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Abstract 

 

 Individuals with diabetes experience higher postoperative morbidity and mortality. This thesis 

aims to evaluate the effect of a multimodal care pathway package; the Enhanced Recovery after 

Surgery (ERAS®) program, on those with diabetes. The first section systematically evaluated the state 

of the evidence, and found a lack of robust evidence assessing the impact of ERAS® in the diabetes 

population.  

To address a knowledge gap, the second section of this thesis focused on analyzing the “real-

world” findings of implementing ERAS® program on length of stay (LOS) and postoperative 

outcomes in the province of Alberta in a retrospective cohort of all colorectal surgical patients and 

the diabetes subgroup while accounting for secular trends overtime utilizing an interrupted time series 

(ITS) model. The diabetes subgroup did not demonstrate any benefit post implementation of ERAS® 

for 12 months, but reassuringly, no harm was observed in any of the postoperative outcomes. Future 

intervention studies are still required to improve postoperative outcomes in colorectal surgical 

patients with diabetes. On the other hand, despite a lower LOS post ERAS® in the full cohort, the ITS 

analysis found this to be secondary to a background trend predicted by the 12-month period preceding 

ERAS® and may not be directly attributable to ERAS® program implementation. This unexpected 

finding is contrary to the ERAS® literature and necessitates further evaluation of the impact of 

ERAS® program in real world settings, using robust study designs. 
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1 Chapter 1: Introduction 

Literature Review 

1.1.1 Surgical Risk in Individuals with Diabetes 
 

Epidemiology	

The prevalence of diabetes in surgical patients is estimated to be 10-15%, and up 

to 40% in some specialties such as bariatric surgery.(1–3) People with diabetes are more 

likely to require surgery compared to those without diabetes, and with the prevalence of 

diabetes in adults estimated at 8.8% worldwide [425 million people] and an expected rise 

in these numbers over the upcoming decades, the surgical burden of this population is 

expected to increase as well.(4) Furthermore, extensive evidence suggests diabetes to be 

an independent risk factor for developing colorectal cancer, the 2nd most common cancer 

worldwide for which colorectal surgery remains a cornerstone of management, and this 

becomes relevant at a population level given the prevalence of diabetes.(5–10)   

Surgical	Morbidity	and	Mortality	

It is well recognized that individuals with diabetes are a high-risk surgical 

population with longer hospital stays, higher health care resource utilization, and greater 

perioperative morbidity and mortality.(9,11–15) Substantial evidence supports the 

association between diabetes and postoperative infections.(16–20) Among surgical 

patients, surgical site infections (SSI) are the most common cause of nosocomial 

infections and are associated with longer hospital stays and postoperative morbidity. 

They are also one of the leading causes of morbidity in colorectal surgery.(21,22) Ata and 

colleagues reported the incidence of SSI in colorectal surgery as 11.6% (95% CI, 11.1–

12.2%) compared to a lower incidence in general surgery (3.3%, 95% CI, 3.2–3.4%), and 
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the incidence of SSI was significantly higher in individuals with diabetes (15.4% vs. 

11.0%, p < 0.001).(18) 

It is also worth noting that diabetes impacts prognosis of colorectal cancer;(23) a 

common underlying disease in colorectal surgery patients.(24,25) In addition to an 

observed increase in 30-day mortality –adjusted hazard ratio HR; 1.17, 95% CI 1.01-

1.35, P = 0.03,(26) - overall mortality is also increased in the presence of diabetes. In a 

meta-analysis evaluating the association between diabetes and colorectal cancer all-cause 

mortality, cancer specific mortality and disease-free survival, 21 observational studies 

with 216,981 colorectal cancer patients were included. All-cause mortality was found to 

be higher with a relative risk (RR)=1.17; 95% CI: 1.09-1.25, cancer specific mortality RR 

= 1.12; 95% CI: 1.01-1.24, and disease-free survival was found to be lower (RR=1.54; 

95% CI: 1.08-2.18) in the diabetes group. In the same meta-analysis, excluding metastatic 

disease revealed an even stronger association between diabetes and mortality: all-cause 

mortality (RR=1.32; 95% CI: 1.21-1.44) and cancer-specific mortality (RR=1.27; 95% 

CI: 1.06-1.52).(9) Whether the association found between diabetes and mortality is in 

part influenced by the surgical risk is unclear.  

Pathophysiology	and	Mechanisms	Impacting	Morbidity	and	Mortality	in	

Diabetes	

Hyperglycemia, a hallmark of diabetes, is one of the main underlying mediators 

of postoperative morbidity. An association between hyperglycemia and infections –

particularly surgical site infections- is well established.(15) Chronic and acute 

hyperglycemia cause a relative state of immunosuppression mediated through neutrophil 

and monocyte dysfunction (27-29). Disruption in inflammatory cytokine cascades with 
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an increase in IL-6 and TNF-α in response to hyperglycemia has also been identified 

resulting in oxidative stress, endothelial dysfunction and a prothrombotic state.(27–30) 

Whether the pathophysiological mechanisms underlying type 2 diabetes are independent 

risk factors for overall mortality and cancer-specific mortality observed is still unclear, 

however hyperinsulinema, and altered insulin-like growth factor I (IGF-I) signalling and 

its binding proteins may have a role in tumorigenesis and metastasis with the 

expression of insulin and IGF-1 receptors on most cancer cells.(6,7,9,31–36)  

1.1.2 Evolution of Surgical Care and Enhanced Recovery Protocols 

Background	

Since the introduction of the concept of “fast track surgery” by Kehlet in 

Denmark in the 1990s,(37) the approach to improving surgical outcomes has evolved 

from single interventions to multimodal pathways involving multidisciplinary teams.(37–

39) Over the past 2 decades, the evolution in understanding the physiological stress 

incurred during surgery and its association with postoperative outcomes has led to 

advancements in interventions focused on modifying the underlying surgical stress 

response to impact postoperative outcomes.  Although enhanced recovery protocols have 

been used across different surgical specialties, colorectal surgery has been the leading 

specialty to apply and evaluate enhanced recovery protocols, hence the abundance of 

evidence seen in this area, particularly in colorectal cancer surgery.(38) Multiple 

enhanced recovery protocols have been developed and evaluated, and various terms are 

used to describe them such as enhanced recovery after surgery (ERAS), fast-track, 

multimodal, rapid or accelerated recovery programs.(40) These various enhanced 

recovery protocols share the same objective of implementing a multimodal protocol 

designed to reduce surgical stress with elements targeting the preoperative, intraoperative 
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and postoperative periods.(40) The objective of these enhanced recovery protocols is to 

speed up recovery, decrease postoperative morbidity, and to allow early discharge from 

acute care settings without an increase in 30-day readmission rates. 

With the divergence between actual practice and best practice based on the available 

evidence, and the increase in heterogeneous enhanced recovery protocols, a group of 

academic surgeons established the Enhanced Recovery After Surgery (ERAS®) Study 

Group in 2001.(38) The ERAS® Study Group –currently known as the ERAS® Society- 

developed and published the first ERAS® colonic surgery protocol in 2005, with the latest 

update released in 2012.(41,42) Multiple ERAS® protocols followed expanding across 

various surgical specialties,(43) and the ERAS® Interactive Audit System (EIAS) 

developed by the ERAS® Society allows monitoring adherence and auditing of the 

implementation program for ongoing improvements.(38) 

The	ERAS®	Program	

The ERAS® program includes 22 components of preoperative, intraoperative and 

postoperative care, which have been evaluated using The Grading of Recommendations 

Assessment, Development and Evaluation (GRADE) framework and found to have a 

strong recommendation.(41,44,45) The preoperative ERAS elements include: 

preadmission counseling, fluid and carbohydrate loading, no prolonged fasting, 

no/selective bowel preparation, antibiotic prophylaxis, thromboprophylaxis, no 

premedication; intraoperative elements: short-acting anesthetic agents, mid-thoracic 

epidural anesthesia/analgesia, no drains, avoidance of salt and water overload, 

maintenance of normothermia (body warmer/warm intravenous fluids; and postoperative 

elements: mid-thoracic epidural (anesthesia/analgesia), no nasogastric tubes, prevention 
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of nausea and vomiting, avoidance of salt and water overload, early removal of catheter, 

early oral nutrition, non-opioid oral analgesia, early mobilization, stimulation of gut 

motility, audit of compliance and outcome.(42) The evidence base and recommendations 

for each of these individual elements are outlined in the ERAS® guidelines.(42,45) A 

structured implementation program, ongoing audit, and adherence to ERAS® >70% have 

been shown to be associated with a reduction in LOS and postoperative complications in 

the largest ERAS® registry analyses to date, and sustaining those benefits 

overtime.(24,25,46,47)  

ERAS®	vs.	Other	Enhanced	Recovery	Protocols	

There are multiple surgical protocols other than ERAS® such as fast track and 

enhanced recovery protocols that have been evaluated in surgical patients.(40,48) Most of 

these studies are limited by the heterogeneity and significant variation in the 

completeness of descriptions of their protocols.(48) ERAS® is distinguished among other 

protocols with its structured perioperative care program –including the implementation 

program and the ERAS® Interactive Audit System audit tool. Additionally, multiple 

centers have reported cost savings after ERAS® implementation,(49–56) and to our 

knowledge it is the only enhanced recovery program thus far to report an increase in 5-

year cancer-specific survival after colorectal cancer surgery.(57) Controversy however 

remains on whether all the ERAS® components are necessary to have an impact on 

postoperative outcomes, and results of studies attempting to identify a shorter list have 

been inconsistent.(58–62) Nonetheless, within the ERAS® literature “adherence” to the 

ERAS® program and laparoscopic approach have been consistent findings associated with 

improved postoperative outcomes, highlighting the advantages of implementing the 

whole package.(24,25,56,57,63) 
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The	Evidence	Base	For	The	ERAS®	Program	

The evidence base for ERAS® is incomplete. To date, there are no randomized 

controlled trials evaluating the ERAS® program developed by the ERAS® Society in 

colorectal surgery. Frequently reported outcomes in the literature on the magnitude of 

effect of ERAS program (as it relates to reductions in postoperative LOS, complications 

and 30 day events) were extrapolated from meta-analyses of RCTs examining enhanced 

recovery protocols other than that developed by the ERAS® Society (i.e. ERAS®), or 

uncontrolled observational studies of ERAS®. Examining a recent systematic review and 

meta-analysis with the largest number of RCTs included (16 RCTs, N=2,376), revealed 

that the protocols utilized were heterogeneous, and the mean number of elements 

included in each protocol was 10 (range 4 to 13), and 9 of the included RCTs were rated 

to have moderate to high risk of bias.(40,64) All except two of the included trials were 

from single centers,(58,65) and over half had small sample sizes (<100 patients). 

Publication bias was not identified. ERAS was found in this systematic review to shorten 

LOS by -2.28 days (95 % CI -3.09 to -1.47), without increasing readmission rates. A 

significant reduction in overall morbidity was also observed RR=0.60, (95 % CI 0.46-

0.76). Several systematic reviews on the effectiveness of enhanced recovery programs in 

colorectal surgery have been published, however majority of included trials were of poor 

quality, used heterogeneous protocols and varying definitions of morbidity which 

precludes determining reliability and external validity of these findings.(66–70)  
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1.1.3 Diabetes and ERAS® 

Effectiveness	of	ERAS®	in	Individuals	with	Diabetes	

To our knowledge it is unknown whether individuals with diabetes would benefit 

from an ERAS® program. Despite the reported benefits of ERAS® implementation on 

postoperative outcomes, extremely limited evidence exists about its effect in individuals 

with diabetes.(40) Previous trials have excluded those with diabetes perhaps due to 

concerns about aspiration risk (due to diabetic gastroparesis) or severe 

hyperglycemia.(71–76) A systematic review, presented in chapter 2 of this thesis, reviews 

the entirety of the evidence for ERAS® in individuals with diabetes.(77) Whether patients 

with diabetes should be included in ERAS® has been a controversial issue resulting in 

varying clinical practice and guideline recommendations.(42,78–82) 

Controversial	Element	of	the	ERAS®	Program:	Carbohydrate	Loading	

Preoperatively		

Carbohydrate loading is in the form of a drink consumed up to 2 hours 

preoperatively, this is to counteract metabolic stress, insulin resistance, and protein 

catabolism resulting from fasting overnight, which has been linked to worse 

postoperative outcomes.(71,83–87) Both surgery and general anesthesia cause a 

neuroendocrine stress response resulting in hyperglycemia and a catabolic metabolic 

profile.(82) Recommendations supporting the safety of a carbohydrate load 

preoperatively in individuals without diabetes are based on meta-analyses of RCTs where 

gastric volumes were found to be small, and gastric pH high following a carbohydrate 

drink; a desirable effect indicating rapid gastric emptying of the carbohydrate drink and a 

lower risk of aspiration pneumonia.(88,89) Furthermore, an analysis from an 
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international multicenter ERAS® registry of 2,352 surgical patients identified 

carbohydrate and fluid loading to be associated with a shorter hospital stay (OR=0.89, 

p=0.001).(24) In individuals with diabetes enrolled in an ERAS® program, an 

uncontrolled analysis of a prospective cohort of 106 consecutive patients undergoing 

colorectal surgery at one of the Alberta surgical sites was conducted to evaluate the 

impact of consumption of a preoperative carbohydrate load on preoperative glycemic 

control and postoperative outcomes. Compliance with the carbohydrate drink was only 

43%, and there was no significant difference in mean preoperative glucose levels 

between those who were compliant and those who were not (8.3mmol/l [SD=3.2] vs. 

8.1mmol/l [SD=3.1] respectively; LOS was also similar between both groups (median 5 

days (IQR 2-7) vs. 4 days (IQR 2-10.5); p=0.96) respectively. The authors of this 

prospective non-inferiority study concluded that consumption of a preoperative 

carbohydrate drink was non-inferior to overnight fasting.(81) 

However, there are potential risks to carbohydrate loading in individuals with 

diabetes such as higher risks of aspiration pneumonia due to delayed gastric emptying. 

Hyperglycemia and its sequelae is another concern in individuals with diabetes, as the 

underlying insulin resistance and altered insulin secretion -which is inherent to type 2 

diabetes pathophysiology-, and insulin deficiency –inherent to type 1 diabetes- would 

hinder a normal physiological response to a carbohydrate load. It is uncertain whether the 

abnormal response to a carbohydrate load may negate any beneficial effects from the 

other elements of ERAS®. An additional consideration is the heterogeneous response to a 

carbohydrate load within each subtype of diabetes (i.e. long duration of type 2 diabetes 

and poor glycemic control on insulin might suggest progressive disease and inability to 

tolerate a carbohydrate load. Similarly, individuals with poorly-controlled and brittle type 
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1 diabetes might not be able to safely account for a carbohydrate load preoperatively 

without subsequent hyper- or hypoglycemia). Whether carbohydrate loading is essential 

or possibly detrimental for those with diabetes requires further investigation (a trial is 

currently underway in Alberta to address this).  

1.1.4 ERAS® Implementation in Alberta: A natural experiment 
 

Alberta Health Services (AHS); a single provincial health care system, adopted the 

new standard of care at a system-level in surgical care for patients undergoing elective 

colorectal surgery: the ERAS® program. Implementation was initially for colorectal 

surgery patients at two sites in 2013, and then spread to include four more sites with high 

annual colorectal surgery volumes; all six sites collectively perform >75% of colorectal 

surgeries in the province. A pre-ERAS® cohort at each of the 6 sites was analyzed prior 

to implementation with enrollment of 50 patients (range 50-80 patients per site).(90) 

Implementation then followed utilizing the ERAS® Society’s Implementation Program 

(EIP) which provided tailored training and involved forming an implementation team, 

along with regular auditing of the data for adherence using the ERAS® Interactive Audit 

System (EIAS) -a data entry and analysis system-, through which data was collected 

prospectively. Analysis of the cohort at the two lead sites 15 months into ERAS® 

implementation revealed a significant reduction in mean LOS (9.8 days [SD=11.7] pre-

ERAS® vs. 6.7 days [SD=6.4] post-ERAS®; p<0.0001), and postoperative complications 

(11% reduction; 95 % CI 2.5–21.0, p=0.0139) with no increase in 30-day 

readmissions.(90) Median adherence to the protocol increased from 39% pre-ERAS® to 

60% post-ERAS® implementation.(91) As part of the system wide implantation initiative, 

all patients including those with diabetes were included which resulted in a diverse, “real-
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life” multicenter cohort.  

Clinical Equipoise  
 

Due to lack of robust evidence, a knowledge gap exists on whether ERAS® 

impacts postoperative outcomes in individuals with diabetes. There is also no consensus 

among professional associations on recommendations for this population. The absence of 

clear recommendations has hindered ERAS® evaluation and implementation in 

individuals with diabetes.(45,79,82,89) 

1.1.5 Significance  

 

It is important to identify and address this knowledge gap about the effect of 

ERAS® on postoperative outcomes in individuals with diabetes given the high 

postoperative morbidity in this population. With the increasing incidence and prevalence 

of diabetes, the burden of this population is expected to continue to grow. ERAS® 

implementation continues to be expanded across multiple sites and surgical specialties, 

and evidence is needed to inform national and international health care policies and 

guidelines about whether to include individuals with diabetes in the ERAS® program. 

Furthermore, the observed outcomes with ERAS® would be expected to impact patients' 

quality of life and return to independent activities of daily living post surgery with the 

ERAS® components that target early feeding and mobilization postoperatively. These are 

patient-centered outcomes, and addressing this knowledge gap would help advance 

science in the area of surgical care in individuals with diabetes.  
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Research Questions   
 

1.1.6 Hypotheses 

 

1. There is no robust evidence that ERAS® impacts postoperative outcomes in 

individuals with diabetes undergoing elective surgery. 

2. ERAS® implementation improves postoperative outcomes by reducing LOS, 

postoperative complications and 30-day readmission rates in individuals with 

diabetes. 

1.1.7 Objectives 

 

1. To systematically evaluate the evidence on whether ERAS® impacts postoperative 

outcomes in individuals with diabetes.  

2. To evaluate the association of ERAS® implementation and postoperative 

outcomes in individuals with and without diabetes in Alberta, Canada. 

1.1.8 Research Questions and Designs  

 

The following study designs will be used to address the research questions: 

1. Systematic Review presented in chapter 2 of this study; published manuscript. 

2. Interrupted time series analysis presented in chapter 3 of this study. A brief 

introduction is presented followed by the methods, results, and discussion; 

published manuscript. 
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This thesis aims to systematically evaluate the effect of ERAS® on individuals with 

diabetes. It also aims to evaluate the impact of ERAS® implementation on individuals 

with and without diabetes in Alberta, Canada. The results will help inform current 

clinical practice, and guide future clinical research to advance care in this high-risk 

surgical population. 
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Introduction 
 

The Prevalence of diabetes in surgical patients is 10-40%.(1–6) It is well 

recognized that individuals with diabetes have higher rates of complications, and longer 

stays in-hospital compared to patients without diabetes.(7–9) ERAS® is an evidence-

based multimodal surgical care pathway that improves postoperative complications and 

length of stay –Table 1. (10–15) It is unclear whether individuals with diabetes were 

included in enhanced recovery studies; they were not explicitly excluded and not 

reported. This study was conducted to systematically evaluate the state of the evidence 

base for the use of ERAS® protocol in individuals with diabetes undergoing surgery. To 

the best of our knowledge, this is the first systematic review addressing this question.  

Methods 
 

As per the recommendations of the Cochrane Effective Practice and Organization 

of Care Group (EPOC) for evaluating healthcare interventions, we included randomized 

controlled trials (RCTs), subgroups of RCTs in individuals with diabetes undergoing 

elective surgery, and non-randomized studies with more robust methodology including 

non-randomized controlled trials (NRCT), controlled before-after (CBA) studies, 

interrupted-time-series (ITS), and cohort studies with concurrent controls.(16) The 

intervention was the full suite of all 22 elements of ERAS®. Non-ERAS protocols were 

excluded (e.g. fast-track, enhanced recovery program) due to lack of standardization of 

these protocols and heterogeneity.  
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2.1.1 Outcomes   
 

Our primary outcome of interest was Length of stay (LOS) in-

hospital.  Secondary outcomes included postoperative complications, 30-day readmission 

and complication rates, episodes of hyperglycemia (glucose >14mmol/l preoperatively or 

postoperatively, since this level has been shown to be associated with higher rates of 

postoperative infections in individuals with diabetes undergoing non-cardiac 

surgery).(17) 

2.1.2 Search methods for identification of studies   
 

Electronic searches: studies were identified by searching MEDLINE(R) In-

Process & Other Non-Indexed Citations and MEDLINE(R) 1946 to Present, EBM 

Reviews - Cochrane Central Register of Controlled Trials June 2016, EMBASE 1996 to 

2016 Week 25. There was no language restriction –Table 2. The Search was run in Ovid 

Databases on June 22 2016, and duplicates were removed. Searches were limited from 

year 2000 to the current year, as the first ERAS protocol was not published until 

2005.(10) 

Other resources: additional studies were identified and included by searching 

conference proceedings of surgical and anaesthesiology societies, and the bibliographies 

of review articles and trials of identified studies. Experts in the area were contacted, and 

www.clinicaltrials.gov was also searched for ongoing trials. 
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2.1.3 Data collection and analysis   
 

All retrieved study titles were scanned independently for inclusion by two 

authors; Zaina Albalawi (ZA) and Michael Laffin (ML), using a standardized form. 

Disagreement was solved by consensus between them, and full articles were retrieved for 

those thought to be potentially relevant. Abstracts from conference proceedings were 

included if the authors were able to provide details for the full study. RevMan (version 

5.3) was used. For NRS, additional data would be collected using the data collection form 

developed by the Cochrane Collaboration.(18) This provides a standardized tool for 

collecting data on study designs, potential sources of confounding, and risk of 

bias.(19,20) 

Results 
 

The electronic search yielded 437 references. After removing duplicates, 376 

remained for screening for eligibility. Searching bibliographies of reviews, conference 

proceedings and ERAS guidelines identified additional 8 references. Searching 

www.clinicaltrials.gov yielded 59 references. Contacting experts in the field identified no 

further studies. The study flow diagram illustrates the search results (Figure 1).(21) 

Fourteen full articles were retrieved, and subsequently excluded as they used an 

intervention other than ERAS® (n= 10), they did not include patients with diabetes (n= 2) 

or used an uncontrolled before-after design (n= 2). One of the latter studies included 

subjects with diabetes among others without diabetes.(22) This included 8 subjects 

(10.4%) with diabetes in the ERAS intervention group, and 15 (13.8%) in the 

conventional care group. The author was contacted to provide individual data to further 

analyze this group, but we were unable to obtain this. 
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Discussion 
 

This review did not identify any randomized controlled trials or observational 

studies meeting the EPOC criteria, which evaluated the effects of ERAS® in patients with 

diabetes. To the best of our knowledge, this is the first systematic review addressing this 

question. It highlights the lack of evidence in this area, which has lead to varying 

practices at sites where ERAS® is implemented.(23) It is likely that all potentially 

relevant studies were identified in this review with the sensitive search strategy used, as 

well as the methods utilized to identify grey literature. 

Individuals with diabetes constitute on average 15% of surgical patients, and up to 

40% in bariatric surgery.(1–6) With the predicted increase in prevalence of diabetes, this 

proportion is likely to increase further.(24) The question that remains unanswered is 

whether patients with diabetes enrolled in ERAS® would observe similar improvements 

in postoperative outcomes as those reported in trials of patients without diabetes, or 

whether those would be negated by the potential risks of hyperglycemia and delayed 

gastric emptying from the carbohydrate load. It is also unknown whether implementing 

ERAS® and monitoring adherence would be cost effective in individuals with 

diabetes.(11,25) On the contrary, it is well recognized (and supported by an extensive 

body of evidence) that individuals with diabetes are at higher risk for morbidity and 

mortality postoperatively across various types of surgeries.(7,8,26–31) Within the context 

of enhanced recovery programs, results from a small number of observational studies in 

individuals with diabetes are inconsistent. The only study using ERAS® was Luther and 

colleagues where they analyzed 18 patients in the diabetes group and 125 in the non-

diabetes group. Both groups were scheduled to undergo an elective major colorectal 



	 27	

procedure and were enrolled in ERAS®. They found the median length of stay in the 

diabetes group to be significantly longer at 7 days with an interquartile range of 5-15.5 

days compared to 5 days in the non-diabetes group (Interquartile range 4–7.5 days) P = 

0.041.(32) It is unknown as well -given the study design- whether the 7-day LOS 

observed in the diabetes group is different than the expected LOS outside of ERAS 

implementation. This study was excluded because the control arm did not include 

individuals with diabetes and was not “conventional care”. The second study used a fast-

track protocol in primary total hip and total knee arthroplasty, and found no association 

between diabetes and postoperative morbidity.(33) 

Revisiting the Clinical Significance of Gastroparesis Preoperatively in Individuals 

with Diabetes 

Although gastroparesis is one of the main potential barriers to carbohydrate 

loading -and including individuals with diabetes in ERAS®-, it is not as common as 

previously thought.(34–37) In a recent population-based study, gastroparesis was found 

to be relatively uncommon with a cumulative incidence of %1 in patients with type 2 

diabetes vs. 0.2% in controls over 10 years.(38) Previously reported prevalence of 

gastroparesis of 30-50% was an overestimate, biased by the cohorts from tertiary 

centers.(39,40) Recent studies have found this to be only 5-12%, and the most common 

cause is in fact idiopathic in over one-third of patients.(36,41) Even in the presence of 

gastroparesis, slower movement of solid food from the stomach is the hallmark of this 

condition radiologically, and to much less extent liquids.(35,36,42) Two studies have 

assessed a liquid carbohydrate load in individuals with diabetes, and their results would 

suggest that harm is unlikely given complete gastric emptying at ≤180 min: 1) Jones et al 

administered a liquid drink containing 15g of dextrose in subjects with variable diabetes 
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control (n=86, median HbA1c 9.3% (3.6-16%)); majority on insulin. Gastric half-

emptying time (T50) was not delayed in 72% of the participants, and all participants had 

emptied the liquid by about 60 minutes compared to about 40 minutes in healthy 

controls,(43) 2) The second study by Gustafsson and colleagues used a 50g carbohydrate 

drink in a better controlled group (n=25, mean HbA1c 5.6% and 6.8% in non-insulin and 

insulin treated subjects respectively). They found no signs of delayed gastric emptying 

(T50 49.8±2 min compared to 58.6±3.7 min), and gastric emptying was complete by 180 

min.(44) This would suggest the acceptable 2-3 hour time frame for consumption of a 

liquid load preoperatively by modern fasting guidelines and ERAS®. Furthermore, for 

passive regurgitation and pulmonary aspiration to occur, gastric content needs to be >200 

ml.(45,46) With the current volumes of carbohydrate delivered at a maximum of 400 ml, 

and T50 reported at < 1 hour from the previous studies, the suggested 2-3 hour time 

frame is conservative. It should also be highlighted that there are other risk factors for 

aspiration preoperatively, which are far more common than diabetes: anaesthesia and 

airway management.(47) Therefore, in a setting where those two latter factors are 

controlled (i.e. ERAS®), the risk of aspiration with the carbohydrate load of 400 ml is 

expected to be low, even in individuals with diabetes and delayed gastric emptying.  

 

ERAS® or other Fast-Track Programs? 

The ERAS® Care System comprises three components, and has been tested and 

implemented in about 40 leading hospitals in Europe and North America. These 

components include the 1) ERAS® Protocol; the 2) ERAS® Implementation Program; a 

change management program specifically developed for the perioperative team of 

surgical clinics performing major operations, and the 3) ERAS® Interactive Audit System 
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(EIAS); a software program designed to ensure compliance to the protocol, maintain tight 

control of patient information at every step, and monitor the results.(48) 

There are multiple surgical protocols other than ERAS® such as fast-track 

protocols and enhanced recovery (ERP) protocols that have been evaluated in 

patients.(33,49,50) There is controversy on whether all the ERAS® components are 

needed to impact postoperative outcomes, or whether a refined “shorter list” would 

suffice and result in better adherence and ease of implementation and uptake.(51–54) 

Studies however have been inconsistent, and are limited by the heterogeneity of these 

protocols, types of surgery, surgical technique, and study design. However, a recent 

international, multicenter ERAS® registry data analysis (including 13 centers from 6 

countries between 2008-2013) demonstrated that increasing compliance with the ERAS® 

program and the use of laparoscopic surgery independently improve outcomes.(48) 

ERAS® stands out among other protocols with its structured perioperative Care System -

described earlier- developed by the ERAS® Society to facilitate consistent hospital 

implementation, and maintenance of the ERAS® pathway to achieve the desired 

outcomes. More importantly, adherence to ERAS® has recently been shown to be 

associated with increased 5-year cancer specific survival after colorectal cancer 

surgery,(55) not reported with any other fast-track or enhanced recovery program.   

Implications for practice 

Currently, there is a lack of evidence demonstrating benefit or harm from 

enrolling surgical patients with diabetes in ERAS®. There is no robust evidence to 

support a specific recommendation for this population. Thus, there is a clear need to 

rigorously evaluate the outcomes for any diabetic patients enrolled in ERAS® for elective 

surgery. Clinical judgment (and close monitoring of glucose levels and diabetic 
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medication management) will be required on a case-to-case basis until further evidence is 

available to inform this decision.  

Implications for research 

A randomized controlled trial is needed to examine the impact of ERAS® 

implementation on patients with diabetes. If this is not feasible, then one of the following 

NRS would be preferred: NRCT, CBA, or an ITS. The ITS design has been recognized as 

“one of the most effective and powerful of all quasi-experimental designs”,(56) and is the 

best next step if randomization is not possible.(57) It has the advantage of using multiple 

pre and post time points to control for secular trends in outcomes, and would provide an 

unbiased estimate of the impact of ERAS® implementation. It allows for statistical 

investigation of cyclical or seasonal effects, random fluctuations, and autocorrelation. 

Ramsay et al provides an outline of quality criteria for ITS studies.(58) Although 

uncontrolled before-after designs are appealing for their simplicity, their use is 

discouraged due to their tendency to overestimate benefits of new interventions.(59) 

Alternatively, a CBA design can be used to compare the before-after effect of 

implementation of ERAS to a concurrent control group to adjust for trends over time.  

Conclusion 
 

In conclusion, this rigorous systematic review highlights the lack of evidence on the 

effects of ERAS® for surgical patients with diabetes. A policy change in ERAS® 

implementation is suggested to encourage evaluation when ERAS® is used in individuals 

with diabetes, and guidance on study designs is provided to direct future research to 

inform care in this high-risk population. 
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Table 1 Enhanced Recovery After Surgery (ERAS®) 

Protocol Elements [16,17,20,21] 

Operative 
Stage 

ERAS elements 

Preoperative 1-Pre-admission counselling 

2-Fluid and carbohydrate loading 

3-No prolonged fasting 

4-No/selective bowel preparation 

5-Antibiotic prophylaxis 

6-Thromboprophylaxis 

7-No premedication 

Intraoperative 1-Short-acting anaesthetic agents 

2-Mid-thoracic epidural 
anaesthesia/analgesia 

3-No drains 

4-Avoidance of salt and water overload 

5-Maintenance of normothermia (body 
warmer/warm intravenous fluids) 

Postoperative 1-Mid-thoracic epidural 
(anaesthesia/analgesia) 

2-No nasogastric tubes 

3-Prevention of nausea and vomiting 

4-Avoidance of salt and water overload 

5-Early removal of catheter 

6-Early oral nutrition 

7-Non-opioid oral analgesia/NSAIDs 

8-Early mobilization 

9-Stimulation of gut motility 

10-Audit of compliance and outcomes 
Abbreviations: NSAIDs, non-steroidal anti-inflammatory drugs  
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Table 2 Database Search 

Search Run June 22 2016  

1 MEDLINE Search Strategy: Ovid MEDLINE(R) In-Process & Other Non-Indexed 
Citations and Ovid MEDLINE(R) 1946 to Present 

1. exp Diabetes Mellitus/ 
2. (diabet* or mody or niddm or t2d*).mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier] 
3. 1 or 2 
4. (enhanced recovery or fast track or eras or erp or erabs).mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept word, unique identifier] 
5. 3 and 4 (174 results) 

6. limit 5 to yr="2000 -Current" (136 results) 

2 EMBASE Search Strategy: Ovid Embase 1996 to 2016 Week 25 

1. exp *Diabetes Mellitus/ 
2. (diabet* or mody or niddm or t2d*).ti,ab. 
3. 1 or 2 
4. (enhanced recovery or fast track or eras or erp or erabs).ti,ab. 
5. 3 and 4 (306 results) 

6. limit 5 to yr="2000 -Current" (292 results) 

3 CENTRAL Search Strategy: Ovid EBM Reviews - Cochrane Central Register of 
Controlled Trials June 2016 

1. exp Diabetes Mellitus/ 
2. (diabet* or mody or niddm or t2d*).mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier] 
3. 1 or 2 
4. (enhanced recovery or fast track or eras or erp or erabs).mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept word, unique identifier] 
5. 3 and 4 (9 results) 

4 www.clinicaltrials.gov   
(diabetes OR diabetics OR diabetic) AND Surgery AND (ERAS OR enhanced OR recovery) 
(59 results) 
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Figure 1 PRISMA study flow diagram [38] 
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Introduction 
 

A multimodal care approach to improve surgical outcomes (the Enhanced 

Recovery After Surgery [ERAS®] program) has demonstrated promising results, and is 

being implemented across many centers worldwide.1,2 The ERAS protocol includes 22 

components distributed among pre-, intra- and postoperative care.3,4 A meta-analysis of 

16 randomized controlled trials (RCTs) of enhanced recovery programs (including, but 

not limited to ERAS) demonstrated an approximately 40% reduction in postoperative 

complications and a 2.3 day reduction in length of stay (LOS) without any increase in 

readmission rates.5 Earlier met-analyses reported up to 50% reduction in postoperative 

complications, but these included non-randomized studies, and were of poor quality.6–8 

However, as adherence to the ERAS program elements is a key driver of outcomes9 and 

is likely to vary outside of the controlled setting of an RCT, it is important to confirm the 

benefits seen in RCTs do translate into clinical practice in real-world hospitals. 

Moreover, although they comprise a substantial proportion of the surgical population, 

patients with diabetes have not been included in previous trials of enhanced recovery 

programs and it is unclear whether they would obtain similar benefits compared to 

patients without diabets.10  

In the Canadian province of Alberta, ERAS® was implemented at the main 

colorectal surgical sites starting in 2013 for all patients, including those with diabetes, 

thereby precluding conducting an RCT. However, this allows us to evaluate the impact of 

ERAS on postoperative LOS and outcomes (postoperative complications and 30-day 

death, readmission, or ED visits after discharge) in an entire health care system and for 

those individuals with diabetes using an interrupted time series (ITS) analysis: a quasi-
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experimental design that allows the evaluation of system-wide effectiveness accounting 

for any underlying secular trends.11 

Hypothesis 

Implementation of the ERAS program in colorectal surgical patients results in a 

reduction in postoperative length of stay, and postoperative complications 

(gastrointestinal, wounds, infections, renal and endocrine, cardiovascular, pulmonary, and 

neurological), with no increase in 30-day events after discharge (death/readmission/or ED 

visits). 

Objectives 

To evaluate the impact of ERAS program implementation on patients with and 

without diabetes who underwent elective colorectal surgery in Alberta. The outcomes of 

interest include acute length of stay (aLOS), postoperative complications 

(gastrointestinal, wounds, infections, renal and endocrine, cardiovascular, pulmonary, and 

neurological), 30-day death/readmission, 30-day death/ED visits, and 30-day 

death/readmission/ED visits.  

Methods 
 

Setting  

The province of Alberta has a single integrated healthcare system, providing 

universal coverage for 4.2 million people. The six hospitals where ERAS was 

implemented are located in Calgary (2 hospitals; A and B) and Edmonton (4 hospitals; C-

F). This study was approved by the Health Research Ethics Board at the University of 
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Alberta, and de-identified linked data from the Discharge Abstract Database (DAD; 

which captures acute care hospitalizations including admission and discharge dates, 

patient demographics, most responsible diagnosis and up to 24 other diagnoses, and 

procedure details), the National Ambulatory Care Reporting System (NACRS; which 

captures visits to emergency departments and in-hospital clinics including visit dates, 

most responsible diagnosis, and any procedure details), and the provincial registry which 

tracks the vital status of Albertans. 

Cohort 

All elective hospitalizations of adults (age ≥18 years) for colorectal surgery at one 

of the six major hospitals in the province of Alberta were identified in the 12 months pre 

and post ERAS implementation: Hospital A: Sep 2013 to Sep 2015, Hospital B: Oct 2012 

to Oct 2014, Hospital C: Sep 2013 to Sep 2015, Hospital D: Sep 2012 to Sep 2014, 

Hospital E: Jul 2013 to Jul 2015, Hospital F: Jul 2013 to Jul 2015. Procedures had to be 

performed by a general surgeon, and on the same day of admission to eliminate patients 

already in-hospital for other medical conditions that have the potential to independently 

influence the outcomes of this study. For patients who met the criteria multiple times, 

only their first hospitalization was included. Patients from out of province were excluded 

because their postoperative outcomes could not be captured. All patients undergoing 

elective colorectal surgery in participating hospitals were approached at the time of their 

preoperative anesthesia assessment and those who consented to involvement in ERAS 

were actively followed by ERAS case managers during their hospitalization. Surgical 

ward nurses and attending surgical physician teams delivered inpatient care; the ERAS 

case managers monitored for complications via chart review and telephone follow-up 
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(note that complications captured in DAD are also collected via chart review by trained 

nosologists using the same procedures pre/post ERAS).  

Covariates 

 Comorbidities were defined using International Classification of Disease ICD-10 

codes from the index hospitalization and all hospitalizations, ED visits or ambulatory 

care visits in the 2 years prior to their index admission, using definitions previously 

validated in Alberta databases.12,13 For example, our case definition of diabetes required a 

physician-assigned diagnosis of diabetes (ICD-10 codes E10-E14) in at least one 

hospitalization or ED visit in the prior 2 years. The Charlson Comorbidity score was 

defined using the above comorbidities and using original weights.14,15 Rural residence 

was also captured from the patients’ home postal codes and included as a covariate given 

the well-recognized association between location, socioeconomic status and colorectal 

cancer outcomes.16 

Outcomes 

Our primary outcome was Index Acute LOS, which was considered to be the 

number of days in acute care during the index hospitalization, but not counting any 

transfers to other hospitals or rehabilitation facilities within the same episode of care.  

Secondary outcomes included total LOS (all days during index hospitalization plus all 

days in transfer hospitals); postoperative complications (ICD-10 and Canadian 

Classification of Health Intervention (CCI) codes listed in Appendix 1); these have been 

shown to be sensitive for detecting Clavien class III or greater postoperative 

complications17–19 –i.e. those that are most clinically relevant); 30-day death/readmission; 

30-day death/ED visits; and 30-day death/readmission/ED visits after discharge from the 
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index hospitalization.17 Hospitalizations were considered a readmission if they occurred 

within 30 days of discharge and were coded as 'urgent' rather than “elective”. Death was 

captured during the index hospitalization, as well as within 30 days of discharge from the 

index episode of care. 

Analysis  

Patient characteristics were summarized using proportions and means and 

compared between the pre and post ERAS periods (for all 6 sites combined) using Chi-

Square tests and t-test, respectively. To evaluate the effect of ERAS on the outcomes of 

interest, we first conducted univariate analysis comparing outcomes in the pre and post 

ERAS periods, as well as the adjusted change (odds ratios for binary outcomes and 

difference in means for continuous outcomes), adjusting for age, sex, Charlson score, 

procedure type, surgical approach (laparoscopic or open), and hospital. 

Finally, because the pre/post analyses does not account for secular trends we 

conducted an ITS analysis to further evaluate the impact of ERAS implementation.  A 

time series was created using the 12 months prior and the 12 months after the month of 

implementation at each hospital (the month of implementation was excluded because 

implementation happened on different days of the month at each hospital and to give 

ward staff some time to “get up to speed” with all 22 components of ERAS). Note that 

due to implementation in different months across the hospitals, the time points are 

relative to month of implementation, rather than calendar month.  Outcomes were 

summarized using bimonthly periods to reduce the variability due to small sample size 

within each month, resulting in 6 time points pre ERAS and 6 time points post ERAS 

implementation.  Autoregressive integrated moving average (ARIMA) models were 
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initially considered, however stationarity was confirmed using the augmented Dickey-

Fuller test and visual inspection of the autocorrelation, partial autocorrelation, and 

inverse autocorrelation plots suggested no autoregressive or moving average components 

were required. The lack of autocorrelation was further confirmed using the Durbin-

Watson statistic.  Thus, our final interrupted time series analysis was modeled using 

linear regression and including terms for a) pre ERAS intercept, b) pre ERAS slope, c) 

level change (intercept) post ERAS, and d) change in slope post ERAS. The analysis was 

repeated in the subset of patients with diabetes. In a sensitivity analysis, we re-ran the 

analysis using monthly data (12 time points pre ERAS and 12 time points post ERAS) 

and the results did not appreciably change. 

In addition to the primary “intention to treat” analysis described above, three 

further sensitivity analyses were conducted: an “on-treatment analysis”, a “higher-risk 

cohort analysis”, and an “on-treatment-higher-risk cohort analysis”. For the “on-

treatment analysis”, only data for patients in the post-ERAS phase who were clearly 

identified by the Alberta Health Services ERAS team as having consented to and 

received the ERAS program were analyzed (intended to maximize any potential benefit 

signal for ERAS).  Note that other patients managed on the same wards may have also 

received elements of the ERAS program but as they were not followed by the ERAS case 

managers we could not be certain and thus they were only included in our primary 

“intention to treat” analysis. In the second “higher-risk cohort analysis”, patients 

undergoing revision surgery in either timeframe were excluded (to focus on patients felt 

to be undergoing more complicated surgeries, again intended to maximize any benefit 

signal for ERAS). The third analysis was a combination of both analyses described 

above. 
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All statistical analysis was performed using SAS version 9.4 (Cary, NC) and R 

version 3.3.3 (Vienna, Austria). 

Results 
 

Our cohort consisted of 2,714 patients (mean age 60.4 years, 55% men) who 

underwent elective colorectal surgery in the 12 months before and after implementation 

of ERAS at the 6 teaching hospitals in Alberta where colorectal surgery is carried out 

(Figure 2). Patient demographics and comorbidity profiles were very similar in the 

pre/post ERAS time periods (Table 3), although there were more colon and laparoscopic 

surgeries done in the post ERAS phase and more revision surgery in the pre ERAS phase. 

The 428 patients with diabetes in our cohort were older and had higher comorbidity 

profiles than the patients without diabetes, but there were no appreciable differences 

between diabetic patients enrolled pre- or post ERAS implementation (Table 4). The 

baseline characteristics within each hospital were similar in the pre and post ERAS 

phases (Table 5, Table 6). There were minor differences between the patient profiles in 

the 6 hospitals we studied; laparoscopic approach was significantly higher in the post 

ERAS phase in hospitals A to D, and rural residence was higher in the pre-ERAS phase 

in hospital B only. Hospital F primarily performed open surgeries in both pre and post 

ERAS phases (92.8% and 92.6% respectively). For the diabetes group, no significant 

differences were present. 

Length of Stay  

For all elective colorectal surgery patients, LOS was significantly shorter in the 

post ERAS phase (Acute LOS 8.5 days vs. 9.5 days, p=0.01; Total LOS 9.4 days vs. 10.8 
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days, p=0.03), and these differences persisted after adjustment for age, sex, Charlson 

score, procedure type, surgical approach and hospital (-0.84 days [95%CI  -.04 to -1.64 

days) for Acute LOS and -1.15 days [95%CI 0.13 days to -2.44 days) for Total LOS - 

Table 7. However, this appeared to be due to a secular trend rather than implementation 

of ERAS since the interrupted time series demonstrated no significant level change 

(p=0.30 for Acute LOS and p=0.42 for Total LOS) or change in slope (p=0.63 and 

p=0.91 respectively) with ERAS implementation (Table 8, Figure 3, Figure 4). 

Individuals with diabetes had a longer LOS but no significant difference between post- 

and pre ERAS (Acute LOS 10.7 vs. 11.6 days, p=0.53; Total LOS 12.0 vs. 13.4 days, 

p=0.42; adjusted differences -0.63 and -0.84 days respectively with non-significant 

confidence intervals,(Table 7) and interrupted time series level changes p=0.56 and 

p=0.28 and slope changes p=0.66 and p=0.25) (Table 1, Figure 5, Figure 6). 

Complications and 30-day Events  

There were no significant differences in 30-day death/readmission rates (14.3% 

post vs. 13.5% pre ERAS, aOR 1.12, 95% CI 0.89 to 1.40), 30-day death/ED visit (27.2% 

post vs. 30.0% pre, aOR 0.93, 95% CI 0.78 to 1.10), or 30-day death/readmission/ED 

visit in all patients (27.8% post vs. 30.6% pre, aOR 0.93, 95% CI 0.78 to 1.10) – Table 7. 

The interrupted time series confirmed that ERAS implementation was not associated with 

any level changes in these three outcomes (p values 0.09, 0.26, and 0.22 respectively) –

Table 8, Figure 7, Figure 8, Figure 9. The only statistically significant change observed 

with the ITS was a change in the slope of the trend line for 30-day death/readmission 

rates and the composite death/readmission/ED visits in all patients post ERAS 

demonstrating a more pronounced decline than would have been expected based on the 
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secular trend to that point in time (β -1.31; SE=0.37; p-value=0.008) and β -1.63; 

SE=0.64; p-value=0.035 respectively) –Table 8, Figure 7, Figure 8. This was present for 

all patients, but not for the subgroup with diabetes (where the pre/post slopes were nearly 

identical – p=0.89, p=0.51 respectively) –Figure 10, Figure 11, Figure 12. 

Complications during the index hospitalization were higher after ERAS 

implementation (38.8% vs. 36.1%, aOR 1.22, 95% CI 1.03 to 1.43) (Table 7) largely due 

to increases in the proportion of patients with postoperative intestinal obstruction (10.2% 

vs. 7.9% or peritoneal adhesions (9.8% vs. 6.7%) –Table 10. However, this was not 

significantly associated with ERAS implementation (p=0.60 for a level change and 

p=0.18 for a slope change) (Table 8, Figure 13) and appeared to be due to changes in 

types of surgery over time as excluding revision surgeries in both timeframes ameliorated 

the apparent hazard (38.4% post vs. 38.3% pre, aOR 1.12, 95%CI 0.94 to 1.34) –Table 

11. While the diabetes patients exhibited higher event rates for all 4 outcomes (Table 7), 

there were no statistically significant differences between the post- and pre ERAS 

timeframes. Postoperative complications however, approached clinical significance 

(adjusted OR 1.49 (0.98-2.27)) (Table 7) and were mainly due to an increase in 

postoperative intestinal obstruction (11.2% vs. 8.0% or peritoneal adhesions (10.2% vs. 

5.6%) -Table 10. The interrupted time series confirmed no level changes (p values 0.99, 

0.13, 0.07 and 0.85 respectively) –Table 9, Figure 10, Figure 11, Figure 12, Figure 14.  

Mortality 

Mortality within 30 days of admission was not significantly different between the 

pre and post ERAS phases; in all patients there were 14 (1%) vs. 20 (1.5%) deaths 

respectively (p=0.27), and in the diabetes group 3 (1.4%) vs. 4 (1.9%) p=0.71.  In-
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hospital mortality also did not differ post vs. pre (1.0% vs. 0.6% overall and 1.4% vs. 

0.5% in the diabetes subgroup). 

Sensitivity Analyses 

The first sensitivity analysis (the “on-treatment analysis”) was restricted to the 

83% of patients definitely identified by the Alberta ERAS Program as having received 

ERAS in the post-ERAS timeframe.  There appeared to be a selection bias in that those 

patients explicitly enrolled in ERAS were less sick than patients not listed as “ERAS 

patients” by the case managers (mean Charlson 2.7 vs. 3.8 preoperatively, 56.2% (626) 

open surgical procedure vs. 73.8% (166), 0 in-hospital deaths vs. 5.8% (13) in-hospital 

deaths, and 35.5% (396) perioperative complication rate vs. 55.1% (124) - Table 12.  

However, even those patients identified by Alberta Health Services as receiving ERAS 

did not demonstrate a statistically significant improvement in outcomes compared to the 

pre-ERAS phase in multivariate analysis or interrupted time series: 30-day 

death/readmission (12.5% post vs. 13.5% pre-ERAS, aOR 0.97, 95%CI 0.76-1.24, ITS p-

value 0.90), 30-day death/ED visit (25.7% post vs. 30.0% pre, aOR 0.86, 95%CI 0.72-

1.04, ITS p-value 0.21), or 30-day death/readmission/ED visit (26.2% post vs. 30.6% pre, 

aOR 0.87, 95%CI 0.72-1.04, ITS p-value 0.18).  Although acute LOS was 1.2 (95%CI 

0.4 to 2.1) days shorter for those patients definitely identified by the case managers as 

being exposed to the ERAS protocol in the post-phase, the ITS confirmed this was not 

statistically significant after accounting for underlying temporal trends (ITS p-value 0.37) 

-Table 13, Table 14, Table 15.  

 The second sensitivity analysis excluding patients undergoing revision surgery in 

either timeframe (the “high risk cohort analysis”), also did not identify any significant 
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association between ERAS implementation and better outcomes -Table 16, Table 17, 

Table 18. In fact, while 30-day rates of death/ED visit (26.7% post vs. 30.1% pre, aOR 

0.91, 95%CI 0.75-1.09, ITS p-value 0.38), or 30-day death/readmission/ED visit (27.4% 

post vs. 30.8% pre, aOR 0.91, 95%CI 0.76-1.10, ITS p-value 0.38) did not change 

appreciably, the 30-day death/readmission rate was higher in the post-ERAS timeframe 

(14.6% post vs. 13.7% pre-ERAS, aOR 1.16, 95%CI 0.91 to 1.47, ITS p- value 0.008 as 

this represented a level increase when the background trend was declining) –Table 11, 

Table 17, Figure 15. 

   The final sensitivity analysis excluding revision surgeries in both timeframes and 

excluding those who were not part of the ERAS program post implementation resulted in 

comparable groups pre and post-ERAS, albeit a higher risk group pre-ERAS (Charlson 

comorbidity score 3.0 vs. 2.8 post-ERAS, p value 0.03) and more laparoscopic 

procedures done post-ERAS (46.9% vs. 34.3% pre-ERAS, p value <0.0001) -Table 18. 

Findings in all patients were similar to those seen in previous analyses with a 

significantly shorter LOS observed post-ERAS –but more pronounced-; 1.5 days shorter 

(95%CI -2.42 to -0.58), and no significant changes in postoperative complications or 30-

day events post ERAS -Table 19. Interrupted time series similarly confirmed that this was 

not statistically significant after accounting for underlying temporal trends (ITS p-values 

0.37, 0.32, 0.53, 0.22, and 0.2 respectively) -Table 20, Figure 16, Figure 17, Figure 18, 

Figure 19, Figure 20. For the diabetes subgroup, the same sensitivity analysis did not 

demonstrate statistically significant improvements post-ERAS in acute LOS (adjusted 

difference -2.06 days (95%CI -5.27 to 1.16, ITS p-value 0.37) -Figure 21, or outcomes 

compared to the pre-ERAS phase in multivariate analysis or interrupted time series: 

postoperative complications (35.3 % post vs. 38.3% pre-ERAS, aOR 1.03, 95%CI 0.86 to 
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1.24, ITS p-value 0.32) -Figure 22, 30-day death/readmission (12.6% post vs. 14.9% pre-

ERAS, aOR 0.82, 95%CI 0.43-1.59, ITS p-value 1.0), 30-day death/ED visit (25.8% post 

vs. 32.2% pre, aOR 0.74, 95%CI 0.45-1.23, ITS p-value 0.43), or 30-day 

death/readmission/ED visit (26.4% post vs. 33.3% pre, aOR 0.73, 95%CI 0.44-1.21, ITS 

p-value 0.47) Table 19, Table 21, Figure 23, Figure 24, Figure 25. 

Discussion 
 

Although we found a significant decrease in LOS over time in Albertan adults 

undergoing colorectal surgery, this appeared to be a secular trend and was not related to 

ERAS implementation. We have seen similar declines in LOS for hospitalizations on 

medicine wards in Alberta in recent years too (likely attributable to more ready access to 

diagnostic imaging resources and better outpatient resources to enable sooner 

transitioning of patients including home intravenous therapy teams, wound care teams, 

and extra homecare capacity.20 On the other hand, we observed non-significant decreases 

in post-discharge deaths/readmissions/or ED visits post vs. pre ERAS with no evidence 

of increased risk associated with ERAS implementation. We found that patients with 

diabetes were higher risk group, with longer LOS and higher event rates for all outcomes, 

but there were no significant differences in any outcomes after ERAS implementation. 

The higher risk of complications during the index hospitalization, driven largely by 

gastrointestinal complications, is worth noting, both within the overall population and the 

diabetic subgroup.  

Interpreting the results within the existing literature:  

There have been no RCTs evaluating ERAS® per se, but RCTs evaluating other 
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enhanced recovery and fast-track programs that overlap with ERAS® have demonstrated 

consistent results with reduction in LOS and postoperative complications without an 

increase in 30-day readmissions.5,21–23 The majority of RCTs included in the previously 

published meta-analyses were small (2,376 participants in 16 RCTs) and more than half 

were at moderate to high risk of bias.5,21–23 Support for ERAS® is extrapolated from those 

RCTs with the reasoning that the common element is minimizing surgical-metabolic 

stress and improving the patient’s response to this stress.24,25  Mean LOS in the largest 

meta-analysis was 5.8 days in the enhanced recovery group and 8 days in the control 

group [Weighted mean differences = - 2.28 days (- 3.09, - 1.47), p<0.001; heterogeneity 

p<0.001, I2 =86 %], and no publication bias was identified.5 Development of the initial 

ERAS® protocol for colorectal surgery stemmed from recognizing the need to optimize 

outcomes using standardized evidence-based components, and to support models for 

implementation of best perioperative practices with consistent audit tools.24 Since the 

publication of the ERAS® protocol for colorectal surgery in 2005, several observational 

studies have demonstrated its effectiveness in reducing LOS and postoperative 

complications.2,26,27 Those have been before-after studies and prospective cohorts without 

control groups which carry substantial inherent risks of bias, and cannot be used to infer 

causality.  

 

Length of Stay 

A recent uncontrolled before-after study of the first 15 months experience with 

ERAS® in 2 Alberta hospitals reported a mean LOS of 9.8 days (n=130) pre ERAS, 

compared to 7.5 days (n=697) post-ERAS (p<0.0001).27 This is comparable to the acute 

LOS observed in our analysis of all 6 sites. The 2-site audit demonstrated that compliance 
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with ERAS elements increased within the first 3 months of implementation and then 

stayed constant thereafter with median compliance of 60% 15 months out at those 2 early 

adopter sites. On the other hand, median LOS in multicenter international ERAS® 

registries was 6 days -much shorter than that observed in our cohort- but compliance with 

components of ERAS was higher.2,26 Lower compliance with components of the ERAS 

protocol could explain the apparent lack of effect of ERAS implementation in Alberta 

(either overall or even in the “on-treatment” analysis of those patients identified as 

having received the ERAS program) given that a dose-response relationship between 

compliance with ERAS elements and reduction in postoperative outcomes has been 

suggested in several studies; optimal outcomes were observed when compliance was 

>70%.2,9,28 

  

Complications  

  In the large multicenter international ERAS® registry2, postoperative 

complications were found to be 40.3%, comparable to those observed in our cohort 

(38.8% in all patients and 41.9% in the diabetes subgroup). Enhanced recovery processes 

in general have been shown to reduce complications by 10% to 20%, and in some meta-

analyses up to 50%.5–8,21–24,29 Although no reduction was observed in our study, this 

might be related to lower compliance to the ERAS® protocol (which was not captured in 

our analysis but was only 60% in the analysis of the 2 hospitals who were early adopters 

of ERAS in Alberta – one would expect adherence rates to be highest in early adopters)27, 

or the predominance of open surgical approaches in Alberta (about 2/3 of colorectal 

surgeries compared to 53% in the largest case series completed to date).2 Alternatively, 
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this might suggest that previously reported figures in trial participants may not be 

attainable in actual clinical practice.  

Diabetes Subgroup 

Evidence is scarce examining the impact of ERAS in individuals with diabetes.10 

Small observational studies have demonstrated inconsistent results; Luther et al reported 

a shorter LOS than our analysis; a median LOS of 7 days (n=18, IQR=5-15.5) post 

elective colorectal surgery in those with diabetes which was significantly longer than the 

5 days observed in the non-diabetes group (n=125, IQR=4-7.5) p=0.04. No other 

outcomes relating to ERAS were reported.30 On the other hand, Jorgenson et al 

demonstrated similar LOS in individuals with and without diabetes within a fast-track 

protocol –however in lower risk surgeries (i.e. primary total hip and knee arthroplasty)- 

and found that type 2 diabetes had limited influence on postoperative morbidity with both 

groups having an adjusted LOS <4days.31 Both studies had small sample sizes. 

 

An unexpected strong trend towards an excess in postoperative complications was 

observed in the diabetes group post ERAS implementation, although not statistically 

significant (adjusted OR = 1.49 (0.98 to 2.27). This was related to higher gastrointestinal 

complications: peritoneal adhesions (12 [5.6%] pre ERAS vs. 22 [10.2%] post ERAS) 

and small bowel obstructions (17 [8%] vs. 24 [11.2%]) with the latter associated with 

ileus in 96% of the cases. This was unexpected given that these particular complications 

have been shown to occur less frequently with early nutrition postoperatively, removal of 

gastric tubes, less use of opioids and early mobility– all key components of the ERAS 

program.32 Whether carbohydrate loading preoperatively -part of the ERAS- has an 
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impact is unknown, and whether hyperglycemia perioperatively had an influence needs to 

be investigated further in an RCT (which we have initiated in Alberta).  Another potential 

explanation may be a progressive increase in reporting of complications over time (i.e. 

“up-coding” where there isn’t a change in actual complication rates, just an increase in 

recognition and/or mention in discharge summaries). The other variable that could have 

explained this harm signal would have been use of an open surgical approach -a well 

established risk factor for ileus and small bowel obstruction33,34- but despite the 

predominance of this surgical approach in the diabetes group, there was no significant 

increase in the post ERAS phase, in fact these were less. Prospective safety data is 

collected by the ERAS® audit system for all enrolled patients, and this would need to be 

further analyzed to determine potential contributors.  

Strengths and Limitations 

The strengths of this study include that the intervention of interest, ERAS®, 

occurred independent of other changes over time, and by using routinely collected 

administrative health data there was no influence of ERAS or our study on data collection 

for the outcomes of interest and no possibility of a Hawthorne effect. The primary 

outcomes examined were objective and derived from routinely collected health data using 

validated ICD-10 codes in both the pre and post-ERAS periods. This also allowed 

capturing 100% of subjects at each data point. Given that this study was undertaken in a 

real-world setting, it carries stronger external validity compared to an RCT and allows an 

assessment of the longitudinal impact of ERAS®. Our analysis also meets criteria for a 

high quality interrupted time series design35 and ITS has been recognized by the 

Cochrane Effective Practice and Organization of Care methods group 
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(http://epoc.cochrane.org/) as the strongest study design after RCTs for evaluation of 

organizational interventions in health care services. 

A number of limitations however need to be considered when interpreting the 

results. First and foremost, individual patient data on adherence to the ERAS program 

was not available precluding an examination of whether the lack of apparent effect was 

due to non-adherence or true negative effects. However, no signal was detected in either 

the primary “intention to treat” or the sensitivity “on-treatment” analyses. Second, our 

ITS is not as robust as an RCT design, and residual confounding cannot be excluded. 

However, we also conducted multivariate analyses adjusting for baseline characteristics 

and type of surgery to compare post vs. pre-outcomes, and the fact that there were no 

significant changes in baseline characteristics between the pre and post-ERAS periods is 

reassuring for our ITS, as is the fact our results were similar in the “high risk cohort” 

analysis where differences would be most likely to be seen. Identification of covariates 

was based on the ICD codes which, although validated in Alberta12,13 are subject to 

potential misclassification bias.  Our ITS had 12 data points in total, and this may result 

in less power to detect an effect; however, these were equally distributed pre and post-

ERAS, there was no autocorrelation, and the reported effect in the published RCTs was 

large, suggesting that our study was adequately powered.36,37 Regardless, repeating this 

analysis in a couple of years with additional patients and as the hospitals optimize 

adherence to ERAS might detect a treatment effect too small to find in this study. 

Future research and policy implications 

We recommend analyzing prospectively collected ERAS® data using robust study 

designs (i.e. interrupted time series analysis where appropriate), and discourage 
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exclusively relying on uncontrolled before after studies to determine the effectiveness of 

ERAS® implementation. It is important to evaluate whether our results are replicated in 

other ERAS® cohorts, or whether these findings are specific to Alberta’s surgical 

population. This would be best pioneered by the ERAS® Society to provide guidance and 

methodological support for analyzing their central database with data linkage to local 

administrative databases. 

Further work is required to address the gap in perioperative care in individuals 

with diabetes. Analyzing this subgroup within ERAS® databases will help guide the 

design of RCTs utilizing diabetes-specific protocols; taking into account the higher 

preoperative risk and need for surgical prehabilitation, perioperative glycemic control, 

and adopting routine use of laparoscopy.  

Conclusion 
 

This robust study design demonstrated little change in LOS or perioperative 

outcomes in Alberta attributable to ERAS implementation. Further efforts are required to 

improve ERAS adherence before expecting the benefits suggested in RCTs to be accrued 

in routine clinical practice. Moreover, our data illustrate that individuals with diabetes 

remain at high risk, even within an ERAS program. Our study highlights the importance 

of prospectively evaluating any changes in care delivery models at a system level and the 

need for further interventions to improve perioperative outcomes for patients with 

diabetes undergoing colorectal surgery.  
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Table 3 Patient characteristics pre and post ERAS implementation for all patients 

  Characteristic Pre-ERAS 
N = 1375 

Post-ERAS 
N = 1339 

P-value 

Age, mean (SD) 59.7 (15.0) 60.7 (14.6) 0.080 
Male 738 (53.7) 748 (55.9) 0.252 

Rural residence 158 (11.5) 150 (11.2) 0.813 

Hospital    0.011 
A 264 (19.2) 264 (19.7)   

B 267 (19.4) 324 (24.2)   
C 176 (12.8) 167 (12.5)   

D 203 (14.8) 190 (14.2)   
E 271 (19.7) 205 (15.3)   

F 194 (14.1) 189 (14.1)   

Procedure type    <.0001 
Colon 645 (46.9) 739 (55.2)   

Rectal 457 (33.2) 478 (35.7)   
Revision 273 (19.9) 122 (9.1)   

Surgical approach    <.0001 

Laparoscopic 396 (28.8) 547 (40.9)   
Open 979 (71.2) 792 (59.1)   

Charlson comorbidity score, mean (SD) 2.9 (2.6) 2.9 (2.5) 0.933 
Myocardial infarction 68 (4.9) 50 (3.7) 0.122 

Congestive heart failure 44 (3.2) 29 (2.2) 0.096 
Peripheral vascular disease 32 (2.3) 23 (1.7) 0.260 

Cerebrovascular disease 36 (2.6) 34 (2.5) 0.897 

Dementia 12 (0.9) 14 (1.0) 0.644 
Chronic pulmonary disease 156 (11.3) 114 (8.5) 0.014 

Rheumatologic disease 28 (2.0) 25 (1.9) 0.750 
Peptic ulcer disease 37 (2.7) 27 (2.0) 0.247 

Mild liver disease 36 (2.6) 29 (2.2) 0.441 

Diabetes without chronic complications 128 (9.3) 127 (9.5) 0.875 
Diabetes with chronic complications 85 (6.2) 88 (6.6) 0.677 

Hemiplegia or paraplegia 10 (0.7) 9 (0.7) 0.863 
Renal disease 45 (3.3) 38 (2.8) 0.511 

Any malignancy, including leukemia and lymphoma 538 (39.1) 606 (45.3) 0.001 
Moderate or severe liver disease 5 (0.4) 7 (0.5) 0.532 

Metastatic solid tumor 337 (24.5) 316 (23.6) 0.580 

AIDS/HIV 0 (0.0) 1 (0.1) 0.311 

Values are displayed as n(%) unless specified otherwise 
ERAS Enhanced Recovery After Surgery; SD Standard Deviation; AIDS Acquired Immune Deficiency 
Syndrome; HIV Human Immunodeficiency Virus 
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Table 4 Patient characteristics pre and post ERAS implementation for patients with diabetes 

Characteristic Pre-ERAS 
N = 213 

Post-ERAS 
N = 215 

P-value 

Age, mean (SD) 66.7 (11.3) 66.0 (9.9) 0.529 

Male 134 (62.9) 142 (66.0) 0.498 

Rural residence 37 (17.4) 27 (12.6) 0.163 

Hospital    0.089 

A 36 (16.9) 44 (20.5)   

B 37 (17.4) 52 (24.2)   

C 24 (11.3) 23 (10.7)   

D 25 (11.7) 33 (15.3)   

E 53 (24.9) 36 (16.7)   

F 38 (17.8) 27 (12.6)   

Procedure type    0.054 

Colon 107 (50.2) 115 (53.5)   

Rectal 67 (31.5) 78 (36.3)   

Revision 39 (18.3) 22 (10.2)   

Surgical approach    0.288 

Laparoscopic 65 (30.5) 76 (35.3)   

Open 148 (69.5) 139 (64.7)   

Charlson comorbidity score, mean (SD) 4.6 (2.5) 4.4 (2.4) 0.405 

Myocardial infarction 20 (9.4) 15 (7.0) 0.362 

Congestive heart failure 20 (9.4) 8 (3.7) 0.018 

Peripheral vascular disease 8 (3.8) 4 (1.9) 0.235 

Cerebrovascular disease 9 (4.2) 12 (5.6) 0.516 

Dementia 4 (1.9) 3 (1.4) 0.694 

Chronic pulmonary disease 42 (19.7) 28 (13.0) 0.061 

Rheumatologic disease 1 (0.5) 4 (1.9) 0.181 

Peptic ulcer disease 10 (4.7) 8 (3.7) 0.616 

Mild liver disease 7 (3.3) 8 (3.7) 0.807 

Diabetes without chronic complications 128 (60.1) 127 (59.1) 0.829 

Diabetes with chronic complications 85 (39.9) 88 (40.9) 0.829 

Hemiplegia or paraplegia 2 (0.9) 3 (1.4) 0.660 

Renal disease 11 (5.2) 9 (4.2) 0.632 

Any malignancy, including leukemia and 
lymphoma 

116 (54.5) 115 (53.5) 0.840 

Moderate or severe liver disease 2 (0.9) 1 (0.5) 0.557 
Metastatic solid tumor 51 (23.9) 51 (23.7) 0.957 
AIDS/HIV 0 (0.0) 0 (0.0) n/a 

Values are displayed as n(%) unless specified otherwise 
ERAS Enhanced Recovery After Surgery; SD Standard Deviation; AIDS Acquired Immune Deficiency 
Syndrome; HIV Human Immunodeficiency Virus 
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Table 5 Patient characteristics pre and post ERAS implementation by hospital, for all patients 

 Hospital A Hospital B Hospital C Hospital D Hospital E Hospital F 

Characteri
stic 

Pre-
ERAS 

N = 
264 

Post-
ERAS 

N = 
264 P

-v
al

ue
 

Pre-
ERAS 

N = 
267 

Post-
ERAS 

N = 
324 P

-v
al

ue
 

Pre-
ERAS 

N = 
176 

Post-
ERAS 

N = 
167 P

-v
al

ue
 

Pre-
ERAS 

N = 203 

Post-
ERAS 

N = 190 

P
-v

al
ue

 

Pre-
ERAS 

N = 271 

Post-
ERAS 

N = 205 

P
-v

al
ue

 

Pre-
ERAS 

N = 194 

Post-
ERAS 

N = 189 

P
-v

al
ue

 

Age, mean 
(SD) 

56.9 
(15.2) 

58.8 
(14.9) 

0.
15

0 

59.9 
(15.1) 

60.6 
(13.9) 

0.
55

3 

62.6 
(13.2) 

61.6 
(15.3) 

0.
53

0 

62.7 
(13.7) 

63.2 
(13.7) 

0.
75

6 

60.5 
(14.3) 

61.8 
(13.4) 

0.
29

5 

56.4 
(16.8) 

59.0 
(16.3) 

0.
12

2 

Male 139 
(52.7) 

152 
(57.6) 

0.
25

5 

136 
(50.9) 

188 
(58.0) 

0.
08

5 

93 
(52.8) 

94 
(56.3) 

0.
52

2 

104 
(51.2) 

99 
(52.1) 

0.
86

3 

152 
(56.1) 

107 
(52.2) 

0.
39

8 

114 
(58.8) 

108 
(57.1) 

0.
74

8 

Rural 
residence 

16 
(6.1) 

22 
(8.3) 

0.
31

2 34 
(12.7) 

25 
(7.7) 

0.
04

3 25 
(14.2) 

24 
(14.4) 

0.
96

5 11 (5.4) 18 (9.5) 

0.
12

4 45 
(16.6) 

29 
(14.1) 

0.
46

4 27 
(13.9) 

32 
(16.9) 

0.
41

4 

Procedure 
type 

   

0.
00

1    

<.
00

0
1 

   

0.
00

0    

0.
00

2    

0.
01

6    

0.
01

9 

Colon 132 
(50.0) 

166 
(62.9) 

  102 
(38.2) 

169 
(52.2)   

86 
(48.9) 

87 
(52.1) 

  86 
(42.4) 

111 
(58.4) 

  133 
(49.1) 

113 
(55.1)   

106 
(54.6) 

93 
(49.2) 

  

Rectal 74 
(28.0) 

69 
(26.1) 

  111 
(41.6) 

132 
(40.7)   

61 
(34.7) 

74 
(44.3) 

  78 
(38.4) 

61 
(32.1) 

  84 
(31.0) 

71 
(34.6) 

  49 
(25.3) 

71 
(37.6) 

  

Revisi
on 

58 
(22.0) 

29 
(11.0)   

54 
(20.2) 

23 
(7.1) 

  29 
(16.5) 

6 (3.6) 

  

39 
(19.2) 

18 (9.5) 

  

54 
(19.9) 

21 
(10.2) 

  39 
(20.1) 

25 
(13.2)   

Surgical 
approach 

   

0.
00

9    

0.
00

0    

<.
00

0
1 

   
0.

00
7    

0.
30

7    

0.
94

3 

Lapar
oscopic 

54 
(20.5) 

80 
(30.3)   

118 
(44.2) 

192 
(59.3)   

66 
(37.5) 

108 
(64.7) 

  57 
(28.1) 

78 
(41.1) 

  87 
(32.1) 

75 
(36.6) 

  14 (7.2) 14 (7.4)   

Open 210 
(79.5) 

184 
(69.7)   

149 
(55.8) 

132 
(40.7) 

  110 
(62.5) 

59 
(35.3) 

  146 
(71.9) 

112 
(58.9)   

184 
(67.9) 

130 
(63.4)   

180 
(92.8) 

175 
(92.6)   

Charlson 
comorbidit
y score, 
mean (SD) 

3.4 
(2.8) 

3.6 
(2.8) 

0.
45

9 

2.7 
(2.5) 

2.6 
(2.2) 

0.
37

2 

2.5 
(2.2) 

2.5 
(2.1) 

0.
96

5 

2.9 (2.6) 3.3 (2.5) 

0.
15

9 

3.1 (2.8) 2.7 (2.5) 
0.

13
9 

2.4 (2.4) 2.6 (2.3) 

0.
41

4 

Myoc
ardial 
infarction 

9 (3.4) 2 (0.8) 

0.
03

3 

11 
(4.1) 

7 (2.2) 

0.
16

8 

3 (1.7) 7 (4.2) 

0.
17

1 

11 (5.4) 14 (7.4) 

0.
42

9 

22 (8.1) 10 (4.9) 

0.
16

2 

12 (6.2) 10 (5.3) 

0.
70

7 
Cong

estive 
heart 
failure 

9 (3.4) 2 (0.8) 

0.
03

3 

9 (3.4) 5 (1.5) 

0.
14

6 

3 (1.7) 7 (4.2) 

0.
17

1 

5 (2.5) 6 (3.2) 

0.
67

6 

10 (3.7) 4 (2.0) 

0.
26

6 

8 (4.1) 5 (2.6) 
0.

42
5 
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 Hospital A Hospital B Hospital C Hospital D Hospital E Hospital F 

Char
acteristic 

Pre-
ERAS 

N = 
264 

Post-
ERAS 

N = 
264 P-

va
lu

e 

Pre-
ERAS 

N = 
267 

Post-
ERAS 

N = 
324 P-

va
lu

e 

Pre-
ERAS 

N = 
176 

Post-
ERAS 

N = 
167 P-

va
lu

e 

Pre-
ERAS 

N = 203 

Post-
ERAS 

N = 190 

P-
va

lu
e 

Pre-
ERAS 

N = 271 

Post-
ERAS 

N = 205 

P-
va

lu
e 

Pre-
ERAS 

N = 194 

Post-
ERAS 

N = 189 

P-
va

lu
e 

Perip
heral 
vascular 
disease 

2 (0.8) 4 (1.5) 
0.

41
2 

7 (2.6) 6 (1.9) 

0.
52

5 

2 (1.1) 2 (1.2) 

0.
95

8 

10 (4.9) 5 (2.6) 

0.
23

6 

5 (1.8) 2 (1.0) 

0.
43

5 

6 (3.1) 4 (2.1) 

0.
54

9 

Cereb
rovascular 
disease 

7 (2.7) 4 (1.5) 

0.
36

1 

7 (2.6) 8 (2.5) 

0.
90

7 

3 (1.7) 2 (1.2) 

0.
69

5 

8 (3.9) 5 (2.6) 

0.
46

8 

9 (3.3) 5 (2.4) 

0.
57

3 

2 (1.0) 10 (5.3) 

0.
01

7 

Deme
ntia 

0 (0.0) 3 (1.1) 

0.
08 2 

3 (1.1) 1 (0.3) 
0.

22 9 
3 (1.7) 2 (1.2) 

0.
69 5 

0 (0.0) 4 (2.1) 

0.
03 8 

4 (1.5) 2 (1.0) 

0.
62 8 

2 (1.0) 2 (1.1) 

0.
97 9 

Chron
ic 
pulmonary 
disease 

17 
(6.4) 

10 
(3.8) 

0.
16

7 

14 
(5.2) 

14 
(4.3) 

0.
59

9 

22 
(12.5) 

18 
(10.8) 

0.
62

0 

32 
(15.8) 

19 
(10.0) 

0.
08

9 

45 
(16.6) 

25 
(12.2) 

0.
17

9 

26 
(13.4) 

28 
(14.8) 

0.
69

1 

Rheu
matologic 
disease 

3 (1.1) 3 (1.1) 

1.
00

0 4 (1.5) 3 (0.9) 

0.
52

2 6 (3.4) 3 (1.8) 
0.

35
0 5 (2.5) 5 (2.6) 

0.
91

6 3 (1.1) 4 (2.0) 

0.
44

9 7 (3.6) 7 (3.7) 

0.
96

0 

Peptic 
ulcer 
disease 

5 (1.9) 7 (2.7) 

0.
55

9 7 (2.6) 4 (1.2) 

0.
21

4 2 (1.1) 2 (1.2) 

0.
95

8 3 (1.5) 3 (1.6) 

0.
93

5 9 (3.3) 4 (2.0) 

0.
36

4 11 (5.7) 7 (3.7) 

0.
36

3 

Mild 
liver 
disease 

11 
(4.2) 

5 (1.9) 

0.
12

8 

2 (0.7) 3 (0.9) 

0.
81

5 

1 (0.6) 1 (0.6) 

0.
97

0 

7 (3.4) 3 (1.6) 

0.
24

0 

8 (3.0) 6 (2.9) 

0.
98

7 

7 (3.6) 11 (5.8) 

0.
30

7 

Diabe
tes without 
chronic 
complicati
ons 

22 
(8.3) 

26 
(9.8) 

0.
54

5 

23 
(8.6) 

32 
(9.9) 

0.
59

9 

17 
(9.7) 

15 
(9.0) 

0.
82

9 

16 (7.9) 17 (8.9) 

0.
70

4 

27 
(10.0) 

24 
(11.7) 

0.
54

2 

23 
(11.9) 

13 (6.9) 

0.
09

5 

Diabe
tes with 
chronic 
complicati
ons 

14 
(5.3) 

18 
(6.8) 

0.
46

6 

14 
(5.2) 

20 
(6.2) 

0.
62

9 

7 (4.0) 8 (4.8) 

0.
71

3 

9 (4.4) 16 (8.4) 

0.
10

6 

26 (9.6) 12 (5.9) 

0.
13

6 

15 (7.7) 14 (7.4) 

0.
90

5 

Hemi
plegia or 
paraplegia 

2 (0.8) 3 (1.1) 

0.
65

3 

1 (0.4) 0 (0.0) 

0.
27

0 

0 (0.0) 0 (0.0) 

n/
a 

3 (1.5) 2 (1.1) 

0.
70

7 

4 (1.5) 3 (1.5) 

0.
99

1 

0 (0.0) 1 (0.5) 

0.
31

0 

Renal 
disease 

4 (1.5) 2 (0.8) 

0.
41

2 8 (3.0) 8 (2.5) 

0.
69

4 0 (0.0) 4 (2.4) 

0.
03

9 12 (5.9) 4 (2.1) 

0.
05

6 10 (3.7) 8 (3.9) 

0.
90

4 11 (5.7) 12 (6.3) 

0.
78

0 
Any 

malignanc
y, 
including 
leukemia 
and 
lymphoma 

68 
(25.8) 

73 
(27.7) 

0.
62

3 

116 
(43.4) 

165 
(50.9) 

0.
07

0 

94 
(53.4) 

101 
(60.5) 

0.
18

6 

85 
(41.9) 

86 
(45.3) 

0.
49

8 

97 
(35.8) 

88 
(42.9) 

0.
11

4 

78 
(40.2) 

93 
(49.2) 

0.
07

7 
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 Hospital A Hospital B Hospital C Hospital D Hospital E Hospital F 

Char
acteristic 

Pre-
ERAS 

N = 
264 

Post-
ERAS 

N = 
264 P-

va
lu

e 

Pre-
ERAS 

N = 
267 

Post-
ERAS 

N = 
324 P-

va
lu

e 

Pre-
ERAS 

N = 
176 

Post-
ERAS 

N = 
167 P-

va
lu

e 

Pre-
ERAS 

N = 203 

Post-
ERAS 

N = 190 

P-
va

lu
e 

Pre-
ERAS 

N = 271 

Post-
ERAS 

N = 205 

P-
va

lu
e 

Pre-
ERAS 

N = 194 

Post-
ERAS 

N = 189 

P-
va

lu
e 

Moder
ate or 
severe 
liver 
disease 

0 (0.0) 3 (1.1) 

0.
08

2 

1 (0.4) 0 (0.0) 

0.
27

0 

0 (0.0) 0 (0.0) 

n/
a 

0 (0.0) 2 (1.1) 

0.
14

3 

3 (1.1) 1 (0.5) 

0.
46

4 

1 (0.5) 1 (0.5) 

0.
98

5 

Metas
tatic solid 
tumor 

107 
(40.5) 

114 
(43.2) 

0.
53

7 

61 
(22.8) 

61 
(18.8) 

0.
23

0 
30 

(17.0) 
23 

(13.8) 

0.
40

2 

47 
(23.2) 

54 
(28.4) 

0.
23

2 

67 
(24.7) 

39 
(19.0) 

0.
13

9 

25 
(12.9) 

25 
(13.2) 

0.
92

1 

AIDS/
HIV 

0 (0.0) 0 (0.0) 

n/
a 0 (0.0) 0 (0.0) 

n/
a 0 (0.0) 0 (0.0) 

n/
a 0 (0.0) 0 (0.0) 

n/
a 0 (0.0) 1 (0.5) 

0.
25 0 

0 (0.0) 0 (0.0) 

n/
a 

Values are displayed as n(%) unless specified otherwise 
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Table 6 Patient characteristics pre and post ERAS implementation by hospital, for patients with diabetes 

	 Hospital	A	 Hospital	B	 Hospital	C	 Hospital	D	 Hospital	E	 Hospital	F	

Ch
ar
ac
te
ris
tic

	 Pre-
ERAS	
N	=	36	

Post-
ERAS	
N	=	
44	 P-

va
lu
e	

Pre-
ERAS	
N	=	37	

Post-
ERAS	
N	=	52	

P-
va
lu
e	

Pre-
ERAS	
N	=	24	

Post-
ERAS	
N	=	
23	 P-

va
lu
e	

Pre-
ERAS	
N	=	
25	

Post-
ERAS	
N	=	33	

P-
va
lu
e	

Pre-
ERAS	
N	=	53	

Post-
ERAS	
N	=	
36	 P-

va
lu
e	

Pre-
ERAS	
N	=	38	

Post-
ERAS	
N	=	27	

P-
va
lu
e	

Ag
e,
	m

ea
n	

(S
D
)	

66.6	
(9.7)	

65.2	
(10.5
)	

0.53	 68.8	
(10.9)	

65.9	
(9.7)	

0.19	 66.1	
(12.1)	

68.6	
(8.8)	

0.42	 65.5	
(11.7)	

68.1	
(7.3)	

0.30	 68.4	
(10.2)	

65.6	
(9.2)	

0.20	 63.4	
(13.6)	

63.3	
(13.3)	

0.99	

M
al
e	

22	
(61.1)	

32	
(72.7
)	

0.27	 21	
(56.8)	

37	
(71.2)	

0.16	 16	
(66.7)	

15	
(65.2
)	

0.91	 13	
(52.0)	

21	
(63.6)	

0.37	 36	
(67.9)	

20	
(55.6
)	

0.23	 26	
(68.4)	

17	
(63.0)	

0.64	

Ru
ra
l	

re
si
de

nc
e	

3	(8.3)	 7	
(15.9
)	

0.30	 7	
(18.9)	

4	(7.7)	 0.11	 6	
(25.0)	

3	
(13.0
)	

0.29	 3	
(12.0)	

3	(9.1)	 0.71	 10	
(18.9)	

5	
(13.9
)	

0.53	 8	
(21.1)	

5	
(18.5)	

0.80	

Pr
oc
ed

ur
e	

ty
pe

	

		 	 0.07	 		 	 0.68	 		 	 0.11	 		 	 0.41	 		 	 0.67	 		 	 0.28	

Co
lo
n	

17	
(47.2)	

29	
(65.9
)	

		 20	
(54.1)	

24	
(46.2)	

		 12	
(50.0)	

15	
(65.2
)	

		 10	
(40.0)	

19	
(57.6)	

		 28	
(52.8)	

18	
(50.0
)	

		 20	
(52.6)	

10	
(37.0)	

		

Re
ct
al
	 12	

(33.3)	
13	

(29.5
)	

		 13	
(35.1)	

23	
(44.2)	

		 8	
(33.3)	

8	
(34.8
)	

		 11	
(44.0)	

10	
(30.3)	

		 12	
(22.6)	

11	
(30.6
)	

		 11	
(28.9)	

13	
(48.1)	

		

Re
vi
si
on

	 7	
(19.4)	

2	
(4.5)	

		 4	
(10.8)	

5	(9.6)	 		 4	
(16.7)	

0	
(0.0)	

		 4	
(16.0)	

4	
(12.1)	

		 13	
(24.5)	

7	
(19.4
)	

		 7	
(18.4)	

4	
(14.8)	

		

Su
rg
ic
al
	

ap
pr
oa

ch
	

		 	 0.60	 		 	 0.41	 		 	 0.18	 		 	 0.83	 		 	 0.54	 		 	 0.39	

La
pa

ro
sc
op

ic
	 8	

(22.2)	
12	

(27.3
)	

		 16	
(43.2)	

27	
(51.9)	

		 10	
(41.7)	

14	
(60.9
)	

		 9	
(36.0)	

11	
(33.3)	

		 21	
(39.6)	

12	
(33.3
)	

		 1	(2.6)	 0	(0.0)	 		
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	 Hospital	A	
	

Hospital	B	 Hospital	C	 Hospital	D	 Hospital	E	 Hospital	F	

Ch
ar
ac
te
ris
tic

	 Pre-
ERAS	
N	=	36	

Post-
ERAS	
N	=	
44	

P-
va
lu
e	

Pre-
ERAS	
N	=	37	

Post-
ERAS	
N	=	52	

P-
va
lu
e	

Pre-
ERAS	
N	=	24	

Post-
ERAS	
N	=	
23	

P-
valu
e	

Pre-
ERAS	
N	=	
25	

Post-
ERAS	
N	=	33	

P-
va
lu
e	

Pre-
ERAS	
N	=	53	

Post-
ERAS	
N	=	
36	

P-
va
lu
e	

Pre-
ERAS	
N	=	38	

Post-
ERAS	
N	=	27	

P-
va
lu
e	

O
pe

n	

28	
(77.8)	

32	
(72.7
)	

		 21	
(56.8)	

25	
(48.1)	

		 14	
(58.3)	

9	
(39.1
)	

		 16	
(64.0)	

22	
(66.7)	

		 32	
(60.4)	

24	
(66.7
)	

		 37	
(97.4)	

27	
(100.0)	

		

Ch
ar
ls
on

	
co
m
or
bi
di
ty
	

sc
or
e,
	m

ea
n	

(S
D
)	

5.2	
(2.6)	

5.1	
(2.7)	

0.87	 4.6	
(2.4)	

4.2	
(2.2)	

0.39	 3.5	
(1.8)	

4.1	
(2.3)	

0.36	 4.1	
(2.3)	

4.8	
(2.3)	

0.20	 5.3	
(2.9)	

4.0	
(2.6)	

0.03	 4.3	
(2.3)	

4.2	
(1.8)	

0.86	

M
yo

ca
rd
i

al
	in

fa
rc
tio

n	

5	
(13.9)	

1	
(2.3)	

0.05	 2	(5.4)	 2	(3.8)	 0.72	 0	(0.0)	 3	
(13.0
)	

0.06	 1	
(4.0)	

4	
(12.1)	

0.27	 6	
(11.3)	

2	
(5.6)	

0.35	 6	
(15.8)	

3	
(11.1)	

0.59	

Co
ng

es
tiv

e	
he

ar
t	f
ai
lu
re
	

4	
(11.1)	

0	
(0.0)	

0.02	 5	
(13.5)	

2	(3.8)	 0.09	 1	(4.2)	 2	
(8.7)	

0.52	 2	
(8.0)	

2	(6.1)	 0.77	 4	(7.5)	 0	
(0.0)	

0.09	 4	
(10.5)	

2	(7.4)	 0.66	

Pe
rip

he
ra
l	

va
sc
ul
ar
	d
is
ea
se
	

0	(0.0)	 1	
(2.3)	

0.36	 0	(0.0)	 2	(3.8)	 0.22	 1	(4.2)	 0	
(0.0)	

0.32	 2	
(8.0)	

0	(0.0)	 0.09	 1	(1.9)	 0	
(0.0)	

0.40	 4	
(10.5)	

1	(3.7)	 0.30	

Ce
re
br
ov

as
cu
la
r	

di
se
as
e	

1	(2.8)	 1	
(2.3)	

0.88	 4	
(10.8)	

4	(7.7)	 0.61	 0	(0.0)	 1	
(4.3)	

0.30	 2	
(8.0)	

2	(6.1)	 0.77
3	

1	(1.9)	 2	
(5.6)	

0.34	 1	(2.6)	 2	(7.4)	 0.36	

D
em

en
tia

	 0	(0.0)	 0	
(0.0)	

n/a	 0	(0.0)	 0	(0.0)	 n/a	 1	(4.2)	 1	
(4.3)	

0.97	 0	
(0.0)	

0	(0.0)	 n/a	 2	(3.8)	 1	
(2.8)	

0.79	 1	(2.6)	 1	(3.7)	 0.80	

Ch
ro
ni
c	

pu
lm

on
ar
y	

di
se
as
e	

3	(8.3)	 5	
(11.4
)	

0.65	 3	(8.1)	 2	(3.8)	 0.39	 8	
(33.3)	

5	
(21.7
)	

0.37	 7	
(28.0)	

4	
(12.1)	

0.12	 13	
(24.5)	

5	
(13.9
)	

0.22	 8	
(21.1)	

7	
(25.9)	

0.64	

	

(Continued)	
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	 Hospital	A	
	

Hospital	B	 Hospital	C	 Hospital	D	 Hospital	E	 Hospital	F	

Characte-
ristic	

Pre-
ERAS	
N	=	
36	

Post-
ERAS	
N	=	44	

P-
va
lu
e	

Pre-
ERAS	
N	=	37	

Post-
ERAS	
N	=	52	

P-
va
lu
e	

Pre-
ERAS	
N	=	24	

Post-
ERAS	
N	=	
23	

P-
valu
e	

Pre-
ERAS	
N	=	
25	

Post-
ERAS	
N	=	33	

P-
va
lu
e	

Pre-
ERAS	
N	=	53	

Post-
ERAS	
N	=	
36	 P-

va
lu
e	

Pre-
ERAS	
N	=	38	

Post-
ERAS	
N	=	27	

P-
va
lu
e	

Rh
eu

m
at

ol
og

ic
	d
is
ea
se
	 0	

(0.0)	
1	(2.3)	 0.3

6	
0	(0.0)	 1	(1.9)	 0.39	 0	(0.0)	 0	

(0.0)	
n/a	 0	

(0.0)	
1	(3.0)	 0.38	 0	(0.0)	 0	

(0.0)	
n/a	 1	(2.6)	 1	(3.7)	 0.80	

Pe
pt
ic
	

ul
ce
r	

di
se
as
e	

2	
(5.6)	

2	(4.5)	 0.8
3	

1	(2.7)	 0	(0.0)	 0.23	 0	(0.0)	 1	
(4.3)	

0.30	 1	
(4.0)	

1	(3.0)	 0.84	 4	(7.5)	 2	
(5.6)	

0.71	 2	(5.3)	 2	(7.4)	 0.72	

M
ild

	
liv
er
	d
is
ea
se
	 3	

(8.3)	
1	(2.3)	 0.2

1	
0	(0.0)	 1	(1.9)	 0.39	 1	(4.2)	 0	

(0.0)	
0.32	 1	

(4.0)	
1	(3.0)	 0.84	 1	(1.9)	 3	

(8.3)	
0.15	 1	(2.6)	 2	(7.4)	 0.36	

Di
ab

et
e

s	w
ith

ou
t	

ch
ro
ni
c	

co
m
pl
ic
at
io
n

s	

22	
(61.1
)	

26	
(59.1)	

0.8
5	

23	
(62.2)	

32	
(61.5)	

0.95	 17	
(70.8)	

15	
(65.2
)	

0.68	 16	
(64.0)	

17	
(51.5)	

0.34	 27	
(50.9)	

24	
(66.7
)	

0.14	 23	
(60.5)	

13	
(48.1)	

0.32	

D
ia
be

te
s	

w
ith

	c
hr
on

ic
	

co
m
pl
ic
at
io
ns
	 14	

(38.9
)	

18	
(40.9)	

0.8
5	

14	
(37.8)	

20	
(38.5)	

0.95	 7	
(29.2)	

8	
(34.8
)	

0.68	 9	
(36.0)	

16	
(48.5)	

0.34	 26	
(49.1)	

12	
(33.3
)	

0.14	 15	
(39.5)	

14	
(51.9)	

0.32	

H
em

ip
le
gi

a	
or
	p
ar
ap

le
gi
a	 1	

(2.8)	
0	(0.0)	 0.2

6	
0	(0.0)	 0	(0.0)	 n/a	 0	(0.0)	 0	

(0.0)	
n/a	 1	

(4.0)	
1	(3.0)	 0.84	 0	(0.0)	 2	

(5.6)	
0.08	 0	(0.0)	 0	(0.0)	 n/a	

Re
na

l	
di
se
as
e	

0	
(0.0)	

2	(4.5)	 0.1
9	

2	(5.4)	 2	(3.8)	 0.72	 0	(0.0)	 1	
(4.3)	

0.30	 1	
(4.0)	

0	(0.0)	 0.24	 3	(5.7)	 1	
(2.8)	

0.51	 5	
(13.2)	

3	
(11.1)	

0.80	

An
y	

m
al
ig
na

nc
y,
	

in
cl
ud

in
g	

le
uk

em
ia
	

an
d	

ly
m
ph

om
a	

16	
(44.4
)	

17	
(38.6)	

0.6
0	

21	
(56.8)	

29	
(55.8)	

0.92	 15	
(62.5)	

15	
(65.2
)	

0.84	 15	
(60.0)	

17	
(51.5)	

0.52	 26	
(49.1)	

20	
(55.6
)	

0.54	 23	
(60.5)	

17	
(63.0)	

0.84	

M
od

er
at
e	

or
	se

ve
re
	li
ve
r	

di
se
as
e	

0	
(0.0)	

1	(2.3)	 0.3
6	

0	(0.0)	 0	(0.0)	 n/a	 0	(0.0)	 0	
(0.0)	

n/a	 0	
(0.0)	

0	(0.0)	 n/a	 1	(1.9)	 0	
(0.0)	

0.40	 1	(2.6)	 0	(0.0)	 0.39	

M
et
a

st
at
ic
	so

lid
	

tu
m
or
	

14	
(38.9
)	

18	
(40.9)	

0.8
5	

10	
(27.0)	

12	
(23.1)	

0.67	 2	(8.3)	 3	
(13.0
)	

0.60	 3	
(12.0)	

10	
(30.3)	

0.09	 18	
(34.0)	

6	
(16.7
)	

0.07	 4	
(10.5)	

2	(7.4)	 0.66	

AI
D
S

/H
IV
	

0	
(0.0)	

0	(0.0)	 n/
a	

0	(0.0)	 0	(0.0)	 n/a	 0	(0.0)	 0	
(0.0)	

n/a	 0	
(0.0)	

0	(0.0)	 n/a	 0	(0.0)	 0	
(0.0)	

n/a	 0	(0.0)	 0	(0.0)	 n/a	

Values	are	displayed	as	n(%)	unless	specified	otherwise	
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Table 7 Patient outcomes pre and post ERAS implementation for all patients and the diabetes subgroup 

 

 

 

 

 

 

 

 

 

 

 

 
All Patients Diabetes Subgroup 

Outcome Pre-ERAS 
N = 1375 

Post-ERAS 
N = 1339 P-value 

Adjusted* 
change  
(95% CI) 

Pre-ERAS 
N = 213 

Post-ERAS 
N = 215 P-value Adjusted* change  

(95% CI) 

30 day 
death/readmission, 
n(%) 

186 (13.5) 191 (14.3) 0.579 OR = 1.12 (0.89 to 
1.40) 31 (14.6) 37 (17.2) 0.452 OR = 1.36 (0.79 to 2.34) 

30 day death/ED 
visit, n(%) 413 (30.0) 364 (27.2) 0.100 

OR = 0.93 (0.78 to 
1.10) 70 (32.9) 68 (31.6) 0.785 OR = 1.02 (0.67 to 1.56) 

30 day 
death/readmission/E
D visit, n(%) 

421 (30.6) 372 (27.8) 0.104 OR = 0.93 (0.78 to 
1.10) 72 (33.8) 69 (32.1) 0.707 OR = 1.00 (0.66 to 1.53) 

Total length of stay 
(days), mean (SD) 10.8 (16.8) 9.4 (17.4) 0.032 

Diff = -1.15 (-2.44 
to 0.13) 13.4 (19.5) 12.0 (17.0) 0.424 Diff = -0.84 (-4.23 to 2.55) 

Acute length of stay 
(days), mean (SD) 9.5 (11.6) 8.5 (9.8) 0.011 

Diff = -0.84 (-1.64 
to -0.04) 11.6 (15.3) 10.7 (13.6) 0.529 Diff = -0.63 (-3.35 to 2.09) 

Any index hosp. 
complication, n(%) 496 (36.1) 520 (38.8) 0.137 

OR = 1.22 (1.03 to 
1.43) 77 (36.2) 90 (41.9) 0.226 OR = 1.49 (0.98 to 2.27) 

Gastrointestinal 283 (20.6) 327 (24.4) 0.017 

  
  
  
  
  
  
  

33 (15.5) 50 (23.3) 0.042 

  
  
  
  
  
  
  

Wounds 138 (10.0) 141 (10.5) 0.672 16 (7.5) 22 (10.2) 0.322 

Infections 154 (11.2) 155 (11.6) 0.758 28 (13.1) 35 (16.3) 0.360 
Renal and 

Endocrine 72 (5.2) 61 (4.6) 0.412 
19 (8.9) 23 (10.7) 0.537 

Cardiovascular 
disorders 120 (8.7) 116 (8.7) 0.953 

34 (16.0) 31 (14.4) 0.656 

Pulmonary 34 (2.5) 41 (3.1) 0.349 9 (4.2) 13 (6.0) 0.394 

Neurological 21 (1.5) 32 (2.4) 0.105 5 (2.3) 10 (4.7) 0.195 
ED Emergency Department; SD standard Deviation  
*OR = Odds ratio adjusted for age, sex, Charlson score, procedure type, surgical approach and hospital 
*Diff = Difference in means adjusted for age, sex, Charlson score, procedure type, surgical approach and hospital 
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Table 8 Interrupted time series analysis for all patients using 2-month periods 

 Intercept Pre-ERAS Slope Pre-ERAS Level change Post-ERAS Change in slope Post-ERAS 

Outcome Beta (SE) P-value Beta (SE) P-value Beta (SE) P-value Beta (SE) P-value 

Death/readmission, % 11.49 (1.03) <.0001 0.53 (0.26) 0.080 2.50 (1.30) 0.090 -1.31 (0.37) 0.008 

Death/ED visit, % 26.37 (1.85) <.0001 0.98 (0.47) 0.072 -2.86 (2.34) 0.256 -1.53 (0.67) 0.053 

Death/readmission/ED 
visit,  % 26.68 (1.77) <.0001 1.07 (0.45) 0.047 -2.95 (2.24) 0.224 -1.63 (0.64) 0.035 
Total length of stay, 
mean 

10.86 (1.14) <.0001 -0.04 (0.29) 0.903 -1.22 (1.44) 0.421 0.05 (0.41) 0.908 

Acute length of stay, 
mean 

9.63 (0.82) <.0001 -0.05 (0.21) 0.831 -1.17 (1.04) 0.295 0.15 (0.30) 0.626 

Any complication, % 36.04 (2.56) <.0001 -0.01 (0.66) 0.983 -1.75 (3.24) 0.604 1.38 (0.93) 0.175 

ED Emergency Department; SE Standard Error 
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Table 9 Interrupted time series analysis for all patients with diabetes using 2-month periods 

 
Intercept - Pre-ERAS Slope - Pre-ERAS 

Level change - Post-
ERAS 

Change in slope - Post-ERAS 

Outcome Beta (SE) P-value Beta (SE) P-value Beta (SE) P-value Beta (SE) P-value 
Death/readmission, % 13.39 (3.95) 0.010 0.44 (1.01) 0.678 -0.06 (5.01) 0.991 -0.21 (1.44) 0.888 
Death/ED visit, % 29.86 (5.20) 0.000 0.78 (1.33) 0.576 -11.05 (6.58) 0.132 1.39 (1.89) 0.482 
Death/readmission/ED 
visit,  % 30.11 (4.47) 0.000 0.99 (1.15) 0.414 -11.88 (5.66) 0.069 1.11 (1.62) 0.514 
Total length of stay, 
mean 9.57 (2.79) 0.009 1.12 (0.72) 0.155 -4.11 (3.53) 0.278 -1.27 (1.01) 0.245 
Acute length of stay, 
mean 11.83 (2.67) 0.002 

-0.11 
(0.69) 0.881 -2.05 (3.37) 0.560 0.45 (0.97) 0.657 

Any complication, % 36.08 (9.10) 0.004 
-0.06 
(2.34) 0.979 -2.30 (11.53) 0.847 2.08 (3.31) 0.547 

ED Emergency Department; SE Standard Error 
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Table 10 Breakdown of gastrointestinal complications using ICD-10 codes 

 
 

ICD-10 Code Description of Gastrointestinal 
Complications 

         
       All Patients 
 

 
Diabetes Subgroup 

 
Pre-ERAS 
N = 1375 

Post-ERAS 
N = 1339 

Pre-ERAS 
N = 213 

Post-ERAS 
N = 215 

Duodenal ulcer, acute with haemorrhage 1 (0.1) 0 (0.0) 1 (0.5) 0 (0.0) 

Acute vascular disorders of intestine 4 (0.3) 9 (0.7) 0 (0.0) 4 (1.9) 

Paralytic ileus 2 (0.1) 1 (0.1) 1 (0.5) 0 (0.0) 

Intestinal adhesions [bands] with obstruction 15 (1.1) 9 (0.7) 0 (0.0) 1 (0.5) 

Other and unspecified intestinal obstruction 41 (3.0) 44 (3.3) 5 (2.3) 3 (1.4) 

Ileus, unspecified 57 (4.1) 76 (5.7) 9 (4.2) 19 (8.8) 

Perforation of intestine (nontraumatic) 4 (0.3) 7 (0.5) 0 (0.0) 2 (0.9) 

Other specified diseases of intestine (small)(large) 3 (0.2) 4 (0.3) 0 (0.0) 1 (0.5) 

Peritoneal adhesions 92 (6.7) 131 (9.8) 12 (5.6) 22 (10.2) 

Acute pancreatitis, unspecified 3 (0.2) 1 (0.1) 2 (0.9) 0 (0.0) 

Postoperative intestinal obstruction 109 (7.9) 137 (10.2) 17 (8.0) 24 (11.2) 

Malfunction of colostomy stoma, not elsewhere classified 9 (0.7) 2 (0.1) 2 (0.9) 1 (0.5) 

Enterostomy malfunction, not elsewhere classified 12 (0.9) 13 (1.0) 1 (0.5) 4 (1.9) 

Other postprocedural disorders of digestive system, not 
elsewhere classified 

4 (0.3) 3 (0.2) 1 (0.5) 0 (0.0) 

Melaena 4 (0.3) 2 (0.1) 2 (0.9) 0 (0.0) 

Haemorrhage and haematoma complicating a procedure, 
not elsewhere classified 

35 (2.5) 41 (3.1) 6 (2.8) 7 (3.3) 
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Table 11 Sensitivity Analysis: Patient outcomes pre and post ERAS implementation for all patients excluding revision 
procedures 

 

  

Outcome Pre-ERAS 
N = 1102 

Post-ERAS 
N = 1217 

P-value Adjusted change  
(95% CI) 

30 day death/readmission, n(%) 151 (13.7) 178 (14.6) 0.524 OR = 1.16 (0.91 to 1.47) 

30 day death/ED visit, n(%) 332 (30.1) 325 (26.7) 0.068 OR = 0.91 (0.75 to 1.09) 

30 day death/readmission/ED visit, 
n(%) 

339 (30.8) 333 (27.4) 0.072 OR = 0.91 (0.76 to 1.10) 

Total length of stay (days), mean (SD) 11.3 (17.5) 9.3 (17.3) 0.006 Diff = -1.58 (-2.99 to -0.18) 

Acute length of stay (days), mean (SD) 9.9 (12.3) 8.4 (9.3) 0.000 Diff = -1.25 (-2.11 to -0.39) 

Any index hosp. complication, n(%) 422 (38.3) 467 (38.4) 0.969 OR = 1.12 (0.94 to 1.34) 

Gastrointestinal 243 (22.1) 284 (23.3) 0.461   
  
  
  
  
  
  

Wounds 120 (10.9) 123 (10.1) 0.539 

Infections 135 (12.3) 142 (11.7) 0.666 

Renal and Endocrine 58 (5.3) 55 (4.5) 0.406 

Cardiovascular disorders 103 (9.3) 110 (9.0) 0.798 

Pulmonary 31 (2.8) 39 (3.2) 0.582 

Neurological 19 (1.7) 28 (2.3) 0.325 

ED	Emergency	Department;	SD	standard	Deviation		
*OR	=	Odds	ratio	adjusted	for	age,	sex,	Charlson	score,	procedure	type,	surgical	approach	and	hospital	
*Diff	=	Difference	in	means	adjusted	for	age,	sex,	Charlson	score,	procedure	type,	surgical	approach	and	hospital 
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Table 12 Comparison of patients POST-ERAS by whether or not they were identified by the  
Alberta Health Services ERAS Team as having received ERAS services 

 

  

Characteristic No 
N = 225 

Yes 
N = 1114 

P-value 

Age, mean (SD) 60.5 (13.7) 60.7 (14.8) 0.832 
Male 126 (56.0) 622 (55.8) 0.964 
Rural residence 32 (14.2) 118 (10.6) 0.115 
Hospital    <.0001 

A 76 (33.8) 188 (16.9)   

B 21 (9.3) 303 (27.2)   

C 11 (4.9) 156 (14.0)   

D 24 (10.7) 166 (14.9)   

E 71 (31.6) 134 (12.0)   

F 22 (9.8) 167 (15.0)   
Procedure type    <.0001 

Colon 157 (69.8) 582 (52.2)   
Rectal 39 (17.3) 439 (39.4)   
Revision 29 (12.9) 93 (8.3)   

Surgical approach    <.0001 
Laparoscopic 59 (26.2) 488 (43.8)   
Open 166 (73.8) 626 (56.2)   

Charlson comorbidity score, mean (SD) 3.8 (2.9) 2.7 (2.3) <.0001 
Myocardial infarction 13 (5.8) 37 (3.3) 0.076 
Congestive heart failure 4 (1.8) 25 (2.2) 0.661 
Peripheral vascular disease 6 (2.7) 17 (1.5) 0.230 
Cerebrovascular disease 10 (4.4) 24 (2.2) 0.046 
Dementia 4 (1.8) 10 (0.9) 0.237 
Chronic pulmonary disease 27 (12.0) 87 (7.8) 0.040 
Rheumatologic disease 4 (1.8) 21 (1.9) 0.914 
Peptic ulcer disease 7 (3.1) 20 (1.8) 0.200 
Mild liver disease 9 (4.0) 20 (1.8) 0.038 
Diabetes without chronic complications 19 (8.4) 108 (9.7) 0.559 
Diabetes with chronic complications 21 (9.3) 67 (6.0) 0.067 
Hemiplegia or paraplegia 3 (1.3) 6 (0.5) 0.183 
Renal disease 15 (6.7) 23 (2.1) 0.000 
Any malignancy, including leukemia and lymphoma 70 (31.1) 536 (48.1) <.0001 
Moderate or severe liver disease 1 (0.4) 6 (0.5) 0.858 
Metastatic solid tumor 87 (38.7) 229 (20.6) <.0001 
AIDS/HIV 1 (0.4) 0 (0.0) 0.026 

Outcomes:   
In-hospital mortality, n(%) 13 (5.8) 0 (0.0) <.0001 
30 day death, including in-hospital, n(%) 16 (7.1) 4 (0.4) <.0001 
30 day death/readmission, n(%) 52 (23.1) 139 (12.5) <.0001 
30 day death/ED visit, n(%) 78 (34.7) 286 (25.7) 0.006 
30 day death/readmission/ED visit, n(%) 80 (35.6) 292 (26.2) 0.004 
Total length of stay (days), mean (SD) 11.7 (12.7) 8.9 (18.1) 0.026 
Acute length of stay (days), mean (SD) 11.0 (11.4) 8.0 (9.4) <.0001 
Any index hosp. complication, n(%) 124 (55.1) 396 (35.5) <.0001 

Values are displayed as n(%) unless specified otherwise 
ERAS Enhanced Recovery After Surgery; SD Standard Deviation; AIDS Acquired Immune Deficiency Syndrome; HIV 
Human Immunodeficiency Virus; ED Emergency Department; SE Standard Error 
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Table 13 Sensitivity Analysis: Patient characteristics pre and post ERAS implementation for all 
patients, excluding POST patients who were not part of the ERAS program 

Characteristic Pre-ERAS 
N = 1375 

Post-ERAS 
N = 1114 

P-
value 

Age, mean (SD) 59.7 (15.0) 60.7 (14.8) 0.086 

Male 738 (53.7) 622 (55.8) 0.281 

Rural residence 158 (11.5) 118 (10.6) 0.478 

Hospital    <.0001 

A 264 (19.2) 188 (16.9)   

B 267 (19.4) 303 (27.2)   

C 176 (12.8) 156 (14.0)   

D 203 (14.8) 166 (14.9)   

E 271 (19.7) 134 (12.0)   

F 194 (14.1) 167 (15.0)   

Procedure type    <.0001 

Colon 645 (46.9) 582 (52.2)   

Rectal 457 (33.2) 439 (39.4)   

Revision 273 (19.9) 93 (8.3)   

Surgical approach    <.0001 

Laparoscopic 396 (28.8) 488 (43.8)   

Open 979 (71.2) 626 (56.2)   

Charlson comorbidity score, mean (SD) 2.9 (2.6) 2.7 (2.3) 0.085 

Myocardial infarction 68 (4.9) 37 (3.3) 0.045 
Congestive heart failure 44 (3.2) 25 (2.2) 0.149 
Peripheral vascular disease 32 (2.3) 17 (1.5) 0.153 
Cerebrovascular disease 36 (2.6) 24 (2.2) 0.453 
Dementia 12 (0.9) 10 (0.9) 0.947 
Chronic pulmonary disease 156 (11.3) 87 (7.8) 0.003 
Rheumatologic disease 28 (2.0) 21 (1.9) 0.787 
Peptic ulcer disease 37 (2.7) 20 (1.8) 0.138 
Mild liver disease 36 (2.6) 20 (1.8) 0.169 
Diabetes without chronic complications 128 (9.3) 108 (9.7) 0.744 
Diabetes with chronic complications 85 (6.2) 67 (6.0) 0.862 
Hemiplegia or paraplegia 10 (0.7) 6 (0.5) 0.558 
Renal disease 45 (3.3) 23 (2.1) 0.066 
Any malignancy, including leukemia and lymphoma 538 (39.1) 536 (48.1) <.0001 
Moderate or severe liver disease 5 (0.4) 6 (0.5) 0.513 
Metastatic solid tumor 337 (24.5) 229 (20.6) 0.019 
AIDS/HIV 0 (0.0) 0 (0.0) n/a 

Values are displayed as n(%) unless specified otherwise 
ERAS Enhanced Recovery After Surgery; SD Standard Deviation; AIDS Acquired Immune Deficiency 
Syndrome; HIV Human Immunodeficiency Virus 
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Table 14 Sensitivity Analysis: Patient outcomes pre and post ERAS implementation, excluding POST patients 
who were not part of the ERAS program 

 
Outcome 

Pre-ERAS 
N = 1375 

Post-ERAS 
N = 1114 P-value Adjusted* change  

(95% CI) 

30 day death/readmission, n(%) 186 (13.5) 139 (12.5) 0.440 OR = 0.97 (0.76 to 1.24) 

30 day death/ED visit, n(%) 413 (30.0) 286 (25.7) 0.016 OR = 0.86 (0.72 to 1.04) 

30 day death/readmission/ED visit, n(%) 421 (30.6) 292 (26.2) 0.016 OR = 0.87 (0.72 to 1.04) 

Total length of stay (days), mean (SD) 10.8 (16.8) 8.9 (18.1) 0.007 Diff = -1.43 (-2.83 to -0.04) 

Acute length of stay (days), mean (SD) 9.5 (11.6) 8.0 (9.4) 0.000 Diff = -1.23 (-2.08 to -0.39) 

Any index hosp. complication, n(%) 496 (36.1) 396 (35.5) 0.786 OR = 1.10 (0.92 to 1.31) 

Gastrointestinal 283 (20.6) 252 (22.6) 0.218   
  
  
  
  
  
  

Wounds 138 (10.0) 99 (8.9) 0.331 

Infections 154 (11.2) 110 (9.9) 0.286 

Renal and Endocrine 72 (5.2) 42 (3.8) 0.082 

Cardiovascular disorders 120 (8.7) 79 (7.1) 0.135 

Pulmonary 34 (2.5) 25 (2.2) 0.709 

Neurological 21 (1.5) 23 (2.1) 0.312 

ED	Emergency	Department;	SD	standard	Deviation		
*OR	=	Odds	ratio	adjusted	for	age,	sex,	Charlson	score,	procedure	type,	surgical	approach	and	hospital	
*Diff	=	Difference	in	means	adjusted	for	age,	sex,	Charlson	score,	procedure	type,	surgical	approach	and	hospital 
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Table 15 Sensitivity Analysis: Interrupted time series analysis excluding POST patients who were not part of the 
ERAS program 

 Intercept Pre-ERAS Slope Pre-ERAS Level change Post-
ERAS 

Change in slope Post-
ERAS 

Outcome Beta (SE) P-value Beta (SE) P-value Beta (SE) P-value Beta (SE) P-value 

Death/readmission, % 11.49 (1.18) <.0001 0.53 (0.30) 0.120 0.19 (1.50) 0.903 -1.24 (0.43) 0.020 

Death/ED visit, % 26.37 (2.23) <.0001 0.98 (0.57) 0.124 -3.88 (2.82) 0.207 -1.78 (0.81) 0.059 

Death/readmission/ED, 
% 

26.68 (2.17) <.0001 1.07 (0.56) 0.092 -4.06 (2.74) 0.177 -1.87 (0.79) 0.045 

Total length of stay, 
mean 

10.86 (1.28) <.0001 -0.04 (0.33) 0.914 -0.89 (1.62) 0.597 -0.19 (0.46) 0.699 

Acute length of stay, 
mean 

9.63 (0.86) <.0001 -0.05 (0.22) 0.838 -1.04 (1.09) 0.370 -0.04 (0.31) 0.904 

Any complication, % 36.04 (2.60) <.0001 -0.01 (0.67) 0.983 -3.27 (3.30) 0.350 0.91 (0.94) 0.367 

  

  



	 77	

 

Table 16 Sensitivity Analysis: Patient characteristics pre and post ERAS implementation for  
all patients excluding revision procedures 

Characteristic Pre-ERAS 
N = 1102 

Post-ERAS 
N = 1217 

P-value 

Age, mean (SD) 60.6 (14.8) 61.5 (14.3) 0.144 

Male 576 (52.3) 669 (55.0) 0.192 

Rural residence 128 (11.6) 136 (11.2) 0.739 

Hospital    0.010 

A 206 (18.7) 235 (19.3)   

B 213 (19.3) 301 (24.7)   

C 147 (13.3) 161 (13.2)   

D 164 (14.9) 172 (14.1)   

E 217 (19.7) 184 (15.1)   

F 155 (14.1) 164 (13.5)   

Procedure type    0.282 

Colon 645 (58.5) 739 (60.7)   

Rectal 457 (41.5) 478 (39.3)   

Surgical approach    <.0001 

Laparoscopic 378 (34.3) 536 (44.0)   

Open 724 (65.7) 681 (56.0)   

Charlson comorbidity score, mean (SD) 3.0 (2.6) 3.0 (2.4) 0.653 

Myocardial infarction 49 (4.4) 47 (3.9) 0.480 

Congestive heart failure 36 (3.3) 29 (2.4) 0.198 
Peripheral vascular disease 21 (1.9) 17 (1.4) 0.335 
Cerebrovascular disease 29 (2.6) 33 (2.7) 0.905 
Dementia 11 (1.0) 13 (1.1) 0.868 
Chronic pulmonary disease 126 (11.4) 101 (8.3) 0.011 
Rheumatologic disease 19 (1.7) 22 (1.8) 0.879 
Peptic ulcer disease 30 (2.7) 26 (2.1) 0.359 
Mild liver disease 28 (2.5) 25 (2.1) 0.434 
Diabetes without chronic complications 108 (9.8) 116 (9.5) 0.827 
Diabetes with chronic complications 66 (6.0) 77 (6.3) 0.736 
Hemiplegia or paraplegia 8 (0.7) 7 (0.6) 0.651 
Renal disease 34 (3.1) 31 (2.5) 0.433 
Any malignancy, including leukemia and lymphoma 465 (42.2) 582 (47.8) 0.007 
Moderate or severe liver disease 4 (0.4) 6 (0.5) 0.633 
Metastatic solid tumor 288 (26.1) 298 (24.5) 0.362 
AIDS/HIV 0 (0.0) 1 (0.1) 0.341 

Values are displayed as n(%) unless specified otherwise    
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Table 17 Sensitivity Analysis: Interrupted time series analysis for all patients excluding revision procedures 

 Intercept Pre-ERAS Slope Pre-ERAS Level change Post-ERAS Change in slope Post-ERAS 

Outcome Beta (SE) P-value Beta (SE) P-value Beta (SE) P-value     Beta (SE) P-value 

Death/readmission, % 11.74 (0.83) <.0001 0.51 (0.21) 0.044 3.69 (1.05) 0.008      -1.55 (0.30) 0.001 

Death/ED visit, % 27.75 (2.58) <.0001 0.58 (0.66) 0.408 -3.03 (3.27) 0.382     -0.92 (0.94) 0.356 

Death/readmission/ED, % 28.25 (2.51) <.0001 0.62 (0.64) 0.363 -2.99 (3.18) 0.375      -0.99 (0.91) 0.311 

Total length of stay, mean 11.57 (1.57) <.0001 -0.08 (0.40) 0.849 -1.69 (1.99) 0.421       0.07 (0.57) 0.904 

Acute length of stay, mean 10.40 (1.12) <.0001 -0.13 (0.29) 0.652 -1.40 (1.42) 0.353       0.20 (0.41) 0.638 

Any complication, % 40.75 (3.79) <.0001 -0.72 (0.97) 0.480 -3.28 (4.80) 0.514        2.24 (1.38) 0.142 

ED Emergency Department; SE Standard Error 
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Table 18 Sensitivity Analysis: Patient characteristics pre and post ERAS implementation for all patients and 
the diabetes subgroup excluding revision procedures and POST patients who were not part of the ERAS 
program 

 All Patients Diabetes Subgroup 

Characteristic Pre-ERAS 
N = 1102 

Post-ERAS 
N = 1021 

 
P-value 

Pre-ERAS 
N = 174 

Post-ERAS 
N = 159 

 
P-value 

Age, mean (SD) 60.6 (14.8) 61.5 (14.4) 0.134 67.4 (10.9) 66.8 (9.1) 0.566 

Male 576 (52.3) 563 (55.1) 0.185 102 (58.6) 106 (66.7) 0.130 

Rural residence 128 (11.6) 109 (10.7) 0.492 29 (16.7) 16 (10.1) 0.078 
Hospital    <.0001    0.007 

A 206 (18.7) 170 (16.7)   29 (16.7) 32 (20.1)   
B 213 (19.3) 281 (27.5)   33 (19.0) 45 (28.3)   
C 147 (13.3) 150 (14.7)   20 (11.5) 20 (12.6)   
D 164 (14.9) 150 (14.7)   21 (12.1) 27 (17.0)   
E 217 (19.7) 124 (12.1)   40 (23.0) 15 (9.4)   
F 155 (14.1) 146 (14.3)   31 (17.8) 20 (12.6)   

Procedure type    0.477    0.171 

Colon 645 (58.5) 582 (57.0)   107 (61.5) 86 (54.1)   
Rectal 457 (41.5) 439 (43.0)   67 (38.5) 73 (45.9)   

Surgical approach    <.0001    0.443 

Laparoscopic 378 (34.3) 479 (46.9)   64 (36.8) 65 (40.9)   
Open 724 (65.7) 542 (53.1)   110 (63.2) 94 (59.1)   

Charlson comorbidity score, mean 
(SD) 

3.0 (2.6) 2.8 (2.3) 0.029 
4.6 (2.4) 4.4 (2.2) 0.348 

Myocardial infarction 49 (4.4) 35 (3.4) 0.229 13 (7.5) 10 (6.3) 0.671 
Congestive heart failure 36 (3.3) 25 (2.4) 0.260 17 (9.8) 8 (5.0) 0.101 
Peripheral vascular disease 21 (1.9) 13 (1.3) 0.246 5 (2.9) 3 (1.9) 0.557 
Cerebrovascular disease 29 (2.6) 24 (2.4) 0.679 7 (4.0) 10 (6.3) 0.348 
Dementia 11 (1.0) 10 (1.0) 0.965 4 (2.3) 3 (1.9) 0.794 
Chronic pulmonary disease 126 (11.4) 80 (7.8) 0.005 31 (17.8) 19 (11.9) 0.134 
Rheumatologic disease 19 (1.7) 19 (1.9) 0.812 1 (0.6) 4 (2.5) 0.146 
Peptic ulcer disease 30 (2.7) 20 (2.0) 0.247 8 (4.6) 5 (3.1) 0.494 
Mild liver disease 28 (2.5) 17 (1.7) 0.162 5 (2.9) 5 (3.1) 0.885 
Diabetes without chronic 

complications 
108 (9.8) 100 (9.8) 0.996 

108 (62.1) 100 (62.9) 0.877 

Diabetes with chronic 
complications 

66 (6.0) 59 (5.8) 0.837 
66 (37.9) 59 (37.1) 0.877 

Hemiplegia or paraplegia 8 (0.7) 4 (0.4) 0.305 1 (0.6) 2 (1.3) 0.510 
Renal disease 34 (3.1) 22 (2.2) 0.181 8 (4.6) 4 (2.5) 0.309 
Any malignancy, including 

leukemia and lymphoma 
465 (42.2) 518 (50.7) <.0001 

100 (57.5) 95 (59.7) 0.674 

Moderate or severe liver disease 4 (0.4) 5 (0.5) 0.653 2 (1.1) 1 (0.6) 0.616 
Metastatic solid tumor 288 (26.1) 216 (21.2) 0.007 41 (23.6) 34 (21.4) 0.634 
AIDS/HIV 0 (0.0) 0 (0.0) n/a 0 (0.0) 0 (0.0) n/a 

Values are displayed as n(%) unless specified otherwise 
ERAS Enhanced Recovery After Surgery; SD Standard Deviation; AIDS Acquired Immune Deficiency Syndrome; HIV Human 
Immunodeficiency Virus 
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Table 19 Sensitivity Analysis: Patient outcomes pre and post ERAS implementation, excluding revision procedures and 
POST patients who were not part of the ERAS program 

  
All Patients 

 
Diabetes Subgroup 

 
Outcome 

Pre-ERAS	
N	=	1102 

Post-ERAS	
N	=	1021 

P-
value 

Adjusted* change  
(95% CI) 

Pre-ERAS 
N = 174 

Post-
ERAS 

N = 159 

P-
value 

Adjusted* change  
(95% CI) 

30 day death/readmission, 
n(%) 151 (13.7) 131 (12.8) 0.554 

OR = 1.01 (0.78 to 1.31) 
26 (14.9) 20 (12.6) 0.532 

OR = 0.82 (0.43 to 1.59) 

30 day death/ED visit, n(%) 332 (30.1) 256 (25.1) 0.009 OR = 0.84 (0.69 to 1.03) 56 (32.2) 41 (25.8) 0.199 OR = 0.74 (0.45 to 1.23) 
30 day 
death/readmission/ED 
visit, n(%) 

339 (30.8) 262 (25.7) 0.009 
OR = 0.85 (0.70 to 1.03) 

58 (33.3) 42 (26.4) 0.169 
OR = 0.73 (0.44 to 1.21) 

Total length of stay (days), 
mean (SD) 11.3 (17.5) 8.9 (18.2) 0.002 

Diff = -1.75 (-3.27 to -0.24) 
14.1 (21.1) 

11.2 
(17.5) 

0.176 
Diff = -1.90 (-6.04 to 2.23) 

Acute length of stay 
(days), mean (SD) 9.9 (12.3) 7.9 (9.1) 

<.000
1 Diff = -1.50 (-2.42 to -0.58) 

12.0 (16.5) 
9.7 
(13.0) 

0.160 
Diff = -2.06 (-5.27 to 1.16) 

Any index hosp. 
complication, n(%) 422 (38.3) 360 (35.3) 0.148 

OR = 1.03 (0.86 to 1.24) 
63 (36.2) 59 (37.1) 0.865 

OR = 1.34 (0.82 to 2.19) 

Gastrointestinal 243 (22.1) 224 (21.9) 0.951   
  
  
  
  
  
  

24 (13.8) 32 (20.1) 0.123 

  
  
  
  
  
  
  

Wounds 120 (10.9) 89 (8.7) 0.093 15 (8.6) 13 (8.2) 0.884 

Infections 135 (12.3) 102 (10.0) 0.099 24 (13.8) 21 (13.2) 0.876 

Renal and Endocrine 58 (5.3) 37 (3.6) 0.068 14 (8.0) 12 (7.5) 0.865 
Cardiovascular 

disorders 103 (9.3) 75 (7.3) 0.097 29 (16.7) 19 (11.9) 0.221 

Pulmonary 31 (2.8) 24 (2.4) 0.503 8 (4.6) 7 (4.4) 0.932 

Neurological 19 (1.7) 21 (2.1) 0.573 4 (2.3) 8 (5.0) 0.181 

ED	Emergency	Department;	SD	standard	Deviation		
*OR	=	Odds	ratio	adjusted	for	age,	sex,	Charlson	score,	procedure	type,	surgical	approach	and	hospital	
*Diff	=	Difference	in	means	adjusted	for	age,	sex,	Charlson	score,	procedure	type,	surgical	approach	and	hospital 
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Table 20 Sensitivity Analysis: Interrupted time series analysis for all patients excluding revision procedures and 
POST patients who were not part of the ERAS program 

 Intercept Pre-ERAS Slope Pre-ERAS Level change Post-ERAS Change in slope Post-ERAS 

Outcome Beta (SE) P-value Beta (SE) P-value Beta (SE) P-value Beta (SE) P-value 

Death/readmission, % 11.74 (1.18) <.0001 0.51 (0.30) 0.133 0.97 (1.50) 0.535 -1.37 (0.43) 0.013 

Death/ED visit, % 27.75 (3.03) <.0001 0.58 (0.78) 0.479 -5.13 (3.84) 0.219 -0.91 (1.10) 0.434 

Death/readmission/ED, 
% 

28.25 (2.95) <.0001 0.62 (0.76) 0.436 -5.19 (3.74) 0.203 -0.97 (1.07) 0.392 

Total length of stay, 
mean 

11.57 (1.66) <.0001 -0.08 (0.43) 0.857 -1.47 (2.11) 0.505 -0.11 (0.60) 0.860 

Acute length of stay, 
mean 

10.40 (1.14) <.0001 -0.13 (0.29) 0.657 -1.37 (1.44) 0.371 0.06 (0.41) 0.884 

Any complication, % 40.75 (3.67) <.0001 -0.72 (0.94) 0.466 -4.95 (4.64) 0.318 1.84 (1.33) 0.205 

ED Emergency Department; SE Standard Error 

 

 

Table 21 Sensitivity Analysis: Interrupted time series analysis for patients with diabetes excluding revision 
procedures and POST patients who were not part of the ERAS program. 

 Intercept Pre-ERAS Slope Pre-ERAS Level change Post-ERAS Change in slope Post-ERAS 

Outcome Beta (SE) P-
value 

Beta (SE) P-
value 

Beta (SE) P-value Beta (SE) P-value 

Death/readmission, % 16.96 (6.48) 0.031 -0.49 (1.66) 0.775 -0.38 (8.20) 0.964 0.00 (2.35) 0.999 

Death/ED visit, % 31.49 (8.77) 0.007 0.00 (2.25) 1.000 -15.89 (11.11) 0.191 2.65 (3.19) 0.429 

Death/readmission/ED, % 31.76 (8.28) 0.005 0.26 (2.13) 0.907 -16.81 (10.49) 0.148 2.30 (3.01) 0.466 

Total length of stay, mean 10.05 (3.37) 0.018 1.14 (0.86) 0.223 -3.11 (4.27) 0.487 -1.89 (1.22) 0.160 

Acute length of stay, mean 12.54 (2.80) 0.002 -0.19 (0.72) 0.803 -1.47 (3.54) 0.689 0.06 (1.02) 0.957 

Any complication, % 39.88 (10.06) 0.004 -1.17 (2.58) 0.663 -3.07 (12.74) 0.816 3.07 (3.65) 0.425 
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Figure 2 Flow chart 
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AHospital#E:#Jul#2013#to#Jul#2015#
AHospital#F:#Jul#2013#to#Jul#2015#
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N!=!3,207!
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#

Cared#for#by#General#Surgery#without#Obstetrics#and#
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N!=!3,073!
#

Alberta#resident#(postal#code)#
N!=!2,965!

#

First#encounter#for#each#pa&ent#
N!=!2,714!
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Figure 3 Acute LOS in all patients, ITS analysis 

 

Figure 4 Total LOS in all patients, ITS analysis 
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Figure 5 Acute LOS in the diabetes subgroup, ITS analysis 

 

Figure 6 Total LOS in the diabetes subgroup, ITS analysis 
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Figure 7 30-day death/readmission rates in all patients, ITS analysis 

 

Figure 8 30-day death/ED visit in all patients, ITS analysis 
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Figure 9 30-day death/readmission/ED visit in all patients, ITS analysis 
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Figure 10 30-day death/readmission rates in the Diabetes subgroup, ITS analysis 

 

Figure 11 30-day death/readmission/ED visit in the Diabetes subgroup, ITS analysis 
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Figure 12 30-day death/ED visit in the Diabetes subgroup, ITS analysis 
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Figure 13 Complications in all patients, ITS analysis 
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Figure 14 Complications in the Diabetes subgroup, ITS analysis 
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Figure 15 Sensitivity analysis: 30-day death/readmission rates in all patients, ITS analysis 
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Figure 16 Sensitivity analysis: Acute LOS in all patients excluding revision procedures and POST 
patients who were not part of the ERAS program, ITS analysis 
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Figure 17 Sensitivity analysis: postoperative complications in all patients excluding revision 
procedures and POST patients who were not part of the ERAS program, ITS analysis 
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Figure 18 Sensitivity analysis: 30-day death/readmission rates in all patients excluding revision 
procedures and POST patients who were not part of the ERAS program, ITS analysis 
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Figure 19 Sensitivity analysis: 30-day death/ED visits in all patients excluding revision procedures 
and POST patients who were not part of the ERAS program, ITS analysis 
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Figure 20 Sensitivity analysis: 30-day death/readmission/ED visits in all patients excluding revision 
procedures and POST patients who were not part of the ERAS program, ITS analysis 
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Figure 21 Sensitivity analysis: Acute LOS in the diabetes subgroup excluding revision procedures 
and POST patients who were not part of the ERAS program, ITS analysis 
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Figure 22 Sensitivity analysis: postoperative complications in the diabetes subgroup excluding 
revision procedures and POST patients who were not part of the ERAS program, ITS analysis 
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Figure 23 Sensitivity analysis: 30-day death/readmission in the diabetes subgroup excluding revision 
procedures and POST patients who were not part of the ERAS program, ITS analysis 
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Figure 24 Sensitivity analysis: 30-day death/ED visits in the diabetes subgroup excluding revision 
procedures and POST patients who were not part of the ERAS program, ITS analysis 
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Figure 25 Sensitivity analysis: 30-day death/readmission/ED visits in the diabetes subgroup excluding 
revision procedures and POST patients who were not part of the ERAS program, ITS analysis 
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Appendix 1 ICD-10 codes used to define index hospitalization complications (17) 

 

  

Category Complications ICD-10 

Gastrointestinal 

Small bowel obstruction, Anastomotic stricture 
(include peritoneal adhesions), Pouch leak Pouch 
failure, Bowel perforation, Ileus, Ischaemic bowel, GI 
bleeding (also include other hemorrhage and 
hemorrhagic conditions), Ileostomy / colostomy 
complication or malfunction, Digestive organ disorders 
(include acute hepatic failure and acute pancreatitis), 
Other GI complications (include pneumatosis) 

K22.8, K25.0, K25.2, K25.4, K25.6, K26.0, 
K26.1, K26.2, K26.4, K26.5, K26.6, K27.0, 
K27.2, K27.4, K27.6, K28.0, K28.2, K28.4, 
K28.6, K29.0, K55.0, K55.9, K56.0, K56.5, 
K56.6, K56.7, K62.5, K63.1, K63.8, K66.0, 
K65.5, K65.6, K72.0, K72.9 ,K85, K91.3, 
K91.4, K91.8, K91.9, K92, T79.2, T81.0, T88.8 

Wounds 

Fistula, Hematoma/seroma, Wound dehiscence and 
Delayed wound healing, Iatrogenic injuries (include 
foreign body accidentally left during procedure) and 
pressure ulcer.  

K60.3, K60.4, K60.5, K63.2, K82.9, K83.2, 
L89, N36.0, N82.4, T81.2, T81.3, T81.5, T81.8, 
1.OT.52.DA, 1.OT.56.DA, 1.OT.70.LA 
,1.OW.80, 2.OT.70.LA 

Infections 

Sepsis and bacteremia, Abscess, Wound infection, 
Urinary tract infection, Pneumonia and empyema, 
Other infections (include peritonitis, bacterial, skin and 
subcutaneous tissue infection).  

A40, A41, A49, B95, B96, J10.0, J11.0, J12, 
J13, J14, J15, J16, J17, J18, J69.0, J85, J86, 
K61, K63.0, K65, L03, L04, N10, N12, N15.1, 
N15.9, N30.0, N30.9, N39.0, R78.8, T79.3, 
T80.2, T81.4, T81.6, T82.7, T83.6, T85.7 

Renal and 
Endocrine 

Acute renal failure, Fluid and electrolyte disorders 
(include hypokalemia), Severe endocrine disorders 
(include adrenal disorders, hypoglycemic coma), 
Retention of urine (include atony of bladder), Other 
urinary complication (include urinary obstruction) 

E15, E272, E86, E87, N13.9, N17, N19, N31.2 
,N99.0, N99.9, R33 

Cardiovascular 
disorders 

Thrombosis/embolism, Myocardial infarction, Cardiac 
arrest, Hypotension or shock, Cardiac arrhythmias 
(exclude tachycardia), Heart failure, Other 
Cardiovascular complication ( include atherosclerotic 
heart disease, angina) 

I21, I26, I46, I48, I49, I50, I74, I80, I81, I82, 
I95.0, I95.2, I95.9, I97.8, I97.9, R57, T79.0, 
T80.0, T80.1, T81.1, T81.7, T88.2 

Pulmonary  

Acute respiratory failure, Hypoxia, Pleural effusion 
and pulmonary edema, Pneumothorax and atelectasis, 
Other pulmonary complications (include asthma, 
extubation failure, difficulty breathing) 

J80, J81, J90, J91, J93, J95.5, J95.8, J95.9, 
J96.0, J96.9, J98.1, R09 

Neurological 
disorders 

Cerebrovascular disease, Neurological disorders 
(psychoses/delirium/seizure), Disorders /complications 
of nervous system (include neuropathies) 

F05, F13, F15, F19, G45, G46, G81, G82, G83, 
G93.1, G93.6, G97.0, G97.1, G97.8, G97.9, 
I63, I65 
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4 Chapter 4: Discussion and Conclusion 

 

 Individuals with diabetes are a high-risk surgical population, and despite advances 

in perioperative care with the introduction of the ERAS® program over a decade ago, it is 

unknown whether postoperative outcomes (LOS, complications and 30-day outcomes) 

are altered by enrollment in an ERAS® program compared to conventional care in 

individuals with diabetes. The first aim of this thesis was to evaluate the impact of 

ERAS® on individuals with diabetes undergoing elective surgery by systematically 

evaluating the state of the evidence, and the second aim was to analyze the “real-life” 

cohort that underwent ERAS® implementation for elective colorectal surgery in those 

with and without diabetes in the province of Alberta -where ERAS® was implemented at 

the main surgical sites.  

The systematic review presented in chapter 2 did not identify any robust study 

meeting the EPOC criteria examining the impact of ERAS® program on individuals with 

diabetes. Reasons for excluding this population from ERAS® could be related to 

unsubstantiated concerns of aspiration secondary to gastric paresis from carbohydrate 

loading preoperatively -one of the ERAS® protocol components-, and 

hyperglycemia.(142) The presence of multiple comorbidities in this population, and the 

well-recognized higher postoperative risk for complications might have put them at a 

disadvantage of being included in outcome trials, along with the challenges of 

perioperative glycemic control, which if not optimally managed in a trial would have a 

direct negative effect on postoperative outcomes, resulting in masking any potential 
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impact of ERAS®.(7,8) The wide spread use of uncontrolled before-after observational 

studies in the ERAS® literature has also contributed to the lack of robust study designs in 

this area.  

The second focus of this thesis was to address this knowledge gap by analyzing 

the cohort that underwent ERAS® implementation for elective colorectal surgery at the 

six main surgical sites in the province of Alberta, under a single health care system. An 

interrupted time series (ITS) analysis was conducted on the diabetes subgroup as well as 

the whole cohort (patients with and without diabetes) to allow contextual understanding 

and interpretation of the results, this is presented in chapter 3. The diabetes subgroup did 

not demonstrate any changes in postoperative outcomes (LOS, postoperative 

complications, 30-day outcomes). On the other hand, a significant reduction in 

postoperative LOS in the whole cohort was observed, however the ITS analysis 

confirmed that there was no level change meaning that the observed reduction in LOS 

was due to underlying secular trends and not attributable to the ERAS® program. The 

negative findings of this analysis (i.e. the absence of a measurable effect attributed to 

ERAS®) are contrary to multiple observational studies demonstrating the effectiveness of 

ERAS® program in colorectal surgery patients, and RCTs evaluating other fast track and 

heterogeneous enhanced recovery programs.  

The absence of a measurable benefit in our study relating to ERAS® could be 

related to low adherence to the ERAS® program, inadequate power, intrinsic factors 

relating to surgical care in Alberta, or due to the absence of a significant measurable 

benefit. Although adherence was not directly evaluated in our study, a recognized 

limitation, a recent analysis by Gramlich et al of the same Alberta cohort analyzed up to 

2015 –overlapping with our study’s post ERAS® period- demonstrated an increase in 
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adherence in ERAS® program from 39% pre-ERAS® to 60% post-ERAS® with similar 

findings across all six sites.(9) Optimal ERAS® outcomes have been consistently reported 

when adherence is > 70%,(10,11) and so repeating this analysis as the sites mature and 

adherence improves might yield different results. It is also important to consider the 

possibility that previous studies in the literature reporting on postoperative outcomes in 

colorectal surgery and ERAS® might have been biased overestimates due to inherent 

limitations of the study designs used (i.e. uncontrolled before-after studies). Our study 

therefore might have been underpowered to detect a smaller magnitude of effect of 

ERAS®, and including additional data points pre- and post-ERAS® by extending the data 

collection to 24 months instead of 12 months would improve the power to detect a 

smaller difference, if one was present. This was considered at the stage of protocol 

development, however due to the staggered implementation dates and delayed 

availability of the provincial mortality data, only 12 months were available to be included 

pre- and post-ERAS® to ensure consistent data collection at all the sites, and minimize 

bias. 

Important intrinsic factors to consider are surgical care practices pre-ERAS®  -not 

possible to ascertain via administrative databases- which might have already included 

components of the ERAS® program contributing to the lack of a level change on the ITS 

analysis -particularly given the staggered implementation dates and availability of 

evidence supporting individual components of the ERAS® pathway over the past decade 

which might have already been incorporated into surgeons’ practices. Length of stay 

might have already been on the decline due to increased use of laparoscopic approach, 

early detection and management of colorectal cancer with development of the Alberta 
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Rectal Cancer Clinical Pathway, or extra homecare nursing capacity which was observed 

on medicine wards in Alberta recently.(11–14) 

Nevertheless, the question that arises is whether the results are truly negative 

in the Alberta cohort, and whether this stands true for the ERAS® program in 

colorectal surgery. With the lack of RCTs evaluating the ERAS® program, the 

previously observed outcomes from other fast track and enhanced recovery programs 

extrapolated to support ERAS® might not be accrued in routine clinical practice, hence 

the importance of evaluating the evidence base for any intervention or program, and 

prospectively evaluating any changes in care delivery models at a system level. 

Examining the ERAS® program evaluated in our study might suggest gaps in the current 

program with the absence of core elements that have been shown to have a significant 

impact on postoperative outcomes such as: consistent use of laparoscopic surgery, 

stringent glycemic control in individuals with and without diabetes, as well as structured 

prehabilitation. Whether these components would have an independent effect would need 

to be evaluated in an RCT.  

A large body of evidence supports the beneficial effect of laparoscopic surgery in 

reducing the surgical stress and inflammatory response and promoting rapid recovery in 

colorectal cancer surgery.(15–20) One of the early studies to evaluate laparoscopic 

surgery within a fast track program was the multicenter LAFA-Study; in a 2x2 factorial 

design trial, 427 subjects were randomly assigned to one of four groups: laparoscopy/fast 

track, open/fast track, laparoscopy/standard care, and open/standard care. The results 

revealed that the optimal treatment combination for colorectal surgery within a fast track 

program was the laparoscopic approach with a median LOS of 5 days (IQR 4-7, 

p<0.001), and overall postoperative morbidity 34%; p=0.2 with readmission rates at 6%, 
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p=0.97.(21) A subsequent systematic review by Spanjersberg et al evaluating whether 

laparoscopy and ERAS carry additional synergistic effects in colorectal surgery analyzed 

3 RCTs and 6 controlled clinical trials (CCTs) and found an effect on LOS with the 

combination of both (median LOS -2.34 [-3.77, -0.91], Z=3.20, p= 0.001), but not 

postoperative morbidity.  Of note, laparoscopy had an impact independent of ERAS on 

postoperative morbidity (OR 0.42 [0.26, 0.66], Z=3.73, p=0.006), however ERAS did not 

have a significant impact independent of laparoscopy (OR 0.97 [0.62, 1.53], Z=0.11, 

p=0.91).(22) A recent observational study evaluating the surgical approach (laparoscopy, 

laparoscopy converted to open surgery, and open surgery) within an ERAS program 

demonstrated a significantly higher 5-year survival rate in colorectal cancer surgery 

patients with the laparoscopy approach (survival rate=78%) compared to both the 

converted group (survival rate=68%), and open surgery group (survival rate=70%) 

p<0.007.(17,19) Therefore, incorporating routine laparoscopic surgery within ERAS® is 

likely to improve outcomes.  

Hyperglycemia is associated with increased risk of postoperative morbidity and 

mortality including surgical site infections (SSI), acute coronary syndrome, and 

sepsis.(8,23–26) The prevalence of postoperative hyperglycemia (glucose >10 mmol/l) in 

individuals without known diabetes in a large multicenter cohort of colorectal surgery 

patients was 14%, and among those with known diabetes 68%.(27) Despite the 

recognized prevalence and impact of this metabolic derangement, detection and 

management of hyperglycemia is often overlooked in surgical patients.(8) Hence, 

glycemic management is essential for an ERAS® program. 

Prehabilitation is an evolving concept in surgical care. A relationship between 

physical fitness preoperatively, and postoperative outcomes has been demonstrated and is 
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supported by a large body of evidence in cardio-pulmonary and non cardio-pulmonary 

surgery.(28–32) Objective measures of cardiorespiratory reserve such as 

cardiopulmonary exercise testing (CPET) have been shown to be a good predictor of 

postoperative morbidity and mortality.(33–35) A trial assessing the value of 

prehabilitation in patients undergoing colorectal surgery within an ERAS program is 

underway and study completion is expected soon.(36) This may be another missing link 

in the continuum of surgical care that impacts postoperative outcomes. 

To date, no comparable study to the robust multicenter ITS analysis presented 

here is available evaluating the ERAS® program in colorectal surgery. Although a recent 

publication from 20 hospitals in Kaiser Permanente Northern California included a 

contemporaneous surgical comparator group in an ITS analysis of an ERAS program for 

colorectal surgery, perusal of their supplementary tables raises questions about whether 

the comparators really were an appropriate choice.  For example, they were almost a 

decade younger than the ERAS patients, less than 10% had lower GI surgery (3/4 had 

gastrectomy, nephrectomy, or hernia repairs), and their LOS (2.2 days vs. 5.1 days) and 

complication rates (6.9% vs. 18.1%) were already substantially lower than LOS for 

colorectal surgery patients–meaning that the size of any potential improvements for the 

comparator patients was markedly restricted. Furthermore, that study was at high risk for 

bias with the absence of standardized and validated complications data for their cohorts, 

and inconsistency in acquisition of this data.(37) The other large-scale observational 

studies demonstrating benefit of the ERAS® program on postoperative outcomes are 

uncontrolled pre- post- studies; well recognized to have inherent limitations and to 

overestimate intervention effects.(11,37–39) Although RCTs exist for fast-track and 

enhance recovery pathways in colorectal surgery -differing form the ERAS® program 
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evaluated in our study- they are not thought to be appropriate comparators given the 

heterogeneous pathways utilized and the moderate to high risk of bias most of these small 

trials were at risk of.(40,41)  

For the diabetes subgroup, reasons for the absence of a significant difference 

in any of the postoperative outcomes are unclear and warrant further investigation. 

The lack of a measurable effect of ERAS® on postoperative outcomes could be explained 

by similar factors to the whole cohort such as low adherence, under powering of the 

study, intrinsic factors relating to surgical care in Alberta, or due to the absence of a 

significant measurable benefit. Additional unique variables to consider in this population 

are underlying insulin resistance, which is innate to the pathophysiology of type 2 

diabetes. The goal of the ERAS® program is to reduce perioperative stress and insulin 

resistance through its various components, however fasting in individuals with diabetes -

contrary to carbohydrate loading preoperatively as recommended by ERAS®- would be 

expected to reduce insulin resistance and the risk of hyperglycemia which in turn would 

be expected to have a positive impact on postoperative outcomes.(42) This raises the 

concern that preoperative carbohydrate loading might have resulted in hyperglycemia and 

initiated a series of inflammatory cascades predisposing to surgical site infections and 

increased morbidity postoperatively. On the other hand, in a small study by Schricker and 

colleagues, protein catabolism after colorectal surgery was found to be increased in 

patients with type 2 diabetes compared to those without diabetes, as reflected by an 

increased oxidative protein loss(43). Metabolic benefits were observed in RCTs in 

individuals without diabetes where carbohydrate loading was shown to preserve skeletal 

muscle mass postoperatively(44,45) and improve nitrogen economy.(46) It is unclear if 

having patients with diabetes in a well-fed state (i.e. carbohydrate loaded preoperatively) 
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with concurrent optimal glycemic control would attenuate depletion of muscle mass 

after surgery and improve mobilization and early discharge postoperatively(45) – there is 

clearly a need for a randomized trial to answer this question.  

The non-significant increase in postoperative complications observed in the 

diabetes group post-ERAS® which was related to higher gastrointestinal complications 

was unexpected given that these particular complications have been shown to occur less 

frequently with early post surgery nutrition, removal of gastric tubes, less use of opioids 

and early mobility – all key components of the ERAS® program. This raises the question 

of whether hyperglycemia was managed properly perioperatively for these patients. The 

extent to which hyperglycemia had an impact on postoperative outcomes needs to be 

investigated further in an RCT (which we have initiated in Alberta).  

4.2 Implications and Future Directions 
 

 The lack of identified studies on the impact of ERAS® in the diabetes 

subgroup draws attention to the need for robust study designs to evaluate outcomes in this 

surgical population. In addition to RCTs, Non-randomized Controlled Trials (NRCTs), 

Controlled Before-After (CBA) studies, and ITS studies are the designs of choice when 

evaluating the effects of health system interventions. To ensure rigorous evaluation of 

future ERAS® program implementations in individuals with diabetes, we recommend 

including one of the previous robust study designs at the time of implementation instead 

of the current practice of conducting uncontrolled pre- post-ERAS studies. Further work 

is required to address the gap in perioperative care in this group, and analyzing the 

diabetes subgroup within ERAS® databases will help guide the design of RCTs utilizing 

diabetes-specific protocols; taking into account the higher preoperative risk, the need for 
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surgical prehabilitation, perioperative glycemic control, and adopting routine use of 

laparoscopy. A pilot RCT is already underway in Alberta to address carbohydrate loading 

within ERAS® program in individuals with diabetes to help inform clinical decisions in 

this area. 

The same robust study designs outlined above are also needed to reevaluate the 

impact of ERAS® on patients (without diabetes) undergoing colorectal surgery to 

determine whether the negative results observed in our study are replicated in other 

ERAS® cohorts, or whether these findings are specific to Alberta’s surgical population, 

with an assumed lower adherence to the program in the first year of implementation. This 

would be best pioneered by the ERAS® Society to provide guidance and methodological 

support for analyzing their central database with data linkage to local administrative 

databases. Repeating our ITS analysis in a couple of years, as ERAS® programs in 

Alberta mature and with more data points for added study power, would aid in 

determining whether the results are different with wider implementation and adherence to 

ERAS.  

4.3 Conclusion 
 

In conclusion, despite advances in perioperative care and the introduction of 

multidisciplinary pathways in the early 1990s, individuals with diabetes remain at a 

higher risk for postoperative complications. A gap exists in the field of diabetes and 

postoperative outcomes within ERAS®, this thesis confirmed this gap through systematic 

evaluation of the evidence, and contributed by analyzing the first real-life diabetes cohort 

using an ITS analysis on individuals undergoing elective colorectal surgery in Alberta. 
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The lack of effect observed in those with diabetes, and the unexpected findings of lack of 

an important effect attributed to ERAS® in a mixed cohort without diabetes from our 

study raises questions about the effectiveness of ERAS® for this patient group and 

highlights the need to evaluate the program implementation intrinsically (by utilizing 

audit data to determine barriers) and extrinsically (by rigorously analyzing other centers’ 

data) to evaluate whether these findings are reproduced, or whether they are unique to 

Alberta’s early post implementation period, or other extrinsic factors. Priorities for future 

research include rigorously evaluating modified multimodal pathways for individuals 

with diabetes with emphasis on structured prehabilitation, standardized glycemic control 

perioperatively, and consistent utilization of laparoscopic approach.  
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