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Abstract

Background Prevalence of diabetes in surgical patients is 10-40%. It is well recognized that they have higher rates
of complications, and longer stays in hospital compared to patients without diabetes. Enhanced recovery after surgery
(ERAS) is an evidence-based multimodal surgical care pathway that improves postoperative complications and
length of stay in patients without diabetes. This review evaluates the evidence on whether individuals with diabetes
would benefit from ERAS implementation.

Methods MEDLINE, Cochrane Central Register of Controlled Trials (CENTRAL) and EMBASE searched with no
language restrictions applied. Conference proceedings and bibliographies were reviewed. Experts in the field were
contacted, and www.clinicaltrials.gov searched for ongoing trials.

Selection criteria Randomized controlled trials (RCT) looking at individuals with diabetes undergoing surgery ran-
domized to ERAS® or conventional care. Non-randomized controlled trials, controlled before—after studies, interrupted
time series, and cohort studies with concurrent controls were also considered. Two authors independently screened studies.
Results The electronic search yielded 437 references. After removing duplicates, 376 were screened for eligibility.
Conference proceedings and bibliographies identified additional references. Searching www.clinicaltrials.gov yielded
59 references. Contacting experts in the field identified no further studies. Fourteen full articles were assessed and
subsequently excluded for the following reasons: used an intervention other than ERAS®, did not include patients
with diabetes, or used an uncontrolled observational design.

Conclusions To date, the effects of ERAS® on patients with diabetes have not been rigorously evaluated. This
review highlights the lack of evidence in this area and provides guidance on design for future studies.

Electronic supplementary material The online version of this
article (doi:10.1007/s00268-017-3982-y) contains supplementary
material, which is available to authorized users.
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Background

Diabetes is a chronic disease with an estimated prevalence
of 7.2-11.4% worldwide [339-536 million], and an
expected rise in these numbers over the upcoming decades
[1]. People with diabetes are more likely to require surgery
compared to people without diabetes, and prevalence of
diabetes in surgical patients is estimated to be 10-15%
[2-4] and up to 40% in those undergoing bariatric surgery
[5-7]. It is well recognized that people with diabetes are a
high-risk surgical population with longer hospital stays,
higher healthcare resource utilization, and greater periop-
erative morbidity and mortality [8—10].

Enhanced recovery after surgery (ERAS®) is an evi-
dence-based multimodal surgical care pathway first pub-
lished in 2005 [11, 12] and has been shown in multiple
RCTs to reduce LOS by 30%, and reduce postoperative
complications by up to 50% [13-18]. It includes 22 com-
ponents of pre-, intra- and postoperative care, with all
being described as “Strong” recommendations as per the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) framework [19]—Table 1
[16, 17, 20, 21]. The protocol was last updated in 2012
[20].

Whether patients with diabetes should be included in
ERAS® has been a contentious issue [22, 23], resulting
in varying clinical practice and guideline recommenda-
tions [17, 22, 24, 25]. There are hypothetical risks to
carbohydrate loading (one of the key preoperative ele-
ments of ERAS®) in individuals with diabetes (such as
aspiration pneumonia due to delayed gastric emptying,
and hyperglycemia and its sequelae) and it is uncertain
whether this may negate any beneficial effects from the
other elements of ERAS®. Individuals with diabetes are
at risk for delayed gastric emptying. Chronically elevated
glucose can lead to autonomic neuropathy and intrinsic
nervous system dysfunction in multiple cellular targets,
such as neurons producing nitric oxide, interstitial cells
of Cajal in the gut, and gut hormone levels [26-28].
Those affected have deranged proximal gastric accom-
modation and contraction post solid meals and reduced
frequency of antral contractions. Acute hyperglycemia
(>11.1 mmol/l) could also result in delayed gastric
emptying; the rise in glucose decreases stomach and
small bowel contractility and stimulates localized pyloric
contraction [29, 30]. Another concern with hyper-
glycemia is its association with postoperative complica-
tions [31, 32]. Substantial evidence supports this
association, particularly with postoperative infections,
with hyperglycemia resulting in a relative state of
immunosuppression ~ mediated  through  multiple
immunological pathways (e.g., white blood cells and

@ Springer

neutrophil activity, inflammatory cytokine cascade,
microvasculature, and reactive oxygen species produc-
tion) [33].

We conducted this systematic review to evaluate the
state of the evidence base for the use of the ERAS® pro-
tocol in individuals with diabetes undergoing surgery.

Methods

As per the recommendations of the Cochrane Effective
Practice and Organization of Care Group (EPOC) for
evaluating healthcare interventions, we included random-
ized controlled trials (RCTs), subgroups of RCTs in indi-
viduals with diabetes undergoing elective surgery, and non-
randomized studies with more robust methodology
including non-randomized controlled trials (NRCT), con-
trolled before—after (CBA) studies, interrupted time series
(ITS), and cohort studies with concurrent controls [34]. 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 stan-
dardization of these protocols and heterogeneity.

Types of outcome measures
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 >14 mmol/l preoper-
atively or postoperatively, since this level has been shown
to be associated with higher rates of postoperative infec-
tions in individuals with diabetes undergoing non-cardiac
surgery) [32].

Search methods for identification of studies
Electronic searches

Studies were identified by searching MEDLINE(R) In-
Process and Other Non-Indexed Citations and MEDLI-
NE(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 (see
Appendix 1 in supplementary material online). 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 pub-
lished until 2005 [11, 12].
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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 counseling

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 anesthetic agents

2—Mid-thoracic epidural anesthesia/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 (anesthesia/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

NSAIDs non-steroidal anti-inflammatory drugs

Other resources

Additional studies were identified and included by
searching conference proceedings of surgical and anes-
thesiology societies, and the bibliographies of review
articles and trials of identified studies. Experts in the area
were contacted, and www.clinicaltrials.gov was also sear-
ched for ongoing trials.

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. Dis-
agreement 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 [35]. This
provides a standardized tool for collecting data on study

designs, potential sources of confounding, and risk of bias
[36, 37].

Results

The electronic search yielded 437 references. After
removing duplicates, 376 remained for screening for eli-
gibility. Searching bibliographies of reviews, conference
proceedings, and ERAS guidelines identified additional
eight 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 (Fig. 1) [38]. 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 uncon-
trolled before—after design (n = 2). One of the latter
studies included subjects with diabetes among others
without diabetes [39]. This included only eight subjects
(10.4%) with diabetes in the ERAS intervention group, and
15 (13.8%) in the conventional care group. The author was
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contacted to provide individual data to further analyze this
group, but we were unable to obtain this.

Discussion

This review did not identify any randomized controlled
trials or observational studies meeting the EPOC criteria
evaluating 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
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sites where ERAS® is implemented [25]. 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.

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 hyper-
glycemia and delayed gastric emptying from the carbohy-
drate load. It is also unknown whether implementing ERAS
and monitoring adherence would be cost effective in
individuals with diabetes [13, 40]. 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 [8, 9, 41-46]. 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 proce-
dure 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 [47]. 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 exclu-
ded from our systematic review 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 [48].

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 [28, 49-51]. 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
versus 0.2% in controls over 10 years [52]. Previous
reports of gastroparesis prevalences of 30-50% were
overestimates, biased as they were derived in high-risk
cohorts from tertiary centers [53, 54]. A large population-
based study found this to be only 5-12% in individuals
with diabetes [28]. The most common cause of
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gastroparesis is in fact idiopathic in over one-third of
patients [51, 55]. Even in the presence of gastroparesis,
slower movement of solid food (rather than liquids) from
the stomach is the hallmark of this condition [30, 50, 51].

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 15 g of dextrose in subjects with variable dia-
betes control [n = 86, median HbAlc 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 min compared to about
40 min in healthy controls. Oral hypoglycemic agents were
held, patients on insulin (76.7%) administered their usual
doses ~20 min prior to consuming the drink [56], (2) the
second study by Gustafsson and colleagues used a 50 g
carbohydrate drink in a better controlled group (n = 25,
mean HbAlc 5.6 and 6.8% in non-insulin and insulin
treated subjects, respectively). Participants’ usual oral
hypoglycemic medications and insulins were administered
at their usual doses immediately prior to consuming the
drink. They found no signs of delayed gastric emptying
(TS50 49.8 £ 2 min compared to 58.6 £ 3.7 min), and
gastric emptying was complete by 180 min [57]. This
would suggest the acceptable 2-3 h time frame for con-
sumption of a liquid load preoperatively by modern fasting
guidelines and ERAS®. Furthermore, for passive regurgi-
tation and pulmonary aspiration to occur, gastric content
needs to be >200 ml [58, 59]. With the current volumes of
carbohydrate delivered at a maximum of 400 ml (50-60 g
of carbohydrates), and TS50 reported at <l h from the
previous studies, the suggested 2-3 h time frame is con-
servative. It should also be highlighted that there are other
risk factors for aspiration preoperatively, which are far
more common than diabetes: anesthesia and airway man-
agement [22]. 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 as a package in about 40
hospitals in Europe and North America. These components
include the (1) ERAS® Protocol; the (2) ERAS® Imple-
mentation Program, and the 3) ERAS® Interactive Audit
System (EIAS) [12, 60]. There are multiple surgical pro-
tocols other than ERAS® such as fast-track protocols and

enhanced recovery (ERP) protocols that have been evalu-
ated in surgical patients [48, 61-63]. A number of these
studies are limited by the heterogeneity of their protocols,
types of surgery, surgical technique, and study design.
There is controversy on whether all the ERAS® compo-
nents are needed to impact postoperative outcomes, or
whether a refined “shorter list” would suffice [64-67].
Currently ERAS® is implemented as a package and future
research would seem warranted to identify which compo-
nents of ERAS® have the greatest impact and thereby
develop a refined list which would improve allocation of
resources to those interventions with the highest impact.
Previous attempts to identify which components of ERAS®
have a measurable clinical impact of value have been
inconsistent and failed to identify a refined list. However, a
recent multicenter ERAS® registry data analysis (13 cen-
ters from 6 countries between 2008 and 2013) demon-
strated that increasing compliance with the ERAS®
program and the use of laparoscopic surgery independently
improve outcomes [60]. ERAS® stands out among other
protocols with its structured perioperative care system—
described earlier. More importantly, adherence to ERAS®
has recently been shown to be associated with increased
5-year cancer-specific survival after colorectal cancer sur-
gery [68], not reported with any other fast-track or
enhanced recovery program.

Implications for practice

Currently, there is a lack of evidence about the impact of
ERAS® in surgical patients with diabetes. There is no
robust evidence to support any specific recommendations
for this population. Clinical judgment (and close monitor-
ing of glucose levels and diabetic medication management)
will be required on a case-to-case basis until further evi-
dence is available to inform this decision. It is important to
consider the recommended glucose target for the periop-
erative period, which is 4.4-10.0 mmol/l1 (80-180 mg/dl)
while avoiding hypoglycemia [69, 70]. Basal-bolus insulin
regimens are recommended over sliding scale regimens
and are associated with better glycemic control and lower
postoperative complications [71, 72]. For individuals who
cannot take anything by mouth or have minimal food
intake postoperatively, basal insulin in combination with a
correction bolus is advised [71], although intravenous
insulin may be preferred in type 1 diabetes. Specific
guidelines on insulin dosing in surgical patients with dia-
betes are outlined in detail in the Joslin’s evidence-based
guidelines available at: https://www.joslin.org/docs/Inpa
tient-management-of-surgical-patients-with-diabetes-_12-
30-2015.pdf [73].
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Implications for research

A randomized controlled trial is needed to examine the
impact of ERAS® implementation on patients with dia-
betes, with sufficient numbers of subjects with type 1
diabetes to permit a meaningful sub-analysis. If this is not
feasible, then one of the following NRS would be pre-
ferred: NRCT, CBA, or an ITS. The ITS design has been
recognized as “one of the most effective and powerful of
all quasi-experimental designs” [74] and is the best next
step if randomization is not possible [75]. Although
uncontrolled before—after designs are appealing for their
simplicity, their use is discouraged due to their tendency to
overestimate benefits of new interventions [76]. Alterna-
tively, 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.

In conclusion, our rigorous systematic review highlights
the lack of evidence on the effects of ERAS® for surgical
patients with diabetes. A policy change in ERAS® imple-
mentation is suggested to encourage evaluation when
ERAS® is used in individuals with diabetes.
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