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Abstract
Objectives The objective of this study was to evaluate the feasibility and efficacy of ERAS pathways in patients undergoing
emergency simple closure of perforated duodenal ulcer (PDU).
Methods This single-center, prospective, open-labeled, superiority, RCTwas carried out fromAugust 2014 to July 2016. Patients
of PDU undergoing open simple closure were randomized preoperatively in 1:1 ratio into standard care and adapted ERAS
group. Patients with refractory shock, ASA class ≥3, and perforation size ≥1 cm were excluded. Primary outcome was the length
of hospitalization (LOH). Secondary outcomes were functional recovery parameters and morbidity.
Results Forty-nine and 50 patients were included in standard care and ERAS group, respectively. Patients in ERAS group had a
significantly early functional recovery (days) for the time to first flatus (1.47 ± 0.18; p < 0.001), first stool (2.25 ± 0.20;
p < 0.001), first fluid diet (2.72 ± 0.38; p < 0.001), and solid diet (3.70 ± 0.44; p < 0.001). LOH in ERAS group was significantly
shorter (mean difference of 4.41 ± 0.64 days; p < 0.001). There was a significant reduction in postoperative morbidity such as
superficial SSI (RR 0.35, p = 0.02), postoperative nausea and vomiting (RR 0.28, p < 0.0001), and pulmonary complications (RR
0.24, p = 0.04) in the ERAS vs. standard care group with similar leak rates (1/50 vs.2/49).
Conclusion ERAS pathways are safe and feasible in select patients undergoing emergency simple closure of PDU.

Keywords LOH .Enhanced recovery .Bowel functions .NG
tube . Drain

Introduction

The advancements in the field of surgery and anesthesia have
led to revolutionary revision in the perioperative care referred

to as the enhanced recovery after surgery (ERAS) or fast-track
protocols. ERAS protocols, pioneered by Henrik Kehlet in the
late 1990s, is a streamlined multimodal approach which uti-
lizes various evidence-based modifications of the periopera-
tive care elements with the aim of attenuating the physiolog-
ical and psychological stress, thus accelerating patients’ re-
covery [1]. This multifaceted approach aims at a Bpainless
and safe^ surgery for the patient.

ERAS protocols have now become the standard of care in
many procedures across specialties demonstrating a shorter
hospital stay and reduced postoperative morbidity and mortal-
ity [2–8]. Meta-analyses have demonstrated a reduction of 2–
4 days in the length of hospitalization (LOH), earlier mobili-
zation, nutrition, and a significant reduction in complication
rates following elective upper and lower gastrointestinal sur-
gery [9–12]. However, despite its success in the elective setting,
the perioperative care in the emergency setting still continues
to utilize the traditional principles [2]. Recent evidence has
found many of these traditional principles to be unnecessary
and rather harmful [1]. The higher morbidity and mortality rate
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following emergency procedures when compared with similar
elective procedures underlines the dire need for revising the
perioperative care practices in the emergent situations by using
a multimodal pathway [13]. Reports of use of ERAS guidelines
in emergency situations are sparse, owing to the challenges in
implementing all the care elements. ERAS programs have
been utilized in various elective situations in a modified form,
and hence, its role in emergency situations albeit in an adapted
form may be noteworthy [14]. Although challenging, there are
reports suggesting the Bappropriateness^ of the care elements
in an emergency setting [15].

There are few reports of its use in emergency situations. A
recent randomized controlled trial on 47 patients who
underwent laparoscopic Graham patch repair for perforated
peptic ulcer demonstrated a reduction of 2 days in the length
of hospital stay with no significant difference in the rate of
complications with the use of ERAS pathways [16]. Similarly,
faster functional recovery of bowel functions, reduced com-
plications, and a shorter hospital stay were reported in patients
of urgent colectomy in a few case control studies [17, 18].
However, large prospective randomized studies on the role
of ERAS in emergency are sparse.

Perforated duodenal ulcer (PDU) is one of the most com-
mon surgical emergencies in this region and is associated with
a substantial mortality rate of 6–30% [19]. The management of
this condition is fairly standardized and is carried out by open
or laparoscopic procedures. Application of the evidence-based
ERAS protocols has the potential for improvising the out-
comes in the perioperative period in open and laparoscopic
surgery. Hence, this study was carried out to evaluate the
safety, efficacy, and feasibility of an adapted ERAS protocol
in patients who underwent simple closure of perforated duo-
denal ulcer.

Methodology

Study Design

This study was a single-center, prospective, open-labeled, par-
allel arm, superiority, randomized controlled trial carried out
in the Department of Surgery of a tertiary care hospital of
South India from August 2014 to July 2016. The study was
approved by the Institute Ethics Committee (IEC). Written
informed consent was taken from all the participants and pa-
tients were given full freedom to withdraw at any point during
the study. The study was registered at www.ctri.gov.in (CTRI
no: CTRI/2015/02/00554).

Patient Enrollment

All consecutive patients, of age 18 years and above, who were
presented to the emergency surgical team and were diagnosed

with perforated duodenal ulcer by clinical examination and
supported by adjunctive investigations, were recruited and
assessed for eligibility. The following patients were excluded
from the study: age < 18 years, ASA (American Society of
Anesthesiologists) class 3 or 4, coexistent psychiatric or neu-
rological illness, patients with refractory septic shock at pre-
sentation, pregnant patients, and patients with history of
chronic steroid use. Intraoperatively, after randomization, pa-
tients were excluded based on the following criteria: perforat-
ed duodenal ulcer ≥10 mm, spontaneously sealed off perfora-
tions that did not require any intervention, multiple perforated
ulcers, coexistent bleeding and perforated ulcer, and patients
who had concomitant definitive surgery or additional proce-
dures done such as truncal vagotomywith drainage procedure.

Randomization

Patients were randomly assigned in 1:1 ratio to receive either
standard perioperative care or adapted ERAS pathway group.
Block randomization was done using computer program with
randomly selected block sizes of 4 and 6. Allocation conceal-
ment was performed using a serially numbered opaque sealed
envelope (SNOSE) technique. Sealed envelopes were pre-
pared by a person independent of the investigators. The enve-
lopes were opened by the nurse and group allocation was done
at the time of decision to proceed with surgery.

Adapted ERAS Pathways vs. Standard Care

Preoperative Care

Preoperative preparation was identical in both the groups in
the placement of nasogastric (NG) tube at admission and ad-
ministration of crystalloids for fluid replacement. They also
received empirical intravenous (IV) antibiotic therapy with
ceftriaxone (1 g IV Q12h) and metronidazole (500 mg IV
Q8h) and IV acid reducing therapy with pantoprazole
(40 mg IV Q12h). In the ERAS group, lumbar epidural cath-
eter was secured in the L3–L4 interspace in patients who did
not have any contraindications such as coagulopathy and se-
vere sepsis, and age > 60 years [19]. The differences between
the two groups in the care pathways are shown in Table 1.

Intraoperative Care

All patients underwent simple closure of the duodenal ulcer
perforation by Grahams patch technique under general anes-
thesia with the standard anesthetic protocols [20]. The differ-
ences in the anesthetic protocols between the two groups are
shown in Table 1. All patients had the intraoperative central
venous pressure-guided fluid management. The surgical pro-
cedure was carried out by a surgical resident under the super-
vision of the registrar. A 28-F Malecot drain was placed in the
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sub-hepatic space before closure of the abdomen. The size of
perforation, nature, and severity of the contamination were
noted. The patients’ Boey’s score and Mannheim Peritonitis
Index were calculated and recorded [21, 22].

Postoperative Care

Adapted ERAS protocol was based on principles of ERAS
care elements such as non-opioid multimodal analgesia, early
nutrition, and early mobilization of the patients. An adapted
criterion was followed for the use of drains and tubes as the
safety of an ERAS protocol in emergency has not been well
established. Individual elements of the adapted protocol and

how it differs from the conventional pathway have been de-
scribed in Table 1. In both the groups, the oral intake was
stopped immediately in patients who showed intolerance to
diet in any form which was defined as any one of the follow-
ing criteria: pain of moderate or severe intensity (Likert
score > 3/5) after resumption of oral feeds, more than two
episodes of vomiting of >100 ml over 24 h, one episode of
diarrhea, or abdominal distension [23, 24]. In patients who de-
veloped intolerance to oral feeds, feeding was re-initiated after
the symptoms had completely subsided and active bowel
sounds had reappeared. All patients were discharged when
they had tolerated solid diet for at least 24 h and had passed
stool and in the absence of other factors such as fever, wound

Table 1 Adapted ERAS pathway vs. standard perioperative care

Primary component Adapted ERAS group Standard perioperative care group

Preoperative care
(both groups had NG tube

placed, IV antibiotics, and
PPIs)

Non-opioid multimodal analgesia (IV acetaminophen and
lumbar epidural analgesia). Patients with coagulopathy,
severe sepsis, and age > 60 years did not receive epidural
analgesia

Opioids for breakthrough pain (inj. Tramadol 50 mg IV)

Opioid analgesics (inj. Tramadol 50 mg IV tds)

Intraoperative care
(All patients underwent

Grahams Patch Repair
under general anesthesia)

Use of benzodiazepines, morphine, and nitrous oxide were
avoided

Short acting opioids and anesthetic agents when necessary
(Fentanyl 1 microgram/kg, Sevoflurane 0.5–0.7 minimum
alveolar concentration)

Epidural lidocaine in patients who had epidural catheter (16 ml
of 1% lidocaine with 150 microgram of adrenaline)

Standard anesthetic protocols

Postoperative care
Postoperative analgesia

Non-opioid multimodal analgesia
(NSAIDs, epidural local anesthetic infusion)
POD0—IV diclofenac 75 mg iv bd
POD1—IV diclofenac 75 mg sos
POD2—oral acetaminophen 500 mg tds (iv dose if oral feeds

not resumed)
POD3—oral acetaminophen sos, breakthrough pain-opioids sos

(based on Likert scale)
Epidural bupivacaine infusion for 24 h postoperatively*(IV

diclofenac sos on POD0 and 1 for these patients)
Opioids for breakthrough pain

Opioid analgesia
POD0 and 1—IV tramadol and IV morphine tds
POD2 onwards—IV tramadol and acetaminophen;

oral doses once feeds resumed
Breakthrough pain-opioids sos

Adjuvant medication POD0 and 1—IV metoclopramide 10 mg tds
PPIs—IV → oral doses

PPIs—IV → oral doses

Antibiotics (IV ceftriaxone
and metronidazole × 5 days
in both groups)

If discharged before 5 days, oral cefixime and metronidazole for
the remaining number of days

Mobilization Ambulate from POD0. (If epidural catheter inserted; sitting for
2 h on the day of surgery and ambulated after removal of the
epidural catheter 24 h postoperatively)

Ambulate from POD 1

Withdrawal of tubes and drains • Urinary catheter—when urine output is adequate over the last
24 h (1 ml/kg/h in absence of inotropes/diuretics).

• Drains—when the drainage ≤ 100 ml/day irrespective of
resumption of oral feeds.

• NG tube—when the drainage ≤ 300 ml/day irrespective of the
presence or absence of bowel sounds

• Urinary catheter—when output is adequate for 24 h
• Drains—when unrestricted liquid diet tolerated ×

24 h
• NG tube—when the drainage ≤ 100 ml/day with

signs of resolution of the ileus

Resumption of oral feeds
(Intolerance to diet → feeds

stopped and restarted once
asymptomatic)

NPO till the resolution of ileus (first appearance of bowel
sounds) → unrestricted volume of liquid diet→ normal diet
as tolerated within the next 24 h.

NPO till resolution of the ileus (passage of
flatus) → restricted volumes of clear fluid → soft
diet → normal diet as tolerated

NG nasogastric tube, POD postoperative day, PPI proton pump inhibitor, IV intravenous, NPO nil-per-oral
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infection, anastomotic leakage, etc. All patients were
discharged with oral acetaminophen (500 mg on demand)
and were advised to continue oral omeprazole (20 mg
Q12H) for 3 months. All patients were reviewed on postoper-
ative day 10 and 30 for the presence of any complications or
need for readmissions.

Outcome Measures

The primary endpoint was the length of hospital (LOH) stay
between the two groups. The secondary end points included
various functional recovery parameters such as time for re-
moval of nasogastric tube, drains, and catheter; duration of
ileus; time for first passage of flatus and stool; time elapsed
until resumption of oral feeding; and time to first walk. The
other secondary endpoints included morbidity parameters
such as the need for extra analgesics, need for reinsertion of
nasogastric tube, incidence of postoperative nausea and
vomiting (PONV) graded using the Apfel score, superficial
or organ type SSI (surgical site infection) with and without
leak from omentopexy site, pulmonary complications, urinary
tract infections, and readmissions, reoperation, and mortality
rates [25]. Primary outcome and major secondary outcomes
were also compared within patients in ERAS group with and
without epidural catheter to study the influence of epidural
analgesia in an ERAS setting.

Data Collection and Statistical Analysis

Data was collected on a specified proforma prepared by the
investigators. Various demographic variables, telephone num-
bers (to avoid loss to follow up), clinicopathological variables
such as duration of the symptoms at presentation, ASA class,
pulse rate, systolic blood pressure, hemoglobin, albumin, lac-
tate, pH, and intraoperative variables such as size of perfora-
tion, details of the operative procedure, nature and severity of
contamination, Boey’s score, and Mannheim Peritonitis Index
(MPI) were recorded [21, 22]. Outcome variables were also
recorded by the investigators.

LOH, the primary outcome alone was used for power anal-
ysis. A sample size of 45 in each group was calculated based
on the requirement to detect a reduction in LOH of 2 days, the
level of significance being 5% and power of study set to 90%
using Open Epi software (version 3.03) [16]. Expecting a 10%
drop out rate including post randomization exclusion, sample
size was rounded off to 50 in each group (total = 100).

Statistical analysis was done using SPSS 19.0 software for
windows. Continuous variables such as age, duration of sur-
gery, size of perforation, time for removal of NG tube/drain,
time for resolution of ileus, and resumption of orals and length
of hospitalization were expressed as means with standard de-
viation. Categorical variables such as gender, need for reinser-
tion of NG tube/extra analgesia, and complications were

expressed as proportions. Continuous variables were analyzed
using the independent Student t test or Mann–Whitney U test.
Categorical variables were analyzed using chi-square test or
Fisher’s exact test. A p value of less than 0.05 was considered
as statistically significant.

Results

Patients

From August 2014 through July 2016, of the 135 patients of
PDU who were assessed for eligibility, 102 patients were ran-
domized, 52 to standard perioperative care group, and 50 to
adapted ERAS group. In the standard care group, intraopera-
tively three patients who were found to have ileal perforation,
DU perforation ≥1 cm, and spontaneously sealed off perfora-
tion were excluded after randomization based on the exclusion
criteria. A total of 99 patients were included for analysis and
there was no loss to follow up during the study period (Fig. 1).
The two groups were comparable in terms of all demographic
and clinicopathological characteristics (Table 2).

Primary Outcome

The length of hospital stay was reduced by 4.41 ± 0.64 days in
adapted ERAS group when compared with standard care
group (p < 0.0001, CI 3.14 to 5.68). Similar results were
obtained even after excluding the two patients in the standard
care group who underwent reoperation in the same admission
(mean difference 3.85 ± 0.45, p < 0.0001, CI 2.967 to 4.74).
Figure 2 shows the distribution of LOH between the two
groups. Seventy-three percent of patients in the standard care
group had hospital stay of more than 7 days postoperatively,
whereas 8% of patients in adapted ERAS group stayed for
more than 7 days.

Secondary Outcomes

Functional Recovery Parameters

The patients in the adapted ERAS group had a significantly
early resolution of ileus and had the nasogastric tube removed
earlier when compared to standard care group (Table 3). The
difference in the mean volume of the gastric aspirate at the
time of removal of NG tube between the two groups was
significantly higher in the ERAS group (55.61 ± 3.074 ml
vs. 180.9 ± 8.064 ml, p < 0.001, CI 108 to 142.5).

Patients in ERAS group had a significantly early return of
bowel functions in terms of appearance of first bowel sounds,
first flatus, and first stools, and an earlier resumption of oral
feeds (Table 3). Five patients developed postoperative ileus,
two in the adapted ERAS group, and three in standard care
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group, and were managed conservatively with nasogastric
tube reinsertion, bowel rest, and hydration. The difference in
need for nasogastric tube reinsertion between the two groups
however was not significant (2/50 vs. 3/49; p = 0.63).

The patients in the adapted ERAS groups had the drains
and the urinary catheter removed significantly early when
compared to the standard care group (Table 3). Ninety-eight
percent of patients in the standard care group had the abdom-
inal drain in situ for more than 3 days while only 2% in the
adapted ERAS group had it for more than 3 days. The differ-
ence in the mean volume of drainage at the time of removal of
drain (79.49 ± 2.497 ml in ERAS group vs. 32.63 ± 1.239 in
standard care group, p < 0.001, CI 41.46 to 52.26) was also
significant. The mean time for mobilization was also signifi-
cantly shorter in the ERAS group (Table 3).

Morbidity Parameters

There was significant reduction in the various postoperative
morbidity parameters in the ERAS group when compared
with the standard care group (Table 4). The need for extra
analgesia was significantly reduced in the ERAS group when
compared to standard care group (OR = 0.26, p = 0.007, CI
0.09–0.69). Majority of the patients in both the groups (96%
and 88%) belonged to Clavien Dindo Class I [26]. Three pa-
tients in the standard care group were assigned Clavien Dindo
Class III; however, the difference in distribution of the patients
into various classes were not significant (p = 0.30). There was

a significant reduction in postoperative morbidity such as su-
perficial surgical site infections (RR 0.35, p = 0.02), incidence
of PONV (RR 0.28, p < 0.0001), and pulmonary complica-
tions (RR 0.24, p = 0.04) in the ERAS group. Two patients in
standard care group and one patient in adapted ERAS group
had developed leak from the omentopexy site; the difference
was however not significant (p = 0.54). The two patients in the
standard care group were reoperated and the patient in the
adapted ERAS group was managed conservatively. Two pa-
tients in the standard care group and none in the ERAS group
developed acute kidney injury in the postoperative period.
There was no 30-day morbidity or mortality or readmissions
reported in the study in both the arms.

Subgroup analysis within the ERAS group between pa-
tients with and without epidural analgesia demonstrated a sig-
nificant reduction in duration of ileus and hospital stay in
patients with epidural catheter (Table 5). However, this sub-
group analysis was limited by a lesser number of patients.

Discussion

In this prospective trial, there was a significant reduction in
hospital stay with no worsening of the postoperative compli-
cation rates in patients managed with ERAS protocols when
compared to the standard care. The patients in the ERAS
group had a significantly earlier functional recovery in terms
of bowel functions, earlier resumption of oral feeds, and

ASSESSED FOR ELIGIBILITY (n=135)ENROLLMENT Excluded (n=33)
Not meeting inclusion criteria (n=26)

Age<18 years (n=2)
ASA class 3 or 4(n=13)
Refractory shock (n=11)

Declined to participate (n=7)
RANDOMIZED (n=102)

Standard Peri-operative Care group (n=52)

-Received allocated intervention (n=49)

-Did not receive allocated intervention (n=3)

o spontaneous sealed off
perforation(n=1)

o perforation >1cm (n=1)
o ileal perforation (n=1)

ALLOCATION
Adapted ERAS group (n=50)

-Received allocated intervention (n=50)

Lost to follow up (n=0)
FOLLOW- UP

Analyzed (n=49) Analyzed (n=50)
ANALYSIS

Lost to follow up (n=0)

Fig. 1 CONSORT diagram for the study
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earlier mobilization. Hence, it demonstrates the safety, effica-
cy, and feasibility of an adapted ERAS protocol in emergent
situations where an Ball-in^ approach is often not plausible.

Though there are few reports of successful use of modified
ERAS protocols in emergency, these studies were, however,
limited by inclusion of few care elements and fewer patients
[16–18]. Gonenc et al. were the first to evaluate the feasibility of
ERAS protocols in a prospective RCT on 47 patients who
underwent laparoscopic Grahams patch repair [16]. However,
emphasis was given solely on postoperative ERAS care ele-
ments such as non-opioid analgesics, omission of nasogastric

decompression, and resumption of liquid feeds by 24 h post-
operatively. Few observational studies on a limited number of
patients of urgent colectomy also demonstrated the success of
an adapted ERAS pathway [17, 18]. In the present study, at-
tempt was made to use the maximum possible care elements
of preoperative, intraoperative, and postoperative components
in patients managed for PDU.

In emergency setting, the limited literature available dem-
onstrates a decreased LOH by utilization of ERAS protocols.
In the two reported studies on patients of urgent colectomy, a
reduction in LOH of 2–3 days was reported [17, 18]. A

Table 2 Demographic,
clinicopathological, and
intraoperative characteristics at
admission

Variable Adapted ERAS group
(n = 50)

Standard perioperative care group
(n = 49)

Mean age (in years) 45.92 ± 2.027 44.37 ± 2.552

Gender—no. (%)

Male 44 (88%) 44 (89.8%)

Female 6 (12%) 5 (10.2%)

Body mass indexa 24.82 ± 0.3507 24.6 ± 0.3356

American Society of Anesthesiologists Class—no. (%)

Class I 42 (84) 36 (73)

Class II 8 (16) 13 (27)

Presence of comorbidities (DM, HTN, TB,
BA)—no. (%)

10 (20%) 17 (35%)

Duration of illness (days) 1.26 ± 0.07 1.24 ± 0.06

Mean pulse rate (beats/min) 99.96 ± 7.23 100.9 ± 8.14

Mean systolic blood pressure (mm Hg) 107.4 ± 9.60 106 ± 11.03

Hemoglobin (≥8 g/dl)—no. (%) 49 (98) 49 (100)

Albumin (≥3.5 g/dl)—no. (%) 23 (46) 20 (41)

Lactate (≥2 mmol/l)—no. (%) 1 (2) 3 (6)

pH ≤ 7.2—no. (%) 7 (14) 8 (16)

Size of perforation (in mm) {n (%)}—

≤5 10 (20) 9 (18)

>5 40 (80) 40 (82)

Intraop contamination {n (%)}

Mild 8 (16) 9 (18.4)

Moderate 42 (84) 38 (77.6)

Severe 0 2 (4)

Nature of exudate {n (%)}

Bilious 6 (12) 5 (10.3)

Purulent 44 (88) 44 (89.7)

Boey’s score {n (%)}

0 36 (72) 30 (61.2)

1 9 (18) 12 (24.5)

2 4 (8) 6 (12.2)

3 1 (2) 1 (2.1)

Mannheim Peritonitis Index (Median score) 18 20

Plus–minus values are means ± SD. There were no significant differences between the groups

DM diabetes mellitus, HTN hypertension, TB tuberculosis, BA bronchial asthma
a Body mass index = weight (in kilograms) ÷ height (in meters)2
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reduction of LOH by 3 days was reported in patients who
underwent laparoscopic Graham patch repair managed by
ERAS protocols [16]. In the present study, the hospital stay
was reduced by 4 days in the ERAS group in patients man-
aged by open Grahams patch repair. A significant reduction of
LOH was found even after excluding the two patients of stan-
dard perioperative care group who had reoperation in the same
admission. The shortened hospital stay may be attributed to
the implementation of more number of ERAS care elements,
especially in the preoperative and intraoperative period.
Attempt to include these elements in the ERAS pathway is
important as the intraoperative management plays a key role
in deciding the outcome in the postoperative period [27].
Failure of adherence or implementation of intraoperative ele-
ments might lead to poor outcomes even though a strict pro-
tocol is followed in the postoperative period.

ERAS protocols for major elective upper gastrointestinal
surgery support safe omission of routine nasogastric decom-
pression [28–32]. However, similar reports in an emergency
situation are lacking. Lohsiriwat in his study on patients of
urgent colectomy supported early removal within 24–48 h of
surgery if the drainage was less than 400 ml over a period of
24 h [18]. Gonenc et al. in their study removed the nasogastric
tube immediately after the patients’ recovery from anesthesia
[16]. In the present study, NG tube was withdrawn if drainage
was ≤300 ml over a period of 24 h. There are reports of
prolonged ileus, delayed resumption of orals, and increased
pulmonary complications with the use of nasogastric decom-
pression [31]. In the present study, a significantly shorter du-
ration of ileus and decreased incidence of pulmonary compli-
cations in the adapted ERAS group which had a truncated
period (mean of 1.2 days) of NG decompression was found
when compared to the standard care. Gonenc et al. reported a
mean of 1.5 days for resumption of orals in the ERAS group
[16]. In the present study, liquid and solid feeds were resumed
at an average of 1.5 and 2.6 postoperative days, respectively,
in patients who had openGrahams patch repair combinedwith
ERAS care elements. Likewise, an average of 3.4 days was
reported in patients who had urgent colectomy managed with
ERAS protocol [17]. In the present study, limited use of drains
was preferred as the evidence for omission of drains in emer-
gent situations is lacking. However, majority of the patients in
the ERAS group had the drains removed on the first postop-
erative day. Moreover, with an adapted protocol, it was possi-
ble to attain shorter time to first flatus, first feeds, and first
walk, thus accelerating patients’ recovery as in the previous
reports. Hence, the truncated use of NG decompression and
drains in the present study did not interfere with the successful
implementation of ERAS protocol.
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Table 3 Composite table showing the primary and major secondary outcomes

Outcome variable Adapted ERAS group (n = 50) Standard
perioperative
care group (n = 49)

Mean
difference

p value CI

Mean length of hospitalization (in days) 5.36 ± 1.39 9.78 ± 4.30 4.41 ± 0.64 p < 0.0001 3.14 to 5.68

Mean day of withdrawal of nasogastric tube (days) 1.22 ± 0.42 3.37 ± 0.97 2.15 ± 0.15 p < 0.001 1.85 to 2.45

Mean time to first bowel sound (in days) 1.46 ± 0.542 2.02 ± 0.595 0.560 ± 0.114 p < 0.001 0.33 to 0.79

Mean time to first flatus (in days) 2.0 ± 0.782 3.47 ± 1.023 1.47 ± 0.183 p < 0.001 1.11 to 1.83

Mean time to first stool (in days) 3.52 ± 0.79 5.78 ± 1.26 2.27 ± 0.21 p < 0.001 1.84 to 2.67

Mean duration of ileus (in days) 1.4 ± 0.07 2.02 ± 0.09 0.620 ± 0.126 p < 0.001 0.38 to 0.86

Mean time to first fluid diet (in days) 1.52 ± 0.76 4.24 ± 2.64 2.72 ± 0.39 p < 0.001 1.95 to 3.50

Mean time to first solid diet (in days) 2.64 ± 1.08 4.24 ± 2.64 3.71 ± 0.45 p < 0.001 2.82 to 4.60

Mean time of removal of urinary catheter (days) 1.04 ± 0.20 1.49 ± 0.77 0.450 ± 0.11 p < 0.001 0.23 to 0.67

Mean time of removal of drain (in days) 1.38 ± 1.09 5.04 ± 2.12 3.66 ± 0.35 p < 0.001 2.96 to 4.36

Need for extra analgesiaa—n (%) 6 (12) 17 (35) 0.26 (OR) p = 0.007 0.09 to 0.69

Need for NG tube reinsertion—n (%) 2 (4) 3 (6) 0.63 (OR) p = 0.629 0.11 to 3.25

a Likert score > 3/5
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Wisely et al. in their study had reported a reduction of 20%
in the number of patients of emergency laparotomy requiring
catheter beyond 2 days owing to the Bdiffusion^ of ERAS
practices from elective procedures [33]. In the present study,
majority of the patients of the adapted ERAS group had the
urinary catheter removed within 24 h and none had the cath-
eter for more than 2 days. The effect of early removal of
catheter was also reflected in a significant reduction in inci-
dence of UTI in ERAS group.

Adequate pain relief is the keystone for success of any
ERAS protocol. Fast-track pathways utilize balanced or mul-
timodal analgesia by combining various analgesics with re-
gional blockade technique [2, 34, 35]. However, the use of epi-
dural analgesia in the setting of sepsis is controversial. In the
present study, analgesia was dealt as a continuum of various
elements in the perioperative period. Relieving patient anxiety
by preoperative counseling is of utmost importance especially
in an emergent situation. Intraoperatively, short acting opioids
with lesser carry over effect were utilized. Regional blockade
in the form of a thoracic epidural catheter is an established
component of ERAS protocols as it is associated with short-
ened ileus owing to the opioid sparing effect [36]. The authors
have however used lumbar epidural catheter in patients with-
out contraindications for the same owing to the ease of the
technique and the lesser expertise needed. Postoperative anal-
gesia was with epidural infusion (when feasible) or by utiliz-
ing NSAIDs. Gonenc et al. in their study resorted to NSAIDs
for management of postoperative pain with opioids for break-
through pain [16]. The need for extra analgesia was however

not significant in the patients managed with ERAS protocols.
This may be attributed to the limited sample size. However, in
the present study, the need for extra analgesia was significant-
ly higher in the standard care group when compared with the
adapted ERAS group. The subgroup analysis within the
ERAS group, surprisingly, demonstrated the role of epidural
analgesia, in hastening bowel functions and shortening the
hospital stay in the setting of ERAS in contrast to the reports
refuting the same [37]. These results may be attributed to the
limited number of patients who had epidural catheters. None
of the patients had any complications such as hypotension or
urinary retention following the use of regional blockade. The
present study thus demonstrates the safe and successful im-
plementation of adapted analgesic care elements in the emer-
gency setting.

Wisely et al. in their study comparing all emergency
laparotomies in pre- and post-ERAS period reported a
significant reduction in the complications in the post-
ERAS period suggesting its safe role in emergency [33].
Lohsiriwat reported a non-significant reduction in the
overall complication rates in patients of urgent colectomy
managed with ERAS protocol when compared with con-
ventional care [18]. Gonenc et al. did not report any sig-
nificant difference in the postoperative complications, re-
admission, or reoperation rates owing to the limited sam-
ple size [16]. In the present study, there was a significant
reduction in the rates of superficial SSI, pulmonary com-
plications, UTI, and incidence of PONV in the ERAS
group. The rates of omentopexy site leak was however

Table 4 Comparison of postoperative complications

Adapted ERAS
group n = 50 (%)

Conventional
group n = 49 (%)

Relative risk p value Confidence interval

Number of patients who developed PONV 9 (18) 31 (63) 0.28 <0.0001 0.15 to 0.51

Superficial SSI 5 (10) 14 (29) 0.35 0.021 0.146 to 0.897

Organ space SSI with leakage 1 (2) 2 (4) 0.49 0.54 0.07 to 3.63

Pulmonary complications 2 (4) 8 (16) 0.24 0.049 0.06 to 0.95

Urinary tract infections 1 (2) 9 (18) 0.11 0.007 0.018 to 0.62

PONV postoperative nausea and vomiting, SSI surgical site infection

Table 5 Comparison of effect of
epidural blockade on functional
recovery of bowel and length of
hospitalization in the
postoperative period in patients
within the adapted ERAS group

Adapted ERAS
group with epidural
n = 21

Adapted ERAS
group without
epidural n = 29

Mean
difference

p
value

Confidence
interval

Length of
hospitalization
(in days)

4.667 ± 0.11 5.862 ± 0.30 1.195
± 0.3655

0.002 0.4605 to
1.93

Duration of
ileus (in days)

1.143 ± 0.08 1.586 ± 0.09 0.44 ± 0.13 0.001 0.19 to 0.70

Time to first
fluid diet (in
days)

1.143 ± 0.89 1.793 ± 0.90 0.65 ± 0.01 0.0021 0.25 to 1.05
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similar in both the groups. There was no readmission in the
present study. Patients who developed minor complications
before discharge continued to stay in the hospital; however,
none of the patients who were discharged early in the adapted
ERAS group had readmissions within 30 days of discharge.
Two patients were reoperated in the standard care group and
none in the ERAS group. The significance in difference how-
ever could not be established due to low incidence.

Patients with perforation of size more than 10 mm have
been excluded in the present study as these patients tend to
require adjunctive procedures such as feeding jejunostomy,
truncal vagotomy and gastrojejunostomy, and the homogene-
ity of the groups is likely to be disturbed. Moreover, large
perforations are known to be associated with an increased
complication rates in postoperative period. Similar exclusion
criteria were followed in the previous RCTon use of ERAS in
perforated peptic ulcer by Gonenc et al. [16]. Hence, the au-
thors chose to exclude large perforations as the evidence for
use of ERAS in emergency is limited and safety has not been
established in the previous studies.

The present study is not without limitations of its own. The
exclusion of high-risk patients such as patients of ASA class 3
and 4 and those with irreversible shock may have contributed
to the favorable outcomes [16]. The implementation of care
elements such as a laparoscopic approach and dynamic goal
directed fluid therapy was not plausible due to logistic rea-
sons. The translation of an early functional recovery into cost
savings could not be assessed as the study was carried out in a
non-paying facility.

In conclusion, ERAS pathways, in a modified form, are
feasible and safe for application in select patients undergoing
simple closure of perforated duodenal ulcer without an in-
crease in the rate of complications. Further studies will be
needed for formulating precise protocols for its use in other
emergency settings.
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