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Abstract 

Problem & Purpose: Perioperative hyperglycemia has been shown to increase the risk of surgical site 

infections in patients who undergo orthopedic surgery. A local hospital in the Mid-Atlantic region has a 

higher rank on the standardized infection ratio than the national, suggesting hospitals have a higher rate of 

actual infections. Thus, the hospital requested an evidence-based clinical algorithm to manage 

perioperative hyperglycemia in their adult patient population undergoing elective orthopedic surgeries. 

The purpose of the quality improvement project was to implement an evidence-based perioperative 

glycemic management algorithm in adult patients undergoing elective orthopedic surgery at the local 

hospital in the Mid-Atlantic region. Methods: This quality improvement project included implementing a 

glycemic management algorithm used by perioperative providers. Anesthesiologists, certified registered 

nurse anesthetists, and registered nurses were educated on the algorithm, and the algorithm was made 

available at all nursing and anesthesia stations. The update and concerns were discussed during the 

weekly huddle and posted on the education bulletin board. The population in this project included diabetic 

and non-diabetic adult patients undergoing orthopedic surgery. Patients under 18 years old, pregnant, or 

admitted to the intensive care unit were excluded from the project. Data collection included patients' 

demographics, hospital blood glucose, insulin administration, and length of stay. Univariant analysis 

including frequency, median, and percentages and run charts were utilized to measure the education 

trained and the algorithm compliance via Microsoft Office's Excel. Results: 80 % (16/20) of 

perioperative providers received protocol education and have accessed the algorithm by week 3 of the 

implementation. The mean glycemic management algorithm utilization compliance was 46.9 % (92/197). 

Additionally, 96% (189/197) of patients met the targeted serum glucose range of 70-200 mg/dL during 

the perioperative period. Conclusions:  The overall findings suggest that the compliance of the algorithm 

and maintenance of target blood glucose between 70-200 mg/dL could be feasible to reduce postoperative 

complications in the perioperative setting. 
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An estimated 425 million adults, or 9.3% worldwide, were diagnosed with diabetes in 

2017, and predicted to increase to 578 million adults in 2030 (International Diabetes Federation 

[IDF], 2019). Hyperglycemia is defined as a blood glucose level greater than 180 mg/dL, and for 

some patients, if maintained, it can lead to postoperative complications regardless of a diabetes 

diagnosis. Uncontrolled glycemic patients have 1.5 times higher surgical site infection (SSI rates 

than control glycemic patients (Martin et al., 2016). SSIs increase the length of stay by ten days 

and two to eleven times increases in mortality rate (Ban et al., 2016). The financial burden of SSI 

is considerable. The estimated cost of SSI in the United States (US) ranges from $3.5 to $10 billion 

annually (Anderson et al., 2014).  

An increasing number of orthopedic surgeries are being carried out on the elderly who have 

a prevalence of diabetes and are dramatically increasing at the particular county of interest hospital. 

According to the community hospital database, over 35% of diabetic patients who undergo 

orthopedic surgery have dysglycemia (hyperglycemia, hypoglycemia, or glucose variability) 

during the perioperative period. Since 2013, the clinical setting has ranked on the standardized 

infection ratio (SIR) of 3.85, suggesting hospitals have a higher rate of infections than the national 

index. Hence, reducing the potential complications from uncontrolled blood glucose in patients 

with diabetes could significantly affect resource utilization within the hospital. The purpose of this 

quality improvement (QI) project is to develop, implement, and evaluate an evidence-based 

algorithm to manage perioperative glycemia to reduce surgical site infection rates in patients 

undergoing orthopedic surgery. 

Literature Review  

The literature review was focused on perioperative glucose management to reduce 

postoperative complications in the adult orthopedic surgery population. The following databases 
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were searched for the studies: PubMed, CINAHL, Cochrane, and Google Scholar to find the best 

practice strategies and recommendations to reduce the postoperative complication of poorly 

controlled glycemia during the perioperative period. Five studies were reviewed independently 

(Table 1) to include the risk and benefits of perioperative glucose management and its 

effectiveness in improving postoperative outcomes.  

The meta-analysis of de Vries et al. (2017) compared a perioperative intensive glycemic 

management protocol (Devries et al. 2017). The study analyzed 15 randomized control trials 

with a total of 2,836 participants. Intravenous insulin administration was utilized in the intensive 

group versus subcutaneous sliding scale insulin administration was used in three studies of the 

conventional group. The study found a significant benefit (p <.001) for an intensive intravenous 

glucose control protocol of less than 150 mg/dl compared with conventional glucose protocol in 

reducing SSI. However, the researchers found a higher risk of hypoglycemia in the intensive 

glucose control compared with the conventional group but no increase in the risk of adverse 

events (death OR 0⋅74, 0⋅45 to 1⋅23 or stroke OR 1⋅37, 0⋅26 to 7⋅20).  

Herrero Domingo et al. (2016) performed a systemic review of 8 randomized controlled 

trials with 1,515 participants total to find the relationship between glycemic control strategies 

and SSI in adult surgical patients. The study found that strict glycemic control between 80 and 

120 mg/dl during the perioperative period using continuous insulin infusion during the surgery 

improves surgical site infection rate and success in glycemic control compared to other methods.  

A similar meta-analysis by Sathya et al. (2013) reviewed the relationship between 

perioperative glycemic targets and postoperative outcomes in diabetes patients. The study found 

that moderately control of perioperative glycemic target between 150-200 mg/dl is associated 

with a reduction in postoperative mortality (OR = 0.48, 95% CI 0.24–0.76)  and stroke (OR = 
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0.61, 95% CI 0.38–0.98) than a liberal target (>200 mg/dl). There was a significant additional 

benefit when more strict glycemic control (<150 mg/ml). However, they found no significant 

differences (p < .001) in patient outcomes between moderate and strict perioperative blood 

glucose targets. 

A meta-analysis completed by Shohat et al.'s (2018) analyzed the relationship between 

perioperative glycemic control and the risk of SSI, mainly in periprosthetic joint infection. A 

total of 10 retrospective cohort studies with 28,841 participants were included in the studies. The 

study suggested that an increase in HbA1C levels and /or perioperative hyperglycemia among 

diabetes patients were linked to a higher risk of surgical site infection after total joint 

arthroplasty (pooled odds ratio 1.49, 95% confidence interval 0.94-2.37, P =.09). 

All studies above supported the benefit of perioperative glycemic management by 

utilizing insulin administration to prevent postoperative adverse events. Although there is no 

uniform guideline regarding the appropriate level of glucose control to prevent adverse 

postoperative outcomes, the overall literature supports the project's Glycemic Management 

Algorithm. Nevertheless, the Surgical Care Improvement Project (SCIP), in partnership with the 

Centers for Medicare and Medicaid (CMS), and other healthcare organizations, has developed a 

core measure to maintain BG at a level of <180 mg/dL to prevent the SSIs (Berríos-Torres et al., 

2017).  

The evidence-based clinical practice guideline (CPG) completed by Duggan et al. (2017) 

was created by a multidisciplinary team of physicians to treat perioperative hyperglycemia adult 

surgical who undergo non-cardiac elective surgery. This CPG recommended using subcutaneous 

rapid-acting insulin to treat  BG > 180 mg/dl intraoperatively. For procedures that anticipated 
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hemodynamic changes (significant fluid shifts, expected changes in temperatures) and length of 

operative > 4 h, an IV insulin infusion is recommended.  

Theoretical Frameworks  

Roger's Diffusion of Innovation Theory (Figure 1) was utilized to investigate the 

adoption of a new perioperative glycemic management algorithm into practice. Based on the 

innovativeness degree of the adopters' characteristics, adopters could be divided into five 

categories that follow an S-curve  (Figure 1) (Rogers, 2010). First, in the awareness stage, the 

project leader conducted a needs assessment, which involved gathering information about 

perioperative hyperglycemia and postoperative SSI, characteristics of adopters, and how related 

factors affect their decision-making process regarding innovation adoption. Second, in the 

interest stage, the stakeholders recognized the need for perioperative hyperglycemic 

management. Third, in the evaluation stage, the project leader endeavored to reduce providers' 

perceived degree of difficulty in adopting the program by offering training sessions to all staff 

using the glycemic management algorithm. Forth, implementation stage, the glycemic 

management algorithm was implemented, and a laminated algorithm was available to every 

nurse and anesthesia station. Fifth, in the adoption stage, the provider observed that patients 

participating in the project appeared to have a better outcome. Alternatively, early adoptive 

practitioners could motivate the late majority of adopters to accept a new glycemic management 

algorithm. 

 The implementation process framework  (Figure 2) described by Helfrich et al. (2007) 

was utilized to guide this project to successful implementation effectiveness.  The framework 

suggested innovations requiring coordinated use by multiple organizational members and 

resource availability mediated by the organization's specific implementation policies and 
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practices and the ensuing implementation climate.  Therefore,  the implementation team carefully 

evaluated and organized before implementing the perioperative glycemic management algorithm 

to ensure sustainability. In addition, the tactic included training intervention, educational 

materials, meetings, cultivation of local opinion leaders, audit and feedback, and reminders to 

help streamline the implementation. Applying the framework ensured the organization 

successfully adopts the algorithm during which intended users bring the algorithm into sustained 

use. 

Methods  

This evidence-based quality improvement project was implemented in the Perioperative 

Unit at the community hospital in the Mid-Atlantic region over 15 weeks, from September 

through December of 2021. There was an average of 10-20 orthopedic patients per week. The 

evidence-based perioperative glycemic management algorithm was implemented to provide clear 

directions and best practice strategies for managing hyperglycemia throughout the perioperative 

period. Both diabetic and non-diabetic adult patients undergoing elective orthopedic surgery 

were included in the intervention. Patients who were less than 18 years old, pregnant, or admitted 

to the intensive care unit were excluded from the project. The practice change involved 

mobilizing an interdisciplinary team of stakeholders at the project site to plan evidence-based 

structure and workflow changes to achieve the project purpose of implementing the evidence-

based perioperative glycemic management algorithm. The interdisciplinary team of stakeholders 

included the project faculty advisor, clinical site representative, chief anesthesiologist, chief 

CRNA, and perioperative nurse manager. The strategies and tactics used to implement the 

practice change included training the 20 anesthesia providers and 20 registered nurses to utilize 

the algorithm. Following training, the laminated algorithm for staff to review was available at 
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every nursing and anesthesia workstation (Appendix C). The continued education and 

progression of the project were communicated every Thursday in morning huddles and updated 

via monthly bulletin broads. Data collection was done weekly with aggregate reporting to the site 

stakeholders for project monitoring and goal achievement determination. 

The structure measure used to track the implementation process included an education 

roster tool (Appendix A) to retrieve documents from the providers who received the 

perioperative glucose management algorithm training at the project site. The process measure 

included providers compliant with the utilization of the perioperative glycemic algorithm to 

maintain blood glucose levels of 70 – 200 mg/dL using the data audit sheet tool (Appendix B). 

Two different criteria measured compliance. First, the percentage of the patients whose finger 

sticks were assessed and maintained blood glucose levels of 70-200 mg/dL throughout the 

perioperative period per algorithm. Second, the percentage of patients who had a finger stick 

blood glucose > 200 mg/dL who were treated with insulin and reassessed every 60 minutes 

throughout the operative period per algorithm. The outcome measure included the number of 

adult orthopedic surgical patients who maintained blood glucose levels of 70-200 g/dL by the 

end of the perioperative period. 

To protect human rights, no identifiers were collected. All project data was recorded on a 

secure data management spreadsheet and stored on password-protected devices accessible only 

by the QI Project Lead (QI-PL). Staff education data collection was retrieved using a staff roster 

and education measurement tool  (Appendix A). A complete data collection was conducted and 

de-identified by the informatics specialists to retrieve blood glucose screening, glycemic 

management order, insulin administration, and demographic data. Data files were sent to QI -PL 

via encrypted email. Data were recorded and analyzed on the data analysis spreadsheet weekly 
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by the QI-PL. Univariant analysis including frequency, median, and percentages and run charts 

were utilized to measure the education trained and the algorithm compliance via Microsoft 

Office's Excel. 

The strategies and tactics were refined along with the implementation of the project as   

the QI-PL encountered barriers. First, the project site had problems with glucometer access, 

availability of glucometers in the intraoperative period, and provider concerns regarding the 

algorithm's inclusion criteria. In order to address these barriers, the additional steps included 

meeting with the chief MDA and CRNA to confirm plans and discuss revised inclusion criteria 

for protocol and the need for OR glucometer availability. Additionally, telephone conferences 

with school administration to support and plan to ensure its success. QI-PL adjusted data 

collection dates due to this delay. Second, preoperative and PACU nurses could not attend the 

presentation during the education training day. Additional tactics included a record of a 

Powerpoint presentation was provided to the perioperative nurse manager to distribute to all 

nurses. Third, the algorithm was done mainly in diabetic surgical patients instead of all adult 

surgical patients who underwent orthopedic surgery. Additional education regarding the 

importance of maintaining blood glucose of less than 200 dL/ml was provided through face-to-

face education and email. Fourth, due to the delay in data collection by the informatics 

specialists, the QI-PL was able to analyze the data only from September to December. These 

caused a significant delay in interpreting the data and updating project progress to the 

stakeholders. Additional tactics included emailing and phone calls to discuss the project's goal 

and reminding informatics specialists about data collection.  

Results 



IMPLEMENTATION OF GLYCEMIC MANAGEMENT ALGORITHM                                 10 

 

 

For the structure measure, 20 anesthesia providers were in the anesthesia department at 

this community hospital. The providers' access and education on the perioperative glycemic 

algorithm was 80% (16/20) by the end of the third week of the implementation period (Figure 4). 

For the process measure, the result of the providers' compliance with the perioperative glucose 

management algorithm was shown in Figures 5 and 6. A total of 197 adult orthopedic surgeries 

occurred during the QI project intervention. The compliance rates varied between 12.5 % (1/8) to 

69.1% (11/16). The lowest compliance rate reported was at week one, and the highest rate 

reported was at week 11. The overall mean compliance of providers utilizing the glucose 

management algorithm was 46.9 % (92/197). Almost 96 % (189/197) of the patients met the 

target serum glucose range of 70-200 mg/dL during the perioperative period. The data showed 

that the completion of training education correlated with the increasing use of the perioperative 

glycemic management algorithm. 

The several unintended consequences of implementing the project were identified along 

with the implementation process. First, there were multiple per diem providers who were not 

included in the education process, which resulted in a decrease in the percentage of providers' 

compliance with the algorithm. Per diem providers were identified as provider work assignments 

added to or substituted for career and limited appointment staff on a pre-scheduled basis or as 

needed daily. Second, the cost to purchase additional glucometers was very high, and the facility 

was unable to buy them during the implementation period. The glucometers were located in the 

preoperative area, intraoperative area, and postoperative area. Sharing the glucometer among 

three locations made the process of checking blood glucose challenging for the providers. For the 

provider compliance with the algorithm to assess patient blood glucose, they need to have an 

adequate number of glucometers throughout the perioperative area. Lastly, implementing the 



IMPLEMENTATION OF GLYCEMIC MANAGEMENT ALGORITHM                                 11 

 

 

project during the COVID-19 pandemic caused additional strains on the providers who were 

facing short-staffing and overwhelming workload.  

Discussion  

The findings suggested an under-achievement of the proposed goal of glucose 

management algorithm compliance. These could result from the multiple Per diem providers in 

this facility who were not included in the education process. In addition, the limited number of 

glucometers throughout the perioperative area contributes to non-compliance. Further, the 

finding concluded that the inconsistency of the glucose management algorithm compliance could 

be due to the delay in data collection by the informatics specialists. Therefore, the QI leader 

could not analyze the data in time. This caused a significant delay in interpreting the data and 

further initiated the appropriate tactic to solve the problem identified. However, almost 100 % of 

orthopedic surgical patients met the target serum glucose of 70-200 mg/dL. Following 

sustainability of the practice change of utilizing the algorithm, the facility could assess the 

impact on the clinical outcome on the decrease in SSI rate, mortality, and LOS, which was the 

long-term goal for this project.    

Existing literature supports utilizing a glucose management algorithm to reduce 

postoperative complications in orthopedic surgery. As several studies in patients with and 

without diabetes have shown, hyperglycemia is associated with poorer postoperative outcomes. 

Duggan et al. (2016) recommended utilizing the blood glucose management protocol using 

subcutaneous insulin injection to correct perioperative hyperglycemia in the general surgery 

population. In addition, the meta-analysis by De Vries et al. (2017)  reviewed the benefits of 

glycemic control and its relationship to postoperative adverse events such as SSI, stroke, or 

death.  
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The factors that might have limited internal validity included the Covid-19 pandemic, 

inconsistency of anesthesia providers, providers' resistance to change, and the lack of 

glucometers in the perioperative area. Multiple measurement efforts to minimize and adjust for 

limitations included ongoing education toward the Per diem providers. Continuing education and 

monitoring were required to sustain compliance. However, due to the Covid-19 pandemic, many 

interventions and tactics were unable to be implemented. For example, the Thursday huddle was 

limited to in-person staff meetings with no conference video chat available, which led to fewer 

providers participating in the meeting. Therefore, multiple measurements required adjustment, 

such as using electronic materials via email for the staff reminders. Lastly, the effort from the 

stakeholders to provide additional glucometers in the near future may increase the compliance of 

providers utilizing the algorithm.   

Conclusion  

A perioperative glucose management algorithm was fairly successfully implemented at a 

community hospital in the Mid-Atlantic region. Some limitations included the Covid-19 

pandemic, inconsistency of anesthesia providers, providers' resistance to change, and the lack of 

glucometers in the perioperative area. Implementation of the glucose management algorithm was 

feasible and may lead to reduce postoperative complications in the perioperative setting. 

Providing glycemic control by utilizing the perioperative glycemic management algorithm 

during orthopedic surgery has significant benefits on surgical outcomes. Particular strengths of 

the project include mechanisms for the sustainability of practice change by the glycemic 

management algorithm training, and the update should be incorporated into the staff meetings, 

annual training as well as new hire orientation. Education and training of providers are essential 

as they are part of the process of assisting in transitioning the patient through each stage of the 
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operative phase. Biomedical engineering is also vital in providing valid access to glucometers 

and ample working glucometers. Lastly, future QI projects should include the implementation of 

the hyperglycemia management algorithm for all adult surgical patients throughout the 

organization.  
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Table 1  

Evidence Review Table  

Citation: de Vries, F. E. E., Gans, S. L., Solomkin, J. S., Allegranzi, B., Egger, M., Dellinger, E. P., & Boermeester, M. A. (2017). 

Meta-analysis of lower perioperative blood glucose target levels for the reduction of surgical-site infection. The British Journal of 

Surgery, 104(2), e95–e105. https://doi.org/10.1002/bjs.10424 

 

Level I 

Purpose/ 

Hypothesis 

Design Sample Intervention Outcomes Results 

The purpose of this 

systemic review (SR) 

was "to define optimal 

perioperative blood 

glucose target levels in 

surgical patients with or 

without diabetes to 

prevent SSI." 

 

 

 

 

Systemic review (SR) 

with meta-analysis 

Sampling Technique: 

PubMed, Embase 

(Ovid), the Cochrane 

Central Register of 

Controlled Trials 

(CENTRAL), the 

Cumulative Index to 

Nursing and Allied 

Health Literature 

(CINAHL), and WHO 

global and regional 

databases were 

searched for articles 

published from January 

1990 to August 2015 

using search terms 

"SSI," "glucose 

control" and "surgical 

procedures." 

The language was 

restricted to English, 

Spanish and French. 
Two authors 

independently screened 

all titles and abstracts. 

Eligible studies: RCTs 

comparing a 

perioperative intensive 

glucose protocol (with 

stricter and lower blood 

Control: Conventional 

protocol (targeting 

more liberal /higher 

blood glucose levels) 

which varied between 

studies (standard care, 

no control BG, bolus 

insulin target BG < 

200)    

  

Intervention: All of the 

studies used an 

intensive protocol 

(targeting stricter/lower 

blood glucose levels: 

intravenous insulin 

administration, 

subcutaneous 

administration, 

continuous insulin 

administration, 

intermittent 

administration, and 

fixed high dose with 20 

percent dextrose 

separately). 

 

Protocol: All protocols 

of each article were 

DV: The primary 

outcome was SSI (or 

wound infection). 

Secondary outcomes 

were hypoglycemic 

events (both laboratory 

results or clinically 

relevant), stroke, and 

mortality.  

 

The definition of 

postoperative varied 

from 18h to starting 

enteral nutrition to a 

maximum of 2 weeks.  

 

The definition of 

SSI/wound infection 

varied between studies. 

Four studies (n=4) 

mentioned only 

deep/organ space 

wound infections. One 

study (n=1) reported 

only superficial wound 

infections, and the other 

studies either reported 

on both or did not 

clearly describe their 

Level of 

Measurement: Meta-

analyses were 

performed with the 

Review Manager (The 

Cochrane 

Collaboration, The 

Nordic Cochrane 

Centre, Copenhagen, 

Denmark) with a 

random-effects model. 

Outcome Data 

Retrieval: The 

researchers pooled data 

from all selected 

articles and retrieved it 

from the text and 

summarized it in an 

evidence table. 

Analysis: The 

researchers found a 

significant benefit for 

an intensive glucose 

control protocol 

compared with a 

conventional glucose 

control protocol in 

reducing SSI (odds 

ratio (OR) 0⋅43, 95 

https://doi.org/10.1002/bjs.10424
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glucose target levels) 

with a conventional 

glucose protocol (with 

more liberal and higher 

blood glucose target 

levels) in adult patients. 

Excluded: 1) Studies 

comparing different 

protocols or a different 

route of administration 

with comparable blood 

glucose target levels, 2) 

no outcome of SSI or 

wound infection, 3) no 

comparison of different 

target levels, 4) no 

surgical procedure, 5) 

not an RCT 

Included: 15 

randomized controlled 

trials with 2,836 

participants total. All 

studies in the intensive 

group used intravenous 

insulin administration, 

whereas three studies in 

the conventional group 

employed subcutaneous 

administration. Some 

studies used continuous 

insulin administration, 

whereas others used 

intermittent 

administration. 
Procedures included: 

Cardiac, abdominal, 

neurosurgery. 

PRISMA: 

Included detailing 

decision making criteria 

summarized in the table 

format.  

 

 

definition criteria. Two 

studies (n=2) compared 

only intra-op BG, eight 

studies (n=8) assessed 

intra-op and postop BG 

control, and five studies 

examined postoperative 

BG control. 

Measure:  

Primary outcome 

measurement: The rate 

of the SSI.  

Secondary Outcome 

measurement: The rate 

of hypoglycemia or 

stroke or mortality. 

 

Definition of   

hypoglycemia: the 

definition of 

hypoglycemia varied 

between studies.  

percent CI 0⋅29 to 0⋅64; 

P < 0⋅001).  

 

There was no evidence 

that the effect of 

intensive blood-glucose 

control differed 

between studies, 

including patients with 

or without diabetes (P = 

0⋅590). 

 

Meta-analysis of 

adverse events showed 

a higher risk of 

hypoglycemic events in 

intensive versus 

conventional protocols 

(OR 5⋅55, 95 percent 

CI: 2⋅58 to 11⋅96). 

 

Meta-analysis of 

postoperative death and 

stroke showed no 

significant differences 

between intensive and 

conventional protocols 

(OR 0⋅74 (0⋅45 to 1⋅23) 

and OR 1⋅37 (0⋅26 to 

7⋅20), respectively). 

 

Conclusion: The 

intensive protocol with 

stricter and lower blood 

glucose target levels of 

less than 150 mg/dl 

reduces SSI rate with 

an inherent risk of 

hypoglycemic events 

but without a 
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and PRISMA flow 

chart for 

retaining/omitting 

studies from the SR 

Power analysis: Not 

applicable to SR 

critique 

significant increase in 

serious adverse events. 

 

SR Bias Risk: Based 

on the methodology 

described, bias risk is 

high due to many 

studies were scored as 

unclear or high.    

Citation: Duggan, E. W., Carlson, K., & Umpierrez, G. E. (2017). Perioperative Hyperglycemia Management: An 

Update. Anesthesiology, 126(3), 547–560. https://doi.org/10.1097/ALN.0000000000001515 

 

Level I 

Purpose/ 

Hypothesis 

Design Sample Intervention Outcomes Results 

The purpose of this 

study was to present a 

universal insulin 

algorithm for the 

perioperative 

management. 

hyperglycemia and 

diabetes implemented 

at Emory University 

Hospital. 

CPG conducted by the 

experts derived from 

several RCTs, 

systematic reviews, and 

meta-analyses. 

Hyperglycemic and 

diabetic patient 

population undergoing 

general surgery at 

Emory University 

Hospital. 

Glycemic targets: 

Glycemic targets were 

recommended by 

several organizations 

and provided in the 

article.  

 

Preoperative glycemic 

management: Type 2 

diabetics treated with 

oral medications 

recommendation 

guidline provided in the 

article.  

 

Type 2 diabetics treated 

with insulin recommend 

to continue insulin 

therapy. The patient's 

basal insulin (glargine 

or detemir) dose be 

reduced by 

approximately 25% of 

normal dose the 

evening before or 

morning of surgery if 

Diabetes and 

hyperglycemia risk 

evaluated before 

elective surgery in 

preoperative clinic. 

Non-diabetic patients 

aged 45 years or older, 

or with a BMI ≥ 25 

undergo HgA1C testing 

if not done within the 

last 3 months to rule out 

undiagnosed diabetes. 

 

Measure: Point of care 

(POC) testing is 

completed using a 

monitoring device with 

demonstrated accuracy 

in the hospital setting. 

Hyperglycemia is 

common in surgical 

patients. Current data 

demonstrate an 

association between 

elevated BG and a risk 

of perioperative 

complications in 

diabetic and non-

diabetic patients.  

 

Conclusion: Insulin 

administration intra and 

postoperatively has 

been shown to improve 

clinical outcomes. 

Individual patient 

characteristics and 

surgical case factors are 

considered when 

choosing subcutaneous 

insulin or an insulin 

infusion. Blood glucose 

values of 180 mg/dL 

(10 mmol/L) or higher 

are treated with insulin. 

https://doi.org/10.1097/ALN.0000000000001515
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twice-daily dosing. 

NPH insulin and 

premixed formulations 

are reduced by 20% the 

evening before surgery 

and 50% on the 

morning of surgery. 

 

Type I diabetes is 

recommended to 

receive 80% of basal 

insulin dose the evening 

before surgery and on 

the morning of surgery 

to prevent 

hypoglycemia. 

 

Intraoperative 

glycemic management 

The CPG is 

recommended to  treat 

hyperglycemia (greater 

than 180mg/dl, 10mM) 

with subcutaneous 

rapid-acting insulin 

analogs or with an IV 

infusion of regular 

insulin. 

 

Postoperative 

glycemic 

management: The 

CPG recommended that 

BG checks continue at 

least every two h for all 

diabetic patients and 

non-diabetics treated 

with insulin in the 

operating room. 

Correctional 

Target range for the 

perioperative period is 

140-180 mg/dL (7.7-10 

mmol/L). 
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subcutaneous rapid-

acting insulin doses are 

provided for BG greater 

than 180mg/dl.  

Citation: Herrero Domingos, C. M., Senyer Iida, L. I., & de Brito Poveda, V. (2016). Glycemic control strategies and the 

occurrence of surgical site infection: a systematic review. Revista Da Escola de Enfermagem Da USP, 50(5), 868–874. https://doi-

org.proxy-hs.researchport.umd.edu/10.1590/S0080-623420160000600022  

 

Level I 

Purpose/ 

Hypothesis 

Design Sample Intervention Outcomes Results 

The purpose of this 

study was "To analyze 

the available evidence 

in the scientific 

literature on the 

relationship between 

glycemic control 

strategies performed 

and the occurrence of 

surgical site infection in 

adult patients 

undergoing surgery". 

A systematic review 

(SR) 

Sampling Technique: 

The researcher searched 

the following database 

to include in the 

systemic review:  

Cumulative Index to 

Nursing and Allied 

Health Literature 

(CINAHL); Medical 

Literature Analysis and 

Retrieval System 

Online (MEDLINE); 

Latin American and 

Caribbean Health 

Sciences (LILACS); 

Cochrane Database of 

Systematic Reviews 

(CDSR, Cochrane 

Reviews); EMBASE. 

The literature searched 

yielded 878 studies 

initially and then 

screened based on 

inclusion and exclusion 

criteria. Two reviewers 

independently reviewed 

the extraction data 

using the Jadad et al. 

score to assess the 

Control: The control 

varied between studies 
included in the SR. The 

studies used different 

methods of glycemic 

control focused on 

maintaining blood 

glucose below 200 

mg/dL 

 

Intervention: The 

majority of the studies 

used the continuous 

infusion of insulin 
during the perioperative 

period. 

 

Protocol: Not 

applicable to SR 

critique 

DV: Researchers 

selected articles with a 

primary outcome of 

SSI.  

 

SSIs were classified 

according to the 

topography.  

Superficial incisional 

SSI (SI - SSI) if the 

occurrence is in the first 

30 days after surgery 

and involves only skin 

and subcutaneous 

tissue; i 

Deep incisional SSI (DI 

– SSI) occurs if deep 

soft tissues are affected 

and occur within 30 

days after surgery or 

even after a year in 

cases of prosthetic 

implants. 

Organ/space SSI (OS - 

SSI) if identified in the 

first 30 days after 

surgery, or even after a 

year, and affects organs 

Outcome Data 

Retrieval: Researchers 

pooled data from all 

selected articles. 

 

Analysis: The studies 

(n=7) that used the 

continuous infusion of 

insulin, compared to 

different forms of 

glycemic control, 

focused on maintaining 

the blood glucose 

below 200 mg/dL, 

preferably with values 

below 150 mg/dL, 

showed a higher 

association with 

reduced rates of SSI. 

Two studies (n=2) 

showed no statistically 

significant associations 

between continuous 

infusion of insulin and 

the occurrence of SSI. 

Continuous Insulin 

infusion during surgery 

was the most tested and 

seemed to get better 

https://doi-org.proxy-hs.researchport.umd.edu/10.1590/S0080-623420160000600022
https://doi-org.proxy-hs.researchport.umd.edu/10.1590/S0080-623420160000600022
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quality of randomized 

controlled trials. The 

data synthesis from the 

studies was performed 

descriptively. All 

reasons for inclusion 

and exclusion were 

documented. 

 

Eligible Studies: 

Randomized controlled 

trials that analyzed 

different glycemic 

control strategies in the 

perioperative period 

used with patients aged 

18 years or over and 

their relationship with 

the occurrence of SSI, 

published in English, 

Spanish and 

Portuguese, from the 

indexing date in the 

investigated databases 

until December 12, 

2015.  

Excluded: (1) those on 

glycemic control 

procedures in patients 

who did not undergo 

surgery, (2) those 

testing interventions in 

animals or a laboratory; 

(3) those using only one 

dietary control strategy 

for blood glucose 

regulation. 

Included: 8 

randomized controlled 

trials with 1,515 

or cavities manipulated 

during surgery 

 

Measure: The rate of 

SSI. 

results in reducing 

surgical site infection 

rates and success in 

glycemic control 

compared to other 

strategies. 

 

Conclusion: Strict 

glycemic control during 

the perioperative 

benefits the recovery of 

surgical patients, 

especially for the 

successful 

implementation of the 

measure of the 

performance of the 

nursing team. 

 

SR Bias Risk: The risk 

of bias was included in 

the study and was 

serious as many 

variables were scored 

as unclear.  
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participants total. 

Procedures: (General, 

gastrointestinal (GI), 

vascular, and heart 

surgeries). 

PRISMA: Included 

detailing decision 

making criteria for 

retaining/omitting 

studies from the SR 

Power analysis: Not 

applicable to SR 

critique 

Citation: Sathya, B., Davis, R., Taveira, T., Whitlatch, H., & Wu, W.-C. (2013). The intensity of perioperative glycemic control and 

postoperative outcomes in patients with diabetes: a meta-analysis. Diabetes Research and Clinical Practice, 102(1), 8–15. 

https://doi-org.proxy-hs.researchport.umd.edu/10.1016/j.diabres.2013.05.003 

 

Level (I) 

Purpose/ 

Hypothesis 

Design Sample Intervention Outcomes Results 

The purpose of the 

study was "to conduct a 

meta-analysis relating 

distinct perioperative 

glycemic targets and 

postoperative outcomes 

in patients with 

diabetes." 

Systemic review (SR) 

with meta-analysis 

Sampling Technique: 

The researchers 

searched the specific 

terms: "diabetes 

mellitus" and 

"perioperative" and 

"mortality" and "blood 

glucose" or "strict 

glucose control" or 

"intensive insulin 

therapy in PUBMED, 

CENTRAL, and 

EMBASE. The 

literature search yielded 

760 studies, of which 

six studies met 

inclusion criteria. Two 

reviewers 

independently rated the 

study quality using a 

standardized protocol. 

Control: liberal 

perioperative glycemic 

target (> 200 mg/dL) 

 

Intervention: 

Interventions in the 

studies in the SR were 

predominantly 

moderate (150-200 

mg/dL) or strict 

glycemic control 

groups (90–150 

mg/dL). 

 

Protocol: Not 

applicable to SR 

critique 

Dependent Variable: 

The primary outcome 

was postoperative 

mortality, with the 

majority of the studies 

reporting short-term 

outcomes as 30-day 

event rates.  

The secondary 

outcomes were 

postoperative incidence 

of atrial fibrillation, 

infection, or stroke. 

 

Measure: The primary 

outcome in most studies 

reported short-term 

outcomes as 30-day 

event rates.  

The secondary 

outcome: the event rate 

Level of 

Measurement: Meta-

analysis of studies 

conducted using a 

random-effects model 

(Dersimonian–Laird) 

method to pool risk 

ratios. The result shows 

no significant 

heterogeneity. 

 

Outcome Data 

Retrieval:  Researchers 

pooled data from all 

selected articles.  

 

Analysis: The 

researchers found that a 

moderate glycemic 

target was associated 

with reduced 

https://doi-org.proxy-hs.researchport.umd.edu/10.1016/j.diabres.2013.05.003
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Disagreements over 

study selection were 

resolved by discussion 

with the senior 

reviewer. All reasons 

for inclusion and 

exclusion were 

documented. 

Eligible Studies: 
Retrospective analyses, 

non-randomized 

prospective studies, and 

randomized control 

trials.  

Excluded: (1) studies 

did not compare 

intensive or 

conventional control (2) 

studies that didn't 

compare intensive or 

conventional control (3) 

studies that didn't 

stratify data available 

(4) studies that didn't 

examine perioperative 

control 

Included: A total of 6 

studies was included in 

the meta-analysis: two 

were retrospective 

analyses (5710 

patients), one was a 

non-randomized 

prospective study (200 

patients), and three 

were randomized trials 

(423 patients) with 

6,333 participants total. 

All of the studies 

included patients with 

of atrial fibrillation, 

infection, and /or 

stroke. 

   

postoperative mortality 

(OR = 0.48, 95% CI 

0.24–0.76) and stroke 

(OR = 0.61, 95% CI 

0.38–0.98). However, 

they found no 

significant differences 

in postoperative 

outcomes between 

moderate versus strict 

perioperative glycemic 

targets. 

 

Conclusion: Pooled 

results suggest that in 

patients with diabetes, a 

moderate perioperative 

glycemic target (150–

200 mg/dl is associated 

with a reduction in 

postoperative mortality 

and stroke compared 

with a liberal target 

(>200 mg/dl, whereas 

no significant 

additional benefit, was 

found with more strict 

glycemic control (< 150 

mg/dl). 

 

SR Bias Risk: The 

researchers used Begg's 

test to assess the effect 

of publication bias and 

small-study effects. 
Based on the 

methodology described, 

bias risk is low 
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diagnosed diabetes and 

patients with 

undiagnosed diabetes 

who mostly met current 

guideline criteria for the 

diabetes diagnosis, 

presence of intra-

operative or 

postoperative glycemic 

measurements, and the 

presence of at least two 

distinct glycemic 

targets for comparison 

within the same 

evaluation period. 

PRISMA: Included 

detailing decision-

making criteria for 

retaining/omitting 

studies from the SR 

Power analysis: Not 

applicable to SR 

critique 

Citation: Shohat, N., Muhsen, K., Gilat, R., Rondon, A. J., Chen, A. F., & Parvizi, J. (2018). Inadequate Glycemic Control Is 

Associated With Increased Surgical Site Infection in Total Joint Arthroplasty: A Systematic Review and Meta-Analysis. The 

Journal of Arthroplasty, 33(7), 2312–2321. https://doi-org.proxy-hs.researchport.umd.edu/10.1016/j.arth.2018.02.020 

Level I 

Purpose/ 

Hypothesis 

Design Sample Intervention Outcomes Results 

The purpose of this 

study was "to assess the 

relationship between 

perioperative glycemic 

control and the risk for 

SSI, mainly 

periprosthetic joint 

infection." 

Systemic review (SR) 

with meta-analysis 

Sampling Technique: 

The researchers used a 

search strategy that 

combined search terms 

related to the exposures 

(e.g., "Hemoglobin 

A1C," "Glycemic 

control," "Diabetes 

mellitus") with those 

related to the outcomes 

Control: Uncontrol 

glycemic control during 

the perioperative period 

 

Intervention: 

Glycemic control 

controlled during the 

perioperative period.  

 

  

Dependent Variable: 

Researchers selected 

articles with a primary 

outcome of 

periprosthetic joint 

infection (PJI) rates/SSI 

rate 

 

Measure: The majority 

of the studies measured 

Level of 

Measurement: The 

meta-analysis was 

assessed as a 

dichotomous variable 

above a certain cut-off. 

Pooled OR and 95% CI 

were obtained using the 

random-effects model. 

Forest plots were 

https://doi-org.proxy-hs.researchport.umd.edu/10.1016/j.arth.2018.02.020
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(e.g., "Total hip 

arthroplasty," "Total 

knee arthroplasty," 

"Total joint 

arthroplasty") in OVID-

MEDLINE, Embase, 

and Web of Science 

from inception until 

June 1, 2017. The 

literature search yielded 

276 studies, of which 

17 studies met inclusion 

criteria and were 

included in the 

systematic review. Ten 

of them were included 

in the meta-analysis 

examining the role of 

HbA1C in predicting 

SSI. The initial 

screening of records 

was performed based 

on titles and abstracts. 

Three reviewers 

reviewed the articles 

and extracted data 

independently using a 

standardized data 

abstraction form. 

Discrepancies were 

resolved by mutual 

discussions. 

Eligible Studies: The 

eligibility studies were 

observational studies 

(case-control and 

cohort studies) or 

clinical trials that 

examined associations 

between glycemic 

The definition 

of glycemic control 

herein was based on the 

definition employed in 

the original studies 

using: (1) HbA1C 

levels or (2) 

perioperative glucose 

values. 

 

Protocol: Not 

applicable to SR 

critique 

PJI rate and SSI rate in 

others.  

 

There were 

heterogeneous 

definitions among the 

studies.  

 

 

generated to display 

summarized results. 

Heterogeneity among 

the studies was assessed 

using the heterogeneity 

chi-squared test and I 2 

index, and a sensitivity 

analysis was performed 

to identify sources of 

heterogeneity. 

 

Outcome Data 

Retrieval: Researchers 

pooled data from all 

selected articles. 

 

Analysis: Ten studies 

suggested that elevated 

HbA1C levels were 

associated with a higher 

risk of SSI after TJA 

(pooled odds ratio 1.49, 

95% confidence 

interval 0.94-2.37, P 

=.09) with significant 

heterogeneity between 

studies (I 2 =81.32%, P 

< .0001). In a subgroup 

analysis of studies 

considering HbA1C 

with a cut-off of 7% as 

uncontrolled, this 

association was no 

longer noticed (P= .50). 

All five studies that 

specifically assessed 

SSI and perioperative 

hyperglycemia showed 

a significant 

association, which was 
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control and SSI 

following primary or 

revision total hip 

(THA) and total knee 

(TKA) arthroplasty. 

Excluded: (1) not 

providing any objective 

findings on 

perioperative glycemic 

control (mean glucose 

or HbA1C levels); (2) 

that had no comparison 

or control group 

(mainly case reports 

and case series); (3) 

that did not specifically 

report SSI or did not 

differentiate between 

SSI from other adverse 

outcomes; and/or (4) 

that involved patients 

who had undergone 

hemiarthroplasty. 

Included: A total of 10 

studies were included in 

the meta-analysis; all of 

the studies were 

retrospective cohort 

studies (28,841 

patients), and all of the 

studies assessed deep 

SSI/periprosthetic joint 

infection in total joint 

arthroplasty. 

PRISMA: Included 

detailing decision-

making criteria for 

retaining/omitting 

studies from the SR 

Power analysis: Not 

usually attenuated after 

adjusting for covariates. 

 

Conclusion: 

Inadequate glycemic 

control was associated 

with an increased risk 

for SSI after TJA. 

However, the optimal 

HbA1C threshold 

remains contentious. 

Pooled data does not 

support the 

conventional 7% cut-

off for risk 

stratification. Future 

studies should examine 

new markers for 

determining adequate 

glycemic control. 

 

SR Bias Risk: 

Publication bias was 

assessed by the Egger 

regression intercept. 

MedCalc software was 

used. Based on the 

methodology described, 

bias risk is medium. 



IMPLEMENTATION OF GLYCEMIC MANAGEMENT ALGORITHM                                 28 

 

 

applicable to SR 

critique 

 

Table 2 

Synthesis Table  

Evidence Based Practice Question (PICO):  Does the blood glucose control strategies used perioperatively with adult orthopedic surgical patients 

reduce the occurrence of SSI and complications postoperatively as compared to the conventional method ? 

 

Level 

of Evidence 

# 

of 

Studies 

Summary of Findings Overall Quality 

I 

 

5 

 

de Vries et al. (2017) found a significant benefit for the 

intensive glucose control of less than 150 mg/dl 

compared with conventional glucose protocol in 

reducing SSI. However, the researchers found a higher 

risk of hypoglycemia in the intensive glucose control 

compared with the conventional group but no increase 

in the risk of adverse events.  

 

 

 

Duggan et al. (2017) CPG was developed by a 

multidisciplinary team of physicians used to 

comprehensively manage perioperative hyperglycemia 

across diabetic and non-diabetic patients undergoing 

non-cardiac elective surgery at Emory University. This 

CPG contains insulin algorithms that address all phases 

of the perioperative surgical processes, evaluation of 

diabetic and non-diabetic patients, a postop glycemic 

monitoring and treatment plan for DM Type I & II, and 

stress-induced hyperglycemia (SIH). For the 

management of postop hyperglycemia in non-critically 

ill patients undergoing general surgery,  

B- The systemic view has a large sample size with RCT in all the 

studies. However, the level of evidence was downgraded due to the 

serious risk of bias and indirectness. There was also substantial 
clinical heterogeneity between studies with a wide variety in protocols 

used, blood glucose target levels, and achieved target levels. Besides, 

many studies in this meta-analysis involved a large number of 

patients undergoing major surgery that required postoperative ICU 

stay, which poses a threat to the validity of the study results to the 

general population.   

 

A- The strengths of this protocol included its evidence-based practice 

recommendations from subject matter experts and organizations on 

diabetic management. This protocol is designed to manage all types of 

glycemic variability and patient populations. Limitations of this CPG 

included the lack of specialty surgical patient groups, such as 

orthopedic patients.  
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Herrero Domingo et al. (2016) the system review Strict 

glycemic control between 80 and 120 mg/dl during the 

perioperative period by using continuous insulin 

infusion during the surgery provide a better result in 

reducing surgical site infection rate and success in 

glycemic control.  

 

Sathya et al. (2013) found that moderately control of 

perioperative glycemic target between 150-200 mg/dl is 

associated with a reduction in postoperative mortality 

and stroke compared with a liberal target (>200 mg/dl). 

There was a significant additional benefit when more 

strict glycemic control (<150 mg/ml)   

 

Shohat et al.'s (2018) meta-analysis of 10 studies 

suggested that an increase in HbA1C levels and /or 

perioperative hyperglycemia among diabetes patients 

were associated with a higher risk of SSI after TJA.   

 

 

 

 

B- The strengths of this study included the design (systematic review) 

with a large total sample size of eight RCTs (N=447), and the study 

groups consisted of diabetic and non-diabetic patients. The limitation 

of the study included none of the studies involved orthopedic surgery 

patients. 

 

 

B-   The strength of this study was the randomized research collection 

and its heterogeneity. A limitation of this meta-analysis was a small 

sample size; of the 760 studies, only six qualified. The majority of the 

studies were excluded because of a lack of control groups and a lack 

of specific outcome data. 

 

 

C- The strength of this study included a systemic review with meta-

analysis with a large sample of 28,841. However, none of the articles 

included in the meta-analysis were RCT. The results of the review 

support an association between perioperative hyperglycemia and SSI. 

However, some studies supporting this association were 

underpowered and did not take into account other confounders such as 

age and BMI. Another limit in this study is that the definition of 

uncontrolled glucose differs across studies which limits their 

comparability.  
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Figure 1 

Roger's Diffusion of Innovation Theory 

 

 
 

Note. This model shows that the diffusion of innovation can be divided into two parts: 

innovation and diffusion. From "The acceptance for innovation by Rogers," by Lien, A. 

S.-Y., & Jiang, Y.-D. (2017). Integration of diffusion of innovation theory into diabetes 

care. Journal of Diabetes Investigation, 8(3), 259–260. 

(https://doi.org/10.1111/jdi.12568). 
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Figure 2 

 

Conceptual Framework of Complex Innovation Implementation 

 

 

Note. From "Adapting a Framework for Complex Innovations," by Helfrich, C. D., 

Weiner, B. J., McKinney, M. M., & Minasian, L. (2007). Determinants of 

implementation effectiveness: Adapting a framework for complex innovations. Medical 

Care Research and Review, 64(3), 279–303. (https://doi-org.proxy-

hs.researchport.umd.edu/10.1177/1077558707299887). 

 

 

 

 

 

 

https://doi-org.proxy-hs.researchport.umd.edu/10.1177/1077558707299887
https://doi-org.proxy-hs.researchport.umd.edu/10.1177/1077558707299887
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Figure 3 

The Current Workflow Pattern Needs to be Changed 
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Figure 4 

Staff Roster and Education on Algorithm Run Chart  
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Figure 5 

Glucose Management Algorithm Compliance  
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Figure 6 

Glucose Management Algorithm Compliance Run Chart   
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Appendix A 

Education Roster Tool 
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Appendix B 

Data Audit Sheet Tool  

Date of 

Admission 

De-

Identified 

Patient ID 

CPG 

Utilized 

(YES = 1) 

CPG Not 

Utilized 

(No = 0) 

Blood 

Glucose 

between 

70 – 180 

mg/dL 

Code for 

Utilizing 

Provider 
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Appendix C 

Perioperative Glucose Management Clinical Practice Guideline 

 

 

 

 


