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ABSTRACT

Background: Enhanced recovery after surgery (ERAS) protocol has been shown to reduce
recovery period and postoperative complications. This prospective study aimed to evaluate
the short-term outcomes of ERAS in patients who underwent upper gastrointestinal (UGI)
surgery.

Methods: Patients who underwent surgery for benign or malignant diseases of the
esophagus, esophagogastric junction, or stomach during October 2018-December 2019
were included. Outcomes compared between ERAS and conventional care (CC) included
length of hospital stay (LOS), postoperative complications, mortality, recovery, and
hospitalization cost.

Results: Eighty-eight (32 ERAS, 56 CC) patients were included. ERAS had shorter LOS (5.5
vs. 12.5 days, p<0.001), earlier time to toleration of oral soft diet (3 vs. 8 days, p<0.001),
faster time to first defecation (71.6 vs. 114.5 hours, p<0.001), early ambulation (43.8 vs.
84.6 hours, p=0.010), and reduced hospitalization cost (197,140 vs. 256,315 Thai baht,
p<0.032). C-reactive protein level on postoperative day 1 was significantly lower in ERAS
patients (61.3 vs. 87.9 mg/L, p=0.027). BMI recovery occurred within 3 and 6 months in
ERAS and CC, respectively. There was no significant difference in surgery-related or non-
surgery-related complications between groups. No mortality was observed.

Conclusions: In a UGI surgical setting, ERAS accelerated recovery, reduced LOS, and
lowered hospitalization cost.

Key words: Enhanced Recovery after Surgery (ERAS), upper gastrointestinal surgery,
short-term outcomes, complications, hospitalization cost

INTRODUCTION

Upper gastrointestinal (UGI) surgery, including esophageal and gastric
surgery, are high-risk procedures that are associated with a high rate of peri-
operative complications (1). Enhanced Recovery after Surgery (ERAS), also
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known as fast track surgery, was initiated by Henrik
Kehlet in the 1990s (2). ERAS is a multidisciplinary
approach that aims to promote early postoperative
recovery, reduced surgical stress response and organ
dysfunction, decreased postoperative complications,
reduced length of hospital stay and hospitalization cost,
and improved long-term survival (3-5). ERAS has been
successfully applied in many fields of surgery, including
gastric and esophageal surgery (6-8). Although the
safety and efficacy of the ERAS protocol in UGI surgery
has been reported in numerous studies, implementa-
tion of the ERAS protocol is a challenge, and this has led
to slow adoption of ERAS in some settings (9).
Moreover, successful implementation requires protocol
compliance by all members of the multidisciplinary
team.

ERAS for UGI surgery is becoming the new standard
of care in Thailand. The intensive ERAS protocol
reported in this study was developed by UGI surgeons
and the other members of the multidisciplinary team at
Siriraj Hospital, which is Thailand’s largest national
tertiary referral center. We developed a perioperative
protocol for patients undergoing UGI surgery that is
based on evidence-based literature (10, 11). The
purpose of this prospective study was to assess short-
term outcomes compared between ERAS protocol and
conventional care among patients who underwent UGI
surgery.

MATERIALS AND METHODS
Study design and patient selection

This single-center prospective cohort study was
designed to evaluate the short-term postoperative out-
comes of patients who received the ERAS protocol
among patients who underwent UGI surgery. All
patients diagnosed with benign or malignant diseases
of the esophagus, esophagogastric junction (EGJ), or
stomach who underwent elective surgery during 1
October 2018 to 31 December 2019 at the Faculty of
Medicine Siriraj Hospital, Mahidol University, Bangkok,
Thailand were recruited. The eligibility criteria were age
18 years or older and American Society of
Anesthesiologists (ASA) score of 4 or less. Patient study
group assignment was made by consensus decision
between the patient and his/her physician. All patients
received standardized surgery and routine surveillance.
Conventional perioperative care was defined as the
normal perioperative management given and ordered
by individual surgeons based on their knowledge and
experience.
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Enhanced Recovery after Surgery (ERAS)
protocol

Patients and their care givers received preoperative
counseling and education regarding the treatment plan
and preoperative preparation. Smoking and alcohol
drinking were prohibited at least 2 to 4 weeks prior to
surgery (12). Breathing exercise and chest physical
therapy were encouraged preoperatively (10). An
anesthesiologist was consulted to evaluate for high-risk
patients for anesthesia (13). Nutritional status was
assessed using the Modified Nutrition Alert Form
(modified NAF) (14), and nutritional status was
improved, as needed, to achieve target calorie intake.
The energy requirement was 25-30 kcal/kg/day of total
calories, and 1.5 g/kg/day of protein. Nutrition supple-
ment was given to moderately malnourished patients.
Patients with severe malnutrition received nutritional
support for at least 2 weeks prior to surgery. Enteral
feeding tube insertion was indicated in patients who
could not tolerate adequate oral intake (3).

During the perioperative period, body positioning
and how to cough were taught to patients. Patients
with gastric outlet obstruction underwent gastric
lavage and decompression at least 3 days before
surgery. Postoperative nausea and vomiting (PONV) risk
was assessed, and prophylaxis would be prescribed in
patients with 2 or more risk factors. On the day of
surgery, patients were allowed to have a normal meal
until 6 hours before surgery, and drink clear liquid until
3 hours before the operation. Preoperative oral carbo-
hydrate loading with apple juice or 50 grams of glucose
solution was administered to all non-diabetic patients
at 3 to 4 hours before surgery. Maintenance intra-
venous fluid was administered in the morning
to prevent dehydration. During the operation, compres-
sion stockings were used for thromboembolism
prophylaxis. An air warming blanket was applied to
prevent hypothermia. Patients received antimicrobial
prophylaxis at least 30 minutes before skin incision. If
the duration of the operation was longer than 4 hours or
if the estimated blood loss was greater than 500 ml, an
additional dose of antibiotic was administered. An
epidural or intravenous patient-controlled analgesia
(PCA) was given to provide adequate postoperative
pain control. We avoided placement of a nasogastric
tube and/or external drain whenever possible.
Perioperative glycemic control was evaluated and
maintained.

On postoperative day (POD) 1, patients were
encouraged to walk and allowed to sip water. Patients
started to drink liquid diet on POD 2, then allowed to
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ingest low residual soft diet on POD 3. All drains were
removed as soon as possible. Patients could be
discharged on POD 4 if they satisfied the discharge
criteria.

Patients who underwent transthoracic esophagec-
tomy routinely received epidural analgesia and
intercostal drainage. Enteral feeding was started via a
jejunostomy feeding tube if hemodynamic status was
stable. Chest physical therapy was initiated as early as
possible after surgery (11). After extubation, patients
were allowed to sip water on POD 3. Patients started to
drink a liquid diet on postoperative day 4. Water-
soluble contrast UGI study was performed after post-
operative day 7. If the results of that study showed
patent anastomosis, low residual soft food intake was
allowed. Patients could be discharged on postoperative
day 8 if they met the discharge criteria (6, 11).

The discharge criteria included a normal body
temperature, hemodynamic stability, adequate pain
relief with oral analgesics, normal bowel movement,
tolerance of soft diet, and normal white blood cell
count. Our team contacted patients by telephone at
48-72 hours after discharge for clinical follow-up, then
routine postoperative surveillance was performed.
Patients were advised that they could contact us at any
time if they had a problem.

Data collection

Clinicopathological characteristics were recorded,
including age, gender, body mass index (BMI), ASA clas-
sification, comorbidities, preoperative diagnosis, tumor
location, preoperative clinical and pathological staging,
resection category, operative approach, and surgical
procedure. Cancer of the esophagus, EGJ, and stomach
were staged based on the 7" edition American Joint
Committee on Cancer (AJCC) staging system (15, 16).

The primary outcome of this study was the total
length of hospital stay (LOS) compared between the
ERAS group and the CC group. The secondary outcomes
were the incidence of postoperative complications, the
recovery of intestinal function, postoperative mortality,
hospitalization cost, readmission rate, nutritional status,
and biochemical data compared between groups. Major
complications were defined as grade 3a or higher
complications within 30 days after surgery according to
Clavien-Dindo classification (17). Hypothermia was
defined as an intraoperative core body temperature
below 36°C. The definition of intraoperative hypoten-
sion was mean arterial pressure less than 65 mmHg.
Inadequate pain control was defined as a maximum
pain score of 7 or higher on a visual analog scale (VAS;
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score 0-10) two or more consecutive times within the
first 72 hours postoperatively. Hospitalization cost
included all operative and anesthetic equipment, the
cost of pathology and laboratory tests, imaging,
operating room surgical costs, medications, but
excluded special food and physician fee.

Statistical analysis

All data were analyzed using Statistical Package for
the Social Sciences (SPSS) version 21.0 (SPSS, Inc.,
Chicago, IL, USA). Continuous data were compared
using Student's t-test, and reported as mean + standard
deviation or median and interquartile range.
Categorical variables were analyzed using chi-square
test or Fisher’s exact test, and the results are reported
as number and percentage. A p-value of less than 0.05
was considered statistically significant for all tests.

RESULTS

Patient characteristics

A total of 88 patients who underwent UGI surgery
were enrolled. Thirty-two patients were treated with
ERAS protocol (ERAS group), and fifty-six patients
received conventional care (CC group). There were no
significant differences between groups relative to
diagnosis and operation (fig. 1). Patient characteristics
and baseline data showed no significant differences
between groups, except for operative approach
(table 1). The median (interquartile range [IQR])
duration of intraoperative hypotension and hypo-
thermia in ERAS and CC patients were 5 (0-20) vs.
5 (0-23.7) minutes (p=0.238), and 67.5 (0-187.5) vs.
15.0 (0-236.2) minutes (p=0.964), respectively.

Compliance with the ERAS protocol

Education and counseling, smoking and alcohol
cessation, anti-thrombotic prophylaxis, and avoidance
of hypothermia was achieved in all ERAS patients, and
adequate nutrition support was achieved in 93.8% of
ERAS patients. Preoperative fasting and carbohydrate
loading was ordered in 81.3%. PONV prophylaxis and
antimicrobial prophylaxis, including redose, were
prescribed in 90.6%. Intraoperative hypothermia
occurred in 53.2%, and intraoperative hypotension
developed in 56.3%. Rate of ambulation on POD 3 was
78.1%, and inadequate pain control was observed in
15.6%. Overall compliance with the ERAS protocol in
this study was 86.9%.
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UGI diseases

- ERAS 32 patients (36.3%)
- Conventional 56 patients (63.7%)

I |
Benign diseases Subepithelial tumors
ERAS cC ERAS cC
3(42.8% L [a(572%) | L[ 72(50% [12(50%
Operation Operation _ . - .
P Diagnosis Diagnosis
1 Laparoscopic 2 Robotic hiatal 10 (83.3%) GIST
hiatal hernia hernia repair 7 (58.3%) GIST 1(8.3%)
repair 1 Laparoscopic 2 (16.6%) Leiomyoma
1 Laparoscopic hiatal hernia Leiomyoma 1(8.3%)
Heller myotomy repair 2 (16.6%) Hyperplastic polyp
1 Laparoscopic 1 Robotic Schwannoma
esophageal . esophageal 1 (8.3%) NET
Approach Approach
3 (25%) Open 6 (50%) Open
7 (58.3%) Lap 4(33.3%) Lap
2 (16.7%) Robot 2 (16.7%) Robot
Operation Operation
2 (16.7%) 2 (16.7%) Proximal
Proximal gastrectomy
gastrectomy 2 (16.7%) Distal
8 (66.7%) Partial gastrectomy
gastrectomy 7 (58.3%) Partial
2(16.7%) gastrectomy
Esophageal 1(8.3%) Total
enucleation gastrectomy

Epithelial cancers

[ 57(64.8%)]
1
Gastric and EGJ —
adenocarcinoma Sophagea
IGaslric CA 38 (66.7%) 10(17.5%
EGJ CA 9 (15.8%)
p—— ERAS
ERAS cc {2(20%) ]
[A5(31.0%) |

. 0
i Diagnosis Diagnosis

Stage 1: 0 (0%)
Stage I1: 1 (12.5%)
Stage Ill: 7 (87.5%)

Stage 1: 0 (0%)
Stage I1: 2 (100%)
Stage I11: 0 (0%)

Diagnosis
Stage I: 2 (13.3%)
Stage I1: 6 (40%)
Stage IlI: 4 (26.7%)

Diagnosis
Stage I: 4 (12.5%)
Stage I1: 18 (56.2%)
Stage 111: 10 (31.3%)

Stage IV: 3 (20%) Stage IV: 0 (0%) I [
Neoadjuvant Neoadjuvant
I None
l 5 (62.5%) CCRT
Neoadjuvant Neoadjuvant I 5 (100%) partial
3 (9.4%) CMT
5 (33.3%) CMT 0.4%) ) fesponse
. Operation
" 2 partial response
5 partial response 1 stable disease 1(50%) Open
1(50%) Robot l
| | Operation
Approach Approach 8 (100%) Open
12 (80%) Open 26 (81.2%) Open
3 (20%) Lap 4(12.5%) Lap
2 (6.3%) Robot
Operation Operation
1 (6.7%) Proximal 9 (28.1%) Distal
gastrectomy gastrectomy
5 (33.3%) Distal 16 (50%) Total
gastrectomy gastrectomy
4 (26.7%) Total 3 (9.4%) Esophago-
gastrectomy gastrectomy
2 (13.3%) Extended 4 (12.5%) Extended
gastrectomy gastrectomy
3 (20%) CRS
with HIPEC

Figure 1 - Upper gastrointestinal diseases and operations

Abbreviations: CA, cancer; CC, conventional care; CCRT, concurrent chemoradiotherapy; CMT, chemotherapy; CRS with HIPEC, cytoreductive surgery with
hyperthermic intraperitoneal chemotherapy; EGJ, esophagogastric junction; ERAS, Enhanced Recovery after Surgery; GIST, gastrointestinal stromal tumor;
Lap, laparoscopic surgery; NET, neuroendocrine tumor; Open, open surgery; Robot, robotic surgery; SCC, squamous cell carcinoma;

UGI, upper gastrointestinal

Short-term outcomes after UGI surgery

The median length of hospital stay (LOS) was
significantly shorter in the ERAS group than in the CC
group (5.5 vs. 12.5 days, p<0.001). Time to toleration of
oral water, liquid diet, and soft diet was significantly
earlier in ERAS than in CC (all p<0.001). ERAS patients
also had significantly faster recovery of intestinal
function. The mean time to first defecation was signifi-
cantly shorter in ERAS than in CC (71.6 vs. 114.5 hours,
p<0.001). Patients in the ERAS group also had earlier
postoperative ambulation compared to their CC
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counterparts (43.8 vs. 84.6 hours, p=0.010). ERAS
patients had a significantly lower mean hospitalization
cost than CC group patients (197,140.0 vs. 256,314.8
Thai baht [THB], p=0.032) (table 2).

Complication after UGI surgery

The overall postoperative complication rate was not
significantly different between the ERAS and CC groups
(31.2% vs. 39.3%, p=0.497). Regarding major complica-
tions, one (3.1%) patient in the ERAS group developed
pneumonia after transthoracic esophagectomy that
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Table 1 - Demographic and clinical characteristics compared between the ERAS and CC groups

Characteristics ERAS group CC group p-value
(n=32) (n=56)
Age (vears) meansSD 989196 885123 0134 .
Gender (maledfemale).n 1220 026 0185
Body mass index (kg/m’), mean+SD__ 23137 218440 0125 .
ASA classification, n (%) 0.243
-1l 24 (75.0%) 34 (60.7%)
N 8(250%) . 22098%)
Comorbidity, n (%) 15 (46.9%) 32 (57.1%) 0.382
Diabetes mellitus 5 (15.6%) 11 (19.6%) 0.777
Hypertension 14 (43.8%) 23 (41.1%) 0.826
Cerebrovascular disease 2 (6.3%) 5 (8.9%) 1.000
COPD 0 (0.0%) 1(1.8%) 1.000
Coronary artery disease 0 (0.0%) 6 (10.7%) 0.082
Valvular heart disease 1(3.1%) 0 (0.0%) 0.364
Arrhythmia 1 (3.1%) 5(8.9%) 0.410
Chronic kidney disease* 1.000
Stage 1 30 (93.8%) 50 (89.3%)
Stage 2-3 2 (6.2%) 4(7.1%)
___________ StagedS ... 000%) 208
Operative approach, n (%) 0.038
Open surgery 16 (50.0%) 40 (71.4%)
Laparoscopic surgery 13 (40.6%) 9 (16.1%)
. Roboticsurgery 3@A%) . TQ25%)
Operation, n (%) 0.932
Procedure for benign disease 3 (9.4%) 4 (7.1%)
Esophageal surgery 4 (12.5%) 11 (19.7%)
Gastric surgery 25 (78.1%) 41 (73.2%)

A p-value<0.05 indicates statistical significance

*Chronic kidney disease stage 1, 2, 3, 4, and 5 are defined as kidney damage or GFR >90, 60-89, 30-59, 15-29, and <15 ml/min

per 1.73 m2, respectively

Abbreviations: ERAS, Enhanced Recovery after Surgery; CC, conventional care; SD, standard deviation; n, number; ASA, American
Society of Anesthesiologists; CC, conventional care; COPD, chronic obstructive pulmonary disease; GFR, glomerular filtration rate

required prolonged endotracheal intubation for respira-
tory support. In the CC group, major complications
occurred in 6 (10.7%) patients. One patient had anasto-
motic bleeding after open total gastrectomy that
required endoscopic evaluation. One patient had
empyema thoracis after Ivor-Lewis esophagectomy
that was treated by chest tube drainage. Three patients
that underwent transthoracic esophagectomy suffered
from respiratory complications that included aspiration
pneumonia, pleural effusion, and pneumothorax
requiring respiratory support and chest drainage.
Another one patient suffered from respiratory failure
and required re-endotracheal tube intubation after
esophageal diverticulectomy.

Surgery-related complications were not significantly
different between the ERAS and CC groups (21.9%
vs. 17.9%, p=0.780). In ERAS, 5 (15.6%) patients had
biochemical pancreatic fistula, and 1 (3.1%) patient
suffered from total splenic infarction after gastric
surgery. Left true vocal cord paralysis was noted in 1
(3.1%) patient after transthoracic esophagectomy.
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All of the immediately aforementioned patients were
successfully treated with non-operative treatment.
In CC, 3 (5.4%) patients had surgical site infection, 1
(1.8%) patient had postoperative anemia requiring
blood transfusion, 1 (1.8%) patient had bowel ileus,
1 (1.8%) patient had duodenal stump leakage, 1
(1.8%) patient developed ascites, and 3 (5.4%)
patients had pancreatic fistula. For transthoracic
esophagectomy, one (1.8%) patient suffered from
esophagogastric anastomosis leakage that required
endoscopic esophageal stenting, and one (1.8%)
patient had left true vocal cord paralysis. The 28-day
readmission rate was 0.0% in the ERAS group, but
3.6% (2 patients) in the CC group (p=0.532). One of
those was readmitted due to anastomotic stricture
that was treated with endoscopic esophageal stent
placement. The other patient suffered from jejuno-
stomy feeding tube dislodge that required jejuno-
stomy feeding tube reinsertion. No mortality was
reported in either group during the 30-day follow-up
period.
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Table 2 - Postoperative short-term outcome data after UGI surgery compared between the ERAS and CC groups

Outcome data ERAS group CC group p-value
(n=32) (n=56)

ICU admission (hours), median (1R) 008 00222 0670
ETT (hours), median (1QR) 000 .....000 0806
Oral intake (POD), median (IQR)

Water 1.0 (1-1) 7.0 (3.2-8) <0.001

Liquid diet 2.0 (2-2) 7.0 (4.2-8.7) <0.001
_____ Softdiet o .....30B33  80@10 <0001
Bowel movement (hours), mean+SD

First flatus 51.8+25.3 67.4+32.9 0.055
_Firstdefecation 76:282  NM4o870 <0001
Ambulation (hours), meansSD 438:330 . B46e702 0010 .
Inadequate pain control,n (%) T(125%) ... 5(196%) .. 0751 .
Complication, n (%) 0.497

No 22 (68.8%) 34 (60.7%)

Minor 9 (28.1%) 16 (28.6%)
L Maor 1@1%) 6(107%)
Complication, n (%)

Surgery-related 7 (21.9%) 10 (17.9%) 0.780
.. Non-surgery-related A(125%)  17(0304%) 0072 .
28-day readmission, n (%) 000%) ... 2(36%) . 0582 .
In-hospital mortality, n (%) ! 0(00%) . 000%)
30-day postoperative mortality, n (%) | 000%) .. 000%) o
POS (days), median (IR) 50(46) 1008213 <0001
LOS (days), median (IQR) 55(57) 125092157) . <0001
Hospitalization cost (THB), mean+SD 197,140+120,567 256,315+123,214 0.032

A p-value<0.05 indicates statistical significance

Abbreviations: UGI, upper gastrointestinal; ERAS, Enhanced Recovery after Surgery; CC, conventional care;
ICU, intensive care unit; IQR, interquartile range; ETT, endotracheal tube; POD, postoperative day; SD, standard deviation;
n, number; POS, postoperative length of hospital stay; LOS, length of hospital stay; THB, Thai baht

Inflammatory markers

C-reactive protein (CRP) level (fig. 2), white blood
cell (WBC) count, and absolute lymphocyte count (ALC)
(fig. 3) were all comparable between groups during the
preoperative period. In the early postoperative period,
CRP and WBC levels in ERAS patients showed a non-
significant trend toward being lower than those in CC;
however, the ALC in the ERAS groups was higher than
that in the CC group. The CRP level on POD 1 in ERAS
was significantly lower than in CC (61.3 vs. 87.9 mg/L,
p=0.027). The point of maximum peak (on POD 3) was
not significantly different between groups (101.2 vs.
126.9 mg/L, p=0.202).

Body weight (BW) and body mass index (BMI)

There was no significant difference between groups
for preoperative body weight (58.3 vs. 56.6 kg,
p=0.522) or BMI (22.9 vs. 21.7 kg/m? p=0.170). At 3
months after surgery, BMI in ERAS was significantly
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higher than in CC (21.0 vs. 16.8, p=0.035). The average
BMI reduction was 7.4% vs. 11.1% (p=0.126) at 1
month, and 8.3% vs. 22.6% (p=0.275) at 3 months post-
operatively in ERAS and CC, respectively. Postoperative
BMI recovery was observed within 3 months in ERAS
patients, and within 6 months in CC patients.

Subgroup of benign diseases

The characteristics of patients who underwent
benign UGI procedures showed no statistically
significant differences between the ERAS and CC
groups. There was also no significant difference for
mean LOS between ERAS and CC (4.7 vs. 7.0 days,
p=0.211). ERAS had a significantly lower hospitalization
cost than CC (97,528 vs. 350,513 THB, p=0.044). There
were no differences between groups for postoperative
recovery or complications. There were no postopera-
tive complications in ERAS, but one (25.0%) major com-
plication was observed in CC. No 28-day readmission or
30-day mortality was reported.
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All patients who underwent UGI surgery
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Figure 2 - Mean postoperative C-reactive protein (CRP) levels compared between Enhanced Recovery after
Surgery (ERAS) and conventional care patients among all upper gastrointestinal (UGI) surgery patients, in
patients with subepithelial tumors, and in patients with epithelial cancer (Abbreviations: pre-op, preoperative;
POD, postoperative day)

Subgroup of subepithelial tumors

ERAS patients had a significantly shorter median
time to toleration of oral soft diet (3 vs. 5.5 days,
p<0.001), shorter median time to first defecation (65.8
vs. 110.6 hours, p=0.032), and shorter LOS (5 vs. 7 days,
p<0.001) than CC patients. The hospitalization cost of
ERAS patients was lower than in CC, but the difference
between groups was not statistically significant
(163,777 vs. 209,506 THB, p=0.351). There was no post-
operative complication in ERAS patients. Among CC
patients, no major complication occurred, but minor
complication occurred in 3 patients (0.0% vs. 25.0%,
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p=0.217). No 28-day readmission or 30-day mortality
was observed.

Subgroup of epithelial tumors

ERAS and CC patients had comparable demo-
graphic data and tumor characteristics (table 3).
Adeno-carcinoma was the most common histologic
type, comprising 88.2% in ERAS and 80% in CC.
Tumor-free resection margin (RO resection) was
achieved in all ERAS patients, but in only 85% of CC
patients. There were no significant differences in the
mean number of harvested lymph nodes for adeno-

Surgery, Gastroenterology and Oncology, 25 (5), 2020
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All patients who underwent UGI surgery
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Figure 3 - Mean postoperative white blood cell (WBC) and absolute lymphocyte count (ALC) levels compared
between Enhanced Recovery after Surgery (ERAS) and conventional care patients among all upper
gastrointestinal (UGI) surgery patients, in patients with subepithelial tumors, and in patients with epithelial
cancer (Abbreviations: POD, postoperative day; Pre-op, preoperative day).

carcinoma and squamous cell carcinoma between
ERAS and CC (55.0+24.2 vs. 37.3%15.9 nodes,
p=0.140, and 82.0+56.5 vs. 38.1+21.4 nodes,
p=0.140 respectively). ERAS had significantly shorter
time to toleration of oral diet (all p<0.001) and
shorter LOS than in CC (7.5 vs. 15.6 days, p<0.001).
The incidence of major postoperative complication
was not significantly different between ERAS and CC
(5.9% vs. 12.5%, p=0.395). No postoperative
mortality was observed in either group.
Hospitalization cost was not significantly different
between groups (table 4).
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Adenocarcinoma of stomach and esophago-
gastric junction

Mean LOS was significantly shorter in ERAS than in
CC (6.9 vs. 14.9 days, p<0.001). Time to toleration of
oral intake was significantly shorter in ERAS than in CC
(all p<0.001). In ERAS patients, the mean time to
toleration of oral water, liquid diet, and soft diet was
POD 1.4, 2.4, and 3.9, respectively. Among CC, the
average time to toleration of oral water, liquid diet, and
soft diet was POD 6.8, 7.6, and 8.8, respectively. Mean
time to first defecation was significantly shorter in the
ERAS group (73.0 vs. 110.1 hours, p<0.001). Patients in
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Table 3 - Tumor characteristics, surgical data, and pathological data compared between the ERAS and CC groups

Data ERAS group (n=17) CC group (n=40) p-value
Age (years), mean+SD 56.4+15.4 64.0£13.2 0.064
Gender, n (male:female) 7:10 21:19 0.565
Tumor location, n (%) 0.304
Esophagus 2 (11.8%) 8 (20.0%)
Esophagogastric junction 4 (23.5%) 5 (12.5%)
Stomach 11 (64.7%) 27 (67.5%)
Histopathology, n (%) 0.706
Squamous cell carcinoma 2 (11.8%) 8 (20.0%)
Adenocarcinoma 15 (88.2%) 32 (80.0%)
Squamous cell carcinoma
Operation, n (%)
Total esophagectomy 2 (100%) 8 (100%) 1.000
pT stage, n (%) 1.000
T0-2 1 (50.0%) 2 (25.0%)
T34 1 (50.0%) 6 (75.0%)
pN stage, n (%) 0.467
NO 2 (100%) 4 (50.0%)
N1-3 0(0.0%) 4 (50.0%)
Resection category, n (%) 1.000
RO 2 (100%) 7 (87.5%)
R1 0(0.0%) 1(12.5%)
R2 0(0.0%) 0 (0.0%)
Adenocarcinoma
Operation, n (%) 0.123
Proximal gastrectomy 1(6.7%) 0(0.0%)
Distal gastrectomy 5 (33.3%) 9 (28.1%)
Total gastrectomy 4 (26.7%) 16 (50.0%)
Extended gastrectomy 2 (13.3%) 4 (12.5%)
Ivor-Lewis esophagectomy 0(0.0%) 3(9.4%)
CRS with HIPEC 3 (20.0%) 0 (0.0%)
pT stage, n (%) 0.461
T0-2 2 (13.3%) 9 (28.1%)
T34 13 (86.7%) 23 (71.9%)
pN stage, n (%) 0.725
NO 4 (26.7%) 7 (21.9%)
N1-3 11 (73.3%) 25 (78.1%)
Resection category, n (%) 0.269
RO 15 (100%) 27 (84.4%)
R1 0(0.0%) 3(9.4%)
R2 0(0.0%) 2 (6.3%)

A p-value<0.05 indicates statistical significance

Abbreviations: ERAS, Enhanced Recovery after Surgery; CC, conventional care; SD, standard deviation; n, number; pT, pathological
primary tumor stage; pN, pathological lymph node stage; T, tumor; N, node; R, resection category; CRS, cytoreductive surgery;

HIPEC, hyperthermic intraperitoneal chemotherapy

the ERAS group demonstrated non-significantly earlier
postoperative ambulation (46 vs. 71.3 hours, p=0.086).
Postoperative major complications were non-signifi-
cantly different between ERAS and CC (0.0% vs. 6.3%,
p=0.755). There was also no significant difference in
hospitalization cost between ERAS and CC patients
(214,946 vs. 243,321 THB, p=0.511).

Squamous cell carcinoma of esophagus

All esophageal squamous cell carcinoma patients
underwent esophagectomy with three-field lympha-
denectomy. Mean LOS was not significantly different
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between ERAS and CC (12.0 vs. 18.2 days, p=0.252).
Mean time to toleration of oral water (4.0 vs. 10.2 days,
p=0.303), liquid diet (6.5 vs. 11.5 days, p=0.402), and
soft diet (9.0 vs. 13.8, p=0.366) was not significantly
different between ERAS and CC patients. There was also
no significant difference between ERAS and CC for time
to postoperative ambulation (103.5 vs. 172 hours,
p=0.538) or major complications (50.0% vs. 37.5%,
p=0.467). Pulmonary complication was the most
common non-surgery-related complication in both
ERAS and CC patients (6.7% vs. 15.6%, p=0.725). No
postoperative mortality was observed in either group.
There was no significant difference in hospitalization
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Table 4 - Postoperative short-term outcomes of epithelial tumors compared between the ERAS and CC groups

Outcomes ERAS group (n=17) CC group (n=40) p-value
ICU adrission (hours), median (1QR) 008) . 00467) . 0840
ETT (hours), median (10R) 00-46) 003 0560
Oral intake (POD), median (IQR)

Water 1.0 (1-2.5) 7.0 (6-8) <0.001

Liquid 2.0 (2-4) 8.0 (6.2-9) <0.001
_____ softdet ............30@8 __ 90@2M) <000
Bowel movement (hours), mean+SD

First flatus 60.4+25.7 69.9+33.4 0.349
. firstdefecation (14334  MresAr 0001 .
_____________________________________________________________________ 49.5:361 987789 0086
________________________________________________________________________ 6(150%) . A4@35%) . 0464
Complication, n (%)

No 7 (41.2%) 22 (55.0%) 0.395

Minor 9 (52.9%) 13 (32.5%)
Mo ] 169%) S(25%)
Complication, n (%)

Surgery-related 7 (41.2%) 10 (25.0%) 0.342
. Non-surgery-related 4(285%) . 18(28%) 0752 .
28-day readmission, n (%) 0(0.0%) ... 200%) e
In-hospital mortality, n (%) .. 0(00%) ... 000%)
30-day postoperative mortality, n (%) 0(0%) .. 000%) o
POS (days), median (IOR) ... 80(85  10@14) <0001 .
LOS (days), mean+SD ] (528 196274 <0001
Hospitalization cost (THB), mean+SD 238,270+103,150 260,938+124,093 0.511

A p-value<0.05 indicates statistical significance

Abbreviations: ERAS, Enhanced Recovery after Surgery; CC, conventional care; ICU, intensive care unit; IQR, interquartile range;
ETT, endotracheal tube; POD, postoperative day; SD, standard deviation; n, number; POS, postoperative length of hospital stay;

LOS, length of hospital stay; THB, Thai baht

cost between the ERAS and CC groups (413,199 vs.
331,403 THB, p=0.511).

DISCUSSIONS

The benefit of ERAS protocol in UGI surgery,
including hepatobiliary and pancreatic surgery, gastric
surgery, and esophageal surgery, has been reported in
several studies (18, 19). Recently, the ERAS Society
published evidence-based guidelines for enhanced
recovery after gastrectomy and esophagectomy (10,
11). A higher level of compliance with the ERAS protocol
was reported to be associated with improved treatment
outcomes (20). In the present study, the overall rates of
both preoperative and postoperative ERAS protocol
compliance were high. However, we did encounter
some difficulty preventing intraoperative hypotension
and hypothermia. Most previous studies (21) focused on
UGI cancer, so there is a relative scarcity of data specific
to subgroup analysis in benign diseases. The present
study reported the results of the ERAS protocol in
various UGI diseases. Even though the numbers of
patients were relatively low, we also performed sub-
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group analysis that compared among benign diseases,
subepithelial tumors, and malignant tumors.

Previous study reported the benefit of ERAS
protocol for reducing hospital LOS (19). Our study found
the LOS in ERAS to be significantly shorter than in CC.
However, the LOS in benign diseases was not
significantly different between ERAS and CC. This might
be due to the very low number of patients, less anasto-
moses, and more non-complex procedures. Subgroup
analysis of subepithelial and epithelial tumors revealed
a significant difference in LOS between groups. In
patients with subepithelial tumors, the LOS in the ERAS
group was 5 days, which is shorter than the previously
reported range of 5.4-9.8 days (19, 22). A meta-analysis
found the ERAS protocol in gastric cancer to be
associated with a significant reduction in LOS (23).
Mean LOS was reported to range from 5.4 to 14.1 days
(19). Our study found a mean LOS after radical gastrec-
tomy of 6.9 days, which is comparable to that previous
study. The number of studies that evaluated the ERAS
protocol in esophageal surgery is relatively few. A
recent meta-analysis of the ERAS protocol in
esophageal cancer (24) showed ERAS to be associated
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with a significant reduction of LOS. In the present study,
the number of esophageal cancer patients was low;
however, the mean LOS in ERAS was shorter than in CC
(p>0.05). There were no cases of readmission among
ERAS patients in this study.

Reducing the duration of fasting, early enteral
feeding, and early ambulation enhanced the recovery
of intestinal function (25). Nutrition support has been
shown to improve patient recovery. Early mobilization
also decreased complications, such as thromboembolic
events and pulmonary complications (26). This study
demonstrated that the ERAS protocol contributed to a
significantly earlier time to toleration of oral diet and
recovery of intestinal function in subepithelial and
epithelial tumor patients. Major concerns after
esophageal and gastric resection are anastomotic
healing and leakage. Prolonged postoperative oral diet
restriction has traditionally been ordered in conven-
tional care patients. However, our data showed ERAS to
be associated with early enteral feeding that resulted in
good oral diet tolerability and bowel movement. No
incidence of aspiration pneumonia, bowel ileus, or
anastomotic leakage was observed. There were 3
extended gastrectomy with cytoreductive surgery with
hyperthermic intraperitoneal chemotherapy (CRS with
HIPEC), which is known to be an extensive high-risk
procedure, in the ERAS group; however, all of those
patients recovered well without postoperative ileus.

A recent meta-analysis in UGI surgery reported no
significant difference in complication rates between
ERAS and CC (21). The incidence of postoperative major
and surgery-related complications was not significantly
different between groups in this study. ERAS patients
had some minor complications and a very low
incidence of major complication. There was only one
major complication, which was postoperative pneumo-
nia after transthoracic esophagectomy with 3-field
lymphadenectomy. Transthoracic esophagectomy for
esophageal squamous cell carcinoma is one of the most
invasive surgeries. Most of the published research (27)
reported on esophageal cancer patients who underwent
2-field lymphadenectomy; however, 3-field lympha-
denectomy is the standard of surgical care at our
center. Two systematic reviews (27, 28) reported the
30-day mortality rate after esophagectomy to be
1.2-11.1%. Interestingly, there was no postoperative
mortality after esophagectomy or gastrectomy in this
study.

The level of serum CRP has been proposed as a post-
surgical marker to evaluate surgical stress response
(29). A recent meta-analysis demonstrated that ERAS
was associated with reduced serum inflammatory
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mediators (30). Our study found the preoperative CRP
levels to be comparable between groups; however,
postoperative CRP level showed a non-significant trend
toward being lower in ERAS patients than in CC
patients. The observed lower CRP level in ERAS might
be associated with lower inflammatory response and
less postoperative complications.

Reduction in BMI was non-significantly lower in
ERAS than in CC. BMI recovery occurred within 3
months after surgery in the ERAS group, whereas BMI
recovery took 6 months in the CC group. This difference
between groups may be due to enhanced preoperative
nutritional management, early postoperative enteral
feeding, and faster recovery in ERAS patients compared
to CC patients. The shortened recovery period observed
in ERAS patients provided additional important
benefits, especially in patients who were going to
receive adjuvant systemic therapy.

Among all patients in this study, the hospitalization
cost of UGI surgery was significantly lower in the ERAS
group than in the CC group. Moreover, in subgroup
analysis of benign diseases, ERAS also had a significantly
lower hospitalization cost than CC. This may be
explained by the higher rate of more expensive robotic
surgery in the CC group. A trend towards lower
hospitalization cost was observed in subepithelial and
epithelial tumors; however, no statistically significant
difference was observed.

This study has some mentionable limitations. First,
our study population was small, and this may have
limited the statistical power of our study to identify all
significant differences and associations. Second,
although our study was prospective in nature, it did not
have a randomized controlled design. Third and last,
there was variability in the surgical procedures used to
treat patients enrolled in this study. However, this can
be explained by the different types of UGI disease that
were included.

CONCLUSIONS

The results of this prospective study demonstrated
the efficacy and safety of the ERAS protocol compared
to conventional care in patients who underwent UGI
surgery at our super-tertiary referral center. ERAS was
associated with reduction in LOS, time to toleration of
oral soft food intake, time to intestinal recovery, time to
ambulation, and hospitalization cost. Preoperative
nutrition support and early postoperative enteral
feeding among ERAS patients resulted in faster BMI
recovery. ERAS patients also had lower postoperative
CRP levels, which indicated lower inflammatory
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response. Application of the ERAS protocol in UGI
surgery was shown to be feasible and safe as evidenced
by no increase in postoperative morbidity or mortality.
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