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Article 
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Abstract: Background: Total gastrectomy with D2 lymph node dissection is standard for resectable 
esophagogastric junctional and gastric cancer, but high morbidity challenges perioperative care. 
ERAS guidelines advise against routine drains, yet conflicting evidence leads to inconsistent 
practice. Methods: The DRAG (DRains After Gastrectomy) Trial is a prospective, non-randomized 
study conducted from February 2020 to March 2023 at the 1st Propaedeutic Surgery Department, 
Hippocration General Hospital, Athens. Patients undergoing open D2 total gastrectomy had 
perianastomotic drains placed based on newly established criteria, offering a more tailored 
approach. Immediate and short-term postoperative outcomes, including recovery milestones and 
complications, were assessed. Results: Sixty patients were included, with 40 receiving a drain. The 
non-drain group had significantly lower pain scores, earlier mobilization, less postoperative nausea 
and vomiting, and a shorter hospital stay. Among those with complications, significant differences 
in surgical site infections, delayed mobilization, extra-abdominal issues, length of stay, 
readmissions, and reoperations suggest that drain use may increase complications and hinder 
recovery. Conclusion: Our study suggests that routine prophylactic drain use can be avoided in 
gastrectomy for esophagogastric junctional and gastric cancer when experienced surgeons in high-
volume centers follow predefined criteria. Implementing these criteria may improve patient 
outcomes and reduce complications. Trial registration:  Clinical Trials.gov NCT 04288661 

Keywords: prophylactic drain; total gastrectomy; gastric cancer; esophagogastric anastomosis leak; 
drain criteria 

 

1. Introduction 

Gastric cancer ranks as the fifth most common and fifth most lethal cancer globally [1]. For 
patients with AJCC (American Joint Committee on Cancer) stages IB to IIIC, representing the majority 
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of cases, the current gold standard of surgical treatment involves total gastrectomy combined with 
D2 lymph node dissection, followed by gastrointestinal tract reconstruction [2,3]. The 5-year survival 
rates following R0 resection vary significantly, ranging from 89.9% for stage IB to 20.2% for stage IIIC, 
as reported in the 8th edition of the TNM classification[4]. Given the significant morbidity associated 
with this extensive surgical procedure, there has been a growing focus on improving perioperative 
management and quality of life for these patients over the past two decades[5,6]. 

It has long been established that minimizing surgical intervention correlates with faster patient 
recovery [5-7]. The Enhanced Recovery After Surgery (ERAS) guidelines provide globally recognized 
perioperative recommendations for a variety of surgical procedures, grounded in research, audits, 
and evidence-based practice [6]. In 2014, Mortensen et al. [8] introduced ERAS guidelines specifically 
tailored for gastrectomy in gastric cancer. These guidelines include both procedure-specific and 
general recommendations applicable to the perioperative management of abdominal surgeries. 
However, much of the data underpinning these guidelines have been extrapolated from research on 
perioperative management in pancreaticoduodenectomy and colectomy for malignancies [9,10]. 

Since the publication of ERAS guidelines, evidence suggests limited and inconsistent global 
adherence to the protocol in gastrectomy, particularly regarding surgical drain use. Historically, 
drain placement during gastrectomy was routine [11], with literature reporting usage rates ranging 
from 57.7% to 62.8% [12-14]. The ERAS guidelines advise against drain placement to reduce 
complications like pain, delayed mobilization, and infections. This recommendation, based on two 
meta-analyses (400 cases) and two prospective trials, lacked robustness due to heterogeneity in 
surgery type and data collection [15-18]. These studies found no significant differences in hospital 
stay, morbidity, mortality, or complications between patients with and without drains, leading many 
to view the data as insufficient. Although the ERAS guidelines provide clear direction on drain use 
in surgeries such as pancreaticoduodenectomies and colectomies, recommending drains for the 
former but not the latter [9,10], the debate for gastrectomy remains unresolved. Japanese guidelines 
support routine use of intraperitoneal drains after total gastrectomy, with removal by the fifth 
postoperative day [19]. Studies from Japan further investigate the prognostic value of drain contents 
post-gastrectomy, reinforcing this practice [11,20-24]. In contrast, Western guidelines, such as those 
from the American College of Surgeons, advise against routine drain use, suggesting placement only 
in exceptional cases [25]. This divergence among experts contributes to uncertainty regarding drain 
use in gastrectomy, resulting in limited adherence to ERAS recommendations in Western practices 
[26,27]. 

This prospective, non-randomized controlled clinical trial aims to assess the impact of one 
perianastomotic drain when it is placed under specific, predefined criteria. The trial evaluates the 
immediate and short-term postoperative outcomes in patients who underwent D2 total gastrectomy 
for gastric cancer which were performed in a high-volume centre and under the care of a highly 
experienced team. To our knowledge, this is the first study to propose specific criteria tailored to the 
question of routine prophylactic drain use in total gastrectomy. This novel approach aims to fill an 
existing gap in the literature, offering a structured framework for clinical decision-making in high-
volume centres. 

2. Materials and Methods 

The DRAG (DRains After Gastrectomy) Trial is a prospective, non-randomized, controlled 
clinical trial involving patients diagnosed with gastric or esophagogastric juctional neoplasm. All 
surgeries were performed by a single, highly experienced surgeon in the 1st Propaedeutic Surgery 
Department at Hippocration General Hospital in Athens, Greece. The patients underwent open total 
gastrectomy with D2 lymph node dissection, followed by Roux-en-Y gastrointestinal tract 
reconstruction, in accordance with a predefined, ERAS-compliant perioperative departmental 
protocol.  Despite performing an open procedure, dissections were carried out with surgical 
instruments utilizing ultrasonic vibration scalpel. Saline used for irrigating the surgical field was 
carefully monitored and excluded from the total calculated blood loss.  Our institution’s protocol 
does not routinely incorporate exploratory laparoscopy or peritoneal cytology. 
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It is acknowledged that certain special or more complex cases may require lymphadenectomy 
beyond a standard D2 dissection [28]. However, to maintain uniformity, only patients undergoing 
D2 gastrectomy were included in this study. 

The participants were divided into two groups. The first group adhered to the department's 
standard practice, which involved placing a 10 mm (approximately 30 Fr) silicone drain near the 
esophagojejunal anastomosis (drain group). The drain used in this study was a silicone tube provided 
by Shanghai International Holding Corp. GmbH. In contrast, no drain was placed in the second group 
(non-drain group). The decision to place a drain was based on the following criteria: 

a) Pulmonary diseases under oxygen therapy 
b) Chronic oral steroid use (≥5mg/day prednisone equivalent for >1month) 
c) Intraoperative hemodynamic instability requiring vasopressors 
d) Intraoperative blood loss exceeding 250 mL 
e) Vessel injury (celiac axis or its branches) 
f) Injury to adjacent structures (pancreas, spleen, duodenum) 
g) Tension of the anastomosis  
h) Concerns about the integrity of the duodenal stump arising from potential staple misfiring or 

compromised tissue quality. 
These criteria were informed by existing literature on gastrectomy and their presence denotes 

increased risk for postoperative complications [11,29-41].  
All patients meeting the eligibility criteria (Table 1) underwent comprehensive preoperative 

evaluations, including clinical examinations, blood tests, imaging studies, and consultations with 
other specialties. The detailed preoperative assessment is outlined in Appendix 1. 

Table 1. Eligibility criteria. 

ELIGIBILITY CRITERIA 
INCLUSION CRITERIA 

Age over 18 years old 
Histologically proven EGJ (Siewert II or III) or non-EGJ gastric adenocarcinoma (intestinal, diffuse, or mixed 

Lauren type) 
Surgical candidates for total gastrectomy plus D2 lymph node dissection 

ECOG performance status 0 or 1 
Signed informed consent from 

Preoperative evaluation of cTanyNanyM0 according to the American 
Joint Committee on Cancer Staging Manual, 7th edition 

EXCLUSION CRITERIA 
M1 disease 

Other unplanned organ excision 
Massive ascites or cachexia 

Current participation in any other clinical trial 
Severe cardiovascular, respiratory tract, kidney, liver, or psychiatric disease. 

Poor compliance to the clinical protocol 
Pregnancy 

Per our departmental protocol, patients were gradually mobilized starting directly after surgery, 
when feasible. On the second postoperative day, an oral gastrografin study was conducted for each 
patient to detect any early anastomotic leaks. Following a normal radiological study, patients were 
initiated on a liquid diet, which was then advanced to pureed food on the third postoperative day, 
and a soft diet on the fourth day. For patients in the drain group, the drain was removed on the fifth 
postoperative day, provided that the drainage volume was less than 50 mL over the preceding 48 
hours, in line with departmental protocol. A descriptive timeline of the protocol is presented in 
Appendix 2. 
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The primary outcomes measured in this study were: a) pain levels, assessed using the Visual 
Analog Scale (VAS) during the first 5 postoperative days, b) postoperative nausea and vomiting 
(PONV) within the first 5 days, c) initiation of feeding, d) postoperative bowel mobilization, e) patient 
mobilization, f) length of hospital stay (LOS) 

Secondary outcomes included: a) mortality, b) surgically related readmissions and c) 
reoperations 

This study was conducted in accordance with the principles outlined in the Helsinki Declaration 
of Human Rights [42] and with the Guidelines of Good Clinical Practice [43]. The final study protocol 
and the informed consent form for participant inclusion received approval from the Institutional 
Review Board (IRB). The IRB also conducted regular assessments, as required, to ensure the ongoing 
compliance with lawful medical practice throughout the trial. 

The statistical analysis was performed using the R software (R foundation for Statistical 
Computing) version 4.3.0 for Windows. Descriptive characteristics for the quantitative data were 
expressed as median and Quartile 1 (Q1) to Quartile 3 (Q3) range and for completeness reasons the 
mean ± standard deviation (SD), for the qualitative data was reported the frequency of occurrence 
and the relevant percentage. Comparisons were preformed between patients with drainage and those 
without drainage; for the qualitative parameters statistical tests were performed via the chi-square 
test (and if required a Fisher exact test) and for the arithmetic data (as normality was not possible to 
be ensured using the Shapiro Wilk test), were applied not parametric tests, specifically the Mann 
Whitney U test. The significance level (p-value) was set to 0.05, thus statistically significant difference 
between compared groups was for p<0.05 and all tests were two sided. 

3. Results 

The study was conducted from February 2020 to March 2023. Among the 60 eligible participants, 
40 were assigned to the drain group, while 20 were included in the non-drain group. The mean age 
of the patients was 71 ± 9.6 years, ranging from 48 to 87 years. Among the participants, 32 (53.33%) 
were male. The preoperative histological diagnosis primarily identified intestinal-type gastric cancer 
in 46.6% of the cases, with the most common lesion location being the body of the stomach (43.3%). 
Additionally, 25% of the patients had undergone preoperative chemotherapy due to node positivity 
at diagnosis (N≥1) or unresectability on exploratory laparotomy. Detailed descriptive statistics, 
categorized by various factors, are provided in Table 2. 

The mean duration of the gastrectomy was 197 ± 37 minutes. Blood transfusion was required in 
13.3% of patients, while 8.3% received only fresh frozen plasma (FFP). Among patients in the drain 
group, the most common indications for drain placement were significant blood loss (33.3%) and 
tension of the anastomosis (18.3%). A very small percentage of patients exhibited preoperative risk 
factors that would typically warrant drain placement. Further details on the intraoperative 
characteristics are provided in Table 2. 

Postoperatively, 23.3% (n=14) of patients developed vital abnormalities, with 9 patients in the 
drain group exhibiting concerning findings in their drains. Full blood counts (FBC) and biochemical 
abnormalities were detected within the first 3 days when present. Approximately 56% of patients 
experienced severe pain during the first 5 postoperative days, and postoperative nausea and 
vomiting were also common. Surgical site infections (SSI) were observed in 12 patients (20%). 

Mobilization was impeded in 37% of patients, and feeding initiation was delayed in 28.3%, 
contrary to protocol. Gut motility began on average at 3.58 ± 1 days. Two patients required admission 
to the intensive care unit (ICU) postoperatively. The mean length of hospital stay was 9 ± 9 days. 

Fifteen percent (n=9) of patients experienced intra-abdominal complications, and 8.3% had extra-
abdominal complications. These complications resulted in a 3% mortality rate, 5% readmission rate, 
and 6% reoperation rate within the first 30 postoperative days. The Clavien-Dindo classification of 
postoperative complications [44,45] identified one patient with a grade IIIa complication, three 
patients with grade IIIb, two patients with grade II, and one patient with grade IV complications in 
the drain group, whereas one patient grade V and one patient grade II were identified in the non-
drain group. 
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In specific, four patients developed anastomotic leaks two of which underwent reoperation with 
hybrid intraoperative stent suturing [46]. The third patient received endoscopic stenting, while the 
fourth was managed conservatively, but unfortunately passed away. All four patients were in the 
drain group. 

Postoperative bleeding occurred in two patients. The first patient experienced bleeding on day 
zero, evident in the drain, and required reoperation. The second patient exhibited delayed bleeding 
on the 9th postoperative day and was treated conservatively. One patient was diagnosed with 
duodenal stump leak on the 7th postoperative day by means of computed tomography (CT). One 
patient in the non-drain group developed necrotizing pancreatitis due to a postoperative pancreatic 
leak, detected on the 3rd postoperative day and necessitating reoperation; unfortunately, this patient 
passed away. Finally, one patient developed postoperative ileus requiring nasogastric tube 
placement. Table 2 provides a detailed summary of these findings. 

Table 2. Descriptive statistics of perioperative characteristics. 

Group Characteristic Value 

Demographics 
and patient 

characteristics 

Age 71±9.6, median (Q1-Q3): 73 (65-77.5), min: 48, max: 87 
Gender (male) 32 (53.33%) 
Charlson score 2.45±0.85, median (Q1-Q3): 2 (2-2.5), min:2, max: 5 

ECOG 8 patients (13.3%) had score 1, 52 patients had score 0 

Histology 
Diffuse 22 (36.67%) 

Intestinal 28 (46.67%) 
Other 7 (11.67%) 

Location 

EGJ 12 (20%) 
Fundus 5 (8.33%) 

Body 26 (43.33%) 
Prepyloric antrum 16 (26.67%) 

Pylorus 1 (1.67%) 
Preoperative 

chemotherapy 
Positive 15 (25.42%) 

Laboratory 
results 

abnormality 

FBC 6 (10%) 
Biochemical 4 (6.67%) 

Clotting none 

Cancer antigens 
positivity * 

CA 19.9 8 (13.33%) 
CA 15.3 6 (10%) 
CA 125 3 (5%) 

CEA 7 (12%) 

Intraoperative 
characteristics 

Duration of operation 
(min) 

197.5±37.2, median (Q1-Q3): 200 (180-227.5), min 120, max 
180 

Blood transfusion 8 (13.33%) 
FFP transfusion 5 (8.33%) 

Allergic reaction to drugs 0 (%) 
Intraoperative incidents 7 (11.67%) 

Criteria for 
drain placement 

Blood loss >250mls 20 (33.33%) 
Vessel injury 3 (5%) 

Anastomosis concerns 11 (18.33%) 
Adjacent structures injury None 
Stump integrity concerns 3 (5%) 

Chronic respiratory 
comorbidity 

3 (5%) 

Post-operative 
characteristics 

Derangements of vital 
signs 

14 (23.33%) 
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Drain quantity 
abnormality 

4 (9.76%) 

Drain quality abnormality 5 (11.9%) 

FBC abnormality 16 (26.67%) 

FBC abnormality day 
(POD) 

1.1±2.3, median (Q1-Q3): 1 (0-1), min 0, max 11 
Day 0: 71.7%, day 1: 10%, after day 1: 18.3% 

Biochemical abnormality 15 (25%) 

Biochemical abnormality 
day (POD) 

0.7±1.8, median (Q1-Q3): 0 (0-1), min 0, max 11 
Day 0: 73.3%, day 1: 10%, after day 1: 16.7% 

Clotting abnormality 
(POD) 

1 (1.67%) 

Swallow test negative 58 (96.67%) 

VAS score (high) 34 (56.67%) 

SSI 12 (20%) 

Mobilization delay 22 (36.67%) 

Oral feeding delay 17 (28.33%) 

Intra-abdominal 
complication 

9 (15%) 

Extra-abdominal 
complication 

5 (8.33%) 

ICU treatment 2 (3.33%) 

PONV 29 (48.33%) 

Bowel movement start 
(POD) 

3.58±1.04, median (Q1-Q3): 3 (3-4), min: 2, max 6 

LOS (post-op to exit) 9.5±9.01, median (Q1-Q3): 6.5 (5-8), min: 5, max: 59 

 
 
 
 

AJCC staging 
 

1A 9 (15.0%) 

1B 10 (16.7%) 

2A 16 (26.7%) 

2B 12 (20.0%) 

3A 5 (8.3%) 

3B 6 (10.0%) 

3C 2 (3.3%) 

Outcomes 

Mortality 3 (5%) 

Re-admission 5 (8.33%) 

Re-operation 6 (10%) 

CA 125: Cancer antigen 125, CA 153: Cancer antigen 153, CA 19-9: Cancer antigen 19-9, CEA: Cancer embryonic 
antigen, ECOG: Eastern Cooperative Oncology Group, EGJ: Esophago-gastric Junction, FBC: Full Blood Count, 
FFP: Fresh Frozen Plasma, ICU: Intensive Care Unit, LOS: Length of Stay, POD: Postoperative Day, PONV: 
Postoperative Nausea and Vomiting, SSI: Surgical Site Infection, VAS: Visual Analogue Score. *Cancer antigen test 
normal values: CA 125 (0-31 U/ml), CA 153 (0-36 U/ml), CA 19-9 (0-37 U/ml), CEA: 0-5ng/ml 

Demographic and intraoperative characteristics between the two groups were compared to 
identify any potential differences that could impact the study outcomes. The results of these 
comparisons are detailed in Table 3. Statistical tests with p-values <0.05 indicated significant 
differences between the groups. However, no statistically significant differences were observed 
between the two groups overall.  
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Table 3. Comparison of demographics and preoperative characteristics between the two groups. 

Group of characteristics Characteristic Without drain n=20 
With drain 

n= 40 
p- value 

Demographics and patient 
characteristics 

Age(years) 73 (66.5-77.5) 73.5 (63-78) 0.8138 
Gender (male) 9/45% 23/57.5% 0.4180 
Charlson score 2 (2-2) 2 (2-3) 0.1567 

ECOG 0 (0-0) 0 (0-0) 0.5943 

Histology 
Diffuse 7/35% 15/37.5% 1.0000 

Intestinal 11/55% 17/42.5% 0.4180 
Mixed 1/5% 6/15% 0.4065 

Location 

EGJ 6/30% 6/15% 0.1893 
Fundus 3/15% 2/5% 0.3216 

Body 7/35% 19/47.5% 0.4162 
Pre-pyloric antrum 4/20% 12/30% 0.5408 

Pylorus 1/5% 0/0% 0.3333 
Preoperative chemotherapy Positive 5/25% 10/25.64% 1.0000 

Laboratory results 
abnormality 

FBC 2/10% 4/10% 1.0000 
Biochemical 2/10% 2/5% 0.5948 

Clotting None None NA 

Cancer antigens positivity* 

CA 19.9 2/10% 6/15% 0.7068 
CA 15.3 1/5% 5/12.5% 0.6532 
CA 125 0/0% 3/7.5% 0.5441 

CEA 3/ 15% 4/10% 0.6760 
CA 125: Cancer antigen 125, CA 153: Cancer antigen 153, CA 19-9: Cancer antigen 19-9, CEA: Cancer embryonic 
antigen, ECOG: Eastern Cooperative Oncology Group, EGJ: Esophago-gastric Junction. *Cancer antigen test 
normal values: CA 125 (0-31 U/ml), CA 153 (0-36 U/ml), CA 19-9 (0-37 U/ml), CEA: 0-5ng/ml. 

Similar comparisons were conducted for intraoperative characteristics. Specifically, the duration 
of the operation, red blood cell (RBC) and FFP transfusion rates, drug allergies, and intraoperative 
incidents did not differ significantly between the two groups (see Table 4). 

Table 4. Comparison of intraoperative characteristics between the two groups. 

Characteristic 
Without 

drainage device 
n=20 

With drainage 
device n=40 

p 
OR and 95% 

CI* 

Duration of operation (minutes) 195 (160-205) 200 (180-230) 0.2095 NA 
Blood transfusion 4/20% 4/10% 0.4218 2.25 (0.5-10.14) 
FFP transfusion 2/10% 3/7.5% 1.0000 1.37 (0.21-8.94) 

Allergic reaction to drugs None None NA NA 
Intraoperative incidents 2/10% 5/12.5% 1.0000 0.78 (0.14-4.41) 

FFP: Fresh Frozen Plasma, NA: not applicable. *OR: Odds Ratio, CI: Confidence Interval. 

Postoperative characteristics and outcomes were assessed using various factors, and Fisher's 
exact tests were applied for comparisons. The percentage of patients reporting high pain (VAS) scores 
was significantly lower in the no-drain group (15%) compared to the drain group (77.5%). 
Additionally, delays in mobilization and oral feeding were notably less frequent in the no-drain 
group, occurring in only 10% of cases for each, versus 50% and 37.5% in the drain group, respectively 
(p=0.0038 and p=0.0340). 

Significant differences were also observed in postoperative nausea and vomiting (PONV), with 
a lower incidence in the no-drain group (25%) compared to the drain group (60%, p=0.0142, OR: 0.22), 
indicating approximately five times higher odds of PONV in the drain group. 
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Moreover, the initiation of bowel movement and length of hospital stay were significantly 
shorter in the no-drain group. The median time of gut motility start was 3 days in the no-drain group 
compared to 4 days in the drain group (p=0.0142). The median length of stay (LOS) was also shorter 
for the no-drain group, at 5 days, compared to 7 days for the drain group (p=0.0001). 

Box and whisker plots illustrating some of these results are presented in Figure 1. No significant 
differences were found in AJCC classification, mortality, reoperations, or readmissions (see Table 5). 

Table 5. Comparison of postoperative characteristics and short-term outcomes between the two 
groups. 

Group of 
characteristics 

Characteristic 
Without drain 

(n=20) 
With drain 

(n=40) 
p 

OR and 95% 
CI* 

Post operative 
characteristics 

Derangements of vital 
signs 4/20% 10/25% 

0.755
6 

0.75 (0.2-
2.78) 

Drain quantity 
abnormality 0/0% 4/10% 

1.000
0 NA 

Drain quality 
abnormality 0/0% 5/12.5% 

1.000
0 NA 

FBC abnormality 
3/15% 13/32.5% 

0.218
2 

0.37 (0.09-
1.48) 

FBC abnormality on day 
0 17/85% 26/65% 

0.105
1 

3.1 (0.76 - 
12.23) 

Biochemical abnormality 
4/20% 11/27.5% 

0.752
9 

0.66 (0.18-
2.41) 

Biochemical abnormality 
on day 0 15/75% 29/72.5% 

0.836
5 

1.1 (0.33 - 
3.89) 

Clotting abnormality 
0/0% 1/2.5% 

1.000
0 NA 

Swallow test positive 
0/100% 2/5% 

0.548
0 NA 

VAS score (high) 
3/15% 31/77.5% 

<0.00
01 

19.52 (4.65-
81.91) 

SSI 
4/20% 8/20% 

1.000
0 1 (0.26-3.83) 

Mobilization delay 
2/10% 20/50% 

0.003
8 

0.11 (0.02-
0.54) 

Oral feeding delay 
2/10% 15/37.5% 

0.034
0 

0.19 (0.04-
0.91) 

Intra-abdominal 
complication 2/10% 7/17.5% 

0.704 0.52 (0.1-
2.79) 

Extra-abdominal 
complication 2/10% 3/7.5% 

1.000
0 

1.37 (0.21-
8.94) 

ICU treatment 
1/5% 1/2.5% 

1.000
0 

2.06 (0.12 -
34.62) 

PONV 
5/25% 24/60% 

0.014
2 

0.22 (0.07-
0.73) 

Bowel movement 
start(POD) 3 (2-4) 4 (3-4) 

0.014
1 NA 

LOS (post-op to exit) 
5 (5-6) 7 (6-10) 

0.000
1 NA 

AJCC stage 
  1A 2 (10.0%) 7 (17.5%)  

 
 

 
  1B 5 (25.0%) 5 (12.5%)  
  2A 6 (30.0%) 10 (25.0%)  
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  2B 5 (25.0%) 7 (17.5%) 0.736 NA 
  3A 1 (5.0%) 4 (10.0%)  
  3B 1 (5.0%) 5 (12.5%)  
  3C 0 (0%) 2 (5.0%)  

Short- Term 
outcomes 

Mortality 
2/10% 1/2.5% 

0.255
4 

4.33 (0.37-
50.95) 

Re-admission 
none 5/12.5% 

0.158
8 NA 

Re-operation 
2/10% 4/10% 

1.000
0 1 (0.17-5.98) 

 FBC: Full Blood Count, ICU: Intensive Care Unit, LOS: Length of Stay, POD: Postoperative Day, PONV: 
Postoperative Nausea and Vomiting, SSI: Surgical Site Infection, VAS: Visual Analogue Score, NA: not 
applicable. * OR: Odds Ratio, CI: Confidence Interval. 

 
Figure 1. Box and whisker plots for gut mobilization days (left) and length of hospital stay (right). In 
each diagram, the box limits indicate the lower (1st) and higher (3rd) quartiles (Q1 & Q3 respectively), 
horizontal lines within the boxes indicate median value, while the limits of the whiskers indicate 
minimum and maximum values after excluding outliers. Mean values are big circles and smaller 
circles outside the whisker areas indicate outliers. In the right picture not all outliers are visible due 
to vertical axis crop to enhance the dynamic range of the figure. 

Comparison of Intra-Abdominal Complications 
Out of the 60 patients, nine (15%) experienced intra-abdominal complications classified as 

Clavien-Dindo II or higher [45]. We compared these patients with those who did not experience such 
complications to identify any preoperative, intraoperative, or postoperative characteristics that might 
influence or be influenced by these complications. All tests for categorical data in this section utilized 
Fisher's exact test. 

Regarding demographic and preoperative characteristics, statistical analyses are summarized in 
Table 6. No significant differences were found in demographic factors, histological types, or the 
location of gastric lesions. Additionally, no differences were observed in preoperative blood test 
abnormalities or cancer antigen positivity between the groups 

Table 6. Demographics and pre-operative characteristics between the patients with and patients 
without intra-operative complications. 

Group of 

characterist

ics 

Characteri

stic 

With intra-

abdominal 

complicati

ons (n=9) 

Without intra-abdominal 

complications (n=51) 

p- 

value 

OR and 95% 

CI** 

Age 73 (67-76) 73 (64-78) 0.9257 NA 
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Demograp

hics and 

patient 

characterist

ics 

Gender 

(male) 

Yes vs. 

Male 

(6/66.67%) No vs. Male (26/50.98%) 

0.4820 

1.92 (0.43-

8.54) 

Charlson 

score 2 (2-2) 2 (2-3) 

0.3258 

NA 

ECOG 0 (0-0) 0 (0-0) 0.8329 NA 

Histology 

Diffuse 

3/33.33% 19/37.26% 

1.0000 0.84 (0.19-

3.77) 

Intestinal 

3/33.33% 25/49.02% 

0.4820 0.52 (0.12-

2.31) 

Other 1/11.11% 6/11.76% 1.0000 0.94 (0.1-8.86) 

Location 

EGJ 

1/11.11% 11/21.57% 

0.6713 0.45 (0.05-

4.03) 

Fundus 0/0% 5/9.8% 1.0000 NA 

Body 

6/66.67% 20/39.22% 

0.1574 3.1 (0.69-

13.83) 

Antrum 

2/22.22% 14/27.45% 

1.0000 0.76 (0.14-

4.08) 

Pylorus 1/11.11% 0/0% 0.1500 NA 

Preoperativ

e 

Positive 

2/22.22% 13/26% 

1.0000 0.81 (0.15-

4.42) 
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chemothera

py 

Laboratory 

results 

abnormalit

y 

FBC 

1/11.11% 5/9.8% 

1.0000 1.15 (0.12-

11.18) 

Biochemica

l 0/0% 4/7.84% 

1.0000 

NA 

Clotting none none NA NA 

Cancer 

antigens 

positivity* 

CA 19.9 0/0% 8/15.69% 0.3394 NA 

CA 15.3 0/0% 6/11.76% 0.5777 NA 

CA 125 0/0% 3/5.88% 1.0000 NA 

CEA 

1/ 11% 6/ 12% 

1.0000 0.94 (0.10- 

8.87) 

CA 125: Cancer antigen 125, CA 153: Cancer antigen 153, CA 19-9: Cancer antigen 19-9, CEA: Cancer embryonic 
antigen, ECOG: Eastern Cooperative Oncology Group, EGJ: Esophago-gastric Junction. *Cancer antigen test 
normal values: CA 125 (0-31 U/ml), CA 153 (0-36 U/ml), CA 19-9 (0-37 U/ml), CEA: 0-5ng/ml. ** Odds ratio and 
95% confidence interval. 

Intraoperatively, patients who developed intra-abdominal complications had a significantly 
higher rate of FFP transfusion compared to those without complications (p=0.0208, OR: 12.3). 
Moreover, marginal statistical significance was observed in postoperative complications associated 
with vessel injury (p=0.05, OR: 14.3) (Table 7). 
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Table 7. Intra-operative characteristics between the patients with intra-operative complications and 
those without such complications. 

Group of 

characteristics Characteristic 

With 

Intra-

abdomi

nal 

complic

ations 

(n=9) 

Without Intra-abdominal 

complications (n=51) 

p-

valu

e 

OR and 

95% CI* 

Intraoperative 

characteristics 

Duration of 

operation (minutes) 

200 (190-

225) 200 (170-230) 

0.41

64 NA 

Blood transfusion 

1/11.11% 7/13.72% 

1.00

00 

0.79 (0.08-

7.28) 

FFP transfusion 

3/33.33% 2/3.92% 

0.02

08 

12.25 (1.69-

88.71) 

Allergic reaction to 

drugs none none 

NA 

NA 

Intraoperative 

incidents 2/22.22% 5/9.8% 

0.28

05 

2.63 (0.42-

16.26) 

Criteria for drain 

placement 

Blood loss >250mls 

4/44.44% 16/31.37% 

0.46

44 

1.75 (0.41-

7.4) 

Vessel injury 

2/22.22% 1/1.96% 

0.05

61 

14.29 (1.14-

178.87) 

Anastomosis 

concerns 2/22.22% 9/17.65% 

0.66

44 

1.33 (0.24-

7.51) 
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Adjacent structures 

injury none none 

NA 

0 (0-0) 

Stump integrity 

concerns 1/11.11% 2/3.92% 

0.39

14 

3.06 (0.25-

37.84) 

Chronic respiratory 

comorbidity 0/0% 3/5.88% 

1.00

00 NA 

FFP: Fresh Frozen Plasma. *Odds ratio and 95% confidence interval. 

A range of postoperative characteristics differed significantly between patients with and without 
intra-abdominal complications, which are summarized in Table 8. Vital sign abnormalities from day 
0 were observed in 77.8% of patients with complications, compared to 13.7% of patients without 
complications, showing a statistically significant difference (p=0.0003, OR: 22). 

Significant differences were also spotted in full blood count (FBC) results (p<0.0001, OR: 43) and 
biochemical parameters (p=0.0355, OR: 5.1) among patients with intra-abdominal complications, 
from POD #0 and onwards. The quality of drain content was significantly different (p=0.0029, OR: 33) 
when an intra-abdominal complication was present, and oral contrast studies were more frequently 
required in patients with complications (p=0.0203, OR: 0.13). 

Surgical site infections (SSI) occurred more frequently in patients with complications (55.6% vs. 
13.7%, p=0.0203, OR: 7.9). These patients also experienced significantly greater delays in mobilization 
(p<0.0001) and oral feeding (marginal significance, p=0.1014), with a notably longer length of stay 
(LOS) in the hospital (24 days vs. 6 days, p<0.0001). 

Intra-abdominal complications were also associated with a higher incidence of simultaneous 
extra-abdominal complications (33.3%) compared to 4% in the non-complication group (p=0.0208, 
OR: 12.3). The rates of readmission and reoperation were significantly higher in the complication 
group (p=0.0208 and p=0.0383, respectively). The incidence of complications stratified by staging was 
as follows: 11.1% in Stage 1A patients (n=1), 33.3% in Stage 1B patients (n=3), 22.2% in Stage 2A 
patients (n=2), and 33.3% in Stage 2B patients (n=3). Notably, no complications were observed in Stage 
3 patients. As shown in Table 8, there was no statistically significant difference in the occurrence of 
complications across the various stages. Lastly, while mortality was higher in the complication group 
(22% vs. 2%), this difference approached, but did not achieve, statistical significance (p=0.0531). 

Table 8. Post-operative characteristics between the patients with and without intra-operative 
complications. 

Characteristic 

With 

Intra-

abdomina

l 

complicat

ions (n=9) 

Without Intra-abdominal 

complications (n=51) 

p- 

value 

OR and 95% 

CI* 

Vital abnormality 
7/77.78% 7/13.72% 

0.0003 22 (3.78-

128.16) 
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Drain quantity abnormality 
2/25% 2/6.06% 

0.1649 5.17 (0.6-

44.18) 

Drain quality abnormality 
4/50% 1/2.94% 

0.0029 33 (2.92-

372.82) 

FBC abnormality (POD) 
8/88.89% 8/15.69% 

<0.000

1 

43 (4.71-

392.6) 

FBC abnormality on day 0 

(POD) 1/11.1% 42/82.4% 

<0.000

1 

0.03 (0.003 - 

0.242) 

Biochemical abnormality 

(POD) 5/55.56% 10/19.61% 

0.0355 5.13 (1.16-

22.64) 

Biochemical abnormality on 

day 0 (POD) 3/33.3% 41/81.39% 

0.0079 0.12 (0.03 - 

0.57) 

Clotting abnormality (POD) 1/11.11% 0/0% 0.1500 NA 

Swallow test positive 2/33.22% 0/0% 0.0203 NA 

VAS score (high) 
8/88.89% 26/50.98% 

0.0642 0.13 (0.02-

1.12) 

SSI 
5/55.56% 7/13.72% 

0.0116 7.86 (1.69-

36.57) 

Mobilization delay 
9/100% 13/25.49% 

<0.000

1 NA 

Oral feeding delay 
5/55.56% 12/23.53% 

0.1014 4.06 (0.94-

17.59) 

Extra-abdominal complication 
3/33.33% 2/3.92% 

0.0208 12.25 (1.69-

88.71) 

ICU treatment 
1/11.11% 1/1.96% 

0.2797 6.25 (0.35-

110.29) 

PONV 
7/77.78% 22/43.14% 

0.0756 4.61 (0.87-

24.42) 

Gut motility start (POD) 4 (3-4.5) 3 (3-4) 0.4008 NA 

LOS (post-op to exit) 
24 (22-30) 6 (5-7) 

<0.000

1 NA 

AJCC stage 

1A 1 (11.1%) 8 (15.7%)  

 

 

0.689 

 

1B 3 (33.3%) 7 (13.7%)  

2A 2 (22.2%) 14 (27.5%)  

2B 3 (33.3%) 9 (17.6%) NA 

3A 0 (0%) 5 (9.8%)  

3B 0 (0%) 6 (11.8%)  

3C 0 (0%) 2 (3.9%)  

Mortality 
2/22.22% 1/1.96% 

0.0561 14.29 (1.14-

178.87) 

Re-admission 
3/33.33% 2/3.92% 

0.0208 12.25 (1.69-

88.71) 
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Re-operation 3/33.33% 3/5.88% 0.0383 8 (1.31-48.95) 

FBC: Full Blood Count, ICU: Intensive Care Unit, LOS: Length of Stay, POD: Postoperative Day, PONV: 
Postoperative Nausea and Vomiting, SSI: Surgical Site Infection, VAS: Visual Analogue Score; *Odds ratio and 
95% confidence interval. 

A characteristic diagram for the LOS is depicted in Figure 2. 

 
Figure 2. Box and whisker plots for LOS in patients with and without intra-abdominal 
complications. 

As previously reported, nine patients experienced intra-abdominal complications, with seven in 
the drain group and two in the no-drain group. The most common complication was anastomotic 
leak, occurring in four cases, followed by two cases of bleeding. These complications significantly 
affected both the length of hospital stay (LOS) and reoperation rates. The median day of complication 
detection was 5.8 (range: 1 to 11). Although the number of cases in this subgroup is relatively small, 
for the sake of completeness the statistical analysis was performed and the outcomes are presented 
in Table 9. As anticipated, no statistically significant differences were found regarding the detection 
of anastomotic leaks, the postoperative day of complication detection, diagnosis based on drain 
content, hospitalization duration, reoperation rates, or mortality. 

Table 9. Statistical analysis outcomes for the subgroup of patients with intra-abdominal 
complications. 

 Without drain (n=2)   With drain (n=7)   P-value 
Anastomotic leak detection    

No 2 (100%) 3 (42.9%) 0.444 
Yes 0 (0%) 4 (57.1%)  

POD    
Mean (SD) 5.00 (2.83) 6.14 (2.73) 0.445 

Median [Min, Max] 5.00 [3.00, 7.00] 7.00 [1.00, 9.00]  
Drain relation    

(-) 1 (50.0%) 3 (42.9%) 1 
(+) 1 (50.0%) 4 (57.1%)  

Diagnosis by drain content    
No 1 (50.0%) 3 (42.9%) 1 
Yes 1 (50.0%) 4 (57.1%)  

Diagnosis by vitals    
No 1 (50.0%) 2 (28.6%) 1 
Yes 1 (50.0%) 5 (71.4%)  
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 Without drain (n=2)   With drain (n=7)   P-value 
Diagnosis by Ġc    

No 2 (100%) 4 (57.1%) 0.5 
Yes 0 (0%) 3 (42.9%)  

Prolonged hospitalization    
No 1 (50.0%) 1 (14.3%) 0.417 
Yes 1 (50.0%) 6 (85.7%)  

Reoperation    
No 1 (50.0%) 4 (57.1%) 1 
Yes 1 (50.0%) 3 (42.9%)  

Death    
No 1 (50.0%) 6 (85.7%) 0.417 
Yes 1 (50.0%) 1 (14.3%)  

POD: postoperative day. 

With regards to the complications only in the drain group, four cases were identified through 
drain content analysis, while three were detected based on clinical presentation and blood tests. The 
statistical analysis showed no significant differences regarding the method of complication detection, 
the postoperative day of diagnosis, LOS, or mortality rates among these patients (Table 10). 

Table 10. Statistical analysis outcomes for the drain group with intra-abdominal complications to 
examine if diagnosis by drain content was a differentiation factor. 

 Diagnosis by other means 
(n=3) 

Diagnosis by drain content 
(n=4) 

P-value 

Anastomotic leak    
No 1 (33.3%) 2 (50.0%) 1 † 
Yes 2 (66.7%) 2 (50.0%)  

POD    
Mean (SD) 6.67 (2.52) 5.75 (3.20) 0.714 

Median [Min, Max] 7.00 [4.00, 9.00] 7.00 [1.00, 8.00]  
Diagnosis by vitals    

No 1 (33.3%) 1 (25.0%) 1 † 
Yes 2 (66.7%) 3 (75.0%)  

Diagnosis by labs    
No 2 (66.7%) 2 (50.0%) 1 † 
Yes 1 (33.3%) 2 (50.0%)  

Prolonged hospitalization    
Yes 3 (100%) 3 (75.0%) 1 † 
No 0 (0%) 1 (25.0%)  

Reoperation    
No 1 (33.3%) 3 (75.0%) 0.486 † 
Yes 2 (66.7%) 1 (25.0%)  

Death    
No 3 (100%) 3 (75.0%) 1 † 
Yes 0 (0%) 1 (25.0%)  

POD: postoperative day; †: Fisher’s exact test. 

4. Discussion 

The use of drains after elective total D2 gastrectomy remains a contentious issue in surgical 
practice. The ERAS guidelines generally recommend avoiding drains when possible, citing benefits 
such as faster recovery, reduced hospital stay, and quicker return to daily activities [5,6,8-10,47]. 
Despite this, many surgeons continue to use drains to manage abdominal fluid collections and detect 
postoperative complications such as intra-abdominal abscesses, anastomotic leaks, bleeding, and 
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pancreatic fistulas. In cases of severe complications (Clavien-Dindo II to IV) [44], drains can also play 
a therapeutic role. Many researchers support the use of smaller drainage tubes, which appears 
reasonable from a clinical perspective. However, even with reduced drain size, the psychological 
effects on patients and the rates of surgical site infections (SSIs) remain largely unaffected [12,48,49]. 
Expertise is a critical factor in this study, as it directly influences the quality of care provided. In this 
context, the perspective of an experienced surgeon plays a significant role in assessing the risk of 
postoperative complications and determining the individualized approach to drain placement, 
ensuring optimal patient outcomes [48,50]. This study does not aim to establish definitive guidelines 
but rather seeks to propose specific criteria to assist in the clinical decision-making process regarding 
the appropriate use of drain placement following total gastrectomy for gastric cancer, based on 
individual patient circumstances. 

Our study yielded no significant differences between patients with and without drains in terms 
of preoperative or demographic characteristics, nor between patients who developed complications 
and those who did not. While this study's sample size is relatively small, these findings should be 
considered in decisions about drain placement. Larger studies are warranted for more definitive 
conclusions. 

Interestingly, patients who required FFP transfusion during reoperation developed a higher 
incidence of complications, particularly anastomotic leaks. It is well-established that blood 
transfusions can adversely affect postoperative outcome [51-53]. Recent research suggests that FFP 
transfusion may also provoke an immunomodulatory response, leading to altered cytokine profiles 
with reduced pro-inflammatory and increased anti-inflammatory cytokines [51,54]. 

In this analysis, vessel injury was identified as a significant risk factor for postoperative 
complications, while other commonly evaluated factors showed no notable differences. This finding 
highlights the need to carefully consider vessel injury when deciding on drain placement during 
gastrectomies. The literature identifies various risk factors associated with postoperative 
complications, including advanced age (>65 years), male sex, cardiopulmonary comorbidities, diffuse 
tumor histology, extensive lymphadenectomy, intraoperative blood loss, extended operative time 
anastomotic tension, and impaired blood supply [29-34]. Although we observed no differences in 
these factors, they warrant careful consideration due to their established relevance in larger studies. 

In our study, the gastrografin swallow test performed on the second postoperative day 
identified two true positive cases out of four patients with anastomotic leaks, resulting in a sensitivity 
of 50%. Although the small sample size introduces some variability, these results highlight the limited 
sensitivity of this diagnostic method. This finding aligns with existing literature, which recognizes 
oral contrast radiography as a low-sensitivity test for confirming the integrity of esophagojejunal 
anastomoses [55-57]. Historically, it has been routinely employed following gastrectomy for gastric 
cancer to assess anastomotic integrity before initiating oral feeding. Thus, following our department’s 
ERAS-based protocol, the patients were advanced to oral feeding on the second postoperative day, 
prompting our evaluation of this test’s early postoperative efficacy. 

With regards to the VAS score, we found marginal statistical significance in pain levels between 
the drain and no-drain groups when complications were present, but significant difference when the 
complication was absent, suggesting that drain placement may be avoidable in the absence of 
complications. This finding aligns with the literature, which indicates that drains can significantly 
influence postoperative pain and may exacerbate it [16,17,47]. 

The current analysis revealed a significant difference in PONV between the drain and no-drain 
groups in uncomplicated patients. This suggests that prophylactic drain use might be unnecessary 
and could contribute to PONV. Although numerous studies have investigated postoperative nausea 
and vomiting (PONV) in bariatric surgery [58,59], there is limited research specifically addressing 
gastrectomy for gastric cancer. Given that PONV contributes to prolonged hospital stays, it is 
important to consider and attempt to mitigate this complication. 

Evidence from our study showed no overall difference in surgical site infections (SSIs) between 
the drain and no-drain groups. However, in patients with postoperative complications, the drain 
group experienced a significantly higher rate of SSIs. The relationship between drains and SSIs 
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remains debatable; while several studies report no association ([14,17,18,60], others suggest that 
retrograde bacterial contamination or leakage of protein-rich ascitic fluid may play a role [12]. 
Therefore, careful consideration of drain use in patients with complications is warranted to minimize 
the risk of SSIs. 

Our research demonstrated that extra-abdominal complications, particularly respiratory tract 
infections, were more prevalent in patients with drains when intra-abdominal complications 
occurred. This finding suggests that drain irritation may facilitate the dissemination of pathogens, 
although the literature on this relationship remains limited [12,61]. Other studies also support that 
drain-induced pain leads to microatelectases and consequently respiratory tract infections [48]. 
However, several retrospective studies, concerning both total and subtotal gastrectomies, have found 
no statistically significant differences in the incidence of pulmonary infections between groups that 
received postoperative drains and those that did not [14,17]. This discrepancy highlights the need for 
further investigation into the role of postoperative drains in pulmonary infections. 

In this analysis, we found that drain placement was associated with delays in mobilization and 
oral feeding, although the differences were marginal when complications were present. Our study 
observed that gastrointestinal tract mobility was negatively impacted by drains, supporting the 
notion that prophylactic drains may be unnecessary, despite the lack of significant differences in the 
presence of complications. The literature presents mixed results regarding the impact of drains on 
mobilization and gastrointestinal function, with some studies reporting no significant differences 
between drain and no-drain groups while others suggest that drains may hinder recovery 
[11,12,14,15,47].  

The presence of drains in this study significantly impacted the length of stay (LOS), as patients 
who experienced delays in mobilization, dietary resumption, and restoration of gastrointestinal 
motility were less likely to be discharged in a timely manner. This correlation is well-documented in 
the literature [15-18,47,62]. Furthermore, the authors believe that daily management of drains can 
present considerable challenges, especially in regions with limited community healthcare services. 
The occurrence of complications further complicates this situation, often resulting in extended 
hospital stays due to concerns from both patients and surgeons, as well as the ongoing need for 
regular drain monitoring. 

From a financial perspective, extended hospital stays significantly increase healthcare costs 
globally, placing a burden on hospital resources and reducing the availability of beds for other 
patients. Prolonged admissions not only escalate direct costs, such as staffing and resource utilization, 
but also indirectly affect the overall efficiency and capacity of healthcare systems worldwide [63,64]. 

Data from our trial indicated that both readmissions and reoperations were statistically 
significant only among patients in the drain group who developed complications. This suggests that 
the use of drains may be associated with an increased risk of additional complications when they 
occur. The existing literature supports this finding in relation to reoperations [11]. However, 
regarding readmissions, the evidence presents a contrasting view [62,65]. These two meta-analyses 
demonstrated higher readmission rates in the non-drain groups, primarily due to undetected 
complications during the initial hospital stay. The authors attribute the observed findings to the 
predefined criteria employed in selecting patients for whom it was deemed safe to omit the 
perianastomotic drain. 

In this study, mortality was only marginally significant in patients with intra-abdominal 
complications, which aligns with our expectations. Importantly, no significant difference in mortality 
rates was observed between the drain and no-drain groups. Unfortunately, the existing literature on 
mortality differences between these groups is limited. The two extensive studies [17,18] that reported 
on mortality also found no statistically significant differences between the drain and non-drain 
groups. 

The findings of this study may, in part, be influenced by the presence of comorbidities within 
the drain group; however, this represents only one aspect of the broader context. Notably, there were 
no statistically significant differences between the groups in terms of the Charlson Comorbidity 
Index, ECOG performance status, tumor histology or location, AJCC staging or the use of 
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preoperative chemotherapy, suggesting a comparable baseline risk for high-risk operations, whether 
influenced by patient-specific factors or intraoperative events. Furthermore, while multiple 
comorbidities can affect overall patient outcomes, not all comorbidities are directly relevant to the 
risk of anastomotic complications. It is also important to recognize that much of the evidence in this 
field originates from retrospective studies, which we have incorporated into the framework of this 
prospective trial. Rather than establishing definitive guidelines, this study aims to contribute to the 
ongoing discourse and encourages further investigation through larger, multi-center studies. 

A final key consideration in minimizing the use of unnecessary drains is the incorporation of 
green surgery principles. In recent decades, there has been a concerted effort to minimize CO₂ and 
CO₂-equivalent emissions through education and actionable strategies. The implementation of 
theatre checklists that include parameters for improvement before, during, and after surgery is a step 
in this direction [66,67]. While specific guidelines for intraoperative drain use are lacking, similar to 
recommendations for urinary catheters, which advocate for their avoidance when not clinically 
necessary, a parallel approach could be applied to drains [68]. Despite these recommendations, 
adherence to minimizing unnecessary catheterization remains unsatisfactory [69]. Avoiding clinically 
unnecessary interventions, including drains, can significantly reduce the carbon footprint of surgical 
procedures and promote environmental sustainability. This approach not only benefits the 
environment but also mitigates financial costs associated with excessive use of medical resources [70]. 

The authors acknowledge the limitations of this study. Firstly, the sample size is relatively small 
for a study of this nature, largely due to constraints imposed by the COVID-19 pandemic. This limited 
sample size may have hindered the detection of statistical significance in areas where differences 
might have otherwise been observed. Larger studies could offer more definitive insights. 
Additionally, no data regarding Helicobacter pylori (H. pylori) was available in the histopathology 
reports. However, it is reasonable to assume that H. pylori-positive cases were detected and treated 
during the preceding preoperative gastroscopies. Given the ongoing debate regarding the 
relationship between H. pylori, prognosis, and disease relapse, the authors highlight the importance 
of considering H. pylori status in future research, especially as existing literature presents mixed 
findings regarding the impact of a negative H. pylori status [71-75]. Furthermore, the study’s focus 
on patients undergoing D2 gastrectomy may introduce a selection bias, as it excludes more complex 
cases requiring extended lymphadenectomy, thus limiting the generalizability of the findings. Lastly, 
the absence of randomization in this study may also introduce a minor bias; however, due to the 
specific design and objectives of the study, randomization was not feasible. 

5. Conclusions 

Our study suggests that routine prophylactic drain use may be unnecessary in gastrectomy for 
gastric cancer when performed by experienced surgeons at high-volume centers, provided the 
criteria introduced in this study are applied. To our knowledge, no other studies have proposed such 
parameters to address this clinical question, underscoring the novelty of our approach. However, 
larger-scale studies are needed to further validate these guidelines and strengthen the 
recommendation. 
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Abbreviations 

AJCC: American Joint Committee on Cancer, aPTT: activated partial thrombo-plastin time, CA 
125: Cancer antigen 125, CA 153: Cancer antigen 153, CA 19-9:Cancer antigen 19-9, CEA: Cancer 
embryonic antigen, CT: computed tomography DRAG: DRain After Gastrec-tomy, ECOG: Eastern 
Cooperative Oncology Group, EGJ: Esophago-gastric Junction, ERAS: En-hanced Recovery After 
Surgery, FBC: Full Blood Count, FFP: Fresh Frozen Plasma, ICU: Intensive Care Unit, INR: 
international normalised ratio, IRB: Institutional Review Board, LOS: Length of Stay, LFTs: Liver 
Function tests, POD: Postoperative Day, PONV: Postoperative Nausea and Vomiting, PT: 
prothrombin time, RFTs: Renal function Tests, SSI: Surgical Site Infection, TNM: Tumor- Nodes- 
Metastasis, U&E: Urea and Electrolytes, VAS: Visual Analogue Score 

Appendix A 

PREOPERATIVE EVALUATION 
History and physical examination 

Blood exams FBC, RFTs, LFTs, U&E, blood sugar, albumin and 
total protein levels 

Blood clotting sufficiency PT, INR, aPTT 
Thyroid function T3, T4, TSH, FT3, FT4 
Hepatitis virulence anti- HCV antibodies, anti- HBV antibodies, HBs 

antigen 
Blood type cross-match 
Chest x-ray 
Anesthesiologist check Incentive spirometry, Mallabati score evaluation, 

ASA score, necessity for ICU stay after the 
operation 

Electrocardiogram and cardiology examination 
Previous colonoscopy to exclude secondary/second primary tumor in colon 

aPTT: activated partial thromboplastin time, FBC: Full Blood Count, HBV: hepatitis B virus, HCV: hepatitis C 
virus, INR: international normalised ratio, LFTs: Liver Function tests, PT: prothrombin time, RFTs: Renal 
function Tests, T3: Triiodothyronine , T4,: Thyroxine ,TSH: thyroid stimulating hormone, U&E: Urea and 
Electrolytes. 
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Appendix B. Timeline of Study protocol 

STUDY PERIOD 

 ENROLLMENT 

DAYS 

DAY OF 

SURGERY 
POSTOPERATIVE DAYS 

TIMEPOINT -7 TO 

-2 

-1 0 1 2 3 4 5 Ω 

ENROLLMENT 

PATIENT 

SELECTION 

X         

PREOP CHECK X         

CONSENT SIGN  X        

PROTOCOL 

EDUCATION 

 X        

INTERVENTION 

DRAIN 

PLACEMENT 

  X       

INTRAOPERATIVE 

DATA RECORDING 
  X       

MONITORING 

CLIN. 

EXAMINATION 

&VITALS 

   X X X X X X 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 December 2024 doi:10.20944/preprints202412.1613.v1

https://doi.org/10.20944/preprints202412.1613.v1


 22 

 

References 

1. Bray, F.; Laversanne, M.; Sung, H.; Ferlay, J.; Siegel, R.L.; Soerjomataram, I.; Jemal, A. Global cancer 
statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. 
CA Cancer J Clin 2024, 74, 229-263, doi:10.3322/caac.21834. 

2. Lordick, F.; Carneiro, F.; Cascinu, S.; Fleitas, T.; Haustermans, K.; Piessen, G.; Vogel, A.; Smyth, E.C.; 
clinicalguidelines@esmo.org, E.G.C.E.a. Gastric cancer: ESMO Clinical Practice Guideline for diagnosis, 
treatment and follow-up. Ann Oncol 2022, 33, 1005-1020, doi:10.1016/j.annonc.2022.07.004. 

3. Ajani, J.A.; D'Amico, T.A.; Bentrem, D.J.; Chao, J.; Cooke, D.; Corvera, C.; Das, P.; Enzinger, P.C.; Enzler, 
T.; Fanta, P.; et al. Gastric Cancer, Version 2.2022, NCCN Clinical Practice Guidelines in Oncology. J Natl 
Compr Canc Netw 2022, 20, 167-192, doi:10.6004/jnccn.2022.0008. 

4. Kim, S.G.; Seo, H.S.; Lee, H.H.; Song, K.Y.; Park, C.H. Comparison of the Differences in Survival Rates 
between the 7th and 8th Editions of the AJCC TNM Staging System for Gastric Adenocarcinoma: a Single-
Institution Study of 5,507 Patients in Korea. J Gastric Cancer 2017, 17, 212-219, doi:10.5230/jgc.2017.17.e23. 

LABS    X X X X X X 

DRAIN CONTENT 

MONITORING 
  X X X X X X X 

ORAL CONTRAST 

STUDY 

    X     

PONV    X X X X X  

PAIN (VAS SCORE)   X X X X X X  

SSI    X X X X X  

MOBILIZATION    X X X X X  

ORAL FEEDING    X X X X X  

GUT MOTILITY    X X X X X X 

EXTRAABDOMINAL 

COMPLICATIONS 
   X X X X X X 

LOS    X X X X X X 

MORTALITY    X X X X X X 

READMISSIONS    X X X X X X 

REOPERATIONS    X X X X X X 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 December 2024 doi:10.20944/preprints202412.1613.v1

https://doi.org/10.20944/preprints202412.1613.v1


 23 

 

5. Ljungqvist, O.; Young-Fadok, T.; Demartines, N. The History of Enhanced Recovery After Surgery and the 
ERAS Society. J Laparoendosc Adv Surg Tech A 2017, 27, 860-862, doi:10.1089/lap.2017.0350. 

6. Tanious, M.K.; Ljungqvist, O.; Urman, R.D. Enhanced Recovery After Surgery: History, Evolution, 
Guidelines, and Future Directions. Int Anesthesiol Clin 2017, 55, 1-11, doi:10.1097/AIA.0000000000000167. 

7. Kehlet, H.; Mogensen, T. Hospital stay of 2 days after open sigmoidectomy with a multimodal 
rehabilitation programme. Br J Surg 1999, 86, 227-230, doi:10.1046/j.1365-2168.1999.01023.x. 

8. Mortensen, K.; Nilsson, M.; Slim, K.; Schafer, M.; Mariette, C.; Braga, M.; Carli, F.; Demartines, N.; Griffin, 
S.M.; Lassen, K.; et al. Consensus guidelines for enhanced recovery after gastrectomy: Enhanced Recovery 
After Surgery (ERAS(R)) Society recommendations. Br J Surg 2014, 101, 1209-1229, doi:10.1002/bjs.9582. 

9. Mahendran, R.; Tewari, M.; Dixit, V.K.; Shukla, H.S. Enhanced recovery after surgery protocol enhances 
early postoperative recovery after pancreaticoduodenectomy. Hepatobiliary Pancreat Dis Int 2019, 18, 188-
193, doi:10.1016/j.hbpd.2018.12.005. 

10. Gustafsson, U.O.; Scott, M.J.; Hubner, M.; Nygren, J.; Demartines, N.; Francis, N.; Rockall, T.A.; Young-
Fadok, T.M.; Hill, A.G.; Soop, M.; et al. Guidelines for Perioperative Care in Elective Colorectal Surgery: 
Enhanced Recovery After Surgery (ERAS((R))) Society Recommendations: 2018. World J Surg 2019, 43, 659-
695, doi:10.1007/s00268-018-4844-y. 

11. Shimoike, N.; Akagawa, S.; Yagi, D.; Sakaguchi, M.; Tokoro, Y.; Nakao, E.; Tamura, T.; Fujii, Y.; Mochida, 
Y.; Umemoto, Y.; et al. Laparoscopic gastrectomy with and without prophylactic drains in gastric cancer: a 
propensity score-matched analysis. World J Surg Oncol 2019, 17, 144, doi:10.1186/s12957-019-1690-9. 

12. Hirahara, N.; Matsubara, T.; Hayashi, H.; Takai, K.; Fujii, Y.; Tajima, Y. Significance of prophylactic intra-
abdominal drain placement after laparoscopic distal gastrectomy for gastric cancer. World J Surg Oncol 
2015, 13, 181, doi:10.1186/s12957-015-0591-9. 

13. Lee, J.; Choi, Y.Y.; An, J.Y.; Seo, S.H.; Kim, D.W.; Seo, Y.B.; Nakagawa, M.; Li, S.; Cheong, J.H.; Hyung, W.J.; 
et al. Do All Patients Require Prophylactic Drainage After Gastrectomy for Gastric Cancer? The Experience 
of a High-Volume Center. Ann Surg Oncol 2015, 22, 3929-3937, doi:10.1245/s10434-015-4521-4. 

14. Kumar, M.; Yang, S.B.; Jaiswal, V.K.; Shah, J.N.; Shreshtha, M.; Gongal, R. Is prophylactic placement of 
drains necessary after subtotal gastrectomy? World J Gastroenterol 2007, 13, 3738-3741, 
doi:10.3748/wjg.v13.i27.3738. 

15. Alvarez Uslar, R.; Molina, H.; Torres, O.; Cancino, A. Total gastrectomy with or without abdominal drains. 
A prospective randomized trial. Rev Esp Enferm Dig 2005, 97, 562-569, doi:10.4321/s1130-
01082005000800004. 

16. Kim, J.; Lee, J.; Hyung, W.J.; Cheong, J.H.; Chen, J.; Choi, S.H.; Noh, S.H. Gastric cancer surgery without 
drains: a prospective randomized trial. J Gastrointest Surg 2004, 8, 727-732, doi:10.1016/j.gassur.2004.05.018. 

17. Liu, H.P.; Zhang, Y.C.; Zhang, Y.L.; Yin, L.N.; Wang, J. Drain versus no-drain after gastrectomy for patients 
with advanced gastric cancer: systematic review and meta-analysis. Dig Surg 2011, 28, 178-189, 
doi:10.1159/000323954. 

18. Wang, Z.; Chen, J.; Su, K.; Dong, Z. Abdominal drainage versus no drainage post gastrectomy for gastric 
cancer. Cochrane Database Syst Rev 2011, CD008788, doi:10.1002/14651858.CD008788.pub2. 

19. Lim, S.Y.; Kang, J.H.; Jung, M.R.; Ryu, S.Y.; Jeong, O. Abdominal Drainage in the Prevention and 
Management of Major Intra-Abdominal Complications after Total Gastrectomy for Gastric Carcinoma. J 
Gastric Cancer 2020, 20, 376-384, doi:10.5230/jgc.2020.20.e32. 

20. Kanda, M.; Fujiwara, M.; Tanaka, C.; Kobayashi, D.; Iwata, N.; Mizuno, A.; Yamada, S.; Fujii, T.; Nakayama, 
G.; Sugimoto, H.; et al. Predictive value of drain amylase content for peripancreatic inflammatory fluid 
collections after laparoscopic (assisted) distal gastrectomy. Surg Endosc 2016, 30, 4353-4362, 
doi:10.1007/s00464-016-4753-9. 

21. Taniguchi, Y.; Kurokawa, Y.; Mikami, J.; Tanaka, K.; Miyazaki, Y.; Makino, T.; Takahashi, T.; Yamasaki, M.; 
Nakajima, K.; Takiguchi, S.; et al. Amylase concentration in drainage fluid as a predictive factor for severe 
postoperative pancreatic fistula in patients with gastric cancer. Surg Today 2017, 47, 1378-1383, 
doi:10.1007/s00595-017-1521-y. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 December 2024 doi:10.20944/preprints202412.1613.v1

https://doi.org/10.20944/preprints202412.1613.v1


 24 

 

22. Kamiya, S.; Hiki, N.; Kumagai, K.; Honda, M.; Nunobe, S.; Ohashi, M.; Sano, T.; Yamaguchi, T. Two-point 
measurement of amylase in drainage fluid predicts severe postoperative pancreatic fistula after gastric 
cancer surgery. Gastric Cancer 2018, 21, 871-878, doi:10.1007/s10120-018-0805-2. 

23. Kobayashi, D.; Iwata, N.; Tanaka, C.; Kanda, M.; Yamada, S.; Nakayama, G.; Fujii, T.; Koike, M.; Fujiwara, 
M.; Kodera, Y. Factors related to occurrence and aggravation of pancreatic fistula after radical gastrectomy 
for gastric cancer. J Surg Oncol 2015, 112, 381-386, doi:10.1002/jso.24001. 

24. Yamagata, Y.; Yoshikawa, T.; Yura, M.; Otsuki, S.; Morita, S.; Katai, H.; Nishida, T. Current status of the 
"enhanced recovery after surgery" program in gastric cancer surgery. Ann Gastroenterol Surg 2019, 3, 231-
238, doi:10.1002/ags3.12232. 

25. Surgeons, A.C.o. American College of Surgeons’ Standards for Gastric Cancer Surgery. Available online: 
https://decisionpoint.medscape.com/oncology/viewarticle/946018 (accessed on  

26. Lombardi, P.M.; Mazzola, M.; Giani, A.; Baleri, S.; Maspero, M.; De Martini, P.; Gualtierotti, M.; Ferrari, G. 
ERAS pathway for gastric cancer surgery: adherence, outcomes and prognostic factors for compliance in a 
Western centre. Updates Surg 2021, 73, 1857-1865, doi:10.1007/s13304-021-01093-5. 

27. Salvans, S.; Grande, L.; Dal Cero, M.; Pera, M. State of the art of enhanced recovery after surgery (ERAS) 
protocols in esophagogastric cancer surgery: the Western experience. Updates Surg 2023, 75, 373-382, 
doi:10.1007/s13304-022-01311-8. 

28. Marrelli, D.; Piccioni, S.A.; Carbone, L.; Petrioli, R.; Costantini, M.; Malagnino, V.; Bagnacci, G.; Rizzoli, G.; 
Calomino, N.; Piagnerelli, R.; et al. Posterior and Para-Aortic (D2plus) Lymphadenectomy after 
Neoadjuvant/Conversion Therapy for Locally Advanced/Oligometastatic Gastric Cancer. Cancers 2024, 16, 
1376. 

29. Gong, W.; Li, J. Combat with esophagojejunal anastomotic leakage after total gastrectomy for gastric cancer: 
A critical review of the literature. Int J Surg 2017, 47, 18-24, doi:10.1016/j.ijsu.2017.09.019. 

30. Aurello, P.; Magistri, P.; D'Angelo, F.; Valabrega, S.; Sirimarco, D.; Tierno, S.M.; Nava, A.K.; Ramacciato, 
G. Treatment of esophagojejunal anastomosis leakage: a systematic review from the last two decades. Am 
Surg 2015, 81, 450-453. 

31. Trapani, R.; Rausei, S.; Reddavid, R.; Degiuli, M.; Investigators, I.R.G.F.G.C.C. Risk factors for esophago-
jejunal anastomosis leakage after total gastrectomy for cancer. A multicenter retrospective study of the 
Italian research group for gastric cancer. Eur J Surg Oncol 2020, 46, 2243-2247, doi:10.1016/j.ejso.2020.06.035. 

32. Xing, J.; Liu, M.; Qi, X.; Yu, J.; Fan, Y.; Xu, K.; Gao, P.; Tan, F.; Yao, Z.; Zhang, N.; et al. Risk factors for 
esophagojejunal anastomotic leakage after curative total gastrectomy combined with D2 lymph node 
dissection for gastric cancer. J Int Med Res 2021, 49, 3000605211000883, doi:10.1177/03000605211000883. 

33. Aryaie, A.H.; Singer, J.L.; Fayezizadeh, M.; Lash, J.; Marks, J.M. Efficacy of endoscopic management of leak 
after foregut surgery with endoscopic covered self-expanding metal stents (SEMS). Surg Endosc 2017, 31, 
612-617, doi:10.1007/s00464-016-5005-8. 

34. Choi, C.W.; Kang, D.H.; Kim, H.W.; Park, S.B.; Kim, S.J.; Hwang, S.H.; Lee, S.H. Full covered self-
expandable metal stents for the treatment of anastomotic leak using a silk thread. Medicine (Baltimore) 
2017, 96, e7439, doi:10.1097/MD.0000000000007439. 

35. Dallal, R.M.; Bailey, L.; Nahmias, N. Back to basics--clinical diagnosis in bariatric surgery. Routine drains 
and upper GI series are unnecessary. Surg Endosc 2007, 21, 2268-2271, doi:10.1007/s00464-007-9368-8. 

36. Haverkamp, L.; Weijs, T.J.; van der Sluis, P.C.; van der Tweel, I.; Ruurda, J.P.; van Hillegersberg, R. 
Laparoscopic total gastrectomy versus open total gastrectomy for cancer: a systematic review and meta-
analysis. Surg Endosc 2013, 27, 1509-1520, doi:10.1007/s00464-012-2661-1. 

37. Liu, F.; Huang, C.; Xu, Z.; Su, X.; Zhao, G.; Ye, J.; Du, X.; Huang, H.; Hu, J.; Li, G.; et al. Morbidity and 
Mortality of Laparoscopic vs Open Total Gastrectomy for Clinical Stage I Gastric Cancer: The CLASS02 
Multicenter Randomized Clinical Trial. JAMA Oncol 2020, 6, 1590-1597, doi:10.1001/jamaoncol.2020.3152. 

38. Shi, Y.; Xu, X.; Zhao, Y.; Qian, F.; Tang, B.; Hao, Y.; Luo, H.; Chen, J.; Yu, P. Short-term surgical outcomes 
of a randomized controlled trial comparing laparoscopic versus open gastrectomy with D2 lymph node 
dissection for advanced gastric cancer. Surg Endosc 2018, 32, 2427-2433, doi:10.1007/s00464-017-5942-x. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 December 2024 doi:10.20944/preprints202412.1613.v1

https://doi.org/10.20944/preprints202412.1613.v1


 25 

 

39. Zhao, B.; Huang, X.; Lu, H.; Zhang, J.; Luo, R.; Xu, H.; Huang, B. Intraoperative blood loss does not 
independently affect the survival outcome of gastric cancer patients who underwent curative resection. 
Clin Transl Oncol 2019, 21, 1197-1206, doi:10.1007/s12094-019-02046-6. 

40. Misawa, K.; Kurokawa, Y.; Mizusawa, J.; Takiguchi, S.; Doki, Y.; Makino, S.; Choda, Y.; Takeno, A.; 
Tokunaga, M.; Sano, T.; et al. Negative impact of intraoperative blood loss on long-term outcome after 
curative gastrectomy for advanced gastric cancer: exploratory analysis of the JCOG1001 phase III trial. 
Gastric Cancer 2022, 25, 459-467, doi:10.1007/s10120-021-01266-6. 

41. Chen Cardenas, S.M.; Santhanam, P.; Morris-Wiseman, L.; Salvatori, R.; Hamrahian, A.H. Perioperative 
Evaluation and Management of Patients on Glucocorticoids. J Endocr Soc 2022, 7, bvac185, 
doi:10.1210/jendso/bvac185. 

42. World Medical, A. World Medical Association Declaration of Helsinki: ethical principles for medical 
research involving human subjects. JAMA 2013, 310, 2191-2194, doi:10.1001/jama.2013.281053. 

43. (ICH), I.C.f.H. Guideline for good clinical practice E6(R2). Available online: 
https://www.ema.europa.eu/en/documents/scientific-guideline/ich-e-6-r2-guideline-good-clinical-
practice-step-5_en.pdf (accessed on 5th September 2024). 

44. Clavien, P.A.; Barkun, J.; de Oliveira, M.L.; Vauthey, J.N.; Dindo, D.; Schulick, R.D.; de Santibanes, E.; 
Pekolj, J.; Slankamenac, K.; Bassi, C.; et al. The Clavien-Dindo classification of surgical complications: five-
year experience. Ann Surg 2009, 250, 187-196, doi:10.1097/SLA.0b013e3181b13ca2. 

45. Dindo, D.; Demartines, N.; Clavien, P.A. Classification of surgical complications: a new proposal with 
evaluation in a cohort of 6336 patients and results of a survey. Ann Surg 2004, 240, 205-213, 
doi:10.1097/01.sla.0000133083.54934.ae. 

46. Eleftheriou, M.-M.; Triantafyllou, Τ.; Bananis, K.; Chrysikos, D.; Theodorou, D. Hybrid intraoperative 
sutured stenting for anastomotic leak after total gastrectomy. 

47. Desiderio, J.; Trastulli, S.; D'Andrea, V.; Parisi, A. Enhanced recovery after surgery for gastric cancer (ERAS-
GC): optimizing patient outcome. Transl Gastroenterol Hepatol 2020, 5, 11, doi:10.21037/tgh.2019.10.04. 

48. Rekavari, S.G.; Mahakalkar, C. Prophylactic Intra-abdominal Drains in Major Elective Surgeries: A 
Comprehensive Review. Cureus 2024, 16, e54056, doi:10.7759/cureus.54056. 

49. Pang, H.Y.; Chen, L.H.; Chen, X.F.; Yan, M.H.; Chen, Z.X.; Sun, H. Prophylactic drainage versus non-
drainage following gastric cancer surgery: a meta-analysis of randomized controlled trials and 
observational studies. World J Surg Oncol 2023, 21, 166, doi:10.1186/s12957-023-03054-1. 

50. Marano, L.; Verre, L.; Carbone, L.; Poto, G.E.; Fusario, D.; Venezia, D.F.; Calomino, N.; Kaźmierczak-
Siedlecka, K.; Polom, K.; Marrelli, D.; et al. Current Trends in Volume and Surgical Outcomes in Gastric 
Cancer. Journal of Clinical Medicine 2023, 12, 2708. 

51. Nakaseko, Y.; Haruki, K.; Shiba, H.; Horiuchi, T.; Saito, N.; Sakamoto, T.; Gocho, T.; Yanaga, K. Impact of 
fresh frozen plasma transfusion on postoperative inflammation and prognosis of colorectal liver 
metastases. J Surg Res 2018, 226, 157-165, doi:10.1016/j.jss.2017.09.030. 

52. Ecker, B.L.; Simmons, K.D.; Zaheer, S.; Poe, S.L.; Bartlett, E.K.; Drebin, J.A.; Fraker, D.L.; Kelz, R.R.; Roses, 
R.E.; Karakousis, G.C. Blood Transfusion in Major Abdominal Surgery for Malignant Tumors: A Trend 
Analysis Using the National Surgical Quality Improvement Program. JAMA Surg 2016, 151, 518-525, 
doi:10.1001/jamasurg.2015.5094. 

53. Ferraris, V.A.; Davenport, D.L.; Saha, S.P.; Austin, P.C.; Zwischenberger, J.B. Surgical outcomes and 
transfusion of minimal amounts of blood in the operating room. Arch Surg 2012, 147, 49-55, 
doi:10.1001/archsurg.2011.790. 

54. Bednarsch, J.; Czigany, Z.; Lurje, I.; Trautwein, C.; Ludde, T.; Strnad, P.; Gaisa, N.T.; Barabasch, A.; Bruners, 
P.; Ulmer, T.; et al. Intraoperative Transfusion of Fresh Frozen Plasma Predicts Morbidity Following Partial 
Liver Resection for Hepatocellular Carcinoma. J Gastrointest Surg 2021, 25, 1212-1223, doi:10.1007/s11605-
020-04652-0. 

55. Lamb, P.J.; Griffin, S.M.; Chandrashekar, M.V.; Richardson, D.L.; Karat, D.; Hayes, N. Prospective study of 
routine contrast radiology after total gastrectomy. Br J Surg 2004, 91, 1015-1019, doi:10.1002/bjs.4638. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 December 2024 doi:10.20944/preprints202412.1613.v1

https://doi.org/10.20944/preprints202412.1613.v1


 26 

 

56. Aday, U.; Gündeş, E.; Çiyiltepe, H.; Çetin, D.A.; Gülmez, S.; Senger, A.S.; Değer, K.C.; Duman, M. 
Examination of anastomotic leak with aqueous contrast swallow after total gastrectomy: Should it be 
carried out routinely? Contemp Oncol (Pozn) 2017, 21, 224-227, doi:10.5114/wo.2017.70112. 

57. Li, S.S.; Costantino, C.L.; Mullen, J.T. Morbidity and Mortality of Total Gastrectomy: a Comprehensive 
Analysis of 90-Day Outcomes. J Gastrointest Surg 2019, 23, 1340-1348, doi:10.1007/s11605-019-04228-7. 

58. Parisi, A.; Desiderio, J.; Cirocchi, R.; Trastulli, S. Enhanced Recovery after Surgery (ERAS): a Systematic 
Review of Randomised Controlled Trials (RCTs) in Bariatric Surgery. Obes Surg 2020, 30, 5071-5085, 
doi:10.1007/s11695-020-05000-6. 

59. Davey, M.G.; Donlon, N.E.; Fearon, N.M.; Heneghan, H.M.; Conneely, J.B. Evaluating the Impact of 
Enhanced Recovery After Surgery Protocols on Surgical Outcomes Following Bariatric Surgery-A 
Systematic Review and Meta-analysis of Randomised Clinical Trials. Obes Surg 2024, 34, 778-789, 
doi:10.1007/s11695-024-07072-0. 

60. Feng, F.; Ji, G.; Li, J.P.; Li, X.H.; Shi, H.; Zhao, Z.W.; Wu, G.S.; Liu, X.N.; Zhao, Q.C. Fast-track surgery could 
improve postoperative recovery in radical total gastrectomy patients. World J Gastroenterol 2013, 19, 3642-
3648, doi:10.3748/wjg.v19.i23.3642. 

61. Albanopoulos, K.; Alevizos, L.; Linardoutsos, D.; Menenakos, E.; Stamou, K.; Vlachos, K.; Zografos, G.; 
Leandros, E. Routine abdominal drains after laparoscopic sleeve gastrectomy: a retrospective review of 353 
patients. Obes Surg 2011, 21, 687-691, doi:10.1007/s11695-010-0343-4. 

62. Ding, J.; Sun, B.; Song, P.; Liu, S.; Chen, H.; Feng, M.; Guan, W. The application of enhanced recovery after 
surgery (ERAS)/fast-track surgery in gastrectomy for gastric cancer: a systematic review and meta-analysis. 
Oncotarget 2017, 8, 75699-75711, doi:10.18632/oncotarget.18581. 

63. Luzuy-Guarnero, V.; Gronnier, C.; Figuereido, S.; Mantziari, S.; Schäfer, M.; Demartines, N.; Allemann, P. 
Cost-Benefit Analysis of an Enhanced Recovery Program for Gastrectomy A Retrospective Controlled 
Analysis. World J Surg 2021, 45, 3249-3257, doi:10.1007/s00268-021-06220-2. 

64. Straatman, J.; Cuesta, M.A.; de Lange-de Klerk, E.S.; van der Peet, D.L. Hospital cost-analysis of 
complications after major abdominal surgery. Dig Surg 2015, 32, 150-156, doi:10.1159/000371861. 

65. Lee, Y.; Yu, J.; Doumouras, A.G.; Li, J.; Hong, D. Enhanced recovery after surgery (ERAS) versus standard 
recovery for elective gastric cancer surgery: A meta-analysis of randomized controlled trials. Surg Oncol 
2020, 32, 75-87, doi:10.1016/j.suronc.2019.11.004. 

66. Glasgow, T.R.C.o.S.o.E.T.R.C.o.S.o.E.R.C.o.P.a.S.o. Green Theatre Checklist: evidence based resources for 
greener surgery. Available online: https://ukhealthalliance.org/news-item/green-theatre-checklist-
evidence-based-resources-for-greener-surgery/ (accessed on 1/10/2024). 

67. England, T.R.C.o.S.o. Sustainability in the operating theatre . Standards & Research. 2022. Available online: 
https:// www. rcseng. ac. uk/ stand ards- and- resea rch/ stand ardsand- guida nce/ good- pract ice- guides/ 
susta inabi lity- in- opera ting- theat re/ (accessed on 1/10/2024). 

68. Westwood, E.; Walshaw, J.; Boag, K.; Chua, W.; Dimashki, S.; Khalid, H.; Lathan, R.; Wellington, J.; 
Lockwood, S.; Yiasemidou, M. Time for change: compliance with RCS green theatre checklist-facilitators 
and barriers on the journey to net zero. Front Surg 2023, 10, 1260301, doi:10.3389/fsurg.2023.1260301. 

69. Bhutta, M.; Rizan, C. The Green Surgery report: a guide to reducing the environmental impact of surgical 
care, but will it be implemented? Ann R Coll Surg Engl 2024, 106, 475-477, doi:10.1308/rcsann.2024.0005. 

70. Dal Mas, F.; Cobianchi, L.; Piccolo, D.; Balch, J.; Biancuzzi, H.; Biffl, W.L.; Campostrini, S.; Cicuttin, E.; 
Coccolini, F.; Damaskos, D.; et al. Are we ready for "green surgery" to promote environmental sustainability 
in the operating room? Results from the WSES STAR investigation. World J Emerg Surg 2024, 19, 5, 
doi:10.1186/s13017-024-00533-y. 

71. Jung, D.H.; Lee, Y.C.; Kim, J.H.; Chung, H.; Park, J.C.; Shin, S.K.; Lee, S.K.; Kim, H.I.; Hyung, W.J.; Noh, 
S.H. Postoperative Helicobacter pylori Infection as a Prognostic Factor for Gastric Cancer Patients after 
Curative Resection. Gut Liver 2017, 11, 635-641, doi:10.5009/gnl16397. 

72. Wang, L.; Wang, J.; Li, S.; Bai, F.; Xie, H.; Shan, H.; Liu, Z.; Ma, T.; Tang, X.; Tang, H.; et al. The effect of 
Helicobacter pylori eradication on prognosis of postoperative early gastric cancer: a multicenter study. 
World J Surg Oncol 2021, 19, 285, doi:10.1186/s12957-021-02343-x. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 December 2024 doi:10.20944/preprints202412.1613.v1

https://doi.org/10.20944/preprints202412.1613.v1


 27 

 

73. Kang, S.Y.; Han, J.H.; Ahn, M.S.; Lee, H.W.; Jeong, S.H.; Park, J.S.; Cho, Y.K.; Han, S.U.; Kim, Y.B.; Kim, 
J.H.; et al. Helicobacter pylori infection as an independent prognostic factor for locally advanced gastric 
cancer patients treated with adjuvant chemotherapy after curative resection. Int J Cancer 2012, 130, 948-
958, doi:10.1002/ijc.26081. 

74. Li, G.; Wang, Z.; Wang, Z.; Xu, J.; Cui, J.; Cai, S.; Zhan, W.; He, Y. Gastric cancer patients with Helicobacter 
pylori infection have a poor prognosis. J Surg Oncol 2013, 108, 421-426, doi:10.1002/jso.23417. 

75. Zhao, Z.; Zhang, R.; Chen, G.; Nie, M.; Zhang, F.; Chen, X.; Lin, J.; Chen, Z.; Lin, F.; Wei, C.; et al. Anti-
Helicobacter pylori Treatment in Patients With Gastric Cancer After Radical Gastrectomy. JAMA Netw 
Open 2024, 7, e243812, doi:10.1001/jamanetworkopen.2024.3812. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 December 2024 doi:10.20944/preprints202412.1613.v1

https://doi.org/10.20944/preprints202412.1613.v1

