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Abstract
Enhanced recovery after surgery (ERAS) pathways are widely used in elective surgical procedures. The objective of this study
was to evaluate the feasibility and efficacy of ERAS pathways in patients undergoing emergency surgery for perforated peptic
ulcer (PPU). The single-centre prospective study was conducted in patients with PPU undergoing emergency open simple closure
with Graham’s patch technique were randomized into 42 patients in ERAS group and 43 patients in standard care group in the
ratio 1:1. Patients with refractory shock, ASA ≥ 3 and multiple perforation and size > 1 cm were excluded. The outcomes were
studied with length of hospitalization (LOH), functional recovery parameters and postoperative morbidity. LOH in ERAS group
was significantly shorter (mean difference of 5.31 ± 1.102 days; p < 0.001). Patients in ERAS group had a significantly early
functional recovery (days) for the time to first fluid diet (1.904 ± 0.72; p < 0.001), and first semi-solid diet (3.1 ± 0.48; p < 0.001),
first stool (3.81 ± 0.76; p < 0.001) and removal of drain (2.19 ± 0.39: p < 0.001). There was a significant reduction in postoper-
ative morbidity rate in ERAS group compared with standard care group. The application of enhanced recovery pathways in
patients with perforated peptic ulcer undergoing emergency surgery is safe and feasible.
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Introduction

Perforated peptic ulcer (PPU) is one of the most common
acute complications and surgical emergencies in patients with
peptic ulcer disease. PPU occurs in about 3.8 to 14% per
100,000 patients with mortality rate of 10 to 25% [1]. The
enhanced recovery after surgery (ERAS) pioneered by
Henrik Kehlet in the late 1990s has been increasingly adopted
over time for favourable surgical outcomes [2]. ERAS pro-
gram utilize a multimodal and multidisciplinary approach to
perioperative management with the aim of minimizing peri-
operative and intraoperative stress responses to surgery lead-
ing to a faster discharge [3, 4]. Implementing all the care
elements of ERAS in emergency situation is a challenge [4,
5]. The aim of this study was to evaluate the efficacy and

feasibility of enhanced recovery pathway in patients who
underwent emergency surgery for perforated peptic ulcer.

Materials and Methods

This study was a single-centre, prospective, parallel arm, ran-
domized controlled clinical study carried out in the depart-
ment of surgery in a teaching hospital of north-eastern India
in a study period of 1 year. The study was approved by the
Institute Ethics Committee. Written informed consent was
taken from all the participants and patients were given full
freedom to withdraw at any point during the study. Each pa-
tient was provided with detailed information about the study
and was requested to sign an informed consent form.

All patients who presented to the emergency surgical team
with diagnosis of perforated peptic ulcer were recruited and
assessed for eligibility. The following patients were excluded
from the study: age < 18 years’ refusal to give consent, preg-
nant patients, patients with history of chronic steroid use, co-
existent psychiatric or neurological illness, ASA (American
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Society of Anaesthesiologists) class 3 or 4 and patients with
refractory septic shock at presentation. Intraoperative findings
with spontaneously sealed off perforations, multiple perforat-
ed ulcers, coexistent bleeding and perforated duodenal ulcer ≥
10 mm were excluded.

Patients with a perforated ulcer less than 10mm in size who
underwent Graham’s patch repair (GPR) were included in the
study. The patients were randomized into 2 groups according
to their hospital register number, which was automatically
given by the computer-based data processing system at admis-
sion. Randomization was made at the end of the surgical pro-
cedure. Patients with odd and even protocol numbers were
included in groups 1 and 2, respectively. Group 1 was the
control group and received standard postoperative care, and
group 2 was the ERAS group. The surgical team was blinded
to this protocol number.

Patients in both standard care and ERAS groups received
identical preoperative care. They were placed nasogastric
(Ryle’s) tube at admission and administration of crystalloids
for fluid replacement. They also received preoperative intra-
venous (IV) antibiotic therapy with ceftriaxone and sulbactum
(1.5 g IV stat) and metronidazole (500 mg IV stat) and IVacid
reducing therapy with pantoprazole (40 mg IV 12 hourly) and
IV analgesic paracetamol (1 g IV 8 hourly). The differences
between the two groups in the care pathways are shown in
Table 1.

Simple closure of the perforated peptic ulcer by Grahams
patch technique under general anaesthesia [6] was the com-
mon surgical procedure done in all patients. The surgical pro-
cedure was carried out by senior residents. The size of perfo-
ration, nature and severity of the contamination were noted. A
28-F abdominal safe drain was placed in the sub-hepatic space
before closure of the abdomen. The differences in the anaes-
thetic protocols between the two groups are shown in Table 1.

The control (standard care) group patients received stan-
dard postoperative care described in detail in Table 1. Patients
in ERAS group received an adapted criterion for the use of
drains and tubes as the safety of an ERAS protocol in emer-
gency has not been well established (Table 1). ERAS care is
based on principles such as non-opioid multimodal analgesia,
early nutrition and early mobilization of the patients. In both
the groups, oral feeding was discontinued in patients who
complained of pain abdomen, distension, vomiting or diar-
rhoea. Feeding was reinitiated after the symptoms had
completely subsided, and active bowel sounds had
reappeared. All patients were discharged when they had toler-
ated solid diet for at least 24 h and had passed stool and in the
absence of other factors such as fever, wound infection, anas-
tomotic leakage, etc.

All patients were discharged with oral acetaminophen
(500 mg on demand) and were advised to oral rabeprazole
(20 mg Q12H) for 3 months. All patients were reviewed

Table 1 ERAS care vs. standard care

Components ERAS care group Standard care group

1) Preoperative (Both groups had NG tubes, catheter, IV
antibiotics, analgesics and PPIs)

Non opioid analgesia (IV acetaminophen 1g stat/TDS) Opiod analgesia
(Inj. Tramadol 50 mg stat/TDS)

2) Intraoperative (Patient in both the groups
underwentopen Graham’s patchrepairfor PUP)

Morphine &Benzodiazepines are avoided Standard anaesthesia protocol

Short acting opioids (Fentanyl) &sevoflurane are considered
3) Postoperative
Analgesia NSAIDs POD0 to 2-IVacetaminophen 1g TDS

POD3-oral acetaminophen Opiod analgesia
Opioid for break through pain POD0 to 2-Inj. Tramadol 50mg BD

& SOS
Antibiotics POD3-oral Tramadol
(IV ceftriaxone and metronidazole for 5 days) If discharged before 5 days, oral cefuroxime and metronidazole

for the remaining number of days
POD5 oral antibiotics

POD5 oral antibiotics
Adjuvant medications POD0 and 1- IV metaclopromide

POD2 IV PPI POD0 to 4 - IV PPI
POD3 oral PPI POD5 Oral PPI

Mobilisation Mobilise from POD0 and ambulate on POD1
Mobilise from POD1 and ambulate

from POD3/POD5
Withdrawal of tubes and drain Catheter- if output is 1ml/kg/hr over 24 hrs

NG tube- if output less than 300ml irrespective of bowel sound, Catheter- if output is 1ml/kg/hr over
24 hrs

Drain- if drainage < 100 ml irrespective of oral feeds NG tube is removed after bowel
sound appears

Drains—when unrestricted liquid
diet tolerated for 24 h

NG nasogastric tube, POD postoperative day, PPI proton pump inhibitor, IV intravenous
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10 days after discharge for wound discharge, fever, intolera-
bility of food, pain abdominal, distension and vomiting.
Patients were further followed up at 6 weeks for the presence
of intractability of pain, vomiting, return to work, tolerability
of food or any complications for need of readmissions.

.

Data Collection and Statistical Analysis

Proforma was prepared, and data was collected by the clini-
cians who did not engage in the study. Patients’ demographic
variables, duration of the symptoms at presentation, ASA
class, pulse rate, systolic blood pressure, haemoglobin, albu-
min and intraoperative variables such as size of perforation,
nature of peritoneal contamination, were recorded. Statistical
analysis was performed using Graph Pad InStat 3 for win-
dows. Variables are expressed as numbers and percentages.
Continuous data are expressed as mean with standard devia-
tion, with calculation of the probability value to measure the
significance of differences. The Student t test was used for the
comparisons of continuous variables. P value less than 0.05
was considered statistically significant.

Results

The main outcome was the length of hospital (LOH) stay be-
tween the two groups, and other two outcomes were functional
recovery parameters and postoperativemorbidity. The function-
al recovery parameters included time for removal of nasogastric
tube, drains and catheter; duration of ileus, time for first fluid
diet and first semi-solid diet: and time for passage of first stool.
Post operative morbidity parameter for need for extra anangsia,
need for reinsertion of nasogastric tube, incidence of postoper-
ative nausea and vomiting (PONV), SSI (Skin and soft tissue
infection), pulmonary complications, need for readmission and
reoperations were noted in study group.

In the study period of 1 year, 114 patients of PPU were
assessed for eligibility, and 85 patients were randomized after
exclusion preoperatively and intraoperatively. There were 42
patients in standard perioperative care group and 43 to adapted
ERAS group. There was no loss to follow up during the study
period. The two groups were comparable in terms of all de-
mographic and clinic-pathological characteristics (Table 2).

Outcome Measures

Length of Hospitalization (LOH)

LOH in standard care group patients was 9.05 ± 1.27 days and
in ERAS group patients was 5.31 ± 1.102 days. The length of

hospital stay was reduced significantly by 3.74 days in
adapted ERAS group when compared with standard care
group (p < 0.0001, CI 3.23 to 4.25). (Table 3)

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 with standard care group (Table 3).
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). Eight patients developed postoperative ileus,
three in the adapted ERAS group (7.14%), and five in standard
care group (11.63%), and were managed conservatively with
nasogastric tube reinsertion, bowel rest and hydration.

The patients in the adapted ERAS groups had the drains
and the urinary catheter removed significantly early when
compared with the standard care group (Table 3). Ninety-
three percent of patients in the standard care group had the
abdominal drain in situ for more than 4 days, while all patients
in the adapted ERAS group had got their drains out by 3rd
day. The difference in the mean the time of removal of drain
(3.114 days, CI 2.79 to 3.44, P < 0.0001) was significant. The
mean time for mobilization was also significantly shorter in
the ERAS group (Table 3).

Postoperative 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
(16.67%) when compared with standard care group
(46.51%). There was a significant reduction in postoperative
morbidity rates such as surgical site infections in ERAS group
(14.29%) compared with standard care group (30.23%), post-
operative nausea and vomiting in ERAS group (19.05%) com-
pared with standard care group (65.12%) and pulmonary com-
plications in the ERAS group (4.76%) compared with stan-
dard care group (16.28%). Two patients in the standard care
group and none in the ERAS group were readmitted for dis-
tension and vomiting which was treated conservatively. There
was no 30-day morbidity or mortality or reoperation reported
in both the arms.

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 with the standard care. The patients in the ERAS
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group had a significantly earlier functional recovery in terms
of bowel functions, earlier resumption of oral feeds and earlier
mobilization. Hence, it demonstrates the safety, efficacy and
feasibility of an adapted ERAS protocol in emergent
situations.

In the present study, attempt was made to use the possible
ERAS care elements of preoperative, intraoperative and post-
operative components in patients managed for PPU. There are
few reports of successful use of modified ERAS protocols in
emergency situations; these studies were, however, limited by
inclusion of few care elements and fewer patients [7, 8]. One
study evaluated the feasibility of ERAS protocols in a pro-
spective RCTon 47 patients with laparoscopic Grahams patch
repair [9]. However, emphasis was given solely on postoper-
ative ERAS care elements such as non-opioid analgesics,
omission of nasogastric decompression and resumption of liq-
uid feeds by 24 h postoperatively. A systematic review done

concluded the success of an ERAS pathway in various emer-
gency surgeries [10].

In emergency setting, the limited literature available dem-
onstrates a decreased LOH by utilization of ERAS protocols.
In two reported studies on patients of urgent colectomy, a
reduction in LOH of 2–3 days was reported [11, 12]. A reduc-
tion of LOH by 3 days was reported in patients who
underwent laparoscopic Graham patch repair managed by
ERAS protocols [10]. In the present study, the hospital stay
was reduced by 3.7 days in the ERAS group (Table 3). The
shortened hospital stay may be attributed to the implementa-
tion of more number of ERAS care elements, especially in the
preoperative and intraoperative period. Inclusion of these ele-
ments in the ERAS pathway is important as the intraoperative
management plays a key role in deciding the outcome in the
postoperative period [13]. Failure of adherence or implemen-
tation of intraoperative elements might have led to poor

Table 2 Demographic, clinic-pathological, and intraoperative characteristics at admission

Variables ERAS care group
(n = 42)

SStandard care group
(n = 43)

P value

Mean age (in years) 46.84 45.48

Gender—no. (%)

Male
Female

39 (92.86%)
3 (7.14%)

41 (95.35%)
2 (4.65%)

0.204

ASA Class—no. (%)

Class I
Class II

Mean Duration of symptoms (days)
Mean pulse rate (beats/min)
Mean systolic blood pressure (mm Hg)

35 (83.33%)
7 (16.67%)
2.78
100.3
105.4

33 (76.74%)
10 (23.26%)
2.24
100.8
106.2

0.223

Haemoglobin (≥ 8 g/dl)—no. (%)
Albumin (≥ 3.5 g/dl)—no. (%)

39 (92.86%)
22 (52.38%)

40 (93.02%)
24 (55.81%)

0.192
0.152

Size of perforation (in mm) {n (%)}—

≤ 5
> 5

11 (26.19%)
31 (73.81%)

8 (18.6%)
40 (81.4%)

0.167

Nature of exudate {n (%)}

Bilious
Purulent

8 (19.05%)
34 (80.95%)

6 (13.95%)
37 (86.05%)

0.211

ASA American Society of Anaesthesiologists

Table 3 Table showing outcomes variables among the two groups

Outcome variables Standard care group (n = 43) ERAS care group (n = 42) Mean difference P value Class interval

Length of hospitalization (days) 9.05 ± 1.27 5.31 ± 1.102 3.74 P < 0.0001

Withdrawal of NG tube (days) 3.54 ± 0.92 1.43 ± 0.5 2.110 P < 0.0001

First bowel sound & first fluid diet (days) 3.37 ± 0.78 1.904 ± 0.72 1.466 P < 0.0001

First semisolid diet (days) 5.72 ± 0.95 3.1 ± 0.48 2.62 P < 0.0001

First stool passed (days) 6.19 ± 1.08 3.81 ± 0.763 2.38 P < 0.0001

Removal of drain (days) 6.024 ± 0.99 2.91 ± 0.393 3.114 P < 0.0001

Removal of urinary catheter (days)
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outcomes even though a strict protocol was followed in the
postoperative period.

ERAS protocols for major elective upper gastrointestinal
surgery support safe omission of routine nasogastric decom-
pression [14, 15]. However, similar reports in an emergency
situation were lacking [12]. In one study, the nasogastric
tube was immediately removed after the patients’ recovery
from anaesthesia [9]. In the present study, NG tube was
withdrawn if drainage was ≤ 300 ml over a period of 24 h.
There were reports of prolonged ileus, delayed resumption
of orals and increased pulmonary complications with the
use of nasogastric decompression [14]. In the present study,
a significantly shorter duration of ileus and low incidence of
pulmonary complications rate (4.76%) in the adapted ERAS
group which had a significant duration (mean of 1.2 days) of
NG decompression were found when compared with the
standard care. One study reported a mean of 1.5 days for
resumption of orals in the ERAS group [9]. In the present
study, liquid and semi-solid diet were resumed at an average
of 1.9 and 3.1 postoperative days, respectively, in patients
who had open Grahams patch repair combined with ERAS
care elements. Likewise, an average of 3.4 days was report-
ed in patients who had urgent colectomy managed with
ERAS protocol [11]. The evidence for omission of drains
in emergent situations is lacking. In present study, majority
of the patients in the ERAS group had the drains removed on
the second postoperative day. Moreover, with an adapted
protocol, it was possible to attain shorter time to first flatus,
first feeds and first walk, thus accelerating patients’ recov-
ery 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 pro-
tocol. One study had reported a reduction of 20% in the
number of patients of emergency laparotomy requiring
catheter beyond 2 days owing to the “diffusion” of ERAS
practices from elective procedures [7]. In the present study,
majority of the patients of the adapted ERAS group had the
urinary catheter removed within 2 days. The effect of early
removal of catheter was also reflected in a significant reduc-
tion in incidence of UTI in ERAS group.

Relieving patient anxiety by preoperative counselling is of
utmost importance especially in an emergency situation.
Intraoperatively, short-acting opioids with lesser carry over
effect were utilized. In one study, it was resorted to NSAIDs
for management of postoperative pain with opioids for break-
through pain [9]. In the present study, the need for extra anal-
gesia was found to be significantly higher in the standard care
group (46.51%) when compared with the ERAS care group
(16.67%). The present study thus demonstrates the safe and
successful implementation of adapted analgesic care elements
in the emergency setting.

Another 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 [7]. Non-significant reduction in the
overall complication rates in patients of urgent colectomy
managed with ERAS protocol reported in one study [12]. In
the present study, there was a significant reduction in the rates
of surgical site infections (14.29%), pulmonary complication
rate (4.76%) and incidence of PONV rate (19.05%) in the
ERAS group (Table 4). LOH is associated with high incidence
of hospital acquired infections [16–18]. In the present study
the LOH (Length of Hospital) stay was low. This was relected
by low incidence of SSI and pulmonary complications.

There were two readmission cases in standard care group
which were managed conservatively. 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.

Conclusions

ERAS pathways, in modified form, are feasible and safe for
application in select patients undergoing simple closure in
perforated duodenal ulcer surgery. Implementation of ERAS
programs results in major improvements in clinical outcomes.
The ERAS can be a standard care in emergency surgery.

Table 4 Comparison of postoperative morbidity parameters

Postoperative morbidity parameters ERAS care group
(no. and %)

Standard care group
(no. and %)

Need for extra analgesia 7 & 16.67% 20 & 46.51%

NG reinsertion 3 & 7.14% 5 & 11.63%

PONV 8 & 19.05% 28 & 65.12%

SSI 6 & 14.29% 13 & 30.23%

Pulmonary complications 2 & 4.76% 7 & 16.28%

NG nasogastric; PONV postoperative nausea and vomiting; SSI skin and soft tissue infection
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