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Abstract

Background: The association of hyperglycemia during and after surgery has been shown to
increase the risk of surgical site infections in multiple surgical specialties. Patients with poorly
controlled blood glucose levels are at higher risk for surgical site infections and are commonly
predisposed to post-op soft tissue and bone healing complications. Maintaining blood glucose
values < 140 mg/dL demonstrated a stronger link to reducing rates of surgical site infections and
other postoperative outcomes.

Local Problem: The purpose of this project is to develop a clinical practice guideline that
provides clear directions and constitutes best practice strategies for the management of
hyperglycemia throughout the perioperative period of adult patients undergoing surgery at a
tertiary medical facility in Maryland. This facility identified a rise in the incidence of post-op
hyperglycemia with blood glucose levels > 180 mg/dl and an increase in post-op surgical site
infections in their patient population.

Interventions: This project took place in three phases over a 14-week period. The first phase
included recruitment of an expert panel consisting of an anesthesiologist and Certified Registered
Nurse Anesthetist. After project buy-in, a draft of the guideline was presented to the panel.
They reviewed and graded the guideline draft using the AGREE II Tool. Revisions were made
based on the panel’s recommendations and AGREE II results. In phase two, a final meeting was
held with the chief anesthesiologist for feedback and approval of the final presentation to the
anesthesia providers. In phase three, a brief formal presentation was given to the anesthesia
department. Anesthesia providers were asked to rate the guideline using the Provider Feedback
Questionnaire. The data collected from the Provider Feedback Questionnaire surveys were
analyzed and results were obtained to make final changes to the guideline.

Results The guideline provided clear instructions, produced positive patient outcomes, and was
deemed favorable by the anesthesia department. Some providers felt the financial implications
would hinder implementation, while others were unsure of changing their practice due to the
rigid guidelines.

Conclusiors: This guideline was successfully developed and implemented at the requesting
institution with the support of key stakeholders. Monitoring and managing hyperglycemic blood
glucose levels in the perioperative period can decrease the incidence of postoperative surgical
site infections.
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Background and Statement of the Problem

A common postoperative complication of surgery is the occurrence of surgical site
infections (SSIs). Surgical site infections can contribute to delayed healing and recovery,
repeat/corrective surgery, prolonged hospital stay, increased chances of admission to the
intensive care unit, and mortality (Yang, Sun, Le, & Liu, 2017). According to the Centers for
Disease Control and Prevention (2018), SSIs accounted for 31% of all healthcare-associated
infections. Additionally, approximately 3% of patients admitted to hospitals after surgical
procedures die from SSIs. Risk factors associated with the incidence of SSIs include increased
body mass indexes (BMI), elderly age, female gender, long-term use of steroidal drugs, and
hyperglycemia (Ghildiyal, Ghildiyal , Sharma , Igbal, & Singh, 2016).

Of all the risks involved, hyperglycemia is the most modifiable independent factor.
Hyperglycemia is a medical term used to describe abnormally high glucose levels, also known as
blood glucose. Normal glucose levels range from 70-125 mg/dL. Glucose levels higher than
130 mg/dL can be caused by several medical conditions, but can be induced by surgical stress,
critical illness, and trauma. Hyperglycemia has been shown to reduce bactericidal activity,
impair phagocytes, and decrease leukocyte function (Ghildiyal et al., 2016). These abnormalities
decrease the immune system’s performance, resulting in higher risks of inflammation and
bacterial infections. Tight glycemic control of glucose levels, specifically less than 140 mg/dL,
during the perioperative period, maintained by anesthesia providers, can prevent blood glucose
levels from dramatically increasing in patients. Maintaining normoglycemia can prevent
development of SSIs, therefore improving patient outcomes and reducing rates of post-surgical

morbidity and mortality (Ghildiyal et al., 2016).
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A tertiary hospital in Baltimore City has reported the need for a clinical practice guideline
(CPG) outlining perioperative glucoseanagemendue to the increased incidence of SSThis
hospital does not currently have an active CPG in placéhandesthesia department chair—in
conjunction with the chief certified registered nurse anesthetist (CRNA)—wish to establish a
standard opracticefor glucose management withiine anesthesia departmefitie purpose of
this DNP project is to develop and evaluate CPGfor themanagement ajlucose levels in the
perioperative setting to reduce the incidence of 88dsimprove patiemostsurgicaloutcomes
atthis facility.

Short and Long-term Goals

The initial goal is to meet with the key stakeholders by July 2018 to discuss development
of the CPG and its goals and outcomes based on review of the literature and current institution
practice. The next short-term goals are to finalize the CPG by October 2018 and by December
2018 to present the CPG at the anesthesia grand rounds with the goal of educating at least half of
the anesthesia providers. Another short-term goal is by February 2019, 50% of anesthesia
providers will be monitoring and charting glucose levels in every surgical procedure
perioperatively. The long-term goals include an increase to 100% of anesthesia providers
monitoring and charting glucose levels during every surgical procedure by June 2019, and the
facility’s adoption of the CPG to their hospital policy by August 2019. Ultimately, the final goal
is to achieve an 85% improvement in perioperative glucose management and an 80% reduction
in SSIs by December 2019. This will be evaluated by monthly chart reviews and monitoring the

incidence of signs and symptoms of infection 24 hours post surgery.
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Theoretical Framework

The theoretical framework used to guide this project is the Six Sigma. Six Sigma was
introduced in the 1980s and aims to reduce problems and improve processes through
measurement-based strategies (Duke University School of Medicine, 2016). There are two Six
Sigma models: DMAIC (Define, Measure, Analyze, Improve, Control) and DMADYV (Define,
Measure, Analyze, Design, Verify). For the purposes of this project, the DMADV model will
be used. Unlike the DMAIC model which focuses on improving existing processes, the
DMADYV model focuses on creating a new process or strategy, such as a CPG. The problem is
first Defined. Data is then Measured to determine baseline performance of a process in order to
compare and contrast if an improvement has been made. The root cause of the identified
problem is Analyzed and a solution is identified and developed to improve the problem. The
CPG is then Designed with input from the key stakeholders. Once the CPG is finalized and
approved by the key stakeholders, the CPG is Verified by the organization through formal
presentation and evaluation.

The application of the Six Sigma DMADYV model to this DNP project proposal will
address the goal of perioperative glucose management for the reduction of SSIs. Hyperglycemia
is Defined as a clinical problem at this facility with internal evidence revealing the increased
incidence of SSIs. The risks of hyperglycemia at this facility have been Measured and Analyzed,
and the proposed solution of managing blood glucose levels outlined in the CPG has been
Designed by evidence based research. Verification of the CPG will be received from
stakeholders via AGREE II tool and feedback, and anesthesia providers during grand rounds via

a Professional Feedback Questionnaire (PFQ).
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Literature Review

This literature review will present evidence supporting the effectiveness of perioperative
glucose management in reducing the incidence of SSIs. Four studies supporting this practice
change will be highlighted and evaluated based on study design, methods, and outcomes. The
review will conclude with a synthesis of the evidence presented from these studies.

Yang, Sun, Li, & Liu (2017) conducted a systematic review and meta-analysis to
determine if hemoglobin Alc (HbAlc) and perioperative hyperglycemia are linked to an
increased risk of periprosthetic joint infection after total knee (TKA) and total hip arthroplasty
(THA). The HbAlc reflects an average glucose concentration over a period of time (i.e. 8-12
weeks) and is an indicator of long-term glycemic control with greater specificity over point-of-
care blood glucose tests. Patients with diabetes can have concentrations of HbAlc two to three
times higher as compared to non-diabetics. The authors reviewed 332 studies narrowing the
focus to six retrospective studies based on specific inclusion criteria: published clinical
retrospective study; exploration of the relationship between perioperative hyperglycemia and
postoperative periprosthetic joint infection for patients having TKA or THA surgery; and cases
with defined controls and the presence or absence of periprosthetic joint infection (Yang et al.,
2017). Sample sizes from the retrospective studies ranged from 1,403 to 13,272 patients. Three
outcomes were evaluated: perioperative random blood glucose level, perioperative HbAlc level,
and BMI. Blood glucose level and HbA1c were associated with increased risk of periprosthetic
joint infection, p = .00, versus BMI, which revealed no correlation with infection, p = .91. The
study’s meta-analysis design is a strength as the authors performed a systemic review of the
literature and only selected high-quality studies. Additionally, two reviewers independently rated

the quality of the studies, thus reducing the risk of publication bias. Having only six
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retrospective studies can be a potential limitation to this study, as this amount of studies may not
reflect sufficient evidence.

Ghildiyal etal. (2016)performed a prospective observational stasisessintghe
relationshp between perioperative hyperglycemia and-opsrative infections. Ae study
included 101 patients undergoing elective general surgery procedimese patients were
further randomized into two groupSroup Onewas labeled OnormoglycemicO and had patients
with a perioperative randofiloodglucoseless than 140 mg/dlwhile theGroup Twowas
labeled OhyperglycemicO and had patients with a perioperative randdglitosegreater
than 140 mg/dL Random bloodlucosewere tested preoperatively, intraoperatively, and-post
operatively. Specific to theostoperativephase, blooglucosewere drawn 6 hours, 24 hours,
and 48 hours after surgery. All patients were follofaB0 days after surgery and pagt
infection was determined by the incidence of wound infections, urinaryitf@ctions, and/or
septicemia. The authors foungignificant difference between random blagidcoselevels in
Groups One and Tw@p < .001). Group Wwo had a higherateof intraoperative random blood
glucose(p < .005 and higher percentage of pagiinfections (256 at 30 daysascompared to
Group One %% at 30 days Overall, patients who developed hyperglycemia had a 5.8 times
higherincidenceof infection. Additionally, nondiabetic patients were three times more likely to
develop an infection if their bloaglucosewas greater thab40 mg/dLon postop day one.
Strengths of this design include no significant difference between the average age of the
normoglycemic andyperglycemic groupsnonitoring postop glucoseat multiple time
intervals andexamining patients undergoingrious operativgrocedures. Study limitations

includesmall sample size and population focus on Indians and Asians
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Richards, Kauffmann, Zuckean, Obremskey, & May (2012) published a retrospective
study todetermingf hyperglycemia is an independent risk factor for SSI in orthopedic trauma
patients without a history of diabeteBhe authorseviewed patient data from 20@909 and
initially identified a sample size of N=1885. They narrowasldown to 790 patients &it
specifyingthreeinclusioncriteria: 1) greater than 18 years of agg¢jsolatedorthopedidnjuries
that requireacutesurgical intervention, ang) an extremity Abbreviad Injury Scal€AlS) score
greater than twoThe AIS uses a-foint scale (1=minor, 6=maximal) to classify an injury by its
body region according to its relative seve(iichards et al., 2012Blood glucose results were
obtained from electronic mediktcharts. Patients were selected if they had two or more blood
gluccse levels greater than 200 mg/dL and a hyperglycemic index greater than 1.76 (equivalent
to a blood glucose greater than 140 mg/dihie hyperglycemic index is used to describe
multiple glucose readings sampled at various intervals of the day over a period of time; this
yields a more accurate estimate of overall glycemic control (Richards et al., Fati&nts were
also evaluated 30 days pagifor SSI. The authors reveale?ll patiats (3%)with reported
SSk 30 days after surgery and¥8’hada glucose level greater than 2B0chards et al., 20)2
The authors concluded tvas more bloodglucoselevels greater than 200 mg/dind a
hyperglycemic index greater than 1.76 elevated theofiSSSI. Study strengthecluded darge
sample size andtilization of twoblood glucose level parameters. Study limitations are its
retrospective desigtacking standard protocol for blooglucose monitong, and small SSI
sample size.

Sadoskas, Suder, & Wukich (20Xd)nductedaretrospectivestudythat analyzed
electronic patient records froB0082014 to investigate the effect of hyperglycemia on SSI

rates. The researchers identifiedsample size d=348 inpatientsvho underwent foot and
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ankle surgery They were further separatedtimo groups based on the patientOs perioperative
glucose levelsluring hospitalization. Groupr@ hadglucose levelgreaer than 200 mgiL;
while Group Wo had glucoséevels less than 200 nfd).. Preoperative fasting,$dng morning,
and postprandi glucose levels were measured gatiens were followed up 3@ays afer
surgery. Group @e had higher fasting blood glucose levelsdag d surgery, increased
HgAblc, longer surgeries, and SSs; .03. Strengthsf this study include its sample size and
similar characteristics afamplegroups. This study was limited by its retrospectivaysis
design;interview biasdue to senior autt and surgeon determining the outcomes and
complicationsselection biasis sicker patients weraore likely to beadmitted to the hospital
and could increase the rate of infectiangdmeasurement bidsetweercase and control groups
The evidenceresentecnalyzed the association of hyperglytga andincidence of
infection. Yang eal. (2017 is the only systematic review and matzaalysisGhilidiyal etal.
(2016 is the only prospective observata study, and Richards akt (2012 andSadosks etal.
(2015 are both retrospective studies. Three studies sampled patients in orthefadat
surgeries, while the fourth study broadly sampled general surgery procédupagients were
adults and shared even distribution among age and geBtberd glucose levelweremeasured
in all studies whilessomeincludedadditional outcomes such as hemoglobin A1C, body mass
index, and hyperglycemic indexVith the exception of Yang at. (2017), three studies
followed patients 30 days after their geryto evaluate for SSIAIll studies shared similar
results;specificallypatients with elevated blood glucose leveseincreased risk of postp
infection. Although larger sampgand additionalandomized control trials are desired, the
current evidence presents perioperative glucose managamenteffective means to prevent

SSk.
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Implementation Plan

Design, Sample, and Setting

This quality improvement project focuses on the development of a CPG for the use of
perioperative glucose management and prevention of SSIs in adult patients > 18 years old
undergoing elective orthopedic surgery. A summary of this project proposal can be found in
Appendix F. This CPG was specifically requested by a tertiary hospital in Baltimore City. It is
therefore not generalizable and not to be used in other medical institutions.
Procedures andTimeline

The timeline of this CPG was divided into three phases. The first phase consisted of
three separate meetings with the key stakeholders at the facility, who were identified as the
anesthesia department chair and chief CRNA. An email was sent to the chief CRNA introducing
the Student Registered Nurse Anesthetist (SRNA) team, the purpose of the project, and potential
meeting dates. The first meeting presented a draft of the CPG to the key stakeholders and the
Appraisal of Guidelines for Research and Evaluation (AGREE) II tool for their review. During
the second meeting, feedback was discussed and recommended modifications were made to the
CPG. Two-weeks were allocated for revisions. Following the two-week period, the third
meeting submitted the revised CPG to the key stakeholders for final review with the AGREE II
tool. Results from the AGREE II tool were received one week later.

Phase two proceeded with presentation of the CPG to the anesthesia providers during the
weekly grand rounds. The date of December 21, 2018 was selected. Phase three began after the
presentation when providers were asked to complete the anonymous Practitioner Feedback

Questionnaire (PFQ). Two-weeks were allocated to collect the PFQs and analyze the results.
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Upon completion of the data analysis, a final meeting was conducted with the key stakeholders
to discuss the results and to make final adjustments to the CPG.
Data Collection

The Appraisal of Guidelines for Research and Evaluation (AGREE II) tool (Appendix D)
was given to the key stakeholders. The AGREE II tool was revised in 2013 and provides the
framework to developing and presenting guidelines. The tool contains 23 key items divided into
six domains: scope and purpose, stakeholder involvement, rigor of development, clarify of
presentation, applicability, and editorial independence. Each key item is individually rated on a
seven point Likert scale ranging from “strongly disagree” to “strong agree.” The PFQ
(Appendix E) was distributed to the anesthesia staff after the CPG presentation during grand
rounds. The PFQ consists of 23 questions that require the provider to answer using a Likert

99 ¢¢

three-point scale of either “strongly agree,” “neither agree or disagree,” or “strongly disagree.”
Each response is scored and used to evaluate each provider’s level of CPG acceptance. Two
questions were added to the PFQ to obtain demographic data regarding the anesthesia provider’s
professional title and their years of experience in practice.
Data Analysis

Each key item in the AGREE II tool is added to equate to the total domain score. Then,
the minimum score per domain is subtracted. The domain score is calculated as a percentage by
dividing the resulting number by the difference of the maximum and minimum score per domain.
The percentage obtained contributes to the global overall assessment, which assesses the overall
quality of the guideline. Results of the AGREE II tool were discussed with the key stakeholders;

items receiving poor quality scores were addressed and appropriate edits to the CPG were made.

The demographic data obtained from the PFQ were grouped into three professional titles:
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Anesthesiologist (MD), Certified Registered Nurse Anesthetist (CRNA), and Student Registered
Nurse Anesthetist (SRNA). Three sections were separated for years of clinical anesthesia
experience: 0-5 years, 6-10 years, and greater than 10 years. The Agree II tool and PFQ data
were analyzed using simple descriptive and correlative statistics.
Human Rights Protection

Proposal was submitted to the University of Maryland Baltimore (UMB) Institutional
Review Board for a Non Human Subjects Research determination. Limited, necessary
demographic data was collected and participation was voluntary and anonymous. The PFQ
paperwork was secured in a locked filing cabinet and the results were electronically entered into
a password-protected computer. Access to the PFQ and the data was limited to the UMB SRNA
team directly involved with the development of the CPG. Disposition of data will be done after 5
years from project completion.

Results

Two key stakeholders completed the AGREE Il tool. According to Brouwers et al.
(2010), the six domain scores outlined in the AGREE II tool can be used to identify the strengths
and limitations of the CPG. A domain score >70% indicates high quality for that particular
domain (Brouwers et al., 2010). Each domain was rated above 70%: Scope and Purpose
(91.70%), Stakeholder Involvement (86%), Rigor of Development (89.60%), Clarity of
Presentation (89.50%), Applicability (83%), and Editorial Independence (87%). The overall
guideline assessment score was 87%. Results from the AGREE II tool are summarized in
Appendix F.

The projected sample size at this institution was a total of 57 anesthesia providers: 33

anesthesiologists and 24 CRNAs. This institution also educates SRNAs, however they are not
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included in the permanent anesthesia staff. On the day of the project presentation, 16 providers
were in attendance. PFQs were given to all attendees at the end of the presentation and 10 PFQs
were returned. Since several providers were absent for the presentation, copies of the CPG and
PFQs were compiled in the anesthesia break room for additional providers to review and
complete. Completed PFQs were placed in a designated folder that was collected by one of the
key stakeholders. Two weeks were allotted for PFQ collection. Upon conclusion of the two
weeks, the folder was retrieved from the key stakeholder. A total of 23 PFQs were received. The
low number of completed PFQs was a major barrier to data analysis. Of the 23, six (26%) were
anesthesiologists, 16 (70%) were CRNAs, and one (4%) SRNA. Six providers (26%) had 0-5
years of experience; nine (39%) with 6-10 years; and eight (35%) had over 10 years.
Demographic data are summarized in Appendix G.

Results from the PFQ showed a total percentage agreement of 80.5% with a standard
deviation of 0.12. Percentage agreement of the PFQ was further calculated to include five
subscales of interest: Quality (items 2-7), Acceptance of Recommendations (items 8, 9, 11, 12,
16, 17), Applicability of Recommendations (items 10, 13, 14, 15), Comparative Value (items 18-
19), and Outcome Variables (items 21, 23). Four subscales of interest resulted in percentages
>80%: Quality (96%), Acceptance of Recommendations (83%), Comparative Value (83%), and
Outcome Variables (93%). The only subscale that rated <80% was Applicability of
Recommendations (38%). The subscale PFQ results are summarized in Appendix H.

Sustainability

Within the first year of implementation, quarterly patient chart audits and monthly staff

feedback will be performed to analyze compliance and effectiveness of the CPG. The key

stakeholders will establish a task force to continue to encourage and educate staff about the CPG.
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By the end of the first year, the CPG will be integrated in the institution’s health policy. New
anesthesia staff will be introduced to the CPG as part of their orientation package. The CPG will
be reviewed every three years by the anesthesia staff and leadership to keep it updated with the
current literature and consistent with institution review policy.
Discussion

The purpose of this project was to outline and facilitate a specified guideline for
anesthesia providers to prevent and treat hyperglycemia in the perioperative period. Since this
project was focused as a quality improvement intervention, the correlation between the
interventions and outcomes was not clearly determined. The need for CPG development was
requested and supported by the key stakeholders. The institution already had an insulin protocol
in place. However, the information in their protocol was outdated and lacked details specific to
perioperative hyperglycemic treatment. The key stakeholders voiced these concerns and
included topics such as type I diabetic insulin pump dosage, pre-operative subcutaneous insulin
dosage, and when to stop taking Metformin prior to surgery. Data from Duggan, Carlson, &
Umpierrez (2017) were referenced in regards to these topics and discussed with the project
leaders and stakeholders. Some modifications were deferred from the published
recommendations to meet the institution’s current practice. Instead of taking Metformin the day
before surgery (Duggan, Carlson, & Umpierrez, 2017), the key stakeholders changed to have
Metformin withheld. The stakeholders believed maintaining this pre-operative practice would
help prevent confusion among staff. Another modification was for the generalizability of the
CPG for all surgical procedures. Majority of the literature focused on hyperglycemic control in
orthopedic surgeries. Since this institution provides a range of surgical specialties, the key

stakeholders did not want to limit the use of the CPG only to orthopedics.
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Strengths of this project include incorporation of high quality evidence towards creation
of the CPG and receptiveness of the CPG by the anesthesia department. A majority of
stakeholders were aware of the lack of enforcement and unanimity of hyperglycemia treatment
intraoperatively. Several anesthesia providers stated they did not check the blood glucose (BG);
treated the BG level intraoperatively with their insulin dose of choice; or waited until the
postoperative period the check the BG. Data from the PFQ showed that anesthesia providers
agreed with the need for the CPG and clearly understood the proposed guidelines and its benefit
to patient outcomes.

Although the anesthesia department identified favorability to the CPG, the department
culture presents a limiting factor. The PFQ data of 38% Applicability of Recommendations
revealed providers might not be willing to change their current practice setting and find it
financially challenging to apply the guidelines. This challenge can be caused by the lack of
evidence-based practice in the clinical arena and inadequate patient education. Holding
providers accountable through required documentation could mitigate implementation of practice
change. Incorporation of checklists in the electronic medical record will remind providers to
review and complete applicable interventions, and communicate this information to other staff
(Robins & Dai, 2015). This method of accountability can reduce errors and will ensure that
proper interventions are being followed based on the CPG.

Educating and encouraging patient involvement in their care can also mitigate
implementation. Validating medication instructions through the use of both verbal and written
communication can improve patient compliance leading to the day of surgery (Vetter, Downing,
Vanlandingham, Noles, & Boudreaux, 2014). It is currently standard practice at the institution

for the preoperative nurse to call the patient 24 hours prior to the day of surgery to provide
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medication instructions. Medication use is particularly important in regards to insulin and
Metformin use. However, the patient may misinterpret or forget a significant amount of these
instructions over the phone. This information can be reinforced through printed sheets outlining
specific instructions. These sheets can be given to the patient via mail, e-mail, or at their
doctor’s office prior to surgery.

This project was limited only for this institution; therefore it is not generalizable to other
organizations and facilities. Since the nature of this project was intended for an indefinite patient
population, it was difficult to assess an adequate sample size to calculate a power analysis.
Additionally, the low number of completed PFQs returned by the anesthesia staff could have
limited the CPG data analysis. Considering the timeline of the project and its implementation
near Christmas Day, more staff may have been present after the holiday season.

Conclusion

This quality improvement project successfully met the primary outcome of creating a
CPG addressing perioperative hyperglycemic control to prevent the development of SSIs.
Review of the literature shows strong evidence that high blood glucose levels contribute to SSIs.
The CPG was drafted in collaboration with an expert panel, support from key stakeholders, and
feedback by the anesthesia department at the requesting facility. The application of evidence
based literature in configuration with the institution’s unique needs facilitated adoption of the
CPG. Sustainability of the CPG will rely on continuing education and provider and patient
compliance. A designated task force should evaluate patient outcomes on the incidence of
glucose levels > 180 mg/dl and postoperative SSIs to determine the effectiveness of the CPG.

This task force should also review emerging data and apply necessary updates to the CPG.



GLUCOSE MANAGEMENT

Although this CPG is geared towards generic surgical procedures, future use of this CPG could

expand towards specialized surgeries.

17
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Appendix A
Table 1
Evidence Review Table
Author, Study Design Sample (N) Outcomes studied Results *Level
year objective/intervention (how measured) and
or exposures compared Quality
Rating
Yang, Sun,  To determine if Meta-analysis N= 6 retrospective 1. Perioperative Increased risk of periprosthetic joint 1B
Li, & Liu hemoglobin Alc studies random blood infection: BG level & HbAI1C.
(2017) (HbAlc) & glucose level: 6
perioperative Sample sizes from studies No association w/ infection: BMI
hyperglycemia increase retrospective studies 2. Perioperative
the risk of joint ranged from n= 1403 to  HbAlc level: 4
infection s/p total knee n= 13,272 studies
and hip arthroplasty. 3. Body mass index
(BMI): 5 studies
Ghildiyal, To study the Prospective N= 101 patients (n=64  RBS of all patients = RBS: Group One & Group Two 2A
1., association between observational study males, n= 37 females) measured by statistically significant
Ghildiyal, perioperative undergoing elective Glucometer:
A., Sharma, hyperglycemia to the general surgery 1. preoperatively Group Two RBS > Group One
Igbal, & risk of post-operative procedures. 2. intraoperatively Group Two: 24.6% postop
Singh infections. 3. post-operatively  infections vs. Group One 4.5%
(2016) Randomized into 2

groups:

- Group One: patients
with a perioperative
random blood sugar
(RBS) < 140 mg/dL
(normoglycemic, n= 44)
- Group Two: patients
with a perioperative
RBS > 140 mg/dL
(hyperglycemic, n= 57).

In post-op, RBS
done after surgery:
- 6™ hour

- 24" hour

- 48" hour

Followed x30d after

surgery.
Post-op infection
evaluated by

1. wound infection,
2. urinary tract



GLUCOSE MANAGEMENT

infection and/or
3. septicemia.

Richards, To determine if Retrospective study N= 790patients BG results obtained SSI 30days posbp: 21 pts (2.7%) 2A
Kauffmann, hyperglycemiais an conductecbetween from electronic
Zuckerman, independent risk factor January 1, 2004 to 3 criteria: medical char Glucose level 200 mg/dL: 294 pts
Obremskey, for thirty-day SSI in October 1, 2009. 1.! 18 years old (finger stick or (37.2%)
& May orthopedic trauma pts 2.isolated orthopdic serum levels). Pts SSI: 13/294 (4.4%)
(2012) without a history of injury requirng acute  selected if both: Hyperglycemic index 1.76: 134
diabetes at hospital operative interventign &) 2 or more blood pts (17%)
admission. & glucose levels SSI: 10/134 (B%)
3. extremity ! 200 mg/dL&
Abbreviated Injury b) hyperglycemic  Concluding risk factors for 3@ay
Scale scoré 2. index! 1.76 gqual SSI:
to! 140 mg/dL). 1) 2 or more blood glucose levels

! 200 mg/dL(OR: 2.7, 95% CI: 1.1
30-day postop SSI  to0 6.7)
evaluated: 2) Hyperglycemic index 1.76
International (OR: 4.9, 95% Cl 2.0 t0 11.8)
Classification of
Diseases,
Revision, Clinical
Modification
diagnostic codes fol
postop infection&
wound dehiscence.
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Sadoskas,
Suder, &
Wukich
(2015)

To determine effect of Retrospective study

hyperglycemia on
incidenceof SSI in
patients

conducted between
January 1, 2008
August 31, 2014

N= 348 inpatients
underwent foo& ankle
surgery.

Patients placed in 2
groups based on
perioperative glucose
levels during
hospitalization:

Group 1 (n=176):
I 1 random serum
glucose! 200 mg/dL

Group 2 (n=172):
serum glucose 200
mg/d.

Data obtainedrom
inpatient&
outpatient
electronic records.

During
hospitalization,
serum glucose
levels were
measured:

1. preoperative
fasting glucose day
of surgery

2. fasting morning
blood draws&

3. postprandial
Glucometer finger
sticks

Group 1 tad higher incidencef:
- neuropathy

- insulin use

- longer duration of diabetes
mellitus,

- " fasting BG orDOS,

-" HbA1C,

- longer surgeriesk

-" SSI 11.9%during hospital
admission.

Group 2 had lower incidence of
SSI(5.2%) during hospital
admission.

3A

22
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Appendix B
Table 2
Rating System for the Hierarchy of Evidence
Level of Evidence  Type of Evidence
I(1) Evidence from systematic review, meta-analysis of randomized controlled trails (RCTs), or practice-guidelines
based on systematic review of RCTs.
IT (2) Evidence obtained from well-designed RCT
I (3) Evidence obtained from well-designed controlled trials without randomization
IV (4) Evidence from well-designed case-control and cohort studies
V (5) Evidence from systematic reviews of descriptive and qualitative studies
VI (6) Evidence from a single descriptive or qualitative study
VII (7) Evidence from the opinion of authorities and/or reports of expert committees

Melnyk, B.M. & Fineout-Overholt, E. (2014). Evidence-based practice in nursing & healthcare: A guide to best practice (3rd ed.).
New York: Lippincott, Williams & Wilkins.

Rating Scale for Quality of Evidence

A: High — consistent results with sufficient sample, adequate control, and definitive conclusions; consistent recommendations based
on extensive literature review that includes thoughtful reference to scientific literature

B: Good — reasonably consistent results; sufficient sample, some control, with fairly definitive conclusions; reasonably consistent
recommendations based on fairly comprehensive literature review that includes some reference to scientific evidence

C: Low/major flaw — Little evidence with inconsistent results; insufficient sample size; conclusions cannot be drawn

Newhouse, R.P. (2006). Examining the support for evidence-based nursing practice. Journal of Nursing Administration, 36(7-8), 337-
344.
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Appendix C
Clinical Practice Guideline for Perioperative Glucose Management

Purpose: The purpose of this guideline is to provide an evidence-based approach to
perioperative glycemic control. This guideline provides information for perioperative
management of the hyperglycemic surgical adult patient > 18 years old without active infections
undergoing elective surgery.

Background: Diabetes mellitus (DM) is a chronic illness affecting approximately 30.3 million
Americans (9.4% of the U.S. population) of all ages (American Diabetes Association, 2017).
Approximately 25% of patients with DM will present for surgery and 5-10% of these patients
have undiagnosed DM (Setji et al., 2017). The end result of uncontrolled or undiagnosed DM is
hyperglycemia. This increases the risk of SSIs in patients undergoing orthopedic surgery,
especially total joint, spine, foot and ankle surgeries (Wukich, 2015).

Implementation:
Target blood glucose (BG) level ! 180 mg/dL.
A. Preoperative BG monitoring: Patients will be contacted 24 hours prior to day of surgery
by the preoperative nurse to verify preoperative orders and provide instructions on
diabetic medication usage based on the following:

DM Type I:
Day before surgery (DBS): *  80% subcutaneous basal insulin
o Hold prandial insulin dose when fasting
Day of surgery (DOS): *  80% subcutaneous basal insulin
DM Type 11:
Oral medication Day Before Day of Surgery: Day of Surgery:
Surgery if normal PO if reduced PO
intake same intake, extensive
day/minimally surgery, major
invasive surgery hemodynamic
changes, or fluid
shifts
Metformin Hold Hold Hold
Sodium glucose cotransporter-2 inhibitors Hold Hold Hold
(canagliflozin, dapagliflozin, and empagliflozin)
Secretagogues Take Hold Hold
Sulfonylureas: glimepiride (Amaryl), glipizide
(Glucotrol), and glyburide (Diabeta)
Glinides: repaglinide (Prandin) and nateglinide
(Starlix)
Thiazolidinediones Take Take Hold
pioglitazone (Actos) and rosiglitazone (Avandia)
DPP-4 inhibitors Take Take Take
Januvia (Sitagliptin), Galvus (Vildagliptin),
Onglyza (Saxagliptin), and Tradjenta
(Linagliptin)

Adapted from Duggan, Carlson, & Umpierrez (2017) and Dungan et al. (2016).
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B. Intraoperative BG monitoring:

Intraoperative BG
Goals:

DM Type I and Type 11
Surgical Patients

*  Check BG level prior to induction of anesthesia.
* Fasting BG levels < 140 mg/dL: treatment not required.
e All procedures regardless of duration: monitor BG hourly.

Intraoperative Insulin
Administration:

DM Type I and Type 11
Surgical Patients

Administer insulin at any time during the intraoperative period if any BG reading is
>180 mg/dL.
*  Maintenance IV fluid: normal saline, plasmalyte or lactated ringers solution,
unless insulin infusion started.
o If patient took Metformin on DOS use normal saline solution to
prevent lactic acidosis.
¢ All procedures regardless of duration:
o Administer IV bolus of fast acting insulin following current
institution order set: “Perioperative Hyperglycemia Management
Orders” and according to patient’s insulin sensitivity.
*  For surgeries > 2 hours: consider insulin infusion according to current
institution order set: “Perioperative Hyperglycemia Management Orders.”
o Titrate according to insulin sliding scale.
o Check BG hourly.
o Administer with separate infusion of D5W at 40 ml/hr or DIOW at
20 ml/hr.

DM Type I surgical
patient with insulin

pump:

e Refer to endocrinologist recommendations.
e Consider continuation of insulin pump intraoperatively.
o Continue basal rate.
o Monitor BG hourly.
o BG>180: treat with IV bolus of fast acting insulin following
current institution policy.
® Ifintraoperative continuation is contraindicated or not advised per
endocrinologist consult, convert to insulin infusion and monitor BG hourly.

Intraoperative
Hypoglcemia:
BG <60 mg/dL

e  BG <60 mg/dL give 25 grams of D50 IV bolus according to current
institution order set: “Perioperative Hyperglycemia Management Orders.”

* Recheck BG 15 minutes after administration of D50 IV bolus.

¢ Continue hourly BG checks.

Adapted from Duggan, Carlson, & Umpierrez (2017) and Dungan et al. (2016).

C. Postoperative BG Management:

Postoperative BG
Management:
PACU

*  Manage non-cardiac, elective surgery patients with IV insulin
postoperatively.
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*  Check BG on patient arrival to PACU.

o Ifinitial PACU BG is <140 or >180mg/dL, initiate q1hr POC
checks.

o If BG is within 140-180mg/dL for 4 hours, decrease frequency of
checks from qlhr to g2hrs.

o Ifinitial PACU BG is 140-180 mg/dL, initiate q2hr POC BG
checks.

o If BG is within 140-180mg/dL for 4 hours, decrease frequency of
checks from q2hr to g4hrs.

o For BG >180mg/dL follow the IV insulin sliding scale for
correctional dose or continue insulin infusion.

*  Monitor for signs and symptoms of hypoglycemic symptom such as
sweating, palpitations, confusion, and loss of consciousness. Treat
hypoglycemia according to protocol.

e Use maintenance IV fluids without dextrose unless the patient is on an
insulin drip.

*  Manage blood glucose levels and tolerance. If oral intake permits, resume
previous anti-diabetic therapy.

e Ifpatient is on an insulin pump, assess patient’s ability to use insulin pump
before discharge home.

e Ifpatient has an insulin pump;
o Assess patient’s ability to use insulin pump before discharge home.
o Admission to inpatient unit: consult endocrinologist or hospitalist
for postoperative parameters and continue follow-up with assigned
nursing unit that will manage insulin pump.

Critically Ill or Acutely e “Patients with an impairment of one or more vital organ systems such that
Injured Patients: there is a high probability of imminent or life-threatening deterioration in the
patient’s condition” (CMS, 2018).

*  For NPO patients, start insulin infusion with a starting treatment threshold
no higher than 180 mg/dL. Target range for patients on an insulin infusion is
140-180 mg/dL.

e Ifpatient is on an insulin pump, consult endocrinology or hospitalist for
postoperative parameters and continue follow-up with assigned nursing unit
that will manage insulin pump.

Non-critically ill * [V insulin can be used to achieve glycemic control in the operating room for

patients: both diabetic patients and those with stress hyperglycemia.

e Transitioning to basal-bolus subQ regimen is appropriate for the surgical
floor and has been shown to improve glycemic control and reduce
perioperative complications in surgical patients.

DM Type I: *  80% of the patient’s daily basal dose (TDD) is administered as basal insulin.
*  When eating, the patient’s home dose of prandial insulin should be initiated.

* Blood glucose is checked 4x daily and correctional insulin is provided for
BG >140 mg/dL.
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Transitioning from a *  For patients treated with intraoperative IV insulin, it may be easiest to
continuous insulin continue IV insulin alongside a dextrose infusion until the patient can
infusion (CII) to tolerate food without difficulty.

subcutaneous insulin:

NPO patients with ¢  Determine average hourly rate of CII and multiply by 24 to obtain the
history of DM or those average insulin requirement for the past 24 hours.

requiring insulin ° Consider starting a 10% dextrose infusion to maintain euglycemia.
infusion > 3 units/hour:

Hypoglycemic e Ifblood glucose < 80mg/dL give 100mL D10W IV or 25-50mL (1/2-1 amp)
Recommendations: D50 and Check blood glucose in 15-30min.

*  Blood glucose 80-100mg/dL—begin DSW at 40mL/hr or D10W at 20mL/hr
and Check blood glucose in 1 hour.

Adapted from Duggan, Carlson, & Umpierrez (2017) and Dungan et al. (2016).
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*Note: This clinical practice guideline is a draft and subject to change.
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Appendix D
Abbreviated AGREE II Tool
Domain 1. Scope and Purpose
1. The overall objective(s) of the guideline is (are) specifically described.
2. The health question(s) covered by the guideline is (are) specifically described.
3. The population (patients, public, etc.) to whom the guideline is meant to apply is
specifically described.
Domain 2. Stakeholder Involvement
4. The guideline development group includes individuals from all relevant professional
groups.
5. The views and preferences of the target population (patients, public, etc.) have been
sought.
6. The target users of the guideline are clearly defined
Domain 3. Rigor of Development
7. Systematic methods were used to search for evidence.
8. The criteria for selecting the evidence are clearly described.
9. The strengths and limitations of the body of evidence are clearly described.
10. The methods for formulating the recommendation are clearly described.
11. The health benefits, side effects, and risks have been considered in formulating the
recommendations.
12. There is an explicit link between the recommendations and the supporting evidence.
13. The guideline has been externally reviewed by the experts prior to its publication.
14. A procedure for updating the guideline is provided.

Domain 4. Clarity of Presentation
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15. The recommendations are specific and unambiguous.
16. The different options for management of the condition or health issue are clearly
presented.
17. Key recommendations are easily identifiable.
Domain 5. Applicability
18. The guideline describes facilitators and barriers to its application.
19. The guideline provides advice and/or tools on how the recommendations can be put into
practice.
20. The potential resource implications of applying the recommendations have been
considered.
21. The guideline presents monitoring and/or auditing criteria.
Domain 6. Editorial Independence
22. The views of the funding body have not influenced the content of the guideline.
23. Competing interests of guideline development group members have been recorded and
addressed.
Overall Guideline Assessment
1. Rate the quality of this guideline.

2. I would recommend this guideline for use.
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Appendix E
Figure 1

Modified Practitioner Feedback Questionnaire (PFQ)

For each item, please check off the box that most adequately reflects your opinion.

30

1. Are you responsible for the care of patients for whom this

draft guideline report is relevant? This may include the referral, YEGIS I\é(l) Unélure
diagnosis, treatment, or follow-up of patients.

la. Please select your professional anesthesia provider title. MDD CREII\I A SREI\I A
1b. How many years have you been practicing? 0-3 éears 6_10E}|] cars >10érlears

Labang, SRNA; or Sheilla Joseph, SRNA.

If you answered “No” or “Unsure”, there is no need to answer or return this questionnaire. If you
answered “Yes”, please answer the questions below and return to Frances Santiago, SRNA; Tara

Strongly
agree

Neither
agree or
disagree

Strongly
disagree

2. The rationale for developing a guideline is clear.

O

O

O

3. There is a need for a guideline on this topic.

O

O

O

4. The literature search is relevant and complete (e.g., no key
evidence was missed nor any included that should not have
been) in this draft guideline.

O

O

O

5. I agree with the methodology used to summarize the
evidence included in this draft guideline.

6. The results of the evidence described in this draft guideline
are interpreted according to my understanding of the evidence.

7. The draft recommendations in this report are clear.

8. I agree with the draft recommendations as stated.

9. The draft recommendations are suitable for the patients for
whom they are intended.

10. The draft recommendations are too rigid to apply to
individual patients.

11. When applied, the draft recommendations will produce
more benefits for patients than harms.

12. The draft guideline presents options that will be acceptable
to patients.

13. To apply the draft recommendations will require
reorganization of services/care in my practice setting.

14. To apply the draft guideline recommendations will be
technically challenging.

15. The draft guideline recommendations are too expensive to

o 0O o O 0O 0O oOoogoogo g O

o 0Oy o O 0O 0O oOoogoogo g O

o 0O o O 0O 0O oOoogoogo g O
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apply.

16. The draft guideline recommendations are likely to be O O O
supported by a majority of my colleagues.

17. If I follow the draft guideline recommendations, the O O O
expected effects on patient outcomes will be obvious.

18. The draft guideline recommendations reflect a more O O O

effective approach for improving patient outcomes than is
current usual practice. (If they are the same as current practice,
please tick NA). NA O

19. When applied, the draft guideline recommendations will O O O
result in better use of resources than current usual practice. (If
they are the same as current practice, please tick NA).

NA O

20. I would feel comfortable if my patients received the care
recommended in the draft guideline.

21. This draft guideline should be approved as a practice
guideline.

22. If this draft guideline were to be approved as a practice
guideline, I would use it in my own practice.

o O 0O 0O
o O o0 0O
o 0O 0O 0O

23. If this draft guideline were to be approved as a practice
guideline, I would apply the recommendations to my patients.

Adapted from: Brouwers, M.C., Graham, 1.D., Hanna, S.E., Cameron, D.A., & Browman, G.P.
(2004). Clinicians' assessments of practice guidelines in oncology: The CAPGO survey.
International Journal of Technology Assessment in Health Care, 20(4), 421-6.
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Appendix F
Table 3
Calculated AGREE II Tool Domain Scores
Overall
Guideline
Domain | Domain | Domain | Domain | Domain | Domain | Assessment
1 2 3 4 5 6 Score
Domain
Score 91.70% | 86.00% 89.60% 83.00% 89.50% 83.00% 87.00%
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Appendix G
Table 4

Demographic Data of Total PFQ Respondents

Title n Percentages
Anesthesiologist 6 26%
CRNA 16 70%
SRNA 1 4%
Total Providers 23

Years of Experience n Percentages
0-5 years 6 26%
6-10 years 9 39%
>10 years 8 35%
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Figure 2

Appendix H

PFQ Percentage Agreement of Subscales of Interest

Percentage

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

96% 93%
83% 83%
I ] I
Quality (2-7) Acceptance of Appliciability of =~ Comparative Value Outcome Variables
Recommendations Recommendations (18,19) (21,23)

(8,9,11,12,16,17) (10,13,14,15)

En=23



