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Modified enhanced recovery after surgery
protocols are beneficial for postoperative recovery
for patients undergoing emergency surgery for
obstructive colorectal cancer
A propensity score matching analysis
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Abstract
Enhanced recovery after surgery (ERAS) is acknowledged to reduce perioperative stress in several surgical diseases. Here, we
investigated whether modified ERAS is associated with beneficial effects in the setting of emergency colorectal surgery.
We retrospectively evaluated the medical records of 839 consecutive patients with obstructive colorectal cancer undergoing

surgical intervention at 4 institutes. Among them, 356 cases were managed with a multidisciplinary team approach to care (modified
ERAS protocols), and the remaining 483 cases were treated based on traditional protocols. According to modified ERAS or
traditional care, propensity score (PS) matching was performed to adjust biases in patient selection. The primary outcome was
gastrointestinal function recovery. Secondary outcomes included postoperative complications and length of hospital stay.
Modified ERAS was associated with postoperative gastrointestinal function recovery, including time to first flatus (P= .002), first

defecation (P= .008), and prolonged ileus (P= .016). According to the Clavien–Dindo classification, fewer total episodes of grade II or
higher postoperative complications were observed in patients cared for with modified ERAS than in patients with traditional care
(P= .002). Median (interquartile range) postoperative hospital stay in the modified ERAS group was 6 (3–22) days versus 9 (7–27)
days in the traditional care group (P< .001). Furthermore, the interval from operation to postoperative chemotherapy (d) was
significantly shorter in the modified ERAS group (35.6±11.5 vs 47.6±23.8, P< .001).
Themodified ERASwas safe and associated with clinical benefits, including fast recovery of bowel function, reduced postoperative

complications, and shorter hospital stay for patients with obstructive colorectal cancer.

Abbreviations: ASA = American Society of Anesthesiologists, CRP = C-reactive protein, CT = computed tomography, EEN =
early enteral nutrition, ERAS = enhanced recovery after surgery, IQR = interquartile ranges, LOS = length of stay, PODs =
postoperative days, PS = propensity score, RBP = retinol binding protein.
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1. Introduction

In the 1990s, enhanced recovery after surgery (ERAS) or fast
track surgery strategy was initiated in European countries and the
United States to reduce surgical stress and improve outcomes
after surgery.[1,2] Various perioperative care approaches were
introduced to reduce perioperative stress responses and accelerate
postoperative function recovery. Core aspects included no
perioperative fasting, optimal nutrition and fluid management,
decreased use of tubes, optimizing pain control, and early
mobilization.[3,4] Originally, ERAS was launched for elective
colorectal surgery and has rapidly gained popularity because of
its significant benefits for quick recovery and safety.[5] Recent
meta-analyses of evidence-based studies have indicated that a
reduction in the length of hospital stay and postoperative
complications was achieved following ERAS implementation in
the context of elective colorectal surgery, without an increase in
readmission rate.[6,7] Therefore, the guidelines for perioperative
ERAS care in elective colon surgery[8] have been drafted and
continuously updated as new information becomes available.[9]

In clinical practice, acute colonic obstruction is present in over
20% of colorectal cancer,[10] which cannot be preoperatively
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prepared in the same way and should be managed by emergency
surgery, including colonic stenting, proximal diversion, and
tumor resection strategies. Patients with obstructive colorectal
cancer often suffer high rates of postoperative complications and
prolonged hospital stays, which differ from patients who undergo
elective surgery, even in the modern surgical era.[11,12] ERAS
protocols require no fasting before surgery, but patients with
obstructive colorectal cancer cannot eat orally preoperatively,
which is in direct contradiction with the requirement of ERAS. In
addition to this, the other perioperative ERAS elements, such as
no postoperative fasting and avoidance of fluid overload, could
be applicable for emergency surgery for acute colonic obstruc-
tion.[13] Optimizing the perioperative care for such operations,
termed modified ERAS protocols, might potentially improve the
surgical outcomes. Recently, modified ERAS protocols were
reported safe for obstructive colorectal cancer surgery by groups
from Thailand,[14] Switzerland,[15] and Australia[16]; however,
their efficacy remains inconclusive, given the pending challenges
for modified ERAS protocols in the care of such patients.
ERAS protocols were introduced and launched in China in

2009, and the ERAS strategy was gradually modified and
extended to a variety of patient cohorts, including obstructive
colorectal cancer, in the involved institutes. This study aimed to
compare outcome measures in populations of patients with
obstructive colorectal cancer that received modified ERAS or
usual care and evaluate how care changed as a result of program
implementation.
2. Materials and methods

2.1. Methods
2.1.1. Patient recruitment and characteristics. In the period
from 2010 to 2017, ERAS program was implemented and
become the standard of care for patients undergoing elective
colorectal resection in China, including the institutes involved
here: the Department of Surgery, Qingdao Hospital, Qingdao
University School of Medicine and the Department of Pediatric
General Surgery and Liver Transplantation, Children’s Hospital,
Chongqing Medical University.
Since that time, ERAS protocols have been modified, and pilot

studies have been carried out based on colonic surgery in these
hospitals in some patients with obstructive colorectal cancer
undergoing the unplanned emergency operation. Choice of ERAS
protocols depended on the patient’s and surgeon’s preferences
because some surgeons felt that it might be necessary and safe. All
patients consented to the ERAS protocols. In this study, the
emergency surgery was defined as any unplanned colorectal
resection performed within 24hours after admission for acute
colonic obstruction (the durationwas not longer than 1week).[14,15]

The colonic obstructions were confirmed with complete or nearly
complete plain abdominal radiograph or computed tomography
(CT) scan. Themodified ERAS program trainingwas used to ensure
that all modified ERAS procedures could be correctly performed
during surgery at the institutes. The modified ERAS program
implementation was supervised by a multidisciplinary expert team,
including surgeons, anesthesiologists and nursing staff from the
institutes involved. The patients undergoing emergency colorectal
resectionwere counseled and accepted themodifiedERASprogram.
Written informed consent was obtained from the patients, and the
study was approved by the Ethics Committee of Qingdao Hospital,
Qingdao University School of Medicine.
Although the patients were managed with the modified ERAS

program or conventional perioperative care, the technical aspects
2

of surgery, such as the choice of staplers and other instruments,
and the choice of antibiotics, were left to the discretion of each
experienced surgical consultant (who experienced >100 cases of
elective colorectal surgery) and were not different during this
period among the institutes (a total of 500–600 colorectal
operations per annum each). We retrospectively selected the
patients with obstructive colorectal cancer, which were treated
with ERAS care or with traditional, routine postoperative care
during the same period (Non-ERAS group), and then, we
compared the results between the 2 treatment strategies among
the institutes involved. All patients received a one-stage
operation. Exclusion criteria were patients with bowel perfora-
tion, colonic stents utilization, gastrointestinal hemorrhage,
recurrent tumor, neoadjuvant treatments, and mental disease.

2.1.2. Enhanced recovery after surgery protocol. We modi-
fied the ERAS program with a focus on several core elements to
tailor them for patients with obstructive colorectal cancer. The
major differences between the modified ERAS program and
conventional care management are summarized in Table 1.
Preoperatively, intensive counselingwas implementedby surgeons,
nurses, and anesthesiologists for psychological comfort and
education. All patients received short-term antibiotic prophylaxis
30minutes before surgery and repeatedly if surgery lasted longer
than 3hours, in agreement with each hospital’s guidelines.
Moreover, thromboembolism prophylaxis with low molecular
weight heparins and anti-emetic prophylaxis was given preopera-
tively. In patients undergoing left colonic and rectal resection, the
evacuating enema was administered the night before and the
morning of surgery; otherwise, no bowel preparation was needed.
Regular ERASprotocols require a preoperative high-carbohydrate
beverage within 2 to 4hours and/or solids within 6 to 8hours
before surgery to reduce perioperative surgical fasting. For the
modified ERAS, it is impossible to orally receive beverage or solids
before surgery for every patient with obstructive colorectal cancer.
The perioperative fluid management was intraoperatively

restricted to avoid any fluid overload. Postoperative pain
management involved multimodal opioid-sparing interventions,
including perioperative intravenous acetaminophen or bupiva-
caine, lidocaine, and nonsteroidal anti-inflammatory medication
(paracetamol and ibuprofen), which were already routine
practices and part of traditional perioperative care. Naso-gastric
tubes were usually removed upon awakening to 12hours after
surgery. Oral intake was resumed as soon as possible after
extubation and increased gradually from liquids to a solid diet
(after approximately 2 days of a liquid diet). When the patients
returned to the normal ward, they were encouraged to begin
ambulation within 12hours of surgery and maintain it at least 4
times a day with a daily goal of walking at least 21 ft in the first 3
postsurgical days. Urinary catheters were removed as early as on
day 1 (except in patients who underwent low anterior rectal
resection, in whom it was removed on the postoperative day 2). In
both pathways, patients were discharged from the hospital when
they had tolerance of food, good appetite, adequate pain control
with oral analgesic, and satisfactory recovery with daily living.

2.1.3. Data collection and clinical assessment. Electronic
medical records were thoroughly reviewed for the preoperative
baseline variables, intraoperative data including surgical and
anesthetic records, and postoperative outcomes. Specifically, the
following demographic and perioperative data were recorded in
all patients: age, sex, smoking history, body mass index (BMI),
comorbidities, CR-POSSUM score, tumor location, stage of



Table 1

Changes in perioperative care for patients with obstructive colorectal cancer.

Traditional care Modified ERAS

Preoperative patient counseling and
education

Verbal counseling and advice
given by surgeons

Detailed information and education with written brochures by surgeons,
nurses, and anesthesiologists, including breathing exercises,
mobilization, dietary goals, and estimated length of hospital stay

Preoperative fasting time No food and no drink Oral intake if possible 2hours before the anesthesia induction
Preoperative bowel preparation Yes Evacuating enema was administered in the patients undergoing left colonic

and rectal resection
Perioperative fluid management No avoidance of fluid overload Intraoperative goal-directed fluid therapy, postoperative restrictive fluid

administration
Preanesthetic medication Yes No
Avoiding incision infection Yes Yes
Multimodal prevention of deep vein

thrombosis (DVT)
No Physical prophylaxis combined with low molecular weight heparin

administration
Multimodal prevention of postoperative

nausea and vomiting (PONV)
Sometimes Always 5-HT3 receptor antagonist+dexamethasone+haloperidol

Prevention of stress ulcer Perioperative administration of
proton pump inhibitor

Perioperative administration of proton pump inhibitor

Prevention of intraoperative hypothermia No Always use intraoperative warm air body heating
Nasogastric tube Remove by POD 3 Remove immediately postoperation
Postoperative fasting No oral intake POD 3 Drink water 2hours after surgery, oral nutritional supplements on POD 1,

semi-solid diet on POD 3
Mobilization care Routine walk by POD 2 Early mobilization (out-of-bed activity on POD 1 and gradual increase on

POD 2)
Non-opiate oral analgesics/NSAIDs No Given routinely
Stimulation of gut motility No Yes (use of oral magnesium oxide)
Early removal of urinary catheter No Removal of urinary catheter as soon as possible
Drainage tubes Removal of drainage tubes within

3 days after surgery
No intra-abdominal or pelvic drainage

ERAS=enhanced recovery after surgery, POD 1=postoperative day 1, POD 2=postoperative day 2, POD 3=postoperative day 3.
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colorectal cancer (based on AJCC TNM classification), biochem-
ical profiles (hemoglobin, blood glucose, creatinine, serum
electrolytes, albumin, retinol binding protein [RBP], C-reactive
protein [CRP] and total lymphocyte count, coagulation profiles,
and serum tumor marker level), length of postoperative hospital
stay, complications, and re-operation readmission rates. Opera-
tive details (tumor location, procedure type, American Society of
Anesthesiologists [ASA] grade, type of anesthesia, duration of
surgery, operating time, intraoperative blood loss, and transfu-
sion rate) and pathological staging were also recorded. All
patients were postoperatively followed for 30 days.
The primary endpoint of the current study was prompt

gastrointestinal function recovery. The secondary endpoints
included postoperative complications and hospital length of stay
(the days from operation to discharge). Gastrointestinal
symptoms were collected from the clinical records, including
first postoperative flatus or defecation, time to normal diet,
abdominal bloating and/or cramps, and nausea or vomiting in the
first 5 days following surgery. In the first 5 days, >1 episode of
nausea or vomiting was defined as early ileus. Late ileus was
defined as nausea or vomiting after the first 5 days.
The complications here only included grade II complications or

higher, defined by the Clavien–Dindo classification system, such
as septic shock, gastrointestinal bleeding, abdominal abscess,
venous thromboembolic disease, late ileus, myocardial infarc-
tion, renal failure, and respiratory failure. Major complications
were defined as the following situations: the need for repeat
laparotomy and interventional radiology procedures or requiring
the intensive care unit entry.

2.1.4. Propensity score (PS) matching and statistical analy-
sis.Continuous data were presented as medians and interquartile
3

ranges (IQR) or means±SDs as appropriate and analyzed with
Student t test or the Mann–Whitney U test, respectively.
Categorical variables were reported as frequencies (percentages)
and were analyzed by a chi-square test or Fisher exact test. To
minimize the selection bias in baseline characteristics inherent to
an observational study, we compared postoperative endpoints
between the 2 groups using the PS matching method, designed to
mimic the randomized clinical trial in the context of an
observational study. Propensity scores were estimated using
demographic and clinical variables (cohort entry date) using a
multivariable logistic regression model. The selected variables
entered into the propensity model included demographic data
information, laboratory values, treatment protocols, lesion
location, type of surgery, and ICU admissions. The generalized
additive model was used to check linear assumption in PS model.
The 2 patient groups were then matched based on the estimated
propensity score of each patient with no replacement and a 0.1
caliper width using the PS full-matching method. The balance of
baseline covariates after matching was assessed using the
standardized difference of the mean, and the overlap degree of
PS distribution. The PS matching analyses were performed using
SPSS 20.0 (IBM, Armonk, NY) or R software 3.1.2 (The R
Foundation for Statistical Computing) and the MatchIt package.
The matched modified ERAS patients and controls were further
compared using SPSS 20.0. Statistical significance was indicated
by P values <.05.

3. Results

3.1. Patient characteristics

During the study period, a total of 839 consecutive patients
with obstructive colorectal cancer were enrolled for analysis.

http://www.md-journal.com


Table 2

Baseline characteristics of eligible patients and surgical parameters.

Total population Propensity matched population

Modified ERAS With (356) Without (483) P values With (318) Without (318) P values

Age, median (interquartile range), y 66 (38–86) 65 (45–87) .18 66 (42–82) 65 (46–84) .54
Male: female 215:141 284:199 .35 192:126 201:117 .26
Duration of symptoms, d 3.2 (1–7) 3.8 (1–7) .15 3.4 (1–7) 3.5 (1–7) .45
BMI, kg/m2 25.2±2.7 24.8±2.6 .29 25.1±2.6 24.9±2.5 .33
CR-POSSUM score 3.5±2.5 3.6±2.4 .43 3.5±2.3 3.5±2.2 .39
CRP, mg/L (normal value: 0–8) 6.8±4.1 7.1±4.2 .18 6.9±4.0 7.0±4.1 .32
Albumin, g/L (normal range, 35–50) 32.1±4.9 32.8±4.6 .56 32.1±4.7 32.5±4.5 .47
Comorbidities, n (%)
Diabetes 42 (11.8) 55 (11.4) .47 36 (11.3) 35 (11.0) .50
Hypertension 128 (36.0) 159 (32.9) .20 114 (35.8) 109 (34.3) .37
Coronary heart disease 36 (10.1) 48 (9.0) .51 31 (9.7) 33 (10.4) .45
Respiratory disease 19 (5.3) 22 (4.6) .36 16 (5.0) 14 (4.4) .43
Operative time, min 238.5±93.2 246.3±89.7 .48 240.1±88.6 242.4±91.1 .41
Operative blood loss, mL 187.8±69.7 182.9±66.9 .26 185.6±68.3 184.3±65.6 .37
Transfused patients, n (%) 163 (45.8) 232 (48.0) .28 148 (46.5) 153 (48.1) .38

ASA classification, n (%)
ASA1–2 244 (68.5) 327 (67.7) .43 216 (67.9) 220 (69.2) .40
ASA3–4 112 (31.5) 156 (32.3) .43 102 (32.1) 98 (30.8) .40

Location of lesion, N (%)
Right-side colon 147 (41.3) 208 (43.1) .33 137 (43.1) 144 (45.3) .32
Left-side colon 166 (46.6) 211 (43.7) .22 142 (44.7) 131 (41.2) .21
Rectum 43 (12.1) 64 (13.3) .35 39 (12.3) 43 (13.5) .36

Operation type, n (%)
Open colectomy 140 (39.3) 256 (53.0) .000 127 (39.9) 142 (44.7) .13
Laparoscopic colectomy 216 (60.7) 227 (47.0) .000 191 (60.1) 176 (55.3) .13

Stage, n (%)
I 12 (3.4) 3 (0.6) .003 6 (1.9) 3 (0.9) .25
II 103 (28.9) 100 (20.7) .004 92 (28.9) 88 (27.7) .40
III 172 (48.3) 238 (49.3) .42 158 (49.7) 154 (48.4) .41
IV 6 9 (19.4) 142 (29.4) .001 62 (19.5) 73 (23.0) .17

ASA=American Society of Anesthesiologists, BMI=body mass index, CRP=C-reactive protein, ERAS= enhanced recovery after surgery.
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Among them, 356 patients received the modified ERAS
program, and 483 patients were cared for with the traditional
pathway. The baseline patient characteristics and operative
details of modified ERAS patients and traditional care patients
are summarized in Table 2. Before PS-matching, there were no
significant differences in terms of age, sex, body mass index
(BMI), CRP value, American Society of Anesthesiologists (ASA)
grade, CR-POSSUM score, duration of symptoms before
admission, tumor location, comorbidity characteristics, or
operative magnitude between the 2 groups, with the exception
of tumor stage and operation type. The operative magnitude
was evaluated by measurement of operative time, estimated
blood loss, and total units of blood transfused within the 24-
hour perioperative period. Under PS-matching, 318 patients
cared for with the modified ERAS were matched to 318
patients cared for with the traditional methods. Several
variables, including tumor stage and operation type, became
comparable after PS-matching (Table 2). For the patients with
modified ERAS, an oral liquid within 2hours after surgery was
achieved in 90% of patients, and a soft or solid diet within 24
hours after surgery was achieved in 80%. Ninety-six percent of
patients begin out-of-bed activity on postoperative day 1. The
overall modified ERAS compliance was approximately 90%.
The patients with the traditional care pathway usually begin
their oral diet on postoperative day 3 and begin out-of-bed
activity at their wish.
4

3.2. Efficacy for gastrointestinal function recovery
Outcomes with regard to postoperative gastrointestinal function
were assessed by first flatus and first defecation. In the propensity-
matched cohort, a trend for accelerated recovery of gastrointes-
tinal function (first flatus [P= .002] and first defecation
[P= .008]) was observed for patients treated with modified
ERAS, as shown in Table 3. The naso-gastric tube was removed
significantly earlier in the modified ERAS group than in the
conventional group (0.7±0.5 days vs 3.1±0.3 days; P< .001). In
our study, the modified ERAS group patients experienced earlier
return to the oral liquid diet (P< .001) and oral solid diet
(P< .001) than the traditional care group. Gastrointestinal
complications were generally mild and recoverable. The
incidences of abdominal cramps (P= .38), vomiting (P= .26),
and abdominal distention (P= .35) within 5 postoperative days
(PODs) in patients cared for with modified ERAS were
comparable to those of patients receiving traditional care. In
case of discomfort or development of any other complications,
the naso-gastric tubewas reinserted; the naso-gastric tube reinsert
rates and the need for chest x-ray were similar in the 2 groups.
The mean durations of parenteral nutrition were 0.8±0.5 and
3.0±0.9 days for the 2 groups, respectively (P< .001). In patients
cared for with modified ERAS, CRP was markedly higher on
POD 1, and a significant return to near-baseline (P= .005) was
observed compared with patients cared with traditional methods.
There were significant differences in the incidence of prolonged



Table 3

Postoperative characteristics of gastrointestinal function recovery in the matched population (Student t test and chi-square test).

Modified ERAS With (n=318) Without (n=318) P values

First flatus (days, mean±SD) 1.2±0.8 2.6±1.0 .002
First defecation, d 2.5±1.5 3.5±1.4 .008
Removal nasogastric tube, d 0.7±0.5 (n=295) 3.1±0.3 (n=318) .000
Oral liquid diet, d 0.8±0.5 3.1±0.4 <.001
Oral solid diet, d 3.2±1.5 5.6±1.6 <.001
Abdominal cramps, N (%) 56 (17.6) 52 (16.4) .38
Abdominal distension, N (%) 64 (20.1) 69 (21.7) .35
Vomiting, N (%) 38 (11.9) 32 (10.1) .26
Serum electrolyte abnormalities, N (%) 35 (11.00) 34 (10.7) .50
Early ileus, N (%) 77 (24.2) 72 (22.6) .35
Prolonged ileus, N (%) 19 (6.0) 35 (11.0) .016
Mean duration of parenteral nutrition, d 0.8±0.5 (n=75) 3.0±0.9 (n=203) <.001
CRP on POD 1, ng/mL (normal value: 0–8) 18.6±11.6 18.1±12.4 0.28
CRP on POD 5, mg/L (normal value: 0–8) 8.4±5.2 12.1±6.8 0.005

CRP=C-reactive protein, ERAS= enhanced recovery after surgery, POD 1=postoperative day 1, POD 2=postoperative day 2, POD 3=postoperative day 3.
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ileus (P= .016) but no differences for early ileus (P= .35) or serum
electrolyte abnormalities (P= .50) between the 2 groups.
3.3. Postoperative complications

Postoperative complications according to established criteria are
summarized in Table 4. Among patients undergoing emergency
colorectal resection, incidences of overall postoperative compli-
cations (pneumonia, wound, abdominal, and systemic infection)
tended to be reduced for the modified ERAS implementation
(P= .002). There were no significant differences in the rates of
surgical complications such as sepsis, anastomotic leakage,
wound infection, and abdominal abscess (data not shown). There
was no significant difference in relaparotomy (P= .50) and
readmission (P= .39) rates between the 2 groups. The median
hospital stay was 6 (3–22) days in the modified ERAS group,
significantly shorter than the 9 (7–27) days of the traditional care
group (P< .001). No significant difference was found in
nutritional variables between the 2 groups on POD 5 (albumin,
P= .14).
4. Discussion

ERAS had been proved by previousmeta-analysis to have benefits
in terms of postoperative complications, glucose tolerance, and
hospital stay.[17] The current study further verified whether
modified ERAS could promote postoperative intestinal function
Table 4

Postoperative outcome in the matched population (Student t test an

Modified ERAS With

Patients with complications, n (%) 94 (
Total number of grade II or higher complications, n (%) 107 (
Anastomotic leakage, n (%) 3 (
Peritonitis or abscess, n (%) 19 (
Re-laparotomy 8 (
Mortality 3 (
Readmission (in 30 days) 25 (
Length of stay, median (IQR), days 6 (
Interval from operation to postoperative chemotherapy, d 35.6±
Albumin, g/L (normal range, 35–50) 27.9±

ERAS=enhanced recovery after surgery.
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(bowel movements), and so improve outcomes in patients with
acute colonic obstruction undergoing emergency surgery. In the
present study, to control the confounders of heterogeneity in this
multivariate population, we performed propensity score match-
ing and demonstrated the feasibility and effectiveness of modified
ERAS protocols. Modified ERAS protocols were associated with
prompt postoperative intestinal function recovery, which might
result from modulating the systemic immune response and
relieving the postoperative intestinal edema formation. All this
brings about a shorter length of hospital stay and shorter time
before starting adjuvant therapy in patients undergoing emer-
gency colorectal surgery.
The efficiency of smooth recovery is increasingly focused,

especially for gastroenterological surgery, because postoperative
ileus is the most important reason for the postoperative length of
stay.[18] We performed this measurement in the close intestinal
function monitoring setting. The clinical intestinal complaints
correlated with intestinal function were adequately monitored as
far as possible. This study is indicative of the remarkable
beneficial effects of modified ERAS postoperative gastrointestinal
recovery in patients with modified ERAS, as they had a shorter
period to pass the first defecation and resume oral solid diet.
These results might be due to the combination of the core ERAS
elements, such as early enteral nutrition (EN), judicious fluid
therapy, enforced postoperative mobilization, and preferential
use of non-opioid analgesia in the modified ERAS pathway.[19]

When implementing this program, a multidisciplinary team,
d chi-square test).

(318) Without (318) P values

29.6) 118 (37.1) .026
33.6) 143 (45.0) .002
0.9) 4 (1.3) .50
6.0) 21 (6.6) .51
2.5) 9 (2.8) .50
0.9) 2 (0.6) .50
7.9) 28 (8.8) .39
3–22) 9 (7–27) <.001
11.5 47.6±23.8 <.001
8.5 26.8±9.4 .14

http://www.md-journal.com
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including surgeons, anesthesiologists, nurses, physiotherapist,
and nutritionists, is indispensable. Unless contraindicated, early
enteral nutrition has been encouraged to be initiated as early as
possible, with several benefits, including modulating the
inflammatory response and metabolism and preserving gut
integrity, thereby dampening postoperative ileus (POI). Enteral
feeding should stimulate bowel movements, which also contrib-
ute to the beneficial effect of early enteral nutrition [20,21]. A
common worry for early EN is complications such as diarrhea,
abdominal distention, and abdominal cramps, which worsen
with increasing caloric intake[22] and which could lead to
discontinuance of enteral feeding. In this study, on the first 3 days
after surgery, 29 cases in the modified ERAS pathway had slight
symptoms. To avoid this condition, the amount of EN should
increase slowly and cautiously, or with the administration of
medications. In the current study, the slight symptoms resulting
from early EN were successfully alleviated, with enteral feeding
discontinued for as few as 1 day, and no patients dropped out of
the modified ERAS pathway. Recently, enteral nutrition has been
proven to preserve the gut flora architecture and prevent
gastrointestinal mucosa atrophy.[23] Intraoperative fluid admin-
istration with the maintenance of normovolemia is another
integral and critical component of modified ERAS protocols,
which are associated with certain consequences and complica-
tions, postponing the postoperative recovery.[24] Recently,
restrictive intraoperative fluid administration has been proposed
to favor beneficial postoperative outcomes following major
surgery.[25] In this study, the postoperative ileus was significantly
reduced with ERAS implementation. Excess crystalloids were
proposed to be implicated in coagulation disturbance, which may
be associated with the thrombosis event,[21] although this was not
found in this study. In addition, tissue oxygenation might decline
with fluid supersaturation, which is unfavorable for postopera-
tive recovery.
Moreover, we also showed that modified ERAS in emergent

colorectal surgery was associated with a tendency towards a
lower incidence of total postoperative complications. Likewise,
several studies have recently reported the feasibility of ERAS
protocols in emergent surgery for perforated peptic ulcer
disease,[26] with beneficial outcomes including length of hospital
stay and morbidity. In the present study, modified ERAS
protocols led to a median reduction length of hospital stay of
3 days, which is comparable to those reported in previously
published meta-analysis for ERAS protocols used in elective
colorectal surgery[17] and the setting of emergent colorectal
surgery,[13] although there were several small differences from
ours. The timely postoperative chemotherapy is very important
and a significant determinant of the patient’s overall postopera-
tive recovery and performance,[27] which is associated with the
overall survival and disease-free survival.[28] Here, we further
indicated that modified ERAS protocols might also reduce the
convalescence time between surgery and postoperative chemo-
therapy.
In this clinical setting, although the exact mechanism is difficult

to determine, the combination of multimodal perioperative
interventions, rather than a single maneuver alone, might
contribute to the reduction in hospital stay and postoperative
complication in the modified ERAS program for patients
undergoing emergency resection for obstructing colorectal
cancer. Early reduction of local inflammation by a core modified
ERAS element, such as EEN and limited fluid administration,
may explain the results reported herein.[29] Recent data also
suggest that the recovery of organ function may be explained by
6

an effect of modified ERAS protocols on local inflammation and
edema recovery.[30] In this study, CRP was higher immediately
after the operation and recovered significantly faster, within 5
PODs after the modified ERAS, which may explain the results
found here. In the experimental setting, early enteral feeding
reduces the inflammatory response and improves the intestinal
blood flow, which could be linked to improvement in intestinal
function. Another report also suggested that a better-preserved
postoperative immune system may improve postoperative
results.[31]

The retrospective design was the main weakness of the current
research, and the decision to initiate the modified ERAS protocol
was not made randomly. In the pilot stage, we are inclined to not
perform the modified ERAS protocol in sicker patients prone to
intestinal edema, which might be associated with severe
postoperative outcome, and this should be the fact that a
performance bias may occur. Retrospectively, the prompt
intestinal symptoms were extracted from patient records, which
might not be fully accurate, although we have measured this in
the intensively monitored institutes. To limit the influence of
performance bias, we performed propensity score matching
analysis to generate comparison groups of patients. Following the
PS matching, this discrepancy was eliminated and comparable to
achievements matched with the baseline confounders such as age,
ASA grade, CR-POSSUM score, and type of procedure.
However, we could not completely avoid variables that may
affect this matching. Another limitation of this study was
exclusion of the patients with stoma construction. It has been
reported that diverting the stoma has a direct impact on length of
hospital stay.[32] Therefore, further investigation of ERAS
program on emergency colorectal surgery in individuals is still
needed. Because the ERAS components cannot be uniformly
performed, the optimal outcomes of the ERAS pathway were
dependent on the implementation level of ERAS components and
adherence to the protocol. Therefore, it will be necessary to
conduct larger, adequately powered studies and randomized
controlled clinical trials to determine the role of ERAS in patients
after emergency gastroenterological surgery.
In conclusion, the modified ERAS protocols are associated

with beneficial effects on postoperative complications and length
of stay (LOS) in patients undergoing obstructive colorectal cancer
surgery. Although we performed a propensity score matching
analysis, we acknowledge that these results are based on a
homogenous group of patients. These results serve as a pilot
study for adequately powered and randomized clinical trials,
which may add to the final evaluation of the approach.
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