate monitoring of blood
glucose levels (see the section on monitoring) and correction
of hyperglycemia if necessary (LoE category 2A).

What Is the Optimal Perioperative Blood
Glucose Monitoring?
Ambulatory surgical facilities taking care of diabetic pa-
tients must have glucose monitoring capabilities such as
point-of-care monitors. Adequate monitoring of blood glu-
cose levels is critical in maintaining patient safety and
should facilitate insulin titration to achieve optimal blood
glucose levels as well as allow for early detection of
hypoglycemia. It has been suggested that blood glucose
levels should be checked on the patient’s arrival to the
facility before surgery and before discharge home (LoE
category 2A). Intraoperative blood glucose monitoring can
be performed every 1 to 2 hours, depending upon the
duration of procedure and type of insulin used. For ex-
ample, intraoperative monitoring may not be necessary for
procedures �2 hours. Similarly, because the peak effects
with newer rapid-acting insulins occur within 90 minutes,
blood glucose may be monitored in an hour. Obviously,
more frequent measurements may be required for patients
who have received intraoperative insulin and those with
lower blood glucose levels.

In physiologically stable patients, point-of-care monitors
correlate well with laboratory reference values.1 However,
point-of-care monitors tend to overestimate blood glucose
values in comparison with laboratory readings during
periods of hypoglycemia.4,57 Use of a higher blood glucose
level (e.g., �70 mg/dL) as an alert value for hypoglycemia
(see the section on hypoglycemia) and more frequent
monitoring should maintain patient safety. Furthermore,
significantly low glucose levels should be corroborated
with central laboratory tests.4

How Should We Identify and Manage
Perioperative Hypoglycemia?
Hypoglycemia may cause functional brain failure, and if
profound or prolonged, can lead to brain death.58 Occur-
rence of hypoglycemia is of great concern during general
anesthesia and sedation, because the symptoms of hypo-
glycemia are masked. Therefore, a high index of suspicion
as well as planning for prevention, identification, and
management of hypoglycemia in diabetic patients receiving
sedation and general anesthesia is critical.

Preventive measures include identification of patients at
risk for hypoglycemia and appropriate alterations in the
preoperative antidiabetic therapy.25,33 Increased vigilance
is necessary in patients with aggressive glycemic therapy
(low HbA1c or tight glycemic control), those with labile
glycemic control, and those with a history of frequent
hypoglycemia.25,33 Notaby, geriatric patients experience
fewer hypoglycemic symptoms.27 Use of peakless basal
insulin analogs (instead of insulins with peak) and rapid-
acting prandial insulin analogs (instead of regular insulin)
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and use of continuous subcutaneous insulin infusion result
in fewer incidences of hypoglycemia.27,28,59

Patients with long-standing type 2 diabetes are at a risk
of developing hypoglycemia-associated autonomic failure
because defective glucose counterregulation leads to
impairment or even loss of the warning symptoms of
hypoglycemia, also termed hypoglycemia unawareness.25,60

Similarly, patients with poorly controlled type 2 diabetes
may experience hypoglycemic symptoms at blood glucose
levels that are usually considered normal.25 Importantly,
adequate perioperative monitoring of blood glucose levels
as prescribed above should allow prevention and early
diagnosis of hypoglycemia.

Diagnosis of hypoglycemia is based upon symptoms,
blood glucose levels, or both. In an awake patient, hypo-
glycemia may cause sweating, palpitations, weakness,
fatigue, confusion, and behavioral changes followed by
seizure, loss of consciousness, brain damage, or death.
Although there is some disagreement, a blood glucose level
of �70 mg/dL is generally considered an alert value for
hypoglycemia.25 Use of this value as a trigger for therapy
allows time for prevention of symptomatic hypoglycemia,
which usually occurs at blood glucose levels of 45 to 55
mg/dL.25

In the symptomatic patient, the preferred method for
treatment of hypoglycemia is consumption of 10 to 25 g of
glucose, which is repeated until blood glucose increases
and symptoms resolve. Clear liquids suitable for treating
hypoglycemia include sugary drinks, sodas, electrolyte
solutions, and fruit juices (e.g., 4 oz. apple juice). In patients
with symptomatic hypoglycemia who are unable to ingest
glucose and do not have IV access, subcutaneous glucagon
1 mg may be administered while attempts are made to
obtain IV access. If IV access is established, an initial
glucose dose of 20 to 50 mL (10 to 25 gm) dextrose 50% may
be given.61 Hyperglycemia after glucose administration can
have significant detrimental effects, particularly in the
presence of significant brain ischemia, and it should be
avoided. Of note, the increase in blood glucose levels after
oral or IV glucose administration is transient, and patients
may require further, sustained glucose therapy after initial
improvement in symptoms or blood glucose levels.

What Are the Discharge Considerations for
Diabetic Outpatients?
In addition to achieving discharge criteria,62 patients
should be observed in an ambulatory facility until the
possibility of hypoglycemia from perioperatively adminis-
tered insulin is excluded. Many ambulatory patients are
able to consume adequate oral intake to counteract poten-
tial hypoglycemia, but if not, they should be observed for
an appropriate period of time after the last dose of insulin.
The risk of hypoglycemia with subcutaneous rapid-acting
insulin subsides within 1.5 hours, whereas that for subcu-
taneous regular insulin subsides in about 3 to 4 hours after
the last dose is administered.24,25

What Advice Should We Give to Patients for
Glucose Control After Discharge Home?
Patients need to receive clear and consistent instructions
regarding plans for return to preoperative antidiabetic

therapy and management of potential hypoglycemia. They
should be instructed to check blood glucose levels fre-
quently while fasting. Patients should carry hypoglycemia
treatments while traveling to and from the surgical facility.
While patients can resume the preoperative antidiabetic
therapy once they are eating, they must be cautious with
overlapping times of medication administration due to
delayed dosing of morning medications. Resumption of
antidiabetic therapy should be based on perioperative
course and any treatments received. Because most oral
hypoglycemics act on ingested food, these should be re-
started once food intake is resumed. Patients should be
advised that transition to daily preoperative antidiabetic
regimens should be delayed if normal caloric intake is
delayed.

What Are the Areas for Future Research?
This review has identified several areas for future research
for which current data are insufficient or conflicting. There
is a need for further large, adequately powered, well-
designed randomized trials to assess all the clinical ques-
tions included in this review. In addition, there is a need to
evaluate the impact of the recommendations provided in
this consensus statement (e.g., preoperative continuation or
discontinuation of oral hypoglycemics, risks and benefits of
using rapid acting insulin to optimize perioperative blood
glucose levels, and need for delaying discharge home after
insulin administration).

Other questions that need to be addressed are as
follows:

• Does scheduled time of the surgery (i.e., early vs.
late) have any significant influence on outcomes, and
if so, is there a patient subpopulation for which it
does particularly?

• What is the impact of use of various preoperative
regimens on short-term (e.g., morbidities and dura-
tion of recovery room, hospital stay and quality of
recovery) and long-term (e.g., unplanned hospital
admission, 30-day unexpected hospitalization, mor-
bidity, and mortality) outcome in the ambulatory
setting?

• What is the effect of preoperative insulin therapy on
outcome after ambulatory surgery? Is there any
benefit to aggressive preoperative glycemic control?

• Are there differences in optimal target blood glu-
cose levels for high-risk outpatients versus low-
risk outpatients?

• Are there differences in optimal blood glucose man-
agement in type 1 versus type 2 diabetes in the
ambulatory setting?

• Are there differences in patient outcome between the
various routes of administration of insulin?

• What is the optimal prophylactic antiemetic therapy
in diabetic outpatients?

• Are there any predictors (e.g., blood glucose levels,
HbA1c levels, and other comorbidities) that suggest
avoidance of ambulatory surgery or need for over-
night hospital admission?

• What is the impact of anesthetic technique (local/
regional anesthesia, sedation/analgesia technique, gen-
eral anesthesia) on blood glucose control?
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ABSTRACT
People with diabetes are at an increased risk for worse postoperative outcomes, compared to 
people without diabetes. Notably, up to one in 10 people who undergo surgery have unrecognized 
diabetes and an additional 10% may have postoperative hyperglycemia without meeting the 
criteria for a diagnosis of diabetes. Management of postoperative hyperglycemia has been 
demonstrated to reduce the incidence of poor outcomes, but evidence demonstrates that 
postoperative hyperglycemia remains a quality gap for surgical patients. In this review, we will 
outline the evidence for preoperative screening for postoperative hyperglycemic risk, review the 
evidence for perioperative glycemic management, and examine the barriers to these best practices.

RÉSUMÉ
Les personnes atteintes de diabète courent un risque accru de voir leurs résultats postopératoires 
moins bons que ceux des personne non atteinte de diabète. En particulier, près d’une personne sur 
dix qui subit une intervention chirurgicale présente un diabète non diagnostiqué et dix pour cent 
supplémentaires peuvent présenter une hyperglycémie postopératoire sans pour autant répondre 
aux critères de diagnostic du diabète. Il a été démontré que le traitement de l’hyperglycémie 
postopératoire réduit l’incidence des mauvais résultats, mais les données probantes montrent que 
l’hyperglycémie postopératoire demeure une lacune chez les patients opérés. Dans cette revue, 
nous présentons les données probantes relatives au dépistage préopératoire du risque 
d’hyperglycémie postopératoire, nous passons en revue les données probantes relatives à la 
gestion de la glycémie périopératoire et nous examinons les obstacles à ces meilleures pratiques.

Postoperative Hyperglycemia Is a Modifiable Risk 
Factor for Worse Postoperative Outcomes
Diabetes affects 20–30% of the surgical patients.1 People with 
diabetes who undergo surgery have worse outcomes than 
people without diabetes, including increased postoperative 
infection risk,2,3 30-day readmission rates,4 length of stay,5 
and mortality.6,7 Recent evidence suggests that these poor 

outcomes are more strongly associated with intraoperative and 
postoperative hyperglycemia rather than a preoperative diagnosis 
of diabetes.6,8 This is especially important, as unrecognized 
diabetes may account for an additional 4–10% of surgical 
patients8,9 and approximately 10% of people without diabetes 
will have postoperative hyperglycemia.8,10–14 These patients may 
be less likely to have postoperative hyperglycemia recognized 
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and appropriately treated, and subsequently may suffer more 
adverse outcomes than people with recognized diabetes.8 The 
association between intraoperative hyperglycemia and poor 
patient outcomes is less clear15,16; however, the management 
of intraoperative hyperglycemia is the responsibility of the 
anesthesiologist and, therefore, pre- and postoperative diabetes 
management will be the focus of this review.

Evidence-based glucose management strategies have 
demonstrated improved glycemic control, reduced length of 
stay, and reduced incidence of hypoglycemia.17,18 Observational 
studies have found that maintaining blood glucose in-target 
is associated with lower 30-day readmission rates and shorter 
length of stay in medical and surgical patients.19 In gynecologic 
oncology patients, pre- and post-intervention studies have shown 
that perioperative glycemic management pathways that are 
multidisciplinary, comprehensive, and adhere to best practices 
for glycemic management reduce the incidence of surgical site 
infections.20,21 The RABBIT-2 study was a landmark randomized 
controlled trial that found that basal bolus insulin therapy 
(BBIT) to maintain in-target glucose for postoperative patients 
significantly reduced postoperative complications, compared to 
subcutaneous sliding-scale insulin regimens.22

Recommendations for Perioperative Glycemic 
Management for Patients with and without 
Diabetes
Preoperative measurement of hemoglobin A1C
There is a considerable variation in perioperative glycemic 
management recommendations in major society guidelines 

(Table 1). Unlike guidelines from Australia, Great Britain, and 
Ireland that recommend delaying surgery for patients with 
elevated hemoglobin A1C, Diabetes Canada, the American 
Society of Anesthesiologists, and the American Diabetes 
Association do not make recommendations on preoperative 
hemoglobin A1C measurement or targets for elective surgeries. 
This is supported by the current evidence that intraoperative 
and immediate postoperative hyperglycemia is more strongly 
associated with poor outcomes than preoperative glycemic 
control.6,8,29 However, preoperative hemoglobin A1C measurement 
can identify patients with unrecognized diabetes and patients 
without diabetes at risk of postoperative hyperglycemia.8,9,29 

In addition, preoperative hemoglobin A1C measurement can 
help guide postoperative glycemic management; patients with 
elevated hemoglobin A1C will be more likely to require and 
benefit from insulin than patients with in-target hemoglobin 
A1C.8 As such, it is reasonable to measure hemoglobin A1C in 
all people with diabetes and those who are at-risk of diabetes 
within 3 months of a scheduled surgery (Box 1).

Preoperative noninsulin medication management
Similarly, major society guidelines provide differing 
recommendations for perioperative management of noninsulin 
medications (Table 2). Diabetes Canada does not make 
recommendations for holding, continuing, or dose reducing 
medications for diabetes in the perioperative period. In contrast, 
guidelines from the Association of Anaesthetists of Great Britain 
and Ireland, and the American Society of Anesthesiologists 
make recommendations for each class of diabetes medications. 

Table 1. Comparison of major society guideline recommendations for perioperative glycemic management for patients with and without 
diabetes

Guideline (year)
Preoperative 

glycemic target

Preoperative 
glycemic 

management
Postoperative 

glycemic target

Postoperative 
glycemic 

management

Diabetes Canada (2018)23 No recommendations No recommendations 5.0–10.0 mmol/L BBIT preferred

American Diabetes 
Association (2019)24

No recommendations Hold metformin on the 
day of surgery

4.4–10.0 mmol/L BBIT preferred

American Society of 
Anesthesiologists (2017)25

No recommendations Medication-specific 
recommendations

<10.0 mmol/L BBIT preferred

Association of 
Anaesthetists of Great 
Britain and Ireland 
(2015)26

Delay elective surgery for 
patients with an HbA1c 
≥ 8.5%

Medication-specific 
recommendations

6.0–10.0 mmol/L Restart noninsulin 
agents when eating 
well

Royal Australian College 
of General Practitioners 
(2016 & 2012)27,28

Consider delaying elective 
surgery for patients with 
an HbA1c > 9.0%

Hold noninsulin 
medications on the day 
of surgery

5.0–10.0 mmol/L Insulin infusion until 
eating well, followed 
by BBIT

BBIT = basal bolus insulin therapy; HbA1C = glycated hemoglobin A1C.
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Alternatively, the Australian Diabetes and American Diabetes 
Associations suggest holding all noninsulin agents only on the 
morning of surgery. Recent concerns have arisen about the 
potential for diabetic ketoacidosis during the fasting period 
in patients taking sodium-glucose co-transporter 2 (SGLT-2) 
inhibitors31,32; for this reason, the Canadian Anesthesiologists’ 
Society has recommended holding SGLT-2 inhibitors 3 days 
prior to scheduled surgery.33 Diabetes Canada does not make 
recommendations on how to manage noninsulin diabetes 
medications in the postoperative period, while other major 
society guidelines suggest restarting medications when the 
patient is eating or drinking well.

Preoperative metformin management
Perioperative management of metformin deserves special 
mention. Guidelines from Great Britain and Ireland, America, 
and Australia recommend continuing metformin throughout the 
perioperative period; however, in North America, it is common 

Box 1. Risk factors for diabetes that may prompt preoperative hemoglobin 
A1c testing.30

• Diagnosis of diabetes
• History of prediabetes

 - Hemoglobin A1C 6.0–6.4%
 - Impaired glucose tolerance
 - Impaired fasting glucose

• Age ≥ 40 years
• First-degree relative with type 2 diabetes
• Personal history of gestational diabetes mellitus or delivery 

of a macrosomic infant
• Body mass index > 25 kg/m2

• Prescription for glucocorticoids, statins, atypical 
antipsychotics, highly active antiretroviral therapy, and 
anti-rejection medications

• End organ damage associated with diabetes (retinopathy, 
neuropathy, nephropathy, cardiovascular disease)

• History of polycystic ovarian disease
Adapted from “Risk factors for type 2 diabetes” in the Diabetes Canada guidelines.30

Table 2. Recommendations for perioperative diabetes medication management based on contemporary evidence

Medication class Day before surgery Day of surgery Restart

Insulins

Ultra-long-acting insulin 
(degludec)

80% of usual dose for 3 days 
before surgery

80% of usual dose26 Continue throughout, even if NPO26

Long-acting insulin (glargine, 
levemir)

80% of usual dose25,26 80% of usual dose23–26 Continue throughout, even if NPO25,26

Intermediate-acting insulin (NPH) HS dose—80% of usual25,26 50% of usual dose24–26 Continue throughout, even if NPO25,26

Mealtime doses of short- or 
rapid-acting insulin

Continue at usual dose26 Hold when NPO25,26 Hold when NPO25,26

Correction doses of short- or 
rapid-acting insulin

Continue at usual dose26 Continue at usual 
dose26

Continue throughout, even if NPO26

Noninsulin agents

Biguanides (metformin) Continue at usual dose25,26* Continue at usual 
dose25,26

Continue throughout unless eGFR<30 
mL/min/1.73m2

SGLT-2 inhibitors (-gliflozins) Hold 3 days before surgery33 Hold24,25,33 Restart only when eating and 
drinking well33

DPP4 inhibitors (-gliptins) Continue at usual dose25,26 Continue at usual 
dose25,26

Continue throughout, even if NPO26

Meglitinides (repaglinide) Continue at usual dose25,26 Hold25,26 Restart only when eating and 
drinking well26

Sulfonylureas (gliclazide, 
glyburide)

Continue at usual dose25,26 Hold25,26 Restart only when eating and 
drinking well26

GLP-1 analogues (-tides) Continue at usual dose26 Continue at usual 
dose26

Continue throughout, even if NPO26

NPO = nil per os; NPH = neutral protamine Hagedorn; HS = evening dose; eGFR = estimated glomerular filtration rate (in mL/min/1.73m2).

*Consider holding on day of surgery for patients at risk of developing eGFR < 30 mL/min/1.73.25,26
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practice to hold metformin for patients on the day of surgery due 
to concerns about lactic acidosis in the setting of acute kidney 
injury (AKI).34 Metformin does not cause hypoglycemia or AKI, 
and the risk of lactic acidosis is exceptionally low.35 In contrast, 
withdrawal of metformin in the perioperative period may lead 
to hyperglycemia. In the absence of contraindications, it would 
seem reasonable to continue metformin during the perioperative 
period, including on the day of surgery, aligning with guideline 
recommendations internationally.

Preoperative insulin management
Recommendations for perioperative management of insulin are 
variable. While some experts recommend reducing the dose of 
long-acting insulin formulations by 50% on the day of or the 
day before surgery,34 Great Britain and Ireland, American, and 
Australian guidelines recommend a dose reduction by only 20–
25%. Diabetes Canada does not make specific recommendations. 
Basal insulins are intended to maintain glycemic targets during 
periods of fasting rather than for meals, and so theoretically 
could be maintained at usual dose. Patients may be at higher 
risk of hypoglycemia if their basal dose is being used to treat not 
only fasting hyperglycemia but also to treat mealtime glucose 
elevations. These patients may be on basal insulin alone or may 
be on basal and bolus insulin with a basal dose that is 60% or 
more of their total daily dose. In these cases, patients may require 
a greater basal dose reduction, particularly if fasting morning 
blood glucose is routinely 4.0–7.0 mmol/L. Conversely, patients 
treated with basal insulin with fasting hyperglycemia may not 
require a dose reduction before surgery. Dose recommendations 
should be individualized to the patient context.

There is a paucity of evidence on how to manage ultra-long 
acting insulins (e.g., degludec or glargine 300 U/mL insulin) 
during the perioperative period. Based on the lack of evidence, 
and the up to 25-h half-life and duration of action of 42 h of 
ultra-long acting insulins, it is reasonable to reduce the dose of 
these insulins by 20–25% for 3 days before scheduled procedures.

Enhanced Recovery after Surgery in patients with diabetes
Carbohydrate-rich drinks have been implemented in the 
preoperative fasting period to reduce postoperative catabolism.36 

Currently, Enhanced Recovery after Surgery (ERAS) guidelines 
variably address whether patients with diabetes should undergo 
preoperative carbohydrate loading.37–40 There is inconsistent 
evidence of benefit for preoperative carbohydrate loading; while 
a few systematic reviews have demonstrated reduced length 
of stay41 and improved patient well-being,42 most identify no 
consistent benefits.36 Importantly, many studies examining 
preoperative carbohydrate loading excluded people with 
diabetes. Studies that included people with diabetes had small 

sample sizes and may be underpowered to identify adverse 
events.43 Given clear evidence of harm from intraoperative and 
postoperative hyperglycemia, and a lack of consistent evidence 
supporting preoperative carbohydrate loading for patients with 
diabetes, the harm of such a practice may outweigh the benefits. 
Further work will be necessary to clarify whether preoperative 
carbohydrate loading with appropriate glycemic management 
may confer perioperative benefit(s).

Perioperative glycemic targets for patients with  
and without diabetes
Most major society guidelines recommend maintaining postoperative 
glucose less than 10.0 mmol/L, and recommend the use of BBIT 
to achieve this target.23 The evidence supporting this target is 
conflicting, primarily observational, and is often extrapolated 
from medical inpatients. While this range is associated with a 
reduction in infections,44 fewer complications,45 lower mortality, 
and a shorter length of stay46 in some publications, many studies 
demonstrate no benefit or increased harm when maintaining 
patients less than 10.0 mmol/L.44 These targets apply to all patients, 
regardless of whether or not they have diabetes.

Postoperative glycemic management
Diabetes Canada recommends that patients with and without 
diabetes who are above the glycemic target postoperatively 
receive insulin in a BBIT regimen to achieve targets, even if 
hyperglycemia is expected to be transient.23 This recommendation 
is based on the RABBIT-2 trial, a randomized trial which found 
improved glycemic control and reduced surgical complications 
in patients who received BBIT compared to subcutaneous 
sliding-scale insulin.22 Patients with postoperative hyperglycemia 
who do not have diabetes may need a starting total daily dose 
of insulin that is less than patients with diabetes, especially for 
patients with diabetes with hyperglycemia at baseline. Expert 
consultation with internal medicine or endocrinology services 
may be required. Patients whose home medications for diabetes 
are not continued in the perioperative period should restart these 
medications when they are eating and drinking well, with special 
consideration for medications that may cause hypoglycemia or 
are contraindicated in kidney injury (Table 2).

Implementation of best practices for perioperative glycemic 
management
Implementation of these recommendations has lagged behind 
supporting evidence. A chart audit study of 119 postoperative 
patients with known diabetes identified that a quarter of them 
had an average blood glucose greater than 10.0 mmol/L, and 80% 
of patients were managed with sliding-scale insulin rather than 
BBIT.47 In our center, an audit of the electronic health record of 
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197 patients with diabetes demonstrated that 27% had moderate 
(blood glucose ≥ 14.0 mmol/L) or severe (blood glucose ≥ 18.0 
mmol/L) hyperglycemia after surgery (unpublished data). Notably, 
patients without diabetes who have postoperative hyperglycemia 
are less likely to receive insulin than patients with diabetes, despite 
having similar risk of postoperative complications associated 
with hyperglycemia.8

Difficulties in implementing best practices for perioperative 
glycemic management are multifactorial.48 The perioperative 
period is complex, and implementing recommendations requires 
coordination between outpatient perioperative physicians and 
inpatient surgical teams. Even when guideline-based recommendations 
are made in preoperative assessment, these recommendations 
may not be followed for  up to 13% of the surgical patients.49 
Previous work in Alberta has identified that physicians find the 
use of BBIT to be challenging when postoperative patients are 
not eating well.48 Healthcare providers were reluctant to use 
insulin due to concerns about hypoglycemia.48 Clinical inertia 
by healthcare professionals when managing hyperglycemia 
may contribute to a lack of intensification of medical therapy 
in patients with postoperative hyperglycemia.47 Furthermore, 
learning to use BBIT order sets requires training.48 Lastly, it 
is challenging for internists and surgeons to keep up with the 
rapidly expanding new diabetes medications available and their 
potential adverse effects.

These challenges speak to the need to develop shared care models 
of perioperative glycemic management. Involvement of surgical 
teams, patients, internists, diabetes specialists, endocrinologists, 
and allied healthcare team members is required to co-develop 
institution-specific pathways to: (1) identify patients at high-risk 

Figure 1. Systems components of a perioperative glycemic management pathway.
BBIT = basal bolus insulin therapy; POCT = point of care testing.

of postoperative hyperglycemia, (2) proactively develop plans 
for management, (3) adequately monitor blood glucose and 
recognize hyperglycemia, and (4) apply evidence-informed 
interventions to maintain glucose targets (Figure 1). Other 
centers, including the Ottawa Hospital, have seen successful in 
reducing postoperative complications after implementing similar 
pathways.20,21 Careful attention should be paid to well-described 
barriers for the implementation of best practices for in-hospital 
glycemic management, including fear of hypoglycemia, lack 
of understanding of the rationale for maintaining appropriate 
glucose targets, and difficulties in managing patients with poor 
oral intake.48 Fortunately, knowledge translation toolkits have 
been developed to successfully assist teams in overcoming these 
specific barriers.17,50,51
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Perioperative Hyperglycemia Management: An Update
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Summary Statement

An association between perioperative hyperglycemia and adverse outcomes has been established 

in surgical patients, 1-3 with morbidity being reduced in those treated with insulin.5-6 A practical 

treatment algorithm and literature summary is provided for surgical patients with diabetes and 

hyperglycemia.
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Introduction

A substantial body of literature demonstrates a clear association between perioperative 

hyperglycemia and adverse clinical outcomes.1-3 The risk for post-operative complications 

and increased mortality relates to both long-term glycemic control and to the severity of 

hyperglycemia on admission and during the hospital stay.2 The underlying mechanism(s) 

relating hyperglycemia to poor outcomes is not completely understood. Past and current 

studies point to physiologic changes that occur in the hyperglycemic state that may 

contribute to poor outcomes. Elevated blood glucose levels impair neutrophil function, cause 

an overproduction of reactive oxygen species, free fatty acids and inflammatory mediators. 

These pathophysiologic changes contribute to direct cellular damage, vascular and immune 

dysfunction.4 Substantial evidence indicates that correction of hyperglycemia with insulin 

administration reduces hospital complications and decreases mortality in cardiac5 and 

general surgery patients.6 However, optimal glucose management during the perioperative 

period is widely debated. Recent randomized controlled trials targeting conventional targets 

for glycemic control do not demonstrate the significant risk of hypoglycemia7,8 as seen in 

prior studies using insulin to maintain tight blood glucose control.9 The pendulum of 

inpatient care has since moved toward more moderate and individualized glycemic targets.
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This manuscript reports on the prevalence, diagnosis and pathophysiology of perioperative 

hyperglycemia and provides a practical outline for the management of surgical patients with 

diabetes and hyperglycemia.

Metabolic Consequences of Surgical Stress and Anesthesia

During the fasting state, normal subjects maintain plasma glucose levels between 60-100 

mg/dl (3.3-5.5 mmol/l). The stress of surgery and anesthesia alters the finely regulated 

balance between hepatic glucose production and glucose utilization in peripheral tissues. An 

increase in the secretion of counterregulatory hormones (catecholamines, cortisol, glucagon, 

and growth hormone) occurs, causing excessive release of inflammatory cytokines including 

tumor necrosis factor-α, interleukin-6 and interleukin-1β (Figure 1).10 Cortisol increases 

hepatic glucose production, stimulates protein catabolism and promotes gluconeogenesis, 

resulting in elevated blood glucose levels.11 Surging catecholamines increase glucagon 

secretion and inhibit insulin release by pancreatic β-cells.4 Additionally, the increase in 

stress hormones leads to enhanced lipolysis and high free fatty acid (FFA) concentrations. 

Increased FFAs have been shown to inhibit insulin-stimulated glucose uptake12 and limit the 

intracellular signaling cascade in skeletal muscle responsible for glucose transport activity.13 

Evidence also suggests that TNF-α interferes with the synthesis and/or translocation of the 

glucose transporter GLUT-4 reducing glucose uptake in peripheral tissues.14 These 

processes result in an altered state of insulin action, leading to a relative state of insulin 

resistance which is most pronounced on the first postoperative day and may persist for 9-21 

days following surgery.15

Preoperative carbohydrate loading is becoming a more frequent surgical practice because it 

may counteract the state of insulin resistance that occurs due to stress and starvation. The 

Enhanced Recovery After Surgery (ERAS) program advocates carbohydrate-rich drinks up 

to two hours before surgery. This avoids the catabolic state associated with starvation, and 

has been demonstrated to increase insulin sensitivity16 and decrease the risk of postoperative 

hyperglycemia.17 Particularly in patients undergoing major abdominal surgery, carbohydrate 

loading has been associated with a reduced hospital length of stay.18

The magnitude of the counterregulatory response relates to the severity of surgery and the 

type of anesthesia.19 Anatomic location, invasiveness of the procedure, intraoperative fluids 

and nutritional support have all been linked to glucose elevation and the duration of stress 

hyperglycemia. Surgeries involving the thorax and abdomen are associated with a more 

pronounced and prolonged duration of hyperglycemia when compared to peripheral 

procedures.19 Laparoscopic procedures (versus open) demonstrate a decreased incidence of 

insulin resistance and hyperglycemia.15

Type of anesthesia also influences the hyperglycemic response during surgery. General 

anesthesia is more frequently associated with hyperglycemia and higher levels of 

catecholamines, cortisol and glucagon than local or epidural anesthesia.20 Volatile anesthetic 

agents inhibit insulin secretion21 and increase hepatic glucose production.22
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Prevalence of Hyperglycemia and Diabetes in Surgical Patients

Perioperative hyperglycemia is reported in 20-40% of patients undergoing general 

surgery2,23,24 and approximately 80% of patients after cardiac surgery.5,25 A recent report 

examining point-of-care glucose testing in 3 million patients, across 575 American hospitals, 

reported a prevalence of hyperglycemia (BG >180 mg/dl, 10 mmol/l) as 32% in both 

intensive care (ICU) patients and non-ICU patients.26 Most patients with hyperglycemia 

have a known diagnosis of diabetes. However, 12-30% of patients who experience intra 

and/or post-operative hyperglycemia do not have a history of diabetes before surgery,2 a 

state often described as ‘stress hyperglycemia.’27 Stress hyperglycemia typically resolves as 

the acute illness or surgical stress abates. However, cross-sectional and longitudinal studies 

show that between 30-60% of these patients have impaired carbohydrate intolerance when 

assessed by oral glucose tolerance testing after hospital discharge.28 Furthermore, 60% of 

patients admitted with new hyperglycemia had confirmed diabetes at 1 year.28 Measurement 

of HbA1c in patients with hyperglycemia during hospitalization provides the opportunity to 

differentiate patients with stress hyperglycemia from those with diabetes who were 

previously undiagnosed.29 The Endocrine Society guidelines indicate that patients with 

hyperglycemia and HbA1C of 6.5% or higher can be identified as having diabetes.30

Preoperative period

Few studies have examined the effects of preoperative blood glucose levels on outcomes and 

there is a paucity of data for best preoperative glucose management. A retrospective analysis 

of 61,000 patients undergoing elective non-cardiac surgery demonstrated that one-year 

mortality was significantly related to preoperative blood glucose (BG). Crude incidence of 

mortality was 3-5% at one year in patients with preoperative BG between 60 and100 mg/dL 

(3.3-5.5 mmol/l) versus 12% in patients with BG > 216 mg/dL (12 mmol/l).31 Han et al32 

reported that a preoperative hemoglobin A1c (HbA1c) level > 8% was an independent risk 

factor for wound complications (odds ratio [OR] 6.07; 95% confidence interval [CI], 1.12 to 

33.0) in patients with type 2 diabetes undergoing total knee arthroplasty. Similarly, Dronge 

et al33 reported that among 490 diabetic patients who underwent major non-cardiac surgery, 

HbA1c level >7% was significantly associated with increased infectious complications with 

an adjusted odds ratio of 2.13 (95% confidence interval, 1.23-3.70) compared to patients 

with HbA1c < 7%. The relationship between peripheral BG and cerebral glucose is (as 

measured by intracerebral microdialysis catheters) is complicated in injured brain tissue and 

uncoupling can occur in the linear relationship. However, a review of the data does suggest 

that perioperative hyperglycemia in neurosurgical patients is a marker of poor outcomes.74 A 

recent study of 918 craniotomy or neurosurgical procedures for spine cases demonstrated 

increasing number of post-operative complications with increasing blood glucose.75 Halkos 

et al34 reported that preoperative HbA1c levels >7% in patients undergoing primary, elective 

coronary artery bypass surgery (CABG) had a higher unadjusted 5-year mortality compared 

with patients with HbA1c < 7%. These studies indicate that poor preoperative glycemic 

control is associated with an increased rate of complications and reduced long-term survival 

after surgery. Optimizing preoperative glucose management may improve outcomes; 

however, no prospective randomized studies have determined the importance of pre-

operative control and clinical outcome.
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Diabetes, Fasting and Feeding

The Joint Commission recommends a nutritional assessment occur within 24 hours of 

admission for all surgical patients. This is an important component of the preoperative 

evaluation. Most patients with and without diabetes tolerate fasting for several hours up to a 

few days without increased risk of malnutrition or perioperative complications. Nutritional 

support, with dextrose containing solutions is not indicated in diabetic patients fasting for 

periods less than 24-48 hours.

Prolonged fasting is avoided in patients with diabetes. Low carbohydrate diets facilitate 

insulin dosing and result in improved glucose control.35 The metabolic needs for most 

hospitalized patients can be supported by providing 25-35 calories/kg/day. Critically ill 

patients require decreased caloric intake approximating 15-25 calories/kg/day.35 A diet 

between 1800-2000 calories/day is appropriate for most patients.35 A meta-analysis 

examining diabetic enteric feeding formulas demonstrated that low-carbohydrate high–

monounsaturated fatty acid are preferable to standard high-carbohydrate formulas in 

hospitalized patients with type 1 and type 2 diabetes.36 The postprandial rise in blood 

glucose was reduced by 18-29 mg/dL with these formulations, demonstrating improved 

glucose control in diabetics.36

Intraoperative period

Most investigations into the effects of intraoperative glucose control and outcomes have 

focused on the cardiac surgery population. In a retrospective study of 409 patients 

undergoing cardiac surgery, Gandhi et al37 reported that for each incremental change in 

intraoperative BG by 20 mg/dL (1.1mmol/l) above 100 mg/dL (5.5 mmol/l), there was a 

30% increase in occurrence of adverse events including pulmonary and renal complications 

and death. Another study correlated glucose levels with risk of infection, atrial fibrillation, 

heart failure, myocardial infarction, pericarditis, neurologic complications, and pulmonary 

complications.38 Thirteen percent of patients with BG levels < 200 mg/dL (11.1 mmol/l) 

experience complications, versus 36% with glucose > 200 mg/dL (11.1 mmol/l) and 63% of 

patients with glucose ≥ 250 (13.9 mmol/l) mg/dL. In contrast to these observational studies, 

a randomized controlled trial of 400 diabetic and non-diabetic surgery patients assigned to 

receive continuous insulin infusion to maintain intraoperative glucose level between 80 and 

100 mg/dL (4.4-5.6 mmol/l), versus those treated only for glucose levels > 200 mg/dL (11.1 

mmol/l), reported more deaths and strokes in the intensive treatment group.39 A meta-

analysis of 5 randomized controlled trials in 706 cardiac surgery patients reported that 

rigorous intraoperative glycemic control decreased the infection rate compared to 

conventional therapy but did not decrease mortality.40

Postoperative period

Studies in cardiac, general surgery and ICU patients have shown a clear association between 

inpatient hyperglycemia (>180 mg/dL, 10 mmol/l) and adverse clinical outcomes including 

surgical site infections, delayed wound healing and increased length of stay.1-3,24 Treating 

elevated BG has been reported to decrease morbidity.5,9 Numerous well-designed 

multicenter trials have shown that intensive insulin treatment results in a higher incidence of 

hypoglycemia and increased mortality compared to moderate glucose control.7,41,42
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Several randomized controlled trials (all in cardiac surgery) have attempted to evaluate the 

ideal blood glucose target in the post-operative period to optimize outcomes and minimize 

harm.25,43-45 Desai et al43 randomized 189 patients to intensive insulin therapy (target 90 to 

120 mg/dL, 5-6.7 mmol/l) or to conventional control (target 121 to 180 mg/dL, 6.7-10 

mmol/l) testing the hypothesis that a liberal blood glucose target is non-inferior to intensive 

control for outcomes following first-time CABG surgery. There were no differences in deep 

sternal wound infection, pneumonia, perioperative renal failure, or mortality. However, the 

strict glucose control group took longer to reach target range, had a greater number of 

measurements outside of the target range, and more patients with hypoglycemic events. 

Pezzella et al44 assessed the long-term mortality in diabetics and non-diabetics randomized 

to intensive versus conventional control. There was no difference in health-related quality of 

life or survival between groups over a 40-month follow-up period demonstrating that long-

term outcomes were not worse when blood glucose was maintained in liberal target range. 

Lazar et al45 investigated the effects of a target glucose of 90-120 mg/dL (5-6.7 mmol/l) 

versus 120-180 mg/dL (6.7-10 mmol/l) on clinical outcomes in 82 diabetic patients 

undergoing CABG. The study reported no differences in perioperative complications, 

hospital length of stay and mortality between the groups. The GLUCO-CABG trial25 

randomized both diabetic and non-diabetic patients to intensive control (100-140 mg/dL, 

5.5-7.8 mmol/l) or conventional glucose control (141-180 mg/dL, 7.8-10 mmol/l) following 

coronary bypass surgery. A significant difference was not detected between groups when 

evaluating a composite of complications including mortality, wound infection, pneumonia, 

bacteremia, respiratory failure, acute kidney injury, and major cardiovascular events. 

However, we observed heterogeneity in treatment effect according to diabetes status, with no 

differences in complications among patients with diabetes, but lower rates of complications 

in subjects without diabetes treated with intensive compared with conservative regimen. In 

agreement with these findings, a recent study by Blaha et al46 in 2,383 cardiac surgery 

patients treated to a target glucose range between 80 to 110 mg/dL (4.4-6.1 mmol/l) reported 

a reduction in postoperative complications only in non-diabetic patients (21% vs. 33%, 

relative risk 0.63, CI 0.54-0.74) without significant benefit of intensive therapy in patients 

with diabetes. These results indicate that at this time, institutions should target post-

operative blood glucose levels between 140 and 180 mg/dL for cardiac surgery patients.

In general surgery patients, observational and prospective randomized studies have shown 

that hyperglycemia is associated with increased rates of morbidity and mortality.1-3,6,24 

Improved glycemic control reduces the rate of hospital complications.3,6 In a cross-sectional 

study, patients with glucose levels between 110 and 200 mg/dL (6.1 mmol/l -11.1 mmol/l) 

versus patients with glucose levels >200 mg/dL (11.1 mmol/l) had respectively, a 1.7-fold 

and 2.1-fold increased mortality compared to those with glucose levels <110 mg/dL (6.1 

mmol/l).47 The risk of postoperative complications in general surgery patients relates to the 

severity of hyperglycemia, with a higher risk observed in patients without a history of 

diabetes (stress-induced hyperglycemia) compared to those with a known diagnosis of 

diabetes.1-3
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Glycemic Targets

Glycemic targets recommended by several organizations are shown in Table 1. The Society 

for Ambulatory Anesthesia (SAMBA) recommends intraoperative blood glucose levels <180 

mg/dL (10 mmol/l).48 The American Association of Clinical Endocrinologists (AACE) Task 

Force and the American Diabetes Association (ADA) recommend target glucose levels 

between 140 and 180 mg/dL (7.7-10 mmol/l) in critically ill patients.49 The Society of 

Critical Care Medicine (SCCM) advises treatment be triggered at blood glucose levels ≥ 150 

mg/dl (8.3 mmol/l0 with a goal to maintain blood glucose below that level, and absolutely 

<180 mg/dL (10 mmol/l).50 The Society of Thoracic Surgeons (STS) Practice Guidelines 

recommend maintaining serum glucose levels ≤ 180 mg/dL (10 mmol/l) for at least 24 hours 

after cardiac surgery.51 The American College of Physicians (ACP) advocates against 

intensive insulin therapy in patients with or without diabetes in surgical and medical ICUs. 

The ACP target blood glucose range is 140-200 mg/dL (7.7-11.1 mmol/L) for patients with 

or without diabetes.52

For patients in non-ICU settings, the Endocrine Society and the ADA/AACE Practice 

Guidelines recommended a target pre-meal glucose of <140 mg/dL (7.7 mmol/l) and a 

random BG of <180 mg/dL (10 mmol/l) for patients treated with insulin.30,49 The Joint 

British Diabetes Societies guideline, for the perioperative management of adult patients, 

recommends to start insulin treatment when glucose levels are >10 mmol / l (180 mg/dL). 

The Societies target a glucose range between 6 -10 mmol/l (108–180 mg/dL) but with 

acceptable values 4-12 mmol/l (72–216 mg/dL).53

Pre-Operative Glycemic Management

Treatment recommendations for type 2 diabetics using home medications are based on 

numerous factors. Type of diabetes, nature and extent of the surgical procedure, length of pre 

and post-operative fasting, type and frequency of daily medication, and state of metabolic 

control preceding surgery are taken into consideration when determining pre-operative 

medication use and dose.

There is a lack of randomized controlled trials demonstrating the role of oral medication 

before surgery. Generally, based on pharmacology and small studies, the use of most oral 

antidiabetic agents is recommended up to the day before surgery. Certain medications may 

be safely continued on the day of surgery (Table 2). It has been recommended that 

sulfonylurea and insulin secretogogues be discontinued the day of surgery as means to limit 

the risk of hypoglycemia.30,48 The SAMBA consensus statement on perioperative BG 

management in diabetic patients recommends that metformin may be taken the day before 

surgery, and restarted on the day of surgery when normal diet is resumed.48 However, the 

Joint British Diabetes Societies guideline allows metformin to be continued on the day of 

surgery for patients undergoing only a short starvation period (one missed meal).53 In 

patients undergoing procedures with use of intravenous contrast dye or with long expected 

surgical times, metformin is stopped when the preoperative fast begins, and restarted post-

operatively with normal diet resumption. Should renal dysfunction (glomerular filtration 

rate, GFR < 45mL/min)78 be discovered during pre-operative evaluation or develop 

following surgery, metformin is discontinued until renal function normalizes. If discontinued 
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pre-operatively, notice should be provided to the patient's primary care physician or 

endocrinologist, and alternative oral hypoglycemic therapy considered if appropriate.

Due to reports of diabetic ketoacidosis (DKA) occurring in conjunction with sodium 

glucose-cotransporter 2 (SGLT-2) inhibitor therapy, the FDA released a safety statement in 

2015.76 In response to this statement, the American College of Endocrinology (ACE) and 

AACE convened a conference of experts to evaluate and minimize the risk of DKA in 

patients using SGLT-2 inhibitors.77 Recommendations from the symposium's emerging 

guidelines include stopping the drug in patients undergoing emergency surgery and holding 

the medication 24 hours before an elective surgery or invasive procedure.

There is growing interest in the incretin family (DPP-4s and GLP-1 agonists) as agents to 

improve glycemic control without increasing the incidence of hypoglycemia. Currently, 

randomized placebo-controlled trials are underway examining sitagliptan for use in both 

cardiac and general surgery patients with type 2 diabetes. DPP-4 inhibitors were proven to 

be safe in a recent randomized trial of medical and non-cardiac surgery patients with type 2 

diabetes treated at home with diet, oral antidiabetic agents, or a low daily insulin dose (≤0.4 

units/kg/day).54 DPP-4 inhibitors may be taken the day of surgery and continued into the 

perioperative period.

Patients with type 2 diabetes treated with insulin should continue their insulin therapy (Table 

3). It has been suggested that the patient's basal insulin (glargine or detemir) dose be reduced 

by approximately 25% of normal dose the evening before55 or morning of surgery if twice 

daily dosing. NPH insulin and premixed formulations are reduced by 20% the evening 

before surgery and by 50% the morning of surgery.56 In addition, we recommend holding 

the dose of NPH or premixed insulin the morning of surgery in patients with type 2 diabetes 

and fasting glucose < 120 mg/dl. Day of surgery regimens are outlined in Table 4.

Patients with type 1 diabetes undergoing surgical procedures require insulin during the 

perioperative period. The stress of surgery may result in severe hyperglycemia or 

ketoacidosis. These patients should receive 80% of basal insulin dose the evening before 

surgery and on the morning of surgery in order to prevent hypoglycemia.57 Prandial insulin 

is stopped when the fasting state begins.

Intraoperative Glycemic Management

The target perioperative blood glucose level depends upon the duration of surgery, 

invasiveness of surgical procedure, type of anesthetic technique, and expected time to 

resume oral intake and routine antidiabetic therapy. The Endocrine Society and SAMBA 

recommend that intraoperative blood glucose levels be maintained <180 mg/dL.30,48

Hyperglycemia (>180 mg/dL, 10 mmol/l) is treated with subcutaneous (SC) rapid-acting 

insulin analogs or with an intravenous infusion of regular insulin. Patients undergoing 

ambulatory surgery or procedures of short duration (< 4 hours operating room time) are 

often appropriate candidates for SC insulin treatment. Additionally, SC rapid-acting insulin 

analogues may also be used to correct hyperglycemia during inpatient procedures that are 

minimally invasive, with expected hemodynamic stability, and allow early resumption of 
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oral intake.48,53 Onset time of rapid-acting insulin analogs is between 15-30 minutes with 

peak drug effect occurring between 1-1.5 hours. Advantages of SC rapid-acting insulin 

analogs include ease of administration, low rate of hypoglycemia, and efficacy in correcting 

hyperglycemia.58

When subcutaneous insulin is used in the preoperative period or operating room to treat 

hyperglycemia, BG testing should occur at least every two hours. Correctional insulin is 

defined as the supplemental insulin provided for BG > 180mg/dL (10 mmol/L) following 

blood glucose testing. Correctional dosing with a rapid-acting insulin can be calculated with 

the following formula: Measured glucose – 100 / insulin sensitivity factor. Insulin sensitivity 

factor is equal to 1800 divided by the patient's total daily dose of insulin. The total daily 

dose (TDD) is equivalent to the patient's daily amount of basal, prandial and correctional 

insulin. Should TDD not be available or if a patient is using only oral medications at home, a 

sensitivity factor (denominator) of 40 provides a safe calculation for a correctional insulin 

dose. Rapid-acting insulin should not be dosed more frequently than every two hours to 

minimize the risk of insulin stacking. Data comparing SC insulin to intravenous insulin 

infusion in the operative setting is lacking. The short duration of action of rapid-acting 

insulin analoges limits the risk of ‘insulin stacking’ with repeat dosing. However, limiting 

the number of intraoperative SC insulin doses to two, within the four-hour operative time, 

may reduce the risk hypoglycemia.

Algorithms are available that recommend SC insulin dosing regimens to treat intraoperative 

hyperglycemia.59 Table 5 provides a SC rapid-acting insulin correction scale that can be 

used intra and post-operatively. To limit the risk of hypoglycemia, patient factors associated 

with insulin sensitivity (age > 70 years, renal insufficiency) are identified, and a reduced 

correctional dose is provided for BG > 180mg/dL (10mmol/L). Larger doses of correctional 

SC insulin are provided for BG > 180mg/dL (10 mmol/L) in patients with factors associated 

with insulin resistance (BMI > 35kg/m2, TDD > 80U/day, steroid equivalent > 20mg 

prednisone daily). Should a patient have factors in multiple categories (insulin sensitive, 

insulin usual, insulin resistant), the category with smallest correctional dose is chosen to 

minimize the risk of hypoglycemia.

An intravenous (IV) insulin infusion is recommended in patients undergoing procedures 

with anticipated hemodynamic changes, significant fluid shifts, expected changes in 

temperature (passive hypothermia or active cooling, hyperthermic intraperitoneal 

chemotherapy), use of inotropes, or lengthy operative times (>4 hours). These variables alter 

subcutaneous insulin absorption and distribution. Unreliable pharmacokinetics may result in 

persistent hyperglycemia or conversely, sudden hypoglycemia. For these same reasons, an 

IV insulin infusion is used in critically ill patients or those undergoing cardiac surgery. The 

short half-life of IV insulin (less than 15 minutes) allows for rapid-adjustment in drug 

delivery and has limited lasting effect. The ideal protocol allows flexible rate adjustments 

that are based on both the current and previous glucose value. An example is provided in 

Table 6. Blood glucose testing should occur hourly when using a variable rate insulin 

infusion. Given the frequency of monitoring, use of an electronic alert system in the 

operating room can increase provider adherence to testing and treatment of blood glucose.60 

A pre and intraoperative testing and treatment algorithm is outlined in Figure 2.
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Post-Operative Glycemic Management for non-ICU Patients

Glucose control in non-critically ill, non-ICU surgical patients is managed with SC insulin. 

While recovering in the post-anesthesia care unit (PACU), BG checks need to continue at 

least every two hours for all diabetic patients, and for non-diabetics treated with insulin in 

the operating room. Correctional SC rapid-acting insulin doses are provided for BG > 

180mg/dL (10mmol/L) (Table 5). The anesthesiologist's assessment of the patient's level of 

consciousness, recovery condition, ability to swallow, and oral status determined by surgical 

team are used to determine treatment of BG < 70mg/dL (3.9mmol/L). An oral glucose or IV 

dextrose solution is appropriate. If a PACU patient's condition deteriorates and there is need 

for ICU level care, all SC insulin is stopped and an IV insulin drip started for BG > 

180mg/dL (10mmol/L) (Table 6). For same-day surgery, the patient may resume their home 

medication regimen when he/she leaves the hospital.

When patients transition out of the PACU onto the surgical floor, use of sliding scale insulin 

alone is not acceptable as the single regimen in patients with diabetes, as it results in 

undesirable hypoglycemia and/or hyperglycemia.61,62 The administration of once or twice 

daily basal insulin (glargine, determir, NPH) alone, or in combination with prandial insulin 

is the recommended approach.61-63 The use of a long-acting basal insulin plus prandial 

rapid-acting insulin is commonly referred to as a “Basal Bolus” insulin regimen. The 

RABBIT 2 trial reported that in general medicine patients with type 2 diabetes, basal-bolus 

treatment resulted in greater control of blood glucose than regimens consisting only of 

sliding-scale insulin.61 In general surgery patients, basal-bolus regimens also significantly 

reduce the number of postoperative complications, primarily wound infections.62 NPH and 

regular insulin, or premixed (70/30) formulations, demonstrate equivalent blood glucose 

control when compared to basal bolus regimens, but are associated with higher rates of 

hypoglycemia in patients with poor oral intake.64,65

The “Basal Plus” regimen includes a long-acting basal insulin once daily plus a correctional 

rapid-acting insulin to treat BG > 180mg/dL.63 Although the correctional insulin appears 

similar to a sliding scale, it is intended to make small corrections in BG that occur despite 

basal therapy. Sliding scale insulin regimens do not supply basal insulin. In surgical patients 

with reduced total caloric intake, the Basal Plus trial63 reported that a single daily dose of 

glargine plus correctional doses with rapid-acting insulin resulted in improved glycemic 

control compared to sliding scale insulin therapy alone. There was no difference in the 

frequency of hypoglycemia compared to a basal bolus regimen. These results indicate that in 

surgical patients, the basal plus correctional insulin regimen is preferred for patients with 

poor or no oral intake while an insulin regimen with basal, prandial and correctional 

components (Basal Plus) is preferred for patients with good nutritional intake.

Insulin doses administered subcutaneously are calculated either based on weight or on home 

insulin doses (Table 7). For insulin naïve diabetic patients, an evaluation of oral intake 

determines basal daily dose. For patients who are NPO or with poor oral intake, the starting 

daily dose of basal (glargine, detemir) insulin is 0.2 to 0.25 units.kg−1.day−1. As patients’ 

diet orders are advanced and they tolerate a diet (regular, low carbohydrate or diabetic), a 

basal bolus regimen is started. In elderly patients (age > 70) and those with impaired renal 

function (GRF < 45ml/min), the daily basal insulin dose is reduced by approximately half of 

Duggan et al. Page 9

Anesthesiology. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the normal recommended dose (0.1 to 0.15 units.kg−1.day−1) to reduce the risk of 

hypoglycemia. Insulin resistant patients are provided higher doses of basal insulin (0.3 

units.kg−1.day−1) to minimize hyperglycemia. A correctional scale (Table 5) is included for 

all diabetic patients in both the basal plus and basal bolus regimen.

The home insulin regimen of a diabetic patient is used to calculate daily hospital dose. 

Reducing TDD by 20-25% yields the starting inpatient dose of basal insulin while the 

patient is NPO. The reduction in basal insulin reduces the risk of hypoglycemia, particularly 

in those with poor or uncertain caloric intake.63 The dose of basal insulin is adjusted daily if 

the patient's blood glucose is not within target range over the previous 24 hours. In the 

absence of hypoglycemia (BG < 70mg/dL, 3.8mmol/L), the basal insulin dose is increased 

by 10 or 20% respectively for persistent BG > 180mg/dl (10mmol/L) or 240mg/dl 

(13mmol/L). As normal diet is resumed, insulin therapy can be transitioned to the patient's 

usual basal and prandial regimen. An endocrinology consult is recommended in diabetic 

patients if they are started, or placed on increasing doses of steroids or immunosuppresants, 

if parenteral or enteral feeding is initiated (or with formula change), for persistent 

hypoglycemia or hyperglycemia (despite dose adjustment) and before discharge if the 

patient's home regimen is not controlling their disease (HgbA1C > 8%).

The use of oral antidiabetic agents is generally not recommended in hospitalized patients 

due to the limited data available on their safety and efficacy. Hospitalized patients frequently 

have contraindications to oral medications and the slow onset of action may preclude 

achieving rapid glycemic control. However, in recent years, the use of DPP-4 inhibitors has 

been proposed for the management of inpatient hyperglycemia.54 A recent randomized study 

in medicine and surgery patients with type 2 diabetes reported that the use of sitagliptin 

alone, or in combination with a single basal insulin dose, resulted in similar mean daily 

glucose concentrations when compared to basal bolus insulin regimens.54

Transitioning from IV to SC insulin

Post-operatively, glycemic control in critically ill patients is managed with a continuous 

insulin infusion. When ICU patients are ready to be transferred to the general medical floors, 

appropriate transition orders from an IV insulin to scheduled SC insulin are needed to 

prevent rebound hyperglycemia.66 This is imperative in patients with type 1 diabetes since 

stopping or delaying insulin for only a few hours can result in diabetic ketoacidosis.

Calculation of SC insulin dose in those who have been on an IV insulin infusion is done by 

determining the TDD of insulin based on the patient's insulin infusion over the last 8 hours. 

Seventy percent of this total is administered as basal insulin. Thirty percent is added as 

prandial insulin when the patient is tolerating a normal diet.67 For diabetic patients on 

insulin therapy before admission, surgical ward insulin dose is based on home regimen.63,66 

Reducing the patient's home TDD of insulin by 20-25%, provides the starting daily basal 

insulin dose for the patient while NPO or with limited oral intake. To prevent rebound 

hyperglycemia, basal insulin is given 2 hours before discontinuation of the IV insulin 

infusion. Patients without a history of diabetes (HbA1c < 6.5%) requiring insulin infusion at 

low doses (≤ 2 U/hour), can be transitioned to the surgical floor without basal insulin. 

Continued monitoring is necessary and correctional insulin may be needed.25
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Insulin Pump Therapy

The use of insulin pump therapy has increased significantly during the past decade with 

recent estimates of more than 400,000 pump users in the United States.68 The majority of 

patients with an insulin pump have type 1 diabetes but, use is growing in type 2 diabetics. 

Patients with an insulin pump should continue insulin preoperatively and on the day of 

surgery. Depending on provider comfort levels managing an insulin pump and its settings, as 

well the placement of the pump in relation to the surgical field, a patient's home device may 

be used in the operating room. Advanced pre-operative planning to facilitate pump use in the 

operating room, especially for shorter cases or outpatient surgery, prevents interruption of 

the patient's normal insulin routine.

Intraoperatively, if the patient's own insulin pump is used, the basal rate is continued. Hourly 

monitoring of blood glucose is initiated when the patient arrives to the pre-operative area 

and continued until the patient is sufficiently alert to resume self-management. The pump is 

turned off when the BG < 110mg/dL / 6.1mmol/L). Correctional insulin bolus therapy is 

provided to treat BG > 180mg/dL (10mmol/L). Alternatively, if the pump cannot be used 

because placement interferes with the surgical field, the anesthesia team cannot access the 

pump due to positioning or, if turning off and/or changing basal rate is difficult for the 

anesthesiology team, an IV insulin infusion can be substituted for the pump. The pump is 

disconnected and an insulin infusion started at the same basal rate used by the patient.

Post-operatively, successful management of inpatient diabetes with the continuation of 

insulin pump therapy has been demonstrated in selected patients.70 Current 

recommendations advocate for the establishment of clear policies and procedures to guide 

patients and hospital staff in the management of diabetes with the use of insulin pumps.68 

Patients who are sufficiently alert to aid in their BG testing, pump rate change and bolus 

administration, can continue to use and manage their pump as an inpatient. In addition to the 

other previously mentioned reasons for consult, prompt involvement of inpatient diabetes 

specialists is recommended to assist with the assessment and management of critically ill or 

sedated/somnolent patients, or if the patient has difficulty controlling blood glucose with 

typical rate adjustments and prandial doses.69

Hypoglycemia

Hypoglycemia (< 70mg/dL, 3.9 mmol/l) is the most common event associated with insulin 

administration and has been demonstrated to be associated with poor clinical outcomes10 

and mortality.7 Clear data demonstrates that the probability of hypoglycemia increases 

significantly when glycemic goals are aggressive.42 Because hypoglycemia may go 

unrecognized under anesthesia,71 providers can be reticent to use insulin in the operating 

room. Undoubtedly, care must be taken to appropriately monitor patients in the perioperative 

setting to prevent dangerous drops in blood sugar. Conservative BG targets,7 frequent 

monitoring, perioperative provider communication,72 and treatment algorithms that base 

doses on insulin sensitivity,59 jointly reduce the risk of intra and post-operative 

hypoglycemia.
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Glucose Monitoring in the Perioperative Period

Options for testing blood glucose include central laboratory testing, blood gas analysis and 

capillary point of care testing (POC). Although central lab testing provides the most accurate 

BG measurement, the immediate turn-around time of POC glucometer devices enable 

anesthesia providers to make quick decisions to treat both hyper and hypoglycemia. 

However, intensivists, anesthesiologists and surgeons need to recognize the limitations of 

glucometer POC testing. In 2014, the FDA issued a draft guidance outlining that 99% of 

POC readings > 70mg/dL (3.9mg/dL) be within 10% of central lab reference values and that 

all BG readings < 70mg/dL be within 7mg/dL (0.39mmol/L). Glucometers available in 

many hospitals do not meet these metrics and may be less accurate than providers recognize. 

The safety of these devices to monitor BG in critically ill patients has been extensively 

questioned. A recent review of 21 studies examining POC glucose testing in this population, 

suggested that in the setting hemodynamic instability or continuous insulin infusions, 

bedside glucometers may not be sufficiently precise or reliable for use.73

Conclusion

Hyperglycemia is common in surgical patients. Current data demonstrates an association 

between elevated BG and a risk of perioperative complications in diabetic and non-diabetic 

patients. Insulin administration intra and post-operatively has been shown to improve 

clinical outcomes. Individual patient characteristics and surgical case factors are considered 

when choosing subcutaneous insulin or an insulin infusion. Both are appropriate options on 

the day of surgery. Blood glucose values of 180 mg/dL (10 mmol/L) or higher are treated 

with insulin. Target range for the perioperative period is 140-180 mg/dL (7.7-10 mmol/L) 

(see Table 1).48-52. Post-operatively, surgical floor patients with poor or uncertain oral intake 

are treated with once daily basal insulin. Prandial insulin is added when patients tolerate oral 

intake. Increasing evidence suggests a role for incretin therapy during the peri-operative 

period in patients with type 2 diabetes.

Multiple teams care for a surgical patient during the hospital course (anesthesiology, surgery, 

critical care medicine, internal/hospital medicine and endocrinology). Therefore, multi-

disciplinary groups within an institution should work together to create appropriate protocols 

for hyperglycemia screening, monitoring and treatment to minimize errors and to better care 

for patients.
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Figure 1. 
The Surgical Stress Response
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Figure 2. 
Pre and Intraoperative Testing and Treatment Algorithm (Intravenous or Subcutaneous 

Insulin)

(NPO: nothing by mouth, po: oral intake, BG: blood glucose, OR: operating room, PACU: 

post anesthesia care unit, q2h: every 2 hours, q30min: every 30 minutes, q15min: every 15 

minutes, D50: Dextrose 50% Solution, D10: Dextrose 10% Solution, SC: subcutaneous, mg: 

milligrams, d: deciliter, mmol: millimoles, L: liter)

BG 180mg/dL = 10mmol/L, BG 140mg/dL = 7.8mmol/L, 70mg/dL = 3.9mmol/L, BG 

50mg/dL = 2.8mmol/L
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Table 1

Society Guidelines Recommendations for Treatment of Perioperative Hyperglycemia and Diabetes

Ambulatory Surgery ICU Non-ICU

SAMBA 48 SC rapid-acting insulin analogs 
are preferred over IV or SC 
regular insulin
Treatment goal: Intraoperative 
blood glucose levels <180 
mg/dL (10 mmol/L)

ADA/AACE 49 Initiate insulin therapy for glucose >180 mg/dL (10 mmol/L).
Treatment goal: For most patients, target a glucose level between 
140–180 mg/dL (7.7-10 mmol/L).
Glucose target between 110–140 mg/dL (6.1-7.7mmol/L) may be 
appropriate for select patients, if achievable without significant risk 
for hypoglycemia.

Treatment goal: If treated with insulin, pre-meal glucose 
targets should generally be <140 mg/dL (<7.7 mmol/L), 
with random glucose levels <180 mg/dL (10 mmol/L).

ACP 52 Recommends against intensive insulin therapy in patients with or 
without diabetes in surgical/medical ICUs.
Treatment goal: Target glucose is between 140-200 mg/dL 
(7.7-11.1mmol/L) in patients with or without diabetes.

Critical Care Society 50 BG >150 mg/dL (8.3 mmol/L) should trigger insulin therapy.
Treatment goal: Maintain glucose <150 mg/dL (8.3 mmol/L) for 
most patients in ICU.

Endocrine Society 30 Treatment goal: Target premeal blood glucose <140 mg/dL 
(7.7 mmol/L) and random glucose <180 mg/dL (10 
mmol/L).
Higher target glucose <200 mg/dL (11.1 mmol/l) is 
acceptable in patients with terminal illness and/or with 
limited life expectancy or at high risk for hypoglycemia.

Society of Thoracic 
Surgeons 51

Continuous insulin infusion preferred over SC or intermittent IV 
boluses.
Treatment goal: Recommend glucose <180 mg/dL (10 mmol/L) 
during surgery, ≤110 mg/dL (6.1 mmol/L) in fasting and pre-meal 
states.

Joint British Diabetes 
Societies 53

Initiate insulin therapy for glucose >10 mmol/L (180 mg/
dL).
Target blood glucose levels in most patients are between 6 
and 10 mmol/L (108–180 mg/dL) with an acceptable range 
of between 4 and 12 mmol/L (72–216 mg/dL).

SAMBA: Society for Ambulatory Anesthesia; AACE/ADA: American Association of Endocrinologists and American Diabetes Association joint guidelines; ACP: American College of Physicians; ADA: 
American Diabetes Association; ICU: intensive care unit; IV: intravenous; SC: subcutaneous.
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Table 2

Oral Medication Use the Day Before and Day of Surgery

ORAL MEDICATION for ELECTIVE 
SURGERY

Day before surgery Day of surgery if:
1. Normal oral intake anticipated same day AND
2. Minimally invasive surgery

Day of surgery if:
1. Reduced post-operative oral intake OR
2. Extensive surgery, anticipated HD changes and/or fluid shifts

Secretagogues Take Hold Hold

SGLT-2 Inhibitors Hold Hold Hold

Thiazolidinediones Take Take Hold

Metformin Take§ Take§ Hold

DPP-4 Inhibitors Take Take Take

HD = Hemodynamic, SGLT = Sodium glucose cotransporter-2, DPP = Dipeptidyl peptidase 4

§
Hold if patient having a procedure with IV contrast dye administration, particularly in those with GFR <45 milliliters/minute78
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Table 3

Day before surgery insulin regimens based on oral intake status

DAY BEFORE SURGERY 
INSULIN REGIMENS

Glargine or Detemir NPH or 70/30 insulin Lispro, aspart, glulisine, regular Non-Insulin Injectables

AM Dose PM Dose AM Dose PM Dose AM Dose PM Dose AM Dose PM Dose

Normal Diet until Midnight 
(includes those permitted clear 
liquids until 2hrs prior to surgery)

Usual dose 80%% of usual 
dose

80% of usual dose 80% of usual dose Usual dose Usual dose Usual dose Usual dose

Bowel Prep (and/or clear liquids 
only 12-24hrs prior to surgery)

Usual dose 80% of usual 
dose

80% of usual dose 80% of usual dose Usual dose Usual dose Hold when 
starting clear 

liquid diet/bowel 
prep

Hold when 
starting clear 

liquid diet/bowel 
prep
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Table 4

Day of Surgery Insulin Regimens

DAY OF SURGERY INSULIN 
REGIMENS

Glargine or Detemir NPH or 70/30 insulin Lispro, aspart, 
glulisine, regular

Non-insulin injectables

80% of usual dose if patient uses twice daily basal 
therapy 50% of usual dose if BG 120mg/dL

*

Hold for BG < 120mg/dL

Hold Hold

BG = Blood Glucose

*
6.6mmol/L
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Table 5

Correctional SC Insulin Scale Day of Surgery and Post-Operative Surgical Ward Care

Blood Glucose mg/dL
(mmol/L) Insulin Sensitive

*

Age > 70, GFR < 45mL/min, No history of diabetes

Usual Insulin Insulin Resistant
*

BMI > 35kg/m2, Home TDD Insulin > 80U, Steroids > 20mg prednisone daily

141-180 (7.7-10) 0 2 3

181-220 (10-12.2) 2 3 4

221-260 (12.2-14.4) 3 4 5

261-300 (14.4-16.6) 4 6 8

301-350 (16.6-19.4) 5 8 10

351-400 (19.4-22.2) 6 10 12

> 400 (> 22.2) 8 12 14

(GFR: glomerular filtration rate, mL: milliliter, min: minute, m: meters, U: units, kg: kilograms, BMI: body mass index, mg: milligrams, d: deciliter, mmol: millimoles, L: liter, TDD: total daily dose)

*
If the patient falls into more than one insulin treatment group, choose the category with the lowest correctional dose to minimize the risk of hypoglycemia.
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TABLE 6
Variable Rate Continuous Insulin Infusion

Perioperative Target Blood Glucose 140-180mg/dL (7.8-10mmol/L)

Blood Glucose 
mg/dL (mmol/L)

If BG increased from previous 
measurement

BG decreased from prior 
measurement by less than 

30mg/dL

BG decreased from prior 
measurement by greater than 

30mg/dL

> 241 (13.4) Increase rate by 3U/h Increase rate by 3U/h No change in rate

211-240 (11.7-13.4) Increase rate by 2U/h Increase rate by 2U/h No change in rate

181-210 (10-11.7) Increase rate by 1U/h Increase rate by 1U/h No change in rate

141-180 (7.8-10) No change in rate No change in rate No change in rate

110-140 (6.1-7.8) No change in rate Decrease rate by ½ U/h Hold insulin infusion

100-109 (5.5-6.1)     1. Hold insulin infusion
    2. Re-check BG hourly
    3. Restart infusion at ½ the prior infusion rate if BG > 180mg/dL (10mmol/L)

71-99 (3.9-5.5)     1. Hold insulin infusion
    2. Check BG every 30 minutes until BG > 100mg/dL (5.5mmol/L)
    3. Resume BG checks every hour
    4. Restart infusion at ½ the prior infusion rate if BG > 180mg/dL (10mmol/L)

70 (3.9) or lower If BG 50-70 (2.8-3.9mmol/L),
    1. Give 25mL D50
    2. Repeat BG checks every 30 minutes until BG > 100mg/dL (5.5mmol/L)
If BG < 50mg/dL (2.8mmol/L)
    1. Give 50mL D50
    2. Repeat BG every 15 minutes until > 70mg/dL (3.9mmol/L)
    3. When BG > 70mg/dL, BG checks every 30 minutes until > 100mg/dL (5.5mmol/L). Repeat 50mL D50 dose if 
BG < 50mg/dL a second time and start D10 infusion.
    4. After BG > 100mg/dL (5.5mmol/L), resume hourly BG check
Restart infusion at ½ the prior infusion rate if BG > 180mg/dL (5.5mmol/L)

BG: Blood Glucose, mg: milligrams, dL: deciliter, mmol: millimoles, L: liter, U: Units, h: hour, D50: 50% dextrose solution, D10: 10% dextrose 
solution, mL: milliliters

1. If BG > 180mg/dL (10mmol/L), start insulin infusion

2. Consider bolus dose [BG – 100/40]

3. Start rate at BG/100 = U/hr

4. Check BG hourly and correct per table
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Table 7

Post-Operative Surgical Floor Insulin for Type 2 Diabetics on Oral Agents at Home

Type of Insulin TOTAL DAILY DOSE

Insulin Sensitive
*

Age > 70 years, GFR < 45mL/min

TOTAL DAILY DOSE
Insulin Usual

TOTAL DAILY DOSE

Insulin Resistant
*

BMI > 35 kg/m2, Steroids≥ 20mg prednisone 
daily

NPO/Poor Oral Intake/Clear Liquid 
Diet

BASAL PLUS REGIMEN

BASAL (Glargine/Detemir) 0.1 - 0.15 U•kg−1 •day−1 0.2-0.25 U•kg−1 •day−1 0.3 U•kg−1 •day−1

CORRECTIONAL (Rapid-Acting) Test BG every six hours.
Treat BG > 180mg/dL (10mmol/L) using correctional calculation or Table 5

Normal oral intake at meal time
BASAL BOLUS REGIMEN

BASAL (Glargine/Detemir) 0.1 – 0.15 U•kg−1 •day−1 0.2 - 0.25 U•kg−1 •day−1 0.3 U•kg−1 •day−1

PRANDIAL (Lispro/Aspart) 0.1 - 0.15 U•kg−1 •day−1 0.2 – 0.25 U•kg−1 •day−1 0.3 U•kg−1 •day−1

Give 1/3 prandial insulin with each meal

CORRECTIONAL (Rapid-Acting) Test BG with meals and at bedtime.
Treat BG > 180mg/dL (10mmoL/L)

(GFR: glomerular filtration rate,mL: milliliter, min: minute, BMI: body mass index, m: meters, kg: BG: blood glucose, dL: deciliter, mg: milligrams, mmol: millimoles, L: liter)

*
If the patient falls into more than one insulin treatment group, choose the category with the lowest insulin dose to minimize the risk of hypoglycemia.
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 Methods—Studies indexed in PubMed published between December 1985 and through July 
2015 were identified through the search terms “risk factors” or “glucose” and “surgical site 
infection”. A total of 3,631 abstracts were identified through the initial search terms. Full texts 
were reviewed for 522 articles. Of these, 94 articles met the criteria for inclusion. Standardized 
data collection forms were used to extract study-specific estimates for diabetes, blood glucose 
levels, and body mass index (BMI). Random-effects meta-analysis was used to generate pooled 
estimates and meta-regression was used to evaluate specific hypothesized sources of heterogeneity.

 Results—The primary outcome was SSI, as defined by the Centers for Disease Control and 
Prevention surveillance criteria. The overall effect size for the association between diabetes and 
SSI was OR=1.53 (95% Predictive Interval 1.11, 2.12, I2: 57.2%). SSI class, study design, or 
patient BMI did not significantly impact study results in a meta-regression model. The association 
was higher for cardiac surgery 2.03 (95% Predictive Interval 1.13, 4.05) compared to surgeries of 
other types (p=0.001).

 Conclusion—These results support the consideration of diabetes as an independent risk factor 
for SSIs for multiple surgical procedure types. Continued efforts are needed to improve surgical 
outcomes for diabetic patients.

 INTRODUCTION
Diabetes prevalence is increasing in the United States 1 (US), and the appropriate 
management of patients with diabetes has become increasingly important for the prevention 
of hospital-acquired infections. Much has been published in recent years about the impact of 
diabetes on increased rates of surgical site infection (SSI) and the potentially related impact 
of hyperglycemia on SSI. Surgical site infections are estimated to have an annual financial 
impact of over $3 billion dollars nationally and are the largest contributor to the overall cost 
of healthcare-associated infections.2 Efforts to reduce the rates of SSIs are becoming more 
urgent since the introduction of Centers for Medicare & Medicaid Services penalties for 
hospital readmission rates. An understanding of patient risk factors for SSI is key to these 
efforts as hospitals with a more vulnerable case mix are more likely to incur readmission 
penalties.3 Furthermore, the substantial prevalence of hospital-associated infections due to 
antibiotic resistant pathogens4 highlights the importance of prevention in individuals at high 
risk of infection. To gain a greater understanding of the impact of pre-existing diabetes on 
the incidence of SSI, we performed a meta-analysis of risk factors for SSIs among patients 
undergoing surgery in US hospitals. We hypothesize that pre-existing diabetes is a 
significant contributor to the development of SSI, independently of hyperglycemia at the 
time of surgery. Secondarily, we hypothesize that hyperglycemia is itself an independent 
contributor to increased risk of SSI in surgical patients.

 METHODS
A systematic literature search and meta-analysis was performed following MOOSE 
guidelines 5 (Supplementary Material). Data Sources and Searches: A systematic literature 
search was performed by four study investigators (M.S., C.K., H.N., R.E.) with questions 
referred to an adjudication team consisting of the study principal investigator (E.T.M.), one 
investigator with expertise in diabetes epidemiology (L.J.) and one investigator with 
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expertise in infectious diseases and infection prevention (K.S.K.). The search was performed 
in PubMed and EMBASE using PubMed using combinations of the search terms “risk 
factors”, “diabetes”, “glucose” and surgical site infections” from December 1985 to July 
2015 (Supplementary Material: Search Strategy). The starting date of the search, December 
1985, was selected to correspond with the wide implementation of the Centers for Disease 
Control and Prevention (CDC) SSI surveillance guidelines. The search was inclusive of all 
study designs unless interventional control of glucose during the study prevented an 
assessment of the association between diabetes and SSI..

 Study Selection
All abstracts were reviewed for eligibility and the full article text of potentially relevant 
studies were reviewed in depth. Reference lists for all reviewed articles were hand-searched 
to identify additional eligible articles. Eligibility criteria for study inclusion consisted of: (1) 
Original US data; (2) Adult participants; (3) Utilized the CDC definition for SSIs; (4) 
Provided measurable risk estimates of the association between diabetes and risk of SSI with 
95% confidence intervals, or the study provided adequate information to calculate risk 
estimates and their 95% confidence intervals. Review articles, meta-analyses, or non-English 
studies were excluded (Supplementary Material: List of Excluded Studies).

Eligible studies included adult patients undergoing surgical procedures of any type, using 
NHSN operative procedure categories to define surgical procedures. All comparative study 
designs (including observational, randomized controlled, retrospective or prospective 
studies) were considered for inclusion provided they presented an assessment for the 
association between diabetes and SSI or the absolute patient numbers needed for the 
calculation of the measure. Each eligible study was required to include both diabetic and 
non-diabetic patients in the study population. Multiple publications on the same subject 
population were reviewed together and were restricted such that each patient population was 
included only once; this is notable particularly for multiple publications from large 
surveillance databases (e.g. National Surgical Quality Improvement Program; See 
Supplementary Material: Excluded Studies). SSI was defined using criteria specified by the 
CDC for the purposes of surveillance and reporting.

 Data Extraction
Measures for the association between pre-existing diabetes and SSI were collected from 
studies that ascertained the presence of diabetes prior to the time of surgery either through 
the patient’s medical record or hemoglobin A1c testing (HbA1c). Assessments of HbA1c 
levels were noted; however too few such studies were identified to merit a separate meta-
analysis based on this measure. Measures of the association between peri- or post-operative 
blood glucose levels were collected from studies that assessed thresholds of glucose levels. 
Studies that presented only comparisons of mean or median blood glucose levels were 
excluded from the analysis of peri- or post-operative hyperglycemia due to our inability to 
define the absolute number of patients with hyperglycemia in the infected and uninfected 
groups.
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Data were abstracted onto standardized forms that included study characteristics, study 
population, types of SSI (superficial, deep incisional, or organ/space), and crude and 
adjusted estimates and confidence intervals. From each study we observed and recorded how 
diabetes was determined and whether blood glucose was measured prior to, during, or after 
surgeries. Studies were assigned to the following categories based on the type of surgery: 
obstetrical and gynecological, colorectal, arthroplasty, breast, cardiac, spinal, or other. The 
abstraction team received training by the principal investigator, including the abstraction of 
multiple practice cases, before beginning data abstraction. A subset of studies included was 
re-reviewed by two study investigators to ensure consistency.

 Data Synthesis and Analysis
The most-adjusted estimate (i.e. the adjusted odds ratio for the multivariate regression with 
the most variables) was used to generate summary estimates.6 Summary estimates and 
predictive intervals were calculated using a DerSimonian and Laird random-effects model 
for each estimate type. Confidence intervals were used for smaller analyses of diabetes and 
glucose combined models. The use of random-effects models was based on I2 values 
exceeding 30% in each overall fixed-effects analysis.7 Funnel plots were generated to assess 
publication bias (data not shown)(Stata 11). Sensitivity analysis was performed through the 
generation of stratified estimates and the use of multiple meta-regression analyses to assess 
the presence of meta-confounding by study characteristics including surgery type, study 
type, inclusion of BMI in the adjusted estimate and diabetes prevalence in the study 
population. We determined a priori that the primary confounder of concern was BMI.

 RESULTS
The combined search strategies resulted in 3,631 abstracts. All identified abstracts were 
reviewed and the full texts of 522 articles were reviewed in depth. 3,109 studies were 
excluded during abstract review (Figure 1) and 428 studies were excluded during full text 
review (Supplementary Material: List of Excluded Studies).

 Meta-analysis for diabetes and SSI
Ninety studies provided estimates for the association between diabetes and SSI, including 
two studies that provided multiple estimates (Appendix Table 1). Included studies comprised 
a total of 866,427 procedures and 32,067 SSIs meeting CDC surveillance criteria. All 
studies were observational with the exception of three randomized controlled trials. Fourteen 
studies (16%) used prospectively-collected data. Diabetes prevalence among included study 
populations ranged from 2% to 39% (median 17%). History of diabetes was ascertained by 
medical record review in all but two studies.8, 9 No included studies differentiated between 
Type 1 and Type 2 diabetes.

The overall effect size for the association between diabetes and SSI was OR=1.53 (95% 
Predictive Interval 1.11, 2.12, I2: 57.2%) (Figure 2). Thirty eight of the studies (42%) 
provided estimates that were adjusted for potential confounding factors. When stratifying the 
meta-analysis by the availability of crude versus adjusted measures, the effect size was 
similar (OR=1.68 (95% Predictive Interval 1.03, 2.72, I2: 63.6%;) for all available crude 
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measures (71 studies); OR=1.77 (95% Predictive Interval 1.13, 2.78), I2: 71.1%) for all 
adjusted measures(38 studies). Funnel plots demonstrated greater evidence of potential 
publication bias for adjusted estimates (data not shown).

 Evaluation of sources of heterogeneity for diabetes estimate
Study design did not have a significant impact on the overall pooled estimate (p=0.13 for 
retrospective versus prospective data collection; p=0.41 for case-control versus cohort or 
interventional design). Prevalence of diabetes among study participants was also not a 
significant source of heterogeneity (p=0.80). Among studies presenting estimates restricted 
to specific SSI classes, the combined OR was 1.95 (95% Predictive Interval 0.65, 5.87) for 
deep SSIs (seven estimates from six studies) and 1.38 (95% Predictive Interval 0.66, 2.88) 
for superficial SSIs (six estimates from five studies).

Among studies reporting on a single surgical category, the most common category was 
cardiac (15 studies) followed by spinal (14 studies) (Table 1). Estimates by surgery type for 
the association between diabetes and SSI ranged from 1.16 (95% Predictive Interval 0.93, 
1.44) for colorectal surgeries to 2.03 (95% Predictive Interval 1.13, 4.05) for cardiac 
surgeries(Table 1). Meta-regression for impact of surgery type on the association between 
diabetes and SSI indicated that the combined SSI effect was higher for cardiac surgery than 
for all other surgery categories (p=0.001). BMI was hypothesized a priori to be an important 
confounder in the association between diabetes and SSI. Study estimates were stratified on 
whether the presented measure controlled for the effect of BMI. The estimate pooled from 
the twenty studies controlling for BMI was higher than that pooled from those that did not; 
however this factor was not significant when evaluated by meta-regression (p=0.79).

 Meta-analysis for blood glucose and SSI
Sixteen total studies were available to assess the association between hyperglycemia and SSI 
with ten papers (n=27,844 procedures) including pre- or intra-operative assessments of 
blood glucose levels and eleven papers (n=32,625 procedures) including post-operative 
assessments of blood glucose levels. We observed a wide range in the threshold for defining 
hyperglycemia. Six out of ten studies assessing pre-operative blood glucose used a threshold 
of 200 mg/dL, with the remaining three studies using thresholds of 125 mg/dL (two studies), 
180 mg/dL (one study) and 100mg/dL (one study). Five of the eleven studies assessing post-
operative blood glucose used thresholds of 200 mg/dL with the remaining studies using 
lower thresholds ranging from 125 mg/dL to 180 mg/dL. One paper presented a composite 
exposure of pre- or post-operative hyperglycemia, and this estimate was included in both 
pooled calculations.10 The overall estimate for the association between elevated blood 
glucose and SSI in the pre- or intra-operative period was OR=1.88 (95% Predictive Interval 
0.66, 5.34) (Figure 3). The overall estimate for the association between elevated blood 
glucose in the post-operative period and SSI was 1.45 (95% Predictive Interval 0.77, 3.04) 
(Figure 4).

Only three studies presented multivariate models adjusting for blood glucose levels and 
diabetes in the same model.8, 10, 11 These studies used thresholds of ≥200 mg/dL8 and ≥126 
mg/dL11 to define elevated pre-operative glucose levels or combined pre- and post-operative 
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thresholds into one definition.10 Pooled estimates of the association between diabetes and 
SSI, controlling for glucose level was OR=2.55 (95% Confidence Interval 1.70, 3.82). 
Pooled estimates of the association between elevated glucose level and SSI, controlling for a 
history of diabetes was OR=2.22 (95% Confidence Interval 1.36, 3.60).

 CONCLUSIONS
We found a significant association between diabetes and SSI that was consistent across 
multiple types of surgeries and after controlling for BMI. While we also confirmed an 
association between both pre- and post-operative hyperglycemia and SSI, history of diabetes 
remained a significant risk factor in meta-analyses of studies that controlled for 
hyperglycemia.

 Consistency of Included Studies
We limited our analysis to studies performed at U.S. hospitals after 1985 in an effort to 
narrow our review to surgeries evaluated with the standard SSI surveillance methods and 
definitions required by the CDC. We observed some variation in the definitions for 
hyperglycemia among included studies. Approximately half of the studies used thresholds 
that met, or were more conservative than, those proposed by the Society of Thoracic 
Surgeons12 and the American Diabetes Association13. The remaining studies used a slightly 
higher threshold of 200 mg/dL to define hyperglycemia, and it is possible that this variation 
may have introduced heterogeneity into our combined estimates for hyperglycemia.

Almost all included studies used medical record review to assess a patient’s reported history 
of diabetes. This data may be prone to error and may not reliably identify all patients with 
diabetes or assess the degree to which an individual patient’s diabetic condition is 
adequately controlled. Likewise, the assessment of diabetes for use with the revised surgical 
risk index from the Centers of Disease Control does not recommend the use of HbA1c or 
other markers of severity of diabetes to gather risk information.14

 Generalizability of Study Estimates
Our requirement that all studies be based in the U.S. excluded available data from other 
countries; however it allowed us to strictly assess SSIs using CDC definitions from hospitals 
participating in standardized surveillance procedures. While specific quality ratings were not 
performed for each study, we have explored several potential sources of heterogeneity in our 
pooled estimates through the use of meta-regression. Our stratum specific estimates show a 
very consistent association between diabetes and SSIs across categories, including study 
characteristics, and after controlling for BMI. We were unable to assess variation due to SSI 
surveillance practices in different hospitals. While studies using active follow-up protocols 
would be expected to have increased SSI rates, we do not expect that this effect would be 
differential by diabetes status. Our pooled estimates are based on the use of the most 
adjusted estimate available in each study.6 To assess the impact of this rule, summary 
estimates were generated separately for all available crude effects and all available adjusted 
effects and the findings in these models were similar to the most-adjusted models. The 
funnel plot for the adjusted estimates indicated the possible presence of publication bias for 
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these estimates in this body of literature (data not shown). This is likely due to the tendency 
of authors to publish only those variables that are significant in multivariate analyses. Given 
our findings of an association between diabetes and SSI in almost every category of surgery 
type, it is likely that non-significant findings for diabetes in smaller studies may be due to 
insufficient sample size in individual studies, rather than a lack of underlying impact. For 
that reason, it may be prudent to include diabetes as an a priori hypothesized risk factor in 
future studies, with inclusion of diabetes in adjusted models for risk of SSIs.

 Interpretation of Findings
Our finding of increased SSI among patients with diabetes was consistent across surgery 
types, with the exception of obstetrical and gynecological surgery which was based on two 
studies, both conducted at the same hospital. The surgery-specific findings were statistically 
significant for arthroplasty, breast, cardiac, and spinal surgeries and the actual pooled 
estimate was highest among patients undergoing cardiac surgery. This is in contrast to the 
analysis of National Healthcare Safety Network data that serves as the basis for the revised 
procedure-specific SSI risk-adjustment calculations. This analysis found diabetes to only be 
associated with SSI for spinal fusion or refusion.14 In patients with diabetes receiving 
colorectal resection, glucose levels were consistently higher in patients with an SSI 
compared to uninfected patients, even when mean glucose levels were below 200 mg/dL in 
those with or without SSI.15 Similar findings have been reported in patients undergoing 
laminectomy.16 Elevated blood glucose has been found to be associated with increased rates 
of infection in orthopaedic spine surgery17, cardiac surgery11, 18, 19, and colorectal and 
bariatric surgery20; however this association has not been consistently found21, 22.

The notion that diabetes is a significant contributor to SSI risk through mechanisms other 
than hyperglycemia at the time of surgery is supported by the few studies that included both 
glucose levels and history of diabetes in the multivariate models. In the pooled estimate from 
these studies, the magnitude of the effect of diabetes was stronger than that of our primary 
analysis that included all eligible studies. The results of an interventional study by Trussel et 
al23 corroborates this finding. Diabetes remained a significant risk factor for SSI with an 
odds ratio of 4.71 despite the implementation of a patient care pathway targeting glucose 
control during the time of surgery and resulting in successfully reducing the overall rates of 
infections. However, we found few studies from which to analyze potential independent 
effects of diabetes and hyperglycemia on SSI.

Our study has found diabetes to be a significant contributor to the risk of SSIs, potentially 
beyond its role in causing hyperglycemia during or after surgery. The reasons for this finding 
are unclear. It is possible that diabetes is a marker for other conditions that may put a patient 
at risk of infection, including vascular changes and white blood cell dysfunction. 
Furthermore, the occurrence of perioperative hyperglycemia and subsequent immune 
suppression is affected by the complex contributions of factors in addition to the diabetic 
history of the patient, including physiologic stressors and exogenous glucose 
administration.24 While we were able to assess the confounding effect of body mass index, 
and found no change to our conclusions, our ability to fully assess potential confounders in 
the current meta-analysis is limited by the variables assessed in the original studies. 
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However, the most adjusted estimate from each study was used in the final analysis, which 
should benefit from control of other confounding variables at the individual study level. Our 
findings point to several directions for future research. Few studies have assessed whether a 
more detailed assessment of diabetes severity would improve the management of SSI risk in 
these patients. Secondly, few studies address the cause of the infection, and thus we are 
unable to rule out whether the increased risk of SSI among diabetics is related to differences 
in bacterial etiology.

Overall, these results support the consideration of diabetes as an independent risk factor for 
SSIs for multiple procedure types and continued efforts are needed to improve surgical 
outcomes for diabetic patients.
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Figure 1. 
Flow diagram of search and selection processes
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Figure 2. 
Meta-analysis of diabetes and surgical site infection, by surgery type
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Figure 3. 
Meta-analysis of pre-operative hyperglycemia and surgical site infection
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Figure 4. 
Meta-analysis of post-operative hyperglycemia and surgical site infection
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Table 1

Pooled estimates of the association between diabetes and SSI by surgery type

Surgery Type Number of Studies Pooled Estimate 95% Prediction Interval I2, %

Gynecological 6 1.61 (1.15, 2.24) 4.0

Colorectal 7 1.16 (0.93, 1.44) 9.5

Arthroplasty 6 1.26 (1.01, 1.66) 11.7

Breast 5 1.58 (0.91, 2.72) 2.7

Cardiac 15 2.03 (1.13, 4.05) 22.4

Spinal 14 1.66 (1.10, 2.32) 8.1

Other/Multiple Surgery types combined 37 1.46 (1.07, 2.00) 41.5

Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2016 June 20.
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Appendix Table 1

Articles included in three meta-analyses of diabetes and pre- and post-operative hyperglycemia

Author Year N procedures N SSI Surgery Diabetes Preoperative glucose Postoperative glucose

Abdul-Jabbar25 2012 6628 193 spinal X

Anaya26 2012 503 122 any elective X X

Anthony27 2011 197 69 elective transabdominal colorectal X

Apisarnthanarak28 2003 60 13 spinal X

Bachoura29 2011 1,783 75 orthopaedic trauma X

Bertin30 1998 55 18 breast X

Boston31 2009 234 55 spinal X X

Bundy32 2006 3,878 322 CABG X

Bykowski33 2011 8,850 31 elective hand X

Cannon34 2012 9,940 1,497 elective colorectal resection X

Caputo17 2013 3,138 115 orthopaedic spine X X

Chaichana35 2015 401 21 tumor resection X

Chapman36 2015 338 89 gynecologic oncology X

Chen37 2009 195 27 elective posterior instrumented lumbar arthrodesis X

Chen38 2010 253 86 any X X

Chiang39 2014 416 104 craniotomy or craniectomy X X

Chopra40 2012 751 91 Roux-en-Y gastric bypass surgery (RYGBS) X

Chu41 2015 528 36 stoma reversal X

Chung42 2015 2,899 143 free flap breast reconstruction X

Coakley43 2012 59 16 colectomy for fulminant ulcerative colitis (UC) X

Coleman44 2014 77 17 hysterectomy X

Davies45 2012 268 49 ventral hernia repair X

deFreitas46 2012 40,669 1301 elective vascular procedures X

Deierhoi47 2013 5,750 709 colorectal X

Elfenbein48 2014 49,326 179 thyroidectomy X
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Author Year N procedures N SSI Surgery Diabetes Preoperative glucose Postoperative glucose

Everhart49 2012 1875 29 total joint arthroplasty X

Fakih50 2007 3,578 144 coronary artery bypass graft (CABG) X

Farrow51 2008 152 30 umbilical hernia repairs X

Fowler52 2005 370,133 11,636 cardiac X

Friedman16 2007 123 41 laminectomy X

George53 2011 556 14 laproscopic urological procedures X

Haas54 2005 12 14 cardiac X

Haley55 2012 13,894 303 CABG X

Harbarth56 2000 2,641 231 CABG X

Hardy21 2010 114 57 craniotomy X X

Harness57 2010 2,336 11 carpal tunnel release X

Hellinger58 2011 1,036 166 liver transplantation X

Hendren59 2013 4,331 380 colectomy X

Jackson60 2012 7,576a

5,773b
N/A colectomy X X

Jeon22 2012 13,800 260 any X X

Kaafarani61 2010 145 21 ventral hernia repair X

Kalra62 2013 9,006 27 multiple X

Koutsoumbelis63 2011 3,218 84 posterior lumbar X X X

Kuy64 2014 106 33 lower extremity revascularization X

Latham8 2001 1,000 74 cardiothoracic X X X

Liang9 2013 128 46 stoma reversal X

Lim65 2014 3,353 86 single level lumbar fusion X

Liu66 2012 256 44 microsurgical breast reconstruction X

Lovecchio67 2014 43,299 468 arthroplasty X

Lynch68 2009 869 162 renal transplant X

Mahajan69 2013 615 47 intra-abdominal X

Mahdi70 2014 6854 369 gynecologic cancer X
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Author Year N procedures N SSI Surgery Diabetes Preoperative glucose Postoperative glucose

Maragakis71 2009 208 104 spinal X

Marschall72 2007 76 19 pacemaker and implantable cardioverter-defibrillator X

Mehta73 2012 298 24 lumbar spine fusion X

Mehta74 2013 213 22 cervical spine fusion X

Miransky75 2001 209 15 colorectal X

Namba76 2012 30,491 155 total hip replacement X

Namba77 2013 56,216 404 total knee arthroplasty X

Nash78 2011 11,879 491 cardiac X

Neumayer79 2007 multiple X

Nguyen80 2012 9,315 330 mastectomy with or without immediate reconstruction X

Olsen81 2002 1,980 83 CABG X

Olsen82 2008 325 57 major breast X

Olsen83 2008 1,605 81 low transverse cesarean section X

Olsen10 2008 273 46 spinal X X X

Olsen84 2009 807 85 hysterectomy X

Park85 2009 680 76 hepatic transplant X X

Paryavi86 2013 235 33 lower extremity fracture X

Pastor87 2010 491 95 elective colorectal resection X

Ponce88 2014 18,830 264 arthroplasty X

Rao89 2011 1,587 57 spinal fusion X

Saleh90 2002 97 33 total knee and hip arthroplasty X

Segal91 2014 51,644 7,721 colon resesection X

Senekjian92 2013 61,830 802 appendectomy X

Sharma93 2009 3,578 86 CABG X

Shields94 2013 586 31 lung transplantation X

Shuman95 2012 84 14 head and neck X

Singh96 2012 902 78 varicose vein surgery X

Smith97 2004 176 45 elective colorectal resection X
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Author Year N procedures N SSI Surgery Diabetes Preoperative glucose Postoperative glucose

Spaniolas98 2014 503 23 ventral hernia repair X

Suzuki99 2010 326 17 acetabular fracture fixation X

Talbot100 2004 153 39 median sternotomy for CABG, valve repair, and/or replacement X

Tomov101 2015 311 16 orthopedic spinal X

Townsend102 1993 2,759 241 non-emergent median sternotomy for cardiac operation X

Trick103 2000 120 30 CABG X X

Trinh104 2009 202 101 any X

Trussell23 2008 808a, 647b 28/10 CABG X

Tserenpuntsa105 2014 2,656 698 colon X

Walcott106 2014 399 17 cranial neurosurgery X

Wilson11 2003 258 129 open heart surgery X X

Woods107 2013 1799 56 lumbar surgery X

Wooldridge108 2013 106 11 high-grade soft tissue sarcoma X

Young109 2011 216 18 elective total abdominal hysterectomy X
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Perioperative Glycemic Management

• Why is there a tendency towards hyperglycemia perioperatively?

• What are the implications of hyperglycemia perioperatively?

• Does treating hyperglycemia mitigate complications?

• Is there an ideal target for periop BG control?

• Review new Glycemic Control Order Set



The Surgical Stress Response

 Every surgical procedure elicits a stress response, initiated by direct tissue 
injury, pain, and anxiety 

 This response sets off a predictable cascade of physiologic and metabolic 
events through direct activation of the sympathetic nervous system and 
hypothalamic-pituitary-adrenal (HPA) axis

 The severity of this stress response, which begins with induction of 
anesthesia and peaks postoperatively, is directly related to the extent and 
duration of the surgical procedure



Stress Response to Surgery and Trauma
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Perioperative Hyperglycemia and Risk of Adverse Events 
Among Patients With and Without Diabetes

o Retrospective review of patients undergoing general surgery, bariatric surgery, vascular surgery, 
and spine operations between 2010 and 2012 in the Surgical Care and Outcomes Assessment 
Program (SCOAP)

o Evaluated diabetes status, perioperative hyperglycemia, and composite adverse events in 
abdominal, vascular, and spine surgery 

o Among 40,836 patients (mean age, 54 years; 53.6% women)
➢ 19% had diabetes
➢ 47% underwent a perioperative blood glucose (BG) test
➢ 18% had BG ≥180 mg/dL

o The overall adverse event rate and death, cardiac, and noncardiac adverse event rates were 
compared between patients with and without diabetes

Kotagal M et al. Ann Surg. 2015 Jan; 261(1): 97–103



Perioperative Hyperglycemia and Risk of Adverse Events 
Among Patients With and Without Diabetes

Cardiac adverse event metric included myocardial infarction, stroke or TIA, and 
atrial arrhythmia requiring treatment

Noncardiac adverse event metric included infectious complications (SSI requiring 
treatment, pneumonia requiring treatment, urinary tract infection requiring 
treatment, wound reopening, or debridement, Clostridium difficile infection); 
readmission to the intensive care unit or unplanned intensive care unit stay; fall 
with injury requiring surgery; renal insufficiency or initiation of dialysis; 
reintubation; percutaneous drainage of an abscess; and any reoperative
intervention

Kotagal M et al. Ann Surg. 2015 Jan; 261(1): 97–103



Perioperative Hyperglycemia and Risk of Adverse Events 
Among Patients With and Without Diabetes

Diabetic patients had a higher rate of adverse events (12% vs 9%, P < 
0.001) than non-diabetic patients

Among non-diabetic patients, those with hyperglycemia had an 
increased risk of adverse events compared with those with normal BG 

There was a dose-response relationship between the level of BG and 
composite adverse events 

OR 1.3 for BG 125–180 
OR 1.6 for BG ≥180 (95% CI, 1.3–2.1)]

Kotagal M et al. Ann Surg. 2015 Jan; 261(1): 97–103



Dose–response relationship between the level of
hyperglycemia and the odds of SSI 

Annals of Gastroenterological Surgery
Volume 1, Issue 1, pages 52-59, 25 APR 2017 

http://onlinelibrary.wiley.com/doi/10.1002/ags3.2017.1.issue-1/issuetoc


Importance of Perioperative Glycemic Control in General Surgery
A Report From the Surgical Care and Outcomes Assessment Program

Retrospective cohort study looking at the relationship between perioperative hyperglycemia (>180 
mg/dL) and insulin administration on mortality, reoperative interventions, and infections for 
patients undergoing elective colorectal and bariatric surgery 

Data from 47 of 55 Washington State hospitals participating in the Surgical Care and Outcomes 
Assessment Program (SCOAP) between 2005 and 2010 was gathered by trained, audited abstractors 

Of 18,278 patients in this time period, 7653 patients had glucose recorded on DOS, 8330 patients 
on POD 1, 5533 patients on POD 2, and 3352 patients in all 3 periods

A total of 11,633 patients had their glucose checked in at least 1 of the 3 periods

After controlling for clinical covariates patients who had any hyperglycemia had a 2-fold higher risk 
of infection; increased risk of death; reoperative interventions; and anastomotic failures 

Kwon et al Ann Surg. 2013 Jan; 257(1): 8–14





Impact of insulin-related glucose control

To evaluate the impact of insulin-related glucose control (≤ 180 mg/dL), they 
performed a sensitivity analysis among those with glucose checks in all 3 days

Compared composite adverse outcomes (deaths/infections/reoperations) among 
patients with hyperglycemia in the nonextreme range (between 180 and 250) who 
were and were not started on insulin perioperatively and evaluated those who 
achieved insulin-related glucose control (<180 on POD 1 and POD 2)

Rates of composite adverse events were lower (5.7%) in those achieving insulin-
related glucose control than those not started on insulin (10.6%) (P = 0.05)

Decreasing rates of adverse events with increasing levels of glucose control with 
insulin and POD 1 and POD 2 

<130               0%

130–150     5.9%

150–180     6.5%

180–250   10.5%

Kwon et al Ann Surg. 2013 Jan; 257(1): 8–14



Meta‐analysis of lower perioperative blood glucose target 
levels for reduction of surgical‐site infection

Meta analysis 15 RCTs comparing intensive versus conventional glucose control 
protocols in relation to reduction of SSI and other outcomes, including 
hypoglycemia, mortality and stroke

Br J Surg. 2017 Jan;104(2):e95-e105

Conventional protocol More liberal: 220 mg/dl or less

Intensive protocol

Very strict: less than 110 mg/dl

Moderately strict: 110–150 mg/dl 

Strict: 150 mg/dl 



Meta‐analysis of lower perioperative blood glucose target levels for reduction 
of surgical‐site infection

British Journal of Surgery Volume 104, Issue 2, pages e95-e105, 30 NOV 2016

http://onlinelibrary.wiley.com/doi/10.1002/bjs.2017.104.issue-2/issuetoc


Meta‐analysis of lower perioperative blood glucose target 
levels for reduction of surgical‐site infection

Intensive protocols with stricter and lower blood glucose 
target levels are associated with a reduction in the number of 

SSIs, with an increased risk of hypoglycemic events but 
without increased risk of stroke or death

Br J Surg. 2017 Jan;104(2):e95-e105



Take Home Message

Hyperglycemia is a modifiable, independent predictor and possibly a 
causal factor of adverse outcomes in both diabetic patients and non 
diabetic patients

We need to control glucose perioperatively



Order Set: Glycemic Control
Pre-Procedure
[X] POC Blood Glucose – on admit Pre-Procedure

Routine, Once, POC Glucose on admit, starting today, 
include NOW.

Manage BG as follows:
• If patient is NOT diabetic, treat BG using the Pre-op 

Scale 0 Insulin Sliding Scale
• If patient IS diabetic, treat BG using the Pre-op 

Scale 1 Insulin Sliding Scale
[X] POC Blood Glucose – q1hr, PRN Pre-Procedure

Routine, q1hr, PRN all diabetics, after any subcutaneous 
insulin administration, or for si/sx of hypoglycemia

Manage BG as follows:
• DO NOT re-dose insulin in pre-op – 1 dose only
• If patient is NOT diabetic, and patient has not 

received insulin in pre-op, treat BG using the Pre-
op Scale 0 Insulin Sliding Scale

• If patient IS diabetic, and patient has not received 
insulin in pre-op, treat BG using the Pre-op Scale 1 
Insulin Sliding Scale

[X] Notify anesthesiologist for BG <70 or >180, and 
after insulin administration

Pre-Procedure
Notify anesthesiologist for BG <70 or >180, and after 
insulin administration



Order Set: Glycemic Control
Pre-Procedure
Pre-op Scale 0 (non-diabetics)
[X] Insulin aspart (NOVOLOG PEN) injection Pre-Procedure

Pre-op Scale 0 (non-diabetics)
0-5 units, ONCE.  Subcutaneous
Pen is patient specific. Check patient name label on the pen and DO NOT 
SHARE.
If BG ≥331 mg/dl, give appropriate insulin per dose algorithm and call 
physician.
BG <70 mg/dl: initiate Hypoglycemia Orders
BG 70-180 mg/dl: NO insulin
BG 181-230 mg/dl: 1 unit
BG 231-280 mg/dl: 2 units
BG 281-330 mg/dl: 3 units
BG 331-380 mg/dl: 4 units (Call physician)
BG >380 mg/dl: 5 units (Call physician)

Pre-op Scale 1 (diabetics)
[X] Insulin aspart (NOVOLOG PEN) injection Pre-Procedure

Pre-op Scale 1 (diabetics)
0-12 units, ONCE.  Subcutaneous
Pen is patient specific. Check patient name label on the pen and DO NOT 
SHARE.
If BG is ≥350 mg/dl, give appropriate insulin per dose algorithm and call 
physician.
BG <70 mg/dl: initiate Hypoglycemia Orders
BG 70-150 mg/dl: NO insulin
BG 151-200 mg/dl: 2 units
BG 201-250 mg/dl: 4 units
BG 251-300 mg/dl: 6 units
BG 301-350 mg/dl: 8 units
BG 351-400 mg/dl: 10 units (Call physician)
BG >400 mg/dl: 12 units (Call physician)



Order Set: Glycemic Control
Intra-Procedure
[X] POC Blood Glucose – q1hr, PRN Intra-Procedure

Routine, q1hr, PRN after last BG check in pre-op 
(no insulin administered), or after any 
subcutaneous insulin administration

Manage BG as follows:
• Wait AT LEAST 3 hours after last insulin 

administration before giving next dose of 
subcutaneous insulin

• If patient is NOT diabetic, and if last insulin 
injection was >3 hours ago, treat BG using 
the Scale 0 Insulin Sliding Scale

• If patient IS diabetic, and if last insulin 
injection was >3 hours ago, treat BG using 
the Scale 1 Insulin Sliding Scale

[X] Notify anesthesiologist after all BG checks Intra-Procedure
Notify anesthesiologist after all BG checks



Order Set: Glycemic Control
PACU
[X] POC Blood Glucose – on admit PACU only

Routine, Once, POC Glucose on admit, starting today, include 
NOW.

Manage BG as follows:
• Wait AT LEAST 3 hours after last insulin administration before 

giving next dose of subcutaneous insulin
• If patient is NOT diabetic, and if last insulin injection was >3 

hours ago, treat BG using the PACU Scale 0 Insulin Sliding 
Scale

• If patient IS diabetic, and if last insulin injection was >3 hours 
ago, treat BG using the PACU Scale 1 Insulin Sliding Scale

[X] POC Blood Glucose – q1hr, PRN PACU only
Routine, q1hr, PRN all diabetics, after any subcutaneous insulin 
administration, or for si/sx of hypoglycemia

Manage BG as follows:
• Wait AT LEAST 3 hours after last insulin administration before 

giving next dose of subcutaneous insulin
• If patient is NOT diabetic, and if last insulin injection was >3 

hours ago, treat BG using the PACU Scale 0 Insulin Sliding 
Scale

• If patient IS diabetic, and if last insulin injection was >3 hours 
ago, treat BG using the PACU Scale 1 Insulin Sliding Scale



Date of download:  3/12/2018 Copyright © 2018 American Society of Anesthesiologists. All rights reserved.

Correctional Subcutaneous Insulin Scale Day of Surgery and Postoperative Surgical Ward Care
Table Title: 

From: Perioperative Hyperglycemia Management:An Update

Anesthes. 2017;126(3):547-560. doi:10.1097/ALN.0000000000001515
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Management of Hyperglycemia in
Hospitalized Patients in Non-Critical Care
Setting: An Endocrine Society Clinical
Practice Guideline 

  
   

The Journal of Clinical Endocrinology & Metabolism, Volume 97, Issue 1, 1
January 2012, Pages 16–38, https://doi.org/10.1210/jc.2011-2098
Published:  01 January 2012  Article history 

Guillermo E. Umpierrez, Richard Hellman, Mary T. Korytkowski,
Mikhail Kosiborod, Gregory A. Maynard, Victor M. Montori, Jane J. Seley,
Greet Van den Berghe

Objective:

The aim was to formulate practice guidelines on the

management of hyperglycemia in hospitalized patients in the

non-critical care setting.

Participants:

The Task Force was composed of a chair, selected by the Clinical

Guidelines Subcommittee of The Endocrine Society, six

additional experts, and a methodologist.

Evidence:

This evidence-based guideline was developed using the Grading

of Recommendations, Assessment, Development, and

Evaluation (GRADE) system to describe both the strength of

recommendations and the quality of evidence.

Consensus Process:

One group meeting, several conference calls, and e-mail

communications enabled consensus. Endocrine Society

members, American Diabetes Association, American Heart

Association, American Association of Diabetes Educators,

European Society of Endocrinology, and the Society of Hospital

Medicine reviewed and commented on preliminary drafts of this

guideline.
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Issue Section:  Special features, Special Features - Clinical Practice
Guideline

Summary of Recommendations

1.0 Diagnosis and recognition of hyperglycemia
and diabetes in the hospital setting

1.1 We recommend that clinicians assess all patients admitted to the

hospital for a history of diabetes. When present, this diagnosis should

be clearly identi�ed in the medical record. (1|⊕○○○)

1.2 We suggest that all patients, independent of a prior diagnosis of

diabetes, have laboratory blood glucose (BG) testing on admission.

(2|⊕○○○)

1.3 We recommend that patients without a history of diabetes with BG

greater than 7.8 mmol/liter (140 mg/dl) be monitored with bedside

point of care (POC) testing for at least 24 to 48 h. Those with BG

greater than 7.8 mmol/liter require ongoing POC testing with

appropriate therapeutic intervention. (1|⊕○○○)

Conclusions:

Hyperglycemia is a common, serious, and costly health care

problem in hospitalized patients. Observational and randomized

controlled studies indicate that improvement in glycemic

control results in lower rates of hospital complications in

general medicine and surgery patients. Implementing a

standardized sc insulin order set promoting the use of scheduled

basal and nutritional insulin therapy is a key intervention in the

inpatient management of diabetes. We provide

recommendations for practical, achievable, and safe glycemic

targets and describe protocols, procedures, and system

improvements required to facilitate the achievement of

glycemic goals in patients with hyperglycemia and diabetes

admitted in non-critical care settings.
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1.4 We recommend that in previously normoglycemic patients

receiving therapies associated with hyperglycemia, such as

corticosteroids or octreotide, enteral nutrition (EN) and parenteral

nutrition (PN) be monitored with bedside POC testing for at least 24

to 48 h after initiation of these therapies. Those with BG measures

greater than 7.8 mmol/liter (140 mg/dl) require ongoing POC testing

with appropriate therapeutic intervention. (1|⊕○○○)

1.5 We recommend that all inpatients with known diabetes or with

hyperglycemia (>7.8 mmol/liter) be assessed with a hemoglobin A1C

(HbA1C) level if this has not been performed in the preceding 2–3

months. (1|⊕○○○)

2.0 Monitoring glycemia in the non-critical care
setting

2.1 We recommend bedside capillary POC testing as the preferred

method for guiding ongoing glycemic management of individual

patients. (1|⊕⊕○○)

2.2 We recommend the use of BG monitoring devices that have

demonstrated accuracy of use in acutely ill patients. (1|⊕○○○)

2.3 We recommend that timing of glucose measures match the

patient's nutritional intake and medication regimen. (1|⊕○○○)

2.4 We suggest the following schedules for POC testing: before meals

and at bedtime in patients who are eating, or every 4–6 h in patients

who are NPO [receiving nothing by mouth (nil per os)] or receiving

continuous enteral feeding. (2|⊕○○○)

3.0 Glycemic targets in the non-critical care setting

3.1 We recommend a premeal glucose target of less than 140 mg/dl

(7.8 mmol/liter) and a random BG of less than 180 mg/dl (10.0

mmol/liter) for the majority of hospitalized patients with non-

critical illness. (1|⊕⊕○○)

3.2 We suggest that glycemic targets be modi�ed according to clinical

status. For patients who are able to achieve and maintain glycemic
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control without hypoglycemia, a lower target range may be

reasonable. For patients with terminal illness and/or with limited life

expectancy or at high risk for hypoglycemia, a higher target range

(BG < 11.1 mmol/liter or 200 mg/dl) may be reasonable. (2|⊕○○○)

3.3 For avoidance of hypoglycemia, we suggest that antidiabetic

therapy be reassessed when BG values fall below 5.6 mmol/liter (100

mg/dl). Modi�cation of glucose-lowering treatment is usually

necessary when BG values are below 3.9 mmol/liter (70 mg/dl). (2|

⊕○○○)

4.0 Management of hyperglycemia in the non-
critical care setting

4.1 Medical nutrition therapy (MNT)

4.1.1 We recommend that MNT be included as a component of the

glycemic management program for all hospitalized patients with

diabetes and hyperglycemia. (1|⊕○○○)

4.1.2 We suggest that providing meals with a consistent amount of

carbohydrate at each meal can be useful in coordinating doses of

rapid-acting insulin to carbohydrate ingestion. (2|⊕○○○)

4.2 Transition from home to hospital

4.2.1 We recommend insulin therapy as the preferred method for

achieving glycemic control in hospitalized patients with

hyperglycemia. (1|⊕⊕○○)

4.2.2 We suggest the discontinuation of oral hypoglycemic agents and

initiation of insulin therapy for the majority of patients with type 2

diabetes at the time of hospital admission for an acute illness. (2|

⊕○○○)

4.2.3 We suggest that patients treated with insulin before admission

have their insulin dose modi�ed according to clinical status as a way

of reducing the risk for hypoglycemia and hyperglycemia. (2|⊕○○○)
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4.3 Pharmacological therapy

4.3.1 We recommend that all patients with diabetes treated with

insulin at home be treated with a scheduled sc insulin regimen in the

hospital. (1|⊕⊕⊕⊕)

4.3.2 We suggest that prolonged use of sliding scale insulin (SSI)

therapy be avoided as the sole method for glycemic control in

hyperglycemic patients with history of diabetes during

hospitalization. (2|⊕○○○)

4.3.3 We recommend that scheduled sc insulin therapy consist of

basal or intermediate-acting insulin given once or twice a day in

combination with rapid- or short-acting insulin administered before

meals in patients who are eating. (1|⊕⊕⊕○)

4.3.4 We suggest that correction insulin be included as a component

of a scheduled insulin regimen for treatment of BG values above the

desired target. (2|⊕○○○)

4.4 Transition from hospital to home

4.4.1 We suggest reinstitution of preadmission insulin regimen or

oral and non-insulin injectable antidiabetic drugs at discharge for

patients with acceptable preadmission glycemic control and without

a contraindication to their continued use. (2|⊕○○○)

4.4.2 We suggest that initiation of insulin administration be

instituted at least one day before discharge to allow assessment of the

e�cacy and safety of this transition. (2|⊕○○○)

4.4.3 We recommend that patients and their family or caregivers

receive both written and oral instructions regarding their glycemic

management regimen at the time of hospital discharge. These

instructions need to be clearly written in a manner that is

understandable to the person who will administer these medications.

(1|⊕⊕○○)

5.0 Special situations
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5.1 Transition from iv continuous insulin infusion (CII) to
sc insulin therapy

5.1.1 We recommend that all patients with type 1 and type 2 diabetes

be transitioned to scheduled sc insulin therapy at least 1–2 h before

discontinuation of CII. (1|⊕⊕⊕⊕)

5.1.2 We recommend that sc insulin be administered before

discontinuation of CII for patients without a history of diabetes who

have hyperglycemia requiring more than 2 U/h. (1|⊕⊕⊕⊕)

5.1.3 We recommend POC testing with daily adjustment of the insulin

regimen after discontinuation of CII. (1|⊕⊕⊕○)

5.2 Patients receiving EN or PN

5.2.1 We recommend that POC testing be initiated for patients with or

without a history of diabetes receiving EN and PN. (1|⊕⊕⊕⊕)

5.2.2 We suggest that POC testing can be discontinued in patients

without a prior history of diabetes if BG values are less than 7.8

mmol/liter (140 mg/dl) without insulin therapy for 24–48 h after

achievement of desired caloric intake. (2|⊕○○○)

5.2.3 We suggest that scheduled insulin therapy be initiated in

patients with and without known diabetes who have hyperglycemia,

de�ned as BG greater than 7.8 mmol/liter (140 mg/dl), and who

demonstrate a persistent requirement (i.e. >12 to 24 h) for correction

insulin. (2|⊕○○○)

5.3 Perioperative BG control

5.3.1 We recommend that all patients with type 1 diabetes who

undergo minor or major surgical procedures receive either CII or sc

basal insulin with bolus insulin as required to prevent hyperglycemia

during the perioperative period. (1|⊕⊕⊕⊕)

5.3.2 We recommend discontinuation of oral and non-insulin

injectable antidiabetic agents before surgery with initiation of insulin

therapy in those who develop hyperglycemia during the perioperative

period for patients with diabetes. (1|⊕○○○)
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5.3.3 When instituting sc insulin therapy in the postsurgical setting,

we recommend that basal (for patients who are NPO) or basal bolus

(for patients who are eating) insulin therapy be instituted as the

preferred approach. (1|⊕⊕⊕○)

5.4 Glucocorticoid-induced diabetes

5.4.1 We recommend that bedside POC testing be initiated for patients

with or without a history of diabetes receiving glucocorticoid therapy.

(1|⊕⊕⊕○)

5.4.2 We suggest that POC testing can be discontinued in nondiabetic

patients if all BG results are below 7.8 mmol/liter (140 mg/dl) without

insulin therapy for a period of at least 24–48 h. (2|⊕○○○)

5.4.3 We recommend that insulin therapy be initiated for patients

with persistent hyperglycemia while receiving glucocorticoid

therapy. (1|⊕⊕○○)

5.4.4 We suggest CII as an alternative to sc insulin therapy for

patients with severe and persistent elevations in BG despite use of

scheduled basal bolus sc insulin. (2|⊕○○○)

6.0 Recognition and management of hypoglycemia
in the hospital setting

6.1 We recommend that glucose management protocols with speci�c

directions for hypoglycemia avoidance and hypoglycemia

management be implemented in the hospital. (1|⊕⊕○○)

6.2 We recommend implementation of a standardized hospital-wide,

nurse-initiated hypoglycemia treatment protocol to prompt

immediate therapy of any recognized hypoglycemia, de�ned as a BG

below 3.9 mmol/liter (70 mg/dl). (1|⊕⊕○○)

6.3 We recommend implementation of a system for tracking

frequency of hypoglycemic events with root cause analysis of events

associated with potential for patient harm. (1|⊕⊕○○)
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7.0 Implementation of a glycemic control program
in the hospital

7.1 We recommend that hospitals provide administrative support for

an interdisciplinary steering committee targeting a systems approach

to improve care of inpatients with hyperglycemia and diabetes. (1|

⊕⊕⊕○)

7.2 We recommend that each institution establish a uniform method

of collecting and evaluating POC testing data and insulin use

information as a way of monitoring the safety and e�cacy of the

glycemic control program. (1|⊕○○○)

7.3 We recommend that institutions provide accurate devices for

glucose measurement at the bedside with ongoing sta� competency

assessments. (1|⊕○○○)

8.0 Patient and professional education

8.1 We recommend diabetes self-management education targeting

short-term goals that focus on survival skills: basic meal planning,

medication administration, BG monitoring, and hypoglycemia and

hyperglycemia detection, treatment, and prevention. (1|⊕○○○)

8.2 We recommend identifying resources in the community to which

patients can be referred for continuing diabetes self-management

education after discharge. (1|⊕○○○)

8.3 We recommend ongoing sta� education to update diabetes

knowledge, as well as targeted sta� education whenever an adverse

event related to diabetes management occurs. (1|⊕○○○)

Method of Development of Evidence-Based
Clinical Practice Guidelines

The Clinical Guidelines Subcommittee of The Endocrine Society

deemed the management of hyperglycemia in hospitalized patients in

a non-critical care setting a priority area in need of practice

guidelines and appointed a Task Force to formulate evidence-based
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recommendations. The Task Force followed the approach

recommended by the Grading of Recommendations, Assessment,

Development, and Evaluation (GRADE) group, an international group

with expertise in development and implementation of evidence-

based guidelines (1). A detailed description of the grading scheme has

been published elsewhere (2). The Task Force used the best available

research evidence to develop some of the recommendations. The Task

Force also used consistent language and graphical descriptions of

both the strength of a recommendation and the quality of evidence.

In terms of the strength of the recommendation, strong

recommendations use the phrase “we recommend” and the number

1, and weak recommendations use the phrase “we suggest” and the

number 2. Cross-�lled circles indicate the quality of the evidence, such

that ⊕○○○ denotes very low quality evidence; ⊕⊕○○, low quality;

⊕⊕⊕○, moderate quality; and ⊕⊕⊕⊕, high quality. The Task Force

has con�dence that persons who receive care according to the strong

recommendations will derive, on average, more good than harm.

Weak recommendations require more careful consideration of the

person's circumstances, values, and preferences to determine the

best course of action. Linked to each recommendation is a description

of the evidence and the values that panelists considered in making

the recommendation; in some instances, there are remarks, a section

in which panelists o�er technical suggestions for testing conditions,

dosing, and monitoring. These technical comments re�ect the best

available evidence applied to a typical person being treated. Often this

evidence comes from the unsystematic observations of the panelists

and their values and preferences; therefore, these remarks should be

considered suggestions.

The prevalence of diabetes has reached epidemic proportions in the

United States. The Centers for Disease Control and Prevention

recently reported that 25.8 million people, or 8.3% of the population,

have diabetes (3). Diabetes represents the seventh leading cause of

death (4) and is the fourth leading comorbid condition among

hospital discharges in the United States (5). Approximately one in

four patients admitted to the hospital has a known diagnosis of

diabetes (6, 7), and about 30% of patients with diabetes require two

or more hospitalizations in any given year (7). The prevalence of

diabetes is higher in elderly patients and residents of long-term-care
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facilities, in whom diabetes is reported in up to one third of adults

aged 65–75 yr and in 40% of those older than 80 yr (8, 9).

The association between hyperglycemia in hospitalized patients

(with or without diabetes) and increased risk for complications and

mortality is well established (6, 10–14). This association is observed

for both admission glucose and mean BG level during the hospital

stay. Although most randomized controlled trials investigating the

impact of treating hyperglycemia on clinical outcomes have been

performed in critically ill patients, there are extensive observational

data supporting the importance of hyperglycemia management

among non-critically ill patients admitted to general medicine and

surgery services. In such patients, hyperglycemia is associated with

prolonged hospital stay, increased incidence of infections, and more

disability after hospital discharge and death (6, 15–19). This

manuscript contains the consensus recommendations for the

management of hyperglycemia in hospitalized patients in non-

critical care settings by The Endocrine Society and other

organizations of health care professionals involved in inpatient

diabetes care, including the American Diabetes Association (ADA),

American Heart Association, American Association of Diabetes

Educators (AADE), European Society of Endocrinology, and the

Society of Hospital Medicine. The central goal was to provide

practical, achievable, and safe glycemic goals and to describe

protocols, procedures, and system improvements needed to facilitate

their implementation. This document is addressed to health care

professionals, supporting sta�, hospital administrators, and other

stakeholders focused on improved management of hyperglycemia in

inpatient settings.

1.0 Diagnosis and recognition of hyperglycemia
and diabetes in the hospital setting

Recommendations

1.1 We recommend that clinicians assess all patients admitted to the

hospital for a history of diabetes. When present, this diagnosis should

be clearly identi�ed in the medical record. (1|⊕○○○)
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1.2 We suggest that all patients, independent of a prior diagnosis of

diabetes, have laboratory BG testing on admission. (2|⊕○○○)

1.3 We recommend that patients without a history of diabetes with BG

greater than 7.8 mmol/liter (140 mg/dl) be monitored with bedside

POC testing for at least 24 to 48 h. Those with BG greater than 7.8

mmol/liter require ongoing POC testing with appropriate therapeutic

intervention. (1|⊕○○○)

1.4 We recommend that in previously normoglycemic patients

receiving therapies associated with hyperglycemia, such as

corticosteroids or octreotide, EN and PN be monitored with bedside

POC testing for at least 24 to 48 h after initiation of these therapies.

Those with BG measures greater than 7.8 mmol/liter (140 mg/dl)

require ongoing POC testing with appropriate therapeutic

intervention. (1|⊕○○○)

1.1–1.4 Evidence

In-hospital hyperglycemia is de�ned as any glucose value greater

than 7.8 mmol/liter (140 mg/dl) (20, 21). Hyperglycemia occurs not

only in patients with known diabetes but also in those with previously

undiagnosed diabetes and others with “stress hyperglycemia” that

may occur during an acute illness and that resolves by the time of

discharge (20, 22, 23). Observational studies report that

hyperglycemia is present in 32 to 38% of patients in community

hospitals (6, 24), 41% of critically ill patients with acute coronary

syndromes (13), 44% of patients with heart failure (13), and 80% of

patients after cardiac surgery (25, 26). In these reports,

approximately one third of non-intensive care unit (ICU) patients

and approximately 80% of ICU patients had no history of diabetes

before admission (6, 13, 27–30).

The ADA Clinical Practice Recommendations endorse the initiation of

glucose monitoring for both those with diabetes and those without a

known history of diabetes who are receiving therapies associated

with hyperglycemia (31). We agree with these recommendations but

also suggest that initial glucose measurement on admission by the

hospital laboratory is appropriate for all hospitalized patients,

irrespective of the presence of preexisting diabetes history or
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exposure to obvious hyperglycemia inducers. The high prevalence of

inpatient hyperglycemia with associated poor outcomes and the

opportunity to diagnose new diabetes warrants this approach (6, 24,

32, 33). Because the duration of care is frequently brief in the

inpatient setting, the assessment of glycemic control needs to be

performed early in the hospital course. Bedside POC testing has

advantages over laboratory venous glucose testing. POC testing at the

“point of care” allows identi�cation of patients who require

initiation or modi�cation of a glycemic management regimen (20,

21). POC monitoring has been demonstrated to be essential in guiding

insulin administration toward achieving and maintaining desired

glycemic goals as well as for recognizing hypoglycemic events (16, 21,

34, 35). Most currently used bedside glucose meters, although

designed for capillary whole-blood testing, are calibrated to report

results compatible to plasma, which allows for reliable comparison to

the laboratory glucose test (16, 22, 36, 37).

1.1–1.4 Values and preferences

Our recommendations re�ect consideration of the face validity of

soliciting and communicating the diagnosis of diabetes or

hyperglycemia to members of the care team. The risk-to-bene�t of

glucose testing and documenting a history of diabetes favors this

approach despite the lack of randomized controlled trials.

Recommendation

1.5 We recommend that all inpatients with known diabetes or with

hyperglycemia (>7.8 mmol/liter) be assessed with an HbA1C level if

this has not been performed in the preceding 2–3 months. (1|⊕○○○)

1.5 Evidence

We support the ADA recommendation of using a laboratory measure

of HbA1C both for the diagnosis of diabetes and for the identi�cation

of patients at risk for diabetes (31). The ADA recommendations

indicate that patients with an HbA1C of 6.5% or higher can be

identi�ed as having diabetes, and patients with an HbA1C between 5.7
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and 6.4% can be considered as being at risk for the development of

diabetes (31).

Measurement of an HbA1C during periods of hospitalization provides

the opportunity to identify patients with known diabetes who would

bene�t from intensi�cation of their glycemic management regimen.

In patients with newly recognized hyperglycemia, an HbA1C may help

di�erentiate patients with previously undiagnosed diabetes from

those with stress-induced hyperglycemia (32, 38). It is important to

note that there are no randomized trials demonstrating improved

outcomes using HbA1C levels to assist in the diagnosis of diabetes in

inpatients with new hyperglycemia or to assist in tailoring the

glycemic management of inpatients with known diabetes. Our

recommendations re�ect consensus opinion and the practical utility

of this strategy.

Clinicians must keep in mind that an HbA1C cuto� of 6.5% identi�es

fewer cases of undiagnosed diabetes than does a high fasting glucose

(38). Several epidemiological studies have reported a low sensitivity

(44 to 66%) but a high speci�city (76 to 99%) for HbA1C greater than

6.5% in an outpatient population (39, 40). Among hospitalized

hyperglycemic patients, an HbA1C level above 6.0% was reported to

be 100% speci�c and 57% sensitive for the diagnosis of diabetes,

whereas an HbA1C below 5.2% e�ectively excluded a diagnosis of

diabetes (41).

Glucose and HbA1C values, together with the medical history, can be

used to tailor therapy and assist in discharge planning (42, 43).

Discharge planning, education, and care transitions are discussed in

more detail in Section 4.4. Brie�y, the discharge plan optimally

includes the diagnosis of diabetes (if present), recommendations for

short- and long-term glucose control, follow-up care, a list of

educational needs, and consideration of appropriate screening and

treatment of diabetes comorbidities (30, 42, 44).

There are limitations to the use of an HbA1C for diagnosis of diabetes

in an inpatient population. These include the relatively low diagnostic

sensitivity and potential altered values in the presence of

hemoglobinopathies (hemoglobin C or SC disease), high-dose

salicylates, hemodialysis, blood transfusions, and iron de�ciency
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anemia (45). When HbA1C is used for establishing a diagnosis of

diabetes, analysis should be performed using a method certi�ed by

the National Glycohemoglobin Standardization Program (31),

because POC HbA1C testing is not su�ciently accurate at this time to

be diagnostic.

2.0 Monitoring glycemia in the non-critical care
setting

Recommendations

2.1 We recommend bedside capillary POC testing as the preferred

method for guiding ongoing glycemic management of individual

patients. (1|⊕⊕○○)

2.2 We recommend the use of BG monitoring devices that have

demonstrated accuracy of use in acutely ill patients. (1|⊕○○○)

2.3 We recommend that timing of glucose measures match the

patient's nutritional intake and medication regimen. (1|⊕○○○)

2.4 We suggest the following schedules for POC testing:before meals

and at bedtime in patients who are eating, or every 4–6 h in patients

who are NPO or receiving continuous enteral feeding. (2|⊕○○○)

2.1–2.4 Evidence

Matching the timing of POC testing with nutritional intake and the

diabetes medication regimen in the hospital setting is consistent with

recommendations for the outpatient setting. POC testing is usually

performed four times daily: before meals and at bedtime for patients

who are eating (16, 21). Premeal POC testing should be obtained as

close to the time of the meal tray delivery as possible and no longer

than 1 h before meals (46–48). For patients who are NPO or receiving

continuous EN, POC testing is recommended every 4–6 h. More

frequent glucose monitoring is indicated in patients treated with

continuous iv insulin infusion (49, 50) or after a medication change

that could alter glycemic control, e.g. corticosteroid use or abrupt
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discontinuation of EN or PN (48, 51, 52), or in patients with frequent

episodes of hypoglycemia (16, 28).

Capillary BG data facilitate the ability to adjust insulin therapy based

in part on calculation of total correction insulin doses over the

preceding 24 h. Consistent sampling sites and methods of

measurement should be used because glucose results can vary

signi�cantly when alternating between �nger-stick and alternative

sites, or between samples run in the laboratory vs. a POC testing

device (53). As in the outpatient setting, erroneous results can be

obtained from �nger-stick samples whenever the BG is rapidly rising

or falling (53).

Quality control programs are essential to meet Food and Drug

Administration (FDA) requirements and to maintain the safety,

accuracy, and reliability of BG testing (21). The FDA requires that the

accuracy of glucose analyzers in the central lab be within 10% of the

real value, whereas POC meters are considered acceptable within 20%

(21, 37); however, recent reports have advocated improvement or

tightening of POC meter accuracy standards (37). Using meters with

bar coding capability has been shown to reduce data entry errors in

medical records (37). Capillary BG values can vary between POC

meters, especially at high or low hemoglobin levels, low tissue

perfusion, and with some extraneous substances (36, 53). Although

patients can bring their own glucose meter device to the hospital,

personal meters should not be used for documentation or for

treatment of hyperglycemia. Hospital meters should follow

regulatory and licensing quality control procedures to ensure

accuracy and reliability of results. Hospital systems with data

management programs can transfer results into electronic records to

allow evaluation of hospital-wide patterns of glycemic control (54).

Health care workers should keep in mind that the accuracy of most

hand-held glucose meters is far from optimal (53). There are

potential inaccuracies of POC testing including intrinsic issues with

the technology and variability between di�erent lots of test strips,

inadequate sampling site, varying hemoglobin concentrations, and

other interfering hematological factors in acutely ill patients (37, 55,

56). One study from the Centers for Disease Control (CDC) of �ve

commonly used glucose meters showed mean di�erences from a
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central laboratory method to be as high as 32% and a coe�cient of

variation of 6 to 11% with a single trained medical technologist (37).

Recent studies suggest that continuous BG monitoring devices may

be helpful in reducing incidences of severe hypoglycemia in acute

care (57, 58). More studies, however, are needed to determine the

accuracy and reliability of continuous BG monitoring devices in

hospitalized patients. Although promising, continuous BG

monitoring has not been adequately tested in acute care and

therefore cannot be recommended for hospitalized patients at this

time.

3.0 Glycemic targets in the non-critical care setting

Recommendations

3.1 We recommend a premeal glucose target of less than 140 mg/dl

(7.8 mmol/liter) and a random BG of less than 180 mg/dl (10.0

mmol/liter) for the majority of hospitalized patients with non-

critical illness. (1|⊕⊕○○)

3.2 We suggest that glycemic targets be modi�ed according to clinical

status. For patients who are able to achieve and maintain glycemic

control without hypoglycemia, a lower target range may be

reasonable. For patients with terminal illness and/or with limited life

expectancy or at high risk for hypoglycemia, a higher target range

(BG < 11.1 mmol/liter or 200 mg/dl) may be reasonable. (2|⊕○○○)

3.3 For avoidance of hypoglycemia, we suggest that antidiabetic

therapy be reassessed when BG values fall below 5.6 mmol/liter (100

mg/dl). Modi�cation of glucose-lowering treatment is usually

necessary when BG values are below 3.9 mmol/liter (70 mg/dl). (2|

⊕○○○)

3.1–3.3 Evidence

The Task Force commissioned systematic reviews and meta-analyses

of observational and randomized trials to evaluate the e�ect of

intensive glycemic control on morbidity and mortality in patients
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hospitalized in non-critical care settings. Data were available for

analysis from nine randomized controlled trials and 10 observational

studies (59). Intensive glycemic control was associated with

reduction in the risk of infection (relative risk, 0.41; 95% con�dence

interval, 0.21–0.77). There was a trend for increased risk of

hypoglycemia (relative risk, 1.58; 95% con�dence interval, 0.97–

2.57) that was most common in surgical studies. There was no

signi�cant e�ect on death, myocardial infarction, or stroke. The

de�nition of “intensive control” varied across studies but was

generally consistent with BG targets in the ADA/American

Association of Clinical Endocrinologists Practice Guideline (20, 21).

That guideline recommended a premeal glucose of less than 140

mg/dl (7.8 mmol/liter) and a random BG of less than 10.0 mmol/liter

(180 mg/dl) for the majority of non-critically ill patients treated with

insulin (21). To avoid hypoglycemia (<3.9 mmol/liter), the total basal

and prandial insulin dose should be reduced if glucose levels are

between 3.9 mmol/liter and 5.6 mmol/liter (70–100 mg/dl). In

contrast, higher glucose ranges may be acceptable in terminally ill

patients or in patients with severe comorbidities, as well as in those

in patient-care settings where frequent glucose monitoring or close

nursing supervision is not feasible (20, 21, 31). In such patients,

however, it is prudent to maintain a reasonable degree of glycemic

control (BG < 11.1 mmol/liter or 200 mg/dl) as a way of avoiding

symptomatic hyperglycemia.

4.0 Management of hyperglycemia in the non-
critical care setting

Recommendations

4.1 Medical nutrition therapy

4.1.1 We recommend that MNT be included as a component of the

glycemic management program for all hospitalized patients with

diabetes and hyperglycemia. (1|⊕○○○)

4.1.2 We suggest that providing meals with a consistent amount of

carbohydrate at each meal can be useful in coordinating doses of
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rapid-acting insulin to carbohydrate ingestion. (2|⊕○○○)

4.1.1–4.1.2 Evidence

MNT is an essential component of inpatient glycemic management

programs. MNT is de�ned as a process of nutritional assessment and

individualized meal planning in consultation with a nutrition

professional (31, 60). The goals of inpatient MNT are to optimize

glycemic control, to provide adequate calories to meet metabolic

demands, and to create a discharge plan for follow-up care (16, 60–

64). Although the majority of non-critically ill hospitalized patients

receive nutrition support as three discrete meals with or without

scheduled snacks each day, some require EN or PN support (see

Section 5).

Lack of attention to MNT in the hospital contributes to unfavorable

changes in BG (28, 46, 65). Nutrition requirements often di�er in the

home vs. the hospital setting. The types of food may change or the

route of administration may di�er, e.g. enteral or parenteral feedings

may be used instead of solid foods. Nutritional management in the

hospital is further complicated by hospital routines characterized by

abrupt discontinuation of meals in preparation for diagnostic studies

or procedures, variability in appetite due to the underlying illness,

limitations in food selections, and poor coordination between insulin

administration and meal delivery that creates di�culties in

predicting the e�cacy of glycemic management strategies (46).

A consistent carbohydrate meal-planning system may help to

facilitate glycemic control in the hospital setting (16, 46). The system

is based on the total amount of carbohydrate o�ered rather than on

speci�c calorie content at each meal. Most patients receive a total of

1500–2000 calories per day, with a range of 12–15 carbohydrate

servings. The majority of carbohydrate foods should be whole grains,

fruits, vegetables, and low-fat milk, with restricted amounts of

sucrose-containing foods (66, 67). An advantage to the use of

consistent carbohydrate meal plans is that they facilitate matching

the prandial insulin dose to the amount of carbohydrate consumed

(16). Another advantage of a consistent carbohydrate diet is the

ability to reinforce education regarding meal planning for many
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persons with diabetes. Although there are no randomized controlled

studies comparing di�erent inpatient nutritional strategies, one

study conducted during a transition from consistent carbohydrate to

patient-controlled meal plans found similar glycemic measures, with

a trend toward less hypoglycemia with a consistent carbohydrate plan

(16, 61, 68).

4.2 Transition from home to hospital

Recommendations

4.2.1 We recommend insulin therapy as the preferred method for

achieving glycemic control in hospitalized patients with

hyperglycemia. (1|⊕⊕○○)

4.2.2 We suggest the discontinuation of oral hypoglycemic agents and

initiation of insulin therapy for the majority of patients with type 2

diabetes at the time of hospital admission for an acute illness. (2|

⊕○○○)

4.2.3 We suggest that patients treated with insulin before admission

have their insulin dose modi�ed according to clinical status as a way

of reducing the risk for hypoglycemia and hyperglycemia. (2|⊕○○○)

4.2.1–4.2.3 Evidence

Patients with type 1 diabetes have an absolute requirement for insulin

therapy and require treatment with basal bolus insulin regimens to

avoid severe hyperglycemia and diabetic ketoacidosis. Many patients

with type 2 diabetes receiving insulin therapy as basal bolus or

multiple daily injections before admission are at risk for severe

hyperglycemia in the hospital if insulin therapy is discontinued.

Assessment of the need for modi�cation of the home insulin regimen

is important because requirements vary according to clinical

stressors, reason for admission, altered caloric intake or physical

activity, and changes in medical regimens that can a�ect glycemic

levels. There are patients who require reductions in insulin doses to

avoid hypoglycemia, whereas others require higher insulin doses to

avoid or treat uncontrolled hyperglycemia (69).
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Preadmission diabetes therapy in patients with type 2 diabetes can

include diet, oral agents, non-insulin injectable medications, insulin,

or combinations of these therapies. Careful assessment of the

appropriateness of preadmission diabetes medications is required at

the time of hospital admission. The use of oral and other non-insulin

therapies presents unique challenges in the hospital setting because

there are frequent contraindications to their use in many inpatient

situations (sepsis, NPO status, iv contrast dye, pancreatic disorders,

renal failure, etc.) (21). Selected patients may be candidates for

continuation of previously prescribed oral hypoglycemic therapy in

the hospital. Patient criteria guiding the continued use of these

agents include those who are clinically stable and eating regular

meals and who have no contraindications to the use of these agents.

Each of the available classes of oral antidiabetic agents possesses

characteristics that limit their desirability for inpatient use.

Sulfonylureas are long-acting insulin secretagogues that can cause

severe and prolonged hypoglycemia, particularly in the elderly, in

patients with impaired renal function, and in those with poor

nutritional intake (70). There are no data on hospital use of the

short-acting insulin secretagogues repaglinide and nateglinide;

however, the risk of hypoglycemia is similar to that with

sulfonylureas, suggesting the need for caution in the inpatient

setting. Metformin must be discontinued in patients with

decompensated congestive heart failure, renal insu�ciency,

hypoperfusion, or chronic pulmonary disease (71, 72) and in patients

who are at risk of developing renal failure and lactic acidosis, such as

may occur with the administration of iv contrast dye or surgery (73).

Thiazolidinediones (TZD) can take several weeks for the full

hypoglycemic e�ect, thus limiting the usefulness of these agents for

achieving glycemic control in the hospital. These agents are

contraindicated in patients with congestive heart failure,

hemodynamic instability, or evidence of hepatic dysfunction.

Dipeptidyl peptidase IV inhibitors delay the enzymatic inactivation of

endogenously secreted glucagon-like peptide-1, acting primarily to

reduce postprandial glycemic excursions. These agents are less useful

in patients who are not eating or have reduced oral intake.

Conversion to basal bolus insulin therapy based on POC BG results is

both safe and e�cacious in the management of hyperglycemic
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patients with type 2 diabetes (33, 35, 69, 74). Patients with BG levels

above 140 mg/dl (7.8 mmol/liter) who are eating usual meals can

have basal bolus insulin therapy initiated at a total daily dose based

on body weight (33, 35, 75). Patients who are NPO can receive basal

insulin alone with correction doses with a rapid-acting analog every

4 h or with regular insulin every 6 h (16, 33, 76, 77). An example of

basal bolus protocol and correctional dose protocol is provided in

Table 1 (33, 35); however, many successful insulin regimens have

been reported in the literature (16, 28, 78, 79).

Table 1. Example of a basal bolus insulin regimen for the management of non-
critically ill patients with type 2 diabetes

A. Basal insulin orders 

    Discontinue oral diabetes drugs and non-insulin injectable diabetes med

    Starting insulin: calculate the total daily dose as follows: 

        0.2 to 0.3 U/kg of body weight in patients: aged ≥70 yr and/or g

        0.4 U/kg of body weight per day for patients not meeting the cr

        0.5 U/kg of body weight per day for patients not meeting the cr

    Distribute total calculated dose as approximately 50% basal insulin and 

    Give basal insulin once (glargine/detemir) or twice (detemir/NPH) daily, 

    Give rapid-acting (prandial) insulin in three equally divided doses before

    Adjust insulin dose(s) according to the results of bedside BG measureme

B. Supplemental (correction) rapid-acting insulin analog or regular insulin 

    Supplemental insulin orders. 

        If a patient is able and expected to eat all or most of his/her me

        If a patient is not able to eat, give regular insulin every 6 h (6–1

    Supplemental insulin adjustment. 

        If fasting and premeal plasma glucose are persistently above 7

        If a patient develops hypoglycemia [BG < 3.8 mmol/liter (70 mg
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BG (mg/dl) Insulin-sensitive Usual Insulin-resistant

>141–180 2 4 6 

181–220 4 6 8 

221–260 6 8 10 

261–300 8 10 12 

301–350 10 12 14 

351–400 12 14 16 

>400 14 16 18 

The numbers in each column of Section C indicate the number of units of regular or
rapid-acting insulin analogs per dose. “Supplemental” dose is to be added to the
scheduled insulin dose. Give half of supplemental insulin dose at bedtime. If a
patient is able and expected to eat all or most of his/her meals, supplemental
insulin will be administered before each meal following the “usual” column dose.
Start at insulin-sensitive column in patients who are not eating, elderly patients,
and those with impaired renal function. Start at insulin-resistant column in
patients receiving corticosteroids and those treated with more than 80 U/d before
admission. To convert mg/dl to mmol/liter, divide by 18. Adapted from Refs. 16, 35,
and 69.

The practice of discontinuing diabetes medications and writing

orders for SSI at the time of hospital admission results in undesirable

levels of hypoglycemia and hyperglycemia (80–82). In one study (81),

the risk for hyperglycemia (BG > 11.1 mmol/liter or 200 mg/dl)

increased 3-fold in patients placed on aggressive sliding-scale

regimens.

4.2.1–4.2.3 Values and preferences

The recommendation to discontinue agents other than insulin at the

time of hospitalization is based in part on the fact that

contraindications to the use of these agents are present in a high

percentage of patients on admission or during hospitalization (71,

C. Supplemental insulin scale 
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•. 

•. 

73). In addition, the use of oral agents to treat newly recognized

hyperglycemia can result in delays in achieving desired glycemic

targets, with the potential to adversely a�ect patient outcomes.

4.2.1–4.2.3 Remarks

Hospitals are encouraged to:

Provide prompts to alert care providers that a patient is

receiving an oral antidiabetic agent that may be contraindicated

for use in the inpatient setting (e.g. sulfonylureas or metformin in

patients with renal insu�ciency or TZD in patients with heart

failure).

Implement educational order sets that guide appropriate use of

scheduled insulin therapy in the hospital (16, 46, 77, 78, 83).

4.3 Pharmacological therapy

Recommendations

4.3.1 We recommend that all patients with diabetes treated with

insulin at home be treated with a scheduled sc insulin regimen in the

hospital. (1|⊕⊕⊕⊕)

4.3.2 We suggest that prolonged use of SSI therapy be avoided as the

sole method for glycemic control in hyperglycemic patients with

history of diabetes during hospitalization. (2|⊕○○○)

4.3.3 We recommend that scheduled sc insulin therapy consist of

basal or intermediate-acting insulin given once or twice a day in

combination with rapid- or short-acting insulin administered before

meals in patients who are eating. (1|⊕⊕⊕○)

4.3.4 We suggest that correction insulin be included as a component

of a scheduled insulin regimen for treatment of BG values above the

desired target. (2|⊕○○○)

4.3.1–4.3.4 Evidence
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The preferred sc insulin regimen for inpatient glycemic management

includes two di�erent insulin preparations administered as basal

bolus insulin therapy, frequently in combination with a correction

insulin scale. The basal component requires administration of an

intermediate- or long-acting insulin preparation once or twice a day.

The bolus or prandial component requires the administration of

short- or rapid-acting insulin administered in coordination with

meals or nutrient delivery (Table 1). Correction insulin refers to the

administration of supplemental doses of short- or rapid-acting

insulin together with the usual dose of bolus insulin for BG above the

target range. For patients who are not eating, basal insulin is

continued once daily (glargine or detemir) or twice daily

[detemir/neutral protamine Hagedorn (NPH)] plus correction doses

of a rapid insulin analog (aspart, lispro, glulisine) or regular insulin

every 4- to 6-h interval as needed. Correction-dose insulin should

not be confused with “sliding scale insulin,” which usually refers to a

set amount of insulin administered for hyperglycemia without regard

to the timing of the food, the presence or absence of preexisting

insulin administration, or even individualization of the patient's

sensitivity to insulin. Correction insulin is customized to match the

insulin sensitivity for each patient. Most standardized order sets for

sc insulin provide several di�erent correction-dose scales to choose

from, depending on the patient's weight or total daily insulin

requirement.

The safety of scheduled basal bolus insulin in patients with either

newly recognized hyperglycemia or type 2 diabetes has been

demonstrated in several studies of non-critically ill hospitalized

patients (33, 35, 69, 74). In one study (35), 130 insulin-naive patients

with type 2 diabetes who had glucose levels above 10 mmol/liter (180

mg/dl) were randomized to receive basal bolus insulin with glargine

and glulisine insulin or SSI alone. Those in the basal bolus group

achieved mean glucose levels of less than 10 mmol/liter (180 mg/dl)

by day 2 and of less than 8.8 mmol/liter (160 mg/dl) by day 4 with no

increase in hypoglycemia (35). Among patients randomized to SSI

alone, 14% required rescue therapy with basal bolus insulin due to

persistent BG above 13.3 mmol/liter (240 mg/dl). A second

multicenter study compared two di�erent basal bolus insulin

regimens (detemir plus aspart vs. NPH plus regular) in 130
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nonsurgical patients with type 2 diabetes, of whom 56% were

receiving insulin therapy before hospitalization (69). There were no

group di�erences in the levels of glycemic control achieved or in the

frequency of hypoglycemia, which occurred in approximately 30% of

patients in each group. The majority of the hypoglycemic events

occurred in patients treated with insulin before admission who were

continued on the same insulin dose at the time of randomization, a

�nding that emphasizes the importance of the recommendation to

evaluate the home insulin regimen at the time of hospitalization.

4.3.1–4.3.4 Remarks

A scheduled regimen of sc basal bolus insulin is recommended for

most patients with diabetes in non-ICU hospital settings. A suggested

method for determining starting doses of scheduled insulin therapy

in insulin-naive patients in the hospital can be based on a patient's

body weight and administered as a range of 0.2 to 0.5 U/kg as the

total daily dose (Table 1). The total daily dose can be divided into a

basal insulin component given once (glargine, detemir) or twice

(NPH, detemir) daily and a nutritional or bolus component given

before meals in patients who are eating or every 4 to 6 h in patients

on continuous EN or PN. In patients who are NPO or unable to eat,

bolus insulin must be held until nutrition is resumed; however, doses

of correction insulin can be continued to treat BG above the desired

range. Adjustments of scheduled basal and bolus insulin can be based

on total doses of correction insulin administered in the previous 24 h

(35, 74). When correction insulin is required before most meals, it is

often the basal insulin that can be titrated upward. When BG remains

consistently elevated at one time point, the dose of bolus insulin

preceding that measurement can be adjusted (78, 79). Many patients

require daily insulin adjustment to achieve glycemic control and to

avoid hypoglycemia. The home total basal and prandial insulin dose

should be reduced on admission in patients with poor nutrition

intake, impaired kidney function, or with admission BG levels less

than 5.6 mmol/liter (100 mg/dl).

These recommendations apply for patients with type 1 and type 2

diabetes; however, type 1 diabetes patients completely lack

endogenous insulin production. Type 1 diabetes patients need to be
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provided continuous, exogenous basal insulin, even when fasting, to

suppress gluconeogenesis and ketone production. Failure to provide

basal insulin to a type 1 diabetes patient can lead to the rapid

development of severe hyperglycemia and diabetic ketoacidosis (84,

85). In general, type 1 diabetes patients typically exhibit less insulin

resistance and require lower daily insulin dosage than type 2 diabetes

patients, especially if they are not obese.

With increasing utilization of insulin pump therapy, many

institutions allow patients on insulin pumps to continue using these

devices in the hospital; others express concern regarding use of a

device unfamiliar to sta�, particularly in patients who are not able to

manage their own pump therapy (86). Patients who use continuous sc

insulin infusion pump therapy in the outpatient setting can be

candidates for diabetes self-management in the hospital, provided

that they have the mental and physical capacity to do so (20, 86, 87).

The availability of hospital personnel with expertise in continuous sc

insulin infusion therapy is essential (16, 86, 87). It is important that

nursing personnel document basal rates and bolus doses on a regular

basis (at least daily). Clear policies and procedures should be

established at the institutional level to guide continued use of the

technology in the acute care setting.

4.4 Transition from hospital to home

Recommendations

4.4.1 We suggest reinstitution of preadmission insulin regimen or

oral and non-insulin injectable antidiabetic drugs at discharge for

patients with acceptable preadmission glycemic control and without

a contraindication to their continued use. (2|⊕○○○)

4.4.2 We suggest that initiation of insulin administration be

instituted at least one day before discharge to allow assessment of the

e�cacy and safety of this transition. (2|⊕○○○)

4.4.3 We recommend that patients and their family or caregivers

receive both written and oral instructions regarding their glycemic

management regimen at the time of hospital discharge. These

instructions need to be clearly written in a manner that is
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understandable to the person who will administer these medications.

(1|⊕⊕○○)

4.4.1–4.4.3 Evidence

Hospital discharge represents a critical time for ensuring a safe

transition to the outpatient setting and reducing the need for

emergency department visits and rehospitalization. Poor

coordination of patient care at the time of patient transfer between

services, transfer to rehabilitation facilities, or discharge to home is

associated with medical errors and readmission (88).

For patients discharged home on insulin therapy as a new

medication, it is important that patient education and written

information be provided for the method and timing of administration

of prescribed doses and recognition and treatment of hypoglycemia

(44). In general, initiation of insulin therapy should be instituted at

least one day before discharge to allow assessment of the e�cacy and

safety of therapy. Insulin regimens are often complex, usually

entailing the administration of two di�erent insulin preparations

that may require adjustments according to home glucose readings.

Because hospital discharge can be stressful to patients and their

family, orally communicated instructions alone are often inadequate.

To address this problem, several institutions have established

formalized discharge instructions for patients with diabetes as a way

of improving the clarity of instructions for insulin therapy and

glucose monitoring (44, 79, 89). In addition, patients as well as the

provider administering posthospital care should be aware of the need

for potential adjustments in insulin therapy that may accompany

adjustments of other medications prescribed at the time of hospital

discharge (e.g. corticosteroid therapy, octreotide) (51).

Measurement of HbA1C concentration during the hospital stay can

assist in tailoring the glycemic management of diabetic patients at

discharge. Patients with HbA1C below 7% can usually be discharged

on their same outpatient regimen (oral agents and/or insulin

therapy) if there are no contraindications to therapy (i.e. TZD and

heart failure; metformin and renal failure). Patients with elevated

HbA1C require intensi�cation of the outpatient antidiabetic regimen
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•. 

•. 

•. 

•. 

•. 

•. 

•. 

(oral agents, insulin, or combination therapy). Patients with severe

and symptomatic hyperglycemia may bene�t from ongoing insulin

therapy (basal or basal bolus regimen).

4.4.1–4.4.3 Remarks

We suggest that the following components of glycemic management

be included as part of the transition and hospital discharge record:

A principal diagnosis or problem list

The reconciled medication list, including insulin therapy

Recommendations for timing and frequency of home glucose

monitoring

Information regarding signs and symptoms of hypoglycemia

and hyperglycemia with instructions about what to do in each of

these cases

A form or log book for recording POC measures and laboratory

BG results

A list of pending laboratory results upon discharge, and

Identi�cation of the health care provider who is responsible for

the ongoing diabetes care and glycemic management.

Hospitals are encouraged to standardize discharge instruction sheets

that provide information on principal diagnosis, key test results from

the hospital stay, timing and adjusting of insulin doses, home glucose

monitoring, and signs and symptoms of hypoglycemia and

hyperglycemia.

5.0 Special situations

Recommendations

5.1 Transition from iv CII to sc insulin therapy

PDF

Help

https://scholar.google.com/scholar_url?url=https://academic.oup.com/jcem/article-pdf/97/1/16/20288218/jcem0016.pdf&hl=en&sa=T&oi=ucasa&ct=ufr&ei=JASTYdKgLJyR6rQPx6-DuA8&scisig=AAGBfm0psVW7W5AGOgp6EFVt5N05X-_kiw
https://scholar.google.com/scholar/help.html#access


5.1.1 We recommend that all patients with type 1 and type 2 diabetes

be transitioned to scheduled sc insulin therapy at least 1–2 h before

discontinuation of CII. (1|⊕⊕⊕⊕)

5.1.2 We recommend that sc insulin be administered before

discontinuation of CII for patients without a history of diabetes who

have hyperglycemia requiring more than 2 U/h. (1|⊕⊕⊕⊕)

5.1.3 We recommend POC testing with daily adjustment of the insulin

regimen after discontinuation of CII. (1|⊕⊕⊕○)

5.1.1–5.1.3 Evidence

As patients recovering from critical illness begin to eat regular meals

or are transferred to general nursing units, they require transition

from iv to sc insulin to maintain reasonable levels of glycemic control

(25, 51, 90, 91). Programs that include transition protocols as part of

their glycemic management strategy in patients undergoing surgical

procedures have demonstrated signi�cant reductions in morbidity

and mortality, with lower costs and less need for nursing time (25,

90).

Several di�erent protocols have been proposed to guide the transition

from CII to sc insulin (43, 88). The majority of patients without a

prior history of diabetes receiving CII at a rate of 1 U/h or less at the

time of transition may not require a scheduled sc insulin regimen (78,

83, 92, 93). Many of these patients can be treated with correction

insulin to determine whether they will require scheduled sc insulin.

In contrast, all patients with type 1 diabetes and most patients with

type 2 diabetes treated with oral antidiabetic agents or with insulin

therapy before admission require transition to sc long- and short-

acting insulin with discontinuation of CII.

To prevent recurrence of hyperglycemia during the transition period

to sc insulin, it is important to allow an overlap of 1–2 h between

discontinuation of iv insulin and the administration of sc insulin.

Basal insulin is given before transition and continued once

(glargine/detemir) or twice (detemir/NPH) daily. Rapid-acting

insulin analog or regular insulin is given before meals or as

correction doses in the presence of hyperglycemia.
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5.1.1–5.1.3 Remarks

In general, the initial dose and distribution of sc insulin at the time of

transition can be determined by extrapolating the iv insulin

requirement over the preceding 6 to 8 h to a 24-h period.

Administering 60 to 80% of the total daily calculated dose as basal

insulin has been demonstrated to be both safe and e�cacious in

surgical patients (16, 90). Dividing the total daily dose as a

combination of basal and bolus insulin has been demonstrated to be

safe in medically ill patients (90, 92, 94).

It is important that consideration be given to a patient's nutritional

status and medications, with continuation of glucose monitoring to

guide ongoing adjustments in the insulin dose because changes in

insulin sensitivity can occur during acute illness. Correction doses of

rapid-acting analogs or regular insulin can be administered for BG

values outside the desired range. Hospitals are encouraged to include

protocols that guide the transition from CII to sc insulin as a way of

avoiding glycemic excursions outside the target range. The use of

protocols helps reduce random practices that result in hyperglycemia

or unwarranted hypoglycemia.

5.2 Patients receiving EN or PN

Recommendations

5.2.1 We recommend that POC testing be initiated for patients with or

without a history of diabetes receiving EN and PN. (1|⊕⊕⊕⊕)

5.2.2 We suggest that POC testing can be discontinued in patients

without a prior history of diabetes if BG values are less than 7.8

mmol/liter (140 mg/dl) without insulin therapy for 24–48 h after

achievement of desired caloric intake. (2|⊕○○○)

5.2.3 We suggest that scheduled insulin therapy be initiated in

patients with and without known diabetes who have hyperglycemia,

de�ned as BG greater than 7.8 mmol/liter (140 mg/dl), and who

demonstrate a persistent requirement (i.e. >12 to 24 h) for correction

insulin. (2|⊕○○○)
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5.2.1–5.2.3 Evidence

Malnutrition is reported in up to 40% of critically ill patients (65) and

is associated with increased risk of hospital complications, higher

mortality rate, longer hospital stay, and higher hospitalization costs

(95). Improving the nutritional state may restore immunological

competence and reduce the frequency and severity of infectious

complications in hospitalized patients (96–99).

There are several retrospective and prospective studies

demonstrating that the use of EN and PN is an independent risk

factor for the onset or aggravation of hyperglycemia independent of a

prior history of diabetes (65, 100, 101). Hyperglycemia in this group of

patients is associated with higher risk of cardiac complications,

infections, sepsis, acute renal failure, and death (102–104). In one

study, a strong correlation was reported between PN-induced

hyperglycemia and poor clinical outcome. BG measures of more than

150 mg/dl before and within 24 h of initiation of PN were predictors

of both inpatient complications and hospital mortality (105).

Together, these results suggest that early intervention to prevent and

correct hyperglycemia may improve clinical outcomes in patients

receiving EN and PN.

To address this question, several clinical trials have investigated the

use of diabetes-speci�c formulas as a way of ameliorating the risk for

hyperglycemia with EN. These diabetes-speci�c formulas di�er from

standard formulations by supplying a lower percentage of total

calories as carbohydrate and substituting monounsaturated fatty

acids for a major component of administered fat calories (106). In a

meta-analysis of studies comparing these with standard

formulations, the postprandial rise in BG was reduced by 1.03–1.59

mmol/liter (18–29 mg/dl) (106). These results suggest that the

majority of hyperglycemic patients will still require insulin therapy

for control of hyperglycemia while receiving this type of nutritional

support.

Achieving desired glycemic goals in patients receiving EN poses

unique challenges (65, 74). Unanticipated dislodgement of feeding

tubes, temporary discontinuation of nutrition due to nausea, for

medication administration (e.g. T4, phenytoin), or for diagnostic
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testing, and cycling of EN with oral intake in patients with an

inconsistent appetite all pose clinical challenges to the prescribing of

scheduled insulin therapy. In one study, patients with persistent

elevation in BG above 7.2 mmol/liter (above 130 mg/dl) during EN

therapy were randomized to receive glargine once daily at a starting

dose of 10 U, in combination with SSI with regular insulin

administered every 6 h, or SSI alone. Approximately 50% of patients

randomized to SSI required rescue therapy with NPH to achieve a

mean BG below 10 mmol/liter (180 mg/dl) (74). The dose of glargine

insulin was adjusted on a daily basis according to results of POC

testing. If more than one BG was above 10 mmol/liter in the prior 24

h, the dose of glargine was increased by a percentage of the total dose

of correction insulin administered on the preceding day. With use of

this approach, a mean glucose of approximately 8.8 mmol/liter (160

mg/dl) was achieved with low risk for hypoglycemia.

Suggested approaches using sc insulin therapy in patients receiving

continuous, cycled, or intermittent EN therapy appear in Table 2.

Many members of this writing task force prefer frequent injections of

short-acting regular insulin or intermediate-acting insulin over the

rapid-acting analogs in this group of patients because of the longer

duration of action, requiring fewer injections (Table 2).

Table 2. Approaches to insulin therapy during EN

Adapted from Refs. 16, 74, and 101.

Continuous EN 

    Administer basal insulin once (glargine, detemir) or twice (detemir/NPH)

Cycled feeding 

    Administer basal insulin (glargine, detemir, or NPH) in combination with

    Repeat the dose of rapid-acting insulin (lispro, aspart, glulisine) at 4-h in

Bolus feeding 

    Administer short-acting regular or rapid-acting insulin analog (lispro, asp
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For patients receiving PN, regular insulin administered as part of the

PN formulation can be both safe and e�ective. Subcutaneous

correction-dose insulin is often used, in addition to the insulin that is

mixed with the nutrition. When starting PN, the initial use of a

separate insulin infusion can help in estimating the total daily dose of

insulin that will be required. Separate iv insulin infusions may be

needed to treat marked hyperglycemia during PN.

5.3 Perioperative BG control

Recommendations

5.3.1 We recommend that all patients with type 1 diabetes who

undergo minor or major surgical procedures receive either CII or sc

basal insulin with bolus insulin as required to prevent hyperglycemia

during the perioperative period. (1|⊕⊕⊕⊕)

5.3.2 We recommend discontinuation of oral and non-insulin

injectable antidiabetic agents before surgery with initiation of insulin

therapy in those who develop hyperglycemia during the perioperative

period for patients with diabetes. (1|⊕○○○)

5.3.3 When instituting sc insulin therapy in the postsurgical setting,

we recommend that basal (for patients who are NPO) or basal bolus

(for patients who are eating) insulin therapy be instituted as the

preferred approach. (1|⊕⊕⊕○)

5.3.1–5.3.3 Evidence

There are several case-control studies that demonstrate an increased

risk for adverse outcomes in patients undergoing elective noncardiac

surgery who have either preoperative or postoperative hyperglycemia

(19, 107–110). Postoperative BG values greater than 11.1 mmol/liter

(200 mg/dl) are associated with prolonged hospital length of stay and

an increased risk of postoperative complications, including wound

infections and cardiac arrhythmias (107–110). In one study, the

incidence of postoperative infections in patients with glucose levels

above 12.2 mmol/liter (220 mg/dl) was 2.7 times higher than in those

with glucose levels below 12.2 mmol/liter (109). In a recent report of
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3184 noncardiac general surgery patients, a perioperative glucose

value above 8.3 mmol/liter (150 mg/dl) was associated with increased

length of stay, hospital complications, and postoperative mortality

(107).

Perioperative treatment recommendations are generally based on the

type of diabetes, nature and extent of the surgical procedure,

antecedent pharmacological therapy, and state of metabolic control

before surgery (110, 111). A key factor for the success of any regimen is

frequent glucose monitoring to allow early detection of any

alterations in metabolic control.

All patients receiving insulin before admission require insulin during

the perioperative period (112, 113). For most patients, this

requirement includes administration of a percentage of the usual

basal insulin (NPH, detemir, glargine) in combination with correction

doses of regular insulin or rapid-acting insulin analogs for glucose

levels from 8.3 to 11.1 mmol/liter (150 to 200 mg/dl). The safety of

administering 50% of the basal insulin dose preoperatively was

demonstrated in one nonrandomized quality improvement initiative

(114). Admission BG levels in 584 patients with diabetes treated

according to these recommendations ranged between 3.9 and 11.1

mmol/liter (70–200 mg/dl) in 77% of patients. Hypoglycemia,

de�ned as a BG of less than 3.9 mmol/liter, occurred in only 1.7% of

patients.

Patients with type 2 diabetes well-controlled by a regimen of diet and

physical activity may require no special preoperative intervention for

diabetes (111, 115). Glucose levels in this group of patients can often be

controlled with small doses of supplemental short-acting insulin.

Insulin-treated patients or those with poor metabolic control while

on oral antidiabetic agents will require iv insulin infusions or a basal

bolus sc insulin regimen to achieve the desired level of glycemic

control.

Patients with type 1 diabetes undergoing minor or major surgical

procedures require CII or sc basal bolus insulin administration

adjusted according to the results of BG testing to prevent the

development of diabetic ketoacidosis (85, 116–118). In one study, BG

values in a group of subjects with type 1 diabetes who received their
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full dose of glargine insulin on a fasting day were compared with

those obtained on a control day when the participants were eating

their usual meals (119). There were no signi�cant di�erences in mean

BG levels between these two days, suggesting that it is safe to

administer the full dose of basal insulin when a patient is made NPO.

For patients with type 1 diabetes whose BG is well controlled, mild

reductions (between 10 and 20%) in the dosing of basal insulin are

suggested. For those whose BG is uncontrolled [i.e. BG > 10

mmol/liter (200 mg/dl)], full doses of basal insulin can be

administered.

Because the pharmacokinetic properties of NPH insulin di�er from

those of glargine and detemir, dose reductions of 25–50% are

suggested, together with the administration of short- or rapid-acting

insulin for BG > 8.3 mmol/liter (150 mg/dl) (Table 3).

Table 3. Pharmacokinetics of sc insulin preparations

Insulin Onset Peak Duration

Rapid-acting analogs 5–15 min 1–2 h 4–6 h 

Regular 30–60 min 2–3 h 6–10 h 

NPH 2–4 h 4–10 h 12–18 h 

Glargine 2 h No peak 20–24 h 

Detemir 2 h No peak 12–24 h 

Renal failure leads to prolonged insulin action and altered pharmacokinetics
(162).

Prolonged use of SSI regimen is not recommended for glycemic

control during the postoperative period in hyperglycemic patients

with diabetes. In one study of 211 general surgery patients with type 2

diabetes randomly assigned to receive basal bolus insulin or SSI,

glycemic control and patient outcomes were signi�cantly better with

the former (33). Patients who were treated with SSI had higher mean

POC glucose values and more postoperative complications including

wound infection, pneumonia, respiratory failure, acute renal failure,

and bacteremia. The results of that study indicate that treatment with
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•. 

•. 

glargine once daily plus rapid-acting insulin before meals improves

glycemic control and reduces hospital complications in general

surgery patients with type 2 diabetes (33).

5.3.1–5.3.3 Values and preferences

We place a high value on maintaining glycemic control even for brief

periods of time, as occurs during periods of fasting for surgical or

other procedures. Although avoidance of hypoglycemia is desired,

administering a percentage of the usual dose of long- or

intermediate-acting insulin appears to be safe and well tolerated,

even for patients who arrive on the morning of the procedure.

5.3.1–5.3.3 Remarks

Hospitals are encouraged to:

Implement protocols that guide safe glycemic management of

patients with hyperglycemia during and after surgical procedures,

and

Abandon practices that allow for random and inconsistent

glycemic management in surgical patients.

5.4 Glucocorticoid-induced diabetes

Recommendations

5.4.1 We recommend that bedside POC testing be initiated for patients

with or without a history of diabetes receiving glucocorticoid therapy.

(1|⊕⊕⊕○)

5.4.2 We suggest that POC testing can be discontinued in nondiabetic

patients if all BG results are below 7.8 mmol/liter (140 mg/dl) without

insulin therapy for a period of at least 24–48 h. (2|⊕○○○)

5.4.3 We recommend that insulin therapy be initiated for patients

with persistent hyperglycemia while receiving glucocorticoid

therapy. (1|⊕⊕○○)
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5.4.4 We suggest CII as an alternative to sc insulin therapy for

patients with severe and persistent elevations in BG despite use of

scheduled basal bolus sc insulin. (2|⊕○○○)

5.4.1–5.4.4 Evidence

Hyperglycemia is a common complication of glucocorticoid therapy

with a prevalence between 20 and 50% among patients without a

previous history of diabetes (51, 120, 121). Corticosteroid therapy

increases hepatic glucose production, impairs glucose uptake in

peripheral tissues, and stimulates protein catabolism with resulting

increased concentrations of circulating amino acids, thus providing

precursors for gluconeogenesis (122–124). The observed decrease in

glucose uptake with glucocorticoid therapy seems to be a major early

defect, contributing to increases in postprandial hyperglycemia.

Despite its frequency, the impact of corticosteroid-induced

hyperglycemia on clinical outcomes such as morbidity and mortality

is not known. Few studies have examined how best to treat

glucocorticoid-induced hyperglycemia. In general, discontinuation of

oral antidiabetic agents with initiation of sc basal bolus insulin

therapy is recommended for patients with glucocorticoid-induced

hyperglycemia. The starting insulin dose and timing of insulin

administration should be individualized depending on severity of

hyperglycemia and duration and dosage of steroid therapy. For

patients receiving high-dose glucocorticoids and in those with severe

hyperglycemia that is di�cult to control, the use of CII is appropriate

(16, 50, 125). The use of CII on general wards and in patients receiving

high glucocorticoid doses has been shown to result in rapid and

sustained glycemic control and a rate of hypoglycemic events similar

to that reported in recent ICU trials (50). The majority of patients

with steroid-induced hyperglycemia can be treated with a sc basal

bolus insulin regimen to achieve glycemic control, with dosing based

on a starting dosage of 0.3 to 0.5 U/kg · d.

Adjustment of insulin doses is required when the glucocorticoid dose

is changed. Discontinuation or tapering of corticosteroid therapy in

patients with diabetes has been associated with risk of developing

hypoglycemia (126).
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6.0. Recognition and management of
hypoglycemia in the hospital setting

Recommendations

6.1 We recommend that glucose management protocols with speci�c

directions for hypoglycemia avoidance and hypoglycemia

management be implemented in the hospital. (1|⊕⊕○○)

6.2 We recommend implementation of a standardized hospital-wide,

nurse-initiated hypoglycemia treatment protocol to prompt

immediate therapy of any recognized hypoglycemia, de�ned as a BG

below 3.9 mmol/liter (70 mg/dl). (1|⊕⊕○○)

6.3 We recommend implementation of a system for tracking

frequency of hypoglycemic events with root cause analysis of events

associated with potential for patient harm. (1|⊕⊕○○)

6.1–6.3 Evidence

Hypoglycemia is de�ned as any glucose level below 3.9 mmol/liter

(70 mg/dl) (127, 128). This is the standard de�nition in outpatients

and correlates with the initial threshold for the release of counter-

regulatory hormones (128, 129). Severe hypoglycemia has been

de�ned by many as less than 2.2 mmol/liter (40 mg/dl) (128),

although this is lower than the approximately 2.8 mmol/liter (50

mg/dl) level at which cognitive impairment begins in normal

individuals (129).

The fear of hypoglycemia is a key barrier to the implementation of

targeted glucose control. Although not as common as hyperglycemia,

hypoglycemia is a well-recognized and feared complication in

hospitalized patients with or without established diabetes (130). The

risk for hypoglycemia is higher during periods of hospitalization due

to variability in insulin sensitivity related to the underlying illness,

changes in counter-regulatory hormonal responses to procedures or

illness, and interruptions in usual nutritional intake (131, 132).

The prevalence of hypoglycemic events varies across studies

depending on the de�nition of hypoglycemia and the speci�c patient
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population evaluated. In a 3-month prospective review of consecutive

medical records in 2174 hospitalized patients receiving antidiabetic

agents, 206 patients (9.5%) experienced a total of 484 hypoglycemic

episodes (133). A large glycemic survey examining results of POC

bedside glucose tests from 126 hospitals reported a prevalence of

hypoglycemia (<3.9 mmol/liter or <70 mg/dl) as 3.5% in non-ICU

patients (24). In randomized controlled studies, the prevalence of

hypoglycemia has ranged from 3 to 30% of medical and surgical

patients with type 2 diabetes treated with sc insulin (33, 35, 69).

The key predictors of hypoglycemic events in hospitalized patients

include older age, greater illness severity (presence of septic shock,

mechanical ventilation, renal failure, malignancy, and malnutrition),

diabetes, and the use of oral glucose lowering medications and

insulin (134, 135). In-hospital processes of care that contribute to risk

for hypoglycemia include unexpected changes in nutritional intake

that are not accompanied by associated changes in the glycemic

management regimen (e.g. cessation of nutrition for procedures,

adjustment in the amount of nutritional support), interruption of the

established routine for glucose monitoring (such as transportation

o� the ward), deviations from the established glucose control

protocols, and failure to adjust therapy when glucose is trending

down or steroid therapy is being tapered (78, 131).

Hypoglycemia is associated with an increased risk of mortality in

various hospitalized patient populations (136, 137). A J-shaped curve

for mortality has been observed in patients admitted with acute

myocardial infarction and in other patient groups (138).

Hypoglycemia is also associated with a prolonged hospital length of

stay as compared with that of similar patients who did not experience

hypoglycemia (137). Serious adverse events were reported in 4% of

patients with hypoglycemic events (133).

Despite these observations, it remains unclear whether episodic in-

hospital hypoglycemia is a direct mediator of adverse events or is a

marker of greater illness severity. A recent study of nearly 8000

patients hospitalized with acute myocardial infarction evaluated the

prognostic impact of incident hypoglycemia separately in patients

who developed it spontaneously and those who experienced

hypoglycemia after administration of insulin (13, 76). Although
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patients with spontaneous hypoglycemia had markedly higher rates

of in-hospital death (18.4 vs. 9.2% in those without hypoglycemia; P <

0.001), mortality was not increased in insulin-treated patients with

iatrogenic hypoglycemia (10.4 vs. 10.2% in those without

hypoglycemia; P = 0.92). These data have been corroborated by other

studies of patients hospitalized with acute myocardial infarction

(139–141), on geriatric nursing units (135), and in the ICU (139, 141,

142). These results suggest that inpatient hypoglycemia may be more

of a marker for severe illness rather than a direct cause of adverse

events.

Although these �ndings o�er some reassurance to clinicians in their

e�orts to control glucose levels, hypoglycemic events are associated

with potential for harm and should be avoided (137). Although well-

designed studies evaluating interventions aimed speci�cally at

reducing hypoglycemia are lacking, several strategies appear

reasonable. These include use of evidence-based glucose control

protocols with a demonstrated safety record, establishment of

hospital-wide policies that provide guidance on identi�cation of

high-risk patients, and standardization of procedures for detection

and treatment of hypoglycemia across nursing units (74, 143, 144).

Many patients require daily insulin adjustment to avoid

hypoglycemia (BG < 3.9 mmol/liter). The total basal and prandial

insulin dose should be reduced if BG levels fall between 3.9 and 5.6

mmol/liter (70–100 mg/dl).

Another method for minimizing risk for hypoglycemia is to avoid

medications that are associated with a high risk for hypoglycemia

such as sulfonylureas, particularly among elderly patients and those

with renal impairment or poor oral intake. Modi�cation of insulin

regimens in patients with BG levels below 5.6 mmol/liter (100 mg/dl)

helps to reduce risk for a hypoglycemic event. Reductions in the total

daily dose of insulin by approximately 20% are recommended when

BG falls below 3.9 mmol/liter (70 mg/dl), unless the event is easily

explained by other factors (such as a missed meal, etc.).

Frequent monitoring of BG levels allows for timely detection and

treatment of hypoglycemia. A system for tracking the frequency and

severity of all hypoglycemic events allows for ongoing analysis of the

safety of a glycemic management program (88, 145). Hypoglycemia
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treatment protocols that facilitate prompt treatment of any

hypoglycemic event can be useful in preventing deterioration to a

more prolonged or severe episode that may be associated with

adverse outcomes (68, 146). Implementation of such standardized

hypoglycemia treatment protocols has been successful at reducing

the frequency of severe hypoglycemic events in some institutions

(144, 147, 148). The key aspects of hypoglycemia prevention and

management are summarized in Table 4; a representative nurse-

driven hypoglycemia management protocol is depicted in Table 5.

Table 4. Key components of hypoglycemia prevention and management
protocol

Table 5. Suggested nurse-initiated strategies for treating hypoglycemia

Dose depends on severity of the hypoglycemic event.

Hospital-wide definitions for hypoglycemia and severe hypoglycemia. 

Guidance on discontinuation of sulfonylurea therapy and other oral hypoglycemic

Directions for adjustments in insulin dose and/or administration of dextrose-conta

Specific instructions for recognition of hypoglycemia symptoms, treatment, and ti

Standardized form for documentation and reporting of hypoglycemic events, inclu

For treatment of BG below 3.9 mmol/liter (70 mg/dl) in a patient who is alert and a

    one–15–30 g tube glucose gel or 4 (4 g) glucose tabs (preferred for patien

    4–6 ounces orange or apple juice. 

    6 ounces “regular” sugar sweetened soda. 

    8 ounces skim milk. 

For treatment of BG below 3.9 mmol/liter (70 mg/dl) in an alert and awake patient

For treatment of BG below 3.9 mmol/liter in a patient with an altered level of cons

In a patient with an altered level of consciousness and no available iv access, give 

Recheck BG and repeat treatment every 15 min until glucose level is at least 4.4 m

a
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•. 

The success of any hypoglycemia treatment protocol depends on the

ability of bedside nurses to recognize signs and symptoms of

hypoglycemia, initiate appropriate treatment without delay, and

retest BG at prescribed time intervals after treatment (148). For these

reasons, educational initiatives at the time of protocol

implementation with periodic reinforcement are essential (149).

7.0 Implementation of a glycemic control program
in the hospital

Recommendations

7.1 We recommend that hospitals provide administrative support for

an interdisciplinary steering committee targeting a systems approach

to improve care of inpatients with hyperglycemia and diabetes. (1|

⊕⊕⊕○)

7.2 We recommend that each institution establish a uniform method

of collecting and evaluating POC testing data and insulin use

information as a way of monitoring the safety and e�cacy of the

glycemic control program. (1|⊕○○○)

7.3 We recommend that institutions provide accurate devices for

glucose measurement at the bedside with ongoing sta� competency

assessments. (1|⊕○○○)

7.1–7.3 Evidence

It is important for medical centers to target improved care of

inpatients with hyperglycemia and/or diabetes by creating and

supporting an interdisciplinary steering committee with

representation from key groups involved in the care of these patients

(51). The steering committee ideally would include representatives

from physician groups, nurses, pharmacists, case managers,

nutrition, information support, and quality improvement personnel

empowered to:
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•. 

•. 

•. 

•. 

Assess safety and e�cacy of processes for glycemic management

with a focus on improving care at the identi�ed areas of de�ciency,

within a framework of quality improvement.

Implement strategies that guide sta� and physician education

with written policies, protocols, and order sets with integrated

decision support using computer order entry.

Consider use of checklists, algorithms, and standardized

communication for patient transfers and hand o�.

Monitor the use of order sets and protocols, intervening to

reinforce protocol use, and revising protocols as needed to

improve integration, clarity, and ease of use.

Institute continuing education programs for medical, nursing,

and dietary sta� to enhance adherence to protocols.

The inpatient care of individuals with diabetes and hyperglycemia is

complex, involving multiple providers with varying degrees of

expertise who are dispersed across many di�erent areas of the

hospital. A multidisciplinary systems approach can help guide

meaningful progress away from clinical inertia and toward safe

glycemic control, hypoglycemia prevention, and patient preparation

for care transitions (20, 54, 143, 144, 147).

The transfer of patients between nursing units of clinical care teams

is a major cause of error in the care of patients with hyperglycemia in

the hospital. Poor coordination of glucose monitoring, meal delivery,

and insulin administration is a common barrier to optimal care (43,

150, 151).

Evidence for the advantages of using a systems approach comes from

several sources: industry and high reliability organizations;

endorsement by major professional organizations, based on

consensus opinion and experience (21, 152); extrapolation of

experience applied to other disease entities (152); and successful

institutional glycemic control e�orts via this approach (78, 153–155).

Resources outlining the multidisciplinary approach, protocol, and

order set design, implementation strategies, and methods for
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monitoring and continuously improving the process are available in

print and internet media (88).

8.0 Patient and professional education

Recommendations

8.1 We recommend diabetes self-management education targeting

short-term goals that focus on survival skills: basic meal planning,

medication administration, BG monitoring, and hypoglycemia and

hyperglycemia detection, treatment, and prevention. (1|⊕○○○)

8.2. We recommend identifying resources in the community to which

patients can be referred for continuing diabetes self-management

education after discharge. (1|⊕○○○)

8.3. We recommend ongoing sta� education to update diabetes

knowledge, as well as targeted sta� education whenever an adverse

event related to diabetes management occurs. (1|⊕○○○)

8.1–8.3 Evidence

Diabetes self-management education has the ability to reduce length

of hospital stay and improve outcomes after discharge (16). In a

meta-analysis of 47 studies on the e�ects of diabetes education on

knowledge, self-care, and metabolic control, educational

interventions were shown to increase patients' knowledge and ability

to perform self-care (156). The AADE inpatient position statement

recommends initiation of diabetes self-management education early

during the hospitalization to allow time to address potential de�cits

in patient knowledge (48). With early intervention, the patient will

have more opportunities to practice and master survival skills. Family

members should be included whenever possible to support and

reinforce self-management education (157, 158).

Inpatient diabetes educational goals should focus on the following

survival skills: basic meal planning, medication administration, POC

testing, and hypoglycemia detection, treatment, and prevention (21,

48). Diabetes education is more complex in the hospital setting
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because patients are acutely ill, may be experiencing pain, and are

under stress. Keeping sessions short and focused with minimal

distractions and interruptions contributes to a more productive

learning environment (48).

Documentation of teaching sessions by health care professionals

promotes communication of progress to the next health care provider

and assists in discharge planning. In situations where failure to

perform diabetes self-care practices contributed to the need for the

hospitalization, education can be focused on the area of de�ciency as

a way of preventing readmissions (e.g. diabetic ketoacidosis) (16, 48,

88). Written discharge instructions on diabetes self-care, o�ered in

the patient's primary language whenever possible, should be

reviewed and provided at the time of discharge (44, 159). E�orts

should be made to coordinate education with those also caring for the

patient and those who will be seeing the patient in transition to

maximize the value of education. It would be optimal to provide

recommendations, based on observations during the education of the

patient, to those in the transition of care.

Sta� education together with competency testing can facilitate the

ability of nursing personnel to provide both inpatient diabetes

management and patient education. Assessment of patients'

cognitive and emotional status and medical status should be used to

determine the optimal timing and strategy for in-hospital education.

Diabetes educators and endocrinologists can assist with curriculum

development and teaching, and diabetes resource nurses can serve as

role models and sources of information for sta� nurses. Topics for

sta� education should include recognition of types of diabetes,

treatment and prevention of hypoglycemia and hyperglycemia

symptoms, glycemic targets in critical care and non-critical care

settings, and acute complications such as diabetic ketoacidosis (48).

The Joint Commission in partnership with the American Diabetes

Association has developed an advanced level of certi�cation in

inpatient diabetes care (160). Minimum requirements for

certi�cation include diabetes sta� education, formal BG monitoring

protocols, hypoglycemia and hyperglycemia protocols, tracking of

hypoglycemia frequency and severity, providing diabetes self-
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management education, and identi�cation of a program champion or

team to spearhead glycemic control initiatives (160).

The principles of diabetes education and management in the hospital

apply for patients with type 1 and type 2 diabetes. Due to the lack

endogenous insulin production, patients with type 1 diabetes require

exogenous insulin to be provided at all times to avoid severe

hyperglycemia and diabetic ketoacidosis (84, 85). In addition,

patients with type 1 diabetes are less insulin resistant and are more

vulnerable to hypoglycemic events than those with type 2 diabetes.

Attention to type of diabetes, as well as to family dynamics and

psychological and emotional maturity, is essential in developing and

implementing an optimal diabetes regimen.
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BG Blood glucose

 
CII continuous insulin infusion

 
EN enteral nutrition
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01/01/2019 - 12/31/2019 ACS NSQIP Semiannual Report: Site Summary

John Muir Medical Center - Concord Campus Site Number: 157

As Expected36281.360.841.076.48%6.87%7.23%41567

As Expected23931.350.610.912.54%2.31%2.12%12567

As Expected35882.240.581.140.52%0.59%0.71%4567

Needs Improvement49310High3.521.342.171.23%2.53%3.18%17534

Needs Improvement48310High2.171.071.523.32%4.89%5.36%30560

As Expected22921.460.370.730.83%0.61%0.35%2565

As Expected36292.020.651.150.59%0.67%0.88%5567

As Expected35161.570.641.010.86%0.86%0.88%5567

Needs Improvement480102.870.891.600.91%1.37%1.77%10566

As Expected37092.050.751.240.86%1.05%1.41%8567

As Expected35262.010.551.050.99%1.04%1.07%6562

As Expected35982.220.591.140.68%0.77%0.88%5567

Needs Improvement4839High1.841.061.397.11%9.29%9.88%56567

As Expected35261.630.631.021.36%1.38%1.41%8567

As Expected36381.360.841.076.44%6.84%7.23%41567

As Expected24031.360.620.912.51%2.31%2.12%12567

As Expected35982.240.581.140.51%0.58%0.71%4567

Needs Improvement49310High3.541.352.191.20%2.51%3.18%17534

Needs Improvement4849High2.171.071.523.31%4.87%5.36%30560

As Expected22921.460.370.730.83%0.61%0.35%2565

As Expected36291.960.671.140.57%0.65%0.88%5567

As Expected35161.620.631.010.84%0.85%0.88%5567

Needs Improvement482102.960.921.650.86%1.32%1.77%10566

As Expected371102.110.761.270.81%1.01%1.41%8567

As Expected35262.010.551.050.99%1.04%1.07%6562

As Expected36082.210.601.160.65%0.75%0.88%5567

Needs Improvement4859High1.851.071.417.03%9.26%9.88%56567

As Expected35261.570.661.021.36%1.37%1.41%8567

As Expected35871.290.851.055.10%5.31%5.42%641181

As Expected24441.300.710.962.08%2.01%1.95%231181

Needs Improvement48710High2.801.141.780.76%1.32%1.57%181148

Needs Improvement4799High1.931.041.412.27%3.14%3.32%391174

As Expected35161.720.621.030.81%0.84%0.85%101177

As Expected37092.370.731.310.35%0.46%0.59%71181

As Expected24141.420.600.920.82%0.76%0.68%81181

Needs Improvement481102.960.941.670.48%0.75%0.93%111180

As Expected37592.170.821.330.55%0.73%0.93%111181

As Expected24651.650.560.960.81%0.78%0.77%91174

As Expected36782.240.731.280.52%0.66%0.76%91181

Needs Improvement4819High1.671.061.335.28%6.73%6.94%821181

As Expected36891.740.791.170.95%1.08%1.27%151181

All Cases
Total
Cases

Observed Pred
Obs Rate**

Expected
Rate

Odds
Ratio

95% C.I.
Outlier Decile

Adjusted
Percentile

Adjusted
Quartile

Assessment*
Events Rate Lower Upper

ALLCASES Mortality

ALLCASES Morbidity

ALLCASES Cardiac

ALLCASES Pneumonia

ALLCASES Unplanned Intubation

ALLCASES Ventilator > 48 Hours

ALLCASES VTE

ALLCASES Renal Failure

ALLCASES UTI

ALLCASES SSI

ALLCASES Sepsis

ALLCASES ROR

ALLCASES Readmission

General/Vascular
Total
Cases

Observed Pred
Obs Rate**

Expected
Rate

Odds
Ratio

95% C.I.
Outlier Decile

Adjusted
Percentile

Adjusted
Quartile

Assessment*
Events Rate Lower Upper

GV Mortality

GV Morbidity

GV Cardiac

GV Pneumonia

GV Unplanned Intubation

GV Ventilator > 48 Hours

GV VTE

GV Renal Failure

GV UTI

GV SSI

GV Sepsis

GV C.diff Colitis

GV ROR

GV Readmission

General
Total
Cases

Observed Pred
Obs Rate**

Expected
Rate

Odds
Ratio

95% C.I.
Outlier Decile

Adjusted
Percentile

Adjusted
Quartile

Assessment*
Events Rate Lower Upper

GEN Mortality

GEN Morbidity

GEN Cardiac

GEN Pneumonia

GEN Unplanned Intubation

GEN Ventilator > 48 Hours

GEN VTE

GEN Renal Failure

GEN UTI

GEN SSI

GEN Sepsis

GEN C.diff Colitis

GEN ROR

GEN Readmission

Determined by Outlier status or Adjusted Quartile status.
Predicted Observed Rate is the model-adjusted observed rate.**
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As Expected35471.620.671.041.41%1.47%1.55%9579

As Expected24131.980.380.870.31%0.27%0.17%1579

As Expected35771.950.631.111.17%1.29%1.38%8579

As Expected37092.550.731.370.71%0.97%1.21%7577

As Expected23931.590.490.880.76%0.67%0.52%3579

As Expected35683.100.411.130.09%0.11%0.17%1579

As Expected24642.130.410.940.24%0.22%0.17%1579

As Expected24331.840.450.910.48%0.43%0.35%2577

As Expected36792.900.621.340.38%0.51%0.69%4579

As Expected36181.630.771.123.27%3.64%3.80%22579

Needs Improvement476102.270.781.330.53%0.68%1.21%7579

As Expected24951.610.610.999.01%8.96%0.00%01

As Expected25051.870.531.002.99%2.98%0.00%01

As Expected24963.020.331.000.97%0.97%0.00%01

As Expected24962.400.411.002.27%2.26%0.00%01

As Expected25062.240.441.002.17%2.16%0.00%01

As Expected25072.560.391.000.11%0.11%0.00%01

As Expected25061.430.701.001.46%1.46%0.00%01

As Expected25062.690.371.000.48%0.48%0.00%01

As Expected25062.050.491.000.62%0.62%0.00%01

As Expected25062.320.431.001.18%1.18%0.00%01

As Expected25061.940.521.000.48%0.48%0.00%01

As Expected24951.950.500.997.69%7.63%0.00%01

As Expected25061.800.561.000.17%0.17%0.00%01

As Expected24961.690.601.010.84%0.84%0.85%101181

As Expected35261.600.661.031.05%1.08%1.10%131181

Needs Improvement482102.520.941.546.07%8.99%11.02%14127

As Expected36791.740.801.1814.08%15.99%17.32%22127

Needs Improvement47791.610.961.247.06%8.47%8.96%56625

As Expected37381.470.951.185.62%6.47%6.69%791181

As Expected25061.360.731.0010.45%10.43%10.37%14135

As Expected36081.850.681.124.67%5.20%5.93%8135

As Expected24642.170.400.931.02%0.95%0.74%1135

Needs Improvement49310High4.211.262.302.90%6.28%9.32%11118

Needs Improvement483102.390.951.506.26%9.04%11.45%15131

As Expected23211.610.360.761.47%1.12%0.00%0133

As Expected35472.250.501.061.21%1.28%1.48%2135

As Expected35481.670.641.031.80%1.86%2.22%3135

Needs Improvement484103.440.881.741.94%3.13%5.22%7134

As Expected36492.130.641.171.71%1.98%2.96%4135

As Expected36592.900.601.321.80%2.33%3.03%4132

As Expected24431.920.430.911.21%1.11%0.74%1135

As Expected22721.240.400.7015.41%12.09%10.64%1094

Needs Improvement48810High2.161.051.5013.83%18.88%22.22%30135

As Expected23621.540.470.852.82%2.46%1.48%2135

Colorectal
Total
Cases

Observed Pred
Obs Rate**

Expected
Rate

Odds
Ratio

95% C.I.
Outlier Decile

Adjusted
Percentile

Adjusted
Quartile

Assessment*
Events Rate Lower Upper

COLORECT Mortality

COLORECT Morbidity

COLORECT Length of Stay

COLORECT Cardiac

COLORECT Pneumonia

COLORECT Unplanned Intubation

COLORECT Ventilator > 48 Hours

COLORECT VTE

COLORECT Renal Failure

COLORECT UTI

COLORECT SSI

COLORECT Sepsis

COLORECT C.diff Colitis

COLORECT ROR

COLORECT Readmission

Measure
Total
Cases

Observed Pred
Obs Rate**

Expected
Rate

Odds
Ratio

95% C.I.
Outlier Decile

Adjusted
Percentile

Adjusted
Quartile

Assessment*
Events Rate Lower Upper

MEASURE DSM

MEASURE Elderly DSM

MEASURE Colon DSM

MEASURE Colon SSI

MEASURE Deep/OS SSI

MEASURE UTI

Subspecialties
Total
Cases

Observed Pred
Obs Rate**

Expected
Rate

Odds
Ratio

95% C.I.
Outlier Decile

Adjusted
Percentile

Adjusted
Quartile

Assessment*
Events Rate Lower Upper

SS Neurosurgery Mortality

SS Neurosurgery Morbidity

SS Neurosurgery Cardiac

SS Neurosurgery Pneumonia

SS Neurosurgery Unplanned Intubation

SS Neurosurgery Ventilator > 48 Hours

SS Neurosurgery VTE

SS Neurosurgery Renal Failure

SS Neurosurgery UTI

SS Neurosurgery SSI

SS Neurosurgery Sepsis

SS Neurosurgery ROR

SS Neurosurgery Readmission

SS Orthopedic Mortality

SS Orthopedic Morbidity

SS Orthopedic Cardiac

SS Orthopedic Pneumonia

SS Orthopedic Unplanned Intubation

SS Orthopedic Ventilator > 48 Hours

SS Orthopedic VTE

SS Orthopedic UTI

SS Orthopedic SSI

SS Orthopedic Sepsis

SS Orthopedic ROR

Determined by Outlier status or Adjusted Quartile status.
Predicted Observed Rate is the model-adjusted observed rate.**

*
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As Expected359103.760.371.180.58%0.69%12.50%18

As Expected25062.050.480.990.89%0.89%0.00%08

As Expected24953.130.300.980.87%0.85%0.00%08

As Expected35891.800.651.0810.97%11.69%25.00%28

As Expected24954.340.210.970.74%0.71%0.00%08

As Expected37182.170.891.3914.17%17.91%18.90%24127

As Expected37092.420.711.312.56%3.34%4.72%6127

As Expected23621.260.660.9110.53%9.73%7.87%10127

As Expected35261.710.611.034.44%4.54%4.72%6127

As Expected24652.170.400.941.08%1.01%0.79%1127

Needs Improvement49110High3.861.122.082.91%5.73%9.09%10110

Needs Improvement480102.140.881.376.35%8.44%11.29%14124

As Expected23111.690.330.741.43%1.07%0.00%0125

As Expected35472.150.531.061.19%1.27%1.57%2127

As Expected35371.500.691.021.94%1.98%2.36%3127

Needs Improvement480103.660.811.731.92%3.02%4.76%6126

As Expected35471.700.631.031.96%2.02%2.36%3127

As Expected36993.180.641.431.58%2.20%3.23%4124

As Expected24441.920.440.921.28%1.18%0.79%1127

Needs Improvement48810High2.081.011.4513.61%17.95%22.05%28127

As Expected23821.580.470.872.79%2.50%1.57%2127

As Expected23121.550.270.6522.02%16.37%13.79%429

As Expected24842.050.450.964.29%4.14%0.00%06

As Expected22921.290.410.7215.93%12.82%11.36%1088

As Expected372102.670.701.3730.58%37.02%50.00%714

As Expected36382.120.641.1715.20%16.77%20.00%735

As Expected35271.760.581.015.20%5.26%5.71%235

As Expected365101.680.741.116.75%7.45%14.71%534

As Expected36092.360.551.143.04%3.45%5.88%234

As Expected24433.510.210.860.88%0.75%0.00%034

As Expected35682.910.421.111.69%1.87%2.94%134

As Expected36697.380.341.600.59%0.93%2.94%134

As Expected24743.600.240.930.42%0.39%0.00%034

As Expected24742.430.370.950.68%0.65%0.00%034

As Expected24432.920.270.890.95%0.85%0.00%034

As Expected366103.050.551.301.72%2.21%5.88%234

As Expected25072.340.431.002.92%2.93%2.94%134

As Expected24633.460.230.900.66%0.60%0.00%034

As Expected36492.360.621.216.95%8.25%11.76%434

As Expected24632.080.420.941.19%1.11%0.00%034

As Expected23931.270.690.933.62%3.38%3.11%18579

Subspecialties - continued
Total
Cases

Observed Pred
Obs Rate**

Expected
Rate

Odds
Ratio

95% C.I.
Outlier Decile

Adjusted
Percentile

Adjusted
Quartile

Assessment*
Events Rate Lower Upper

SS Orthopedic Readmission

SS Thoracic Mortality

SS Thoracic Morbidity

SS Thoracic Cardiac

SS Thoracic Pneumonia

SS Thoracic Unplanned Intubation

SS Thoracic Ventilator > 48 Hours

SS Thoracic VTE

SS Thoracic Renal Failure

SS Thoracic UTI

SS Thoracic SSI

SS Thoracic Sepsis

SS Thoracic ROR

SS Thoracic Readmission

Emergency
Total
Cases

Observed Pred
Obs Rate**

Expected
Rate

Odds
Ratio

95% C.I.
Outlier Decile

Adjusted
Percentile

Adjusted
Quartile

Assessment*
Events Rate Lower Upper

Emergency TGEN Mortality

Emergency TGEN Morbidity

Emergency TCOLON Morbidity

Length of Stay
Total
Cases

Observed Pred
Obs Rate**

Expected
Rate

Odds
Ratio

95% C.I.
Outlier Decile

Adjusted
Percentile

Adjusted
Quartile

Assessment*
Events Rate Lower Upper

GEN Colectomy Length of Stay

GEN Proctectomy Length of Stay

THOR Lung Resection Length of Stay

Targeted - General
Total
Cases

Observed Pred
Obs Rate**

Expected
Rate

Odds
Ratio

95% C.I.
Outlier Decile

Adjusted
Percentile

Adjusted
Quartile

Assessment*
Events Rate Lower Upper

T GEN Colectomy Mortality

T GEN Colectomy Morbidity

T GEN Colectomy Cardiac

T GEN Colectomy Pneumonia

T GEN Colectomy Unplanned Intubation

T GEN Colectomy Ventilator > 48 Hours

T GEN Colectomy VTE

T GEN Colectomy Renal Failure

T GEN Colectomy UTI

T GEN Colectomy SSI

T GEN Colectomy Sepsis

T GEN Colectomy C.diff Colitis

T GEN Colectomy ROR

T GEN Colectomy Readmission

T GEN Colectomy Anastomotic Leak

T GEN Colectomy Prolonged NPO/NGT Use

T GEN Proctectomy Mortality

T GEN Proctectomy Morbidity

T GEN Proctectomy Cardiac

T GEN Proctectomy Pneumonia

T GEN Proctectomy Ventilator > 48 Hours

Determined by Outlier status or Adjusted Quartile status.
Predicted Observed Rate is the model-adjusted observed rate.**

*
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As Expected36192.960.501.220.57%0.70%1.10%2181

As Expected24526.610.110.840.09%0.07%0.00%0182

As Expected23011.860.230.660.89%0.58%0.00%0182

As Expected24733.470.250.930.09%0.08%0.00%0182

As Expected36692.230.691.242.55%3.14%3.85%7182

As Expected35781.680.671.063.78%4.00%6.00%350

As Expected24231.650.510.921.95%1.79%0.00%050

As Expected25073.420.290.990.05%0.05%0.00%050

As Expected24752.680.340.950.35%0.33%0.00%050

As Expected35572.740.451.111.06%1.17%2.00%150

As Expected24541.980.450.940.85%0.80%0.00%050

As Expected24964.490.210.980.08%0.08%0.00%050

As Expected362101.940.661.130.62%0.70%4.00%250

As Expected24952.390.400.980.21%0.21%0.00%050

As Expected24951.790.540.990.27%0.27%0.00%050

As Expected24752.270.410.960.44%0.42%0.00%050

As Expected24951.940.500.980.29%0.28%0.00%050

As Expected24541.840.480.942.99%2.83%2.00%150

As Expected23621.750.370.802.94%2.38%1.19%184

As Expected24621.700.530.950.71%0.68%0.00%084

As Expected24735.510.150.920.11%0.11%0.00%084

As Expected35483.540.351.120.82%0.91%1.19%184

As Expected35995.040.331.290.54%0.70%1.19%184

As Expected35682.680.461.111.75%1.94%2.38%284

As Expected24741.450.650.974.26%4.16%3.23%262

As Expected35272.050.511.021.36%1.39%1.61%162

As Expected24942.610.370.980.14%0.13%0.00%062

As Expected35993.590.411.210.59%0.71%1.61%162

As Expected35682.310.511.092.28%2.47%3.23%262

As Expected24532.480.330.910.58%0.53%0.00%062

As Expected24831.760.540.980.44%0.43%0.00%062

As Expected24832.380.390.960.28%0.27%0.00%062

As Expected359102.530.511.140.34%0.39%1.61%162

As Expected24323.620.200.850.49%0.41%0.00%062

As Expected360102.540.521.150.26%0.30%1.61%162

As Expected35261.790.581.024.44%4.52%4.84%362

As Expected366105.800.381.490.32%0.46%1.61%162

As Expected35572.770.431.107.32%7.91%12.50%18

As Expected24952.080.470.991.24%1.22%0.00%08

As Expected364101.620.741.1012.64%13.70%50.00%48

As Expected35992.310.551.121.32%1.48%12.50%18

As Expected35681.870.601.063.87%4.09%14.29%17

As Expected24941.500.650.993.07%3.04%0.00%08

As Expected24976.070.160.980.22%0.22%0.00%08

As Expected25062.600.380.990.55%0.55%0.00%08

Targeted - General - continued
Total
Cases

Observed Pred
Obs Rate**

Expected
Rate

Odds
Ratio

95% C.I.
Outlier Decile

Adjusted
Percentile

Adjusted
Quartile

Assessment*
Events Rate Lower Upper

T GEN Proctectomy VTE

T GEN Proctectomy Renal Failure

T GEN Proctectomy UTI

T GEN Proctectomy SSI

T GEN Proctectomy Sepsis

T GEN Proctectomy Readmission

T GEN Proctectomy Anastomotic Leak

T GEN Proctectomy Prolonged NPO/NGT Use

T GEN VHR Mortality

T GEN VHR Morbidity

T GEN VHR Cardiac

T GEN VHR Pneumonia

T GEN VHR Unplanned Intubation

T GEN VHR Ventilator > 48 Hours

T GEN VHR VTE

T GEN VHR UTI

T GEN VHR SSI

T GEN VHR Sepsis

T GEN VHR C.diff Colitis

T GEN VHR ROR

T GEN VHR Readmission

T GEN Bariatric Morbidity

T GEN Bariatric UTI

T GEN Bariatric SSI

T GEN Bariatric Sepsis

T GEN Bariatric ROR

T GEN Bariatric Readmission

Targeted - NSG
Total
Cases

Observed Pred
Obs Rate**

Expected
Rate

Odds
Ratio

95% C.I.
Outlier Decile

Adjusted
Percentile

Adjusted
Quartile

Assessment*
Events Rate Lower Upper

T NSG Spine Morbidity

T NSG Spine Cardiac

T NSG Spine Pneumonia

T NSG Spine Unplanned Intubation

T NSG Spine Ventilator > 48 Hours

T NSG Spine VTE

T NSG Spine Renal Failure

T NSG Spine UTI

T NSG Spine SSI

T NSG Spine Sepsis

T NSG Spine C.diff Colitis

T NSG Spine ROR

T NSG Spine Readmission

Targeted - Orthopedic
Total
Cases

Observed Pred
Obs Rate**

Expected
Rate

Odds
Ratio

95% C.I.
Outlier Decile

Adjusted
Percentile

Adjusted
Quartile

Assessment*
Events Rate Lower Upper

T ORTHO TKA Morbidity

T ORTHO TKA Unplanned Intubation

T ORTHO TKA VTE

T ORTHO TKA Renal Failure

T ORTHO TKA UTI

Determined by Outlier status or Adjusted Quartile status.
Predicted Observed Rate is the model-adjusted observed rate.**

*
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As Expected365101.750.721.137.00%7.80%15.15%533

As Expected35982.810.491.173.64%4.22%6.06%233

As Expected24324.110.160.820.92%0.76%0.00%033

As Expected35883.680.391.201.30%1.56%3.03%133

As Expected36395.490.361.400.63%0.88%3.03%133

As Expected24932.690.350.970.37%0.36%0.00%033

As Expected24623.440.240.910.64%0.58%0.00%033

As Expected24323.800.180.840.93%0.78%0.00%033

As Expected369104.400.511.501.75%2.55%6.06%233

As Expected25072.520.401.012.92%2.94%3.03%133

As Expected24423.640.210.870.83%0.72%0.00%033

As Expected36792.790.611.316.72%8.54%12.12%433

As Expected24212.630.270.851.57%1.37%0.00%033

Needs Improvement48910High3.931.162.1323.56%33.64%38.78%1949

As Expected22922.210.140.562.72%1.57%0.00%049

As Expected24441.480.610.958.21%7.84%6.12%349

As Expected24731.450.650.971.55%1.50%0.00%049

As Expected24742.060.440.950.71%0.67%0.00%049

As Expected23832.470.240.771.58%1.22%0.00%049

As Expected35882.860.461.150.75%0.86%2.04%149

As Expected35262.800.401.061.55%1.64%2.04%149

As Expected370106.320.481.741.32%2.12%4.08%249

As Expected24531.850.470.931.21%1.13%0.00%049

As Expected24433.560.210.860.59%0.51%0.00%049

As Expected23312.390.170.652.19%1.46%0.00%049

As Expected24962.190.450.992.24%2.22%2.13%147

As Expected36393.710.481.341.93%2.56%4.08%249

As Expected35571.700.651.0510.62%11.06%12.24%649

As Expected35872.580.521.168.39%9.23%10.20%549

As Expected25051.400.711.003.40%3.38%3.34%10299

Needs Improvement478102.460.821.431.49%2.11%3.01%9299

As Expected24131.990.370.860.96%0.82%0.67%2299

As Expected370103.060.651.410.62%0.87%1.34%4298

As Expected24332.230.350.890.52%0.46%0.33%1299

As Expected24122.370.290.830.22%0.18%0.00%0299

As Expected35471.750.631.052.43%2.55%2.68%8299

As Expected35792.090.561.080.11%0.11%0.33%1299

As Expected23111.350.510.832.82%2.35%1.10%2182

As Expected23511.810.340.790.76%0.60%0.00%0182

As Expected24533.000.260.890.17%0.15%0.00%0182

As Expected36993.170.641.431.09%1.55%2.20%4182

Targeted - Orthopedic - continued
Total
Cases

Observed Pred
Obs Rate**

Expected
Rate

Odds
Ratio

95% C.I.
Outlier Decile

Adjusted
Percentile

Adjusted
Quartile

Assessment*
Events Rate Lower Upper

T ORTHO TKA SSI

T ORTHO TKA Sepsis

T ORTHO TKA ROR

T ORTHO TKA Readmission

T ORTHO THA Mortality

T ORTHO THA Morbidity

T ORTHO THA Pneumonia

T ORTHO THA VTE

T ORTHO THA UTI

T ORTHO THA SSI

T ORTHO THA ROR

T ORHTO THA Readmission

T ORTHO Hip Fracture Mortality

T ORTHO Hip Fracture Morbidity

T ORTHO Hip Fracture Cardiac

T ORTHO Hip Fracture Pneumonia

T ORTHO Hip Fracture Unplanned Intubation

T ORTHO Hip Fracture Ventilator > 48 Hours

T ORTHO Hip Fracture VTE

T ORTHO Hip Fracture Renal Failure

T ORTHO Hip Fracture UTI

T ORTHO Hip Fracture SSI

T ORTHO Hip Fracture Sepsis

T ORTHO Hip Fracture C.diff Colitis

T ORTHO Hip Fracture ROR

T ORTHO Hip Fracture Readmission

T ORTHO Hip Fracture Post-op Pressure Sore

T ORTHO Hip Fracture Post-op Delirium

Targeted - Thoracic Lung Resection
Total
Cases

Observed Pred
Obs Rate**

Expected
Rate

Odds
Ratio

95% C.I.
Outlier Decile

Adjusted
Percentile

Adjusted
Quartile

Assessment*
Events Rate Lower Upper

T THOR Lung Resection Mortality

T THOR Lung Resection Morbidity

T THOR Lung Resection Cardiac

T THOR Lung Resection Pneumonia

T THOR Lung Resection Unplanned Intubation

T THOR Lung Resection Ventilator > 48 Hours

T THOR Lung Resection VTE

T THOR Lung Resection Renal Failure

T THOR Lung Resection UTI

T THOR Lung Resection SSI

T THOR Lung Resection Sepsis

T THOR Lung Resection ROR

T THOR Lung Resection Readmission

Determined by Outlier status or Adjusted Quartile status.
Predicted Observed Rate is the model-adjusted observed rate.**

*
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1.051.061.020.900.870.921.081.181.171.22

0.960.920.750.72 L0.880.900.941.121.091.14

0.810.780.941.041.511.51

1.78 H1.62 H1.340.830.640.710.750.950.830.73

1.41 H1.151.231.101.000.921.131.48 H1.311.01

1.031.57 H1.87 H1.92 H1.92 H1.431.501.63 H1.72 H1.68 H

1.311.201.161.020.830.900.990.930.890.87

0.921.101.120.770.810.950.820.770.760.64

1.671.651.100.911.71 H1.96 H1.131.001.021.18

1.331.021.131.031.281.76 H1.311.131.221.24

0.961.341.240.850.690.830.880.850.820.63

1.281.631.240.770.840.920.971.181.070.97

1.33 H1.27 H1.231.021.091.111.081.25 H1.251.03

1.170.970.820.931.111.021.001.241.061.01

All Cases*
07/14-06/15 01/15-12/15 07/15-06/16 01/16-12/16 07/16-06/17 01/17-12/17 07/17-06/18 01/18-12/18 07/18-06/19 01/19-12/19

ALLCASES Mortality

ALLCASES Morbidity

ALLCASES Cardiac

ALLCASES Pneumonia

ALLCASES Unplanned Intubation

ALLCASES Ventilator > 48 Hours

ALLCASES VTE

ALLCASES Renal Failure

ALLCASES UTI

ALLCASES SSI

ALLCASES Sepsis

ALLCASES C.diff Colitis

ALLCASES ROR

ALLCASES Readmission

General/Vascular*
07/14-06/15 01/15-12/15 07/15-06/16 01/16-12/16 07/16-06/17 01/17-12/17 07/17-06/18 01/18-12/18 07/18-06/19 01/19-12/19

GV Mortality

GV Morbidity

GV Cardiac

GV Pneumonia

GV Unplanned Intubation

GV Ventilator > 48 Hours

GV VTE

GV Renal Failure

GV UTI

GV SSI

GV Sepsis

GV C.diff Colitis

GV ROR

GV Readmission

General*
07/14-06/15 01/15-12/15 07/15-06/16 01/16-12/16 07/16-06/17 01/17-12/17 07/17-06/18 01/18-12/18 07/18-06/19 01/19-12/19

GEN Mortality

GEN Morbidity

GEN Cardiac

GEN Pneumonia

GEN Unplanned Intubation

GEN Ventilator > 48 Hours

GEN VTE

GEN Renal Failure

GEN UTI

GEN SSI

GEN Sepsis

GEN C.diff Colitis

GEN ROR

GEN Readmission

For the "over time" report, only outlier status is addressed in color codes.*
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0.990.97

1.000.99

0.991.00

0.99

0.950.95

0.99

0.980.97

0.990.99

1.061.12

0.970.98

1.000.990.920.920.910.991.000.96

1.011.551.86 H1.94 H1.95 H1.411.491.63 H1.74 H1.73 H

1.030.830.840.980.970.921.121.371.121.14

1.541.261.081.351.371.141.71 H2.19 H1.521.15

1.181.291.211.041.211.311.271.361.091.08

1.241.171.041.001.071.010.961.221.251.04

1.181.131.030.971.131.111.091.28 H1.191.07

1.091.051.091.171.111.031.011.11

0.720.620.780.961.181.130.911.09

0.881.102.201.381.011.40

0.800.810.940.960.951.141.030.80

0.910.770.840.980.880.860.950.96

1.331.211.070.990.961.121.901.55

1.091.000.911.001.060.970.97

1.241.221.021.211.131.081.160.94

0.900.961.331.230.830.941.031.06

1.221.161.171.261.001.030.990.99

1.281.180.860.780.871.010.970.80

1.160.970.770.791.051.381.041.05

1.030.900.891.001.011.151.161.06

1.021.141.070.911.001.140.970.87

1.001.221.090.860.870.840.971.131.081.01

1.121.061.021.010.941.011.241.251.021.34

0.931.121.111.240.940.721.371.31

2.30 H1.811.281.130.880.780.800.990.970.99

1.501.281.111.261.361.221.64 H2.04 H1.441.09

0.761.001.241.291.281.071.140.910.821.06

1.060.930.971.071.070.940.960.960.85

1.031.481.94 H1.110.910.971.090.920.830.87

1.741.481.401.081.481.691.321.070.951.18

1.171.101.000.871.091.611.250.951.011.20

1.321.251.090.840.771.131.120.620.600.70

0.911.091.090.800.951.071.11

0.701.021.200.780.740.880.860.750.961.33

1.50 H1.211.101.071.241.291.461.50 H1.131.05

0.851.031.000.871.111.421.111.061.121.02

Colorectal*
07/14-06/15 01/15-12/15 07/15-06/16 01/16-12/16 07/16-06/17 01/17-12/17 07/17-06/18 01/18-12/18 07/18-06/19 01/19-12/19

COLORECT Mortality

COLORECT Morbidity

COLORECT Length of Stay

COLORECT Cardiac

COLORECT Pneumonia

COLORECT Unplanned Intubation

COLORECT Ventilator > 48 Hours

COLORECT VTE

COLORECT Renal Failure

COLORECT UTI

COLORECT SSI

COLORECT Sepsis

COLORECT C.diff Colitis

COLORECT ROR

COLORECT Readmission

Vascular*
07/14-06/15 01/15-12/15 07/15-06/16 01/16-12/16 07/16-06/17 01/17-12/17 07/17-06/18 01/18-12/18 07/18-06/19 01/19-12/19

VASC Mortality

VASC Morbidity

VASC Cardiac

VASC Pneumonia

VASC Unplanned Intubation

VASC Ventilator > 48 Hours

VASC VTE

VASC Renal Failure

VASC UTI

VASC SSI

VASC Sepsis

VASC C.diff Colitis

VASC ROR

VASC Readmission

Measure*
07/14-06/15 01/15-12/15 07/15-06/16 01/16-12/16 07/16-06/17 01/17-12/17 07/17-06/18 01/18-12/18 07/18-06/19 01/19-12/19

MEASURE DSM

MEASURE Elderly DSM

MEASURE Colon DSM

MEASURE Colon SSI

MEASURE Deep/OS SSI

MEASURE UTI

MEASURE LEB DSM

Subspecialties*
07/14-06/15 01/15-12/15 07/15-06/16 01/16-12/16 07/16-06/17 01/17-12/17 07/17-06/18 01/18-12/18 07/18-06/19 01/19-12/19

SS Cardiac Mortality

SS Cardiac Morbidity

SS Cardiac Cardiac

SS Cardiac Pneumonia

SS Cardiac Unplanned Intubation

SS Cardiac Ventilator > 48 Hours

SS Cardiac VTE

SS Cardiac UTI

SS Cardiac SSI

SS Cardiac Sepsis

For the "over time" report, only outlier status is addressed in color codes.*
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1.111.001.031.001.00

1.141.000.931.001.001.00

0.981.001.00

0.861.151.161.001.00

1.110.870.971.001.00

1.600.890.971.001.00

0.931.19

0.950.950.961.001.00

0.890.930.941.001.001.00

1.301.101.061.001.001.00

1.001.171.211.000.991.00

0.901.111.311.001.00

1.210.991.011.000.990.99

0.941.031.001.00

0.931.011.010.980.830.911.120.920.921.20

1.040.710.640.880.850.740.720.710.901.10

0.80

0.871.311.510.980.700.700.68

1.110.860.730.760.640.470.470.751.191.00

1.372.27 H1.87 H1.84 H2.22 H1.481.88 H1.751.431.40

0.95

0.880.880.690.720.750.830.690.590.690.69

1.131.090.790.871.111.100.86

0.940.900.910.79

0.911.351.020.690.780.850.860.920.930.80

1.341.661.130.800.760.850.70

1.121.361.050.951.030.850.780.911.090.94

1.331.090.931.000.940.790.791.031.010.97

0.99

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

0.99

1.00

1.001.00

1.001.00

1.00

1.001.00

1.001.00

1.001.00

1.001.00

1.001.00

1.00

1.001.00

1.03

0.970.98

1.00

Subspecialties - continued*
07/14-06/15 01/15-12/15 07/15-06/16 01/16-12/16 07/16-06/17 01/17-12/17 07/17-06/18 01/18-12/18 07/18-06/19 01/19-12/19

SS Cardiac C.diff Colitis

SS Cardiac ROR

SS Cardiac Readmission

SS Gynecology Morbidity

SS Gynecology Cardiac

SS Gynecology VTE

SS Gynecology Renal Failure

SS Gynecology UTI

SS Gynecology SSI

SS Gynecology Sepsis

SS Gynecology C.diff Colitis

SS Gynecology ROR

SS Gynecology Readmission

SS Neurosurgery Mortality

SS Neurosurgery Morbidity

SS Neurosurgery Cardiac

SS Neurosurgery Pneumonia

SS Neurosurgery Unplanned Intubation

SS Neurosurgery Ventilator > 48 Hours

SS Neurosurgery VTE

SS Neurosurgery Renal Failure

SS Neurosurgery UTI

SS Neurosurgery SSI

SS Neurosurgery Sepsis

SS Neurosurgery ROR

SS Neurosurgery Readmission

SS Orthopedic Mortality

SS Orthopedic Morbidity

SS Orthopedic Cardiac

SS Orthopedic Pneumonia

SS Orthopedic Unplanned Intubation

SS Orthopedic Ventilator > 48 Hours

SS Orthopedic VTE

SS Orthopedic Renal Failure

SS Orthopedic UTI

SS Orthopedic SSI

SS Orthopedic Sepsis

SS Orthopedic C.diff Colitis

SS Orthopedic ROR

SS Orthopedic Readmission

SS Thoracic Mortality

SS Thoracic Morbidity

SS Thoracic Cardiac

SS Thoracic Pneumonia

SS Thoracic Unplanned Intubation

SS Thoracic Ventilator > 48 Hours

SS Thoracic VTE

SS Thoracic Renal Failure

SS Thoracic UTI

SS Thoracic SSI

SS Thoracic Sepsis

SS Thoracic C.diff Colitis

SS Thoracic ROR

SS Thoracic Readmission

For the "over time" report, only outlier status is addressed in color codes.*
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0.980.960.990.95

0.960.960.950.960.941.170.97

1.140.990.981.061.150.99

0.850.920.910.920.870.870.890.94

1.150.920.980.981.28

1.020.910.960.900.930.980.880.99

1.490.950.940.98

1.101.151.091.020.890.880.90

0.990.940.950.880.870.93

1.101.070.970.890.920.980.990.991.000.99

1.021.060.910.901.021.021.021.12

0.990.98

1.121.080.910.881.061.091.211.050.951.02

1.061.011.000.961.061.071.011.001.010.98

0.991.191.140.971.091.090.970.990.91

0.980.971.290.990.960.980.95

0.990.990.980.970.960.93

1.181.170.970.983.461.32

1.700.991.311.82

0.990.980.970.951.031.051.360.970.91

0.980.990.970.950.930.980.94

1.081.040.971.161.261.141.111.021.06

0.970.990.970.971.161.43

1.391.78 H1.90 H1.511.160.760.921.391.221.11

1.311.191.251.121.001.081.131.191.141.24

0.911.171.100.940.940.890.991.101.041.02

1.030.971.021.001.001.111.201.220.931.13

0.941.131.091.150.960.781.441.23

2.08 H1.751.331.190.880.790.740.940.960.90

1.371.271.091.221.291.131.471.76 H1.241.09

0.741.031.081.211.331.011.040.930.901.05

1.060.940.980.990.980.970.970.86

1.021.501.951.130.940.991.100.940.820.89

1.731.311.401.111.261.361.301.090.961.02

1.031.011.000.901.031.451.170.981.001.01

1.431.261.080.900.690.990.980.530.570.69

0.921.121.130.790.971.121.111.251.111.01

1.45 H1.211.101.071.191.181.371.401.061.01

0.871.071.020.881.011.261.161.031.070.91

0.970.740.830.941.331.131.081.05

0.980.830.710.970.880.890.950.85

0.871.341.271.101.301.240.93

0.960.90

0.651.061.05

0.790.570.700.830.620.82

0.961.221.320.960.720.880.880.730.740.73

0.720.971.100.810.860.970.900.800.901.55

1.371.141.011.051.251.401.160.910.940.96

1.171.130.930.881.121.361.101.011.010.80

1.011.010.940.951.011.241.040.951.041.12

Emergency*
07/14-06/15 01/15-12/15 07/15-06/16 01/16-12/16 07/16-06/17 01/17-12/17 07/17-06/18 01/18-12/18 07/18-06/19 01/19-12/19

Emergency TGEN Mortality

Emergency TGEN Morbidity

Emergency TCOLON Morbidity

Length of Stay*
07/14-06/15 01/15-12/15 07/15-06/16 01/16-12/16 07/16-06/17 01/17-12/17 07/17-06/18 01/18-12/18 07/18-06/19 01/19-12/19

GEN Colectomy Length of Stay

GEN Proctectomy Length of Stay

GEN Esophagectomy Length of Stay

THOR Lung Resection Length of Stay

VASC AAA Length of Stay

VASC EVAR Length of Stay

VASC Aortoiliac (open) Length of Stay

VASC Lower Extremity (open) Length of Stay

Targeted - General*
07/14-06/15 01/15-12/15 07/15-06/16 01/16-12/16 07/16-06/17 01/17-12/17 07/17-06/18 01/18-12/18 07/18-06/19 01/19-12/19

T GEN Colectomy Mortality

T GEN Colectomy Morbidity

T GEN Colectomy Cardiac

T GEN Colectomy Pneumonia

T GEN Colectomy Unplanned Intubation

T GEN Colectomy Ventilator > 48 Hours

T GEN Colectomy VTE

T GEN Colectomy Renal Failure

T GEN Colectomy UTI

T GEN Colectomy SSI

T GEN Colectomy Sepsis

T GEN Colectomy C.diff Colitis

T GEN Colectomy ROR

T GEN Colectomy Readmission

T GEN Colectomy Anastomotic Leak

T GEN Colectomy Prolonged NPO/NGT Use

T GEN Proctectomy Mortality

T GEN Proctectomy Morbidity

T GEN Proctectomy Cardiac

T GEN Proctectomy Pneumonia

T GEN Proctectomy Unplanned Intubation

T GEN Proctectomy Ventilator > 48 Hours

T GEN Proctectomy VTE

T GEN Proctectomy Renal Failure

T GEN Proctectomy UTI

T GEN Proctectomy SSI

T GEN Proctectomy Sepsis

T GEN Proctectomy C.diff Colitis

T GEN Proctectomy ROR

T GEN Proctectomy Readmission

T GEN Proctectomy Anastomotic Leak

T GEN Proctectomy Prolonged NPO/NGT Use

T GEN VHR Mortality

T GEN VHR Morbidity

T GEN VHR Cardiac

T GEN VHR Pneumonia

T GEN VHR Unplanned Intubation

T GEN VHR Ventilator > 48 Hours

T GEN VHR VTE

For the "over time" report, only outlier status is addressed in color codes.*
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1.111.110.93

0.941.081.13

0.980.980.97

1.131.050.98

0.980.990.99

0.990.990.99

0.960.960.96

0.980.990.90

0.941.020.97

0.99

1.39

1.03

1.14

0.89

1.22

0.96

0.96

0.92

1.25

0.95

1.20

0.89

1.30

1.17

0.93

0.89

1.11

1.02

1.22

1.02

0.99

0.98

1.00

1.29

1.48

0.800.831.021.442.071.161.241.30

0.951.071.290.701.211.010.870.77

0.920.87

0.920.950.860.890.830.920.840.94

1.121.273.45 H2.532.241.320.980.95

1.290.851.783.551.471.241.291.20

0.93

0.780.830.780.881.231.08

0.99

0.892.071.920.900.90

1.111.022.683.04 H2.221.381.181.12

0.971.011.040.950.930.930.881.05

1.021.040.990.911.030.990.901.11

0.980.960.970.920.950.980.96

1.211.281.120.940.920.900.961.16

1.090.890.860.841.071.070.851.16

0.910.931.061.160.930.930.930.96

0.940.950.960.970.980.98

Targeted - General - continued*
07/14-06/15 01/15-12/15 07/15-06/16 01/16-12/16 07/16-06/17 01/17-12/17 07/17-06/18 01/18-12/18 07/18-06/19 01/19-12/19

T GEN VHR Renal Failure

T GEN VHR UTI

T GEN VHR SSI

T GEN VHR Sepsis

T GEN VHR C.diff Colitis

T GEN VHR ROR

T GEN VHR Readmission

T GEN Bariatric Morbidity

T GEN Bariatric Pneumonia

T GEN Bariatric Ventilator > 48 Hours

T GEN Bariatric VTE

T GEN Bariatric Renal Failure

T GEN Bariatric UTI

T GEN Bariatric SSI

T GEN Bariatric Sepsis

T GEN Bariatric C.diff Colitis

T GEN Bariatric ROR

T GEN Bariatric Readmission

T GEN Thyroidectomy Morbidity

T GEN Thyroidectomy Unplanned Intubation

T GEN Thyroidectomy SSI

T GEN Thyroidectomy ROR

T GEN Thyroidectomy Readmission

T GEN Esophagectomy Morbidity

T GEN Esophagectomy Pneumonia

T GEN Esophagectomy Unplanned Intubation

T GEN Esophagectomy VTE

T GEN Esophagectomy SSI

T GEN Esophagectomy Sepsis

T GEN Esophagectomy ROR

T GEN Esophagectomy Readmission

T GEN Appendectomy Mortality

T GEN Appendectomy Morbidity

T GEN Appendectomy Cardiac

T GEN Appendectomy Pneumonia

T GEN Appendectomy VTE

T GEN Appendectomy Renal Failure

T GEN Appendectomy UTI

T GEN Appendectomy SSI

T GEN Appendectomy Sepsis

T GEN Appendectomy C.diff Colitis

T GEN Appendectomy ROR

T GEN Appendectomy Readmission

Targeted - NSG*
07/14-06/15 01/15-12/15 07/15-06/16 01/16-12/16 07/16-06/17 01/17-12/17 07/17-06/18 01/18-12/18 07/18-06/19 01/19-12/19

T NSG Spine Mortality

T NSG Spine Morbidity

T NSG Spine Cardiac

T NSG Spine Pneumonia

T NSG Spine Unplanned Intubation

T NSG Spine Ventilator > 48 Hours

T NSG Spine VTE

T NSG Spine Renal Failure

T NSG Spine UTI

T NSG Spine SSI

For the "over time" report, only outlier status is addressed in color codes.*
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2.13 H1.90 H1.421.771.411.171.44

0.560.861.19

0.951.061.031.061.010.991.131.010.951.08

0.971.010.990.970.970.950.870.95

0.950.910.890.930.950.981.061.08

0.770.840.970.920.980.970.880.890.93

1.151.141.311.431.250.990.980.830.85

1.061.201.121.021.241.491.531.130.980.81

1.741.250.980.950.980.950.981.04

0.930.870.770.890.960.930.930.95

0.860.890.850.980.990.920.930.961.00

0.650.710.990.920.920.970.90

0.991.080.850.920.940.940.800.900.970.97

1.341.240.660.760.780.660.710.841.03

1.051.140.930.941.000.940.850.920.970.81

1.161.020.910.971.000.910.580.930.990.97

1.001.001.011.000.910.900.980.820.880.99

1.430.720.670.980.900.690.720.690.871.15

0.831.112.47

1.451.761.340.690.650.730.931.050.81

0.860.840.690.520.530.480.500.681.190.88

1.412.43 H1.791.621.90 H1.181.691.721.191.32

0.840.930.830.821.101.070.73

0.891.040.870.900.930.740.710.760.700.65

0.970.880.95

2.410.950.910.841.051.090.82

0.831.710.780.881.011.211.010.93

2.051.270.800.740.850.870.941.641.01

1.051.401.231.041.030.930.910.961.110.95

1.081.070.930.920.620.871.040.97

0.830.880.950.900.801.001.281.131.051.43

0.790.880.830.890.950.860.840.981.131.05

0.92

0.891.810.800.890.970.950.921.10

1.430.840.690.930.910.670.651.161.30

1.221.671.341.101.301.181.311.541.721.38

0.841.761.110.880.850.900.880.97

0.660.680.790.750.741.070.920.720.770.80

0.980.930.920.93

0.930.940.910.98

1.110.871.140.890.930.820.83

1.361.040.870.870.900.870.94

1.241.170.970.891.040.870.790.991.181.17

0.940.880.92

1.061.071.02

0.920.920.92

0.990.980.98

0.950.950.97

Targeted - NSG - continued*
07/14-06/15 01/15-12/15 07/15-06/16 01/16-12/16 07/16-06/17 01/17-12/17 07/17-06/18 01/18-12/18 07/18-06/19 01/19-12/19

T NSG Spine Sepsis

T NSG Spine C.diff Colitis

T NSG Spine ROR

T NSG Spine Readmission

Targeted - Orthopedic*
07/14-06/15 01/15-12/15 07/15-06/16 01/16-12/16 07/16-06/17 01/17-12/17 07/17-06/18 01/18-12/18 07/18-06/19 01/19-12/19

T ORTHO TKA Mortality

T ORTHO TKA Morbidity

T ORTHO TKA Cardiac

T ORTHO TKA Pneumonia

T ORTHO TKA Unplanned Intubation

T ORTHO TKA Ventilator > 48 Hours

T ORTHO TKA VTE

T ORTHO TKA Renal Failure

T ORTHO TKA UTI

T ORTHO TKA SSI

T ORTHO TKA Sepsis

T ORTHO TKA C.diff Colitis

T ORTHO TKA ROR

T ORTHO TKA Readmission

T ORTHO THA Mortality

T ORTHO THA Morbidity

T ORTHO THA Cardiac

T ORTHO THA Pneumonia

T ORTHO THA Unplanned Intubation

T ORTHO THA Ventilator > 48 Hours

T ORTHO THA VTE

T ORTHO THA Renal Failure

T ORTHO THA UTI

T ORTHO THA SSI

T ORTHO THA Sepsis

T ORTHO THA C.diff Colitis

T ORTHO THA ROR

T ORHTO THA Readmission

T ORTHO Hip Fracture Mortality

T ORTHO Hip Fracture Morbidity

T ORTHO Hip Fracture Cardiac

T ORTHO Hip Fracture Pneumonia

T ORTHO Hip Fracture Unplanned Intubation

T ORTHO Hip Fracture Ventilator > 48 Hours

T ORTHO Hip Fracture VTE

T ORTHO Hip Fracture Renal Failure

T ORTHO Hip Fracture UTI

T ORTHO Hip Fracture SSI

T ORTHO Hip Fracture Sepsis

T ORTHO Hip Fracture C.diff Colitis

T ORTHO Hip Fracture ROR

T ORTHO Hip Fracture Readmission

T ORTHO Hip Fracture Post-op Pressure Sore

T ORTHO Hip Fracture Post-op Delirium

For the "over time" report, only outlier status is addressed in color codes.*
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PAPER

Postoperative Hyperglycemia and Surgical Site
Infection in General Surgery Patients
Ashar Ata, MBBS, MPH; Julia Lee, BS; Sharon L. Bestle, RN; James Desemone, MD; Steven C. Stain, MD

Hypothesis: Postoperative hyperglycemia is an inde-
pendent risk factor for postoperative surgical site infec-
tion (SSI).

Design: Retrospective medical record review.

Setting: Academic tertiary referral center.

Patients: A total of 2090 general and vascular surgery
patients in an institutional quality improvement data-
base between November 1, 2006, and April 30, 2009.

Main Outcome Measure: Postoperative SSI.

Results: Postoperative glucose levels were available for
1561 patients (74.7.0%), of which 803 (51.4%) were ob-
tained within 12 hours of surgery. The significant uni-
variate predictors of SSI in general surgery patients were
increasing age, emergency status, American Society of An-
esthesiologists physical status classes P3 to P5, opera-
tive time, more than 2 U of red blood cells transfused,
preoperative glucose level higher than 180 mg/dL (to con-
vert to millimoles per liter, multiply by 0.0555), diabe-
tes mellitus, and postoperative hyperglycemia. On mul-

tivariate adjustment, increasing age, emergency status,
American Society of Anesthesiologists classes P3 to P5,
operative time, and diabetes remained significant pre-
dictors of SSI for general surgery patients. After adjust-
ment for postoperative glucose level, all these variables
ceased to be significant predictors of SSI; only incremen-
tal postoperative glucose level remained significant. Sub-
analysis revealed that a serum glucose level higher than
140 mg/dL was the only significant predictor of SSI (odds
ratio, 3.2; 95% confidence interval [CI], 1.4-7.2) for co-
lorectal surgery patients. Vascular surgery patients were
1.8 times (95% CI, 1.3-2.5 times) more likely to de-
velop SSI than were general surgery patients. Operative
time and diabetes mellitus were the only significant uni-
variate predictors of SSI among vascular surgery pa-
tients, and postoperative hyperglycemia was not associ-
ated with SSI.

Conclusions: Postoperative hyperglycemia may be the
most important risk factor for SSI. Aggressive early post-
operative glycemic control should reduce the incidence
of SSI.

Arch Surg. 2010;145(9):858-864

P OSTOPERATIVE SURGICAL SITE

infection (SSI) is a well-
known cause of morbidity in
the United States.1,2 It is the
third most common nosoco-

mial infection, and it accounts for 14% to
17% of all hospital-acquired infections.1,3

In surgery patients, SSI is the most com-
mon nosocomial infection (38%).2,4,5 Stud-
ies4,6-8 have shown that these infections
prolong the hospital length of stay after
surgery, increase rehospitalization rates,
and dramatically increase the use of emer-
gency services and health care costs.

It has been well established that pa-
tients with diabetes mellitus are more prone
to surgical and other nosocomial infec-

tions.9-11 Although the mechanism by which
diabetes predisposes to SSI is not well
understood, hyperglycemia has been pro-
posed as a causative factor for the higher
infection rates in diabetic patients.11 Hyper-
glycemia has also been shown to be asso-
ciated with increased morbidity and mor-
tality rates in nondiabetic patients.12,13

Intensive insulin therapy is common in
cardiac and surgical intensive care units
(ICUs), often with the goal of maintain-
ing capillary glucose levels between 80 and
110 mg/dL (to convert to millimoles per
liter, multiply by 0.0555). This improved
glycemic control during the first 48 hours
after surgery has been shown to reduce SSIs
in cardiovascular surgery and surgical ICU
patients.14-16 This reduction in SSIs seems
to be independent of preoperative glyce-
mic control. The benefit of glycemic con-
trol has been shown to be stronger and
more consistent in diabetic patients.11

See Invited Critique
at end of article
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Departments of Surgery
(Drs Ata and Stain), Quality
Management (Ms Bestle), and
Internal Medicine
(Dr Desemone), Albany
Medical College (Ms Lee),
Albany, New York.
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We recently analyzed data from 129 909 general sur-
gery and colorectal surgery patients in the nationwide
American College of Surgeons’ National Surgical Qual-
ity Improvement Program (ACS-NSQIP) database and
found that patients with diabetes had increased rates of
SSI.17 The present study was undertaken to determine
whether the presence of perioperative hyperglycemia, in-
dependent of the presence of preexisting diabetes, is as-
sociated with an increased incidence of SSI.

METHODS

Data for this study were abstracted from the ACS-NSQIP da-
tabase.18 Albany Medical Center, Albany, New York, is a 630-
bed tertiary care hospital that participates in the ACS-NSQIP.
The program provides participating hospitals with data for the
purposes of quality improvement. The study sample included
data from patients who underwent general or vascular surgery
at Albany Medical Center between November 1, 2006, and April
30, 2009. The details of the ACS-NSQIP sampling methods, data
abstraction process, and variables collected have been de-
scribed elsewhere.18,19 Briefly, the program collects data on pre-
operative risk factors, intraoperative variables, and 30-day post-
operative mortality and morbidity outcomes for patients
undergoing major surgical procedures. Data are collected and
uploaded electronically to the ACS-NSQIP database by each site’s
surgical clinical reviewer using a variety of methods, includ-
ing medical record abstraction. The sampling strategy re-
quires hospitals to report their first 40 consecutive eligible cases
on an 8-day cycle. Each subsequent cycle starts on a different
day of the week to capture a variety of cases and surgeons and
to minimize bias in case selection. General and vascular sur-
gery patients were identified using the surgical subspecialty vari-
able. In general surgery, colorectal surgery patients were iden-
tified using the following Current Procedural Terminology codes:
44140, 44141, 44143 to 44147, 44150 to 44153, 44155, 44156,
44160, 44204 to 44208, 44210 to 44212, 44239, 45110 to 45116,
45119 to 45121, 45123, 45395, 45397, 45499, and 45550. Co-
lorectal procedures were open or laparoscopic and included par-
tial or complete removal of the colon or rectum. This study was
limited to patients 16 years or older at the time of admission.
The ACS-NSQIP does not require collection of information on
the preoperative, intraoperative, or postoperative blood glu-
cose level or its management. Therefore, information on pre-
operative and postoperative blood glucose levels was ab-
stracted via medical record review by a medical student ( J.L.)
and a research nurse (S.L.B.). After data were abstracted from
the ACS-NSQIP database, they were supplemented with infor-
mation on postoperative serum glucose levels and the time of
blood sample collection in the 48 hours after surgery.

The study sample was a randomized selection of noncolo-
rectal general surgery and vascular surgery patients from all avail-
able patients (n=3129) during the previously mentioned pe-
riod. Colorectal surgery patients were oversampled for statistical
precision. Data from 2090 randomly selected patients were ab-
stracted and were supplemented with postoperative glucose in-
formation from medical records. The study sample included
all colorectal surgery patients from the specified period. Post-
operative serum glucose information was available for 1561 pa-
tients (74.7%), of which 803 (51.4%) were obtained within 12
hours of the end of surgery. Postoperative glucose values were
determined for 776 noncolorectal general surgery patients, 559
vascular surgery patients, and 226 colorectal surgery patients.

Postoperative infection was the primary outcome of inter-
est and was defined as a postoperative occurrence of a super-
ficial, deep incisional or organ space SSI. Dependent variables

were selected based on a previous analysis of data from 129 000
patients in the 2005-2006 ACS-NSQIP participant user data file.
The risk factors and potential confounders assessed for this study
included age at hospital admission (16-40, 41-60, or �60 years),
sex, race/ethnicity (white, black, Hispanic, other, or un-
known), diabetes mellitus, emergency vs elective surgery, the
most recent preoperative serum glucose level within 3 months
of surgery, the patient’s preoperative status as indicated by the
American Society of Anesthesiologists (ASA) physical status clas-
sification (P1 through P5 indicating none to mild systemic dis-
ease through life-threatening to moribund systemic disease) and
the number of red blood cell (RBC) units given intraopera-
tively (�2 or �2 U), operative time, and first postoperative se-
rum glucose level. Preoperative serum glucose levels were avail-
able within 7 days of the operation date for 90% of the study
population.

Risk factors were determined separately for general and vas-
cular surgery patients. A subanalysis of general surgery patients
to determine risk factors for colorectal surgery patients was also
conducted. For bivariate analysis, t tests and simple logistic re-
gression were used to estimate and compare the unadjusted risk
of infection across exposure categories. Variables significant at
the .20 level were fitted into the multiple logistic regression model.
Variables significant at the .05 level were retained in the final
models. For risk of SSI associated with operative time, intraop-
erative time risk was estimated using odds ratios for every 10-
minute increase in operative time. If postoperative glucose level
was found to be significant during bivariate analysis, a multi-
variate model that excluded adjustment for postoperative se-
rum glucose level was determined first. Postoperative glucose
level was then added to the model to assess whether the vari-
ables exerted their effect on SSI via postoperative serum glucose
level. Separate analyses were conducted for general (n=1002)
and vascular (n=559) surgery patients. A subanalysis of 226 co-
lorectal surgery patients in the general surgery group was also
conducted. The effects of the significant risk factors on postop-
erative serum glucose levels were also determined separately via
bivariate analysis of risk factors and postoperative serum glu-
cose levels, with the latter as the dependent variable dichoto-
mized at a cutoff value of 140 mg/dL.

RESULTS

The overall SSI rate in the study sample was 7.42%. In-
fection rates were significantly higher for colorectal
(14.11%) and vascular (10.32%) surgery patients than
for noncolorectal general surgery patients (4.36%)
(P� .001 for both). Colorectal surgery patients were 3.6
times (95% confidence interval [CI], 2.3-5.7 times) and
vascular surgery patients were 2.5 times (1.7-3.7 times)
more likely to develop an SSI than were noncolorectal
general surgery patients.

GENERAL SURGERY

Bivariate analysis revealed that compared with patients
with a first postoperative glucose level of 110 mg/dL or
less, the likelihood of getting an SSI increased progres-
sively for patients with higher serum glucose levels
(Table 1). The incidence of SSI ranged from 1.8% in
the 110 mg/dL or less category to 17.7% in the greater
than 220 mg/dL category (Table 1). The likelihood in-
creased from 3.61 times (95% CI, 1.22-10.67 times) in
patients with a first postoperative serum glucose level in
the 111 to 140 mg/dL range to 12.13 times (3.71-39.64
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times) in patients with serum a glucose level higher than
220 mg/dL (Table 1).

Increasing age, higher ASA class, emergency surgery,
diabetes, more than 2 U of intraoperative RBCs trans-
fused, preoperative serum glucose level higher than 180
mg/dL, and increasing operative time were the other sig-
nificant unadjusted risk factors for SSI (Table 1). The risk
did not vary significantly by race or sex.

A multivariate model that included all the significant
variables except postoperative serum glucose level re-
vealed that intraoperative RBC transfusion and pre-
operative serum glucose level were not independent
predictors of SSI. Patients with ASA classes P4 and P5
(life-threatening to moribund systemic disease) but not
class P3 (severe systemic disease) were significantly more
likely than were those with ASA classes P1 and P2 (none
to mild systemic disease) to acquire a postoperative SSI
(Table 1). The adjusted odds ratios for all the signifi-
cant risk factors were similar to but slightly lower than
the unadjusted odds ratios.

After adjustment for postoperative serum glucose level
in the previous multivariate model, all the risk factors
ceased to be significant predictors of SSI. Postoperative

glucose level was, therefore, the single most important
risk factor for SSI in general surgery patients. The effect
of postoperative glucose level on SSI in general surgery
patients was, therefore, the same as the unadjusted effect
(Table 1).

COLORECTAL SURGERY

Subanalysis of colorectal surgery patients in the general
surgery group revealed that a postoperative serum glu-
cose level higher than 140 mg/dL was the only signifi-
cant predictor of SSI for colorectal surgery patients. The
incidence of infection in colorectal surgery patients with
postoperative serum glucose levels higher than 140 mg/dL
(20.6%) was 3.2 times (95% CI, 1.4-7.2 times) that of
those with serum glucose levels of 140 mg/dL or less
(7.6%).

VASCULAR SURGERY

Bivariate analysis revealed that postoperative serum glu-
cose level was not significantly associated with the like-
lihood of postoperative SSI in vascular surgery patients

Table 1. Effect of Various Risk Factors on the Odds of Postsurgical Infection in General Surgery Patients

Variable SSI, %

OR (95% CI)

Unadjusted

Adjusted

Without Serum
Glucose Level

With Serum
Glucose Level

Postoperative serum glucose, mg/dL
�110 1.8 1 [Reference] NM 1 [Reference]
111-140 6.1 3.61 (1.22-10.67) NM 3.61 (1.22-10.67)
141-180 10.0 6.26 (2.17-18.17) NM 6.26 (2.17-18.17)
181-220 9.5 5.92 (1.73-20.22) NM 5.92 (1.73-20.22)
�220 17.7 12.13 (3.71-39.64) NM 12.13 (3.71-39.64)

Age, y
16-40 3.1 1 [Reference] 1 [Reference] NM
41-60 5.8 1.91 (1.09-3.33) 1.60 (0.89-2.88) NM
�61 8.7 2.95 (1.69-2.12) 2.12 (1.15-3.90) NM

ASA physical status class
None to mild (P1/P2) 3.8 1 [Reference] 1 [Reference] NM
Severe (P3) 6.7 1.80 (1.18-2.74) 1.07 (0.67-1.73) NM
Life-threatening to moribund (P4/P5) 14.6 4.29 (2.39-7.71) 2.08 (1.07-4.03) NM

Emergency
No 5.3 1 [Reference] 1 [Reference] NM
Yes 9.3 1.84 (1.22-2.80) 2.09 (1.30-3.36) NM

Operative timea 1.05 (1.04-1.07) 1.05 (1.04-1.07) NM
Diabetes mellitus

No 5.3 1 [Reference] 1 [Reference] NM
Yes 11.2 2.26 (1.44-3.55) 1.80 (1.12-2.90) NM

Preoperative serum glucose, mg/dL
�110 5.0 1 [Reference]
111-140 6.1 1.24 (0.1-2.53) NM NM
141-180 5.3 1.08 (0.38-3.12) NM NM
181-220 23.3 5.87 (2.38-14.44) NM NM
�220 15.4 3.51 (1.16-10.63) NM NM

Intraoperative RBC transfusion, U
�2 5.7 1 [Reference] NM NM
�2 23.5 5.11 (2.26-11.54) NM NM

Abbreviations: ASA, American Society of Anesthesiologists; CI, confidence interval; NM, not in the model; OR, odds ratio; RBC, red blood cell; SSI, surgical site
infection.

SI conversion factor: To convert glucose to millimoles per liter, multiply by 0.0555.
aOdds ratios presented are for every 10-minute increase in operative time.
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(Table 2). The rates of SSI were relatively high across
all categories of serum glucose level, ranging from 13.2%
in the lowest category (�110 mg/dL) to 20.0% in pa-
tients with serum glucose levels higher than 220 mg/dL
(Table 2). None of the predictors of SSI in general sur-
gery patients except operative time and diabetes were as-
sociated with SSI in vascular surgery patients (Table 2).
After adjustment for significant variables, the likeli-
hood of SSI in vascular surgery patients increased by 6%
(95% CI, 4%-8%) for every 10-minute increase in opera-
tive time (Table 2). Compared with nondiabetic pa-
tients, diabetic patients were 1.84 times (95% CI, 1.20-
2.82 times) more likely to develop SSI in vascular surgery
patients.

COMMENT

The rates of SSI for various surgical subspecialties in this
study are similar to those reported in other studies.1,20,21

Without accounting for postoperative glucose level, the
risk factors and their respective effects were similar to
those reported in earlier studies by other authors and our
own analysis of a larger multihospital ACS-NSQIP data
set.17,21 However, after accounting for postoperative se-
rum glucose level, all the risk factors ceased to be sig-
nificant predictors of SSI. For general surgery patients,
we assessed the association of each risk factor with post-
operative glucose level in a separate crude bivariate analy-
sis. The analysis shows that all the independent risk fac-
tors for SSI, before adjusting for postoperative serum
glucose level (Table 1), were associated with an in-
creased likelihood of postoperative serum glucose lev-
els (Table 3). For colorectal surgery patients, postop-
erative serum glucose level was the only significant risk
factor in bivariate and multivariate analyses. This might
be owing to the few colorectal surgery patients in this
study. Vascular surgery patients were more than 2 times
more likely to develop an SSI compared with noncolo-
rectal general surgery patients and 1.8 times (95% con-
fidence interval, 1.3-2.5 times) more likely compared with
all general surgery patients. The likelihood of SSI in vas-
cular surgery patients was unaffected by the same risk
factors as for general surgery patients, including post-
operative serum glucose level. The likelihood of infec-
tion was positively associated with operative time in vas-
cular and general surgery patients (Figure).

In a landmark study in 2001, van den Berghe et al22

showed that aggressive treatment of postoperative hyper-
glycemia in the surgical ICU significantly reduced rates
of infection, morbidity and mortality, and 1-year survival.
However, their study population consisted mainly of car-
diac surgery patients. Studies have largely focused on the

Table 2. Effect of Various Risk Factors on the Odds
of Postsurgical Infection in Vascular Surgery Patients

Variable SSI, %

OR (95% CI)

Unadjusted Adjusted

Postoperative serum
glucose, mg/dL

�110 13.2 1 [Reference] NM
111-140 8.3 0.60 (0.30-1.23) NM
141-180 11.2 0.83 (0.40-1.74) NM
181-220 11.1 0.83 (0.31-2.22) NM
�220 20.0 1.65 (0.70-3.89) NM

Age, y
16-40 6.45 1 [Reference] NM
41-60 11.06 1.80 (0.40-8.04) NM
�61 9.61 1.54 (0.36-6.58) NM

ASA physical status class
None to mild (P1/P2) 9.00 1 [Reference] NM
Severe (P3) 9.79 1.10 (0.53-2.27) NM
Life-threatening

to moribund (P4/P5)
10.27 1.16 (0.51-2.60) NM

Emergency
No 9.61 1 [Reference] NM
Yes 11.28 1.20 (0.67-2.14) NM

Intraoperative RBC
transfusion, U

�2 9.83 1 [Reference] NM
�2 9.72 0.99 (0.44-2.21) NM

Preoperative serum
glucose, mg/dL

�110 11.1 1 [Reference] NM
111-140 8.3 0.72 (0.34-1.55) NM
141-180 10.9 0.99 (0.42-2.32) NM
181-220 10.7 0.97 (0.28-3.35) NM
�220 16.2 1.56 (0.62-3.97) NM

Operative timea 1.07 (1.05-1.09) 1.06 (1.04-1.08)
Diabetes mellitus

No 7.72 1 [Reference] 1 [Reference]
Yes 15.36 2.17 (1.44-3.28) 1.84 (1.20-2.82)

Abbreviations: ASA, American Society of Anesthesiologists; CI, confidence
interval; NM, not in the model; OR, odds ratio; RBC, red blood cell; SSI,
surgical site infection.

SI conversion factor: To convert glucose to millimoles per liter, multiply by
0.0555.

aOdds ratios presented are for every 10-minute increase in operative time.

Table 3. Bivariate Effect of Risk Factorsa

on the Likelihood of Postoperative Hyperglycemiab

in General Surgery Patients

Variable OR (95% CI) P Value

Age, y
16-40 1 [Reference]
41-60 1.39 (0.99-1.95) .06
�61 1.84 (1.29-2.61) .001

ASA physical status class
None to mild (P1/P2) 1 [Reference]
Severe (P3) 2.05 (1.55-2.70) �.001
Life-threatening

to moribund (P4/P5)
2.00 (1.21-3.31) .007

Emergency
No 1 [Reference]
Yes 1.56 (1.13-2.15) .007

Intraoperative RBC transfusion, U
�2 1 [Reference]
�2 3.19 (1.30-7.81) .01

Operative time, 10 min/U 1.05 (1.03-1.07) �.001
Diabetes mellitus

No 1 [Reference]
Yes 4.28 (2.83-6.46) �.001

Abbreviations: ASA, American Society of Anesthesiologists; CI, confidence
interval; OR, odds ratio; RBC, red blood cell.

aSignificant risk factors for surgical site infection in the multivariate model
without adjusting for postoperative serum glucose level.

bDefined as a serum glucose level greater than 140 mg/dL (to convert to
millimoles per liter, multiply by 0.0555).
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cardiac population or post–cardiac surgery infections be-
cause up to a quarter of the patients undergoing cardiac
surgery have diabetes, and postoperative infections in this
subpopulation are associated with high mortality rates as
well.14-16,23 A retrospective study24 of diabetic patients who
had cardiac surgery showed that increased mean glucose
levels for the first 2 days after surgery was an independent
risk factor for deep sternal wound infection. The same
group25 showed in a prospective study of 2467 diabetic pa-
tients undergoing cardiac surgery that postoperative
hyperglycemia was associated with deep sternal wound
infection. An indirect association was demonstrated by
showing that tight glycemic control via a continuous in-
sulin infusion leads to a 66% reduction in deep sternal
wound infections.25 A prospective study13 of nondiabetic
cardiac patients undergoing coronary artery bypass graft
surgery also demonstrated an increased incidence of
mediastinitis in nondiabetic patients with postoperative
hyperglycemia. The present study confirms the previous
findings in noncardiac general surgery patients. In a sub-
analysisofnondiabetic patients, we found increasingpost-
operative glucose levels to be significantly associated with
the risk of SSI, and the dose-response relationship was also
similar.

Although the American Diabetes Association and the
American Association of Clinical Endocrinologists rec-
ommend maintaining random serum glucose values of
180 mg/dL or less in the perioperative period for all non-
cardiovascular surgical procedures, there is less evi-
dence supporting the association between hyperglyce-
mia and SSI after noncardiac operations or in non-ICU
patients.26 A recent meta-analysis27 of 5 randomized con-
trolled trials found insufficient evidence to support strict
glycemic control (glucose level �200 mg/dL) over con-
ventional management for the prevention of SSI. Most
studies of general surgery patients have had small sample
sizes, resulting in inconclusive results, and few studies
have specifically examined the relationship between the
level of hyperglycemia and SSI in general surgery pa-
tients.28-31 In a prospective randomized study, Grey and
Perdrizet32 reported a reduction in nosocomial infec-
tions in general surgery ICU patients using strict glyce-

mic control. With the finding of relatively higher mor-
tality in the group with a blood glucose target of 81 to
108 mg/dL in the NICE-SUGAR (Normoglycemia in In-
tensive Care Evaluation–Survival Using Glucose Algo-
rithm Regulation) trial, the benefits of strict glycemic con-
trol remain controversial.33 The study, however, focused
on medical and surgical ICU patients.

In a retrospective study of patients undergoing in-
frainguinal vascular surgery, Vriesendorp et al30 found
that postoperative hyperglycemia was associated with in-
creased postoperative infections. The association weak-
ened in patients with type 2 diabetes mellitus after cor-
recting for postoperative glucose level.30 The same
authors29 found conflicting results in another retrospec-
tive study of 151 ASA class P1 and P2 patients undergo-
ing esophagectomy. They found no associations among
postoperative glucose level, insulin administration, and
infection. A randomized trial28 of the effect of intensive
insulin therapy on the infection rate in 78 patients un-
dergoing intracerebral aneurysm clipping after subarach-
noid hemorrhage showed reduced infection rates in the
intensive therapy arm. In a study of 100 diabetic pa-
tients undergoing elective abdominal or cardiac sur-
gery, Pomposelli et al31 demonstrated that the infection
rates were more than 2 times higher in hyperglycemic
patients compared with those with postoperative serum
glucose values less than 220 mg/dL. A recent study34 of
diabetic colorectal surgery patients found that serum glu-
cose levels higher than 200 mg/dL in the initial 48 hours
after surgery were independently associated with in-
creased SSI rates.

In the present study, the disappearance of the effect
of all the risk factors on SSI after adjusting for postop-
erative glucose level suggests that the effect of other risk
factors may be exerted via alteration of serum glucose
levels. Although we may speculate that hyperglycemia
may be the cause of the increased SSI rate, it is also pos-
sible that the accumulation of the other well established
SSI risk factors lead to hyperglycemia. Treating hyper-
glycemia, therefore, might not necessarily reduce the risk
of SSI. However, it is commonly accepted that hypergly-
cemia affects the immune system via impaired chemo-
taxis, phagocytosis, and the production of reactive oxy-
gen species.35 There is also evidence that insulin itself has
anabolic, anti-inflammatory, anticoagulant, and anti-
apoptotic activities.36-38

The present treatment algorithm for patients with post-
operatively identified hyperglycemia is to begin basal in-
sulin glargine (Lantus; Sanofi-Aventis US, Bridgewater,
New Jersey) therapy once daily or basal neutral prot-
amine Hagedorn every 12 hours at a dose of 0.2 to 0.3
U/kg/d rounded to the nearest unit subcutaneously.
Glargine is a long-acting basal insulin analogue with a
longer duration of action (approximately 24 hours) than
NPH (approximately 18 hours). Postoperatively, capil-
lary blood glucose measurements are obtained every 6
hours, and the dose of basal insulin (or insulin ana-
logue) is adjusted to achieve glucose levels that are con-
sistently less than 180 mg/dL. The use of “sliding scale
insulin” (or “rapid-acting insulin analogues”) is discour-
aged. This study shows that the SSI rates for general sur-
gery patients increase dramatically to 10% at postopera-
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tive serum glucose levels of 140 mg/dL and higher. In
colorectal surgery patients, 140 mg/dL was also the cut-
off value for increased SSI rates. Based on the results of
this study, a revised protocol targeted at achieving glu-
cose levels less than 140 mg/dL will be considered for a
future prospective study.

This study was limited by the fact that the patients were
from a single hospital, and the results, therefore, need to
be verified by larger, prospective, multiple-hospital stud-
ies. Also, the first postoperative serum glucose value was
available within 12 hours for only 51.3% of the study popu-
lation and within 24 hours for 96.0% of the patients. The
results should, therefore, be interpreted with caution.

In conclusion, we found postoperative hyperglyce-
mia to be the most important independent risk factor for
SSI in general and colorectal surgery patients, and se-
rum glucose levels higher than 110 mg/dL were associ-
ated with increasingly higher rates of postsurgical infec-
tion. If hyperglycemia is confirmed in future prospective
studies with better postoperative glucose data to be an
independent risk factor for postsurgical infection in gen-
eral surgery patients, this would give surgeons a modi-
fiable variable to reduce the incidence of postoperative
infection.
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INVITED CRITIQUE

Role of Hyperglycemia in SSIs

Postoperative Hyperglycemia and SSI in General Surgery Patients

D iabetes mellitus has been thought to represent
a risk factor for several types of surgical com-
plications, as well as SSI, but is perceived to be

beyond our control. The article by Ata et al dispels the
notion that diabetes gives us risk we cannot manage and
adds to the recent literature1 that suggests that hyper-
glycemia is the issue to be controlled to reduce SSI rates.

However, various shortcomings need to be ad-
dressed as the science of understanding and controlling
SSI proceeds. First, this article shows an association, not
causation, between postoperative hyperglycemia and SSI.
Striking is the failure to find the association in vascular
surgery patients, who presumably have the highest rates
of diabetes and had higher rates of SSI than did general
and colorectal surgery patients. This leads one to won-
der whether factors such as hemoglobin A1C level, nu-
trition, tobacco use, obesity, operative time, and tissue
perfusion/oxygenation may be more powerful factors in
the equation. Efforts are also under way to culture post-
operative infections to understand whether current pro-
phylaxis is inadequate for today’s bacteria.

Being a retrospective study using data extracted from
the ACS-NSQIP database leads to other weaknesses in
the data. Only 74.7% of patients had any postoperative
glucose data, and only 51.4% of those were obtained in
the first 12 hours. Much of these data came from the
following morning’s routine laboratory tests, thus there
is quite a variance as to when glucose monitoring
began, how it was performed, and when, or even if,
attempts at glycemic control began. Although diabetic
patients were more likely than nondiabetic patients to
develop an SSI in vascular patients, it may have been
this lack of uniformity in postoperative care that led to
the inability to correlate infection with postoperative
hyperglycemia.

This work supports 3 important conclusions. First,
postoperative hyperglycemia is not benign and is inde-
pendently associated with SSI in general and colorectal
surgery patients. With a better study design, such con-
clusions will likely be shown in vascular surgery pa-
tients as well. Second, this relationship is linearly re-
lated to infection such that the higher the postoperative
glucose level, the higher the infection risk. Third, a glu-
cose level less than 140 mg/dL is the threshold that should
be achieved to minimize the risk of SSI. These 3 prin-
ciples will form the foundation for future work in this
area. This group’s work also stimulates us to consider tech-
niques with more effective glycemic control, such as the
liberal use of insulin glargine.

Succeeding work will need to focus on preoperative,
intraoperative, and postoperative glucose control; tech-
niques for glucose management; and in which patients
such efforts are necessary. Of course, this is one of a myriad
of factors that we as surgeons can investigate to reduce
SSI rates. Inspiring leaders such as Dr Stain and col-
leagues are to be congratulated for showing that sur-
geons can be the drivers for surgical quality improve-
ment on an individual and system level.
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Intraoperative hyperglycemia is
independently associated with infectious
complications after non-cardiac surgery
Amy M. Shanks1* , Derek T. Woodrum1, Sathish S. Kumar1, Darrell A. Campbell Jr2 and Sachin Kheterpal1

Abstract

Background: Perioperative hyperglycemia and its associated increase in morbidity and mortality have been well
studied in the critical care and cardiac surgery literature. However, there is little data regarding the impact of
intraoperative hyperglycemia on post-operative infectious complications in non-cardiac surgery.

Methods: All National Surgery Quality Improvement Program patients undergoing general, vascular, and urological
surgery at our tertiary care center were reviewed. After integrating intraoperative glucose measurements from our
intraoperative electronic health record, we categorized patients as experiencing mild (8.3–11.0 mmol/L), moderate
(11.1–16.6 mmol/L), and severe (≥ 16.7 mmol/L) intraoperative hyperglycemia. Using multiple logistic regression to
adjust for patient comorbidities and surgical factors, we evaluated the association of hyperglycemia with the
primary outcome of postoperative surgical site infection, pneumonia, urinary tract infection, or sepsis within
30 days.

Results: Of 13,954 patients reviewed, 3150 patients met inclusion criteria and had an intraoperative glucose
measurement. 49% (n = 1531) of patients experienced hyperglycemia and 15% (n = 482) patients experienced an
infectious complication. Patients with mild (adjusted odds ratio 1.30, 95% confidence interval [1.01 to 1.68],
p-value = 0.04) and moderate hyperglycemia (adjusted odds ratio 1.57, 95% confidence interval [1.08–2.28],
p-value = 0.02) had a statistically significant risk-adjusted increase in infectious complications. The model c-statistic
was 0.72 [95% confidence interval 0.69–0.74].

Conclusions: This is one of the first studies to demonstrate an independent relationship between intraoperative
hyperglycemia and postoperative infectious complications. Future studies are needed to evaluate a causal
relationship and impact of treatment.

Keywords: Hyperglycemia, Infection, Surgery

Background
Postoperative hyperglycemia has been associated with
increased risks of complications among patients under-
going cardiac surgery and critically ill patients [1–5]. In
particular, hyperglycemia is thought to decrease the
body’s immune response and its ability to fight bacterial
infection [1, 5, 6]. However, attempts to demonstrate the
value of intensive insulin therapy (IIT) have had mixed
results, with some studies demonstrating that the risk of

hypoglycemia outweighs possible benefits of normogly-
cemia [6–9]. As a result, even studied populations have
had evolving and often contradictory glucose control
standards over the last decade.
There is a paucity of intraoperative data regarding

patients undergoing non-cardiac surgery with no com-
pelling data guiding the optimal glucose target during or
after the operation. Most observational or interventional
studies evaluating hyperglycemia and non-cardiac
surgery have focused on preoperative or postoperative
glucose measurements due to challenges in obtaining
intraoperative measurements manually entered into paper
or electronic anesthesia records [10–15]. Practicing
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anesthesiologists have no data to guide their intraoperative
glycemic management, resulting in wide variation of treat-
ment triggers and definitions of ‘tight’ control. Two recent
randomized controlled trials focused on vascular surgery
patients have had conflicting results, with one observing
decreased morbidity and mortality associated with tight
glucose control, while the other trial failed to observe a
statistically significant difference [16–18]. Recently, a pro-
spective study designed to electronically remind clinicians
intraoperatively to recheck glucose values on diabetic pa-
tients without any specific glucose treatment goals docu-
mented a reduced relative risk reduction of 55.4% in
surgical site infections [19]. However, no target glucose
ranges for normoglycemia were required and the actual
achieved intraoperative glucose values were not reported.
A review of the national trial registry databases in both
the United Kingdom and United States of America cur-
rently found no actively recruiting clinical trials evaluating
the relationship between intraoperative glucose thresholds
for treating and postoperative infections.
The purpose of the current study was to evaluate the

relationship between intraoperative glucose levels and
postoperative outcomes in non-cardiac surgery. In par-
ticular, evaluating the impact on infectious complica-
tions may drive a more specific analysis based upon the
pathophysiology of hyperglycemia [13–15]. We hypothe-
sized that patients undergoing major non-cardiac sur-
gery and demonstrating intraoperative hyperglycemia
would experience elevated rates of infectious complica-
tions. By integrating prospective risk adjustment and
30-day outcome data from the National Surgical Quality
Improvement Program (NSQIP) with intraoperative
electronic health record (EHR) glucose measurements, a
novel database of thousands of patients may inform fu-
ture studies of hyperglycemia in non-cardiac surgery.

Methods
Institutional review board approval (University of
Michigan, Ann Arbor, Michigan) was obtained for this
retrospective observational study at a single academic
medical center. As there were no care interventions in-
volved and protected health information were removed
after the dataset was created, patient consent was waived
as part of the approval.

Patient population
All adult patients (age ≥ 18 years) with or without a
diagnosis of diabetes mellitus undergoing elective and
emergency general, vascular, or urologic procedure were
included in this study. Data was extracted from NSQIP
data collection process and intraoperative electronic
health records at our center from 2005 to 2010.
Patients with a scheduled outpatient procedure were

excluded due to low expected infectious complication

rate. Additional exclusion criteria were: American
Society of Anesthesiologists Physical Status classification
(ASA) 5 or 6, a preoperative systemic inflammatory
response syndrome, sepsis, septic shock, pneumonia,
preoperative wound classification of dirty, and confirmed
pregnancy. Finally, patients without any glucose
measurements during the intraoperative period were
also excluded.

Data collection
Data were collected by integrating the local NSQIP
database with the departmental perioperative EHR,
Centricity® (General Electric Healthcare, Waukesha,
Wisconsin). The NSQIP methodology has been de-
scribed previously [20, 21]. For each operation, a trained
surgical clinical quality reviewer collects patient demo-
graphics, preoperative comorbidities, operative inform-
ative, and postoperative adverse occurrences up to
30 days after the operation. Inter-rater reliability data
checks are routinely performed and any disagreements
> 5% are investigated. Detailed definitions of NSQIP
preoperative patient demographics and comorbidities
have been described previously and are available in
Additional file 1: Appendix 1 [20, 21].
Intraoperative glucose measurements were obtained

from the EHR. This included data from the enterprise
laboratory information system and values entered manu-
ally by the anesthesiology provider using point of care
testing which includes, testing using Accu-Check®
(Roche Diagnostics, Indianapolis, Indiana), point of care
blood gas analysis RapidPoint 400® (Siemens Medical So-
lutions, Malvern, Pennsylvania), and formal laboratory
testing values. The Accu-Check® point of care device has
previously been shown to have an acceptable accuracy
over a wide range of hematocrit values in critically ill pa-
tients [22]. The EHR data and NSQIP data were linked
using patient medical record number combined with
anesthesia start date and time using an honest broker
system [23]. The use of intraoperative insulin therapy,
either intravenous or subcutaneous, as a bolus or
infusion, was extracted from the EHR. Once these data
were linked, patient identifiers were removed from the
analytical dataset. Glucose measurements during the
“anesthesia period”, defined as anesthesia start to
anesthesia end, were included in the analysis. For each
period, all of the glucose measurements were retrieved
for each patient in order to derive five distinct summary
measures: minimum, maximum, median, standard devi-
ation, and glycemic lability index (GLI). The GLI is
adapted from the critical care literature and has been
demonstrated to be an important measure of glycemic
variability [24]. It is calculated as the squared difference
between consecutive glucose measures per unit of actual
time between those samples and corrected for variant
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number of measurements and observation time. Speci-
fically, the GLI was calculated as:

X
½ Glun � Glunþ1ð Þ2 � Timenþ1 � Timenð Þ in minutes−1

�

� number of measurementsð Þ−1

� observation time in hoursð Þ−1�

Given the lack of substantial evidence regarding intra-
operative hyperglycemia and outcomes in non-cardiac
surgery, no existing definitions of elevated glucose levels
during surgery were available in the peer-reviewed litera-
ture. For the purposes of this analysis, normoglycemia was
defined as a maximum glucose of less than 8.3 mol/L.
Using the Delphi Method, mild, moderate, and severe
hyperglycemia was defined as a maximum glucose meas-
urement of between 8.3–11.0, between 11.1–16.6, and
greater than or equal to 16.7 mmol/L, respectively [25].
These values may underestimate the severity of hypergly-
cemia compared with general medical literature, but this
would bias our results toward the null hypothesis. Moder-
ate and severe hypoglycemia was defined as a minimum
glucose measurement of ≤3.3 and ≤ 2.2 mmol/L, respect-
ively. Glucose measurements below 0.5 mmol/L and
above 33.3 mmol/L were considered data entry errors and
not included in these calculations.

Primary outcome
The primary outcome was the occurrence of one or
more of the following infectious morbidity events as
defined by NSQIP criteria: surgical site infection (SSI),
pneumonia, urinary tract infection, or sepsis. Surgical
site infections included superficial SSI, deep incisional
SSI, organ space SSI, and wound disruption. The stand-
ard NSQIP definitions for each of the complications
exclude patients with pre-existing infection of that type.
(Additional file 2: Appendix 2).

Statistical analysis
Statistical analysis was performed using SPSS® Version
20 (IBM Inc., Yonkers, New York). Glycemic control
was grouped into four categories; normoglycemia, mild
hyperglycemia, moderate hyperglycemia, and severe
hyperglycemia. Normoglycemia served as the reference
group based on the previously stated definitions. In
addition, two continuous variables reflecting the glucose
standard deviation and GLI were recorded. To adjust for
the patient and surgical covariates associated with infec-
tious complications; a multivariable logistic regression
model was constructed. Prior to developing the logistic
regression model, collinearity diagnostics were per-
formed to ensure that variables were not highly corre-
lated with one another. If the condition index was > 30,
then a bivariate Pearson Correlation matrix would be

performed to determine which two covariates were
highly correlated (> 0.70) [26]. A non-parsimonious
logistic regression incorporating covariates and the
hyperglycemia groupings, glucose standard deviation
and GLI was performed. The covariates used for risk ad-
justment in this model were: age in years, body mass
index (kg/m2), male sex, emergency surgery, prolonged
operative duration, dyspnea at rest, dyspnea at exertion,
new or worsening congestive heart failure, ASA physical
status (as a categorical variable), partially dependent
functional status, totally dependent functional status,
present of ascites, diabetes mellitus requiring oral
hypoglycemic therapy, diabetes mellitus requiring insulin
therapy, chronic obstructive pulmonary disease, hyper-
tension, angina, history of cardiac surgery, history of
percutaneous coronary intervention, cerebrovascular
accident, history of transient ischemic attacks, steroid
use for a chronic condition, and preoperative serum
albumin. All covariates were based upon NSQIP data
and dataset definitions (Additional file 1: Appendix 1)
and reflect the covariates with the greatest contribution
to the NSQIP risk adjustment model [27]. In cases
where serum albumin was not available, it was imputed
as the median of the patient population. In addition, the
underlying risk of each surgical procedure was incorpo-
rated using a surgical risk score derived based upon pre-
viously described and validated methodology for NSQIP
analyses [28]. The derivation dataset for this surgical risk
score was the national 2005–2010 NSQIP participant
use data file. The surgical risk score is a continuous vari-
able that reflects the underlying risk of the procedure
performed, based upon primary common procedural ter-
minology (CPT) codes. The CPT code was developed by
the American Medical Association as a way to unify sur-
gical procedures. The codes are broken down into three
categories. The highest category is the body region that
is being operated on and then can be sub-divided into
specific areas within the region or more complex versus
less complex surgical techniques. A lower score would
indicate the surgical procedure has less risk of
post-operative infection and a higher score would indi-
cate the patient is at a greater risk for post-operative in-
fection. Prolonged operative duration is a binary variable
based upon the Center for Disease Control’s existing
methodology for SSI risk adjustment. It is defined as an
operative duration above the 75th percentile for the
primary CPT code using national benchmark data. The
national benchmark dataset used for this analysis was
the 2005–2010 national NSQIP participant use data file.
All glucose exposure variables were also included in this
model. The goodness of fit of the model was assessed
using the Omnibus Tests of Model Coefficients and
the Hosmer and Lemeshow Test. All covariates
deemed to be significant in the model (p-value ≤0.05)
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were established as independent predictors of an
infectious complication. Measures of effect size were
reported using the adjusted odds ratio calculated by
the logistic regression full model fit [29]. The result-
ing model’s predictive value was evaluated using the
c-statistic for dichotomous outcome [30].

Sensitivity analysis
A pre-specified sensitivity analysis was performed for all
non-diabetic patients using the same non-parsimonious
logistic regression techniques and assessment for good-
ness of fit and the model’s predictive value. Due to the
small sample size for diabetic patients, it was not
possible to perform a sensitivity analysis due to the
model becoming grossly over-fitted.
Two societies have recommended guidelines to target

intraoperative glucose under 10 mmol/L for diabetic am-
bulatory surgical patients and for adult cardiac surgical
patients [31, 32]. Therefore, a sensitivity analysis was
performed using the same non-parsimonious logistic
regression techniques but replacing the previously stated
four hyperglycemia groups with a hyperglycemia defin-
ition of intraoperative glucose ≥10 mmol/L.
Additionally, intraoperative blood transfusions have

been shown to be associated with an increase in compli-
cations post-operatively [33]. We performed a sensitivity
analysis to incorporate the number of units of red blood
cells (RBC) administered intraoperatively to our study
cohort to investigate if hyperglycemia and RBC are asso-
ciated with increased risk of postoperative infectious
complications.

Power analysis
Preliminary data (approximately 14,000 patients) allowed
us to ascertain that approximately 30% would include a
perioperative glucose measurement and 10% would
experience the primary outcome [34]. As a result, we as-
sumed that approximately 300 patients would experience
the primary outcome and provide adequate power for a
multivariable logistic regression model.

Results
13,954 patients with integrated NSQIP and intraopera-
tive EHR were identified. After planned exclusion
criteria, 8501 patients undergoing major non-cardiac
surgery were identified. Of these, 5351 did not have a
perioperative glucose measurement in EHR, resulting in
a final analysis dataset of 3150 patients (Fig. 1). A
comprehensive listing of procedures included and sam-
ple sizes is available in Additional file 3: Appendix 3.
The mean number of measurements per patient was

three. 1619 (51%) patients were normoglycemic, 1042
(33%) patients experienced mild hyperglycemia, 442
(14%) experienced moderate hyperglycemia, and 47

Fig. 1 Study selection criteria. Abbreviations: ASA = American Society
of Anesthesiologists Physical Status classification
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(1.5%) experienced severe hyperglycemia. Only 33
patients (1.0%) experienced moderate hypoglycemia while
17 (0.5%) patients experienced severe hypoglycemia
(Table 1). Patients experiencing increasing severity of
hyperglycemia in general had more comorbidities
(Table 2). Overall, 45% of patients demonstrating hyper-
glycemia did receive intraoperative insulin therapy (32% of
mild, 70% of moderate, and 83% of severe hyperglycemia
patients). Diabetic patients compared with their
non-diabetic counterparts were more likely to demon-
strate all levels of hyperglycemia, but not hypoglycemia
(Table 1). Overall, 482 (15%) patients experienced a com-
posite postoperative infectious complication (Table 3).
The maximum intraoperative glucose distribution for pa-
tients with and without the composite postoperative infec-
tious complication as well as the individual infectious
complications are shown in Additional file 4: Appendix 4.
Covariate adjusted logistic regression analysis included

3036 patients (96%) with complete data. Compared with
normoglycemic controls, patients with mild hypergly-
cemia had a statistically significant risk-adjusted increase
in infectious complications (adjusted odds ratio
(AOR)1.30 [95% confidence interval (CI) 1.01 to 1.68],
p-value = 0.04). Compared with normoglycemic controls,
patients with moderate hyperglycemia also had a statisti-
cally significant risk-adjusted increase in infections com-
plications (AOR 1.57 [95% CI 1.09–2.28], p-value = 0.02)
(Fig. 2). Severe hyperglycemia, glucose standard devi-
ation, and GLI did not demonstrate a statistically signifi-
cant independent relationship. Additional covariates
with an independent association to the primary infec-
tious outcome were: male sex (protective), dyspnea at
moderate exertion, functional status (both partially and
totally dependent), preoperative serum albumin level,
chronic obstructive pulmonary disease, prolonged opera-
tive duration, and surgical risk score. The model’s
c-statistic was 0.72 [95% CI 0.69–0.74] and the omnibus
test of model coefficients resulting in a chi-square of
242.0, 29 degrees of freedom, and p-value < 0.001. The

Hosmer and Lemeshow Test resulted in a chi-square of
3.3, 8 degrees of freedom, and a p-value of 0.92.
When studying the subset of patients without diabetes,

mild hyperglycemia, moderate hyperglycemia, severe
hyperglycemia, glucose standard deviation, and GLI did
not demonstrate a significant independent relationship.
The model’s c-statistic was 0.71 [95% CI 0.69–0.74] and
the omnibus test of model coefficients resulted in a
chi-square of 195.9, 27 degrees of freedom, and a
p-value< 0.001. The Hosmer and Lemeshow Test
resulted in a chi-square of 3.0, 8 degrees of freedom, and
a p-value of 0.93.
Classification of hyperglycemia defined as a glucose

value ≥10 mmol/L did not demonstrate a statistically
significant risk adjusted increase in postoperative
infectious complications (AOR 1.06 [95% CI 0.80–1.40]).
Our sensitivity analysis on the use of RBC intraopera-
tively demonstrated similar measures of effect sizes for
the hyperglycemia groupings (data not shown) and in
addition a statistically significant measure of effect size
for the number of RBC units administered [[AOR 1.04
(95% CI 1.00–1.07)].

Discussion
Our data demonstrate that among a broad range of pa-
tients undergoing major non-cardiac surgery, intraopera-
tive glucose levels above 8.3 mmol/L are associated with
a significantly increased risk of postoperative infections.
This effect is independent of underlying patient comor-
bidities, surgical procedure complexity, and surgical
duration. A dose-response curve was observed, with
mild hyperglycemia resulting in an AOR of 1.30 [95% CI
of 1.01–1.68] and moderate hyperglycemia resulting in
an AOR of 1.57 [95% CI of 1.08–2.28]. Although the
data were underpowered to detect a statistically signifi-
cant increase among patients with severe hyperglycemia,
an AOR of 1.70 [95% CI of 0.67–4.35] was observed.
This analysis of 3150 patients is the largest published
dataset of intraoperative glucose management and serves
to inform future prospective interventional studies.
There are very limited prospective data evaluating the

impact of intraoperative hyperglycemia and postopera-
tive outcomes in the non-cardiac surgery population [1].
A recent randomized controlled trial limited to 236
patients undergoing major vascular surgery did find a
decreased risk of cardiac adverse events in patients
targeted to a glucose level below 8.3 mmol/L, but the
patient population and outcome of interest were limited
[16]. The primary outcome was a composite outcome of
all-cause mortality and two specific cardiac events;
myocardial infarction and acute congestive heart failure.
Infectious complications were not evaluated. Next,
secondary interim analyses of 381 patients enrolled in
the Dexamethasone, Light Anesthesia and Tight Glucose

Table 1 Prevalence of hyperglycemia and hypoglycemia
among patients undergoing major non cardiac surgery

Overall
(N = 3150)
N (%)

Diabetes No
(N = 2384)
N (%)

Diabetes Yes
(N = 766)
N (%)

Normoglycemia (< 8.3 mmol/L) 1619 (51) 1360 (57) 259 (34)

Hyperglycemia

Mild (8.3–11.0 mmol/L) 1042 (33) 766 (32) 276 (36)

Moderate (11.1–16.6 mmol/L) 442 (14) 244 (10) 198 (26)

Severe (≥16.7 mmol/L) 47 (2.0) 14 (1.0) 33 (4.0)

Hypoglycemia

Moderate (≤ 3.3 mmol/L) 33 (1.0) 25 (1.0) 8 (1.0)

Severe (≤ 2.2 mmol/L) 17 (0.5) 13 (0.5) 4 (0.5)
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Control (DeLiT) trial did not demonstrate a relationship
between intensive insulin therapy and a composite mor-
bidity and mortality endpoint [17].
Even observational trials struggle to offer insight

into associations between intraoperative glucose
values and postoperative outcomes. Of the many
observational studies evaluating glucose control and
postoperative outcomes, few have been in the
non-cardiac literature, [10, 12–15, 30] and only two

have incorporated intraoperative glucose measure-
ments into the analysis [11, 35]. Eshuis et al. reviewed
the glycemic control of 330 patients undergoing elective
pancreatoduodenectomy [11]. They did not detect any
relationship between intraoperative hyperglycemia and a
composite morbidity outcome, but were likely underpow-
ered to detect a difference with only 330 patients. Yoo
et al. retrospectively reviewed 304 patients undergoing
liver transplantation and demonstrated that glucose

Table 2 Patient characteristics among studied population

Co-morbidities Normoglycemia
(Glucose < 8.3 mmol/L)
(N = 1619)
N (%)

Mild hyperglycemia
(Glucose 8.3–11.0 mmol/L)
(N = 1042)
N (%)

Moderate hyperglycemia
(Glucose 11.1–16.6 mmol/L)
(N = 442)
N (%)

Severe hyperglycemia
(Glucose ≥16.7 mmol/L)
(N = 47)
N (%)

Agea 62 ± 15 63 ± 13 61 ± 14 58 ± 15

Body mass index (kg/m2)a 28 ± 8 29 ± 8 30 ± 8 31 ± 9

Male sex 935 (58) 588 (56) 229 (52) 23 (49)

Emergency Operation 136 (8.4) 81 (7.8) 43 (9.7) 8 (17)

Dyspnea (any) 174 (11) 115 (11) 58 (13) 7 (15)

Active Congestive Heart Failure 16 (1.0) 9 (0.9) 5 (1.1) 4 (8.5)

ASAb Physical Status 3 or 4 1168 (72) 767 (74) 332 (75) 40 (85)

Functional Status
(Partially or Totally Dependent)

53 (3.3) 24 (2.3) 12 (2.7) 2 (4.3)

Ascites 19 (1.2) 7 (0.7) 3 (0.7) 1 (2.1)

Diabetes

Oral Hypoglycemic Treated 153 (9.5) 177 (17) 112 (25) 12 (26)

Insulin Treated 105 (6.5) 99 (9.5) 86 (20) 21 (45)

COPDc 152 (9.4) 89 (8.5) 25 (5.7) 3 (6.4)

Hypertension 956 (59) 613 (59) 278 (63) 31 (66)

Cardiac disease 365 (23) 208 (20) 86 (20) 13 (28)

Cerebrovascular disease 210 (13) 73 (7.0) 47 (11) 3 (6.4)

Renal Failure or Dialysis 53 (3.3) 10 (1.0) 6 (1.4) 2 (4.3)

Operative duration ≥75th percentile for
case-specific national norms

566 (35) 470 (45) 222 (50) 27 (59)

aContinuous parametric data presented as mean ± standard deviation
bASA = American Society of Anesthesiologists
cCOPD = Chronic Obstructive Pulmonary Disease

Table 3 Primary outcome details

Infection type Normoglycemia
(Glucose < 8.3 mmol/L)
(N = 1619)
N (%)

Mild hyperglycemia
(Glucose 8.3–11.0 mmol/L)
(N = 1042)
N (%)

Moderate hyperglycemia
(Glucose 11.1–16.6 mmol/L)
(N = 442)
N (%)

Severe hyperglycemia
(Glucose ≥16.7 mmol/L)
(N = 47)
N (%)

Superficial SSIa 63 (3.9) 85 (8.2) 29 (6.6) 6 (13)

Deep Incisional SSIa 14 (0.9) 15 (1.4) 3 (0.7) 0 (0)

Organ space SSIa 30 (1.9) 32 (3.1) 20 (4.5) 0 (0)

Wound disruption 10 (0.6) 9 (0.9) 6 (1.4) 2 (4.3)

Pneumonia 36 (2.2) 29 (2.8) 17 (3.8) 0 (0)

Urinary Tract Infection 69 (4.3) 48 (4.6) 23 (5.2) 3 (6.4)

Sepsis 45 (2.8) 45 (4.3) 21 (4.8) 0 (0)
aSSI = Surgical Site Infection
Note: Some patients experienced more than one infection
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variability increased a patient’s risk for postoperative acute
kidney injury but not hyperglycemia alone. Our study did
include glucose variability in the multivariate modeling
but that was not determined to be an independent pre-
dictor of postoperative infectious complications [35].
Our data demonstrate that the risk-adjusted association

between hyperglycemia and postoperative infections is
present with increasing severity of hyperglycemia resulting
in an increased risk of infectious complications after
adjusting for surgical complexity and patient pre-existing
comorbidities. From a pathophysiologic viewpoint, hyper-
glycemia is associated with increased inflammation,
impaired chemotaxis and phagocytosis, and vulnerability
to infections [1, 6]. The cardiac surgery literature has
extensive observational and some prospective randomized
trial data to support the relationship between improved
glycemic control and decreased surgical site infections
[1, 6]. Though our data demonstrates an association
between intraoperative hyperglycemia and postoperative
infections in patients undergoing non-cardiac surgeries,
the causal relationship still remains unclear.
There is a lack of published guidelines regarding intra-

operative glucose management in the diabetic or
non-diabetic patient undergoing non-cardiac surgeries.
The results of this study highlights the significance of in-
traoperative glucose levels and in addition questions the
practice pattern of casually dismissing an intraoperative
glucose measurement of 10 mmol/L as some medical
societies have recommended [31, 32]. We have demon-
strated that when a binary threshold for hyperglycemia
defined as a glucose ≥10 mmol/L is used, there is no
significant effect size measures associated with postoper-
ative infections. However, in contrast, when three separ-
ate ranges of intraoperative hyperglycemia levels are
used, a dose-response curve is seen. These data may sug-
gest that more patients undergoing major non-cardiac
surgery warrant intraoperative glucose measurement. At
the very least, intraoperative hyperglycemia warrants a
discussion with the surgical team to inform them of the
patient’s elevated risk of postoperative infections. In this
dataset, more than half of patients undergoing major

non-cardiac surgery did not have an intraoperative glu-
cose measurement (Fig. 1). In general, these patients
were healthier and less likely to have a preoperative
diagnosis of diabetes (data not shown). It should be
noted that the observed relationship between hypergly-
cemia and increased infectious complications was
observed in the primary analysis and our sensitivity ana-
lysis incorporating the number of RBC units adminis-
tered intraoperatively. Glucose measurement and
management must broaden its scope from the diabetic
patient undergoing non-cardiac surgery to all patients
including non-DM patients undergoing major surgery.
There are several limitations to this study. As an ob-

servational study, an association between intraoperative
hyperglycemia and postoperative infection was demon-
strated, but causal relationship could not be established.
Despite adjusting for a variety of comorbidities and
surgical factors, residual confounding may be present.
Several factors that impact infectious complications, such
as antibiotic choice, normothermia, and pre-existing
immunity deficient states (HIV/AIDS and disseminated
cancer) were not incorporated into the analysis. In our
database, only 4 patients were diagnosed with HIV/AIDS.
This sample size is very small and will not affect the mea-
sures of effect sizes on mild and moderate hyperglycemia
demonstrated in our primary analysis. We also have 155
patients (4.9%) with a preoperative diagnosis of dissemi-
nated cancer. Hyperglycemia, like a suppressed immune
system, are only modifiers of susceptibility to infections.
Therefore, we did not exclude those patients from the
database. Next, the analysis does not address the effect of
hyperglycemia treatment. Although many patients did
receive intraoperative insulin treatment and these data are
reported, the logistic regression did not include insulin
treatment as a covariate because insulin treatment is a
marker of hyperglycemia itself. Larger observational stud-
ies are needed to compare patients with similar hypergly-
cemia profiles with and without insulin treatment to
ascertain an insulin treatment effect. Until then the real
risks of hyperglycemia must be weighed against the inde-
pendent relationship that we observed between intraoper-
ative hyperglycemia and postoperative infection. The
point estimates for hyperglycemia may demonstrate a dose
response curve, however the wide confidence interval for
severe hyperglycemia may indicate it’s not. In addition, the
NSQIP definitions of SIRS, sepsis, and septic shock have
been enhanced recently. Unfortunately, we do not have
the specific data elements available (positive blood culture,
clinical documentation or purulence, or suspected
pre-operative clinical condition or infection or bowel in-
farction) that are included in the new definition to ad-
equately perform a sensitivity analysis. At our institution,
there are no differences in rates of prophylactic antibiotic
administration. These data were collected using internal

Fig. 2 Risk-adjusted increase in infectious complications for
hyperglycemia patients
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quality assurance metrics and are unable to be linked to
this database to allow a propensity score matched analysis
to address any potential confounding between prophylac-
tic antibiotic administration and infectious outcomes. It is
feasible, that our sample size in the study cohort would be
reduced and the dose response curve in intraoperative
hyperglycemia and postoperative infectious complications
may differ. Although these data add to the non-cardiac lit-
erature, the patient population is limited to major general,
vascular, and urologic surgery; other common procedures
warrant further investigation. The single-center nature of
the dataset also limits the generalizability of the conclu-
sions. The data, due to low sample size, were also
underpowered to detect a difference among patients ex-
periencing severe hyperglycemia and a sensitivity analysis
focused on diabetic patients only was not feasible. There-
fore, future clinical trials are needed to focus on diabetic
patients. We also acknowledge that the overall composite
infection rate is high (15%) in relation to previously pub-
lished research. However, the individual infection out-
comes (Table 3) have an overall incidence ranging from
0.9–5.8%. NSQIP methodology ensures high quality surgi-
cal clinical reviewer extraction for all data elements with
less than 2% disagreement in inter-rater reliability audit
checks.

Conclusions
Despite these limitations, these data are impactful and
novel. More than 3000 patients undergoing a variety of
major non-cardiac surgeries were studied, representing
the largest observational dataset regarding intraoperative
hyperglycemia in non-cardiac surgery to date. The data
clearly demonstrate a dose-dependent relationship be-
tween intraoperative hyperglycemia and postoperative
infectious complications after risk adjustment for major
comorbidities. Intraoperative hyperglycemia is an in-
dependent predictor of infectious complications
among both diabetic and non-diabetic patients and
must become a focus among practicing anesthesiolo-
gists. These data demand further exploration beyond
infectious complication via larger, multicenter obser-
vational datasets and prospective, randomized control
trials to establish whether treatment of hyperglycemia
may alter outcomes. Non diabetic patients and impact
of glucose variability is worth exploring including the
value of commercially available continuous glucose
monitoring.
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High Reliability

September 7, 2019

Background

High reliability organizations are organizations that operate in complex, high-hazard

domains  for extended periods without serious accidents or catastrophic failures. The

concept of high reliability is attractive for health care, due to the complexity of

operations and the risk of signi�cant and even potentially catastrophic consequences

when failures occur in health care. Sometimes people interpret high reliability as

meaning e�ective standardization of health care processes. However, the principles of

high reliability go beyond standardization; high reliability is better described as a

condition of persistent mindfulness within an organization. High reliability organizations

cultivate resilience by relentlessly prioritizing safety over other performance pressures.

A classic example is that of the military aircraft carrier: despite signi�cant production

pressures (aircraft take o� and land every 48–60 seconds), constantly changing

conditions, and hierarchical organizational structure, all personnel consistently prioritize

safety and have both the authority and the responsibility to make real-time operational

adjustments to maintain safe operations as the top priority.

Characteristics of High Reliability Organizations

High reliability organizations use systems thinking to evaluate and design for safety, but

they are keenly aware that safety is an emergent, rather than a static, property. New

threats to safety continuously emerge, uncertainty is endemic, and no two accidents are

exactly alike. Thus, high reliability organizations work to create an environment in which

potential problems are anticipated, detected early, and virtually always responded to

early enough to prevent catastrophic consequences. This mindset is supported by �ve

characteristic ways of thinking: preoccupation with failure; reluctance to simplify

explanations for operations, successes, and failures; sensitivity to operations (situation

awareness); deference to frontline expertise; and commitment to resilience (Table).

Table. Characteristics of High Reliability.
CharacteristicDescription

Preoccupation

With Failure
Everyone is aware of and thinking about the potential for failure. People

understand that new threats emerge regularly from situations that no

one imagined could occur, so all personnel actively think about what

could go wrong and are alert to small signs of potential problems. The
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absence of errors or accidents leads not to complacency but to a

heightened sense of vigilance for the next possible failure. Near misses

are viewed as opportunities to learn about systems issues and potential

improvements, rather than as evidence of safety.

Reluctance to

Simplify

People resist simplifying their understanding of work processes and how

and why things succeed or fail in their environment. People in HROs*

understand that the work is complex and dynamic. They seek underlying

rather than surface explanations. While HROs recognize the value of

standardization of work�ows to reduce variation, they also appreciate the

complexity inherent in the number of teams, processes, and relationships

involved in conducting daily operations.

Sensitivity to

Operations

Based on their understanding of operational complexity, people in HROs

strive to maintain a high awareness of operational conditions. This

sensitivity is often referred to as "big picture understanding" or "situation

awareness." It means that people cultivate an understanding of the

context of the current state of their work in relation to the unit or

organizational state—i.e., what is going on around them—and how the

current state might support or threaten safety.

Deference to

Expertise

People in HROs appreciate that the people closest to the work are the

most knowledgeable about the work. Thus, people in HROs know that in

a crisis or emergency the person with greatest knowledge of the situation

might not be the person with the highest status and seniority. Deference

to local and situation expertise results in a spirit of inquiry and de-

emphasis on hierarchy in favor of learning as much as possible about

potential safety threats. In an HRO, everyone is expected to share

concerns with others and the organizational climate is such that all sta�

members are comfortable speaking up about potential safety problems.

Commitment

to Resilience

Commitment to resilience is rooted in the fundamental understanding of

the frequently unpredictable nature of system failures. People in HROs

assume the system is at risk for failure, and they practice performing

rapid assessments of and responses to challenging situations. Teams

cultivate situation assessment and cross monitoring so they may identify

potential safety threats quickly and either respond before safety

problems cause harm or mitigate the seriousness of the safety event.

*HROs: High



reliability

organizations

Sources:

Weick et al

2007; Hines et

al 2008;

Chassin et al

2013; Rochlin

1999 .

Current Context

It is important to recognize that standardization is necessary but not su�cient for

achieving resilient and reliable health care systems. High reliability is an ongoing process

or an organizational frame of mind, not a speci�c structure. AHRQ has outlined practical

strategies for health care organizations aiming to become highly reliable in their report

of practices employed by hospitals in the High Reliability Organization Learning Network.

The Joint Commission suggests that hospitals and health care organizations work to

create a strong foundation before they can begin to mature as high reliability

organizations. Such foundational work includes developing a leadership commitment to

zero-harm goals, establishing a positive safety culture, and instituting a robust process

improvement culture. The Joint Commission also provides metrics and tools  for

assessing the maturity of an organization's leadership, safety culture, and process

improvement culture as preconditions to high reliability .

This project was funded under contract number 75Q80119C00004 from the Agency for

Healthcare Research and Quality (AHRQ), U.S. Department of Health and Human

Services. The authors are solely responsible for this report’s contents, �ndings, and

conclusions, which do not necessarily represent the views of AHRQ. Readers should

not interpret any statement in this report as an o�cial position of AHRQ or of the U.S.

Department of Health and Human Services. None of the authors has any a�liation or

�nancial involvement that con�icts with the material presented in this report. View
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