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General introduction

Gastric cancer
Gastric cancer is the fifth most occurring malignancy worldwide, with an estimated one 
million new cases annually1. In The Netherlands, around 1200 patients are diagnosed with 
gastric cancer each year, of which approximately 400 patients undergo potentially curative 
surgery2. Gastric cancer is often diagnosed at an advanced stage, therefore resulting in 
high mortality rates, making it the third leading cause of cancer-related deaths worldwide1. 
However, there are geographical variations in terms of incidence and mortality of gastric 
cancer. More than three quarters of all new cases of gastric cancer are diagnosed in Asian 
countries, such as Japan, China and Korea1. The stage of the disease at the time of diagnosis 
influences the survival rate. In Asian countries, gastric cancer is often diagnosed at an earlier 
stage because of implemented screening programs3,4; as a result, five-year overall survival 
is around 65-70%5,6. In Western countries, gastric cancer is more often diagnosed at an 
advanced stage, and has a five-year overall survival rate of only around 20%7. 

There are different types of gastric cancer, of which approximately 90% are adenocarcinomas8. 
These tumors can be subdivided into diffuse (undifferentiated) or intestinal (well-
differentiated) types of adenocarcinomas, according to the Lauren classification8. Diffuse 
type gastric cancer is associated with worse overall survival compared to intestinal type 
gastric cancer9. Gastric cancer can also be classified according to the WHO10, the Japanese11 
or the molecular subtype classification12. 

Staging of gastric cancer
Accurate staging of gastric cancer is important to determine the optimal treatment strategy 
for individual patients. Potentially curative treatment is only possible if metastatic disease 
is absent and if the tumor is resectable13. Metastases and/or a non-resectable primary 
tumor are present in up to 40% of patients diagnosed with gastric cancer14,15. Metastases 
are most frequently found in the peritoneum16.  After diagnosis through endoscopy with 
biopsies, a computed tomography (CT) scan is performed as initial staging procedure. A CT 
scan however, has limited sensitivity (22-33%) to detect metastases or a non-resectable 
tumor17–19. Therefore, since 2016, the Dutch gastric cancer guideline recommends to 
perform a staging laparoscopy in all patients with ≥cT3 and/or N+ stage tumor, to exclude 
occult metastatic and/or non-resectable disease13,20. A positron emission tomography (PET)- 
CT scan does not result in additional detection of metastases or non-resectable disease, as 
concluded in the recently published Dutch PLASTIC study21. Patients with metastases and/or 
a non-resectable tumor can merely be palliatively treated with i.e. chemotherapy, palliative 
surgery or radiotherapy.

Multimodal treatment of advanced gastric cancer
Curative treatment for advanced gastric cancer consists of perioperative chemotherapy 
and a radical resection (a total or subtotal gastrectomy, including lymphadenectomy and 
omentectomy). The combination of perioperative chemotherapy followed by surgery has 
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shown to improve overall survival22–24. Two large trials, MAGIC24 and FLOT23, both have 
shown that the combination of perioperative chemotherapy followed by surgery improves 
overall survival with 15 months, compared to patient undergoing only surgery. However, the 
median age in both trials was 62 years. Therefore, it is unknown whether elderly patients, 
aged 75 years or older, have a similar survival benefit from the combination of perioperative 
chemotherapy followed by a gastrectomy, compared to younger patients. 

Surgical treatment of advanced gastric cancer
Surgical treatment for advanced gastric cancer includes a total or subtotal gastrectomy. The 
choice for the type of surgical resection depends on the localization and size of the tumor, 
and also involves the growth pattern in some guidelines13,25,26. The Dutch gastric cancer 
guideline recommends a tumor-free margin of at least 6 cm, and, if this is not achieved and a 
more extended resection is possible, a frozen section should be performed10. A gastrectomy 
can be performed open or minimally invasive. In recent years, an increasing percentage of 
gastrectomies are performed minimally invasive in Western countries. In The Netherlands, 
the use of minimally invasive gastrectomy has increased from 4% to 53% between 2011 
and 201527. Two recent Dutch trials found no difference in hospital stay, oncological 
efficacy and the rate of postoperative complications between open and minimally invasive 
gastrectomy28,29. In addition, no differences in survival rates were observed. However, 
several Asian trials described better short-term outcomes, including shorter hospital stay, 
less blood loss, and fewer wound complications; and comparable long-term outcomes 
after minimally invasive gastrectomy compared to open gastrectomy27–29. In addition to a 
radical resection, an extended (modified D2) lymphadenectomy and generally a complete 
removal of the omentum are performed. Several trials have shown a potential long-term 
survival advantage of the modified D2 (i.e., without splenectomy) lymphadenectomy over 
the D1 lymphadenectomy33,34. An omentectomy is performed to eliminate possible omental 
metastatic lymph nodes or tumor deposits. However, there is little evidence supporting 
standard complete omentectomy in the treatment of gastric cancer. Several non-randomized 
studies found no difference in overall survival between patients undergoing gastrectomy 
with omentectomy or with omentum preservation35–39. A Japanese phase II trial found no 
difference in short-term postoperative morbidity and shorter operation time in patients 
undergoing gastrectomy without omentectomy40. Therefore, a phase III trial investigating 
long-term overall survival should be performed and is necessary to investigate the need for 
routine omentectomy. 

Surgery and the COVID-19 pandemic
The COVID-19 pandemic has had an immense impact on the executability of elective surgical 
care, as medical capacities were reallocated to increase intensive care unit and nursing ward 
capacities to treat COVID-19 patients. Up to 70% of adult elective surgery and 38% of elective 
cancer surgery were postponed worldwide during the first twelve weeks of the pandemic41. 
The strategy to postpone elective surgical care was further supported by a large study 
indicating patients undergoing surgery with a SARS-CoV-2 infection to have increased risk 
for postoperative pulmonary complications and mortality42. However, postponing elective 
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cancer surgery could lead to tumor progression and subsequent worse survival rates43. 
Patients however feared the possibility of acquiring an in-hospital SARS-CoV-2 infection, 
which resulted in an increase of pre-hospital delay. This scenario potentially affected the 
natural course of diseases, not only those of an oncologic nature, but also of appendicitis.

Strategies to continue elective surgical care during the COVID-19 pandemic
Screening strategies, including the use of reverse-transcriptase polymerase chain reaction 
(RT-PCR) and chest computed tomography (CT), were implemented to detect possible SARS-
CoV-2 infections in asymptomatic patients prior to surgery. These screening strategies were 
implemented to protect patients and healthcare workers from acquiring in-hospital SARS-
CoV-2 infection or transmitting the disease to other patients, and by doing so, aimed at 
preventing adverse outcomes after surgery. These strategies had to be validated before they 
could be implemented in national and international guidelines. 

Safety of performing elective surgical care during the COVID-19 pandemic
With the implementation of preoperative screening guidelines, the safety of continuing or 
restarting elective surgical care during the COVID-19 pandemic, including gastro-esophageal 
cancer surgery, had to be established. Pneumonia is the most common postoperative 
complication in patients undergoing esophageal cancer surgery, occurring in over 20% of 
patients44. Additionally, around 10% of patients require ICU admission after esophagectomy 
because of postoperative complications44. Therefore, preventing a SARS-CoV-2 infection in 
these patients was especially important, as the rate of pulmonary complications was known 
to be 50% in patients undergoing surgery with a SARS-CoV-2 infection42. In order to prevent 
additional pressure to the already overloaded ICU’s with COVID-19 patients, the safety to 
continue gastro-esophageal cancer surgery had to be established. This was performed by 
analyzing a potential increase in the percentage of postoperative pulmonary complications 
occurring in patients operated during the COVID-19 pandemic.  
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Thesis outline

This thesis is divided into two parts. Part I comprises studies which focus on improving 
staging and surgical treatment of gastric cancer. In Part II, preoperative screening, the safety 
of performing surgery (including gastro-esophageal cancer surgery) during the COVID-19 
pandemic and, specifically, the influence of the pandemic on patients with appendicitis, are 
assessed. 

Part I: Staging and surgical treatment of gastric cancer
Since 2016, the Dutch gastric cancer guideline advises to perform a staging laparoscopy in 
all patients with a ≥cT3 and/or N+ stage gastric tumor, to detect possible distant metastases. 
The diagnostic accuracy of staging laparoscopy has mainly been investigated in Asian studies, 
in which small numbers of patients were included. The avoidable surgery rate, detection 
rate of metastases and/or loco-regional non-resectability during gastrectomy with curative 
intent, can be used to measure the value of staging laparoscopy. In chapter 2 we compared 
the avoidable surgery rate in gastric cancer patients undergoing gastrectomy, with and 
without staging laparoscopy, in a population-based cohort study. In chapter 3 the diagnostic 
accuracy of staging laparoscopy in patients with advanced gastric cancer was investigated in 
a single center cohort study. 

Curative treatment for gastric cancer consists of perioperative chemotherapy combined with 
a gastrectomy. However, several trials which showed a survival benefit after the addition of 
chemotherapy to surgery, included mainly patients aged 70 years or younger. In chapter 
4 we investigated whether elderly patients, aged 75 years or older, have a similar survival 
benefit from the combination of perioperative chemotherapy and gastrectomy. 

A complete omentectomy is part of standard surgical procedure, when performing a radical 
gastrectomy. In a previous prospective study (OMEGA), the presence of omental metastases 
was associated with advanced disease and non-curable features. It was questioned 
whether omentectomy would contribute to a survival benefit in these patients. In chapter 
5 the long-term follow-up results of the OMEGA study are presented. The study protocol 
for a randomized controlled trial comparing gastrectomy with complete omentectomy or 
omentum preservation is described in the appendices. 

Part II: Surgery during the COVID-19 pandemic
Most elective surgical procedures were postponed during the first wave of the COVID-19 
pandemic. Different preoperative screening methods were introduced, in order to be 
able to continue elective surgical care during the remainder of the pandemic. In chapter 
6 the use of preoperative screening with RT-PCR and chest CT in asymptomatic patients 
is described. Many COVID-19 patients present with gastrointestinal symptoms, besides 
pulmonary complaints. Chapter 7 investigates the use of combined chest-abdomen CT 
to detect COVID-19 in patients presenting with acute gastrointestinal symptoms at the 
emergency department. 
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Some centers were able to continue elective surgery, including gastro-esophageal surgery, 
during the COVID-19 pandemic. In chapter 8 the safety of performing esophageal cancer 
surgery during the first wave of the COVID-19 pandemic was investigated in an international 
multicenter study, in which centers that continued elective esophageal cancer surgery 
throughout the whole pandemic participated. The safety of reintroducing minimally invasive 
gastro-esophageal cancer surgery for patients and healthcare workers is evaluated in chapter 
9. Lastly, prehospital delay may have increased during the first COVID-19, as patients could 
have been afraid of a possible in-hospital SARS-CoV-2 infection. The influence of COVID-19 
on the course of patients with acute appendicitis was investigated in chapter 10. 
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Abstract

Background 
Studies on the value of a staging laparoscopy in detecting metastases in gastric cancer 
patients show great variation. This study investigates the avoidable surgery rate in patients 
with and without a staging laparoscopy scheduled for surgery with curative intent.

Methods 
This population-based cohort study included all patients with an intentional resection for a 
potentially curable gastric adenocarcinoma, between 2011 and 2016, registered in the Dutch 
Upper GI Cancer audit. Patients with and without a staging laparoscopy were compared. 
The primary outcome was the avoidable surgery rate (detection of metastases and / or 
locoregional non-resectable tumor during intentional gastrectomy). Secondary outcomes 
were the negative predictive value, postoperative morbidity and pathology parameters. 

Results 
2849 patients who underwent an intentional gastrectomy were included. 414 of 2849 
(14.5%) patients underwent a staging laparoscopy before initiation of treatment. The 
avoidable surgery rate was 16.2% in the staging laparoscopy group, compared to 8.5% in the 
non-staging group (P <0.001), resulting in a negative predictive value of 83.8%. The avoidable 
surgery rate remained significantly different after correction for possible confounders. The 
main reason for not executing the gastrectomy was the presence of distant metastasis in 
both groups. cT and cN stage were significantly higher in patients who underwent a staging 
laparoscopy. 

Conclusions 
The staging laparoscopy group had a higher cTN and pTN stage, implicating selection 
of patients with more advanced disease for a staging laparoscopy. Despite the staging 
laparoscopy, a higher rate of avoidable surgery was found, suggesting a low sensitivity for 
detecting metastases or locoregional non-resectability in this patient group. 
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Introduction

Gastric cancer is the fifth most prevalent type of cancer worldwide and the third 
most common cause of cancer-related deaths1. A gastrectomy, usually combined with 
perioperative chemotherapy, forms the foundation of curative treatment for gastric cancer. 
Metastases, mainly peritoneal, are present in up to 40% of newly diagnosed patients with 
gastric cancer and limit surgical treatment options2-5. 

Computed tomography (CT) scanning of abdomen and thorax is the initial investigation 
for staging, after gastric cancer has been diagnosed7. However, studies have indicated 
that the sensitivity of CT to detect M1 disease or T4b ranges between 22-33% and 5-69%, 
respectively8-11. Hence, patients with advanced gastric cancer have a high chance of 
unexpected intraoperative distant metastases or local non-resectability, detected at onset 
of gastrectomy with curative intent6.  

Current international guidelines advise to perform a staging laparoscopy in ≥ cT3 gastric 
cancer patients, as studies have shown that a staging laparoscopy before initiation of 
treatment aids in avoiding an unnecessary laparotomy or laparoscopy for definite surgical 
treatment12-14. Prevention of avoidable surgery ranged between 22-37%, compared to 
staging with a CT-scan alone12-14. However, all studies had a retrospective design, a small 
sample size and were predominantly performed in Asian countries. 

The aim of the current study is to investigate the value of staging laparoscopy by assessing 
the avoidable surgery rate in gastric cancer patients who underwent surgery with curative 
intent, with or without staging laparoscopy. Furthermore, this study evaluates factors 
associated with avoidable surgery. 

Materials and Methods

The dataset was obtained from the Dutch Upper Gastrointestinal Cancer Audit (DUCA). This 
nationwide registry includes all patients in The Netherlands who underwent intentional 
resection surgery for gastric or esophageal cancer18. Patients with non-epithelial tumors or 
undergoing non-surgical treatment are excluded from the registry. Patients with peritoneal/
liver metastases and / or local non-resectability detected during staging laparoscopy are 
not included in this registry and could therefore not be included in this study. No ethical 
approval or informed consent was required for this study, under Dutch law. Because the 
data in DUCA is anonymous, it is not possible to retrieve missing data from specific hospitals 
or patients. 

Patient Population
All patients with an intentional resection for a potentially curable gastric adenocarcinoma, 
operated between 2011-2016 and registered in the DUCA were included. Minimal data 
required for analysis were tumor location, whether or not a staging laparoscopy was 
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performed and intent of surgery defined at the end of surgical procedure (curative, palliative 
or no resection). Patients with gastric squamous cell carcinoma or intent of surgery other 
than curative at the beginning of surgery were excluded. Patients with and without a staging 
laparoscopy were compared.

Staging and Treatment
Patients are diagnosed with a gastroscopy with biopsies and additional staging is performed 
by CT scanning of the thorax and abdomen and a PET-CT scan in operable patients with cT3/4 
or N+ disease19. A staging laparoscopy is recommended in the national guideline in operable 
patients with cT3/4 gastric cancer before initiation of treatment and if no metastases are 
detected by imaging19. In the first edition of the guideline, it was recommended to consider 
a staging laparoscopy in cT3/T4 patients with a poorly differentiated tumor. It was stated 
that laparoscopy is an invasive diagnostic, not suitable for primary staging. The costs and 
risks were deemed too high for this purpose. The guideline was updated in 2014, and then 
stated that a staging laparoscopy should be performed in all cT3/4 patients with potentially 
resectable disease17-19.

In potentially curable patients with advanced gastric cancer (> cT2N0 or > cT1N1), who are 
in adequate physical condition, curative therapy consists of perioperative chemotherapy 
(previously based on the MAGIC scheme21, nowadays the FLOT scheme20), followed by a 
restaging CT and (sub)total gastrectomy with D2 lymphadenectomy. In selected patients 
(obstruction or bleeding [tumor characteristics], or unfit patients / comorbidities [patient 
characteristics]) primary surgery may be performed.

Outcome Measures
The primary outcome was the avoidable surgery rate (detection of peritoneal/liver 
metastases and / or locoregional non-resectability during intentional gastrectomy). 
Secondary outcomes were the negative predictive value, postoperative morbidity, cTNM 
stage, (y)pTNM stage, the R+ resection rate, lymph node yield, the number of metastatic 
lymph nodes, Lauren classification and tumor regression (pathologically evaluated). In 
addition, patient and tumor characteristics of patients in the staging laparoscopy group 
were investigated in a subgroup analysis. 

Statistical Analysis
Differences in patient, tumor and treatment characteristics for patients with and without 
a staging laparoscopy were described using frequency tables. Categorical variables were 
compared using the χ2 test. Univariable logistic regression analyses was performed in all 
patients to identify factors associated with avoidable surgery and to correct for imbalances 
in baseline characteristics. Variables were added to the multivariable logistic regression 
model if the variable showed an association with the primary endpoint (P-value in 
univariable analysis ≤ 0.10).  The primary outcome was corrected for possible confounders 
in the multivariable logistic regression analysis. The factors sex, age, body mass index (BMI), 
American Society of Anesthesiologists (ASA) score, tumor location (antrum was chosen as 
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reference group, as this tumor locati on is not associated with increased risk for avoidable 
surgery and contained the most pati ents), clinical TN stage, neoadjuvant therapy, urgency 
of the operati on and year of surgery were included in the univariable analysis. The negati ve 
predicti ve value was calculated by dividing the true negati ves (staging laparoscopy followed 
by gastrectomy) by the true negati ves + false negati ves (staging laparoscopy followed by 
avoidable surgery).

Additi onally, a subgroup analysis including pati ent and tumor characteristi cs was performed 
in the staging laparoscopy group. For all analyses, a 2-sided P < 0.05 was considered 
stati sti cally signifi cant. Stati sti cal analysis was performed in PAWS Stati sti cs version 22 (SPSS, 
Inc, Chicago, Il, USA). 
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Results

Patient characteristics
Between January 2011 and December 2016, a total of 2849 patients with a potentially curable 
gastric adenocarcinoma who underwent surgery with curative intent were registered in the 
DUCA (figure 1). A staging laparoscopy before initiation of treatment was performed in 414 
patients (14.5%). The execution rate of a staging laparoscopy increased from 5.8% in 2011 
to 40.1% in 2016. Table 1 summarizes the patient and tumor characteristics of the staging 
laparoscopy (SL+ group) group and the non-staging laparoscopy (SL- group) group. Patients 
in the SL- group were older (80.5 vs. 69.7% older than 60 years; P < 0.001), more frequently 
had a BMI >25 (18.6 vs. 13.3%; P = 0.045) and an ASA-classification of III or higher (31.6 vs. 
23.9%; P = 0.002) and a higher rate did not receive neoadjuvant treatment (48.1 vs. 27.3%; P 
< 0.001). Both cT and cN stage were higher in patients who underwent a staging laparoscopy 
(P < 0.001). Patients with a staging laparoscopy had more frequently tumors involving the 
whole stomach (11.8 vs. 5.4; P < 0.001). The number of staging laparoscopies performed 
increased significantly over the years, from 5.4% (n=24) in 2011 to 40.1% (n=166) in 2016.

Table 2 shows the surgical outcomes. Most operations were elective in both groups (97.6 vs. 
95.3%; P = 0.132). More patients in the SL+ group underwent a laparoscopic resection (44.0 
vs. 33.2; P <0.001) and a total gastrectomy (48.8 vs. 35.2%; P < 0.001). 

Table 1. Baseline patient characteristics

Total
n = 2849

Staging lap
n = 414 (%)

Non-staging lap
n = 2435 (%) P-value

Sex:
• Male
• Female

1775 (62.3)
1074 (37.7)

255 (61.6)
159 (38.4)

1520 (62.4)
915 (37.6)

0.748

Age:
• < 60
• > 60

597 (21.0)
2242 (78.7)

125 (30.3)
288 (69.7)

472 (19.5)
1954 (80.5)

< 0.001

BMI, kg/m1

• < 20
• 20 -25
• 25 – 30
• > 30
• Unknown

974 (34.2)
1272 (44.6)
423 (14.8)

82 (2.9)
98 (3.5)

148 (35.7)
203 (49.0)
48 (11.6)

7 (1.7)
8 (1.9)

826 (33.9)
1069 (43.9)
375 (15.5)

75 (3.1)
90 (3.7)

0.045

ASA-classification2

• I
• II
• ≧ III

393 (13.8)
1578 (55.4)
851 (29.9)

72 (17.4)
243 (58.7)
99 (23.9)

321 (13.2)
1335 (54.8)
770 (31.6)

0.002

Comorbidity:
• Cardiac
• Vascular
• Diabetes
• Pulmonary

2259 (79.3)
866 (30.4)

1133 (39.8)
474 (16.6)
468 (16.4)

314 (75.8)
87 (21.0)

148 (35.7)
63 (15.2)
55 (13.3)

1945 (79.9)
779 (32.0)
985 (40.5)
411 (16.9)
413 (17.0)

0.069
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Total
n = 2849

Staging lap
n = 414 (%)

Non-staging lap
n = 2435 (%) P-value

Tumor location:
• Fundus
• Corpus
• Antrum
• Pylorus
• Whole stomach
• Stomach remnant/anastomosis
• Unknown

240 (8.4)
851 (29.9)

1083 (38.0)
243 (8.5)
180 (6.4)
143 (5.0)
109 (3.8)

50 (12.1)
140 (33.8)
119 (28.7)

34 (8.2)
49 (11.8)
13 (3.1)
9 (2.2)

190 (7.8)
711 (29.2)
964 (39.6)
209 (8.6)
131 (5.4)
130 (5.3)
100 (4.1)

< 0.001

cT-stage:
• T1
• T2
• T3
• T4
• Tx

181 (6.4)
547 (19.2)

1141 (40.0)
185 (6.5)

795 (27.9)

10 (2.4)
54 (13.0)

215 (51.9)
69 (16.7)
66 (15.9)

171 (2.9)
493 (20.2)
926 (38.0)
116 (4.8)

729 (30.0)

< 0.001

cN-stage:
• N0
• N1
• N2
• N3
• N+
• Nx

1390 (48.9)
669 (23.5)
240 (8.4)
39 (1.3)

100 (3.5)
411 (14.4)

150 (36.2)
119 (28.7)
64 (15.5)

7 (1.7)
31 (7.5)

43 (10.4)

1240 (50.9)
550 (22.6)
176 (7.2)
32 (1.3)
69 (2.8)

368 (15.1)

< 0.001

Neoadjuvant treatment:
• None
• Chemotherapy
• Chemoradiotherapy

1285 (45.1)
1499 (52.7)

47 (1.6)

113 (27.3)
288 (69.6)

13 (3.1)

1172 (48.1)
1211 (49.8)

34 (1.4)

< 0.001

Year of surgery:
• 2011
• 2012
• 2013
• 2014
• 2015
• 2016

336 (11.8)
403 (14.1)
543 (19.1)
572 (20.1)
476 (16.7)
519 (18.2)

24 (5.8)
27 (6.5)

50 (12.1)
58 (14.0)
89 (21.5)

166 (40.1)

312 (12.8)
376 (15.4)
493 (20.2)
514 (21.1)
387 (15.9)
353 (14.5)

< 0.001

1BMI; Body Mass Index. 2ASA; American Society of Anesthesiology

Table 2. Operative and postoperative results

Total
n = 2849

Staging lap
n = 414 (%)

Non-staging 
lap

n = 2435 (%)
P-value Odds ratio  

(95% CI)

Non-resectable disease:
• Yes
• No

273 (9.6)
2573 (90.3)

67 (16.2)
346 (83.8)

206 (8.5)
2227 (91.5)

< 0.001 2.09 (1.55 – 2.81)

Reason non-resectability:
• Peritoneal/liver metastases
• Locoregional non-resectable

185 (6.5)
131 (4.6)

47 (11.4)
27 (6.5)

138 (5.7)
104 (4.3)

0.321

Surgical approach during
intentional gastrectomy:
• Laparoscopy
• Laparotomy

 

991 (34.9)
1852 (65.0)

183 (44.0)
231 (56.0)

808 (33.2)
1621 (66.6)

< 0.001

Operation indication:
• Elective
• Urgent
• Emergency

2723 (95.6)
89 (3.1)
35 (1.2)

404 (97.6)
9 (2.2)
1 (0.2)

2319 (95.3)
80 (3.3)
34 (1.4)

0.132
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Total
n = 2849

Staging lap
n = 414 (%)

Non-staging 
lap

n = 2435 (%)
P-value Odds ratio  

(95% CI)

Surgical resection:
• Subtotal gastrectomy
• Total gastrectomy

1446 (50.8)
1060 (37.2)

127 (30.7)
202 (48.8)

1319 (54.2)
858 (35.2)

< 0.001

Postoperative complications 1064 (37.3) 168 (40.6) 896 (36.8) 0.293
Intra-abdominal 
complications:
• Anastomotic leakage
• Bleeding
• Chyle leakage

191 (18.0)
40 (3.8)
52 (4.9)

27 (16.1)
8 (4.8)

11 (6.5)

164 (18.3)
32 (3.6)
41 (4.6)

0.802
0.456
0.228

Wound complications:
• Infection/abscess 193 (18.1) 23 (14.0) 170 (19.0) 0.103
Medical complications:
• Pulmonary
• Cardiac
• Thromboembolic
• Neurologic
• Urologic

410 (14.4)
159 (5.6)
38 (1.3)

116 (4.1)
96 (3.4)

74(44.0)
24 (14.3)

4 (2.4)
22 (13.1)
19 (11.3)

336 (37.5)
135 (15.1)

34 (3.8)
94 (10.5)
77 (8.6)

0.112
0.790
0.364
0.323
0.261

Re-interventions 442 (15.5) 59 (14.3) 383 (15.7) 0.197
30-day in hospital mortality:
• Yes 159 (5.6) 22 (5.3) 137 (5.6) 0.671

Table 3. Histopathological characteristics 

Total 
n = 2576

Staging lap
n = 347

Non-staging lap
n = 2229 P-value

(y)pT-stage:
• T0
• T1
• T2
• T3
• T4
• Tx

156 (6.1)
380 (14.8)
389 (15.1)
970 (37.7)
565 (22.0)
116 (4.3)

19 (5.5)
28 (8.1)

36 (10.3)
132 (38.0)
113(32.6)
19 (5.5)

137 (6.1)
352 (15.8)
353 (15.8)
838 (37.6)
452 (20.3)

97 (4.4)

< 0.001

(y)pN-stage:
• N0
• N1
• N2
• N3
• Nx

1112 (43.2)
456 (17.7)
404 (15.7)
470 (18.2)
132 (5.2)

113 (32.7)
52 (15.0)
67 (19.2)
96 (27.6)
19 (5.5)

999 (44.8)
404 (18.1)
337 (15.1)
374 (16.8)
115 (5.2)

< 0.001

(y)pM-stage:
• M0
• M1
• Unknown

2228 (86.5)
151 (5.9)
197 (7.6)

291 (83.9)
35 (10.1)
 21 (6.0)

1937 (86.9)
116 (5.2)
176 (7.9)

0.0005

Radicality of resection:
• R0
• R1
• R2
• Rx

2197 (85.3)
260 (10.1)

25 (1.0)
 94 (3.6)

270 (77.8)
55 (15.6)

5 (1.4)
 17 (5.2)

1927 (86.5)
205 (9.3)
20 (0.9)
 77 (3.3)

0.0002

Histological type:
• Intestinal type
• Diffuse type
• Mixed type
• Unknown

1002 (38.9)
749 (29.1)
135 (5.2)

 690 (26.8)

107 (30.8)
132 (38.0)

27 (7.8)
 81 (23.4)

895 (40.2)
617 (27.7)
108 (4.8)

609 (27.3)

< 0.001
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Total 
n = 2576

Staging lap
n = 347

Non-staging lap
n = 2229 P-value

Lymph node yield:
• < 15
• > 15
• Unknown

755 (29.3)
1794 (69.8)

27 (0.9)

60 (17.3)
283 (81.5)

4 (1.2)

695 (31.2)
1511 (67.8)

23 (1.0)

< 0.001

Tumor regression after 
neo-adjuvant therapy:
• No response
• Partial response
• Complete response
• Unknown

390 (25.2)
576 (37.2)
146 (9.4)

436 (28.2)

79 (26.2)
135 (44.9)

19 (6.3)
68 (22.6)

311 (24.9)
441 (35.4)
127 (10.2)
368 (29.5)

0.020

Table 4. Univariable and multivariable logistic regression model to assess the association of patient, tumour and 
treatment characteristics with the avoidable surgery rate in the staging laparoscopy group 

Univariable analysis Multivariable analysis
Odds 
ratio 95% CI P-value Odds 

ratio 95% CI P-value

Avoidable surgery 2.31 1.53 – 3.49 < 0.001
Sex:
• Male
• Female

1
1.15 0.89 – 1.48 0.289

Age:
• < 60
• > 60

1
0.86 0.64 – 1.15 0.303

BMI, kg/m1

• < 20
• 20 -25
• 25 – 30
• > 30

1
0.77
0.60
0.73

0.59 – 1.02
0.39 – 0.91
0.33 – 1.63

0.068*
0.017*
0.447

1
0.77 
0.62
0.78

0.58 – 1.01
0.41 – 0.94
0.35 – 1.73

0.061
0.025*
0.533

ASA-classification2

• I
• II
• ≧ III

1
0.99
2.20

0.65 – 1.49
0.71 – 6.87

0.949
0.173

Tumor location:
• Antrum
• Corpus
• Fundus
• Pylorus
• Whole stomach
• Stomach remnant/anastomosis

1
1.18
1.33
1.63
3.24
2.15

0.85 - 1.64
0.82 – 2.16
1.04 – 2.57
2.12 – 4.79
1.25 – 3.67

0.34
0.252

0.035*
0.000*
0.000*

1
1.12
1.23
1.60
2.88
2.18

0.81 – 1.57
0.75– 2.00
1.01 – 2.52
1.87– 4.56
1.27 – 3.73

0.490
0.414

0.045*
< 0.001*
0.005*

cT-stage:
• T1-T2
• T3-T4

1
7.28 4.10 – 12.92 0.000*

1
6.68 3.75 – 11.89 < 0.001*

cN-stage:
• N0
• N+

1
1.99 1.50 – 2.63 0.000*

1
1.85 1.39 – 2.46 < 0.001*

Neoadjuvant treatment:
• None
• Chemotherapy
• Chemoradiotherapy/

radiotherapy

1
0.54
0.46

0.42 – 0.70
0.14 – 1.48

0.000*
0.191

1
0.48
0.37

0.37 – 0.62
0.11 – 1.21

< 0.001*
0.100
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Univariable analysis Multivariable analysis
Odds 
ratio 95% CI P-value Odds 

ratio 95% CI P-value

Operation indication:
• Elective
• Urgent/Emergency

1
2.80 1.79 – 4.38 0.000*

1
3.02 1.93 – 4.74 < 0.001*

Year of surgery:
• 2011
• 2012
• 2013
• 2014
• 2015
• 2016

1
1.50
1.59
1.22
0.92
1.30

0.90 – 2.49
0.99 – 2.57
0.75 – 1.99
0.54 – 1.56
0.79 – 2.13

0.117
  0.056*

0.431
0.750
0.299

1
0.99
1.49
1.54
1.17
0.80

0.59 – 1.63
0.96 – 2.32
1.03 – 2.31
0.77 – 1.77
0.51 – 1.27

0.962
0.076

0.036*
0.473
0.339

Primary and secondary outcomes
A significantly higher rate of avoidable surgery was performed in the staging laparoscopy 
group: 16.2% (67/414 patients) vs. 8.5% (206/2435 patients; OR 2.09, 95% CI 1.55 – 2.81, P 
< 0.001). The primary outcome remained significantly different after correction for possible 
confounders (OR 2.31, 95% CI 1.53 – 3.49, P < 0.001) (table 4). Main reason for non-
resectability in both groups was the presence of distant metastasis. The negative predictive 
value of staging laparoscopy was 83.8%. There were no significant differences in the rate 
of postoperative complications between the SL+ and the SL- group (40.6% vs. 36.8%; P = 
0.293).

The pathological results are shown in table 3. Patients who underwent a staging laparoscopy 
had a significantly higher (y)pT-stage, (y)pN-stage and (y)pM-stage. Furthermore, a R1 or R2 
resection was more frequently observed in the SL+ group (R1 15.6% vs. 9.3%; R2 1.4% vs. 
0.9%; P = 0.002). In addition, more patients had a diffuse type adenocarcinoma (38.0% vs. 
27.7%; P < 0.001) and >15 lymph nodes yielded (81.5% vs. 67.8%; P < 0.001) in the SL+ group. 
Finally, complete tumor regression after neoadjuvant therapy was less often observed in the 
SL+ group (6.3% vs. 10.2%; P = 0.020). 

Risk factors for avoidable surgery
A tumor location in the whole stomach, pylorus or stomach remnant/anastomosis (versus 
antrum), a higher cT stage (cT 3-4 versus cT 1-2), a higher cN stage (cN+ versus cN0) and not 
receiving neoadjuvant therapy (chemotherapy versus no chemotherapy) were associated 
with detection of peritoneal/liver metastases and/or local non-resectability during 
intentional gastrectomy (table 4). 

Subgroup analysis of the staging laparoscopy group
Subgroup analysis of SL+ patients indicated that non-resectable SL+ patients had a higher 
rate of ≧cT3 tumors (73.2%), compared to gastrectomy SL+ patients (67.5%; P = 0.018). 
Furthermore, non-resectable SL+ patients received less neoadjuvant therapy: 46.3% vs. 
73.3%; P <0.001. Finally, a higher rate of urgent operations was performed in non-resectable 
SL+ patients (7.5% vs. 1.1%, P = 0.005). 
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Discussion

This nation-wide cohort study investigated the value of a staging laparoscopy by evaluating 
the avoidable surgery rate in patients who underwent surgery with curative intent for gastric 
cancer. The results show a higher avoidable surgery rate in the staging laparoscopy group 
compared to the non-staging laparoscopy group (16.2% vs 8.5%; P < 0.001), which remained 
statistically significant after correction for possible confounders. These results suggest a low 
sensitivity for detecting metastases or locoregional non-resectability by staging laparoscopy 
in patients scheduled for curative intent gastric cancer surgery. 

The avoidable surgery rate of 16.2% after staging laparoscopy that was found in this study is 
higher than in previous studies. Two single center studies found an avoidable surgery rate of 
7.1%13 and 13.3%28. Both studies had small sample sizes, of 98 and 32 patients respectively, 
compared to this population-based sample of 2849 patients. In addition, in the study by 
Muntean et al. with the lowest percentage of avoidable surgery (7.1%), 11 out of 45 patients 
(24.4%) undergoing a staging laparoscopy had a cT2 stage tumor13, compared to 13.0% in 
our study group. 

A recent meta-analysis found a sensitivity of 85% and a specificity of 100% of staging 
laparoscopy for detection of peritoneal metastases14. As a consequence of the set-up of 
the national audit (DUCA), where only (intentional) resections are included, sensitivity and 
specificity could not be calculated in the current study. The negative predictive value of 
83.8% was lower than the 92.9% reported by Ramos et al.14. However, in terms of inclusion 
criteria, no distinction was made based on the stage of the gastric tumor in the meta-
analysis. Only one study included patients with solitary advanced gastric cancer21, therefore, 
our results cannot be compared directly with their findings. 

Other studies combined in a meta-analysis22, found a high specificity, sensitivity and 
diagnostic accuracy for a staging laparoscopy, however, in these studies staging laparoscopy 
was compared with other forms of preoperative staging. It is noteworthy that the main 
objective of our study was not to compare staging laparoscopy to other staging methods. 

Tumor location in whole stomach, pylorus or remnant/anastomosis, cT 3-4 stage, cN+ 
stage and not receiving neoadjuvant therapy were all identified as risk factors for avoidable 
surgery. These results are in line with those of a previous study reporting on gastric tumor 
characteristics associated with metastatic disease23. The findings of that study indicated that 
a primary tumor location at the GEJ or whole stomach, poor histologic differentiation, intra-
abdominal lymph nodes > 1 cm at CT-scan and cT3/T4 stage gastric tumors were associated 
with high prevalence of M1 disease23. 

It seems that younger and healthier patients were selected for a staging laparoscopy. Patients 
in the SL+ group had a lower BMI and ASA score. An explanation could be, that younger and 
healthier patients are more likely to undergo a staging laparoscopy before being treated 
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with perioperative chemotherapy, whereas older patients with more comorbidities more 
often undergo primary surgery, without a staging laparoscopy. Our results substantiate this, 
as more patients received peri-operative chemotherapy in the SL+ group. 

In addition, subgroup analysis of the SL+ group revealed that a higher rate (57.3% vs. 
26.7%) of SL+ patients with non-resectable disease did not receive neoadjuvant therapy. 
Previous studies found a higher curative resection rate and a lower metastatic lymph node 
rate in gastrectomy patients following neoadjuvant chemotherapy, compared to patients 
undergoing surgery alone20,24,25]. However, progression of the disease between the staging 
laparoscopy and the intentional gastrectomy could also be of influence. Until now, there 
are no studies that investigated the incidence of interval metastases in advanced gastric 
cancer. In esophageal cancer, the rate of interval metastases ranges between 8-17%26-28. 
However, most of these studies investigated interval metastases following neoadjuvant 
chemoradiotherapy, which is usually regarded as a local instead of a systemic therapy. In 
addition, it is remarkable, that 27% of the patients in the staging laparoscopy group did not 
receive neoadjuvant chemotherapy, while 98% of these patients were operated electively. 
Seventy percent of patients in the SL+ group was older than 60 years, 24% had an ASA class 
3 or higher and 76% had comorbidities, which explains why perioperative chemotherapy 
was not deemed indicated. Some centers also perform a staging laparoscopy in patients not 
scheduled for perioperative chemotherapy, to avoid the chance that the planned surgery 
cannot be executed due to metastases, since this will dissipate resources.

The results of this study reflect compliance with the Dutch gastric cancer guideline as 
patients with more advanced disease were selected for a staging laparoscopy19. A higher 
rate of cT3/4 (68.6% vs. 42.8%), cN+ (53.4% vs. 33.9%) and diffuse tumors (38.0% vs. 27.7%) 
located in the whole stomach (11.8% vs. 5.4%) for which a total gastrectomy (48.8% vs. 
35.2%) was performed were found in the SL+ group, which was confirmed by pathology 
(70.6% vs. 57.9% pT3/4), (61.8% vs. 50.0% pN+) and (10.1% vs. 5.2% pM1). In addition, a 
higher rate of R+ resections and less regression to neoadjuvant therapy was observed in this 
group.  

The relatively high rate of cT3/4 patients in the SL- group can likely be explained by the 
recommendation in the 2009 gastric cancer guideline to only consider a staging laparoscopy 
in patients with cT3/T4 poorly differentiated tumor17. The updated version was released in 
2014, and since then it is recommended to perform a staging laparoscopy in all cT3/4 gastric 
cancer patients19. During the inclusion period 2011-2016, a gradual increase in the use of 
a staging laparoscopy was observed from 2011 (5.4%) to 2016 (40.1%). This increase could 
also be the result of the Dutch centralization for the treatment of gastric cancer in 2013 
and the obligatory Dutch Upper GI cancer audit (DUCA), introduced in 2011. A previous 
study evaluated the implementation of the DUCA and found a trend towards better results 
for different process and outcome measures in esophageal and gastric cancer treatment30. 
Our findings indicate an increase in the number of hospitals following the Dutch guidelines 
for gastric cancer, however, an association between year of surgery and avoidable surgery 
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was not found. Unfortunately, the DUCA does not provide information on hospital level, 
to guarantee the privacy of participating centers, but is seems that high volume hospitals 
more often perform staging laparoscopies, as also a higher lymph node yield and more 
laparoscopic gastrecomies were observed in the SL+ group.

This study has certain limitations. The DUCA database only contains information on patients 
who were initially planned for a curative gastrectomy. Therefore, this database cannot 
provide information on patients who were spared avoidable surgery because of a staging 
laparoscopy. This is the most important limitation of this study and of the DUCA dataset. 
Other studies have shown that the detection rate of staging laparoscopy for peritoneal 
metastases ranges between 8 – 44%8,14. Even in patients with a low clinical stage (cT1-2 N0), 
3,8% of patients were spared surgery8. Additionally, 4.6% of patients underwent avoidable 
surgery because of locoregional non-resectability. In these patients, not only staging 
laparoscopy but also staging and restaging imaging failed to observe this, and failure cannot 
only be attributed to the staging laparoscopy. 

In addition, the influence of hospital volume on the avoidable surgery rate could not be 
evaluated, as the DUCA does not provide information that can be traced back to individual 
hospitals. Another limitation is that the time interval between the staging laparoscopy, 
neoadjuvant therapy (if applied) and surgery is not registered in the DUCA. The presence 
of metastases or locoregional non-resectability could also be due to disease progression. 
Moreover, the baseline characteristics of the SL- and SL+ group show many differences, 
as has been addressed earlier, which shows selection of certain patients for a staging 
laparoscopy. Additionally, we have corrected for these imbalances in multivariable analyses. 
Furthermore, as this is a retrospective study with prospectively collected data, selection bias 
cannot be ruled out. However, this study is insightful, by showing clearly that there is still a 
high rate of avoidable surgery after a staging laparoscopy. The current prospective PLASTIC 
study, that evaluates the impact and cost-effectiveness of PET-CT and staging laparoscopy, 
may confirm our study results in the near future6.

In conclusion, a higher rate of avoidable surgery was found in patients who underwent a 
staging laparoscopy prior to intentional gastrectomy in potentially curable gastric cancer. 
Future studies should focus on how the diagnostic process of advanced gastric cancer can 
be improved, in order to prevent avoidable surgery. 
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Abstract

Background 
Most studies exploring the role of staging laparoscopy in gastric cancer are limited by low 
sample size and are predominantly conducted in Asian countries. This study sets out to 
determine the value of staging laparoscopy in patients with advanced gastric cancer in a 
Western population.

Methods 
All patients with gastric cancer from a tertiary referral center without definite evidence of 
non-curable disease after initial staging, and who underwent staging laparoscopy between 
2013 and 2020, were identified from a prospectively maintained database. The proportion of 
patients in whom metastases or locoregional non-resectability was detected during staging 
laparoscopy was established. Secondary outcomes included the avoidable surgery rate 
(detection of non-curable disease during gastrectomy with curative intent) and diagnostic 
accuracy (sensitivity, specificity, accuracy, negative and positive predictive value).

Results 
A total of 216 patients were included. Staging laparoscopy revealed metastatic disease in 
46 (21.3%) patients and a non-resectable tumor in three (1.4%) patients. During intended 
gastrectomy, non-curable disease was revealed in 13 (8.6%) patients. Overall sensitivity, 
specificity and diagnostic accuracy were 76.6%, 100% and 92.6%, respectively. The positive 
predictive value was 100% and the negative predictive value was 90.3%.

Conclusion 
Staging laparoscopy is valuable in the staging process of gastric cancer with a high accuracy 
in detecting non-curable disease, thereby preventing futile treatment and its associated 
burden.



3

Value of staging laparoscopy in patients with advanced gastric cancer: a single center study

41

Introduction

Gastric cancer remains the fifth most occurring malignancy globally, with an estimated 
one million new cases annually1. The foundation of curative treatment consists of radical 
gastrectomy, generally in combination with perioperative chemotherapy. Metastases, 
predominantly peritoneal, are present in up to 40% of newly diagnosed patients with gastric 
cancer2.3. A curative gastrectomy is solely indicated in the absence of metastatic disease, 
whereas palliative chemotherapy, with or without palliative radiotherapy, is a treatment 
option for patients with distant metastases or loco-regional non-resectability (T4b stage)4. 
Accurate staging is essential to select the appropriate treatment strategy, and to avoid 
unnecessary or futile surgery in patients with metastatic disease.

Computed tomography (CT) scanning of the thorax and abdomen is traditionally performed 
as initial staging modality after the diagnosis of gastric cancer has been established by 
endoscopy with biopsies. However, studies have shown that CT-scan has limited sensitivity for 
detecting locally advanced and metastatic disease5-7. As a consequence, distant metastases 
and/or non-resectability are often only revealed at onset of gastrectomy with curative intent. 
Staging laparoscopy (SL) may prevent gastric cancer patients from undergoing avoidable 
surgery and futile neoadjuvant therapy. According to current international guidelines, SL 
should be performed in addition to CT scanning in gastric cancer patients with ≥ cT3 stage 
tumors8,9. The sensitivity of SL to detect distant metastases ranges between 64.3 – 98.9% 
and avoidable surgery is prevented in 8.5 – 43.8% of all cases10. However, most studies 
investigating the value of staging laparoscopy in gastric cancer are limited by small sample 
size and included patients with cT1-2 stage tumors. Many studies were conducted in Asian 
countries, where the prevalence of early-stage gastric cancer is higher compared to the 
Western world owing to the endemic nature of the disease and the subsequent screening 
programs. 

The aim of this study is to investigate the value of staging laparoscopy in a Western 
population with advanced gastric cancer without suspicion for metastatic disease or non-
resectability after initial staging. 

Methods

This single center, cohort study was conducted at the Amsterdam UMC. Consecutive adult 
patients diagnosed with advanced gastric cancer and who met the inclusion criteria were 
identified from a prospectively maintained database and included in the study. Ethical 
approval was waived by the Amsterdam UMC review board because of the retrospective 
nature of the study. 

Study population
Eligible were adult patients with gastric adenocarcinoma (including gastroesophageal 
junction (GEJ) tumors), clinically staged as cT1-4N0-3M0, without signs of metastatic 
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disease or a local non-resectable tumor after initial staging, and who underwent a staging 
laparoscopy between January 1, 2013 and August 30, 2020. Patients who were directly 
scheduled for gastrectomy, in whom consequently no staging laparoscopy was performed 
(e.g., in case of obstruction, bleeding tumor, unfitness to receive chemotherapy or 
endoscopically resectable tumors), patients with gastric cancer recurrence or with other 
concurrent malignancies were excluded. 

Staging and treatment procedures
According to the Dutch gastric cancer guideline, gastric cancer was diagnosed by 
gastroscopy with biopsies. Staging was performed with CT scanning of thorax and abdomen 
and additional positron emission tomography-computed tomography (PET-CT) in operable 
patients with cT3-4 or cN+ stage tumors9. A staging laparoscopy was performed in operable 
patients with ≥cT3 and/or N+ gastric cancer, without signs of metastases or locoregional 
non-resectability on initial imaging, before perioperative chemotherapy. All patients were 
naïve for any therapy at the time of staging laparoscopy. Biopsies for histopathological 
examination were taken from any suspicious lesion detected during staging laparoscopy. 
When present, ascites was obtained for cytological examination. Standard use of peritoneal 
lavage cytology is not yet advised in the Dutch guideline because of the lack of high-quality 
evidence. However, it was performed in this center to detect possible tumor cells in the 
absence of visible metastases. A positive peritoneal lavage cytology was not considered 
as metastatic disease, because clinical consequences are not fully understood11, whereas 
positive cytology from ascites was considered as metastatic disease and was regarded as an 
indication for palliative treatment.

If no metastases or locoregional non-resectability was detected during staging laparoscopy, 
curative treatment generally consisted of perioperative chemotherapy (FLOT scheme12), 
followed by restaging with (PET)-CT and (sub)total gastrectomy with D2 lymphadenectomy. 
Some patients were directly scheduled for gastrectomy following staging laparoscopy, in 
case of obstruction, bleeding, unfitness to or wish not to receive chemotherapy. Some 
patients were treated by neoadjuvant or adjuvant chemoradiotherapy in the setting of a 
clinical trial13,14.

Data collection
Clinical and pathologic data of all patients was collected, including age, gender, body-
mass index, smoking history, American Society of Anesthesiologists (ASA) classification, 
comorbidities, diagnostics modalities, tumor location, cTNM classification, Lauren 
classification, tumor differentiation, Her-2 status, staging laparoscopy outcome and 
complications, peritoneal lavage cytology outcome, neoadjuvant treatment, surgical 
approach (laparoscopic/laparotomic), (y)pTNM classification, site of distant metastases and 
palliative treatment. 
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Study outcomes
Primary outcome was the proportion of patients in whom metastases or locoregional 
non-resectability was detected during staging laparoscopy. Secondary outcomes included 
diagnostic accuracy (sensitivity, specificity, accuracy, negative and positive predictive value), 
the avoidable surgery rate (detection of metastases or locoregional non-resectability during 
gastrectomy with curative intent), perioperative and 30-day postoperative outcomes after 
staging laparoscopy and resection. 

Statistical analysis
Baseline characteristics were analyzed using descriptive statistics. Results were presented 
as mean (SD) for normally distributed variables, median (IQR) for non-normally distributed 
variables and counts (percentage) for categorical variables. The diagnostic performance 
(specificity, sensitivity and accuracy) of staging laparoscopy to detect distant metastases was 
assessed against the restaging findings and final pathological report (pTNM) after gastrectomy. 
To identify possible risk factors associated with non-curable disease, a multivariable logistic 
regression was performed. Significant variables (p<0.15) in the univariable analysis were 
entered into the multivariable analysis. Stepwise backward selection was used to finalize 
the model (p<0.05 to stay in the model). Missing data was not imputed. Data were analysed 
using SPSS version 26 (IBM, Armonk, New York, USA).
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Figure 1. flowchart of included patients
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Results

Patient characteristics
216 consecutive patients with a potentially curable gastric adenocarcinoma who underwent 
a staging laparoscopy were included (figure 1). Table 1 (a,b) summarizes the baseline 
characteristics of all patients. The mean age was 63 years and 154 out of 216 (71.3%) 
patients were male. Patients were staged with a CT thorax-abdomen in 30.1% (65 patients) 
and a PET-CT in 69.9% (151 patients). Fifteen out of 216 (7.0%) patients had a cT1-2 stage 
gastric tumor and 200 (92.5%) patients had a ≥cT3 stage gastric tumor. 

Table 1a. Baseline characteristics of 216 included patients with potentially curable gastric adenocarcinoma who 
underwent staging laparoscopy

Patients characteristics N = 216
Age, mean (SD), years 65 (11.5)
Age, range, years 21 – 83 
Male sex, no./total no. (%) 154 (71.3)
Body-mass index, median (IQR), kg/m2 24 (22 – 27)
Body-mass index >30, no./total no. (%) 19 (8.8)
Smoking history, no./total no. (%)
  Never smoked 66 (30.6)
  Former smoker 97 (44.9)
  Current smoker 50 (23.1)
  Unknown 3 (1.5)
ASA classification, no./total no. (%)
  1 24 (11.1)
  2 148 (68.5)
  3 43 (19.9)
  4 1 (0.5)
Comorbidities, no./total no. (%)
  None 139 (64.4)
  Cardiac 21 (9.7)
  Vascular 10 (4.6)
  Diabetes 22 (10.2)
  Pulmonary 13 (6.0)
  Multiple 11 (5.1)
Charlson Comorbidity Index, no./total no. (%)
  0 25 (11.6)
  1 35 (16.2)
  2 63 (29.2)
  3 50 (23.1)
  4+ 43 (20.0)
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Diagnostics N = 216
Diagnostics modalities no. (%)
  Gastroscopy 216 (100.0)
  EUS 96 (44.4)
  CT thorax-abdomen 65 (30.1)
  PET-CT thorax-abdomen 151 (69.9)
Tumor characteristics
Tumor location, no./total no. (%)
  GEJ 51 (23.6)
  Cardia 71 (32.9)
  Fundus 2 (0.9)
  Corpus 33 (15.3)
  Antrum 46 (21.3)
  Pylorus 5 (2.3)
  Diffuse 8 (3.7)
cT-stage, no./total no. (%)
  T1 1 (0.5)
  T2 14 (6.5)
  T3 171 (79.1)
  T4 29 (13.4)
  Tx 1 (0.5)
cN-stage, no./total no. (%)
  N0 74 (34.3)
  N1 67 (31.0)
  N2 41 (19.0)
  N3 9 (4.2)
  Nx 25 (11.6)
Lauren classification, no./total no. (%)
  Intestinal 101 (46.8)
  Diffuse 68 (31.5)
  Mixed 7 (3.2)  
  Unknown 40 (18.5)
Tumor differentiation, no./total no. (%)
  Well 1 (0.5)
  Moderate 76 (35.2)
  Poorly 88 (40.7)
  Undifferentiated 2 (0.9)
  Unknown 49 (22.7)
Her-2-Neu status, no./total no. (%)
  Positive 22 (10.2)
  Negative 162 (75.0)
  Unknown 32 (14.8)
Abbreviations: ASA, American Society of Anesthesiologists; GEJ, Gastroesophageal junction; IQR, interquartile 
range; SD, standard deviation; CT, computed tomography; PET-CT, positron emission tomography–computed 
tomography; EUS, Endoscopic ultrasonography;

Table 1b. Diagnostic and tumor characteristics of 216 included patients with potentially curable gastric 
adenocarcinoma who underwent staging laparoscopy
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Staging laparoscopy results
Table 2 provides an overview of the staging laparoscopy results of 216 patients. Staging 
laparoscopy detected metastases or locoregional non-resectability in 49 (22.7%) patients. 
Distant metastases were detected in 46 (21.3%) patients. The main location of distant 
metastases was the peritoneum (76.1%) and four (8.7%) patients had positive ascites. In 
three (1.4%) patients a non-resectable tumor was detected. Peritoneal lavage cytology was 
positive in 14 (6.6%) patients, of whom 13 also had metastases detected during SL. The 
median hospital stay was 0 (0-1) days and no postoperative complications occurred. 

Table 2. Staging laparoscopy results of 216 patients with potentially curable gastric adenocarcinoma

N = 216
Detection of metastasis, no./total no. (%) 46 (21.3)
Location of metastasis, no. (%)
  Peritoneal metastasis 35 (76.1)
  Liver metastasis 5 (10.9)
  Peritoneal and liver metastasis 2 (4.3)
  Ascites 4 (8.7)
Detection of non-resectable tumor, no./total no. (%) 3 (1.4)
Peritoneal lavage cytology, no./total no. (%)
  Positive* 14 (6.5)
  Negative 146 (67.6)
  Suspect/atypical cells 13 (6.0)
  Material insufficient 2 (0.9)
  No cytology collected 41 (19.0)
Overall positive SL, no./total no. (%)# 49 (22.7)
Intraoperative and 30-day postoperative surgical complications, no./total no. (%) 0 (0.0)
Hospital stay, median (IQR), days 0 (0-1)
Abbreviations: SL, staging laparoscopy; IQR, interquartile range.  
#Positive SL is defined as positive ascites cytology, positive histology or non-resectable tumor. *13 of these 14 
patients had metastases detected with SL. One patient with only positive cytology was scored as negative SL 
and proceeded for treatment with curative intent. 

Treatment results
134 (88.2%) patients received neoadjuvant treatment before surgery, which consisted 
mostly of chemotherapy (82.9%). Fifteen patients out of 167 (9.0%) with a negative 
staging laparoscopy did not proceed to surgery (figure 1). Four of these patients were 
unfit for surgery and two were lost to follow-up. In six patients, metastases were detected 
during restaging after chemotherapy, two with liver metastases and four with para-aortic 
lymph node metastases and three patients deceased during neoadjuvant therapy, due to 
complications.
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Table 3 shows the surgical outcomes of 152 patients who underwent gastrectomy with 
curative intent after negative staging laparoscopy. The median time between staging 
laparoscopy and scheduled gastrectomy was 18 weeks (IQR 15 – 20) in patients treated 
with neoadjuvant therapy. In patients undergoing upfront surgery, time between staging 
laparoscopy and scheduled gastrectomy was 5 weeks (IQR 4 – 7).151 (99.3%) patients 
underwent elective surgery and in 109 (71.7%) patients a minimally invasive procedure was 
performed. 43 patients (30.9%) underwent a total gastrectomy. In 13 patients (8.6%) non-
curable disease was detected during surgery with curative intent. Reasons for non-curable 
disease were: peritoneal metastases (n=4, 30.8%), liver metastases (n=1, 7.7%), a locally 
non-resectable tumor (n=4, 30.8%) and a combination of a non-resectable tumor and 
peritoneal metastases (n=4, 30.8%). Three out of the 13 patients (23.1%) did not receive 
neoadjuvant chemotherapy, compared to 18 patients (11.8%) in the group who underwent 
gastrectomy. Of the remaining ten patients, none had disease progression during restaging 
and the time interval between staging laparoscopy and intended gastrectomy was 16 weeks 
(compared to 18 weeks in the group of patients who underwent gastrectomy).

The number of patients with postoperative complications was 49 (35.3%) and the mean 
comprehensive complication index (CCI) was 34. The median length of hospital stay was 8 
(7-11) days and the combined in-hospital and 30-day mortality rate was 3.6%. 

Table 3. Results of 152 patients who underwent gastrectomy with curative intent after negative staging laparoscopy

N = 152
Neoadjuvant therapy, no./total no. (%)
  None 18 (11.8)
  Chemotherapy 126 (82.9)
  Chemoradiotherapy 8 (5.3)
Time between staging laparoscopy and gastrectomy (weeks), median (IQR) 17 (14-20)
Time between staging laparoscopy and gastrectomy without neoadjuvant therapy (weeks), 
median (IQR)

5 (4-7)

Surgical approach, no./total no. (%)
  Open 38 (25.0)
  Minimal invasive 109 (71.7)
  Minimal invasive converted to open 5 (3.3)
Operation indication, no./total no. (%)
  Elective 151 (99.3)
  Urgent/emergency 1 (0.7)
Detection of non-curable disease during intended gastrectomy no./total no. (%) 13 (8.6)
Nature of non-curable disease, no. (%)
  Peritoneal metastasis 4 (30.8)
  Liver metastasis 1 (7.7)
  Non-resectable tumor 4 (30.8)
  Non-resectable tumor and metastasis 4 (30.8)
Palliative surgical treatment no. (%)
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  None 4 (30.8)
  Palliative resection 2 (15.4)
  Feeding jejunostomy 7 (53.8)
N = 139
Resection type, no./total no. (%)
  Esophagectomy 29 (20.9)
  Total gastrectomy 43 (30.9)
  Total gastrectomy + distal esophagectomy 18 (12.9)
  Subtotal gastrectomy 49 (35.3)
(y)pT-stage, no./total no. (%)
  T0 18 (12.9)
  T1 14 (10.1)
  T2 13 (9.4)
  T3 60 (43.2)
  T4 29 (20.9)
  Tx 5 (3.6)
(y)pN-stage, no./total no. (%)
  N0 60 (43.2)
  N1 23 (16.5)
  N2 31 (22.3)
  N3 25 (18.0)
Resection margin, no./total no. (%)
  R0 131 (94.2)
  R1 8 (5.8)
Lymph node yield median (IQR) 27 (18-33)
Lymph node yield, no./total no. (%)
  <15 16 (11.5)
  >15 123 (88.5)
30-day postoperative complications, no./total no. (%) 49 (35.3)
Maximum Clavien-Dindo, no./total no. (%)
  I 9 (6.5)
  II 13 (9.4)
  III 15 (10.8)
  IV 9 (6.5)
  V 3 (2.2)
CCI score, mean (SD) 34 (23.2)
Length of hospital stay (days), median (IQR) 8 (7 – 11)
Readmission within 30-days, no./total no. (%) 17 (12.2)
In hospital and 30-day mortality, no./total no. (%) 5 (3.6)
Abbreviations: CCI, comprehensive complication index; SD, standard deviation; IQR, 
interquartile range;
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Diagnostic accuracy of staging laparoscopy
Table 4 presents the diagnostic accuracy of staging laparoscopy to detect metastatic disease 
and/or non-resectability in patients with advanced gastric cancer. The overall sensitivity 
was 76.6% (49/64; 95% CI 64-86%); staging laparoscopy revealed metastatic and/or non-
resectability in 49 patients and failed to detect non-curable disease in 15 patients (two 
cases of liver metastases detected during restaging and 13 non-curable disease detected 
during surgery). The specificity was 100% (139/139; 95% CI 97-100%); staging laparoscopy 
correctly predicted curable disease in 139 patients, without any false-positives. The 
diagnostic accuracy was 92.6% (188/203); Fifteen out of the 216 patients did not proceed 
to surgery, in thirteen cases this was not related to failure of staging laparoscopy. In the 
remaining 203 patients, staging laparoscopy correctly discriminated between curable and 
non-curable disease in 188 cases. The positive predictive value was 100% (49/49) and the 
negative predictive value was 90.3% (139/154); 154 patients proceeded to surgery, 139 of 
whom truly had curable disease.

Table 4.  Staging laparoscopy diagnostic accuracy in detecting metastatic disease or non-resectability

SL diagnostic accuracy: 95% CI

  Sensitivity 76.6% (49/64)  64% – 86%

  Specificity 100% (139/139) 97% – 100%

  Accuracy 92.6% (188/203) -

  PPV 100% (49/49) 91% – 100%

  NPV 90.3% (139/154) 84% – 94%

Abbreviations: SL, staging laparoscopy; PPV, positive predictive value; NPV, negative predictive value; CI, 
confidence interval;

Risk factor associated with non-curable disease
Male sex, tumor located in the cardia, diffuse type and Her-2 positive tumors were associated 
with non-curable disease in the univariate analyses. No factors were associated with non-
curable disease in the multivariable analysis. 

Discussion

The present study investigated the value of staging laparoscopy in gastric cancer patients, 
without signs of metastatic disease or locoregional non-resectable tumor after initial staging. 
Of the 216 patients who underwent a staging laparoscopy, metastatic disease was detected 
in 46 (21.3%) and a non-resectable tumor in three (1.4%). Overall, the diagnostic accuracy 
of staging laparoscopy to detect non-curable disease was high (92.6%). 

Our study results show that performing a staging laparoscopy after initial staging prevented 
49 (22.7%) patients from undergoing unnecessary neoadjuvant therapy and/or surgery 
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and the associated burden of these treatments. Peritoneal metastases, which are often 
not detected with (PET)-CT15, were predominantly detected by staging laparoscopy. No 
postoperative complications occurred and the median hospital stay was zero days after 
staging laparoscopy.

In 28 (16.8%) patients, no gastrectomy was performed after a negative staging laparoscopy. 
Fifteen of those patients did not proceed to surgery because of various reasons and thirteen 
patients did not proceed to resection, as non-curable disease was detected during surgery 
with curative intent. The avoidable surgery rate was 8.6% in the current study. 

Our study results are comparable to findings of previous studies, which indicated the yield 
of staging laparoscopy to detect metastases or a non-resectable tumor to range from 7.8% 
to 53.4%16. The rate of false-negatives of 9.7% appears to be consistent with a review by 
Fukagawa et al. (2019), which reported a false-negative rate ranging between 0% to 17.2%17. 
It should be noted that in some of the studies included in the review, the aim was to estimate 
the diagnostic accuracy of staging laparoscopy to detect peritoneal metastases, other 
clinical findings such as liver metastases or a non-resectable tumor were not incorporated 
in establishing the false-negatives. Therefore, a lower false-negative rate was seen in some 
of the included studies.   

We found a diagnostic accuracy of 92.6%, sensitivity of 76.6%, and specificity of 100%, 
which is similar to the results of previous literature. A systematic review by Leake et al. 
described the sensitivity and specificity of staging laparoscopy to detect metastatic disease 
to range between 64.3-94.0% and 80.0-100%18. Our sensitivity of 76.6% is in the lower 
range compared to the sensitivity found in the systematic review. However, ten of the 21 
articles included in the review described the diagnostic accuracy in patients with early stage 
gastric cancer (cT1-2 stage). According to the Dutch and international guidelines, staging 
laparoscopy should be performed in operable patients with ≥cT3 gastric cancer. More than 
90% of included patients in the current study had a cT3-4 stage gastric tumor. Previous 
studies indicated ≥cT3 stage gastric cancer to be related with a higher chance of metastatic 
disease19-22. 

Recently, another study evaluated the implementation of staging laparoscopy and PET-CT in 
The Netherlands23. The results of this study showed an avoidable surgery rate of 13.7% in 
226 patients who underwent staging laparoscopy before surgery. This percentage decreased 
to 10.4% with the addition of PET-CT before staging laparoscopy. Since 2016, staging 
laparoscopy and PET-CT are advised by the Dutch gastric cancer guidelines for patients 
with advanced gastric cancer detected on initial staging9. The Dutch PLASTIC trial started 
in 201724, to evaluate the impact and cost-effectiveness of PET-CT and staging laparoscopy 
in addition to initial staging in patients with advanced gastric cancer in The Netherlands. 
The study results will be published soon. In the current study, in concordance with our 
guideline, 70.0% of all included patients underwent both staging laparoscopy and PET-CT 
before surgery. 
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The avoidable surgery rate in the current study was lower compared to a previous 
population-based study25. The avoidable surgery rate was 16.2% in 414 patients undergoing 
gastrectomy with curative intent after staging laparoscopy, which could be explained by 
the larger proportion of patients with a cT4 tumor (16.7% vs. 13.4%) selected for staging 
laparoscopy compared to the current study. Serosal invasion (cT4a stage) in gastric tumors is 
an important factor associated with peritoneal dissemination26. Additionally, more patients 
received neoadjuvant chemotherapy in this study (82.9%) compared to the previous 
one (69.6%). Previous studies found a higher curative resection rate in patients receiving 
neoadjuvant chemotherapy before surgery12,27,28.  

A recent population-based study investigated the avoidable surgery rate as part of a 
composite endpoint failure to cure (avoidable surgery, non-radical surgery and 30-day/in-
hospital mortality) in gastric cancer patients undergoing surgery between 2011 and 2019 in 
The Netherlands29. The overall avoidable surgery rate was 8.4%, this however, included both 
patients with and without a staging laparoscopy.

According to the Dutch and European gastric cancer guidelines, staging laparoscopy is 
recommended in patients with advanced gastric cancer8,9. Additionally, current guidelines 
also recommend neoadjuvant chemotherapy in all operable patients with >T1 N0 stage 
gastric cancer8,9. It can be questioned whether staging laparoscopy should be repeated after 
neoadjuvant treatment, besides (PET-)CT scanning, in order to evaluate the response to 
chemotherapy and to exclude occult disease progression. In this study, repeated laparoscopy 
was not performed. Hence, this question needs to be investigated in future studies, as no 
other studies have yet investigated this. However, with the increasing use of minimally 
invasive gastrectomies, occult metastatic or non-resectable disease can also be excluded at 
the start of the gastrectomy. In this study, 13 (8.6%) patients were non-resectable, of which 
11 were detected during a laparoscopic procedure.

Metastases (mainly peritoneal) are present in up to 40% of patients diagnosed with gastric 
cancer2.3. Accurate sub-staging of peritoneal metastases could be used to determine 
treatment options for gastric cancer patients with peritoneal metastases, as patients with 
limited peritoneal disease may benefit from HIPEC procedures. This is currently being 
investigated in several randomized controlled trials30-32. It is therefore crucial to systematically 
perform and describe the staging laparoscopy according to the Peritoneal Cancer Index33, 
Gilly Staging34, P12335 or the 15th edition of the peritoneal metastasis staging system (P1abc) 
by the Japanese Classification of Gastric Carcinoma (JCGC)36. Recently, a study validated the 
predictive ability of the P1abc36 and found that this staging system was superior in predicting 
overall survival compared to previous staging systems, including JCGC PM staging (P123) 
and Gilly. 

Most studies investigating the value of staging laparoscopy in gastric cancer are limited 
by small sample size. To our knowledge, this is one of the largest studies in terms of 
sample size to investigate the value of staging laparoscopy in a Western population. 
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Moreover, most studies assess the diagnostic performance of staging laparoscopy by the 
percentage of patients in whom metastatic disease was visually detected and confirmed 
with histopathological examination37,38. However, the value of staging laparoscopy is 
not assessed against the results of restaging with (PET)-CT or gastrectomy. In our study, 
diagnostic accuracy was based on the results of staging laparoscopy, restaging with (PET)-CT 
and surgery with curative intent. 

We do acknowledge our study has certain limitations. Non-curable disease detected during 
restaging after neoadjuvant therapy or at onset of intentional gastrectomy were regarded 
as failures of staging laparoscopy. However, these false-negatives could be related to 
disease progression during neoadjuvant therapy. Unfortunately, there are no studies that 
investigated the incidence of interval metastases in advanced gastric cancer. It is possible, 
therefore, that the sensitivity of staging laparoscopy is somewhat underestimated in our 
study. Furthermore, 7.0% of all patients included in this study had cT1-2 stage tumors, in 
whom staging laparoscopy should not standardly be performed according to the Dutch and 
international guidelines. Therefore, a certain degree of selection bias cannot be ruled out. 
Also, this study included 23.6% patients with primary tumors involving the gastroesophageal 
junction. In clinical practice, the exact origin of GEJ tumors can sometimes be difficult 
to determine39. Thus, the possibility exists that in some of the cases the tumor primarily 
originated in the distal esophagus instead of the stomach. Lastly, the multivariable logistic 
regression model to identify possible risk factors associated with non-curable disease could 
not be performed, as the number of patients was inadequate to create an accurate model. 

In conclusion, staging laparoscopy is a safe procedure and has a substantial value in the 
staging process of gastric cancer with a high diagnostic accuracy. Staging laparoscopy 
prevented 22.7% of all patients from undergoing unnecessary neoadjuvant chemotherapy 
and/or surgery and its associated burden and should therefore be a standard clinical staging 
modality in T3-4 and/or N+ gastric cancer. 
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Abstract

Background
Gastric cancer is often diagnosed in elderly patients, with around 60% patients being older 
than 70 years in 2020. Curative treatment of gastric cancer usually consists of perioperative 
chemotherapy followed by radical gastrectomy. However, most gastric cancer guidelines 
are based on trials in which predominantly younger patients were included. It is unknown 
whether elderly patients have a similar survival benefit from chemotherapy before 
gastrectomy compared to younger patients. 

Methods
This is a population-based cohort study, for which data was obtained from The Netherlands 
Cancer Registry. Patients with primary resectable gastric adenocarcinoma, with or without 
neoadjuvant chemotherapy, who were scheduled for a potential curative gastrectomy 
between 2015 and 2019 were included. The primary outcome is the percentage of elderly 
patients (age ≥75) who proceeded to surgery after receiving neoadjuvant chemotherapy. 
Secondary outcomes included overall survival compared between elderly patients with and 
without neoadjuvant chemotherapy, who underwent a potential curative gastrectomy.

Results
A total of 1995 patients, of whom 746 aged ≥75 years were included in this study. In the 
group of elderly patients, 275 received neoadjuvant chemotherapy and 471 were directly 
scheduled for gastrectomy. The percentage of patients not proceeding to surgery after 
chemotherapy increased with age, to 26% in patients aged >80. Overall survival was 
comparable between elderly patients with and without neoadjuvant chemotherapy who 
underwent a potential curative gastrectomy (median 35 vs. 32 months). 

Conclusion
Elderly patients treated with neoadjuvant chemotherapy have a similar overall survival 
compared to elderly patients directly scheduled for gastrectomy. However, the percentage 
of patients not proceeding to surgery after neoadjuvant chemotherapy increases with older 
age. Therefore, neoadjuvant chemotherapy should only be given in elderly patients who are 
fit enough to proceed to surgery afterwards.
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Introduction

Gastric cancer is often diagnosed in elderly patients, with around 60% of all patients being 
over 70 years in 20201. Additionally, more than 30% of patients undergoing potentially 
curative treatment in The Netherlands were older than 75 years between 2011 and 20192. 
According to the Dutch and international guidelines, curative treatment with highest chance 
of cure consists of radical (R0) gastrectomy combined with perioperative chemotherapy3–5. 
These guidelines are based on the outcomes of two large trials, the MAGIC9 and FLOT10 
studies, which both have shown that perioperative chemotherapy, as part of curative 
treatment for gastric cancer, improves overall survival with 15 months. In these clinical trials 
predominantly included younger patients 6–8. The median age in the MAGIC trial was 62 
years (range 23 – 85), with only 20% of all included patients being older than 70 years9. In 
the FLOT trial, the median age was 62 years as well, with 24% of all patient older than 70 
years10. It is therefore unknown whether elderly patients have a similar survival benefit from 
perioperative chemotherapy compared to younger patients. 

The incidence of comorbidities is higher in elderly patients, 72% of male patients older than 
80 years have comorbidities11. In a recent study, 33% of patients with potentially curable 
gastric cancer did not undergo resection between 2015 and 201712. In a multivariable 
analysis, age >80 years and WHO 3-4 with several comorbidities were associated with not 
undergoing resection12. Additionally, the higher incidence of comorbidities in elderly patients 
is associated with more adverse events during chemotherapy  and surgery13. It is questioned 
whether the same percentage of elderly patients can proceed to surgery after neoadjuvant 
chemotherapy. Receiving neoadjuvant chemotherapy might deny elderly patients from 
undergoing a surgical resection because of adverse events and loss of functionality. On the 
other hand, not receiving neoadjuvant chemotherapy might deny elderly patients from 
a potential survival benefit. During multidisciplinary meetings, the question often arises 
whether or not an elderly patient should receive neoadjuvant chemotherapy before surgery. 

The primary aim of this study is to investigate the percentage of elderly patients (≥75) who 
proceeded to surgery after receiving neoadjuvant chemotherapy. The secondary aim is to 
compare overall survival following neoadjuvant chemotherapy versus surgery alone for 
elderly patients with primary resectable gastric adenocarcinoma. 

Methods

This is a population-based retrospective cohort study, for which data was obtained from 
The Netherlands Cancer Registry (NCR)14. In The Netherlands, the NCR registers all newly 
diagnosed patients with cancer. New cases are registered via the National Automated 
Pathology Archive, which sends weekly notifications of all cancers. Additional medical 
information concerning patient and tumor characteristics, is extracted from medical records 
by certified data managers of the NCR. Survival status is updated on a yearly basis from the 
civil registry. At the time of data extraction, survival follow-up had been completed up to 01-
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02-2021. Information about progression and recurrences are not recorded as standard by 
the NCR. This study was approved by the Privacy Review Board of the NCR. 

Study population
Eligible were elderly patients (≥ 75 years), with or without neoadjuvant chemotherapy, and 
younger patients (<75 years) with neoadjuvant chemotherapy, with primary resectable 
gastric adenocarcinoma, clinical staged as cT1-4A/X, any cN, cM0, who were scheduled for 
a potential curative gastrectomy between 2015 and 2019. Exclusion criteria were patients 
aged <75 years without neoadjuvant chemotherapy, treatment with neoadjuvant (chemo)
radiotherapy, other concurrent malignancies, or elderly patients without neoadjuvant 
chemotherapy who did not undergo a resection because of metastases or irresectable tumor 
detected at onset of gastrectomy, as these patients did not undergo a staging laparoscopy. 

Staging and treatment
All patients were staged and treated according to the Dutch gastric cancer guideline5. 
Gastric cancer was diagnosed via gastroscopy with biopsies. Staging was performed with 
computed tomography (CT) of the thorax and abdomen and an additional positron emission 
tomography-computer tomography (PET-CT) in operable patients with cT3-4 or cN+ stage 
tumors. Since 2016, all operable patients with ≥cT3 and/or N+ gastric cancer, without 
signs of metastases or locoregional non-resectability on initial imaging, undergo a staging 
laparoscopy before perioperative chemotherapy according to guideline. Curative treatment 
consists of perioperative chemotherapy (FLOT or MAGIC), followed by restaging with PET-CT 
and a (sub)total gastrectomy with D2 lymphadenectomy. Patients were directly scheduled 
for gastrectomy without neoadjuvant therapy in case of obstruction, bleeding, unfitness to 
or wish not to receive neoadjuvant chemotherapy.

Data selection
The supplied data by NCR included the following variables: age, gender, American Society 
of Anesthesiologists (ASA) classification, comorbidities, year of diagnosis, tumor location, 
cTNM classification, tumor differentiation, perioperative treatment (regime and course), 
pathological response to neoadjuvant treatment, number of patients proceeding to surgery 
and reasons for not proceeding, resection type, (y)pTNM classification, resection margin, 
30-day postoperative complications, length of hospital stay, type of adjuvant treatment and 
overall survival. Tumor location was categorized as proximal (cardia, fundus and corpus), 
distal (antrum and pylorus) and whole stomach. The seventh TNM staging edition15 was 
used for clinical and pathological TNM staging between 2015-2016, from 2017 onwards the 
eight edition of the TNM staging16 was used. 

Study outcomes
The primary outcome was the percentage of elderly patients (≥75 years) who proceeded 
to surgery after neoadjuvant chemotherapy. This outcome measure was also stratified to 
different age groups. Secondary outcomes included overall survival compared between 
elderly patients (≥75 years) who received neoadjuvant chemotherapy before potential 
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gastrectomy, and elderly patients directly scheduled for potential gastrectomy. Overall 
survival was defined as the time from diagnosis until death from any cause and the 
analysis included all patients regardless of final treatment (no surgery, curative or palliative 
resection). Additional secondary outcomes included the percentage of patients who 
proceeded to surgery after receiving neoadjuvant chemotherapy stratified according to age 
categories (<70, 70-75, 75-80, 80+), completion of neoadjuvant chemotherapy, R0-resection 
rate, postoperative complications, hospital stay and 30-day postoperative mortality. 

Statistical analysis
Baseline characteristics were analyzed using descriptive statistics. Results were presented as 
mean (SD) for normally distributed variables, median (range) for non-normally distributed 
variables and counts (percentage) for categorical variables. Univariate analyses of the two 
cohorts was compared using independent t-test or Mann-Whitney U test for continuous 
variables, and χ2-test or Fisher’s exact test for categorial variables, when appropriate. To 
identify potential factors associated with not proceeding to surgery after neoadjuvant 
chemotherapy, a multivariable logistic regression analysis was performed. Significant 
variables in the univariable analysis were entered into the multivariable analysis. Stepwise 
backward selection was used to finalize the model (p<0.05 to stay in the model). The Kaplan-
Meier method was used to estimate overall survival and compared using the log-rank 
test. Missing data were not imputed. For all analyses, a 2-sided P < 0.05 was considered 
statistically significant. Data was analysed using SPSS version 26 (IBM, Armonk, New York, 
USA).

Results

Study populations
A total of 1995 patients, of whom 1249 aged <75 years and 746 aged ≥75 years, were 
included in this study (figure 1). In the group of elderly patients, 275 received neoadjuvant 
chemotherapy and 471 patients underwent surgery without neoadjuvant chemotherapy 
(figure 1). Table 1 summarizes the baseline characteristics of elderly patients, with and 
without neoadjuvant chemotherapy. Elderly patients directly scheduled for surgery were 
older (80 vs. 77; p<0.001), with a higher percentage of WHO performance score 2+ (14.4% 
vs. 4.7%; p<0.001), and with more often cT1-T2 (43.9% vs. 38.2%; p<0.001) and cN0 (70.5% 
vs. 53.8%; p=0.001) disease. Table S2 describes the baseline characteristics of younger 
patients with neoadjuvant chemotherapy. 
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Figure 1. Flowchart of 2739 patients with potentially curable gastric adenocarcinoma

Table 1. Baseline and tumor characteristics of patients age ≥75, with and without neoadjuvant chemotherapy

Patients characteristics
Neoadjuvant 

chemotherapy age ≥75 
(N=275)

No neoadjuvant 
chemotherapy age ≥75 

(N=471)
p-value

Age, median (IQR), years 77 (76-78) 80 (78-83) <0.001*
Male sex, no./total no. (%) 172 (62.5) 285 (60.7) 0.622
WHO performance status, no./total no. (%) <0.001*
  0 103 (37.5) 92 (19.5)
  1 96 (34.9) 126 (26.8)
  2+ 13 (4.7) 68 (14.4)
  Unknown 63 (22.9) 185 (39.3)
ASA classification, no./total no. (%) 0.007*
  1 7 (2.5) 6 (1.3)
  2 103 (37.5) 195 (41.1)
  3+ 78 (28.4) 230 (48.8)
  Unknown 87 (31.6) 40 (8.5)
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Patients characteristics
Neoadjuvant 

chemotherapy age ≥75 
(N=275)

No neoadjuvant 
chemotherapy age ≥75 

(N=471)
p-value

Number of comorbidity categories*,  
no./total no. (%)

0.114

  0 112 (40.7) 162 (34.4)
  1 90 (32.7) 159 (33.8)
  2+ 55 (20.0) 121 (25.7)
  Unknown 18 (6.5) 29 (6.2)
Year of diagnosis no./total no. (%) 0.062
  2015 52 (18.9) 105 (22.3)
  2016 48 (17.5) 106 (22.5)
  2017 48 (17.5) 92 (19.5)
  2018 70 (25.5) 85 (18.0)
  2019 57 (20.7) 83 (17.6)
Tumor location, no./total no. (%) <0.001*
  Proximal 126 (45.8) 164 (34.8)
  Distal 99 (36.0) 244 (51.8)
  Whole stomach 39 (14.2) 26 (5.5)
  Unknown 11 (4.0) 37 (7.9)
cT-stage, no./total no. (%) <0.001*
  T1-T2 105 (38.2) 207 (43.9)
  T3-T4a 132 (48.0) 137 (29.1)
  Tx 38 (13.8) 127 (27.0)
cN-stage, no./total no. (%) 0.001*
  N0 148 (53.8) 332 (70.5)
  N1 80 (29.1) 94 (20.0)
  N2+ 39 (14.2) 30 (6.4)
  Nx 8 (2.9) 15 (3.2)
Tumor differentiation, no./total no. (%) 0.569
  Well-moderate 95 (34.5) 174 (36.9)
  Poorly 122 (44.4) 246 (52.2)
  Unknown 58 (21.1) 51 (10.8)

Patients proceeding to surgery after neoadjuvant chemotherapy
Table 2 describes the neoadjuvant treatment outcomes of all included patients stratified 
according to age categories. 708 (73.3%) of the patients aged <70 who received neoadjuvant 
chemotherapy completed all cycles, compared to 148 (62.4%) in patients aged 75-79 and 26 
(68.4%) in patients aged >80 (p<0.001). After neoadjuvant chemotherapy, 77 (8.4%) patients 
aged <70 years, 34 (10.2%) patients aged 70-74 years, 33 (13.9%) patients aged 75-79 years, 
and 10 (26.3%) patients aged >80 did not proceed to surgery (p<0.001). 

Supplement 1 shows the baseline and treatment characteristics of elderly patients who 
proceeded to surgery and those who did not, after neoadjuvant chemotherapy. Elderly 
patients who did not proceed to surgery had worse WHO performance status (WHO 
performance score of ≥2: 11.6% vs. 3.4%; p=0.047). The number of patients who completed 
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all preoperative chemotherapy cycles was greater in the group who proceeded to surgery 
(68.5% vs. 34.9%; p<0.001), with more patients receiving docetaxel-based triple regime 
(34.1% vs. 11.6%; p<0.001).

Table 2. Neoadjuvant treatment and outcomes stratified according to age in the entire cohort

Young patients (N=1249) Elderly patients (N=275)

age <70 
(N=916)

70-74 
(N=333)

Age 75-79 
(N=237)

≥80  
(N=38)

p-value*

Interval between diagnosis and 
onset of neoadjuvant therapy (days), 
median (IQR)

38 (29-50) 40 (31-52) 42 (32-54) 44 (33-55) <0.001*

Type of neoadjuvant therapy, no./
total no. (%)

0.175

  Chemotherapy 899 (98.1) 331 (99.4) 231 (97.5) 37 (97.4)
  Chemo- and targeted therapy 17 (1.9) 2 (0.6) 6 (2.5) 1 (2.6)
Neoadjuvant chemotherapy regime, 
no./total no. (%)

<0.001*

  ECX/ECC/EOF/EOX 548 (59.8) 178 (53.5) 108 (45.6) 11 (28.9)
  FOLFOX/CAPOX 42 (4.6) 34 (10.2) 45 (19.0) 9 (23.7)
  FLOT/DOC 281 (30.7) 113 (33.9) 72 (30.4) 12 (31.6)
  Other 45 (4.9) 8 (2.4) 12 (5.1) 6 (15.8)
Course of neoadjuvant regime no./
total no. (%)

<0.001*

  Completed all cycles 708 (73.3) 213 (64.0) 148 (62.4) 26 (68.4)
  Reduction in cycles 131 (14.3) 100 (30.0) 71 (30.0) 5 (13.2)
  Unknown 77 (8.4) 20 (6.0) 18 (7.6) 7 (18.4)
Proceeded to surgery after 
neoadjuvant therapy no./total no. 
(%)

<0.001*

  No 77 (8.4) 34 (10.2) 33 (13.9) 10 (26.3)
Reasons for not proceeding to 
surgery no./total no. (%)

0.004*

  Non-curable disease after restaging 48 (62.3) 19 (55.9) 12 (36.4) 1 (10.0)
  Poor functional status 6 (7.8) 2 (5.9) 10 (30.3) 1 (10.0)
  Patient’s request 4 (5.2) 2 (5.9) 2 (6.1) 0 (0.0)
  Low tumorload 1 (1.3) 0 (0.0) 0 (0.0) 0 (0.0)
  Deceased 2 (2.6) 2 (5.9) 1 (3.0) 0 (0.0)
  Unknown 16 (20.8) 9 (26.5)   8 (24.2) 8 (80.0)
* p-value is based on analysis of young patients (n=1249 vs. elderly (n=275). Abbreviations: IQR, interquartile 
range
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Table 3 shows the surgical, histopathological, and postoperative outcomes of elderly patients 
who underwent surgery with curative intent, with and without neoadjuvant therapy. 
More patients who received neoadjuvant chemotherapy underwent a total gastrectomy, 
compared to patients with upfront surgery (40.1% vs 26.5%; p=<0.001) and had a (y)pT0 
(9.0% vs. 0.0%; p<0.001) stage gastric tumor. Postoperative complication rate (27.9% vs 
34.8%; p=0.092), and length of stay (median both groups 8 days; p=0.097) were comparable 
between groups.

Table 3. Surgical, pathological and adjuvant treatment details and results of patients age ≥75, with and without 
neoadjuvant chemotherapy

Neoadjuvant 
chemotherapy age 

≥75 (N=232)

No neoadjuvant 
chemotherapy age 

≥75 (N=471)

p-value

Interval between onset of neoadjuvant therapy 
and surgery (days), median (IQR)

93 (83-105) -

Non-curable disease during intended 
gastrectomy no./total no. (%)

10 (4.3%) -

Resection performed N=222 N=471
Resection type, no./total no. (%) <0.001*
  Total gastrectomy 89 (40.1) 125 (26.5)
  Subtotal gastrectomy 117 (52.7) 331 (70.3)
  Esophagectomy 16 (7.2) 15 (3.2)
Pathological response to neoadjuvant therapy, 
no./total no. (%)
  Complete 18(8.1) -
  Subtotal 21 (9.5) -
  Partial 81 (36.5) -
  None 60 (27.0) -
  Unknown 42 (18.9) -
(y)pT-stage, no./total no. (%) <0.001*
  T0 20 (9.0) 0 (0.0)
  T1 22 (9.9) 94 (20.0)
  T2 41 (18.5) 56 (11.9)
  T3 91 (41.0) 186 (39.5)
  T4 48 (21.6) 132 (28.0)
  Tx 0 (0.0) 3 (0.6)
(y)pN-stage, no./total no. (%) 0.062
  N0 96 (43.2) 175 (37.2)
  N1 54 (24.3) 92 (19.5)
  N2 34 (15.3) 82 (17.4)
  N3 37 (16.7) 114 (24.2)
  Nx 1 (0.5) 8 (1.7)
Resection margin, no./total no. (%) 0.059
  R0 183 (82.4) 388 (82.4)
  R1 18 (8.1) 52 (11.0)
  R2 0 (0.0) 9 91.9)
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Neoadjuvant 
chemotherapy age 

≥75 (N=232)

No neoadjuvant 
chemotherapy age 

≥75 (N=471)

p-value

  Unknown 21 (9.5) 22 (4.7)
30-day postoperative complications, no./total 
no. (%)

0.092

  Yes 62 (27.9) 164 (34.8)
  Unknown 38 (17.10) 71 (15.1)
Type of complications, no./total no. (%) 0.091
  Pulmonary 17 (27.4) 20 (12.2)
  Cardiac 2 (3.2) 13 (7.9)
  Trombo-embolic 3 (4.8) 4 (2.4)
  Anastomotic leakage 6 (9.7) 15 (9.1)
  Chyle leakage 3 (4.8) 3 (1.8)
  Wound infection 12 (19.4) 30 (18.3)
  Neurological 4 (6.5) 10 (6.1)
  Multiple 17 (27.4) 69 (42.1)
Length of hospital stay (days), median (IQR) 8 (6-11) 8 (6-14) 0.097
30-day postoperative mortality no. (%) 7 (3.2) 39 (8.3) 0.011
Adjuvant therapy no./total no. (%) <0.001
  Yes 88 (39.6) 5 (1.1)
Type of adjuvant therapy no./total no. (%) <0.001
  Chemotherapy 84 (95.5) 0 (0.0)
  Chemoradiotherapy 4 (4.5) 5 (100.0)

Overall survival 
Regarding surgical mortality, 30-day postoperative mortality rate was higher in patients 
directly scheduled for surgery compared to patients treated with neoadjuvant chemotherapy 
(8.3% vs. 3.2%; p=0.011). The median overall survival time was 35 months (95% CI, 29.2-
40.7) for patients preoperatively treated with chemotherapy and 32 months (95% CI, 26.3-
38.3) for patients directly scheduled for surgery (p=ns (figure 2 and table 4). The estimated 
overall survival at 3 and 5 years were 49% and 36% for patients treated with neoadjuvant 
chemotherapy, compared to 47% and 36% for patients directly scheduled for resection. 
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Figure 2. Overall survival in patients age ≥75 treated with and without neoadjuvant chemotherapy

Table 4. Long-term survival of patients age ≥75, with and without neoadjuvant chemotherapy

Neoadjuvant 
chemotherapy age ≥75 

(N=275)

No neoadjuvant 
chemotherapy age ≥75 

(N=471)

p-value

Overall survival (months),  
median (95% CI)

34.9 (29.2-40.7) 32.3 (26.3-38.3) 0.506

3-year overall survival % 49 47
5-year overall survival % 36 36

Discussion

The present study evaluated the percentage of elderly patients, aged 75 years and older, who 
proceeded to surgery after neoadjuvant chemotherapy in a population-based cohort study. 
The results show that over 16% did not proceed to surgery after neoadjuvant chemotherapy. 
Older age and WHO classification of >2 were associated with not proceeding to surgery. 
Overall survival was similar between elderly patients receiving neoadjuvant chemotherapy 
followed by gastrectomy, compared to patients directly scheduled for gastrectomy (median 
35 vs. 32 months). 

The current study results show that age has a significant impact on the possibility to proceed 
to surgery after neoadjuvant chemotherapy. In the analysis of the whole study population, 
the percentage of patients not proceeding to surgery after neoadjuvant chemotherapy 
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increased from 8.4% in patients aged 70 years or younger, to 26.3% in patients aged 80 years 
or older. Elderly patients who did not proceed to surgery had a worse WHO performance 
status, completed less cycles of chemotherapy and received FLOT regimen less frequently, 
compared to elderly patients who did proceed to surgery. FLOT,  a docetaxel-based triplet 
regimen is associated with more treatment-related toxicity in older patients, which could 
be an explanation for medical oncologists hampering this regimen in elderly patients17. To 
our best knowledge, this is the first study on in which the proportions of elderly patients 
proceeding to surgery after neoadjuvant chemotherapy were analyzed. Previous studies, 
in younger patients, show a higher percentage of patients proceeding to surgery after 
neoadjuvant chemotherapy10,18,19. In the FLOT trial, 94.7% and 96.9% of patients proceeded 
to surgery after either ECF/ECX or FLOT therapy. In the French FNCLCC/FFCD study 96.3% 
of patients continued to surgery and in the Dutch CRITICS study, in which post-operative 
chemoradiotherapy was compared with conventional perioperative strategy, 95% and 
93% proceeded to surgery. Our study does not answer why less older patients proceeded 
to surgery. There are various possible reasons, for instance functional decline because of 
treatment toxicity or progression of disease because of undertreatment. In the randomized 
FLOT and MAGIC trials, exclusion criteria for patients were renal and liver dysfunction and 
impaired cardiac function. These conditions are more frequently encountered in the elderly 
population and therefore it is important to look at outcomes of population-based data. 

Elderly patients proceeding to surgery after neoadjuvant chemotherapy have a similar overall 
survival compared to elderly patients directly scheduled for gastrectomy (35 vs 32 months). 
Overall survival in elderly patients with neoadjuvant chemotherapy was comparable to 
previous study results9,10,18,20, before FLOT was introduced. Median overall survival did not 
reach the 50 months observed in the FLOT trial. This also seems to apply to the 3-year 
and 5-year survival rates (ECF/ECX arm: 48% and 36%, FLOT arm: 57% and 45%), which 
was 49% and 36% in our study.  This may be because patients in our cohort were treated 
with different chemotherapy regimens (MAGIC-scheme: 43.3% and FLOT-scheme: 30.5%), 
however, this may also be due to undertreatment. Furthermore, perioperative treatment in 
older or multimorbid patients may have long term side effects impacting long term survival.

One other study evaluated the influence of neoadjuvant (radio-)chemotherapy and surgery 
on overall survival in elderly patients with gastric and esophageal cancer21. The authors 
concluded that patients should not be excluded from surgical treatment due to age. On the 
other hand, and in line with our findings, no survival benefit was found in patients aged 70 
years or older who received neoadjuvant (radio-)chemotherapy. However, this retrospective, 
single-center study included a heterogeneous group of patients, including esophageal and 
gastric cancer patients, with adenocarcinoma and squamous cell carcinoma and patients 
were treated with neoadjuvant chemotherapy or radiochemotherapy. A previous study 
found no effect on overall survival in elderly patients (age 70 years or older) with esophageal 
cancer receiving neoadjuvant radiochemotherapy22. 
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In the cohort of elderly patients who received neoadjuvant chemotherapy, 63% of the 
patients completed all neoadjuvant chemotherapy cycles. This percentage is much lower 
compared to the results of the MAGIC (90.7%) and FLOT (91%) trials9,10. The exact reason for 
not completing all chemotherapy cycles is unfortunately unknown, as this is not documented 
by The Netherlands Cancer Registry. Various reasons can be considered, including to toxicity, 
quality of life and reduced functionality. 

In line with previous studies 10,18,20,23,24 although these included predominantly younger 
patients, no difference was found in postoperative complications and length of stay 
between elderly patients with and without neoadjuvant chemotherapy. Our results show 
that elderly patients who are treated preoperatively with chemotherapy are at greater risk 
for adverse outcomes postoperatively in terms of mortality. Additionally, patients who were 
treated with neoadjuvant chemotherapy more often had a (y)pT0 gastric tumor. Previous 
studies found a significant difference in R0 resection between patients preoperatively 
treated with chemotherapy versus surgery alone as well, the R0 resection rate was similar 
between both groups in our study10,25. This probably partly reflects patients responding to 
the preoperatively administered chemotherapy.

This study has a number of limitations. It is unknown why the group of elderly patients 
did not receive chemotherapy and were directly scheduled for a resection. Normally, 
patients are directly scheduled for a resection in case of obstruction, bleeding, unfitness 
to or wish not to receive chemotherapy. The Netherlands Cancer Registry does not record 
why patients are directly scheduled for a resection. In our unmatched analysis, patients 
directly scheduled for a resection were older and with a higher WHO and ASA classification. 
Therefore, it seems that less fit patients were directly scheduled for surgery, which could 
have affected overall survival in the group of elderly patients directly scheduled for surgery. 
We were not able to correct for these possible confounders as the medical information on 
which the decision is based to directly schedule a patient for gastrectomy is not documented 
by the NCR.  Secondly, the sample size of the group of patients older than 80 was relatively 
small. Preferably, we would have performed similar analyses in this group of patients, as the 
question to whether or not to start with neoadjuvant chemotherapy is especially difficult in 
these patients. Lastly, in patients aged 80 years and older, more than 25% of patients did not 
proceed to surgery. It seems that older age, combined with more comorbidities, influences 
the chance to proceed to surgery after chemotherapy. However, as the exact reasons are not 
documented, therefore, it is unknown these are the only confounders.

In conclusion, elderly patients treated with neoadjuvant chemotherapy have a similar 
overall survival compared to elderly patients directly scheduled for gastrectomy. However, 
the percentage of patients not proceeding to surgery after neoadjuvant chemotherapy 
increases with older age, which withholds these patients from a curative treatment 
possibility. Therefore, neoadjuvant chemotherapy should be considered with caution in 
elderly patients with gastric cancer. More research should be done to optimise treatment 
strategies and support during treatment for this group of patients.
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Supplements
Supplement table 1. Comparison of baseline and neoadjuvant treatment characteristics of elderly patients who did 
proceed and who did not proceed to surgery after neoadjuvant chemotherapy 

Patients characteristics
Not proceeded to 
surgery age ≥75 

(N=43)

Proceeded to 
surgery age ≥75 

(N=232)
p-value

Age, median (IQR), years 77 (76-79) 77 (76-78) 0.070
Male sex, no./total no. (%) 31 (72.1) 141 (60.8) 0.159
WHO performance status, no./total no. (%) 0.047*
  0 13 (30.2) 90 (38.8)
  1 13 (30.2) 83 (35.8)
  2+ 5 (11.6) 8 (3.4)
  Unknown 12 (27.9) 151 (22.0)
Number of comorbidity categories*, no./total no. (%) 0.782
  0 16 (37.2) 96 (41.4)
  1 13 (30.2) 77 (33.2)
  2+ 10 (23.3) 45 (19.4)
  Unknown 4 (9.3) 14 (6.0)
Tumor location, no./total no. (%) 0.130
  Proximal 25 (58.1) 101 (43.5)
  Distal 10 (23.3) 89 (38.4)
  Diffuse 7 (16.3) 32 (13.8)
  Unknown 1 (2.3) 10 (4.3)
cT-stage, no./total no. (%) 0.815
  T1-T2 14 (32.6) 91 (39.2)
  T3-T4a 19 (44.2) 113 (48.7)
  Tx 10 (23.3) 28 (12.1)
cN-stage, no./total no. (%) 0.041*
  N0 18 (41.9) 130 (56.0)
  N1 11 (25.6) 69 (29.7)
  N2+ 11 (25.6) 28 (12.1)
  Nx 3 (7.0) 5 (2.2)
Tumor differentiation, no./total no. (%) 0.981
  Well-moderate 11 (25.6) 84 (36.2)
  Poorly 14 (32.6) 108 (46.6)
  Undifferentiated 0 (0.0) 0 (0.0)
  Unknown 18 (41.9) 40 (17.2)
Interval between diagnosis and onset of neoadjuvant 
therapy (days), median (IQR)

47 (32-57) 42 (31-54) 0.462

Type of neoadjuvant therapy, no./total no. (%) 0.013
  Chemotherapy 39 (90.7) 229 (98.7)
  Chemo- and targeted therapy 4 (9.3) 3 (1.3)
Neoadjuvant chemotherapy regime, no./total no. (%) <0.001*
  ECX/ECC/EOF/EOX 15 (34.9) 104 (44.8)
  FOLFOX/CAPOX 12 (27.9) 42 (18.1)
  FLOT/DOC 5 (11.6) 79 (34.1)
  Other 11 (25.6) 7 (3.0)
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Patients characteristics
Not proceeded to 
surgery age ≥75 

(N=43)

Proceeded to 
surgery age ≥75 

(N=232)
p-value

Course of neoadjuvant regime no./total no. (%) <0.001*
  Completed all cycles 15 (34.9) 159 (68.5)
  Reduction in cycles 17 (39.5) 59 (25.4)
  Unknown 11 (25.6) 14 (6.0)
Abbreviations: IQR, interquartile range





Submitted for publication

Alexander B.J. Borgstein, Djamila Boerma, Stijn van Esser, Wietse J. Eshuis, Mark I. 
van Berge Henegouwen, Johanna van Sandick and Suzanne S. Gisbertz

Role of omentectomy as part of radical 
surgery for gastric cancer: 5-year follow-
up results of a multicenter study

Chapter 5



Chapter 5

78

Abstract

Background 
Curative therapy for gastric cancer usually consists of perioperative chemotherapy combined 
with a radical (R0) gastrectomy. In addition to a modified D2-lymphadenectony, a complete 
omentectomy is recommended. However, there is little evidence for a survival benefit of 
omentectomy. This study presents the follow-up data of the OMEGA-study. 

Methods 
This multicenter prospective cohort study included 100 consecutive patients with gastric 
cancer undergoing (sub)total gastrectomy with complete en bloc omentectomy and modified 
D2 lymphadenectomy between March 2012 and April 2014. Primary outcome of the current 
study was five-year overall survival. Secondary outcomes included median survival, cause 
of death, and location of metastases. Patients with and without omental metastases were 
compared. Pathological factors associated with locoregional recurrence and/or metastases 
were tested with multivariable regression analysis. 

Results 
Of 100 included patients, five had metastases in the greater omentum. Five-year overall 
survival was 0.0% in patients with omental metastases and 44.2% in patients without 
omental metastases (p=0.001). Median overall survival was seven months in patients with 
omental metastases and 53 months in patients without omental metastases. The main cause 
of death in both groups was peritoneal metastases. A (y)pT3-4 stage tumor and vasoinvasive 
growth were associated with locoregional recurrence and/or metastases in patients without 
omental metastases. 

Conclusion 
The presence of omental metastases in gastric cancer patients who underwent potentially 
curative surgery was associated with impaired overall survival. Omentectomy as part of 
radical gastrectomy for gastric cancer might not contribute to a survival benefit and may 
therefore be omitted.
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Introduction

Gastric cancer is the third most common cause of cancer-related deaths worldwide1. 
Potentially curative therapy usually consists of perioperative chemotherapy combined with 
a radical (R0) gastrectomy. An adequate resection involves a modified D2 lymphadenectomy 
and, in addition, a complete omentectomy, to ensure resection of possible omental 
metastatic lymph nodes and/or tumor deposits2–6.  

The omentum has some important functions within the peritoneal cavity, such as a regional 
immune response regulator and prevention of small bowel adhesions. High quality evidence 
indicating a survival benefit after omentectomy is lacking. Several retrospective studies found 
no difference in long-term outcomes between omentectomy and omentum preservation in 
gastric cancer4,7,8. In a recent multicenter cohort study, the five-year overall survival rate 
after gastrectomy for advanced gastric cancer was 77.1% in patients with omentectomy 
versus 79.4% in patients with omentum preservation (not statistically significant)9. Currently, 
a Japanese randomized controlled trial is evaluating 5-year relapse-free survival in patients 
with and without omentectomy10. 

The OMEGA study (OMEntectomy in radical GAstrectomy for gastric cancer), conducted 
in The Netherlands, evaluated the incidence of and risk factors for metastases in the 
greater omentum in patients undergoing radical (sub)total gastrectomy with modified D2 
lymphadenectomy for potentially curable gastric cancer11. This multicenter prospective 
cohort study included 100 consecutive patients between March 2012 and April 2014. The 
primary endpoint was the presence of metastases in the greater omentum. 

Only five out of 100 patients (5.0%) had metastases in the greater omentum. The presence 
of metastases was significantly correlated with a microscopically non-radical resection (R1), 
tumor expansion in the esophagus or duodenum, linitis plastica, stage III/IV disease and 
pM1-status. In the current study, we present the long-term overall survival results of the 
OMEGA-study. 
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Methods

Study design and participants
The OMEGA study was conducted in one university and three teaching hospitals in The 
Netherlands between March 20, 2012 and April 17, 2014. The design and short-term study 
results have been published previously11. Patients with a primary gastric adenocarcinoma, 
stage cT1-4, N0-3 and M0, scheduled to undergo a (sub)total gastrectomy with potentially 
curative intent were included. Patients younger than 18 years or undergoing palliative surgery 
were excluded. The study was reported according to the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) guidelines for observational studies12. The 
study was approved by the medical ethics committee and registered with clinicaltrials.gov 
(NCT02050659). 

Procedures
Tumor staging
According to the Dutch gastric cancer guideline13, patients were clinically staged with an 
endoscopy with biopsies and a CT scan of the thorax and abdomen. If involvement of the 
esophagus or another organ was suspected, an endoscopic ultrasonography was performed. 
Patients with cT3-4 or cN+ stage tumors underwent a staging laparoscopy before the start 
of neoadjuvant therapy.

Treatment
All patients with a primary gastric adenocarcinoma >cT1N0 received neoadjuvant therapy 
(three cycles of epirubicin, oxaliplatin, capecitabine), if the patient’s condition allowed this. 
Patients with cT1N0 stage gastric tumor, tumor complications (bleeding/obstruction) or 
ASA >3 did not receive neoadjuvant therapy and were directly scheduled for a gastrectomy. 
Patients underwent surgery about 4-6 weeks after completion of the neoadjuvant therapy.

Surgical technique
Patients underwent an open or laparoscopic (sub)total gastrectomy with en bloc complete 
omentectomy and modified D2 lymphadenectomy. In case of a planned subtotal gastrectomy, 
a tumor-free margin of ≥ 5 cm for intestinal-type adenocarcinoma or ≥ 8 cm for diffuse-
type adenocarcinoma was pursued. If this was not possible, frozen section was performed. 
In case of tumor positive frozen section, a total gastrectomy was performed. A modified 
D2 lymphadenectomy in total gastrectomy included stations 1-7, 8a, 9 and 11p and in 
subtotal gastrectomy stations 1, 3, 4sb, 4d, 5-7, 8a and 9. Either a Roux-en-Y or Billroth II 
was performed to reconstruct gastro-intestinal continuity after resection. The anastomosis 
was either performed mechanical, semi-mechanical or manual. 
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The omentum was separated from the specimen distal to the gastroepiploic vessels and just 
proximal from the level of attachment to the transverse colon after the resection and sent in 
separately for pathological investigation. 

Pathological analysis
A detailed description of the pathological analysis of the omentum has been described in a 
previous publication11. In short, the omentum was divided into three areas (liver, middle and 
spleen part) according to the anatomical markings provided by the surgeon. The omentum 
was systematically inspected for lymph nodes and/or tumor deposits with the use of visual 
inspection, palpation and dissection. 

Study outcomes
The primary outcome of the current study was five-year overall survival. Overall survival was 
defined as the period of time from operation to death from any cause. Patients alive and 
free of these events were censored at the last follow-up. Secondary endpoints were median 
overall survival, cause of death, location of metastases, and risk factors associated with 
locoregional recurrence and/or metastases. Disease-free survival could not be investigated, 
since all patients with omental metastases had a microscopically non-radical (R1) resection11, 
and these patients were formally not disease-free after surgery. 

Statistical analysis
Continuous variables were presented as mean with standard deviation and counts with 
percentages for categorical variables. Multivariable logistic regression analysis was 
performed in patients without omental metastases to identify risk factors associated with 
locoregional recurrence and/or metastases. Significant variables in the univariable analysis 
were entered into the multivariable analysis. Stepwise backward selection was used to 
finalize the model (p<0.05 to stay in the model). 

The Kaplan-Meier curves were used to estimate overall survival and compared using the 
log-rank test. For all analyses, a 2-sided P < 0.05 was considered statistically significant. Data 
were analyzed using SPSS version 26 (IBM, Armonk, New York, USA)
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Results

Patients characteristics
A total of 100 consecutive patients who underwent a potentially curative (sub)total 
gastrectomy for gastric cancer were included. The baseline characteristics have been 
published before and are summarized in table 111. 

Table 1. Baseline characteristics of the total study population

Characteristics: N = 100 (%)
  Age, mean (SD), years 64 (15.3)
  Sex ratio (M:F) 64:36
  Body-mass index, mean (SD), kg/m2 25.5 (4.3)
  Smoking status, no./total no.
    Current smoker 18 (18.0)
    Quit smoking 35 (35.0)
  Alcohol use
    Yes 47 (47.0)
  Comorbidities:
    Hypertension 35 (35.0)
    Diabetes mellitus 23 (23.0)
    Coronary artery disease
    COPD 12 (12.0)
    Autoimmune disease 4 (4.0)
    Previous abdominal surgery 13 (13.0)
    Previous malignancy 9 (9.0)
    Renal failure 4 (4.0)
  ASA classification, no./total no. 
    1 24 (24.0)
    2 53 (53.0)
    3 23 (23.0)
  Clinical T stage, no./total no. 
    cT0-2 24 (24.0)
    cT3-4 29 (29.0)
    cTx 47 (47.0)
  Clinical N stage, no./total no.
    cN0 46 (46.0)
    cN1-3 36 (36.0)
    cNx 18 (18.0)
Perioperative chemotherapy 69 (69.0)
Abbreviations: SD, standard deviation; COPD, chronic obstructive pulmonary disease; ASA, American Society of 
Anesthesiologists
a Three cycles of epirubicin, oxaliplatin, capecitabine.
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Surgical and postoperative outcomes
Surgical and postoperative data have been presented before11. In short, fifty-two patients 
(52.0%) underwent a total gastrectomy and in 82 patients (82.0%) a Roux-en-Y reconstruction 
was performed. Twenty-nine patients (29.0%) underwent a minimally invasive gastrectomy 
(5 conversions). Postoperative complications occurred in 18 patients (18.0%). Median 
hospital stay was 10 (8 – 15) days.   

Pathological results
In five out of 100 patients (5.0%), metastases were detected in the greater omentum. The 
presence of metastases in the greater omentum was significantly correlated with a R1 
resection margin (p<0.001), tumor involvement of the esophagus or duodenum (p<0.001), 
location in the proximal third of the stomach or linitis plastica (p=0.002), tumor diameter of 
≥ 5 cm, tumor stage III-IV (p=0.010), and (y)pM1-stage (p<0.001).

Five-year follow-up
Table 2 and figure 1 present the five-year follow-up data for patients with and without 
omental metastases. The five-year overall survival rate was 0.0% (0 out of 5 patients) in 
patients with omental metastases and 44.2% (42 out of 95 patients) in patients without 
omental metastases (p=0.001). Median overall survival was seven months (0 – 16.8 months) 
in patients with omental metastases and 53 months (95% CI 38 – 67 months) in patients 
without omental metastases. 

In patients with omental metastases, the causes of death were the following: two patients 
died of locoregional recurrence and peritoneal metastases, one patient died of both 
locoregional recurrence and distant metastases in multiple locations and one patient died 
of peritoneal metastases. One patient deceased within 30-days postoperatively because of 
postoperative complications (anastomotic dehiscence of the gastro-enterostomy). 

The main causes of death of 53 patients without omental metastases were as follows: 23 
patients had distant metastases (43.4%), four patients had locoregional recurrence (7.5%), 
and nine patients had both locoregional recurrence and distant metastases (17.0%). 
Metastases were predominantly located in the peritoneum (19 out of 32; 59.3%). In total, 
36 out of 95 (37.9%) patients developed recurrence and/or metastases within five years 
after surgery.



Chapter 5

84

Table 2. 5-year follow-up data of patients with and without metastases in the greater omentum

Omental metastases (n=5) No omental metastases (n=95)
Alive, no./total no. (%)
  Yes 0 (0.0) 42 (44.2)
Survival, median (IQR), months 7 (2 – 17) 53 (16 – 60)
Cause of death (%)
  Postoperative complications# 1 (20.0) 3 (5.7)
  Locoregional recurrence 0 (0.0) 4 (7.5)
  Distant metastases 1 (20.0) 23 (43.4)
  Locoregional recurrence and distant metastases 3 (60.0) 9 (17.0)
  Other cause 0 (0.0) 4 (7.5)
  Unknown 0 (0.0) 10 (18.9)

Metastases location, no. (%) N = 4 N = 32
  Peritoneum 3 (75.0) 19 (59.3)
  Lymph nodes 0 (0.0) 3 (9.5)
  Liver 0 (0.0) 1 (3.1)
  Bone 0 (0.0) 1 (3.1)
  Multiple 1 (25.0) 4 (12.5)
  Unknown 0 (0.0) 4 (12.5)
Abbreviations: IQR, interquartile rage; 
# Deceased within 30-days after gastrectomy because of postoperative complications
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TTaabbllee  22..  5-year follow-up data of patients with and without metastases in the greater omentum. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FFiigguurree  11..  Kaplan-Meier curves for comparison of overall survival between patients with and without 

metastases in the greater omentum. 

 

 

  OOmmeennttaall  mmeettaassttaasseess  
((nn==55)) 

NNoo  oommeennttaall  mmeettaassttaasseess  
((nn==9955)) 

Alive, no./total no. (%)   

  Yes 0 (0.0) 42 (44.2) 

Survival, median (IQR), months 7 (2 – 17) 53 (16 – 60) 

Cause of death (%)   

  Postoperative complications# 1 (20.0) 3 (5.7) 

  Locoregional recurrence 0 (0.0) 4 (7.5) 

  Distant metastases 1 (20.0) 23 (43.4) 

  Locoregional recurrence and distant 
metastases 

3 (60.0) 9 (17.0) 

  Other cause 0 (0.0) 4 (7.5) 

  Unknown 0 (0.0) 10 (18.9) 

   

Metastases location, no. (%) NN  ==  44  NN  ==  3322  

  Peritoneum 3 (75.0) 19 (59.3) 

  Lymph nodes 0 (0.0) 3 (9.5) 

  Liver 0 (0.0) 1 (3.1) 

  Bone 0 (0.0) 1 (3.1) 

  Multiple 1 (25.0) 4 (12.5) 

  Unknown 0 (0.0) 4 (12.5) 

Abbreviations: IQR, interquartile rage;  
# Deceased within 30-days after gastrectomy because of postoperative complications 

Figure 1. Kaplan-Meier curves for comparison of overall survival between patients with and without metastases in 
the greater omentum
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Risk factors for locoregional recurrence and/or metastases
Multivariable analysis could only be performed in the patients without omental metastases, 
due to the small sample of patients with omental metastases. Table 3 presents the 
pathological risk factors associated with locoregional recurrence and/or distant metastases 
in patients without omental metastases. Both locally advanced (pT3-4) tumor stage (OR 
4.21, 95% CI 1.17 – 15.10, p=0.027) and the presence of vasoinvasive growth (OR 5.41, 95% 
CI 1.67 – 17.57, p=0.005) were associated with locoregional recurrence and/or metastases. 

Table 3. Pathological factors associated with locoregional recurrence and/or metastases in patients without 
omental metastases, results of uni- and multivariable analyses

Univariable analysis Multivariable analysis
Variables: OR (95% CI) p-value OR (95% CI) p-value
Central tumor location
  Proximal 1/3 1
  Middle 1/3 0.98 (0.28 – 3.46) 0.975
  Distal 1/3 1.25 (0.44 – 3.55) 0.672
  Complete stomach 2.80 (0.22 – 35.29) 0.426
Tumor type (Laurén classification)
  Intestinal 1
  Diffuse 1.27 (0.45 – 3.59) 0.649
Tumor differentiation grade
  Well or moderately 1
  Poorly or undifferentiated 3.11 (1.11 – 8.76) 0.032*
Vasoinvasive growth
  No 1 1
  Yes 6.67 (2.17 – 20.48) 0.001* 5.41 (1.67 – 17.57) 0.005*
Perineural growth
  No 1
  Yes 4.95 (1.33 – 18.41) 0.017*
Pathological tumor category
  (y)pT1-2 1 1
  (y)pT3-4 4.56 (1.64 – 12.68) 0.004* 4.21 (1.17 – 15.10) 0.027*
Pathological node category
  (y)pN0 1
  (y)N+ 5.12 (1.99 – 13.39) 0.001*
Number of lymph nodes resected
  20 – 30 1
  10 – 15 2.20 (0.67 – 7.22) 0.192
  15 – 20 2.00 (0.56 – 7.15) 0.286
  30+ 0.94 (0.28 – 3.08) 0.912
Abbreviations: OR, Odds ration; 95% CI, 95% confidence interval
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Discussion

This five-year follow-up study of 100 consecutive gastric cancer patients who underwent a 
potentially curative gastrectomy with omentectomy showed a significantly impaired overall 
survival rate in patients with omental metastases compared to those without omental 
metastases. The five-year overall survival rate was 0.0% in patients with omental metastases, 
compared to 44.2% in patients without omental metastases (p=0.001).

The previously reported OMEGA study found that the presence of omental metastases 
was significantly associated with a non-radical resection, tumor expansion in esophagus 
or duodenum, linitis plastica, stage III/IV disease, and pM1-status11. Since the presence of 
omental metastases was associated with advanced disease, it was suggested that performing 
an omentectomy might not lead to a survival benefit in these patients. The results of the 
current study support this suggestion, as the median overall survival was only seven months 
in patients with omental metastases, compared to 53 months in patients without omental 
metastases. 

The five-year overall survival rate of all patients in this study was 42.0%, which is similar to 
the average five-year overall survival numbers according to the Dutch Cancer Registry (NKR), 
which is around 40% for cT2-4a stage gastric tumors in The Netherlands14. Additionally, this 
survival rate was comparable to the overall survival found in previous studies performed in 
Western countries15,16. Long-term overall survival has not yet been investigated separately in 
gastric cancer patients with omental metastases. 

In the group of patients without omental metastases, 36 out of 95 (37.9%) patients developed 
recurrence or metastases within five years after surgery. Peritoneal metastases was the 
most common site, which is in line with previous studies indicating peritoneal recurrence to 
be the main cause of death after gastrectomy for advanced gastric cancer9,17. Both a higher 
tumor stage ((y)pT3-4) and the presence of vasoinvasive growth were associated with 
locoregional recurrence and/or metastases in patients without omental metastases. These 
findings are in line with a previous study indicating tumor-related factors to be the strongest 
predictors of survival among patients with gastric cancer who underwent a potentially 
curative resection18.

Performing an omentectomy is a time-consuming and technically demanding procedure 
in minimally invasive surgery. It is associated with increased risk of intraoperative injury 
to the colon and mesocolon, early and late postoperative complications. A study by Kim 
et al., in which 146 patients with advanced gastric cancer were included, the laparoscopic 
operating time was significantly shorter (25 min) without complete omentectomy, and two 
omentectomy-related complications were observed (spleen and mesocolon injuries)19. 
Recently, Ri et al. (2020) performed a retrospective cohort study, including 526 patients 
with cT3-4 gastric cancer who underwent gastrectomy with or without omentectomy9. 
The incidence of postoperative complications (Clavien-Dindo III or higher) was significantly 
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higher in the group of patients who underwent gastrectomy with omentectomy (17.5% vs. 
10.3%). In our study, we could not compare postoperative complications between patients 
with and without omentectomy, as all patients underwent gastrectomy with omentectomy. 

There is no high-quality evidence indicating improved overall survival if gastrectomy 
is combined with omentectomy. Several studies have made the comparison in a non-
randomized fashion. No difference in overall survival or disease-free survival was found 
between patients with or without omentectomy8,9,19,20. 

Recently, the results of a Japanese phase II trial on omentectomy versus omentum 
preservation were published21. A total of 251 patients undergoing open gastrectomy, 
without neoadjuvant chemotherapy, were included. Short-term postoperative morbidity 
was comparable between both cohorts (8.0% vs. 9.0%). The long-term outcomes have to be 
awaited. A Japanese phase III trial is currently evaluating omentum preserving gastrectomy 
for patients with resectable gastric cancer in terms of relapse-free survival10. In this trial, 
perioperative chemotherapy and minimally invasive surgery are exclusion criteria. Therefore, 
the results from this trial are not directly applicable to Western countries, where most 
patients are treated perioperatively after the results from the MAGIC22 and FLOT23 trials. In 
addition, minimally invasive gastrectomy is frequently performed, even in advanced cases, 
as oncologic safety was confirmed in both Asian and European trials24–26. 

A randomized controlled trial investigating the influence of omentectomy on survival has 
not yet been performed in a Western population. Currently, our study group is finalizing the 
study protocol for a randomized controlled trial, the OMEGA trial (OMEntum preservation 
versus complete omentectomy in GAstrectomy for gastric cancer). The primary aim of this 
trial is to investigate whether omentum preservation in gastrectomy for cancer is non-inferior 
to complete omentectomy in terms of three-year overall survival. The inclusion of patients 
will start in the second half of the year 2021. Optimally, a prediction model will differentiate 
patients at high risk for the presence of omental metastases from those with a low risk. 
Such a model could forecast which patients would benefit from a complete omentectomy. 
Therefore, the OMEGA trial will stratify patients according to neoadjuvant therapy, type of 
surgery (total or subtotal gastrectomy) and diffuse or intestinal type gastric tumor. 

The current study has certain limitations. The sample size of this study was relatively small 
and omental metastases were present in just five patients. Therefore, the overall survival 
analysis was performed with a small number of patients with omental metastases. Secondly, 
disease-free survival could not be compared between both groups, as all patients with 
omental metastases underwent a microscopically non-radical (R1) resection. Third, since all 
patients underwent gastrectomy with omentectomy, the influence of omentum preservation 
on overall survival could not be investigated. Lastly, previous studies found a significantly 
higher rate of late intra-abdominal complications in patients who underwent gastrectomy 
with omentectomy2. Information on late postoperative complications was not available for 
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our cohort. Therefore, the incidence of late intra-abdominal complications could not be 
investigated in the current study. 

Following current national guidelines, adjuvant chemoradiotherapy may be advised in 
patients who underwent a microscopically non-radical (R1) gastric cancer resection13,27. If 
omentectomy is omitted in the future, it is important to contemplate about the adjuvant 
treatment strategy in patients in whom a non-radical resection is performed. In the OMEGA 
study, a non-radical resection was associated with the presence of omental metastases. 
If the omentum (with potential omental metastases) is still in situ in patients with a 
microscopically non-radical resection, the discussion of appropriate adjuvant treatment will 
be a new challenge for the multidisciplinary team. 

In conclusion, the presence of omental metastases in gastric cancer patients undergoing 
potentially curative resection was associated with impaired overall survival. Overall survival 
rate was 0.0% in patients with omental metastases, compared to 44.2% in patients without 
omental metastases. Therefore, omentectomy as part of radical gastrectomy for gastric 
cancer might not contribute to a survival benefit and may be omitted in the future. Our 
upcoming randomized controlled trial might confirm the non-inferiority of omentum 
preservation compared to omentectomy in terms of survival. 
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Abstract

Objective 
To determine the yield of preoperative screening for COVID-19 with chest CT and RT-PCR in 
patients without COVID-19 symptoms.

Summary Background Data 
Many centers are currently screening surgical patients for COVID-19 using either chest CT, 
RT-PCR or both, due to the risk for worsened surgical outcomes and nosocomial spread. The 
optimal design and yield of such a strategy are currently unknown. 

Methods 
This multicenter study included consecutive adult patients without COVID-19 symptoms who 
underwent preoperative screening using chest CT and RT-PCR before elective or emergency 
surgery under general anaesthesia. 

Results 
A total of 2093 patients without COVID-19 symptoms were included in 14 participating 
centers; 1224 were screened by CT and RT-PCR and 869 by chest CT only. The positive 
yield of screening using a combination of chest CT and RT-PCR was 1.5% (95%CI: 0.8–2.1). 
Individual yields were 0.7% (95%CI: 0.2–1.1) for chest CT and 1.1% (95%CI: 0.6–1.7) for 
RT-PCR; the incremental yield of chest CT was 0.4%. In relation to COVID-19 community 
prevalence, up to ~6% positive RT-PCR was found for a daily hospital admission rate >1.5 per 
100,000 inhabitants, and around 1.0% for lower prevalence. 

Conclusions 
One in every 100 patients without COVID-19 symptoms tested positive for SARS-CoV-2 with 
RT-PCR; this yield increased in conjunction with community prevalence. The added value of 
chest CT was limited. Preoperative screening allowed us to take adequate precautions for 
SARS-CoV-2 positive patients in a surgical population, whereas negative patients needed 
only routine procedures. 



6

Preoperative screening for COVID-19 using chest CT and RT-PCR in asymptomatic patients

97

Introduction

After the peak of the COVID-19 outbreak, hospitals around the world are now increasing 
their elective surgical care.1,2 The question whether to screen asymptomatic patients prior 
to surgery for COVID-19 remains unanswered. 

Patients infected with SARS-CoV-2 have increased risk of postoperative complications and 
mortality.3–5 In addition, surgical patients with undetected COVID-19 could potentially 
shed SARS-CoV-2, placing hospital workers at risk, particularly during intubation and 
other aerosolizing procedures.6–9 Furthermore, if not isolated, patients may infect other 
hospitalized patients, of whom many are prone to developing severe COVID-19 due to 
older age and comorbidities.10,11  In a recent international survey, up to 59% of 264 centers 
from 37 countries worldwide reported to screen patients scheduled for pancreatic surgery, 
using chest CT and/or RT-PCR.12 Given the limited resources, additional costs of screening, 
the burden of ionizing radiation and the increase of non-COVID surgery there is an urgent 
need to evaluate the effectiveness of preoperative screening for COVID-19. Secondly, the 
effectiveness of preoperative screening in relation to changes in COVID-19 community 
prevalence should be explored. The Infectious Diseases Society of America (IDSA) guideline 
on COVID-19 diagnosis recently advised preoperative screening using SARS-CoV-2 RT-PCR in 
all asymptomatic individuals undergoing surgery.13

In The Netherlands, the first COVID-19 patient was identified on February 27, 2020, followed 
by a rapid increase in the number of confirmed patients.11 In the following weeks, many 
hospitals started routine preoperative screening in asymptomatic surgical patients as a 
method to detect asymptomatic COVID-19. Early routine screening was performed with chest 
computed tomography (CT) only. Facilitated by improved availability of reverse-transcriptase 
polymerase chain reaction (RT-PCR) in later weeks, a nationwide Dutch guidance protocol 
was released that advised preoperative screening with chest CT and RT-PCR. 

The effectiveness of this preoperative screening protocol in asymptomatic patients is 
unclear as RT-PCR testing is usually only performed in symptomatic patients. RT-PCR may 
be prone to sampling error and asymptomatic patients may have lower viral load than 
symptomatic COVID-19 patients.14–17 Moreover, chest CT is not recommended for screening 
in asymptomatic patients18, although up to 63% of asymptomatic COVID-19 patients are 
reported to have abnormalities on chest CT.8,19,20 

The SCOUT study aimed to evaluate the yield of preoperative screening for COVID-19 using 
chest CT and RT-PCR in adult patients without COVID-19 symptoms, scheduled for elective 
or emergency surgical or other interventional procedures under general anesthesia.
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Methods

Study oversight
The multicenter observational SCOUT study was conducted at three academic and 11 non-
academic hospitals in The Netherlands. Because of the observational nature of the study, 
formal approval was waived by the institutional review board of the Amsterdam UMC, 
location AMC. This was endorsed by the institutional review board at each participating 
center. Informed consent was obtained through an opt-out procedure. The study was 
initiated by the Radiological Society of The Netherlands and the Dutch Surgical Society, 
in collaboration with the committee which developed the national guidance protocol on 
preoperative screening for COVID-19, published April 2, 2020.11

Study population
Consecutive adult patients (18 years or older) who underwent preoperative screening for 
COVID-19 were included. Patients were eligible for screening if they were scheduled for 
any type of surgical or interventional procedure under general anesthesia, both elective or 
emergency, and if they were asymptomatic. Patients scheduled for elective surgery were 
contacted by telephone two to three days before surgery and re-checked at admission. 
Patients undergoing emergency surgery were interviewed at admission. Patients in whom 
COVID-19 could not be clinically ruled out (i.e. incapacitated emergency patients) were not 
included. 

The study consisted of two cohorts of consecutive asymptomatic patients. The main 
cohort were patients who underwent combined screening with CT and RT-PCR. The second 
and preceding cohort were patients who underwent screening with chest CT only. Most 
participating centers started preoperative screening with chest CT only. A transition to 
combined screening occurred in most centers after publication of the national guidance 
protocol on preoperative screening (April 2nd, 2020), advising centers to screen all 
preoperative patients using this combined approach.11 Participating centers could include 
patients both retrospectively and prospectively in each cohort. A standard questionnaire 
was used for evaluation of symptoms in prospectively included patients (see Supplementary 
Material for symptom questionnaire). A broad list of symptoms related to COVID-19 were 
part of the questionnaire. Patients were considered to be asymptomatic if no symptoms 
suspicious for COVID-19 were present or when symptoms were clearly related to another 
diagnosis (e.g. in cases of fever or abdominal pain in patients with acute appendicitis). See 
Supplementary Table S1 on both cohorts’ inclusion periods for each participating center. 

Data collection
Data were extracted on patient’s demographics and clinical characteristics, recent exposure 
history, screening results for chest CT and RT-PCR and operative management. Abbreviated 
postal codes were collected to explore regional variations in primary outcome.
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Chest CT and RT-PCR: procedure and analysis
According to the guidance protocol, preoperative chest CT was performed using an 
unenhanced low dose protocol. Chest CT scanning could be combined with a contrast-
enhanced abdominal CT, mostly performed in emergency settings. Chest CT was evaluated 
by the attending radiologist at each local center and reported using a standard reading 
protocol. In case of abnormal findings, suspicion for COVID-19 was assessed using the CO-
RADS classification.21 This classification encodes the level of suspicion for COVID-19 based 
on chest CT findings (1, very low suspicion; 2, low suspicion, 3, equivocal, 4, high suspicion, 
5, very high suspicion) and has shown excellent performance for diagnosing COVID-19 in 
symptomatic patients (average area under the receiver operating curve of 0.91 to 0.95).21 

SARS-CoV-2 RNA detection in nasopharyngeal and/or oropharyngeal swab specimens 
was performed using RT-PCR assays targeted at the viral envelope, RNA-dependent RNA 
polymerase and/or nucleocapsid genes according to nationally endorsed and quality-
controlled protocols.22 For positive RT-PCR specimens cycling threshold values were reported. 

A positive screening result for detection of COVID-19 was defined as a CO-RADS score 4 
or 5 and/or a positive RT-PCR result. According to the national guideline, in these cases 
surgery was postponed when possible or, in cases of emergency surgery, additional personal 
protection equipment (PPE) and other precautionary measures were taken to prevent 
nosocomial spread. In patients who were negative at history taking and preoperative 
screening, use of standard PPE was considered sufficient. A CO-RADS 3 (equivocal) test 
result with a negative RT-PCR result was not regarded as a positive screening result. A 
decision to postpone surgery in these patients was made at the local clinician’s discretion 
after discussion in a multidisciplinary team meeting.11

Study outcome and follow-up 
The primary study outcome was the yield of detected COVID-19 with chest CT and RT-
PCR. Secondary outcomes consisted of the individual yields of chest CT and RT-PCR, the 
relationship between screening results and differences in community prevalence, and 
operative management after screening. Two weeks follow-up data were collected for all 
patients, which consisted of postoperative diagnosis of COVID-19, related complications and 
intensive care unit admissions.

Relationship to community prevalence
To investigate the relationship between screening results and community prevalence of 
COVID-19, we stratified patients by their province of residence and screening dates. Publicly 
available prevalence data were obtained from the Dutch National Institute for Public Health 
and the Environment.23 The number of inhabitants per province in 2020 were obtained from 
the Central Agency of Statistics in The Netherlands.24 We then separately compared the 
yield for chest CT and RT-PCR in those provinces among patients to the mean daily COVID-19 
admissions per 100,000 inhabitants for the same provinces within a 7-day window around 
each patient screening (from three days before screening to three days after). 
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Statistical analysis
Screening results were presented as the number and percentage of patients with a positive 
screening result, with additional percentages and 95% confidence intervals (CI’s). These CI’s 
were calculated using 1000 bootstrapping samples. Anticipating a 2% yield, we calculated 
that recruiting 1,000 participants would lead to a 95% confidence interval around the 
estimate that would extend from 1.2% to 3.0%. Analyses were performed with the use of 
SPSS software, version 26.0.

Results

Patient characteristics
Between March 20, 2020 and April 24, 2020, a total of 2093 asymptomatic patients were 
included in 14 participating centers: 1224 were screened by a combination of chest CT and 
RT-PCR and 869 by chest CT only (Figure 1). Demographic and clinical characteristics for 
patients undergoing combined screening are given in Table 1. There were no significant 
differences in patient characteristics between the two cohorts (Table 1 and Supplementary 
Table S2).

Screening results
The results for patients undergoing combined preoperative screening are given in Table 2. 
Out of 1224 patients, 18 (1.5%) had positive screening results (Table 3, detailed information 
in Supplementary Table S3), all of which were patients scheduled to undergo either 
elective (14 patients) or semi-urgent surgery (4 patients), but no emergency surgery. Of 
these patients, 14 (1.1%) tested positive for SARS-CoV-2 using RT-PCR, while 8 (0.7%) were 
suspected for COVID-19 based on chest CT results. Therefore, the incremental yield for 
chest CT was 0.4% (4 patients). Concordant positive results were seen in four patients with 
both a positive chest CT result and a positive RT-PCR; three of these CT scans were read as 
CO-RADS 5 (very high suspicion) and one as CO-RADS 4 (high suspicion) (Table 3). When 
compared against positive RT-PCR results as a reference standard, chest CT had negative 
findings for 10 of the 14 patients who tested positive for SARS-CoV-2 using RT-PCR (71.4% 
false negative rate for screening chest CT) (Table 3). Cycling threshold values for positive 
RT-PCR tests ranged from 20.7 to 37.7, with a median cycling threshold value of 35.0 (IQR 
28.3–36.9) (Table S3). In the second cohort of 869 patients with chest CT only, five patients 
(0.6%; CI 0.1–1.1) had a positive screening result based on chest CT results (all CO-RADS 4). 
For combined screening, surgery was postponed because of a positive screening result in 17 
patients (1.4%). For chest CT only screening, surgery was postponed because of a positive 
screening result in two patients (0.2%).
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FFiigguurree  11. Flow-chart for patients undergoing preoperative screening for both cohorts  

 

 

CT, computed tomography; RT-PCR, reverse-transcriptase polymerase chain reaction. 
a These patients all had negative RT-PCR and CO-RADS 1–3. 
b Some patients underwent multiple screenings during the study period. In case patients were initially screened using 

chest CT, and followingly using chest CT and RT-PCR, the combined screening was included. For patients with 

multiple screenings using one strategy, the first screening was included.  

Figure 1. Flow-chart for patients undergoing preoperative screening for both cohorts 

CT, computed tomography; RT-PCR, reverse-transcriptase polymerase chain reaction.
a These patients all had negative RT-PCR and CO-RADS 1–3.
b Some patients underwent multiple screenings during the study period. In case patients were initially screened 
using chest CT, and followingly using chest CT and RT-PCR, the combined screening was included. For patients with 
multiple screenings using one strategy, the first screening was included. 
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FFiigguurree  22.. Association of positive yield for chest CT and SARS-CoV-2 RT-PCR of asymptomatic patients with 

regional and temporal variations in community prevalence, measured by the mean daily COVID-19 related 

hospital admissions per 100.000 inhabitants.  

LLeefftt  ppaanneell: no discernable pattern of association between positive chest CT results and regional and temporal 

variations of COVID-19 prevalence. RRiigghhtt  ppaanneell: positive yield by RT-PCR markedly increases above mean of 1.5 

daily COVID-19 related hospital admissions per 100.000 inhabitants. 

 

Relationship between screening yield and community prevalence 

RT-PCR positive yield was related to the COVID-19 community prevalence: relatively high diagnostic yields 

up to ~6% were observed in specific regions and earlier periods where the mean daily COVID-19 hospital 

admission rate was above 1.5 per 100,000 inhabitants. The yield remained constant at around ~1% when 

the hospital admission rate was below 1.5 per 100,000 inhabitants (Figure 2). There was no relationship 

between the yield from chest CT screening and COVID-19 community prevalence, which was confirmed in 

both cohorts (Figure 2 and Figure S1).  

 

Follow-up data 

Clinical details for the 18 patients with positive results in combined screening are shown in Table S3. Two 

patients with positive screening RT-PCR developed COVID-19 symptoms within two weeks postoperatively 

and thus could have been presymptomatic. Two patients with positive screening RT-PCR had been 

symptomatic within one month before screening, but were asymptomatic for at least 2 days before 

screening, suggesting possible late-stage COVID-19. The remaining 14 patients did not report any COVID-

Figure 2. Association of positive yield for chest CT and SARS-CoV-2 RT-PCR of asymptomatic patients with regional 
and temporal variations in community prevalence, measured by the mean daily COVID-19 related hospital 
admissions per 100.000 inhabitants. 

Left panel: no discernable pattern of association between positive chest CT results and regional and temporal 
variations of COVID-19 prevalence. Right panel: positive yield by RT-PCR markedly increases above mean of 1.5 
daily COVID-19 related hospital admissions per 100.000 inhabitants.
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Relationship between screening yield and community prevalence
RT-PCR positive yield was related to the COVID-19 community prevalence: relatively high 
diagnostic yields up to ~6% were observed in specific regions and earlier periods where the 
mean daily COVID-19 hospital admission rate was above 1.5 per 100,000 inhabitants. The 
yield remained constant at around ~1% when the hospital admission rate was below 1.5 
per 100,000 inhabitants (Figure 2). There was no relationship between the yield from chest 
CT screening and COVID-19 community prevalence, which was confirmed in both cohorts 
(Figure 2 and Figure S1). 

Follow-up data
Clinical details for the 18 patients with positive results in combined screening are shown 
in Table S3. Two patients with positive screening RT-PCR developed COVID-19 symptoms 
within two weeks postoperatively and thus could have been presymptomatic. Two patients 
with positive screening RT-PCR had been symptomatic within one month before screening, 
but were asymptomatic for at least 2 days before screening, suggesting possible late-stage 
COVID-19. The remaining 14 patients did not report any COVID-19 related symptoms before, 
during or after screening. These included the four patients who had positive chest CT (all 
CO-RADS 4) with negative RT-PCR results (Supplementary Table 3). Of the five patients who 
had positive screening results in the chest CT only cohort, three of these five underwent RT-
PCR testing with negative results at 1, 1 and 11 days after screening. Two of these patients 
were tested because of the CO-RADS 4 score at screening, while a third patient was tested 
because of a newly scheduled surgical procedure. None of the five chest CT positive patients 
in the chest CT only cohort developed COVID-19 symptoms within two weeks after chest CT 
screening.

Of 1206 patients who underwent combined screening with negative screening results, 
1169 patients underwent surgery, of which none developed symptomatic COVID-19 within 
two weeks postoperatively. Of 864 patients who underwent screening using chest CT only 
with negative screening results, 829 patients underwent surgery of which three developed 
symptomatic COVID-19 postoperatively, diagnosed by positive RT-PCR at one, five and seven 
days after surgery. None of these three patients were initially screened using RT-PCR. None 
of them required admission to the intensive care unit postoperatively because of COVID-19.
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Table 1. Results of screening with chest CT and SARS-CoV-2 RT-PCR

Combined screening (n = 1224)
Chest CT RT-PCR Chest CT 

and RT-PCR 
Positive screening result, no./total no.a 8/1224 14/1224 18/1224
  % (95% CI)b 0.7 (0.2–1.1) 1.1 (0.6–1.7) 1.5 (0.8–2.2)
CI, confidence interval; CT, computed tomography; RT-PCR, reverse-transcriptase polymerase chain reaction.  
a positive chest CT result was defined as a CORADS 4-5. A positive result for the combined screening strategy 
was defined as a CO-RADS 4-5 and/or a positive RT-PCR result.  
b 95% confidence interval was calculated based on 1000 bootstrap samples 

Table 2. Results of screening with chest CT and SARS-CoV-2 RT-PCR

Chest CTa RT-PCR
Negative/inconclusiveb Positive Total

Negative CORADS 1 1090 7 1097
CORADS 2 75 2 77
CORADS 3 41 1 42

Positive CORADS 4 4 1 5
CORADS 5 0 3 3

    Total 1210 14 1224
CT, computed tomography; RT-PCR, reverse-transcriptase polymerase chain reaction. 
a positive chest CT result was defined as a CORADS 4-5. 
b of 8 patients the screening RT-PCR was inconclusive. Of these patients 7 had CORADS 1 and one had CORADS 
3. 

Discussion

This is the first multicenter study to determine the yield of screening for COVID-19 using 
chest CT and RT-PCR in asymptomatic patients prior to elective or emergency surgery. 
Combined preoperative screening demonstrated a yield of 1.5%, of which RT-PCR confirmed 
SARS-CoV-2 infection in 1.1% of patients. Chest CT showed an incremental yield of 0.4%, 
although these could be false-positive results as none of these patients developed COVID-19 
symptoms and no relationship with community prevalence was seen for chest CT results. No 
postoperative symptomatic COVID-19 infections were seen in patients who had negative RT-
PCR screening results. In contrast, three patients who underwent screening using only chest 
CT with negative results developed postoperative symptomatic COVID-19, suggesting that 
these infections might have been missed by CT.

Two other studies have investigated the use of RT-PCR as a screening method in asymptomatic 
patients, but none in patients undergoing surgery or other interventions under general 
anesthesia.25,26 Data from both previous studies confirm the association between yield of 
RT-PCR in asymptomatic patients and number of COVID-19 related hospital admissions. A 
study from New York City found SARS-CoV-2 infection in 13.7% of 210 asymptomatic women 
admitted for delivery when the average of daily COVID-19 related hospital admissions was 
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around 16.0 per 100.000 inhabitants.25,27 In Iceland, screening of a random population 
sample using RT-PCR found that 13 of 2283 (0.6%) individuals were positive for SARS-CoV-2. 
However, six of these 13 individuals reported COVID-19 related symptoms.26 During this 
period, the average daily COVID-19 related hospital admissions in Iceland was around 
0.78 per 100.000 inhabitants.28 These data confirm the association between the RT-PCR 
yield in asymptomatic patients and hospital admissions, as both screening yield and the 
hospital admission rate were around 20 times higher in New York City as compared to the 
Iceland population. These, and our findings also suggest that the number of patients with 
asymptomatic COVID-19 is higher than previously reported.29,30 

Social distancing measures (limited lock down) were implemented by the Dutch government 
on March 12, 2020. Peak prevalence for COVID-19 in The Netherlands occurred during the 
second half of March after which prevalence decreased. While preoperative screening was 
initiated in several hospitals from March 23 onwards, combined screening with chest CT and 
RT-PCR was implemented starting on March 31, 2020. As community prevalence decreased 
in The Netherlands from ~3 to ~1.5 COVID-19 related hospital admissions per 100,000 
inhabitants, the RT-PCR yield in our study patients decreased markedly from potentially as 
high as ~6% to ~1%. The screening yield remained at ~1% as admission rate decreased to 
~0.5 per 100,000 inhabitants. The absent relationship between positive chest CT findings 
and COVID-19 community prevalence further questions the sensitivity of these positive CT 
findings as related to asymptomatic COVID-19. 

Preoperative screening with RT-PCR found infection with SARS-CoV-2 in only 1.1% of 
patients. Although this yield may seem low, even a small number of undetected cases could 
have substantial consequences. Data on the impact of COVID-19 on patients undergoing 
surgery is scarce. Lei et al. (2020) described postoperative outcomes in a group of 34 
patients undergoing surgery, all of whom developed symptomatic COVID-19 within 4 days 
postoperatively and were therefore considered to have been in their incubation period 
before surgery.3 Fifteen patients required admission to the intensive care unit (44.1%), 
while seven patients died (20.5%) postoperatively, both considerably higher than previously 
reported for hospitalized non-surgical COVID-19 patients. These findings indicate the 
importance of preoperative screening to prevent adverse postoperative outcomes. 

Additionally, asymptomatic patients with SARS-CoV-2 could be shedders of the virus, 
especially during aerosol generating procedures, thereby placing other patients and 
hospital workers at risk, especially those performing endotracheal intubation. One study 
evaluated transmission of SARS-CoV-2 within a skilled nursing facility, by RT-PCR testing on 
two occasions as part of a facility-wide point-prevalence survey.27 Forty-eight out of seventy-
six (63.0%) residents tested positive for SARS-CoV-2. Of those 48 residents, 27 (56%) were 
asymptomatic at time of testing. SARS-CoV-2 could rapidly spread through the skilled 
nursing facility to other residents and staff, probably due to unrecognized asymptomatic 
and presymptomatic infections. These results indicate symptom-based screening to be 
insufficient to prevent rapid transmission in skilled nursing facilities. In our study the median 
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RT-PCR cycle threshold value of the positive PCRs was relatively high, suggesting a low viral 
load, which may affect the risk for transmission.31 During aerosol generating procedures 
such as intubation, however, the risk of transmission is probably increased. 32 By avoiding 
introduction of COVID-19 positive patients into the hospital, preoperative screening benefits 
surgical care in preventing nosocomial spread and reducing the use of scarce personal 
protective equipment. 

Our study has some limitations. First, patients undergoing preoperative screening using only 
chest CT were mostly included retrospectively. Preoperative symptoms were not inquired 
using a standardized procedure in these patients. Some patients with mild unrecognized 
complaints could therefore have been unknowingly included. Second, the study was 
conducted during the quarantine period in The Netherlands, which effectively commenced 
on March 15th, 2020. Consequently, we experienced a decreasing prevalence during the 
inclusion period, which may have led to a decreasing yield. This could have affected the 
accuracy of our positive yield and relationship to community prevalence. Third, a relatively 
low number of RT-PCR screenings were performed early in the study, when new COVID-19 
hospital admissions in The Netherlands were at their highest level.23 As such, the high 
positivity rates in the first period could be inflated due to small sample bias. Fourth, no 
analysis for risk factors could be performed due to the limited number of patients with 
positive results. Last, we used the daily hospital admission rate as a marker for COVID-19 
community prevalence in the population. Although a relationship was found, the exact cut-
off value of 1.5 daily admissions per 100,000 inhabitants above which the screening yield 
increases could vary due to differences between national health care systems, such as the 
availability of pre-hospital care (e.g. general physicians). Moreover, our study population 
consisted of surgical patients and thus was not fully representative for the general population.

Preoperative screening with RT-PCR found infection with SARS-CoV-2 in at least 1 in every 
100 asymptomatic patients, increasing in conjunction with community prevalence. Given 
the limited added value, the use of chest CT in preoperative screening is not recommended 
based on our results. Preoperative screening in asymptomatic COVID-19 patients undergoing 
surgery should be performed with RT-PCR. The initiation of preoperative screening can be 
directed by local community prevalence of COVID-19. 
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SSuupppplleemmeenntt  

FFiigguurree  SS11..  For chest CT only cohort: association of positive yield for chest CT of asymptomatic patients 

with regional and temporal variations in community prevalence, measured by the mean daily Covid-

19 related hospital admissions per 100.000 inhabitants. No discernable pattern of association is seen 

between positive chest CT results and regional and temporal variations of Covid-19 prevalence.  

 
 

  

  

  

  

  

  

  

  

 

  
TTaabbllee  SS11..  Inclusion period and number of included patients per screening strategy and per centre. 
 

 CChheesstt  CCTT  oonnllyy  ssccrreeeenniinngg  CCoommbbiinneedd  ssccrreeeenniinngg  uussiinngg  cchheesstt  CCTT  

aanndd  SSAARRSS--CCooVV--22  RRTT--PPCCRR  

CCeenntteerr  Inclusion period Included Inclusion period Included 

Amsterdam UMC, location AMC, 

Amsterdam 

23/03/2020 - 

31/03/2020 

55 31/03/2020 - 

21/04/2020 

154 

Amsterdam UMC, location VUmc, 

Amsterdam 

21/03/2020 - 

01/04/2020 

52 01/04/2020 - 

22/04/2020 

140 

Amphia Hospital, Breda 26/03/2020 - 

10/04/2020 

36 10/04/2020 - 

24/04/2020 

52 

Antoni van Leeuwenhoek -   

National Cancer Institute, 

Amsterdam 

27/03/2020 - 

12/04/2020 

205 12/04/2020 - 

23/04/2020 

202 

Figure S1. For chest CT only cohort: association of positive yield for chest CT of asymptomatic patients with 
regional and temporal variations in community prevalence, measured by the mean daily Covid-19 related hospital 
admissions per 100.000 inhabitants. No discernable pattern of association is seen between positive chest CT results 
and regional and temporal variations of Covid-19 prevalence

Table S1. Inclusion period and number of included patients per screening strategy and per centre

Chest CT only screening Combined screening using chest CT 
and SARS-CoV-2 RT-PCR

Center Inclusion period Included Inclusion period Included
Amsterdam UMC, location AMC, 
Amsterdam

23/03/2020 - 31/03/2020 55 31/03/2020 - 21/04/2020 154

Amsterdam UMC, location VUmc, 
Amsterdam

21/03/2020 - 01/04/2020 52 01/04/2020 - 22/04/2020 140

Amphia Hospital, Breda 26/03/2020 - 10/04/2020 36 10/04/2020 - 24/04/2020 52
Antoni van Leeuwenhoek -  
National Cancer Institute, 
Amsterdam

27/03/2020 - 12/04/2020 205 12/04/2020 - 23/04/2020 202

Catharina Hospital, Eindhoven 05/04/2020 - 23/04/2020 99
Dijklander Hospital, Hoorn/
Purmerend

08/04/2020 - 21/04/2020 101

Flevo Hospital, Almere 12/04/2020 - 22/04/2020 46
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Haaglanden Medical Centre, The 
Hague

08/04/2020 - 20/04/2020 132

Maastricht UMC+, Maastricht 20/03/2020 - 18/04/2020 128 18/04/2020 - 23/04/2020 12
Sint Antonius Hospital, 
Nieuwegein/Utrecht

07/04/2020 - 23/04/2020 166

Sint Jansdal Hospital, Harderwijk/
Lelystad

28/03/2020 - 22/04/2020 91

Spaarne Gasthuis, Haarlem and 
Hoofddorp

21/03/2020 - 20/04/2020 129 20/04/2020 - 24/04/2020 24

Tergooi, Hilversum/Blaricum 24/03/2020 - 08/04/2020 35 08/04/2020 - 23/04/2020 71
Ziekenhuisgroep Twente, 
Hengelo/Almelo

03/04/2020 - 06/04/2020 6 06/04/2020 - 23/04/2020 157

Total 869 1224

Table S2. Demographic and clinical characteristics for patients who underwent screening using chest CT only

Screening strategy
Characteristic Chest CT (N=869)
Age, median (IQR), years 64 (50–73)
Age, range, years 18–100
Female sex, no./total no. (%) 460/873 (52.9)
Body-mass index, median (IQR), kg/m2 25.9 (23.5–29.1)
    Body-mass index > 30, no./total no. (%) 161/783 (20.6)
Smoking history, no./total no. (%) 
    Never smoked 312/716 (43.6)
    Former smoker 263/716 (36.7)
    Current smoker 141/716 (19.7)
Exposure to source of transmission, no./total no. (%) 
    Travel to foreign country within past 14 days 1/365 (0.3)
    Contact with COVID-19 positive patient 4/360 (1.1)
Any coexisting conditiona, no./total no. (%) 367/814 (45.1)
    Chronic obstructive pulmonary disease 70/860 (8.1)
    Diabetes 116/865 (13.4)
    Hypertension 295/849 (34.7)
    Coronary heart disease 86/847 (10.2)
    Heart failure 28/853 (3.3)
    Cerebrovascular disease 71/846 (8.4)
ASA classification, no./total no. (%) 
    1 173/817 (21.2)
    2 421/817 (51.5)
    3 213/817 (26.1)
    4 10/817 (1.2)
Urgency of surgery, no./total no. (%)
    Elective 574/785 (73.1)
    Semi-urgent (< 1 week) 96/785 (12.2)
    Emergency (< 24 hours) 114/785 (14.5)
a These include the following coexisting conditions: chronic obstructive pulmonary disease, diabetes, 
hypertension, coronary heart disease, heart failure and cerebrovascular disease.
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Standard symptom questionnaire for preoperative COVID-19 screening:
Complaints
Did the patient, in the past 48 hours, have complaints of:
Coughing: yes / no / unknown
Dyspnea: yes / no / unknown
Fever (⪰38.0): yes / no / unknown
General malaise: yes / no / unknown
General muscle or joint pain: yes / no / unknown
Headache: yes / no / unknown
Extreme fatigue (new): yes / no / unknown
Sore throat: yes / no / unknown
Common cold: yes / no / unknown
Loss of smell: yes / no / unknown
Loss of taste: yes / no / unknown
Abdominal pain: yes / no / unknown
Diarrhea: yes / no / unknown
Vomiting: yes / no / unknown

Are described complaints suspect for a COVID-19 infection?
yes / no

Has the patient been abroad recently (<2 weeks)?
yes / no / if yes, which country ……

Did the patient have contact with someone with a proven COVID-19 infection?
yes / no / unknown







Annals of Surgery 2020

Alexander B.J. Borgstein*, Jochem C.G. Scheijmans*, Carl A.J. Puylaert, Kammy 
Keywani, Mark E. Lobatto, Ricardo G. Orsini, Tjalco van Rees, Veillinga, Jorit van 
Rossen, Maeke J. Scheerder, Rogier P. Voermans, Alvin X. Han, Colin A. Russell, Jan 
M. Prins, Hester A. Gietema, Jaap Stoker, Marja A. Boermeester, Suzanne S. Gisbertz 
and Marc G. Besselink 

*Shared first authorship

Yield of adding chest CT to abdominal CT 
to detect COVID-19 in patients presenting 
with acute gastrointestinal symptoms 
(SCOUT-3): multicenter study

Chapter 7



Chapter 7

116

Abstract

Objective 
To determine the incremental yield of standardized addition of chest CT to abdominal CT 
to detect COVID-19 in patients presenting with primarily acute gastrointestinal symptoms 
requiring abdominal imaging.

Summary Background Data 
Around 20% of patients with COVID-19 present with gastrointestinal symptoms. COVID-19 
might be neglected in these patients, as the focus could be on finding abdominal pathology. 
During the COVID-19 pandemic several centers have routinely added chest CT to abdominal 
CT to detect possible COVID-19 in patients presenting with gastrointestinal symptoms. 
However, the incremental yield of this strategy is unknown. 

Methods 
This multicenter study in six Dutch centers included consecutive adult patients presenting 
with acute non-traumatic gastrointestinal symptoms, who underwent standardized 
combined abdominal and chest CT between March 15, 2020 and April 30, 2020. All CT scans 
were read for signs of COVID-19 related pulmonary sequelae using the CO-RADS score. The 
primary outcome was the yield of high COVID-19 suspicion (CO-RADS 4-5) based on chest 
CT. 

Results 
A total of 392 patients were included. Radiologic suspicion for COVID-19 (CO-RADS 4-5) 
was present in 17 (4.3%) patients, eleven of which were diagnosed with COVID-19. Only 
five patients with CO-RADS 4-5 presented without any respiratory symptoms and were 
diagnosed with COVID-19. No relation with community prevalence could be detected. 

Conclusion 
The yield of adding chest CT to abdominal CT to detect COVID-19 in patients presenting 
with acute gastrointestinal symptoms is extremely low with an additional detection rate of 
around 1%.
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Introduction

Patients with COVID-19 typically present with respiratory symptoms, fever, and/or fatigue 1,2.  
However, there is growing evidence that SARS-CoV-2 can affect the small intestine, 
liver, pancreas and kidneys as well 3. Hence, patients with COVID-19 may present with 
gastrointestinal symptoms, including abdominal pain, diarrhea, anorexia or vomiting 2,4–9, 
with limited respiratory symptoms. One study found that nearly 20% of COVID-19 patients 
presented with concomitant gastrointestinal symptoms 10, while in another study 16% 
of COVID-19 patients presented merely with gastrointestinal symptoms 11. The atypical 
presentation of this group provides a clinical challenge, as clinicians might focus on finding 
abdominal pathology. No standardized diagnostic work-up, including the role of routine 
chest computed tomography (CT), has been described in these patients. 

The (pre-COVID-19) Dutch guideline recommends a step-up imaging scheme for patients 
presenting with acute abdominal pain, starting with ultrasound and followed by abdominal 
CT if needed 12,13. During the current COVID-19 pandemic, some centers have implemented 
standard use of abdominal CT with the standard addition of chest CT in order to detect 
possible SARS-CoV-2 infections in patients presenting with acute gastrointestinal symptoms, 
as these symptoms could be related to COVID-19. 

However, the yield of combined CT chest-abdomen for detection of COVID-19 in patients 
with acute gastrointestinal symptoms is unknown. The aim of this study is to evaluate the 
incremental yield of high COVID-19 suspicion based on standard addition of chest CT to 
abdominal CT in patients presenting with acute gastrointestninal symptoms. 

Methods

This retrospective, multicenter study was conducted at three academic and three teaching 
hospitals in The Netherlands. Centers could participate in the study if the combination 
of chest and abdominal CT was part of the standard diagnostic work-up for patients who 
presented during the COVID-19 pandemic with acute gastrointestinal symptoms at the 
emergency department in whom abdominal imaging was required. Ethical approval was 
waived by the institutional review boards because of the observational nature of the study. 
Patient data was only used if patients did not opt out for participation for this study.

Study population
Eligible were consecutive adult patients presenting at the emergency department with 
primarily acute non-traumatic gastrointestinal symptoms, who underwent combined chest-
abdominal CT between March 15, 2020 – April 30, 2020. This study period represents the 
period with the highest COVID-19 prevalence in the Netherland at the start of the pandemic.

Patients were excluded if the primary complaint was other than abdominal (mild respiratory 
symptoms could be present, but only if interpreted as secondary to the abdominal 
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complaints), if a chest CT was incomplete (defined as not including the basal lungs up to 
at least the level of the carina), or if patients were not able to object to participation in the 
study. 

Data collection
Patient demographics, clinical characteristics including emergency department presentation 
and known risk factors for COVID-19, CT reports and 30-day clinical outcomes were collected 
from the electronic patient record. For chest CT imaging, the CO-RADS score for suspicion 
of COVID-19 diagnosis was used (1, very low suspicion; 2, low suspicion, 3, equivocal, 4, 
high suspicion, 5, very high suspicion) 14. For abdominal CT, diagnoses causative for the 
GI-symptoms were collected. Abbreviated postal codes were collected to analyze regional 
differences in the primary outcome.

Study outcomes
Our primary outcome was the yield of high COVID-19 suspicion based on abdominal CT 
combined with chest CT (CO-RADS 4-5) in patients presenting with primary acute non-
traumatic gastrointestinal symptoms. Patients were diagnosed with COVID-19 if reverse-
transcriptase polymerase chain reaction (RT-PCR) results were positive. Alternatively, 
in patients with CO-RADS 4-5 and negative RT-PCR, the treating physician evaluated the 
COVID-19 diagnosis based on clinical presentation, CT findings and lab results, as sensitivity 
of RT-PCR is limited. All RT-PCR’s were performed within 24 hours after presentation at the 
emergency department.

Secondary outcomes were the total number of patients diagnosed with of COVID-19, 
the yield of COVID-19 suspicion based on chest CT stratified according to the presence 
of COVID-19 respiratory symptoms and the relationship between COVID-19 community 
prevalence and positive yield of chest-abdomen CT screening.

Relationship to community prevalence
Patients were stratified by their province of residence and date of presentation at the 
emergency department to investigate the relationship between the primary outcome 
and community prevalence of COVID-19. Publicly available prevalence data was obtained 
from the Dutch National Institute for Public Health and the Environment 15. The number 
of inhabitants per province in 2020 were obtained from the Central Agency of Statistics in 
The Netherlands 16. The positive yield of COVID-19 diagnoses based on combined chest-
abdomen CT and RT-PCR was compared to the mean daily COVID-19 admissions per 100,000 
inhabitants within a 7-day window around each patient’s presentation at the emergency 
department.

Statistical analysis
Clinical characteristics were described using frequency tables. Continuous data were 
presented as mean with standard deviation, unless stated otherwise. Categorical variables 
were presented as frequencies and percentages. Categorical variables were compared using 
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the χ2 test or Fisher’s exact test. All P values were based on two-sided tests and P < 0.05 was 
considered statistically significant. Data were analyzed using SPSS version 26 (IBM, Armonk, 
New York, USA)
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Figure 1. Flowchart of patients undergoing combined CT chest-abdomen for gastrointestinal symptoms

Results

Patient characteristics
Between March 15, 2020 and April 30, 2020, a total of 392 consecutive patients, who 
presented at the emergency departments of the six participating centers with primary 
acute non-traumatic gastrointestinal symptoms and underwent combined chest-abdomen 
CT were included, see figure 1 and Table S1. Table 1 summarizes the characteristics of all 
patients. 

The yield of COVID-19 suspicion
Table 2 describes the yield of COVID-19 suspicion based on combined chest-abdomen CT 
and primary RT-PCR testing results. In 17 of 392 (4.3%) patients, chest CT was scored as CO-
RADS 4 or 5. All of these17 patients underwent RT-PCR testing for SARS-CoV-2; eight tested 
positive, eight tested negative, and one test was inconclusive. Overall, 11 of 17 patients with 
CO-RADS 4-5 were diagnosed with COVID-19; three of which were diagnosed with COVID-19 
based on CO-RADS 5 and clinical presentation without RT-PCR confirmation.
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In 25 (6.4%) patients, chest CT was read as CO-RADS 3. Twenty-two of these 25 patients 
underwent RT-PCR testing; three patients tested positive, while 19 patients tested negative. 
In total, four patients with a CO-RADS 3 were diagnosed with COVID-19, one based on 
clinical presentation and chest CT findings.  

Of the 350 patients with a CO-RADS 1-2, 156 had RT-PCR testing. Three patients tested 
positive, 152 patients tested negative, and one test was inconclusive. Overall, two patients 
with a CO-RADS 1 (no signs of pulmonary infection) and one patient with a CO-RADS 2 (signs 
of infection, but judged as not caused by COVID-19) were diagnosed with COVID-19. 

Overall, 23 patients with an initial negative RT-PCR received a repeat RT-PCR test within 
four days after presentation at the emergency department, however, none of these patients 
tested positive. Therefore, 18 patients (4.6%) were diagnosed with COVID-19: 11 patients 
with CO-RADS 4-5 and 7 patients with CO-RADS 1-3 plus a positive RT-PCR. 

Table S1 describes the yield of COVID-19 suspicion based on combined chest-abdomen CT 
and RT-PCR results for each of the participating centers. Table S2 summarizes the follow-
up information of the 18 proven COVID-19 patients. Eleven patients were admitted to the 
hospital, no patients were admitted to the intensive care unit and two patients deceased. 
Of the four COVID-19 patients without RT-PCR confirmation, none received additional RT-
PCR testing. One patient was recovering from a previous SARS-CoV-2 infection. One patient 
was admitted to the hospital for one day and none of these patients were readmitted to the 
hospital or deceased. Table S3 provides an overview of all definitive diagnoses established 
within seven days after initial presentation at the emergency department. 

CO-RADS stratified for respiratory symptoms
Table 3 summarizes the CO-RADS classification stratified according to the presence of typical 
COVID-19 respiratory symptoms. According to history taking and physical examination, 
significantly more patients with a CO-RADS 4-5 were coughing compared to those with 
CO-RADS 1-2 or CO-RADS 3 (29.4% vs. 9.4% and 12.0%, respectively; p=0.032) and/or had 
fever (70.6% vs. 28.5% and 26.6%, respectively; p<.001). In each group (CO-RADS 1-2, 3, 
or 4-5), one of the patients had been in close contact with a known COVID-19 patient and 
none of the patients travelled to a foreign country within 14 days before presentation at the 
emergency department. Overall, five of the eleven patients with CO-RADS 4-5, who were 
diagnosed with COVID-19, presented without any respiratory symptoms.  

Relationship with community prevalence
To assess the relationship between the yield of combined chest-abdomen CT (CO-RADS 4-5) 
and COVID-19 community prevalence in The Netherlands, the cohort of patients studied 
was stratified according to their date of diagnosis and province of residence. Aggregating 
the data in a sliding window of seven days, the combined positive yield was plotted against 
the mean number of daily COVID-19 admissions per 100,000 inhabitants within the same 
time period in their respective province (Figure 2 and table S1). There was no discernible 
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correlation between the yield of high COVID-19 suspicion based on chest-abdomen CT and 
community prevalence of COVID-19. 

Table 1. Baseline characteristics of patients with acute gastrointestinal symptoms who underwent combined CT 
chest-abdomen

Characteristics N = 392
Age, median (IQR), years  59 (43 – 73)
Age, range, years 18 – 95
Female sex, no./total no. (%) 214/392 (54.6)
Body-mass index, median (IQR), kg/m2 21.8 (19.3 – 25.7)
    Body-mass index > 30, no./total no. (%) 24/392 (6.1)
Smoking history, no./total no. (%) 
    Never smoked 95/392 (24.2)
    Former smoker 41/392 (10.5)
    Current smoker 61/392 (15.6)
    Unknown 195/392 (49.7)
Comorbidities, no./total no. (%)
    Chronic obstructive pulmonary disease 26/392 (6.6)
    Diabetes 53/392 (13.5)
    Hypertension 118/392 (30.1)
    Coronary heart disease 37/392 (9.4)
    Heart failure 17/392 (4.3)
    Cerebrovascular disease 29/392 (7.4)
ASA classification, no./total no. (%)
    1 40/392 (10.2)
    2 46/392 (11.7)
    3 44/392 (11.3)
    4 6/392 (1.5)
    Unknown 256/392 (65.3)
ASA, American Society of Anesthesiologists; CT, computed tomography; IQR, interquartile range.

Table 2. COVID-19 suspicion based on combined chest-abdomen CT findings, with or without RT-PCR confirmation

Chest CT CO-RADS a   

no./total no. (%)
RT-PCR  

performed b

no./total no. 
(%)

COVID-19   
diagnosis c

no./total no. 
(%)

Positive
no./total 
no. (%)

Negative
no./total no. 

(%)

Inconclusive
no./total 
no. (%)

CO-RADS 1 325/392 (82.9) 136/325 (41.8) 2/136 (1.5) 133/136 (97.8) 1/136 (0.7) 2/325 (0.6)
CO-RADS 2 25/392 (6.4) 20/25 (80.0) 1/20 (5.0) 19/20 (95.0) 0/0 (0.0) 1/25 (4.0)
CO-RADS 3 25/392 (6.4) 22/25 (88.0) 3/25 (13.6) 19/25 (86.4) 0/0 (0.0) 4/25 (16.0)
CO-RADS 4 7/392 (1.6) 7/7 (100.0) 3/7 (42.9) 4/7 (57.1) 0/0 (0.0) 3/7 (42.9)
CO-RADS 5 10/392 (2.6) 10/10 (100.0) 5/10 (50.0) 4/10 (40.0) 1/1 (10.0) 8/10 (80.0)
CT, computed tomography; RT-PCR, reverse-transcriptase polymerase chain reaction;
a positive chest CT result was defined as a CO-RADS 4-5
b performed at the emergency department or within 24 hours after presentation at the emergency department
c definitive COVID-19 diagnosis based on combined CT chest-abdomen, history taking and physical examination; 
with or without RT-PCR confirmation
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Table 3. CO-RADS classifi cati on in 392 pati ents presenti ng with acute gastrointesti nal symptoms, strati fi ed 
according to the presence of typical COVID-19 respiratory symptoms

Clinical symptoms, 
no./total no. (%) a Total: CO-RADS 1-2 CO-RADS 3 CO-RADS 4-5 P-value

  Cough 38/360 (10.6) 30/318 (9.4) 3/25 (12.0) 5/17 (29.4) 0.032*

  Dyspnea 40/352 (11.4) 35/310 (11.3) 3/25 (12.0) 2/17 (11.8) 0.993

  Fever (> 38.0) 103/361 (28.5) 85/320 (26.6) 6/24 (25.0) 12/17 (70.6) < 0.001*

  Cold-like symptoms 18/265 (6.8) 13/230 (5.7) 3/20 (15.0) 2/15 (13.3) 0.164

  Malaise 99/295 (33.6) 86/260 (33.1) 5/21 (23.8) 8/14 (57.1) 0.110
Exposure to COVID-19, no./total no. (%)
  Travelled to a foreign country within 
past 14 days

0/204 (0.0) 0/177 (0.0) 0/15 (0.0) 0/12 (0.0) -

  Contact with a known COVID-19 
pati ent

3/207 (1.4) 1/181 1/15 (6.7) 1/11 (9.1) 0.015*

a clinical symptom presented if at least 75% of all included pati ents were questi oned for this symptom during 
emergency presentati on
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TTaabbllee 33.. CO-RADS classification in 392 patients presenting with acute gastrointestinal symptoms, 

stratified according to the presence of typical COVID-19 respiratory symptoms. 

 

 

FFiigguurree 22.. Scatter plot of positive COVID-19 yield based on combined CT chest-abdomen screening 

(CO-RADS 4-5) against community prevalence, measured by the mean daily COVID-19 related hospital 

admissions per 100.000 inhabitants. Each dot plots the positive yield of CT chest-abdomen screening 

within a sliding window of seven days against community prevalence during the same time in the 

respective province of residence as the patients who were tested. Points are coloured by the date of 

the 1st day of the seven-day time period and sized by the number of CT screenings performed within 

each period.  
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  Cough 38/360 (10.6) 30/318 (9.4) 3/25 (12.0) 5/17 (29.4) 0.032*

  Dyspnea 40/352 (11.4) 35/310 (11.3) 3/25 (12.0) 2/17 (11.8) 0.993

  Fever (> 38.0) 103/361 (28.5) 85/320 (26.6) 6/24 (25.0) 12/17 (70.6) < 0.001*

  Cold-like symptoms 18/265 (6.8) 13/230 (5.7) 3/20 (15.0) 2/15 (13.3) 0.164

  Malaise 99/295 (33.6) 86/260 (33.1) 5/21 (23.8) 8/14 (57.1) 0.110

EExxppoossuurree ttoo CCOOVVIIDD--1199, no./total no. (%)

  Travelled to a foreign country within past 14 days 0/204 (0.0) 0/177 (0.0) 0/15 (0.0) 0/12 (0.0) -

  Contact with a known COVID-19 patient 3/207 (1.4) 1/181 1/15 (6.7) 1/11 (9.1) 0.015*

a clinical symptom presented if at least 75% of all included patients were questioned for this symptom during emergency     presentation

Figure 2. Scatt er plot of positi ve COVID-19 yield based on combined CT chest-abdomen screening (CO-RADS 4-5) 
against community prevalence, measured by the mean daily COVID-19 related hospital admissions per 100.000 
inhabitants. Each dot plots the positi ve yield of CT chest-abdomen screening within a sliding window of seven days 
against community prevalence during the same ti me in the respecti ve province of residence as the pati ents who 
were tested. Points are coloured by the date of the 1st day of the seven-day ti me period and sized by the number 
of CT screenings performed within each period
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Discussion

This study has evaluated the yield of standardized addition of chest CT to abdominal 
CT for COVID-19 suspicion in patients presenting with primarily acute non-traumatic 
gastrointestinal symptoms requiring abdominal imaging. The number of chest CT scans 
suspicious for COVID-19 was 17 (4.3%), of which eleven were diagnosed with COVID-19. 
Five of the eleven patients with CO-RADS 4-5 and COVID-19 diagnosis presented without 
any respiratory symptoms. 

Hossain et al. investigated the number of COVID-19 diagnoses based on unexpected findings 
in the included lung zones at CT abdomen/pelvis or cervical spine/neck in patients with non-
respiratory symptoms presenting at the emergency department 17. Out of 2815 included 
patients, 299 (10.6%) had positive CT lung base/apical findings suggesting COVID-19 
pneumonia. All 299 patients underwent RT-PCR testing, of which 44 (14.7%) tested 
positive for SARS-CoV-2. Siegel et al. reported three patients presenting at the emergency 
department with abdominal pain, without respiratory symptoms suggesting COVID-19, who 
underwent abdominal CT and in whom the radiologist was the first to suggest COVID-19 
infection because of findings in the lung bases 18. The authors concluded that COVID-19 may 
present primarily with abdominal symptoms, and that lung base findings on abdominal CT 
can provide the first signs of a possible SARS-CoV-2 infection. 

One other study investigated the yield of adding routine chest CT to abdominal CT to identify 
COVID-19 in emergency general surgical admissions 19. In a research letter, the authors 
report a total of 212 patients, identifying 12 (5.6%) patients as radiologically suspected for 
COVID-19, which is in line with our results (4.3%). The reported sensitivity was 60.0%. Overall, 
the authors concluded that standard inclusion of chest CT, together with abdominal CT, did 
not contribute to the identification of COVID-19 in emergency general surgical admissions. 
However, they did not describe the clinical presentation of patients at the emergency 
department. Therefore, it is unknown how many patients also had pulmonary symptoms, 
which would initiate diagnostic work-up for COVID-19 independent of the clinical work-up 
for their abdominal complains. Additionally, the authors did not provide information on RT-
PCR results, which are essential to confirm COVID-19 diagnoses.

RT-PCR is the reference standard to establish a SARS-CoV-2 infection 20. However, although 
being highly specific, sensitivity is considered to be moderate 21–23. Therefore, several 
studies have suggested addition of chest CT to RT-PCR, in patients suspected for COVID-19 
to ensure an accurate diagnosis 24,25. A recent study investigated the added value of chest 
CT in suspected COVID-19 patients 26. The primary outcome was the proportion of patients 
with an initially negative RT-PCR, who had a positive chest CT result (CO-RADS 4-5). In 38 
out of 127 (29.9%) patients with a negative or intermediate RT-PCR, chest CT showed a high 
suspicion for COVID-19. Thirty-one (81.6%) of those patients were diagnosed with COVID-19 
after repeated RT-PCR testing or clinical follow-up. In line with these findings, we found a 
discrepancy between percentage of COVID-19 suspicion based on chest CT (4.3%) and RT-
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PCR confirmed SARS-CoV-2 infections (2.0%). However, our patient group was not suspected 
for COVID-19. 

In a previous study we evaluated the yield of preoperative screening for COVID-19 with the 
use of chest CT and RT-PCR in patients without COVID-19 symptoms. We found that screening 
with RT-PCR detected SARS-CoV-2 in at least 1 in every 100 asymptomatic patients prior 
to elective or emergency surgery. The yield increased up to 6% when the daily COVID-19 
daily hospital admissions rate exceeded 1.5 per 100,000 inhabitants and was therefore in 
conjunction with community prevalence of COVID-19. This study was performed during 
the same period as the current study. Hence, the percentage of COVID-19 patients without 
respiratory symptoms in the general population was around 6% in our study period. The 
yield of chest CT in the current study did not increase with community prevalence and did 
not correlate with the percentage of asymptomatic SARS-CoV-2 positive patients in the 
general population. 

Previous studies found that around 20% of COVID-19 patients present with gastrointestinal 
symptoms next to respiratory symptoms. Moreover, around 5-16% of patients might 
present with gastrointestinal symptoms only, without any respiratory complaints (10,11). 
In our study, significantly more patients with high suspicion of COVID-19 based on chest 
CT presented with a cough or fever, identified after careful history taking and physical 
examination. Only five patients with CO-RADS 4-5 and who were diagnose with COVID-19 
presented without any respiratory symptoms. 

Our study has limitations. First, patients were included retrospectively. The clinical symptoms 
at presentation were not assessed using a standardized questionnaire. Therefore, some 
patients with primarily respiratory symptoms or without evident gastrointestinal symptoms 
might have been unknowingly included. Second, we found that the yield of suspected 
COVID-19 based on additional CT chest did not correlate with COVID-19 community 
prevalence. One might have expected that the number of patients with suspected COVID-19 
based on chest CT would have increased with higher community prevalence of COVID-19. 
It is possible that selection bias could have influenced the yield of chest CT. Physicians were 
more aware for possible SARS-CoV-2 infection as the general COVID-19 knowledge and 
community prevalence increased in The Netherlands. Therefore, the number of patients 
who were primarily suspected for COVID-19, with or without respiratory symptoms, during 
presentation at the emergency department could have been higher in our study period. 
Hence, yield of the chest CT could have been higher if all patients with solely gastrointestinal 
symptoms would have been included in this study. Third, 197 (52.5%) patients with CO-
RADS 1-3 did not undergo RT-PCR testing. Therefore, it is unknown in how many of these 
patients without suspicion for COVID-19 based on chest CT findings, acute gastrointestinal 
symptoms could have been caused by a SARS-CoV-2 infection.

In conclusion, the yield of adding chest CT to abdominal CT to detect COVID-19 in patients 
presenting with acute gastrointestinal symptoms is extremely low with an additional 
detection rate of around 1%. 
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Table S2. 30-day follow-up information of 18 COVID-19 patients

Follow-up information: N = 18
  Admitted to hospital from emergency department, no./total no. (%) 11/18 (61.1)
  ICU admission, no./total no. (%) 0/18 (0.0)
  Hospital stay, median (IQR), days 6 (2 – 9)
  Mortality, no./total no. (%) 2/18 (11.1)

Table S3. Definitive diagnosis established within seven days after initial presentation in 392 patients presenting 
with gastro-intestinal symptoms

Diagnosis, no./total no. (%): N = 392
  COVID-19 18 (4.6)
  Appendicitis 49 (12.5)
  Diverticulitis 24 (6.1)
  Ileus 33 (8.4)
  Inflammatory bowel disease 10 (2.6)
  Stomach/intestinal perforation 9 (2.3)
  Intestinal ischemia 3 (0.8)
  Intestinal herniation 12 (3.1)
  Abcess 10 (2.6)
  Gastritis 4 (1.0)
  Cholecystitis/cholangitis 37 (9.4)
  Cholelithiasis 9 (2.3)
  Pancreatitis 17 (4.3)
  Malignancy 21 (5.4)
  Urolithiasis 9 (2.3)
  Pyelonefritis 19 (4.8)
  Pelvic inflammatory disease 6 (1.5)
  Aorta dissection or rupture 5 (1.3)
  Other 50 (12.8)
  No diagnosis 47 (12.0)
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Abstract

Background 
Many hospitals have postponed elective surgical care during the first wave of the COVID-19 
pandemic. Some centers continued elective surgery, including esophageal cancer surgery, 
with the use of preoperative screening methods. However, there is no evidence supporting 
the safety of this strategy, as postoperative outcomes after esophageal cancer surgery 
during the COVID-19 pandemic have not yet been investigated. 

Methods 
This multicenter study in four European tertiary esophageal cancer referral centers 
included consecutive adult patients undergoing elective esophageal cancer surgery from a 
prospectively maintained database in a COVID-19 pandemic cohort (March 1, 2020 – May 
31, 2020) and a control cohort (October 1, 2019 – February 29, 2020). The primary outcome 
was the rate of respiratory failure requiring mechanical ventilation. 

Results 
The COVID-19 cohort consisted of 139 patients versus 168 patients in the control cohort. 
There was no difference in the rate of respiratory failure requiring mechanical ventilation 
(13.7% vs. 8.3%, p=0.127) and number of pulmonary complications (32.4% vs. 29.9%, 
p=0.646) between the COVID-19 and the control cohort. Overall, postoperative morbidity 
and the mortality rate were comparable between both cohorts. History taking and RT-PCR 
were used as preoperative screening methods to detect a possible SARS-CoV-2 infection in 
all centers. No patients were diagnosed with COVID-19 pre- or postoperatively. 

Conclusion 
Esophageal cancer surgery during the first wave of the COVID-19 pandemic was not 
associated with increase of pulmonary complications, as no patients were diagnosed with 
COVID-19. Esophageal cancer surgery can be performed safely with the use of adequate 
preoperative SARS-CoV-2 screening methods. 
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Introduction

Esophageal cancer is the sixth leading cause of cancer-related deaths worldwide 1,2. Curative 
treatment for locally advanced esophageal cancer consists of esophagectomy combined 
with perioperative (radio-)chemotherapy 3,4. Esophagectomy is a complex surgical procedure 
and is associated with substantial morbidity, in particular postoperative pneumonia and 
consecutive respiratory failure 5–8.

Many hospitals have postponed elective surgical care during the first wave of the COVID-19 
pandemic. This was necessary as medical resources were shifted to increase intensive care 
unit capacities, to prevent patients acquiring in-hospital SARS-CoV-2 infections and concerns 
regarding the safety of healthcare workers and patients 9,10. This strategy is supported by a 
recent study demonstrating that patients undergoing surgery with a SARS-CoV-2 infection 
have increased risk for postoperative pulmonary complications and mortality 11. Additionally, 
patients scheduled for esophageal cancer surgery are at high risk for symptomatic COVID-19 
because of epidemiologic characteristics of high age, male sex, and high prevalence of 
obesity, immunosuppression due to neoadjuvant therapy, high prevalence of pre-existing 
pulmonary comorbidities and transthoracic esophagectomy with single lung ventilation 12–14. 

On the other hand, some countries have implemented national guidelines advising the 
use of preoperative SARS-CoV-2 screening methods to continue elective surgery 15. Certain 
international tertiary hospitals, specialized in esophageal cancer, have been able to continue 
elective cancer surgery with the use of preoperative screening. However, there is no evidence 
supporting the safety of this strategy, as postoperative outcomes after esophageal cancer 
surgery during the COVID-19 pandemic have not yet been investigated in detail.

Currently, second COVID-19 waves are occurring around the world. Therefore, it is important 
to investigate the safety of continuing elective cancer surgery, as postponement substantially 
increases the number of avoidable cancer deaths demonstrated in a recent national cancer 
registry analysis 16. The aim of the current study is to assess the safety of patients undergoing 
elective esophageal cancer surgery during the COVID-19 pandemic focusing on respiratory 
failure as the most critical condition of SARS-CoV-2 infection.
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Methods

This international, retrospective, multicenter cohort study was conducted at four European 
tertiary referral hospitals in The Netherlands, Germany, Belgium and Sweden, all specialized 
in esophageal cancer surgery. All participating centers continued elective esophageal cancer 
surgery during the first wave of the COVID-19 pandemic. Ethical approval was waived by 
the Amsterdam UMC review board because of the observational nature of the study. This 
decision was approved by the institutional review board of each participating center.

Study population
Consecutive adult patients undergoing elective esophageal cancer surgery were included in 
two cohorts. The first cohort consisted of patients who underwent esophagectomy between 
October 1, 2019 and February 29, 2020, the control cohort. The second cohort consisted 
of patients operated between March 1, 2020 and May 31, 2020, the COVID-19 pandemic 
cohort. This study period reflects the months with the highest COVID-19 prevalence in the 
participating countries (figure 1).

The following patients were eligible for inclusion: age ≥ 18 years, undergoing either a 
thoracophrenicolaparotomy, transthoracic, transhiatal esophagectomy, which could be 
performed open or totally minimally invasive (including hybrid procedure). Pre- and 
postoperative testing information for SARS-CoV-2 had to be available for patients in the 
COVID-19 pandemic cohort. Patients undergoing emergency esophagectomy were excluded. 
Patient data was only used if patients did not opt out for participation in this study.

SARS-CoV-2 testing
Each participating center provided information on the type of pre- and postoperative 
screening methods used in the COVID-19 cohort. In case of a positive preoperative RT-PCR, 
surgery would be postponed for two weeks. A repeated RT-PCR test would be performed 
two days before the new date of surgery, although repeated PCR testing is known to be of 
limited value, and not advised in all national multidisciplinary guidelines 17. In the first wave 
however, knowledge on COVID-19 was limited and repeated RT-PCR testing was performed 
because of the fear for in-hospital transmission.

Data collection
Patient demographics (age, sex, American Society of Anaesthesiologists score and Charlson 
Comorbidity Index), tumor and treatment characteristics (histopathological staging, 
neoadjuvant therapy, type of surgery performed) and postoperative outcomes according 
to Esophageal Complications Consensus Group (ECCG) definitions 18 were collected from 
prospectively maintained databases in all centers. Additionally, pre- and postoperative 
screening results for SARS-CoV-2 infections (for patients in the COVID-19 pandemic group) 
were collected from the electronic patient record.
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Study outcomes
The primary outcome was the rate of respiratory failure requiring mechanical ventilation 
in both cohorts. Secondary outcomes were overall postoperative morbidity, rate of 
postoperative pneumonia, number of postoperative SARS-CoV-2 infections, length of 
stay and hospital readmissions and mortality within 30-days postoperatively. Severity 
of postoperative complications was graded according to the Clavien-Dindo scale and 
Comprehensive Complications Index (CCI) 19,20.

Statistical analysis
Univariate analyses of the two cohorts were compared using Mann-Whitney U test for 
continuous variables, and x2-test or Fisher’s exact test for categorial variables. To identify an 
association between undergoing esophageal cancer surgery during the COVID-19 pandemic 
and postoperative respiratory failure requiring mechanical ventilation, a multivariable 
logistic regression analysis was performed. All P values were based on two-sided tests and 
P < 0.05 was considered statistically significant. Data were analysed using SPSS version 26 
(IBM, Armonk, New York, USA).
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Figure 1. Daily number of new proven COVID-19 cases for the country of each participating center, calculated as the 
cumulative number for 14-days of COVID-19 cases per 100.000  population 35
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Results

Patient characteristics
Between March 1, 2020 and May 31, 2020, a total of 139 patients underwent esophageal 
resection for cancer in the COVID-19 pandemic cohort. A total of 168 patients were included 
in the control cohort between October 1, 2019 and February 29, 2020. Baseline and 
treatment characteristics of all patients in both cohorts are presented in table 1. Patients 
operated during the COVID-19 pandemic had a significantly higher ASA score. There were no 
differences in tumour and treatment characteristics between the patients in both cohorts. 
Almost 75% of all patients in both cohorts underwent a minimally invasive esophagectomy. 

Postoperative outcomes
Table 2 shows the postoperative outcomes of all patients in both cohorts. There was no 
difference in the total number of postoperative complications (64.0% vs. 63.7%, p=0.951), 
mean CCI score (44.3 vs. 39.7, p=0.699) and maximum Clavien-Dindo (p=0.317).

The percentage of respiratory failure requiring mechanical ventilation (13.7% vs. 8.3%, 
p=0.127) and the total number of pulmonary complications were comparable between 
both cohorts (32.4% vs. 29.9%, p=0.647). The ICU admission rate and length of stay at 
the ICU were similar in both cohorts. In one center, all patients were admitted to the ICU 
postoperatively as part of standard care (table S1). There was no difference in the 30-day 
readmission and mortality rate between the COVID-19 pandemic and control cohort.

Table S1 provides an overview of the postoperative outcomes for each of the participating 
centers, no statistical differences between centers were observed.

In univariate logistic regression analysis, the odds ratio (OR) for postoperative respiratory 
failure requiring mechanical ventilation was 1.44 (95% CI 0.80 – 2.58, p=0.222) for patients 
operated during the COVID-19 pandemic. In a multivariate logistic regression, adjusted for 
ASA score, surgical approach and surgical procedure, the OR was 1.43 (95% CI 0.76 – 2.70, 
p=0.272) for patients in the COVID-19 pandemic group.

SARS-CoV-2 testing results
An overview of the screening methods used in each center is provided in table S2. All 
centers used COVID-19 specific symptoms screening and RT-CPR. However, the date of 
implementation of the screening methods was different in each hospital. 

SARS-CoV-2 testing results of patients in the COVID-19 pandemic cohort are presented in 
table 3. 134 out of 139 (96.4%) were screened for COVID-19 preoperatively and all were 
negative. History taking for specific COVID-19 symptoms was performed in most patients 
(95.0%), followed by white-cell / lymphocyte count (73.4%), RT-PCR (71.9%) and chest CT 
(11.5%). 36 symptomatic patients (25.9%) received postoperative RT-PCR testing for SARS-
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CoV-2, all patients tested negative. Overall, none of the patients were diagnosed with 
COVID-19, subsequently no surgery was postponed because of screening results.

Table 1. Baseline and treatment characteristics of all patients undergoing esophageal cancer surgery, compared 
between the COVID-19 pandemic cohort (1 March, 2020 – 31 May, 2020) and the control cohort (1 October, 2020 
– 29 February, 2020)

Characteristics COVID-19 pandemic group
(n=139)

Control cohort
(n=168)

P-value

Age, median (IQR), years 66 (58-71) 67 (60-73) 0.165
Male sex, no./total no. (%) 116 (83.5) 141 (83.9) 0.911
BMI > 25, no./total no. (%) 49.3 (68) 100 (59.5) 0.073
ASA score, no./total no. (%): 0.015
    1 14 (10.1) 37 (22.0)
    2 81 (58.3) 90 (53.6)
    3 44 (31.7) 39 (23.2)
    4 0 (0.0) 2 (1.2)
WHO performance status, no./total no. (%): 0.431
    0 75 (54.0) 86 (51.2)
    1 48 (34.5) 62 (36.9)
    2 12 (8.6) 15 (8.9)
    3 2 (1.4) 0 (0.0)
    4 1 (0.7) 0 (0.0)
    Missing 1 (0.7) 5 (3.0)
Charlson comorbidity index, no./total no. (%) 0.403

    0 9 (6.5) 5 (3.0)
    1 24 (17.3) 26 (15.5)
    2 31 (22.3) 49 (29.2)
    3 36 (25.9) 29 (17.3)
    4+ 39 (28.0) 59 (35.0)
Comorbidities, no./total no. (%): 0.254
    Myocardial infarction 6 (4.3) 7 (4.2)
    Congestive heart failure 0 (0.0) 0 (00)
    Chronic pulmonary disease 14 (10.1) 14 (8.3)
    Diabetes Mellitus (uncomplicated) 21 (15.1) 16 (9.5)
    Moderate to severe renal disease 0 (0.0) 2 (1.2)
    Multiple 4 (2.9) 12 (7.1)
Histology, no./total no. (%): 0.672
    Adenocarcinoma 108 (77.7) 135 (80.4)
    Squamous Cell Carcinoma 28 (20.1) 30 (17.9)
    Other 3 (2.2) 2 (1.2)
Clinical T stage, no./total no. (%): 0.416
    cT1 7 (5.0) 8 (4.8)
    cT2 13 (9.4) 23 (13.7)
    cT3 106 (76.3) 124 (73.8)
    cT4 3 (2.2) 10 (6.0)
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Characteristics COVID-19 pandemic group
(n=139)

Control cohort
(n=168)

P-value

    cTx 6 (4.3) 10 (6.0)
    Missing 4 (2.9) 0 (0.0)
Clinical N stage, no./total no. (%): 0.887
    cN0 33 (23.7) 44 (26.2)
    cN1 30 (21.6) 33 (19.6)
    cN2 18 (12.9) 27 (16.1)
    cN3 3 (2.3) 4 (2.4)
    cNx 55 (39.6) 60 (35.7)
Neoadjuvant therapy, no./total no. (%): 0.958
    Chemotherapy 36 (25.9) 46 (27.4)
    Chemoradiotherapy 77 (55.4) 91 (54.2)
Surgical approach, no./total no. (%): 0.280
    Open 35 (25.2) 40 (23.8)
     Minimally invasive 104 (74.8) 125 (74.4)
    Minimally invasive converted to open 0 (0.0) 3 (1.8)
Esophagectomy, no./total no. (%): 0.705
    Transhiatal 3 (2.2) 4 (2.4)
    Transthoracic 119 (85.6) 138 (82.1)
    Thoracophrenicolaparotomy 17 (12.2) 26 (15.5)
Abbreviations: ASA, American Society of Anesthesiologists; IQR, interquartile range; SD, standard deviation

Table 2. Postoperative outcomes of all patients undergoing esophageal cancer surgery, compared between the 
COVID-19 pandemic cohort and the control cohort

COVID-19 pandemic group
(n=139)

Control cohort
(n=168)

P-value

Complications, no./total no. (%)
    Yes 89 (64.0) 107 (63.7) 0.951
CCI score, mean (SD) 41.2 (25.5) 39.8 (20.2) 0.699
Maximum Clavien-Dindo, no./total no. (%) 0.317
    I 5 (3.6) 8 (4.8)
    II 33 (23.7) 35 (20.8)
    III 25 (18.0) 39 (23.2)
    IV 25 (18.0) 24 (14.3)
    V 5 (3.6) 2 (1.2)
Pulmonary complications, no./total no. (%): 45 (32.4) 50 (29.9) 0.647
    Pneumonia 20 (14.4) 32 (19.0) 0.297
    Respiratory failure requiring reintubation 19 (13.7) 14 (8.3) 0.127
ICU admission, no./total no. (%) 69 (49.6) 98 (58.3) 0.128
ICU admission (days), median (IQR) 0 (0-4) 1 (0-3) 0.686
Length of hospital stay (days), median (IQR) 12 (9-16.25) 12.5 (9-17.75) 0.430
Readmission within 30-days, no./total no. (%)
     Yes 16 (11.5) 14 (8.3) 0.184
30-day mortality, no./total no. (%)
    Yes 5 (3.6) 3 (1.8) 0.263
CCI, comprehensive complications index; IQR, interquartile range
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Table 3. Pre- and postoperative SARS-CoV-2 testing results of patients in the COVID-19 pandemic cohort (N=139)

Preoperative Postoperative
COVID-19, no./total no. (%): COVID-19, no./total no. (%):
    Positive 0 (0.0) Positive (0.0)
    Negative 134 (96.4) Negative 36 (25.9)
    Not tested 5 (3.6) Not tested 103 (74.1)
Methods, no./total no. (%) Methods, no./total no. (%)
    RT-PCR 100 (71.9) RT-PCR 36 (25.9)
    Chest CT 16 (11.5)
    Symptom screening 132 (95.0)
    White-cell / lymphocyte count 102 (73.4)
    Antibody analysis 0 (0.0)
Surgery postponed, no./total no. (%)
    No 139 (100.0)
RT-PCR, reverse transcription polymerase chain reaction; CT, computed tomography

Discussion 

This study investigated the safety of patients undergoing elective esophageal cancer surgery 
during the first wave of the COVID-19 pandemic in Europe, comparing that with patients 
undergoing surgery in a period just before the COVID-19 pandemic. None of the patients in 
the COVID-19 pandemic cohort were pre- or postoperatively diagnosed with COVID-19. This 
resulted in a similar rate of patients with respiratory failure requiring mechanical ventilation 
in both cohorts. Therefore, undergoing esophagectomy during the COVID-19 pandemic was 
not associated with increased risk of respiratory failure. 

The ICU admission rate and length of stay at the ICU were comparable between both cohorts. 
In one center, all patients went to the ICU postoperatively as part of standard care. None 
of the participating centers experienced a shortage of ICU beds or delay in ICU readmission 
because of hospital COVID-19 volume during our inclusion period. The ASA score was higher 
in the COVID-19 pandemic cohort, with a higher percentage of patients with ASA 2-3. There 
was no specific reason for this difference.

This is the first study to investigate the short-term postoperative outcomes in patients 
undergoing elective esophageal cancer surgery during the COVID-19 pandemic. 

In the COVID-19 cohort, the percentage of patients with pulmonary complications (32.4%), 
the rate of respiratory failure requiring mechanical ventilation (13.7%) and the 30-day 
mortality rate (3.6%) were comparable to the findings of previous studies 7,8,21. 

A recent study by Chenchen et al. investigated the safety of performing cancer surgery 
during the COVID-19 pandemic 22. They found that none of the 621 patients tested positive 
for COVID-19 postoperatively. Shrikhande et al. performed a single center prospective study 
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examining 494 patients undergoing elective major cancer surgery in India and found that 
only six patients were diagnosed with COVID-19 postoperatively, none of which required 
escalating care or intensive care treatment 23. In line with these findings, no patients were 
diagnosed with COVID-19 in our cohort, although the COVID-19 community prevalence in 
Europe was higher in our study period. 

Studies performed at the beginning of the COVID-19 pandemic concluded that patients 
undergoing surgery with a SARS-CoV-2 infection had worse postoperative outcomes, with 
a high postoperative mortality rate 24. Increased 30-day mortality was associated with male 
sex, age >70, ASA score of 3-5, cancer surgery and major surgical procedures. Additionally, 
oncologic patients undergoing surgery or chemotherapy have increased risk for severe 
COVID-19 25. Based on these findings, international societies advised to postpone elective 
surgery when possible, including esophageal cancer surgery 13. A study by the COVIDSurg 
group has estimated the total number of adult elective operations that were cancelled 
during the first 12 weeks of the first wave of the COVID-19 pandemic, which was 72.3% 26. 
Globally, 37.7% of all cancer operations were cancelled or postponed. The study concluded 
that if countries would increase their normal surgical capacity by 20% after the COVID-19 
pandemic, it would take a median of 45 weeks to clear the accumulation of operations 
26. The question remains whether postponement of cancer surgery leads to progression 
of the tumor and reduced overall survival. Turaga et al. investigated how long different 
types of cancer surgery could be safely delayed. The authors concluded that most cancer 
surgeries can be safely delayed for at least four weeks without having a significant impact on 
patient survival or cancer progression 27. However, with a second COVID-19 wave currently 
developing in Europe, waiting lists will start to increase, which might lead to postponement 
of elective cancer surgery for more than four weeks. 

A Dutch study evaluated the yield of preoperative screening for COVID-19 with chest CT and 
RT-PCR in asymptomatic patients. RT-PCR detected SARS-CoV-2 in at least 1 in every 100 
asymptomatic patients undergoing elective or emergency surgery 28. This yield increased to 
6% when the COVID-19 daily hospital admissions rate exceeded 1.5 per 100,000 inhabitants. 
The incremental yield of chest CT was only 0.4% and did not contribute to COVID-19 
detection. None of the patients who underwent history taking and RT-PCR preoperatively 
developed symptomatic COVID-19 after surgery 28. In line with these findings, a recent study 
by the COVIDSurg group concluded that preoperative RT-PCR testing was beneficial before 
major surgery and in high SARS-CoV-2 risk areas 29. Having at least one negative preoperative 
RT-PCR test was associated with a lower rate of pulmonary complications (OR 0.68, 95 CI 
0.68 – 0.98, p=0.040) 29.

In our study, almost all patients in the COVID-19 cohort were screened for COVID-19 specific 
symptoms preoperatively and 70% underwent RT-PCR testing. RT-PCR testing was used as 
standard preoperative screening method in all participating centers. However, because of 
limited testing capacity and differences in implications of national guidelines at the beginning 
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of the COVID-19 pandemic, not all patients were tested with RT-PCR. Only symptomatic 
patients underwent RT-PCR testing for COVID-19 postoperatively.

Surgery would have been postponed for two weeks if a patient tested positive for COVID-19 
preoperatively, with an additional RT-PCR test two days before the new date of surgery. This 
strategy would have been applied irrespective of whether a patient received neoadjuvant 
therapy. A previous study found that the interval between neoadjuvant therapy and 
esophagectomy could be safely extended to a maximum of ten or more weeks 30. 

75% of all patients underwent minimally invasive surgery in both the COVID-19 pandemic 
cohort and the control cohort. According to the Society of American Gastrointestinal and 
Endoscopic Surgeons (SAGES) and the European Association of Endoscopic Surgery (EAES) 
guidelines, released during the first wave of the COVID-19 pandemic, minimally invasive 
surgery was discouraged as these procedures could contaminate surgical staff 31. Our study 
did not investigate the rate of SARS-CoV-2 infections among the surgical staff. However, as all 
patients were screened for COVID-19 preoperatively, the strategy of performing minimally 
invasive surgery in our cohort was safe.  

Our study has some limitations. First, patients were included retrospectively from 
prospectively maintained databases in all centers. Therefore, the participating centers did 
not use a similar standardized preoperative COVID-19 screening strategy during the inclusion 
period. Second, not all patients in the COVID-19 cohort were screened for COVID-19 
preoperatively and 75% of patients were not tested postoperatively. Furthermore, only 
RT-PCR was used postoperatively to diagnose possible COVID-19. RT-PCR is considered the 
reference standard to establish a SARS-CoV-2 infection, however, sensitivity is considered to 
be moderate 32. Hence, asymptomatic COVID-19 patients or patients with a false negative 
testing results could have been missed. However, clinical follow-up information was 
obtained for all patients and no patients were suspected for symptomatic COVID-19. Third, 
surgeons may have selected the healthiest patients to undergo surgery during the peak of 
the COVID-19 pandemic. Therefore, this patient group might not be representable for the 
normal population undergoing esophageal cancer surgery. However, no differences were 
found in baseline characteristics between both cohorts. 

Currently, we are facing a second COVID-19 wave in Europe, which is characterized by the 
appearance of new SARS-CoV-2 variants 32. Although it is unknown whether these new 
variants are more infectious, epidemiological data shows that these variants have a higher 
transmissibility compared to the original variant 32,33. Hospitals will therefore face a higher 
number of COVID-19 patients during the upcoming months, which may affect the surgical 
and ICU capacity. Hence, hospitals that could continue elective cancer surgery during the 
first COVID-19 wave might have problems continuing cancer care during the second and 
possibly third wave. Increased lockdown measures and vaccination might prevent such a 
scenario. 
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In conclusion, elective esophageal cancer surgery can be performed safely during the 
COVID-19 pandemic with the use of adequate preoperative SARS-CoV-2 screening methods. 
With increasing numbers of operations being cancelled or postponed around the world, 
this study indicates that patients can undergo major cancer surgery during the ongoing 
COVID-19 pandemic without additional risk for the patient. 
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Supplement
Table S1. Number of esophagectomies, surgical approach and postoperative outcomes in each of the participating 
centers

Total (N=307) Amsterdam 
UMC

University 
Hospital 
Cologne

UZ Leuven
Karolinska 
University 
Hospital

Inclusions, no./total no. (%) 307 58 (18.9) 112 (36.5) 107 (34.9) 30 (9.8)
Surgical procedure, no./total no. (%)
    Open 75 (24.4) 5 (8.6) 16 (14.3) 53 (49.5) 1 (3.3)
    Minimally invasive 229 (74.6) 53 (91.4) 96 (85.7) 53 (49.5) 27 (90.0)
    MI converted to open 3 (1.0) 0 (0.0) 0 (0.0) 1 (0.9) 2 (6.7)
Type of resection, no./total no. (%)
    Transthoracic 257 (83.7) 56 (96.6) 111 (99.1) 65 (60.7) 25 (83.3)
    Transhiatal 7 (2.3) 1 (1.7) 1 (0.9) 0 (0.0) 5 (16.7)
    Thoracophrenicolaparotomy 43 (14.0) 1 (1.7) 0 (0.0) 42 (39.3) 0 (0.0)
Postoperative complications, no./total 
no. (%)
    Yes 196 (63.8) 37 (63.8) 63 (56.3) 76 (71.0) 20 (66.7)
    Respiratory failure requiring    
mechanical ventilation

33 (10.8) 3 (5.3) 11 (9.8) 16 (15.0) 3 (10.0)

    Pneumonia 52 (16.9) 13 (22.4) 12 (10.7) 22 (20.6) 5 (16.7)
ICU admissions 167 (54.4) 24 (41.4) 111 (99.1) 27 (25.2) 5 (16.7)
30-day mortality 8 (2.6) 1 (1.7) 4 (3.6) 3 (2.8) 0 (0.0)

Table S2. Preoperative SARS-CoV-2 screening methods used between 1 March, 2020 and 31 May, 2020 for patients 
undergoing esophageal cancer surgery in each of the participating centers

Centers: Screening methods: Duration:
Amsterdam UMC 1. Chest CT 

2. Symptoms screening
3. RT-PCR

1. 15 March – 23 April
2. 30 March – 31 May
3. 16 April – 31 May

Univeristy Hospital Cologne 1. Symptoms screening
2. RT-PCR
3. White-cell / lymphocyte count

1. 1 March – 31 May
2. 1 March – 31 May
3. 1 March – 31 May

UZ Leuven 1. Symptoms screening
2. RT-PCR
3. White-cell / lymphocyte count

1. 18 March – 31 May
2. 18 March – 31 May
3. 18 March – 31 May

Karolinska University Hospital 1. Chest CT 
2. Symptoms screening
3. RT-PCR

1. 2 April – 31 May
2. 2 April – 31 May
3. 2 April – 31 May





Annals of Surgical Oncology 2021

Mohamed Alasmar, Afsana Kausar, Alexander B.J. Borgstein, Johnny Moons, Sophie 
Doran, Stefano de Pascale, Rafael Restrepo, Apollonia Verrengia, Mariella Alloggio, 
Ana Moro Delgado, Sacheen Kumar, Ismael Díez del Val, Simone Giocapuzzi, Gian 
Luca Baiocchi, Marta de Vega Irañeta, Gabriel Salcedo, Peter Vorwald, Uberto F. 
Romario, Philippe Nafteux, Suzanne S. Gisbertz, Asif Chaudry, Bilal Alkhaffaf

Is re-introducing major open and minimally 
invasive surgery during COVID-19 safe 
for patients and healthcare workers? An 
international, multicentre cohort study in 
the field of esophago-gastric surgery

Chapter 9



Chapter 9

148

Abstract

Background
The COVID-19 pandemic has resulted in unparalleled changes to patient care including 
the suspension of cancer surgery. Concerns regarding COVID-related risks to patients and 
healthcare workers with the reintroduction of major complex minimally invasive and open 
surgery have been raised. This study examines the COVID-19 related risks to patients and 
healthcare workers following the re-introduction of major esophago-gastric (EG) surgery.

Methods
This was an international, multi-center, observational study of consecutive patients treated 
by open and minimally invasive esophagectomy and gastrectomy for malignant or benign 
disease. Patients were recruited from nine European centers serving regions with a high 
population incidence of COVID-19 between 1st May and 1st of July 2020. The primary 
endpoint was 30-day COVID-19 related mortality. All staff involved in the operative care 
of patients were invited to complete a health-related survey to assess the incidence of 
COVID-19 in this group.

Results
158 patients were included in the study (71 esophagectomy, 82 gastrectomy). 87 patients 
(57%) underwent MIS (59 esophagectomy, 28 gastrectomy). A total of 403 staff were eligible 
for inclusion of which 313 (78%) completed the health survey. Approaches to mitigate 
against the risks of COVID-19 for patients and staff varied amongst centers. No patients 
developed COVID-19 in the post-operative period. 2 healthcare workers developed self-
limiting COVID-19.

Conclusion
Precautions to minimise the risk of COVID-19 infection have enabled the safe reintroduction 
of minimally invasive and open EG surgery for both patients and staff. Further studies are 
necessary to determine the minimum requirements for mitigations against COVID-19.
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Background

The global COVID-19 pandemic has seen unprecedented changes to the provision of 
healthcare so that services can focus their efforts on managing the crisis. Due to significant 
concerns pertaining to the safety of surgery and the associated increased morbidity and 
mortality, many elective operative programmes were suspended1. Following the first ‘peak’ 
of the pandemic, many regions began the re-introduction of elective surgery on a priority-
basis. Cancer surgery was high on this priority list.

Despite significant improvements in approaches to peri-operative care over the last decade, 
surgery for esophago-gastric (EG) cancer is still associated with significant morbidity2–4. Whilst 
wide-ranging mitigations for COVID-19 have become commonplace, the re-introduction of 
EG surgery has rightly highlighted concerns. Despite their need for life-saving treatments, 
patients remain fearful about their risk of acquiring COVID-19 in hospital5,6. In addition to 
the increased risk posed to patients, there may also be an unquantified risk to medical 
staff involved in operative cases where the abdominal and thoracic cavities are exposed for 
long periods7,8. As a result, some centers have been reluctant to re-start minimally invasive 
surgery (MIS) programmes because of the perceived risks of the escape of aerosolised 
COVID-19 viral particles from the abdominal and thoracic cavities under high pressure. 

Proponents of MIS argue that these risks are not evidence-based and can be easily mitigated 
with the use of adequate personal protective equipment (PPE). Whilst healthcare services 
have been keen to ensure that adequate PPE is available for staff, it is not known what the 
minimum necessary requirements for PPE are in the context of COVID-19. Furthermore, in 
centers where the provision of MIS was commonplace, suspending these approaches may 
be exposing patients to wound and respiratory complications which would result in longer 
lengths of stay in hospital. This would be particularly disadvantageous at a time where the 
risk of contracting COVID-19 in hospital may be significant9. 

This study aimed to assess, in the context of significant regional levels of COVID-19, the 
safety of reintroducing MIS and open surgery for EG disease, both from the perspective of 
the patient and healthcare workers. The objectives included:

• To determine current practice with respect to mitigations aimed at reducing the 
risks of COVID-19 amongst patients undergoing EG surgery and healthcare workers 
involved in their care.

• In the context of these mitigations, to determine the incidence of COVID-19 and 
non-COVID-19 morbidity and mortality in both MIS and open surgery for EG cancer 
surgery.

• In the context of these mitigations, to determine the risk of ‘patient-to-staff’ 
transmission of COVID-19 amongst healthcare workers involved in the operative care 
of EG surgical patients.
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Methods

Study design
This was an international, multi-center, observational study of patients who were scheduled 
for elective minimally invasive or open esophagectomy or gastrectomy. To assess the 
potential risk to healthcare workers of undertaking these procedures, all staff members 
who were present in theater at the time of surgery were asked to complete an anonymous 
COVID-related health questionnaire.

Setting
Participant data was collected from nine specialist European centers for EG surgery. Each 
center served patients from populations which had been particularly affected by the 
COVID-19 pandemic from the perspective of infections and deaths (UK, Italy, Spain, Belgium 
and The Netherlands).

Participants
Consecutive patients who had undergone EG surgery between the 1st of May 2020 and the 
1st of July 2020 at each center were included. Patients were followed up for a minimum of 
30-days. The following eligibility criteria for patients was applied:

• Aged 18 and over

• Procedure: esophagectomy or gastrectomy (partial or total)

• Pathology: malignant and benign disease

• Operative approach: totally minimally invasive, hybrid minimally invasive or totally 
open surgery

All healthcare workers involved in the care of the patient within the operating theater 
were invited to complete an anonymous health survey (supplementary appendix 1). This 
group was the focus of our survey as they were deemed at particular risk from potential 
‘patient-to-staff transmission’ due to their involvement in aerosol generating procedures 
(intubation, extubation, minimally invasive surgery surgery and thoracic surgery). Local 
collaborators completed a register of eligible staff members during each case to ensure all 
eligible healthcare workers could be contacted to complete the survey. This non-validated 
questionnaire was developed by the study team with the objective of identifying the 
incidence of COVID-19 in medical staff involved in the care of included patients. Surveys 
were sent out after the 15th of July (14 days after the final included patient underwent 
surgery) to accommodate for a COVID incubation period of up to 2 weeks10. Regular weekly 
reminders were sent out for a period of four weeks to ensure a survey response rate of at 
least 70% was achieved.
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Procedures
Laboratory testing for COVID-19 was based on viral RNA detection by quantitative reverse 
transcription polymerase chain reaction (RT-PCR). Sampling, including nasopharyngeal 
swabs and bronchoalveolar lavage, and analyses were undertaken according to local 
hospital protocols. RT-PCR testing was available in all participating centers. Esophagectomy 
included both two-stage (intra-thoracic anastomosis) and three stage (cervical anastomosis) 
approaches. Totally minimally invasive esophagectomy (tMIE) was defined as surgery using 
laparoscopic and thoracoscopic techniques, with hybrid minimally invasive esophagectomy 
(hMIE) defined as surgery using a laparoscopic approach with open thoracotomy. Both total 
and partial gastrectomy requiring alimentary reconstruction were included, however, wedge 
excision of gastric lesions were excluded from the analysis.

Variables
Data was collected prospectively by each local collaborating team using a standardised 
Microsoft Excel spreadsheet. Patient demographics (age, sex, performance status, ASA 
grade, charlson co-morbidity index), disease data (histology, disease stage, neo-adjuvant 
therapy), COVID-19-related variables (previous RT-PCR testing and results), and operative 
approach were collected for each case.

Participating centers were also asked to describe local precautions employed to reduce the 
risk of COVID-19 to both patients and staff (e.g. patient and staff screening or testing, patient 
flow in hospital, and intra-operative mitigations). In addition, data from the European 
Center for Disease Prevention and Control (https://www.ecdc.europa.eu/) was collected to 
describe COVID-19 related hospital and intensive care unit occupancy, and death before and 
during the study period11. This was the preferred method of contextualising our findings due 
to the significant limitations associated with testing in the first wave of the pandemic.

Outcomes
The primary patient outcome was 30-day COVID-related mortality (confirmed by RT-
PCR test) with the day of surgery defined as day 0. Secondary outcomes were COVID-19 
infection (confirmed by RT-PCR test), non-COVID related respiratory complications and 
other complications as defined by established international guidelines (www.esodata.org 
and www.gastrodata.org) in the field of EG surgery12,13. Severity of outcomes was graded 
according to the Clavien-Dindo (CD) scale and Comprehensive Complications Index (CCI)14,15. 
The primary outcome from the healthcare worker survey was the incidence of COVID-19 
infection.

Study Size
A sample size was not applicable to this study. Whilst recruiting centers were defined as 
‘high-volume’ in comparison with others across Europe (at least 50-100 major EG cases 
per annum), it was necessary to balance this against the likely lower operative volumes as 
a result of the pandemic. Our aim was to produce relevant and externally valid evidence 
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within a relatively short period of time and so a pragmatic target of at least 100 eligible 
cases was set by the study management team.

Data Sources
Only routine, anonymized patient data was collected with no change to clinical pathways.

Data analysis
Descriptive statistics were used to report participant characteristics and outcomes in this 
study including mean, standard deviation and 95% confidence intervals where appropriate. 
Patients outcomes were grouped according to surgery type (esophagectomy or gastrectomy) 
and operative approach (open or minimally invasive surgery). Hybrid minimally invasive 
esophagectomy (e.g. laparoscopic abdomen and open thoracotomy) was included in the 
minimally invasive group. Statistical analyses of the present study were performed using 
the R statistical package (R Foundation for Statistical Computing, Vienna, Austria. https://
www.R-project.org/).

Results

Overview
A total of 158 patients and 403 healthcare workers were eligible for inclusion into the 
study. Figure 1 illustrates the weekly incidence of COVID-19 related impacts in the regional 
populations served by participating centers since the start of the pandemic. Table 1 describes 
the precautions taken by centers to reduce the COVID-related health risk amongst patients 
and healthcare workers. No center mirrored another with respect to mitigations across all 
domains (hospital precautions, patient screening, staff screening and protection, and intra-
operative precautions). 

Patient outcomes
A summary of the 158 eligible patient characteristics is presented in table 1. A total of 
71 esophagectomies and 82 gastrectomies were completed. Three cases (1.9%) were 
abandoned and two (1.3%) gastrectomy were converted to a palliative bypass due to 
metastatic disease. A total of 67 (42.4%) open procedures, 88 (55.7%) minimally invasive 
(71 totally minimally invasive, 16 laparoscopy and open thoracotomy and 1 laparotomy 
with thoracoscopy), and 3 (1.9%) minimally invasive converted to open procedures were 
undertaken. Data completeness with at least 30-day follow up was achieved in all cases. 
Primary and secondary outcomes for each operative approach of the 153 completed 
cases are summarized in table 3. Supplementary appendix 1 provides a comprehensive 
anonymized report of all patient outcomes by center as defined by established international 
guidelines in the field of EG surgery12,13.

Pre-operative COVID testing was undertaken in 149 patients (94%), with one center not 
adopting a routine pre-operative testing policy at the time of the study. Two of the 149 
tested (1.3%) were found to be positive for COVID resulting in the postponement of their 
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surgery. One patient tested negative two weeks later whilst the other required multiple tests 
over the course of 6 weeks before a negative COVID-19 test was achieved. Both proceeded 
with surgery with curative intent as planned.

With respect to the primary outcome, thirty-nine (24.7%) patients underwent post-
operative RT-PCR testing for suspected COVID infections of which none were positive. One 
death was reported (0.6%) which was ascribed to respiratory failure following an open total 
gastrectomy in whom post-operative RT-PCR testing for COVID was negative. Median length 
of stay in hospital was 10 days (esophagectomy 12 days, gastrectomy 8 days), with 153 
(97.5%) being discharged home and the remaining 4 (2.5%) to an intermediate care facility.

Healthcare survey outcomes
Of the 403 healthcare workers eligible for inclusion into this study, 313 (77.7%) completed 
the COVID-related health survey (characteristics and outcomes summarized in table 4). All 
centers had access to RT-PCR testing for staff members suspected of COVID.  With respect 
to the primary outcome, two (0.6% of total responses) healthcare workers (1 surgeon, 1 
scrub nurse) from the same hospital tested positive for COVID during the study period. 
Both had participated in fewer than 5 gastrectomies, no esophagectomies and no minimally 
invasive surgery. Both participants reported that household members had shown symptoms 
of COVID and/or tested positive.
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FFiigguurree  11.. Population impacts of COVID-19 during our study period a) intensive care occupancy b) 

hospital occupancy and c) deaths. 

 

TTaabbllee  11..  Precautions taken to minimize the risk of COVID-19 infections amongst patients and medical 

staff.  

 

PPrreeccaauuttiioonn  AAmmsstteerrddaamm  BBiillbbaaoo  BBrreesscciiaa  LLeeuuvveenn  LLoonnddoonn  MMaaddrriidd  MMaanncchheesstteerr  MMiillaann  VVeerroonnaa  

HHoossppiittaall COVID-free hospital No No No No No No No Yes No 

  COVID-free area 

within hospital 

managing COVID 

patients 

Yes Yes Yes Yes Yes Yes Yes  Yes 

Figure 1. Population impacts of COVID-19 during our study period a) intensive care occupancy b) hospital occupancy 
and c) deaths
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Table 2. Characteristics of patient participants

Demographics: n=158 (%)
Age 64.5 (mean) (SD 10.80)
Sex:
    Male 108 (68.35%)
    Female 50 (31.65%)
Charlson Co-morbidity Index 4 (mean) (SD 2.12)
WHO Performance status:
    0 84 (53.16%)
    1 57 (36.08%)
    2 12 (7.59%)
    3 2 (1.27%)
    Unknown 3 (1.27%)
ASA:
    1 10 (6.33%)
    2 92 (58.23%)
    3 52 (32.91%)
    4 4 (2.53%)

Disease
Benign 13 (8.23%)
Malignant 145 (91.77%)
Malignant Subtype: 145 
    Adenocarcinoma 112 (77.2%) 
    Squamous Cell Carcinoma 16 (11%) 
    GIST 9 (6.2%) 
    Others 7 (4.8%)
    Unknown 1 (0.7%)
Cancer Stage: 128 
    1 15 (11.72%)
    2 45 (38.28%)
    3 51 (39.84%)
    4 9 (7.03%)
    Unknown 8 (6.25%)
Neoadjuvant Therapy:
    Chemotherapy 64 (40.51%)
    Chemoradiotherapy 39 (24.68%)
    Surgery alone 55 (34.81%)
SD = standard deviation
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Table 4. Characteristics of healthcare workers who completed COVID-related health survey

N= 313
Job title
    Anaesthetic support staff 23 (7.4%)
    Anaesthetists 68 (21.7%)
    Surgeon 96 (30.7%)
    Scrub nurse 97 (31.0%)
    Other theatre team 17 (5.4%)
    Other 12 (3.3%)
Days worked in theatre
    <10 26 (8.3%)
    10-20 54 (17.3%)
    21-30 55 (17.6%)
    31-40 53 (16.9%)
    >40 125 (39.9%)
Number of EG surgeries participated in
    <5 181 (57.8%)
    5-10 76 (24.3%)
    11-15 25 (8.0%)
    16-20 15 (4.8%)
    >20 16 (5.1%)
Number of non-EG surgeries participated in
    0 9 (2.9%)
    <5 42 (13.4%)
    5-10 37 (11.8%)
    11-15 33 (10.5%)
    16-20 42 (13.4%)
    >20 150 (47.9%)
COVID-related information
Required to isolate prior to study 50 (16.0%)
Tested for COVID prior to study: 124 (39.6%)
    Negative 106 (33.9%)
    Positive 18 (5.75%)
Required to isolate or be tested during study: 40 (12.78%)
    Negative 38 (12.1%)
    Positive 2 (0.6%)
Suspected or confirmed positive members of household 19 (6.0%)
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Discussion

This study investigated the re-introduction of open and minimally invasive gastrectomy and 
esophagectomy during the first wave of the COVID-19 pandemic. Our results suggest that, 
despite significant levels of COVID-19 in local populations, mitigations against the risk of 
COVID-19 infection were sufficient to safely reintroduce major EG surgery across Europe. 
Furthermore, concerns surrounding the use of MIS have not been substantiated in our multi-
center cohort, suggesting that laparoscopic and thoracoscopic surgery can continue without 
risk to patients or healthcare workers in the operating theater. Patients were generally 
older, suffered from co-morbidities and would potentially be exposed to devastating 
consequences had they contracted COVID-191. Furthermore, the centers included in this 
study served populations particularly affected by COVID-19. Hence, whilst our case-study 
focused on patients undergoing major EG surgery, the results are likely applicable to many 
patient groups, and provide data that can be used to reassure both patients and healthcare 
workers.

Approaches to minimise the risk of developing COVID-19 in both patients and staff 
undoubtedly contributed to our findings. However, these approaches were not uniform 
or standardised and reflects a lack of evidence-base, and differing local, national and 
international responses from governments and professional societies. Understanding what 
constitutes ‘minimum required precautions’ is a topic which requires further exploration. As 
a minimum, all patients in our study were managed in COVID-19 ’free’ areas within hospitals 
and most were tested pre-operatively without needing pre- or post-operative isolation. The 
greatest levels of variation seemed to relate to the level of PPE worn by staff in theater. Whilst 
necessary, precautions must be carefully balanced against unintended consequences such 
as the devastating impact on surgical waiting lists which may now take years to rectify16,17.  
For example, policies that require both patients and their households to self-isolate before 
major elective surgery are simply impractical for most, potentially psychologically harmful, 
and may in fact hinder the efficient utilisation of scarce operating theater capacity. In our 
study, most centers did not require patients to isolate pre-operatively. Whilst it is possible 
that a proportion of patients may have initiated a form of isolation or ‘social-distancing’, 
our data suggests that this does not need to be prescriptive. Furthermore, others have 
suggested that the use of some PPE may be associated with significant challenges during 
intra-operative communication between staff members18. As local, regional and national 
PPE recommendations evolve, careful evaluation will be required to ensure that patients 
and staff remain safe. Whilst it should be recognised that the local population incidence 
of COVID-19 will play a factor, we recommend that further evidence-based guidance from 
national and international professional societies be developed so that guidance can be 
updated.

In the current climate, minimizing the direct risks of COVID-19 to patients undergoing major 
complex surgery is paramount. However, as EG surgery is associated with significant risk 
of complications, a ‘safe’ surgical pathway for this patient group must also ensure that 
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appropriate resources are available to manage morbidity in the post-operative period. Our 
study suggests that collaborators were able to deliver safe care to patients and achieve 
low levels of morbidity and mortality. However, many healthcare services have ‘redeployed’ 
vitally important members of surgical, anaesthetic and nursing teams, and diverted 
intensive care resources to help manage the pandemic. This leaves elective surgical services 
vulnerable and has led to large numbers of elective cancellations17. Many of the centers 
included in our study had suspended their surgical programmes during the initial peak 
incidence of the pandemic for this reason. Some collaborators adopted different approaches 
and rationalized regional services so that high risk surgery was undertaken on ‘cold operative 
sites’ where patients with COVID-19 where not admitted. The lead collaborating center in 
our study aimed to limit hospital occupancy to around 60 per cent during the first wave, so 
that resources could be appropriately shared between COVID-19, emergency and cancer 
surgery patients. Such figures are not necessarily applicable to other centers, which must 
take into account the number of complex/major surgical services within the hospital, the 
local population levels of COVID-19 and available resources.

One of the unintended consequences of the pandemic has been the devastating impact on 
patients with disease unrelated to COVID-19. Several guidelines which detail how surgical 
care should be prioritized during this time have been developed for clinical practice19,20. 
Whilst delaying cancer surgery would understandably risk the repercussions of disease 
progression, many other patients with conditions that impact severely on quality of life 
have also been affected. Most collaborating centers only undertook cancer surgery when 
elective programmes first recommenced. However, as confidence grew that patients could 
be treated safely, a small number of surgical cases for benign disease were successfully 
undertaken. The argument for undertaking (complex) benign elective cases during the 
pandemic is one which should be considered alongside local resource availability and 
therefore broad recommendations cannot be made. Whilst it is understandable that this 
subset of patients will be prioritized differently to cancer cases, the results of delays in this 
cohort should not be ignored.

The background incidence of COVID-19 in the local population is a key consideration when 
reflecting on this study’s findings.  We opted to describe the impact of COVID-19 in terms 
of hospitalizations, intensive care unit bed occupancy and deaths, as testing capabilities 
were significantly limited during the first wave of the pandemic. This enables more reliable 
comparisons between the first pandemic wave to be made with subsequent waves, allowing 
healthcare professionals and managers to use previous experience, aid decision-making and 
service organization. Collaboration was purposefully sought from centers serving populations 
significantly impacted by the pandemic. Healthcare services, medical staff and patients can 
therefore be reassured that our findings are likely to be widely applicable. Furthermore, 
whilst we included patients from regions which had seemingly past their ‘peak’ incidence, 
the COVID-19 prevalence remained significant during our operative period. Nonetheless, all 
the regions included in this study have since been through additional surges of COVID-19 
cases, and it is unquestionable that at the time of writing, we are in a second, and in some 
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cases third, wave of the pandemic. It is possible that as some regions surpass the regional 
COVID-19 prevalence which occurred during our study, and despite robust mitigations, 
COVID-19 infections may begin to appear in patients undergoing major complex surgery 
with devastating impacts. Recent estimates from the World Health Organization suggest 
that populations will remain at risk for at least the next two years21. It is therefore essential 
to establish robust systems which will provide the safe treatment of complex life-shortening 
or life-changing disease for the foreseeable future and ensure that outcomes continue to be 
monitored and transparently reported.

It has been suggested that MIS may expose medical staff to increased risk of contracting 
COVID-19 infection due to the possibility of virus aerosolization in surgical smoke7,8. In 
addition, it is generally accepted that operative times are longer for MIS compared to open 
surgery, particularly in the field of EG disease, potentially extending the viral exposure.  
Initially, these concerns resulted in guidance based on low-level evidence advising 
healthcare services to avoid MIS where possible22. Many groups have now updated their 
recommendations with less cautionary language. Nonetheless, the initial guidance meant 
that some patients could not be offered surgical approaches which, particularly in the case 
of EG surgery, can lead to fewer complications and a shorter length in hospital stay23–25. Two 
healthcare workers developed self-limiting COVID-19 infections during the study period. 
Both had participated in fewer than five open gastrectomy surgeries with no involvement 
in either MIS or esophagectomy. Both reported that household members had exhibited 
symptoms and/or tested positive for COVID suggesting that their cases were not nosocomial. 
Our findings therefore support the continued use of MIS on the proviso that risk-reducing 
precautions are maintained. Again, what these precautions should entail is a matter which 
requires further study. For example, whilst recruiting centers did not uniformly use balloon 
ports to reduce the risk of smoke escape, all used some form of dedicated smoke evacuation 
filter.

The strengths of this study include its prospective, multi-center design. We considered the 
safety not only of patients but also of medical staff of whom 77% completed their health 
survey. To our knowledge, this is the first study in this field examining the reintroduction 
of major complex EG surgery across several centers during the COVID-19 pandemic. 
Furthermore, our study considered the background incidence of COVID in the local 
populations of each participating center and its relation to the first pandemic ‘peak’.

There are some limitations which require further discussion. We adopted a pragmatic 
approach to measuring the incidence of COVID-19 amongst healthcare workers. We opted 
to invite those who were involved in the operative care of patients to complete the survey. 
This was because the study aimed partly to provide data about the safety of minimally 
invasive surgery to staff. It could be argued that other healthcare workers such as nurses 
may similarly be at increased risk from patient to staff transmission. The anonymous nature 
of our health survey aimed to encourage all types of medical staff, some of whom had 
never previously participated in research, to engage in an open and transparent manner. 
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However, such an approach relies purely on self-reporting which is associated with inherent 
limitations. For example, the survey would not establish a reliable understanding of how 
many healthcare workers had contracted COVID and remained asymptomatic, as not all the 
recruiting centers adopted regular testing for their employees. The rate of asymptomatic 
COVID-positive healthcare workers will vary from location to location, and is also likely to 
change as the pandemic progresses26. And whilst the risk of nosocomial infection between 
healthcare workers is likely to be low27, there remains a possibility of in-hospital transmission 
which mandates the continued need for PPE. Furthermore, medical staff involved in the 
peri-operative care of patients often worked across numerous specialties. Had the COVID-19 
infection rates amongst staff been significant, it would have been difficult to discern whether 
this was due to a particular type of surgery or indeed whether the infection was acquired 
outside of the hospital environment. However, given the extremely low incidence of COVID 
amongst staff, we do not believe that this influenced the findings of our study. Finally, it is 
accepted that establishing accurate population incidence of COVID is difficult 25. Moreover, 
the accuracy of laboratory testing used to ascertain whether patients contracted COVID is 
associated with its own challenges28. As such, we acknowledge that these factors may have 
impacted on the findings presented in this study.

Conclusions

Major minimally invasive and open EG surgery has been safely reintroduced in centers 
serving populations significantly affected by COVID-19. Differing approaches to mitigations 
against COVID-19 resulted in no infections amongst patients. Only two healthcare workers 
tested positive for (self-limiting) COVID during the study period. Further study is urgently 
needed to understand the minimum precautionary measures required to ensure patients 
and staff remain safe.
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Abstract

Background
During the COVID-19 pandemic, a decrease in the number of patients presenting with 
acute appendicitis was observed. It is unclear whether this caused a shift towards more 
complicated cases of acute appendicitis. We compared a cohort of patients diagnosed with 
acute appendicitis during the 2020 COVID-19 pandemic with a 2019 control cohort.

Methods
We retrospectively included consecutive adult patients in 21 hospitals presenting with 
acute appendicitis in a COVID-19 pandemic cohort (March 15 – April 30, 2020) and a control 
cohort (March 15 – April 30, 2019). Primary outcome was the proportion of complicated 
appendicitis. Secondary outcomes included prehospital delay, appendicitis severity, and 
postoperative complication rates.

Results
The COVID-19 pandemic cohort comprised 607 patients vs. 642 patients in the control 
cohort. During the COVID-19 pandemic, a higher proportion of complicated appendicitis 
was seen (46.9% vs. 38.5%; p=0.003). More patients had symptoms exceeding 24 hours 
(61.1% vs. 56.2%, respectively, p=0.048). After correction for prehospital delay, presentation 
during the first wave of the COVID-19 pandemic was still associated with a higher rate of 
complicated appendicitis. Patients presenting >24 hours after onset of symptoms during 
the COVID-19 pandemic were older (median 45 vs. 37 years; p=0.001) and had more 
postoperative complications (15.3% vs. 6.7%; p=0.002). 

Conclusion
Although the incidence of acute appendicitis was slightly lower during the first wave of 
the 2020 COVID-19 pandemic, more patients presented with a delay and with complicated 
appendicitis than in a corresponding period in 2019. Spontaneous resolution of mild 
appendicitis may have contributed to the increased proportion of patients with complicated 
appendicitis. Late presenting patients were older and experienced more postoperative 
complications compared to the control cohort. 
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Background

The first wave of the 2020 COVID-19 pandemic resulted in a reduction of acute care 
surgeries1. Lockdown measures, patients’ fear of contracting COVID-19 during hospital 
visits, and reluctance to burden the overloaded healthcare system by requesting care for 
non-COVID complaints, may have led to a higher threshold for seeking medical care.

For appendicitis, an increased prehospital delay during the pandemic has been reported2,3. 
Also, a shift towards a higher proportion of complicated appendicitis cases has been 
described, both in adults and children2-6, as well as a decrease in the total number of 
patients compared to the weeks prior to COVID7,8. Although all previous studies show the 
same shift towards relatively more complicated appendicitis patients, the cohorts were 
small and control groups were insufficient. Patients with uncomplicated appendicitis may 
have stayed at home and recovered spontaneously7,8, which would support the theory that 
uncomplicated and complicated appendicitis are different diseases and not simply different 
grades of severity9-11. 

A recent meta-analysis in the pre-COVID era showed that delayed appendectomy up to 
24 hours in patients with presumed uncomplicated appendicitis does not increase the 
risk for developing complicated appendicitis12. Moreover, conservative treatment with 
antibiotics has been proven to be as safe and effective as surgical treatment in patients 
with uncomplicated appendicitis13,14. Some uncomplicated appendicitis may indeed resolve 
spontaneously9,10,15,16. 

The present study aims to compare the proportions of uncomplicated and complicated 
appendicitis in adult patients presenting during the first wave of the COVID-19 pandemic 
with a control cohort from the corresponding time period in 2019.

Methods

This retrospective multicenter study was conducted at two academic and nineteen non-
academic hospitals in The Netherlands. Ethical approval was waived by a central institutional 
review board because of the observational nature of the study. This decision was endorsed 
by the institutional review board of each participating center. Permission of patient 
participation was obtained through an opt-out procedure, as was customary for COVID-19 
related observational research. 

Study population
Consecutive adult patients (≥ 18 years) presenting with a diagnosis of acute appendicitis 
were included in two cohorts. The pandemic cohort included patients presenting between 
March 15 and April 30, 2020, immediately after the start of the COVID-preventing semi-
lockdown measures in The Netherlands. The pre-pandemic control cohort included 
patients presenting in the corresponding period in 2019, between March 15 and April 30. 
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Patients were identified by searching the electronic patient file databases via ICD-10 codes 
(appendicitis, acute abdominal pain, peritonitis or intra-abdominal abscesses) and searching 
emergency department (ED) patient lists and surgery lists from that period. Patients were 
included if the final diagnosis was acute appendicitis. No formal sample size calculation 
was performed, but a fixed inclusion period was set. Post hoc power analysis was executed 
based on the proportion of patients with complicated appendicitis.

Data collection
Patient demographics, comorbidities, clinical and imaging data from the ED, information 
about treatment modality, operation notes, pathology results, and 30-day clinical follow-
up were collected from electronic patient records. Times of arrival at the ED and start of 
treatment were also retrieved, as well as imaging diagnosis. If patients were operated within 
30 days after initially being treated conservatively with antibiotics, 30-day postoperative 
follow-up was collected. Participants were pseudonymized to ensure patient’s privacy. 

Definitions 
Appendicitis severity was determined according to the operation notes and pathology 
reports, or imaging reports in cases of conservative treatment. In those cases where more 
than one imaging modality was used, reports of the imaging modality that confirmed the 
diagnosis of appendicitis were used. 

Uncomplicated appendicitis was defined as an inflamed appendix or periappendicitis 
without signs of necrosis or perforation as described by surgeon and pathologist. 
Complicated appendicitis was defined as inflammation of the appendix with presence of 
gangrene, evident necrosis or perforation, as described by the pathologist, and/or presence 
of perforation or abscess formation, as described by the surgeon. Conservatively treated 
patients with a periappendicular abscess or widespread infiltration on imaging, were also 
scored as complicated. If the pathologist found a normal appendix, the latter overruled the 
diagnosis of the surgeon. In the few cases where no histological analysis was performed, 
e.g. because of full necrosis of the appendix, the diagnosis as established during surgery 
was used.

Conservative treatment was defined as initial treatment with antibiotics and/or 
percutaneous drainage of a periappendicular abscess. In operated patients, the in-hospital 
delay or time to surgery was defined as the time between presentation at the ED and the 
start of the operation. Postoperative complications were scored according to the Clavien-
Dindo scale17. Complications scored as III or higher were defined as severe complications.

Study outcomes
The primary outcome of this study was the difference in appendicitis severity distribution 
(i.e., the proportion of patients presenting with complicated appendicitis) between the 
COVID-19 pandemic cohort (2020) and the control cohort (2019). Secondary outcomes were 
the differences in baseline characteristics, pre- and in-hospital delay, number of perforated 
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appendicitis, type of treatment, postoperative complications, complications in general, and 
the daily rate of patients presenting with acute appendicitis between both cohorts. 

Statistical analysis
The cohorts were compared and stratified for appendicitis severity and duration of symptoms. 
This duration was dichotomized by visual analysis of a chart of the duration of symptoms at 
presentation, see supplements. Confidence intervals for proportions were calculated by the 
Wilson score method without continuity correction. Univariate analyses were performed 
using the Chi-squared or Fisher’s exact test for categorical variables, and the Mann-Whitney 
U test for continuous variables. To quantify the possible association between presentation 
during the COVID-19 pandemic and having complicated appendicitis, a multivariable logistic 
regression analysis was performed, adjusted for duration of symptoms longer than 24 hours. 
A post hoc power analysis was conducted. All P values were based on two-sided tests and P 
< 0.05 was considered statistically significant. Missing data were not imputed, but described 
as missing. Data were analyzed using SPSS for Windows version 26 (IBM, Armonk, New York, 
USA).

Results

Between March 15 and April 30, 607 out of 616 eligible patients with acute appendicitis 
were included in the pandemic cohort (2020) and 642 of 657 eligible patients in the control 
cohort (2019), see Figure 1. Only 1.5% and 2.3% of eligible patients were excluded from 
the pandemic and control cohort, respectively. During the COVID-19 pandemic, an absolute 
decrease of 5.5% (95% C.I. 4.0-7.5%) in the numbers of patients diagnosed with appendicitis 
was seen as compared to 2019; this was a 6.2% (95% C.I. 4.6-8.3%) decrease in all eligible 
patients (Figure 1). The mean daily presentation rate was constant over time in both cohorts 
(Figure 2). Demographic and clinical characteristics of patients in both cohorts are presented 
in Table 1. Comorbidities such as diabetes and coronary artery disease were somewhat 
more common in the pandemic cohort. However, no significant differences in comorbidities 
among cohorts were seen. All patients underwent diagnostic imaging before treatment. In 
2020, more patients were diagnosed by CT (and not ultrasound (US)) compared to 2019 
(51.9% vs. 34.9%, p<0.001) because of COVID-related restricted use of US. 

Appendicitis severity
As shown in Table 1 and Figure 3, in the 2020 pandemic cohort a higher proportion of patients 
presented with complicated appendicitis compared to the 2019 control cohort (46.6% vs. 
38.2%, respectively, p=0.008). The perforation rate in the 2020 cohort was 29.5% versus 
24.5% in the control cohort (p=0.045). Focusing only on complicated appendicitis patients, 
no differences in perforation rate (63.3% vs. 64.1%, p=0.84) or rate of periappendiculair 
infiltrate/abscess formation (19.1% vs. 17.6%, p=0.65) were found between the 2020 and 
2019 cohorts (Table 2). 
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were somewhat more common in the pandemic cohort. However, no significant differences in 

comorbidities among cohorts were seen. All patients underwent diagnostic imaging before treatment. 

In 2020, more patients were diagnosed by CT (and not ultrasound (US)) compared to 2019 (51.9% vs. 

34.9%, p<0.001) because of COVID-related restricted use of US. 

Figrure 2. Daily presentations of patients with acute appendicitis

Figrure 2. Daily presentati ons of pati ents with acute appendiciti s
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Duration of symptoms
In the 2020 pandemic cohort, relatively more patients presented at the hospital with 
symptoms present for >24 hours compared to the control cohort (61.1% vs. 56.2%, p=0.048; 
Table 1). In the group of patients with complicated appendicitis, more late presentations 
were seen in the pandemic group than in the 2019 control group (76.2% vs. 68.0%, p=0.039; 
Table 2). This difference was not seen in patients with uncomplicated appendicitis (51.5% 
vs. 51.4%, p=0.98; Table S1).

Table 1. Baseline: Clinical characteristics of all patients, 2019 pre-COVID cohort compared to 2020 COVID cohort

Characteristic 2019 control cohort 
(n=642)

2020 COVID-19 cohort
 (n=607) P value

Age, median (IQR), years 40 (28-57) 42 (29-58) 0.183
Female sex, no./total no. (%) 322/642 (50.2) 318/607 (52.4) 0.430
ASA >1, no./total no. (%) 263/595 (44.2) 254/524 (48.5) 0.153
COPD, no./total no. (%) 13/630 (2.1) 11/599 (1.8) 0.774
Diabetes Mellitus, no./total no. (%) 24/631 (3.8) 34/596 (5.7) 0.117
Heart failure, no./total no. (%) 11/631 (1.7) 11/597 (1.8) 0.896
Coronary artery disease, no./total no. (%) 17/631 (2.7) 28/598 (4.7) 0.064
Active smoker, no./total no. (%) 61/293 (20.8) 63/275 (22.9) 0.547
Duration of symptoms >24 hours , no./total no. (%) 358/637 (56.2) 371/601 (61.1) 0.048
Severity of appendicitis, no./total no. (%) 0.008
  Uncomplicated 391/642 (60.9) 321/607 (52.9)
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Characteristic 2019 control cohort 
(n=642)

2020 COVID-19 cohort
 (n=607) P value

  Gangrenous 45/642 (7.0) 50/607 (8.2)
  Perforation 157/642 (24.5) 179/607 (29.5)
  Infiltrate/Abscess 43/642 (6.7) 54/607 (8.9)
  Normal (sana) 6/642 (0.9) 3/607 (0.5)
Conservative treatment, no./total no. (%) 41/642 (6.4) 63/607 (10.4) 0.011
Complication within 30 days, no./total no. (%) 72/642 (11.5) 76/607 (12.5) 0.475
Abbreviations: ASA, American Society of Anesthesiologists; COPD, Chronic Obstructive Pulmonary Disease; IQR, 
interquartile range.

Table 2. Comparison of patients with complicated appendicitis for 2019 pre-COVID cohort vs. 2020 COVID cohort

Characteristic 2019 control 
cohort (n=245)

2020 COVID-19 
cohort (n=283) P value

Age, median (IQR), years 49 (33-65) 50 (32-64) 0.946
ASA >1, no./total no. (%) 126/225 (56.0) 131/239 (54.8) 0.797
Duration of symptoms >24 hours, no./total no. (%) 164/241 (68.0) 214/281 (76.2) 0.039
Types of complicated appendicitis, no./total no. (%) 
  Gangrenous 45/245 (18.4) 50/283 (17.7) 0.835
  Perforation 157/245 (64.1) 179/283 (63.3) 0.843
  Abscess or infiltrate 43/245 (17.6) 54/283 (19.1) 0.651
Conservative treatment, no./total no. (%) 31/245 (12.7) 41/283 (14.5) 0.540
In-hospital delay in operated patients, median (IQR), hours 7.8 (5.0-13.3) 6.7 (4.6-12.1) 0.152
Postoperative complication*, no./total no. (%) 40/214 (18.7) 45/242 (18.6) 0.979
Severe postoperative complication*°, no./total no. (%) 11/245 (5.1) 13/281 (5.4) 0.904
Abbreviations: ASA, American Society of Anesthesiologists; IQR, interquartile range.
* Patients for whom surgery was the initial treatment.
○ Severe complications are defined as Clavien-Dindo IIIa or higher.

In Table 3, patients are stratified according to duration of symptoms at presentation; ≤24 
hours or >24 hours. During the COVID-19 pandemic, patients presenting after >24 hours 
were older than patients presenting within 24 hours after onset of symptoms (median 45 
years (31-60) vs. 37 years (28-52); p=0.001). In the control group, no age difference was seen 
in time of presentation. Additionally, a larger proportion of patients with an increased risk 
for a more severe course of COVID-19 (age ≥ 60 years) presented after >24 hours during the 
COVID-19 pandemic compared to the control 2019 cohort (72.2% vs 60.3%, p=0.039; table 
S3). Patients with complicated appendicitis and symptoms for >24 hours had a comparable 
perforation rate in both cohorts (64.0% vs. 66.5%, p=0.62; see supplementary Table S2).

In a univariate logistic regression analysis, the odds ratios (ORs) for complicated appendicitis 
were 1.41 (95% CI: 1.12-1.76) for patients presenting during the COVID-19 pandemic and 
2.79 (95% CI: 2.12-3.55) for patients with symptoms for more than 24 hours. In multivariate 
logistic regression including both variables, these associations persisted, with ORs of 1.38 
(95% CI: 1.10-1.75) for presentation during the COVID-19 pandemic and 2.75 (95% CI: 2.16-
3.51) for duration of symptoms >24 hours, respectively.



10

Patients with acute appendicitis during the COVID-19 pandemic (SCOUT-4): a multicenter, retrospective study

175

Ta
bl

e 
3.

 C
ha

ra
ct

er
isti

cs
 a

nd
 o

ut
co

m
es

 o
f p

ati
en

ts
 w

ith
 a

pp
en

di
ci

tis
, s

tr
ati

fie
d 

fo
r d

ur
ati

on
 o

f s
ym

pt
om

s,
 ≤

24
 h

ou
rs

 v
s.

 >
24

 h
ou

rs
, i

n 
20

19
 p

re
-C

O
VI

D 
co

ho
rt

 a
nd

 2
02

0 
CO

VI
D 

co
ho

rt

Ch
ar

ac
te

ris
tic

20
19

 c
on

tr
ol

 c
oh

or
t (

n=
63

7)
□

P 
va

lu
e

20
20

 C
O

VI
D-

19
 c

oh
or

t (
n=

60
1)

□
P 

va
lu

e
≤ 

24
 h

ou
rs

 (n
=2

79
)

> 
24

 h
ou

rs
 (n

=3
58

)
≤ 

24
 h

ou
rs

 (n
=2

30
)

> 
24

 h
ou

rs
 (n

=3
71

)
Ag

e,
 m

ed
ia

n 
(IQ

R)
, y

ea
rs

 
40

 (2
8-

55
)

41
 (2

7-
58

)
0.

70
7

37
 (2

8-
52

)
45

 (3
1-

60
)

0.
00

1
Ag

e 
≥ 

60
 y

ea
rs

, n
o.

/t
ot

al
 n

o.
 (%

)
54

/2
79

 (1
9.

4)
82

/3
58

 (2
2.

9)
0.

27
8

37
/2

30
 (1

6.
1)

96
/3

71
 (2

5.
9)

0.
00

5
Fe

m
al

e 
se

x,
 n

o.
/t

ot
al

 n
o.

 (%
)

15
1/

27
9 

(5
4.

1)
16

9/
35

8 
(4

7.
2)

0.
08

3
12

4/
23

0 
(5

3.
9)

18
9/

37
1 

(5
0.

9)
0.

47
9

AS
A 

>1
, n

o.
/t

ot
al

 n
o.

 (%
)

11
5/

26
3 

(4
3.

7)
14

5/
32

7 
(4

4.
3)

0.
88

1
10

6/
21

1 
(5

0.
2)

14
5/

30
9 

(4
6.

9)
0.

45
8

Co
m

or
bi

di
ty

, n
o.

/t
ot

al
 n

o.
 (%

)
22

/2
73

 (8
.1

)
24

/3
48

 (6
.9

)
0.

58
3

20
/2

23
 (9

.0
)

44
/3

63
 (1

2.
1)

0.
23

5
Se

ve
rit

y 
of

 a
pp

en
di

ci
tis

, n
o.

/t
ot

al
 n

o.
 (%

) 
<0

.0
01

¥
<0

.0
01

¥

  U
nc

om
pl

ic
at

ed
20

1/
27

9 
(7

2.
0)

18
9/

35
8 

(5
2.

8)
16

3/
23

0 
(7

0.
9)

15
4/

37
1 

(4
1.

5)
  G

an
gr

en
ou

s
26

/2
79

 (9
.3

)
19

/3
58

 (5
.3

)
17

/2
30

 (7
.4

)
32

/3
71

 (8
.6

)
  P

er
fo

ra
tio

n
44

/2
79

 (1
5.

8)
10

9/
35

8 
(3

0.
4)

41
/2

30
 (1

7.
8)

13
7/

37
1 

(3
6.

9)
  I

nfi
ltr

ati
on

/a
bs

ce
ss

7/
27

9 
(2

.5
)

36
/3

58
 (1

0.
1)

9/
23

0 
(3

.9
)

45
/3

71
 (1

2.
1)

  N
or

m
al

 (s
an

a)
1/

27
9 

(0
.4

)
5/

35
8 

(1
.4

)
0/

23
0 

(0
)

3/
37

1 
(0

.8
)

Co
ns

er
va

tiv
e 

tr
ea

tm
en

t, 
no

./
to

ta
l n

o.
 (%

) 
8/

27
9 

(2
.9

) 
33

/3
58

 (9
.2

)
0.

00
1

5/
23

0 
(2

.2
)

57
/3

71
 (1

5.
4)

<0
.0

01
¥

In
-h

os
pi

ta
l d

el
ay

 in
 o

pe
ra

te
d 

pa
tie

nt
s,

 
m

ed
ia

n 
(IQ

R)
, h

ou
rs

7.
6 

(5
.0

-1
4.

7)
7.

0 
(4

.8
-1

1.
8)

0.
07

6
7.

2 
(4

.4
-1

3.
2)

6.
2 

(4
.3

-1
0.

0)
0.

05
7

Co
m

pl
ic

ati
on

 w
ith

in
 3

0 
da

ys
, n

o.
/t

ot
al

 n
o.

 
(%

)
28

/2
79

 (1
0.

0)
42

/3
58

 (1
1.

7)
0.

29
2

16
/2

30
 (7

.0
)

60
/3

71
 (1

6.
2)

0.
00

1

Po
st

op
er

ati
ve

 c
om

pl
ic

ati
on

*,
 n

o.
/t

ot
al

 n
o.

 
(%

)
26

/2
71

 (9
.6

)
41

/3
25

 (1
2.

6)
0.

24
5

15
/2

25
 (6

.7
)

48
/3

13
 (1

5.
3)

0.
00

2

Se
ve

re
 p

os
to

pe
ra

tiv
e 

co
m

pl
ic

ati
on

*°
, n

o.
/

to
ta

l n
o.

 (%
)

4/
27

1 
(1

.5
)

10
/3

25
 (3

.1
)

0.
27

9¥
5/

22
5 

(2
.2

)
15

/3
13

 (4
.8

)
0.

16
5¥

Ab
br

ev
ia

tio
ns

: A
SA

, A
m

er
ic

an
 S

oc
ie

ty
 o

f A
ne

st
he

sio
lo

gi
st

s;
 IQ

R,
 in

te
rq

ua
rti

le
 ra

ng
e.

¥ 
Fi

sc
he

r e
xa

ct
 te

st
 w

as
 p

er
fo

rm
ed

□ 
In

 2
01

9 
5 

pa
tie

nt
s a

nd
 in

 2
02

0 
6 

pa
tie

nt
s m

iss
ed

 d
at

a 
ab

ou
t t

he
 d

ur
ati

on
 o

f s
ym

pt
om

s.
* 

Pa
tie

nt
s f

or
 w

ho
m

 su
rg

er
y 

w
as

 th
e 

in
iti

al
 tr

ea
tm

en
t.

○ 
Se

ve
re

 c
om

pl
ic

ati
on

s a
re

 d
efi

ne
d 

as
 C

la
vi

en
-D

in
do

 II
Ia

 o
r h

ig
he

r.



Chapter 10

176

Initial treatment
During the COVID-19 pandemic, 544 (89.6%) patients underwent surgery compared to 601 
(93.6%) patients in the 2019 control cohort (p=0.011). Of these patients, 532 (97.8%) and 
587 (97.7%) were operated laparoscopically. In respectively five (0.9%) and ten (1.7%) cases, 
the procedure was converted to open appendectomy. The median in-hospital time to surgery 
during the COVID-19 pandemic was 6.5 (4.3-11.8) hours, which was shorter than the 7.4 (4.9-
13.6) hours in the 2019 control cohort (p=0.004). In the 2020 cohort, 63 (10.4%) patients 
were initially treated conservatively versus 41 (6.4%) in the 2019 control cohort (p=0.011), 
see Tables 1 and Table S4. The majority of these patients were diagnosed with complicated 
appendicitis (65.1% in 2020 and 75.6% in 2019). Within the 2020 pandemic cohort, a higher 
proportion of conservatively treated patients were diagnosed with complicated appendicitis 
by use of initial CT compared to the 2019 control cohort, see Table S5.

Complications
No differences were found in number of postoperative complications between the COVID-19 
cohort and the 2019 control cohort. However, in patients presenting during the COVID-19 
pandemic, more complications were seen in patients presenting with symptoms for more 
than 24 hours compared to patients who present earlier (16.2% vs. 7.0%; p=0.001). This 
difference was not found within the 2019 control cohort (Table 3). Within the 2020 cohort, 
12 patients tested positive for COVID-19. Eleven were confirmed by RT-PCR and one was 
diagnosed based on chest CT (Table S6). 

Power analysis
Post hoc power analysis was performed. The cohort sizes of 642 and 607 patients, proportions 
of patients with complicated appendicitis of 46.6% and 38.2% and an α of 0.05 resulted in a 
power of 85.2%, which was considered as being sufficient.

Discussions

This large multicenter study compared adult patients presenting with acute appendicitis 
during the COVID-19 pandemic with patients presenting in the corresponding period of the 
pre-COVID year 2019. Although only a slight decrease of patients presenting with acute 
appendicitis was observed during the first COVID-19 wave compared to 2019, a higher 
proportion presented with complicated appendicitis. The perforation rate among patients 
with complicated appendicitis, however, was unaffected. During the COVID-19 pandemic, 
more patients presented with a prehospital delay of more than 24 hours. These patients 
were older and endured more postoperative complications compared to patients presenting 
with symptoms for less than 24 hours. This association was not found in the 2019 control 
cohort. 

Present data suggest an association between prehospital delay and complicated appendicitis. 
This is in line with previous, small studies describing higher proportions of complicated 
appendicitis during the COVID-19 pandemic. Dreifuss et al found complicated appendicitis in 
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seven (46.7%) out of 15 adult Argentinian patients with acute appendicitis during April 2020 
compared to 11 (16.9%) out of 65 patients during April 2018 and 20193. Patients in the 2020 
cohort show a longer delay in presentation than the control group (58.4 vs. 32.8 hours)3. 
These differences are confirmed by Gao et al, who analyzed a Chinese cohort of 163 patients 
who presented with appendicitis between June 2019 and April 20202. They find complicated 
appendicitis in 51.7% of patients and a mean prehospital delay of 65.0 hours in the epidemic 
cohort (presentation after January 1st), compared to 12.4% complicated appendicitis and 
a mean delay of 17.3 hours in the pre-epidemic cohort (both p<0.001)2. Gao et al show a 
significant increase in requests for conservative treatment during the COVID-19 outbreak2. 
Both increased prehospital delay and reduced willingness to be operated may be explained 
by fear of contracting SARS-CoV-2 in hospitals2. Our data showed a longer prehospital delay 
during the pandemic and a significant higher age in patients who presented more than 24 
hours after onset of symptoms. Fear of a SARS-CoV-2 infection could have caused this delay 
particularly in older patients, as those patients have an intrinsic higher risk for a more severe 
course of COVID-1918. This may have resulted in some form of inclusion bias, because mild 
cases may have resolved spontaneously by refraining from consultation with a doctor.

Multivariable regression analysis showed an association between complicated appendicitis 
and presentation during the first wave of the COVID-19 pandemic, independent of late 
presentation. This implies that another factor could have influenced the appendicitis severity 
during the pandemic. An Israeli study showed a significant decrease in patients admitted 
with uncomplicated appendicitis during the first weeks since the onset of COVID-19, 
compared to an antecedent period; 204 uncomplicated appendicitis cases pre-pandemic 
to 111 during the pandemic. The number of complicated cases and the prehospital delay 
in both cohorts were comparable7. Neufeld et al also describe a significant decrease of the 
number of presented uncomplicated appendicitis cases during the COVID-19 pandemic 
compared to the two years before8. The number of complicated cases in their multicenter 
cohort, consisting of 956 adult acute appendicitis patients, remained stable8. The authors 
of both studies hypothesized that the successful resolution of mild appendicitis at home 
could explain the decrease in total number of patients7,8. In our 2020 COVID-19 cohort, 
a similar absolute decrease of the total number of uncomplicated appendicitis cases 
was found. Since the decrease of uncomplicated cases was greater than the increase of 
complicated cases, part of the patients with mild, uncomplicated appendicitis may have 
resolved spontaneously at home. This would be in line with epidemiological and clinical 
studies underlining two different entities of appendicitis9-11 and the conclusion of Tankel 
and Neufeld et al7,8. However, the absolute decrease found in our study was relatively small 
compared to other studies such that ‘normal’ annual variability of acute appendicitis as a 
cause for the decrease cannot be ruled out. The difference between present study and the 
Israelian study could be explained by the lower mean age in the latter study (43 vs 23 years) 
7. Moreover, it may be concluded that the COVID-19 pandemic and the semi-lockdown 
measures in The Netherlands discouraged patients to visit an emergency department to a 
lesser extent than it did the Israelian patients during complete lockdown. 
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Significantly more patients were treated conservatively during the COVID-19 pandemic 
compared to the 2019 control cohort. However, the increase from 6.4% to 10.4% was much 
lower than the increase reported by the HAREM study group: adult patients presenting with 
acute appendicitis during the COVID-19 lock-down in the UK showed a more radical shift 
with 271 of 500 (54%) patients treated conservatively19. In this first report of the HAREM 
cohort no differentiation between uncomplicated and complicated appendicitis is provided 
and definitive conclusions have to wait until the final results become available19. Within 
our cohorts, most conservatively managed patients were cases of complicated appendicitis, 
receiving antibiotics with or without percutaneous drainage for a periappendiceal abscess, 
which is common practice20. More patients underwent initial CT during the pandemic, which 
may have resulted in better diagnosis of complicated cases and thereby more conservative 
treatment. In addition, we observed a limited increase of conservative treatment in 
uncomplicated cases (2.6% to 6.9%), which could also have been the result of the renewed 
Dutch national guideline (July 2019), stating that conservative treatment could be 
considered for uncomplicated appendicitis21. In The Netherlands, the national guideline was 
not changed to discourage the surgical treatment of acute appendicitis during the COVID-19 
pandemic, which was done in some other countries, e.g. the UK. Therefore, the effect of 
the COVID-19 pandemic on the management of acute appendicitis in The Netherlands was 
minimal. Furthermore, the effect was predominantly explained by the shift towards more 
cases of complicated appendicitis.

Compared to previous large observational audits of acute appendicitis patients22-24, a higher 
proportion of patients with complicated appendicitis was seen in both our pandemic and 
control cohorts. This difference may be caused by the definition we used for complicated 
appendicitis, which was based on the combined surgical and histological diagnoses, instead 
of only the surgical22 or histological23 diagnosis. Moreover, a low rate of normal appendices 
and the inclusion of conservatively treated patients, who were mostly diagnosed with 
complicated appendicitis in our cohorts, may have contributed to the discrepancy.

We found a significantly shorter in-hospital delay within the pandemic group. The median 
in-hospital time to surgery during the COVID-19 pandemic was 6.5 (4.3-11.8) hours, which 
was significantly shorter than the 7.4 (4.9-13.6) hours in the 2019 control cohort (p=0.004). 
One could argue that the reason for this shorter in-hospital delay is due to the fact that 
patients had a more severe disease presentation as more patients in the pandemic cohort 
had complicated appendicitis and surgeons were therefore keener to operate quickly. 
However, we think that this difference was mainly influenced by logistic reasons. During 
the first wave of the COVID-19 pandemic, most of elective surgery was cancelled, resulting 
in more opportunities for immediate operations such as emergency appendectomies. 
Furthermore, it is unlikely that this shorter in-hospital delay compared to controls affected 
the number of complicated appendicitis cases. Complicated and uncomplicated appendicitis 
are most likely two different disease entities and, as illustrated by a recent meta-analysis of 
van Dijk et al., in-hospital delay up to 24 hours does not lead to a higher rate of complicated 
appendicitis.12
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The findings of this study should be interpreted in light of some limitations. First, data were 
collected retrospectively and data were only available for patients who actually presented 
at the hospital. Therefore, the proportion of patients with complicated appendicitis within 
the total number of patients with acute appendicitis is most likely biased by the number 
of patients with a mild appendicitis not presenting in a hospital and who experienced 
spontaneous resolution of symptoms at home. Second, the semi-lockdown in The 
Netherlands was less strict compared to measures taken by other countries. This may have 
resulted in less impact of the COVID-19 pandemic on the presentation of patients with acute 
appendicitis compared to other countries such as Israel or Spain. 

Strengths of this study are the large number of included patients and the multicenter cohort 
design. A control cohort from the corresponding time period in 2019 was included and no 
missing data were reported for primary outcomes. Another strength of this study is that 
a high proportion of patients in this cohort was treated surgically, resulting in confirmed 
diagnoses based on combined surgical and histological reports in the vast majority of 
patients. Finally, the inclusion period started at the moment of the national semi-lockdown 
in The Netherlands instead of starting after the first COVID-19 patient was diagnosed, 
resulting in the largest expected effect of the COVID-19 pandemic on disease outcomes. The 
first wave of COID-19 provided a unique circumstance for research. Further research during 
other COVID-19 waves and in other health care settings is encouraged.

Conclusion

A slight decrease of patients presenting with acute appendicitis was found during the first 
wave of COVID-19 compared to a corresponding period in 2019. A decrease of uncomplicated 
cases was observed, while the proportion of complicated cases increased. This increase 
cannot only be explained by the increased prehospital delay during the COVID-19 pandemic, 
nor can it merely be explained by progression of uncomplicated to complicated appendicitis 
over time. More likely, part of the patients with mild, uncomplicated appendicitis may have 
resolved spontaneously at home, which is in line with the theory that uncomplicated and 
complicated appendicitis are different diseases and not simply different grades of severity.
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Supplement

Figure S1. Duration of symptoms at presentation, cohort 2019 versus 2020

Table S1. Comparison of patients with uncomplicated appendicitis for 2019 pre-COVID cohort vs. 2020 COVID 
cohort

Characteristic 2019 control 
cohort (n=391)

2020 COVID-19 
cohort (n=321) P value

Age, median (IQR), years 36 (26-52) 37 (28-51) 0.227
ASA >1, no./total no. (%) 136/364 (37.4) 121/282 (42.9) 0.153
Duration of symptoms >24 hours, no./total no. (%) 201/390 (51.5) 163/317 (51.4) 0.975
Conservative treatment, no./total no. (%) 10/391 (2.6) 22/321 (6.9) 0.006
In-hospital delay in operated patients, median (IQR), 
hours

7.0 (4.8-14.1) 6.3 (4.1-10.7) 0.003

Postoperative complication*, no./total no. (%) 28/381 (7.3) 18/298 (6.0) 0.501
Severe postoperative complication*°, no./total no. (%) 4/381 (1.0) 7/298 (2.3) 0.227¥

Abbreviations: ASA, American Society of Anesthesiologists; IQR, interquartile range.
¥ Fischer exact test was performed
* Patients for whom surgery was the initial treatment.
○ Severe complications are defined as Clavien-Dindo IIIa or higher.
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Table S2. Comparison of patients with complicated appendicitis and with symptoms for more than 24 hours, 2019 
pre-COVID cohort versus 2020 COVID cohort

Characteristics Cohort 2019 (n=164) Cohort 2020 (n=214) P value
Age, median (IQR), years 49 (32-65) 52 (33-65) 0.689
Female sex, no./total no. (%) 64/164 (39.0) 101/214 (47.2) 0.112
ASA >1, no./total no. (%) 81/147 (55.1) 91/177 (51.4) 0.508
Severity of appendicitis, no./total no. (%) 
  Gangrenous 19/164 (11.6) 32/214 (15.0) 0.342
  Perforation 109/164 (66.5) 137/214 (64.0) 0.621
  Abscess or infiltrate 36/164 (22.0) 45/214 (21.0) 0.828
Complications within 30 days, no./total no. (%) 25/164 (15.2) 46/214 (21.5) 0.123
Abbreviations: ASA, American Society of Anesthesiologists; IQR, interquartile range

Table S3. Comparison of patients with an age of 60 years or higher of the 2019 pre-COVID cohort and 2020 COVID 
cohort

Characteristics Cohort 2019 (n=138) Cohort 2020 (n=136) P value
Female sex, no./total no. (%) 64/138 (46.4) 72/136 (52.9) 0.277
ASA >1, no./total no. (%) 111/130 (85.4) 95/105 (90.5) 0.238
Duration of symptoms >24 hours, no./total no. (%) 82/136 (60.3) 96/133 (72.2) 0.039
Severity of appendicitis, no./total no. (%) 0.132¥

  Uncomplicated 57/138 (41.3) 42/136 (31.6)
  Gangrenous 11/138 (8.0) 5/136 (3.7)
  Perforation 56/138 (40.6) 68/136 (50.0)
  Abscess or infiltrate 13/138 (9.4) 19/136 (14.0)
Complications within 30 days, no./total no. (%) 27/138 (19.6) 26/136 (191.1) 0.925
Patients older than 60 years, presented with durations of symptoms >24 hours

N=82 N=96
Complications within 30 days, no./total no. (%) 18/82 (22.0) 20/96 (20.8) 0.856
Abbreviation: ASA, American Society of Anesthesiologists
¥ Fischer exact test was performed
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Table S4. Comparison of conservatively treated patients with appendicitis, 2019 pre-COVID cohort versus 2020 
COVID cohort

Characteristic Cohort 2019 
(n=41)

Cohort 2020 
(n=63) P value

Severity of appendicitis based on imaging, no./total no. (%) 0.339¥

  Uncomplicated 10/41 (24.4) 22/63 (34.9)
  Gangrenous 0/41 (0) 0/63 (0)
  Perforation 2/41 (4.9) 6/63 (9.5)
  Abscess or infiltrate 29/41 (70.7) 35/63 (55.6)
Radiological drainage (initial treatment), no./total no. (%) 6/41 (14.6) 11/63 (17.5) 0.873¥

Complication during the first 30 days, no./total no. (%) 3/41 (7.3) 11/62 (17.7) 0.154¥

Appendectomy within 30 days, no./total no. (%) 4/41 (9.8) 11/63 (17.5) 0.394¥

Severity of appendicitis based on appendectomy within 30 
days, no./total no. (%) 

0.506¥

  Uncomplicated 3/4 (75) 3/11 (27.3)
  Gangrenous 0/4 (0) 1/11 (9.1)
  Perforation 0/4 (0) 4/11 (36.4)
  Abscess or infiltrate 1/4 (25) 2/11 (18.2)
Postoperative complication*, no./total no. (%) 0/4 (0) 3/10 (30.0) 0.505¥

Severe postoperative complication*°, no./total no. (%) 0/4 (0) 1/10 (10.0) 1.000¥

¥ Fischer exact test was performed
* Patients for whom surgery was the initial treatment.
○ Severe complications are defined as Clavien-Dindo IIIa or higher.

Table S5. Comparison of conservatively treated patients by final (imaging) diagnosis and imaging modality, 2019 
pre-COVID cohort versus 2020 COVID cohort

Characteristic

2019 control cohort 2020 COVID-19 cohort

Uncomplicated 
appendicitis

Complicated appendicitis
Uncomplicated 

appendicitis

Complicated appendicitis

Perforated Infiltrate/
abscess Perforated Infiltrate/

abscess
US only 4 1 11 6 0 4
CT only 4 1 4 9 5 19
US + CT/MRI* 2 0 14 7 0 11*

10 31 (76%) 22 39 (64%)
Total 41 61
Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; US, ultrasound.
* Only one patient was diagnosed by MRI after US.



10

Patients with acute appendicitis during the COVID-19 pandemic (SCOUT-4): a multicenter, retrospective study

185

Table S6. COVID-19 positive appendicitis patients

COVID-19 positive Cohort 2020 (n=12)
Severity of appendicitis based on imaging, no./total no. (%) 
  Uncomplicated 3/12 (25)
  Gangrenous 0/12 (0)
  Perforation 8/12 (66.7)
  Abscess or infiltrate 1/12 (8.3)
Conservative treatment, no./total no. (%) 3/12 (25)
COVID-19 diagnosis based on
  RT-PCR 11/12 (91.7)
  CT 1/12 (8.3)
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Part I: Staging and surgical treatment of gastric cancer

According to the international gastric cancer guidelines, a staging laparoscopy should be 
performed in all operable patients with ≥cT3 and/or N+ gastric cancer, without signs of non-
curable disease on initial imaging. However, the exact value of staging laparoscopy in gastric 
cancer is unknown, as most previous studies were performed in Asian countries with small 
sample sizes (less than 100 patients). 

In chapter 2, the value of staging laparoscopy in gastric cancer staging was investigated by 
evaluating the avoidable surgery rate during intentional gastrectomy in a population-based 
cohort study. The avoidable surgery rate was higher in patients who underwent a staging 
laparoscopy before gastrectomy compared to patients without a staging laparoscopy. This 
could be due to the selection of patients with more advanced disease for staging laparoscopy. 
Additionally, the results suggest a low sensitivity to detect metastases or locoregional non-
resectability. To analyze the detection rate and diagnostic accuracy of staging laparoscopy 
for non-curable disease we performed a single center cohort study in chapter 3. Staging 
laparoscopy was shown to be valuable in the staging process of gastric cancer, with a high 
accuracy in detecting non-curable disease, thereby preventing futile treatment. 

Curative treatment of gastric cancer consists of perioperative chemotherapy and gastrectomy. 
The addition of perioperative chemotherapy has been shown to increase overall survival in 
several randomized trials. However, most patients included in these studies were younger 
than 75 years old. It was unknown whether elderly patients (aged above 75), or patients 
with comorbidities have a similar survival benefit of perioperative chemotherapy combined 
with gastrectomy. In chapter 4, the rate of elderly patients proceeding to surgery following 
neoadjuvant chemotherapy (as part of perioperative chemotherapy) was compared to 
younger patients. Additionally, overall survival was compared between elderly patients 
with and without perioperative chemotherapy. A similar overall survival rate was found 
in elderly patients treated with neoadjuvant chemotherapy, compared to elderly patients 
directly undergoing gastrectomy. However, the rate of elderly patients who did not proceed 
to surgery after chemotherapy increased with older age (up to 25% in patients aged over 
80 years old). 

In addition to a gastrectomy, a modified D2 lymphadenectomy and a complete omentectomy 
are performed as standard part of a radical gastrectomy in curative treatment of gastric 
cancer, although there is little evidence to support a survival benefit of performing an 
omentectomy. In the Dutch multicenter OMEGA study, the incidence of omental metastases 
was only five percent out of a total of 100 patients1. Additionally, the presence of omental 
metastases was associated with non-curable disease at different sites. It was concluded that 
omentectomy might not have contributed to a survival benefit in these patients. In chapter 
5 the long-term overall survival results of the OMEGA study were investigated. It was found 
that the presence of omental metastases was associated with impaired overall survival. 
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Performing an omentectomy did not seem to contribute to a survival benefit in patients 
with omental metastases.

Part II: Surgery during the COVID-19 pandemic

The COVID-19 pandemic hugely affected the possibility to perform elective surgical care, 
as patients who underwent surgery with a SARS-CoV-2 infection had an increased risk for 
postoperative complications and mortality, and because medical resources were shifted to 
treat COVID-19 patients. Preoperative screening strategies, including chest CT and RT-PCR, 
were introduced in order to continue elective surgical care safely. Chapter 6 evaluated the 
yield of preoperative screening for COVID-19 using chest CT and RT-PCR in asymptomatic 
patients scheduled for elective or emergency surgery. Around 1% of all asymptomatic 
patients tested positive for COVID-19 with the use of RT-PCR and were not operated. This 
yield increased to around 6% in conjunction with community prevalence of COVID-19. No 
patients developed symptomatic COVID-19 postoperatively. The added value of chest CT 
was limited and is therefore not recommended.

Around 20% of patients with a SARS-CoV-2 infection present with gastrointestinal symptoms, 
besides pulmonary complaints. During the beginning of the COVID-19 pandemic, possible 
COVID-19 diagnoses may have been neglected in these patients as physicians focused on 
finding abdominal pathology. Many centers implemented the standard use of combined chest 
and abdominal CT to detect possible COVID-19 in patients presenting with gastrointestinal 
symptoms. In chapter 7 the yield of high COVID-19 suspicion based on chest CT findings was 
investigated. The yield of adding chest CT to abdominal CT to detect COVID-19 in patients 
presenting with acute gastrointestinal symptoms was extremely low, with an additional 
detection rate of around 1%.

Elective cancer surgery, including esophageal cancer surgery, could be continued in most 
European countries during the first wave of the COVID-19 pandemic with the implementation 
of preoperative screening strategies with RT-PCR. However, the safety of this strategy had 
to be established. Chapter 8 describes a multicenter study with four European tertiary 
oesophageal cancer referral centers, that continued elective esophageal cancer surgery 
during the first COVID-19 wave. This study concluded that esophageal cancer surgery could 
be performed safely with the use of adequate preoperative SARS-CoV-2 screening methods. 
The percentage of postoperative pulmonary complications was similar in the COVID-19 
cohort compared to the pre-COVID-19 cohort. In chapter 9 the safety of re-introducing 
esophago-gastric surgery for patients and healthcare workers during the COVID-19 pandemic 
was investigated in an international, multicenter study. The use of adequate precautions 
made it possible to safely reintroduce minimally invasive and open esophago-gastric surgery 
after the first COVID-19 wave. 

During the first wave of the COVID-19 pandemic, patients feared the possibility of acquiring 
an in-hospital SARS-CoV-2 infection, which resulted in pre-hospital delay. The course of 
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many diseases, including acute appendicitis, may have been affected by this scenario. In 
chapter 10 two cohorts of patients diagnosed with acute appendicitis were compared in 
a multicenter cohort study. The proportion of complicated appendicitis was compared 
between patients diagnosed with appendicitis during the COVID-19 pandemic and a cohort 
diagnosed with appendicitis in the same time period a year before. The incidence of acute 
appendicitis was slightly lower during the first wave of the 2020 COVID-19 pandemic 
compared to the corresponding period in 2019, as more patients presented with a delay 
and with complicated appendicitis. Late presenting patients were older and experienced 
more postoperative complications compared to the control cohort.
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Discussion and future perspectives

This thesis includes a variety of studies addressing staging, perioperative treatment, 
and surgical treatment of gastric cancer. Additionally, this thesis includes several studies 
investigating the influence of the COVID-19 pandemic on surgical care, especially esophago-
gastric cancer surgery and surgery for acute appendicitis. This chapter discusses the main 
findings of this thesis, along with the future perspectives of gastric cancer treatment, and of 
surgery during the COVID-19 pandemic. 

Part I: Staging and surgical treatment of gastric cancer
Staging laparoscopy has been recommended by the Dutch gastric cancer guidelines in 
all operable patients with potentially resectable cT3-4 gastric cancer before initiation of 
treatment since 20142. However, in the first edition of the gastric cancer guideline released 
in 2009, it was recommended to perform a staging laparoscopy only in cT3-4 patients with a 
poorly differentiated tumor3, as the costs and risks of staging laparoscopy were deemed too 
high to be used as a standard primary staging tool. 

As the exact value of staging laparoscopy remained unclear, this was investigated in chapters 
2 and 34–6. Since 2011, the number of performed staging laparoscopies has increased. 
However, in our study, the percentage of avoidable surgery remained high between 2011 
and 2016, compared to previous studies7,8. One possible explanation could be the relatively 
higher percentage of cT3-4 stage tumors included in our study, compared to the previous 
studies. Additionally, more than 50% of the patients who underwent a staging laparoscopy, 
and in whom non-curable disease was detected during intended gastrectomy, did not 
receive neoadjuvant chemotherapy. Previous studies found a higher percentage of patients 
undergoing a curative resection following neoadjuvant chemotherapy9,10.  

In a single center study (chapter 3), staging laparoscopy was shown to be of additional 
value in the staging process of gastric cancer, with a high accuracy for detecting non-
curable disease. The diagnostic accuracy, specificity, and sensitivity were comparable to 
the results of a systematic review11. Furthermore, the avoidable surgery rate after staging 
laparoscopy was lower compared to our population-based study. This could be related to 
a lower percentage of patients with a cT4 tumor and more patients receiving neoadjuvant 
chemotherapy. cT4 gastric tumors have serosal invasions, which is a known factor to be 
associated with peritoneal dissemination12. Recently, the results of the Dutch prospective 
PLASTIC study confirmed our findings. This study concluded, in line with our results, that 
staging laparoscopy should be recommended by the gastric cancer guidelines for patients 
with cT3 or higher and/or N+ disease, as it adds value in the process of staging by detecting 
peritoneal metastases13. 

According to the Dutch and international gastric cancer guidelines, curative treatment of 
gastric cancer consists of perioperative chemotherapy followed by a gastrectomy2,14. Overall 
survival has increased in recent years with the addition of perioperative chemotherapy9,10. 
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In elderly patients (>75 years old) the combination of chemotherapy with gastrectomy 
results in a similar overall survival compared to elderly patients directly scheduled for a 
gastrectomy. However, we found that the percentage of patients not proceeding to surgery 
after chemotherapy increases with age up to 15% for patients over 75 years and 25% in 
patients aged 80 years and older (chapter 4). The previous MAGIC9 and FLOT10 trials 
both included predominantly younger patients, with a median age of 62 in both trials. 
Elderly patients have more comorbidities, which is associated with more adverse events 
during perioperative chemotherapy and gastrectomy15,16. The percentage of patients not 
proceeding to surgery was associated with an older age and a higher WHO performance. 
Additionally, the percentage of elderly patients who had a reduction in the number of 
chemotherapy cycles was higher compared to the findings of both the MAGIC and FLOT 
trials. Receiving neoadjuvant chemotherapy might deny elderly patients from undergoing a 
potential curative resection, especially in patients aged 80 years and older. One other study 
has evaluated overall survival in elderly patients undergoing (radio-) chemotherapy and 
surgery for gastric and esophageal cancer. This study found no survival benefit in patients 
aged 70 years or older who receive neoadjuvant therapy, compared to only receiving surgery. 
However, this was a retrospective, single center study in which a heterogeneous group of 
patients with esophageal and gastric cancer, with both adenocarcinoma and squamous 
cell carcinoma, was included. Therefore, patients with older age and comorbidities should 
undergo neoadjuvant treatment with caution.

Omentectomy might be omitted as part of radical gastrectomy in the future (chapter 5). 
The presence of omental metastases is associated with non-curable disease and performing 
an omentectomy does not seem to improve overall survival in these patients. Several non-
randomized studies have resulted in similar findings18–21. Currently, a Japanese phase III trial 
is investigating omentum preservation versus omentectomy for patients with resectable 
gastric cancer in terms of relapse-free survival22. However, perioperative chemotherapy and 
minimally invasive gastrectomy are exclusion criteria in this trial. In the Western world, most 
patients are treated with perioperative chemotherapy since the MAGIC9 and FLOT10 trials. 
Additionally, gastrectomy is often performed minimally invasive, even in advanced cases, 
as oncological safety has been confirmed in both Asian and Western trials23–25. Therefore, 
the results of the Japanese trial are not directly applicable to Western countries. Our study 
group is currently finalizing the preparation for a randomized controlled study, the OMEGA 
trial, (OMEntum preservation versus complete omentectomy in GAstrectomy for gastric 
cancer). This trial will evaluate whether omentum preservation is non-inferior in terms of 
three-year overall survival compared to a complete omentectomy. 

Future perspectives
Staging laparoscopy adds value in the process of gastric cancer staging, by detecting 
peritoneal metastases13 (chapter 3). However, the percentage of avoidable surgery (detection 
of metastases and/or irresectable tumor during gastrectomy) remains around 8-10% even 
in those patients who underwent staging laparoscopy7. The addition of indocyanine green 
fluorescence (ICG), or another photosensitizer, during staging laparoscopy might improve 
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the detection of occult metastases and thereby prevent patients from undergoing futile 
treatment and delayed introduction of systemic treatment (or e.g. HIPEC). Two pilot 
studies investigated the diagnostic value of 5-Aminolevulinic acid (5-ALA) during staging 
laparoscopy for advanced gastric cancer26,27. 5-ALA is a photosensitizer that can be used 
for fluorescence. Both studies found an improved detection rate of peritoneal metastases 
with 5-ALA fluorescence, compared to the detection with white light. A future randomized 
controlled trial is needed to investigate the use of fluorescence during staging laparoscopy 
in a larger number of patients. 

Laparoscopic gastrectomy has been widely accepted in the field of gastric cancer surgery. 
Several Asian randomized controlled trials have found lower rates of postoperative 
complications and similar long-term postoperative outcomes, compared to open 
gastrectomy28–32. Two Dutch trials found comparable short- and long-term outcomes 
between laparoscopic and open gastrectomy24,25. Laparoscopic gastrectomy still has certain 
shortcomings, including limited movements, 2D vision, and amplification of hand tremors33–35. 
In recent years the practice of robotic surgery has increased in the field of upper gastro-
intestinal surgery. Robotic surgery has certain advantages compared to laparoscopic surgery, 
including 3D vision, easier instrument movements, and filtration of potential tremors36–39. 
Recently, a Japanese randomized controlled trial compared short-term surgical outcomes 
between laparoscopic and robotic gastrectomy40. Overall, the incidence of postoperative 
complications was lower in the group of patients who underwent a robotic gastrectomy. A 
future randomized controlled trial performed with a Western patient population is needed 
to confirm these findings.

Finally, surgery forms the cornerstone of curative treatment for locally advanced gastric 
cancer. However, the value of a surgical resection in metastatic disease is still unknown. 
Growing evidence shows a potential role of gastrectomy combined with a resection of 
metastases, especially in the case of liver involvement41. Liver metastases are present in up 
to 40% of patients with advanced gastric cancer, of which 70% is only metastasized to the 
liver and not to other organs42. A recent study found an improved overall survival in carefully 
selected patients with advanced gastric cancer, who underwent gastrectomy and resection 
of the hepatic metastases41. Currently, a phase III trial is investigating the role of metastatic 
resection, besides gastrectomy, in patients with limited metastatic disease43. 

During the last decade, research has been performed on the role of cytoreductive surgery 
(CRS) followed by hypertermic intraperitoneal chemotherapy (HIPEC) in patients with 
peritoneal metastases. In a recent meta-analysis, overall survival improved with the 
combination of CRS follow by HIPEC, however, this benefit was associated with increased 
risk of postoperative complications44. Recently, a new minimally invasive procedure using 
pressurized intraperitoneal aerosol chemotherapy (PIPAC) has been introduced as a 
treatment for patients with peritoneal metastases. This new procedure is thought to achieve 
deeper peritoneal penetration because of the gaseous state of the chemotherapy compared 
to liquid chemotherapy in HIPEC45. The results of a prospective study have to be waited for46. 
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Part II: Surgery during the COVID-19 pandemic
The COVID-19 pandemic has had a major effect on routine hospital services, including 
the possibility to perform elective surgical care, as a result of the reallocation of medical 
resources to (i) treat COVID-19 patients, and (ii) secure patient safety. The reduction of 
elective surgical care was necessary to protect patients from potential in-hospital acquired 
COVID-19 or undergoing surgery with a SARS-CoV-2 infection and its associated pulmonary 
complications and mortality47. The COVIDSurg group has performed multiple studies during 
the COVID-19 pandemic. One study estimated that globally 72.3% of all adult elective 
operations and 37.7% of all cancer operations were cancelled or postponed during the first 
12 weeks of the first wave of the COVID-19 pandemic48. Most types of cancer surgery can be 
safely delayed for four weeks without having a significant impact on tumor progression or 
survival49. However, with increasing numbers of COVID-19 cases around the world and the 
fear for the development of multiple COVID-19 waves, preoperative screening strategies 
had to be developed to be able to continue elective surgical care safely. 

Around 30% of COVID-19 patients are asymptomatic50. Identifying these patients is a 
challenge, as most patients are unaware that they are infected, unless tested. Moreover, at 
least 50% of newly diagnosed cases of COVID-19 originate from exposure to asymptomatic 
COVID-19 patients51. Therefore, screening strategies had to be implemented to detect 
especially asymptomatic patients. In The Netherlands, a national guideline was established 
on how to screen patients for COVID-19 preoperatively52. This guideline advised to take 
a questionnaire in all patients to detect COVID-19 related symptoms. In asymptomatic 
patients, a chest CT and RT-PCR were additionally used to detect a possible SARS-CoV-2 
infection. RT-PCR testing was valuable in detecting asymptomatic COVID-19 (chapter 6). 
The combination of RT-PCR and chest CT detected SARS-CoV-2 in 1.5% of asymptomatic 
patients. However, the yield of RT-PCR increased to 6% in relation with community COVID-19 
prevalence. The yield of chest CT was 0.4% and the yield showed no relationship with 
community prevalence. Two other studies confirmed the association between yield of RT-
PCR in asymptomatic patients and the number of COVID-19 related hospital admissions53,54. 
Another study also concluded that preoperative screening with RT-PCR was beneficial 
before major surgery55. With the use of preoperative screening, elective esophageal and 
gastric cancer surgery could be performed safely during the COVID-19 pandemic (chapter 8 
and 9). The percentage of pulmonary complications requiring mechanical ventilation were 
comparable to pre COVID-19 studies56. 

Around 20% of patients with COVID-19 present with gastrointestinal symptoms only, which 
include nausea, vomiting, loss of appetite, and diarrhea57–59. During the beginning of the 
COVID-19 pandemic, COVID-19 infections in patients presenting merely with gastrointestinal 
symptoms could be easily have been missed, as physicians were focused on detecting 
COVID-19 especially in patients presenting with respiratory symptoms. With the standard 
addition of chest CT to abdominal CT it was thought that a potential SARS-CoV-2 infection 
could be detected in patients presenting with gastrointestinal symptoms. However, the 
yield of adding chest CT to abdominal CT to detect COVID-19 in patients presenting with 
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acute gastrointestinal symptoms was low (chapter 7). These findings were supported by a 
study concluding that the standard addition of chest CT, together with abdominal CT, did 
not contribute to the identification of COVID-19 in emergency general surgical admissions60. 
However, this study did not describe the clinical presentation at the emergency department. 
Therefore, it is unknown how many patients did have pulmonary complaints besides gastro-
intestinal symptoms. In our study, patients with pulmonary symptoms were excluded. Lastly, 
patients with low suspicion for COVID-19 based on chest CT (CO-RADS 1-3), did not undergo 
a routine RT-PCR testing. Hence, the percentage of COVID-19 in patients presenting with 
merely gastro-intestinal symptoms could have been higher. 

The COVID-19 pandemic has provided a special circumstance in which the theory that 
uncomplicated and complicated appendicitis are actually two different diseases could be 
investigated. Different studies have provided evidence for the theory that uncomplicated 
and complicated appendicitis are different disease entities, and not different grades of 
severity of the same disease61–63. During the COVID-19 pandemic, multiple studies reported 
a pre-hospital delay for patients presenting with acute appendicitis64,65. Moreover, a higher 
proportion of complicated appendicitis was described in different studies63–68. In line with 
these findings, we found a higher proportion of patients presenting with complicated 
appendicitis during the COVID-19 pandemic compared to a control cohort (chapter 10). In a 
multivariable analysis, the association between complicated appendicitis and presentation 
during the COVID-19 pandemic remained after correction for pre-hospital delay. Therefore, 
it is likely that another factor may have influenced the higher proportion of complicated 
appendicitis during the pandemic. It was suggested that a part of the patients with mild, 
uncomplicated appendicitis, may have resolved spontaneously at home, supporting the 
theory of different disease entities.

Future perspectives
The COVID-19 pandemic will continue to impact the ability of hospitals to perform elective 
surgical care during the ongoing pandemic. The number of COVID-19 infections has reduced 
with the introduction of vaccines against the SARS-CoV-2 virus69. However, the need for 
COVID-19 patients to be admitted to the hospital will remain with the emergence of new 
variants of the virus, unvaccinated people and less efficacy of the vaccines over time70. 
Additionally, vaccinated people can still contract COVID-19, and new virus variants could 
evolve with increased transmissibility71. New waves of COVID-19 are expected to emerge 
on a yearly basis during the upcoming years. A recent study found that COVID-19 is usually 
milder in vaccinated individuals, however, mortality remains high among hospitalized 
patients72,73. Therefore, preoperative screening with RT-PCR will still be needed in the near 
future, however, the approach will be different. According to the Dutch general surgical 
guidelines, RT-PCR testing should only be used in unvaccinated patients aged 65 and older74. 

Elective surgical care, including cancer surgery, can safely be continued during potential new 
COVID-19 waves with adequate preoperative screening strategies for unvaccinated patients 
(chapter 8 and 9). This also includes minimally invasive surgery75. However, constantly 
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evaluating the safety of performing elective surgery care will remain necessary during the 
pandemic. New waves of COVID-19 and potential new variants of the virus might jeopardize 
the safety of patients undergoing surgery. Therefore, additional research could be needed 
to ensure the safety of patients undergoing surgical care during the COVID-19 pandemic. 
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Abstract

Background 
Curative therapy for gastric cancer usually consists of perioperative chemotherapy and a 
radical (R0) gastrectomy. An adequate resection includes a modified D2 lymphadenectomy, 
and, in addition, a complete removal of the greater omentum, to ensure the removal of 
possible microscopic disease. The omentum functions as regulator of regional immune 
responses to prevent infections and, prevents adhesions which could lead to bowel 
obstructions. There is little evidence regarding survival benefit of routine complete 
omentectomy during gastrectomy. The OMEGA trial investigates if omentum preservation 
during gastrectomy for cancer is non-inferior to the general current practice of complete 
omentectomy. 

Methods 
OMEGA is a randomized controlled, open, parallel, non-inferiority, multicenter trial.  Eligible 
patients are operable (ASA <4) and have resectable (≦cT4aN3bM0) gastric cancer. Patients 
will be randomized in a 1:1 ratio between (sub)total gastrectomy with omentum preservation 
or complete omentectomy. In total, 654 patients will be randomized. The primary objective 
is to investigate whether omentum preservation in gastrectomy for cancer is non-inferior to 
complete omentectomy in terms of three-year overall survival. Secondary outcomes include 
surgical outcomes, early and late postoperative outcomes, hospital and intensive care unit 
stay, readmission rate, quality of life, disease-free survival and cost-effectiveness. 

Discussion 
The OMEGA trial investigates if omentum preservation during gastrectomy for gastric 
cancer is non-inferior to complete omentectomy in terms of three-year overall survival. 
The OMEGA trial will provide insights whether complete omentectomy could be omitted, 
thereby potentially reducing overtreatment.
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Background

Gastric cancer is the fifth most prevalent type of cancer worldwide and the third most 
common cause of cancer-related deaths1. Overall, survival has improved in recent decades 
with the introduction of (neo)adjuvant therapies; however, a radical (R0) gastrectomy 
remains the foundation of curative treatment. An adequate resection involves a modified 
D2 lymphadenectomy, and, in addition, a complete removal of the greater omentum, an 
omentectomy, to ensure the removal of possible micrometastatic disease. 

The omentum has several functions in the peritoneal cavity. It contributes to the defense 
against infections, by functioning as regulator of regional immune responses2–5. Furthermore, 
the omentum prevents the occurrence of adhesions, which can lead to small bowel 
obstruction6,7. In gastric cancer surgery, omentectomy is a time-consuming procedure, 
especially in laparoscopic surgery. It is laparoscopically technically demanding and has 
been shown to increase the risk of intraoperative injuries to the colon and mesocolon8. 
Additionally, omentectomy leads to an increased risk of early postoperative complications, 
such as abdominal abscess, ileus, and wound infections in various types of surgery9–14. Also, 
late abdominal complications, such as ileus and mechanical small bowel obstruction, occur 
more often after complete omentectomy10. 

There is little evidence supporting routine complete omentectomy in gastrectomy for 
cancer. No randomized controlled trials comparing complete omentectomy with omentum 
preservation in gastrectomy for cancer have been published yet, although, recently, 
the study protocol of a phase III trial that will be conducted in Japan has been released, 
following the results of the phase II study by the same group15,16. Several studies have made 
the comparison in a non-randomized fashion17–21. Most of these studies were carried out in 
Asian countries, where gastric cancer is much more prevalent, more patients are identified 
by screening programs and are diagnosed with early gastric cancer accordingly. These 
patients are rarely treated with perioperative chemotherapy. Hence, comparison of Asian 
and Western studies on gastric cancer should be made with caution. Theoretically, the bursa 
omentalis should be resected together with the omentum to prevent potential peritoneal 
metastases. However, a large trial and recent meta-analysis concluded that gastrectomy 
with bursectomy is not superior in terms of overall survival compared to gastrectomy 
without bursectomy, therefore, bursectomy is not recommended to perform as standard 
for cT3-4 gastric cancer22,23. 

To our knowledge, the influence of omentectomy on survival has not yet been investigated 
in a Western gastric cancer population. Therefore, the necessity of complete omentectomy 
in gastrectomy for cancer is unclear for Western practice. Hence, this randomized controlled 
trial is being performed to assess whether omentum preservation during gastrectomy for 
gastric cancer is non-inferior to complete omentectomy in terms of overall survival. 
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Methods

Objective
Primary objective: to compare preservation of the omentum distal to the gastroepiploic 
vessels with complete omentectomy in gastrectomy for cancer in terms of three-year overall 
survival

Study design and setting
OMEGA is a randomized controlled, open, parallel, non-inferiority, multicenter trial. Eligible 
patients have to be operable (ASA <4) with resectable (≦cT4aN3bM0) gastric cancer. 
Patients will be randomized in a 1:1 ratio between radical (sub)total gastrectomy with 
omentum preservation or complete omentectomy. Patients will be stratified according to 
center, neoadjuvant therapy and type of surgery (total or subtotal gastrectomy). In total, 654 
patients will be randomized. The study will be conducted in six Dutch university hospitals, 
twelve Dutch teaching hospital and two international university hospital (Siena and Oxford), 
all performing more than 20 gastrectomies annually. The Data and Safety Monitoring Board 
monitors patient safety.

Inclusion criteria
In order to be eligible to participate in this study, a subject must meet all of the following 
criteria:

• primary resectable gastric adenocarcinoma, clinical stage T2-4a N0-3 M0 or cT1N+

• ASA 1-3 (able to undergo surgery)

Scheduled for open or minimally invasive (sub)total gastrectomy with modified D2-
lymphadenectomy, with or without perioperative chemotherapy 

• Age above 18

• Able to complete questionnaires in Dutch, English or Italian and to come to outpatient 
clinic visits

• Written informed consent

• Esophageal invasion < 2 cm

Exclusion criteria
A potential subject who meets any of the following criteria will be excluded from participation 
in this study:

• Locally advanced gastric cancer requiring multi-visceral excision
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• Indication for HIPEC (e.g. in PERISCOPE trial24)

• Pregnancy

• Previous malignancy (excluding non-melanoma skin cancer, pancreatic 
neuroendocrine tumor (pNET) <2cm, and gastrointestinal stromal tumor (GIST) 
<2cm), unless no evidence of disease and diagnosed more than three years before 
diagnosis of gastric cancer, or with a life expectancy of more than five years from 
date of inclusion)

• Serious concomitant systemic disorders that would compromise the safety of the 
patient or his/her ability to complete the study, at the discretion of the investigator

• Previous gastric or omental surgery

• Indication for thoracotomy/thoracoscopy

Recruitment and participants
Eligible patients will be approached for entry into the trial at the first outpatient visit at 
the surgery department after the diagnosis of gastric cancer. The rationale for the study is 
explained to the patient. A written patient information sheet is provided and patients will 
be given the opportunity to ask questions. After a sufficient reflection period, the willing 
patients are asked to sign the informed consent before any study intervention. Written 
informed consent is obtained by surgeons, surgical registrars or trained research nurses. 
When consent has been obtained, the original form is kept in the study file and a copy 
is given to the patient. Baseline data as well as baseline quality of life questionnaires are 
collected.

Sample size
The primary endpoint is three-year overall survival. According to survival numbers from the 
Dutch Cancer Registry (NKR), three-year overall survival after gastrectomy is approximately 
50% in The Netherlands. A non-inferiority margin of 5% for three-year overall survival 
probability is used and under the alternative it is assumed that the experimental group has an 
enhanced outcome of 5% because of improved early and late morbidity. Under the common 
assumption of exponential survival times, the hazard ratio under the null hypothesis of non-
inferiority is 1.15 and the hazard ratio under the alternative hypothesis equals 0.862. At the 
minimum follow-up of three years at least 50% and 45% are expected to have an event (i.e. 
death) in the control arm and experimental arm, respectively. Assuming one-sided testing at 
a significance level of 5%, 311 patients are needed in each study arm to achieve 80% power 
(PASS 15 Power Analysis and Sample Size Software (2017). NCSS, LLC. Kaysville, Utah, USA, 
ncss.com/software/pass). Dropouts will be rare, with proportion dropping out expected to 
be at most 5%. After correction for drop-out we plan to include 327 patients in each of the 
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two arms (654 in total), requiring an accrual rate of 27 patients per month with an accrual 
period of two years. All patients will be followed-up until three years after randomization. 

Randomization and blinding
Patients will be randomized in a 1:1 ratio between gastrectomy with complete omentectomy 
or omentum preservation. Randomization will be performed preoperatively, the day before 
or on the day of the operation. Randomization will be done with the use of an online computer 
program and stratified by participating center, neoadjuvant therapy, Lauren classification, 
type of operation (subtotal or total gastrectomy). Blinding for the type of investigational 
treatment will not be performed. Patients will be excluded in case metastases and/or non-
resectability are detected at the beginning of gastrectomy with curative intent.

Standard treatment
Patients will be staged according to the international gastric cancer guidelines25,26. Patients 
will be diagnosed by upper GI endoscopy with biopsies, and staged with (PET-) CT scan 
and diagnostic laparoscopy with or without peritoneal lavage for cytological examination 
(if perioperative chemotherapy is planned). Endoscopic ultrasound will be performed on 
indication. Patients will be treated with perioperative chemotherapy according to the FLOT 
scheme27 or any other scheme, unless contraindicated because of patient factors (age, 
comorbidities) or tumor factors (bleeding or obstruction).

In patients scheduled for perioperative chemotherapy, the gastrectomy will be performed 
approximately 4 – 6 weeks after completion of the neoadjuvant phase. Those not treated with 
chemotherapy will be directly scheduled for surgery. Surgery will be performed according 
to treatment allocation: omentum preservation or complete omentectomy. Surgical quality 
assurance will be applied to all participating centers before patients can be included in the 
trial. Monitoring of surgical quality will also be performed during the trial. 

Gastrectomy with omentectomy
The operation will start with the establishment of resectable disease. Optionally, the 
abdominal cavity will be washed with 1000 mL saline 0,9% at body temperature. After 
two minutes the saline will be collected and sent in for pathological examination. In case 
of established resectable disease, a laparoscopic or open (sub)total gastrectomy will be 
performed. A subtotal gastrectomy will be performed if a tumor-free distance of at least 6 
cm to the proximal resection margin can be obtained. If this is cannot be achieved, a frozen 
section should be performed to ensure a negative proximal margin. If a distal resection 
margin of less than 6 cm is obtained and a more extended resection is possible, a frozen 
section is advised according to the international guidelines25,26. In all other cases, a total 
gastrectomy is indicated. 

The hepatogastric ligament is opened close to the liver. A D2 lymphadenectomy (according 
to the Japanese gastric cancer guideline) is performed (Stations 1, 3-8a, 9, 11p and 12a in 
subtotal gastrectomy and stations 1-7, 8a, 9, 11p, 11d and 12a in total gastrectomy. The 
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right & left gastric a/v are ligated at the base (including lymphadenectomy station five). A 
complete omentectomy is performed en bloc or separately (by discretion of the surgeon). 
The right & left gastroepiploic a/v are ligated (including lymphadenectomy at station six) 
and the short gastric vessels in case of a total gastrectomy. The duodenum and esophagus or 
proximal stomach are divided and the specimen is removed. A Roux-Y entero-enterostomy is 
created with a biliary limb of approximately 20 cm and an alimentary limb of approximately 
50 cm. A Roux-en-Y esophagojejunostomy or gastrojejunostomy is performed. Lymph 
node stations are sent in separately to the pathology department except for those in 
close proximity to the primary tumor, these are marked with sutures or beads. In case of a 
complete omentectomy the omentum is ex-vivo (or in-vivo) dissected of the specimen and 
after marking sent in separately for pathological examination.

Gastrectomy with omentum preservation
The same procedures are performed regarding gastrectomy and lymphadenectomy. 
However, the gastrocolic ligament is divided distal from the gastroepiploic arcade and 
proximal from the transverse colon and the distal part (on the transverse colon side) is not 
resected. In case of omentum preservation, if available, indocyanine green (ICG) 0,1 mg/
kg will be administered intravenously and time to fluorescence will be recorded as well as 
whether areas of the omentum remain non-fluorescent, which will be registered as number 
of cm2.

Postoperative management 
Patients in both study groups will receive similar standard post-operative treatment. In all 
centers an ERAS protocol has been implemented28. The gastric tube is removed at the end 
of the operation.

Primary endpoint
The primary endpoint is overall survival at three-years after the operation, defined as the 
period of time between operation and death from any cause. Patients alive at last follow-up 
are censored.

Secondary endpoints
Secondary outcomes are operating time, intraoperative blood loss, intraoperative 
complications, postoperative complications, defined according to the Clavien-Dindo 
classification29 and comprehensive complication index (CCI)30, late intra-abdominal 
complications, defined as complications related to the initial operation, occurring between 
>30 days and five years after surgery, distribution of lymph node metastases, R0 resection 
rate, defined as the percentage of patients that underwent a microscopically complete (R0) 
resection, rate of malignant cells in cytology, serum CRP levels at postoperative days 2, 3, 
and 5, molecular sub classification of gastric cancer (in centers that have molecular sub 
classification available), ICG fluorescent enhancement of omentum in omentum preservation 
group (in centers that have ICG fluorescence available), compliance to allocated treatment, 
escalation of care, hospital stay, defined as time interval between date of surgery and date 
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of hospital discharge, intensive care length of stay, readmission rate within 30-days after 
surgery, reintervention rate within 30-days after surgery, reoperation rate within three years 
after surgery, cost effectiveness, quality of life at baseline, 3, 6, 9, 12 and 24 months (the 
following questionnaires will be used: EQ-5D-5L, QLQ-C30, QLQ-OG25, CIPN, Happiness, 
HADS and work productivity)31, 3- & 5-year disease-free survival, defined as the period of 
time from operation to locoregional recurrence, distant metastases, recurrent gastric cancer 
or death from any cause. Patients alive and free of all these events will be censored at the 
last follow-up, 5-year overall survival, defined as the period of time from operation to death 
from any cause. Patients alive and free of all these events will be censored at the last follow-
up.

Baseline values
Baseline characteristics are age, sex, medical history, previous surgery, length and weight, 
weight loss, American Society of Anaesthesiologists class (ASA), WHO performance status, 
Charlson Comorbidity Index, tumor location, differentiation, Lauren classification and 
schedule and completion of perioperative therapy.

Follow-up
Follow-up visits will be scheduled 2 weeks after surgery, followed by every three months 
for the first year, every six months the second to fourth year and once yearly until the fifth 
postoperative year. Patients will be followed-up with additional diagnostics (CT thorax/
abdomen, endoscopy, EUS) on indication only, according to the international gastric cancer 
guideline25,26. 

Statistical analysis
Descriptive statistics will be calculated to summarize patients’ groups included in each of trial 
arms. Mean and standard deviation will be presented for normally distributed continuous 
variables. Median plus interquartile-range (IQR) will be presented continuous variables that 
are skewed and for ordinal variables. Dichotomous and nominal data will be summarized by 
means of frequencies and percentages. 

Non-inferiority of the experimental treatment in terms of overall survival will be tested using 
Cox-regression. Non-inferiority will be concluded if the upper limit of the 90% confidence 
interval falls below the non-inferiority hazard ratio of 1.15, corresponding to a one-sided 
non-inferiority test at significance level of 5%. Survival will be presented graphically using 
Kaplan-Meier curves. All analyses will be according to the intention to treat principle. A 
per protocol analysis will also be performed. The experimental treatment will be declared 
non-inferior if non-inferiority is shown in both the intention to treat and the per protocol 
analysis.   

Secondary outcomes will be compared between groups using appropriate statistical 
methods, such as independent samples t-test for normally-distributed continuous 
outcomes, Mann-Whitney tests for continuous outcomes that are not normally distributed 
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or ordinal outcomes. Categorical outcomes will be compared using chi-square test or 
Fisher’s exact test in case of low (expected) cell counts. Repeatedly measured outcomes will 
be compared between arms using linear mixed models. Secondary time-to-event outcomes 
will be compared the using log-rank test. Secondary endpoints will be tested at a two-
sided significance level of 5%. Effect sizes suitable for the type of outcome measure will be 
provided (mean differences, ratio of geometric means, relative risks, hazard ratios) together 
with their 95% confidence interval.

Subgroup analysis for the effect of experimental treatment on overall survival will be 
performed for the following subgroups: patient characteristics (age, male/female), diffuse/
intestinal type gastric tumor, subtotal/total gastrectomy, and minimally invasive/open 
gastrectomy. Effect modification will use Cox regression with the subgroup variable, the arm 
and their two-way interaction. Additionally, stratified analyses will be performed where HR 
is calculated separately in each of the subgroups.  

Quality of life data will be graphically represented across all time points and analyzed 
according to the manuals and will presented as domain and summarized scores. 
Questionnaire outcome comparisons will be analyzed using linear mixed models. 

Safety
A single formal interim analysis will take place after 145 deaths (approximately 50% of the 
total number expected during the trial period) have been observed. At this interim analysis, 
the trial will be stopped for futility if the hazard ratio exceeds the non-inferiority hazard ratio 
of 1.1526. The trial will be stopped for superiority if the p-value for testing HR=1 versus HR<1 
is below 0.001 (Peto approach). Stopping and declaring the experimental treatment non-
inferior will not be considered as this is generally not recommended.

Discussion

The OMEGA trial is an international randomized controlled trial, with European renowned 
gastric cancer centers, that will investigate whether omentum preservation during 
gastrectomy for cancer is non-inferior to the current practice of complete omentectomy 
in terms of overall survival. Several non-randomized studies found no difference in overall 
survival between gastrectomy with or without omentectomy. However, most of these 
studies were carried out in Asian countries. Hence, the necessity of complete omentectomy 
in gastrectomy for cancer is still unclear. 

Omentectomy was often performed together with a bursectomy to prevent potential 
peritoneal metastases. However, a previous trial concluded that bursectomy did not provide 
a survival benefit over gastrectomy without bursectomy23. Therefore, guidelines advise to 
perform a gastrectomy with D2 lymphadenectomy and omentectomy, without bursectomy, 
for cT3-4 gastric cancer. Recently, the results from a Japanese phase II trial which investigated 
short term outcomes in patients undergoing gastrectomy with and without omentectomy 
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for gastric cancer were published32. No difference was found in postoperative morbidity 
between both groups. Currently, a phase III trial is conducted in Japan15. The aim of this trial 
is to confirm the non-inferiority of omentum preservation compared with omentectomy in 
patients with cT3 or cT4a gastric cancer in terms of relapse-free survival. However, in both 
Japanese trials, patients receiving neoadjuvant therapy and patients undergoing minimally 
invasive gastrectomy are excluded. Therefore, the results from these studies cannot directly 
be applied to the Western world. The OMEGA trial will be the first Western prospective 
study that will determine if gastrectomy with complete omentectomy can be omitted in the 
future. 

Trial status

Patient recruitment will start from October 2021 onwards and is scheduled to finish two 
years later. 
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Past

Many centers in the world postponed elective surgical care during the first wave of the 
COVID-19 pandemic, due to a number of factors. Firstly, hospitals had to shift medical 
resources to increase intensive care unit (ICU) capacities and other wards to treat increasing 
numbers of COVID-19 patients. Secondly, to prevent patients and healthcare workers from 
potentially acquiring in-hospital SARS-CoV-2 infections. This strategy to postpone elective 
surgery was supported by a large study indicating patients undergoing surgery with a SARS-
CoV-2 infection to have increased risk for postoperative pulmonary complications and 
mortality1. Many centers were forced to postpone treatment for esophageal cancer patients 
for a long period of time. Moreover, some centers switched to alternative treatment 
measures, including definite chemoradiotherapy. 

On the other hand, some centers were able to continue elective cancer surgery, including 
esophageal cancer surgery, with the use of effective preoperative screening methods2. 
However, there was no evidence supporting the safety of continuing elective esophageal 
cancer surgery during the first wave of the COVID-19 pandemic. Additionally, several societies 
released guidelines in which the use of minimally invasive surgery was discouraged, as these 
procedures could potentially contaminate surgical staff with SARS-CoV-2.

Present 

The current international, multicenter cohort study assessed the safety of continuing 
esophageal cancer surgery, by comparing the rate of respiratory failure requiring mechanical 
ventilation between a COVID-19 cohort and a control cohort of patients undergoing 
elective esophageal cancer surgery3. The rate of respiratory failure requiring mechanical 
ventilation was comparable between both cohorts (13.7% in the COVID-19 cohort vs. 8.3% 
in the control cohort), as was the number of pulmonary complications (32.4% vs. 29.9%). 
Additionally, there was no difference in the overall 30-day mortality rate between both 
cohorts. Preoperative history taking and RT-PCR testing were used in all participating centers 
as screening methods and no patients tested positive for COVID-19 pre- or postoperatively. 
75% of all esophagectomies was performed minimally invasive. Our study did not assess the 
COVID-19 presence among the surgical staff. However, as no patients were diagnosed with 
COVID-19 pre- or postoperatively, minimally invasive surgery could be used safely. 

The results of the current study provide evidence for the safety of continuing elective 
esophageal cancer surgery, and potentially all other major cancer surgery, during the 
ongoing COVID-19 pandemic under the condition that a secure screening protocol is in place 
for patients undergoing esophageal cancer surgery.
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Future

A study concluded that up to 72% of all adult elective surgery was cancelled globally during 
the first twelve weeks of the COVID-19 pandemic4. Additionally, almost 38% of all cancer 
surgery has been postponed. There are no studies yet indicating tumor progression or worse 
overall survival because of postponement of cancer surgery. However, one might expect this 
relationship to be present. Recently, a study analyzed the progression of gastrointestinal 
tumors in patients presenting during the COVID-19 pandemic. Patients with gastric cancer 
underwent less surgery and were diagnosed with more lymph node (pN+) and distant 
metastases (cM1)5. This study indicates the importance of continuing cancer surgery and 
our study provides the evidence that it can be performed safely with adequate preoperative 
screening methods. 

Currently most countries worldwide are going through a second COVID-19 wave and some 
are even facing a potential third one. These new waves are characterized by the introduction 
of new SARS-CoV-2 variants, which have an even higher transmissibility. Therefore, hospitals 
may face increased numbers of COVID-19 patients in the coming months, which will affect 
surgical and ICU capacities. However, with use patient selection and adequate preoperative 
screening methods, elective cancer surgery can be continued. Tumor progression because 
of postponement of surgical care or the use of less effective alternative treatment options 
could be prevented. 
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Summary in Dutch

Dit proefschrift getiteld ‘stadiëring en chirurgische behandeling van het maagcarcinoom; 
chirurgie tijdens de COVID-19 pandemie’ bestaat uit twee delen. 

Deel I: stadiëring en chirurgische behandeling van het 
maagcarcinoom

In hoofdstuk 2 is de waarde van de diagnostische laparoscopie bij de stadiëring van het 
maagcarcinoom onderzocht. Hierbij is gekeken naar het percentage onnodige chirurgie 
(open-dicht) in twee cohorten. Patiënten met en zonder een diagnostische laparoscopie 
werden vergeleken in een populatie-gebaseerde cohortstudie. Het percentage onnodige 
chirurgie was hoger in de groep met patiënten die een diagnostische laparoscopie had 
ondergaan voordat zij een potentiële gastrectomie ondergingen. Deze resultaten geven 
aan dat vooral patiënten met een hoger tumor stadium een diagnostische laparoscopie 
ondergaan. Daarnaast suggereren de uitkomsten beperkte sensitiviteit van de diagnostische 
laparoscopie om peritoneale metastases vast te stellen. In hoofdstuk 3 is de diagnostische 
nauwkeurigheid van de diagnostische laparoscopie onderzocht. Diagnostische laparoscopie 
is belangrijk bij de stadiering van het maagcarcinoom, mede door een hoge nauwkeurigheid 
voor het vaststellen van een niet curatief maagcarcinoom. Hierdoor kan voorkomen worden 
dat patiënten een onnodige behandeling ondergaan. 

De curatieve behandeling van een maagcarcinoom bestaat uit perioperatieve chemotherapie 
gevolgd door een gastrectomie. De toevoeging van chemotherapie zorgt voor een betere 
overlevingskans. Echter, in de studies die deze betere overlevingskans laten zien, zijn vooral 
jongere patiënten (<70 jaar oud) geïncludeerd. In hoofdstuk 4 is de waarde van neoadjuvante 
chemotherapie bij oudere patiënten (>75 jaar oud) met een maagcarcinoom onderzocht. De 
lange termijn overleving was gelijk voor patiënten met en zonder chemotherapie die een 
gastrectomie hadden ondergaan. Hoe ouder de patiënt, hoe kleiner het percentage dat aan 
chirurgie toekomt na chemotherapie. Meer dan 25% van patiënten ouder dan 80 jaar kreeg 
na de chemotherapie geen operatie. 

Naast een gastrectomie wordt er een D2 lymfadenectomie en omentectomie uitgevoerd bij 
de curatieve chirurgische behandeling van het maagcarcinoom. Er is echter weinig bewijs 
voor een betere overleving na het routinematig uitvoeren van de omentectomie. In de 
OMEGA-studie is onderzocht hoe vaak omentale metastasen voorkwamen bij patiënten met 
een maagcarcinoom. 5 uit 100 patiënten hadden omentale metastases, en allen hadden een 
tumor in een ver gevorderd stadium. In hoofdstuk 5 zijn de lange termijn uitkomsten van de 
OMEGA-studie onderzocht. De gemiddelde overleving was significant slechter voor patiënten 
met omentale metastasen, ondanks het uitvoeren de omentectomie. Deze resultaten laten 
zien dat het standaard uitvoeren van een omentectomie tijdens gastrectomie mogelijk niet 
bijdraagt aan een betere overlevingskans. 
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Deel II: chirurgie tijdens de COVID-19 pandemie

De COVID-19 pandemie heeft een grote invloed gehad op de mogelijkheid om electieve 
chirurgie te kunnen uitvoeren, mede door de onzekerheid omtrent de veiligheid van patiënten 
en omdat medische middelen werden ingezet om COVID-19 patiënten te behandelen. 
Preoperatieve screening strategieën middels RT-PCR werden geïntroduceerd om chirurgische 
zorg veilig te kunnen continueren tijdens de pandemie. In hoofdstuk 6 is de opbrengst van 
het standaard screenen met RT-PCR voor COVID-19 in asymptomatische patiënten voor 
electieve en spoedoperaties onderzocht. Ongeveer 1% van alle asymptomatische patiënten 
testten preoperatief positief voor COVID-19. Dit percentage steeg tot ongeveer 6% in 
samenhang met stijgende prevalentie van COVID-19 in Nederland. 

Ongeveer 20% van alle COVID-19 patiënten presenteert zich met gastro-intestinale klachten, 
naast pulmonale symptomen. Gedurende het begin van de COVID-19 pandemie hebben 
verschillende centra standaard de combinatie CT-thorax-abdomen ingezet om mogelijke 
COVID-19 infecties te detecteren bij patiënten die zich presenteerde met acute buikklachten 
op de spoedeisende hulp. In hoofdstuk 7 is de opbrengst van COVID-19 detectie middels 
CT-thorax-abdomen bij patiënten met acute buikklachten op de spoedeisende hulp 
onderzocht. De opbrengst was zeer laag, met een extra detectie van COVID-19 in 1% van de 
geïncludeerde patiënten. 

Met behulp van preoperatieve screening methodes kon electieve chirurgie gecontinueerd 
worden tijdens de COVID-19 pandemie. De veiligheid van deze strategie moest echter wel 
onderzocht worden. In hoofdstuk 8 en 9 is de veiligheid van het uitvoeren van electieve 
gastro-oesofageale kanker chirurgie tijdens de COVID-19 pandemie onderzocht. Hieruit 
bleek dat de operaties veilig konden worden uitgevoerd, en het percentage postoperatieve 
complicaties en mortaliteit waren vergelijkbaar met uitkomsten van voor de COVID-19 
pandemie. 

De COVID-19 pandemie heeft ervoor gezocht dat patiënten minder snel naar het ziekenhuis 
kwamen, waardoor het zogeheten pre-hospital delay toenam. Hierdoor werd het natuurlijke 
beloop van verschillende ziekten beïnvloedt. In hoofdstuk 10 is het natuurlijke beloop van 
appendicitis acuta onderzocht. Twee cohorten werden met elkaar vergeleken, een COVID-19 
en een pre-COVID-19 cohort. Het percentage acute appendicitis was lager in de COVID-19 
cohort, maar het percentage patiënten dat zich in een later stadium presenteerde en een 
gecompliceerde appendicitis acuta had was hoger in deze cohort. Patiënten die zich in een 
later stadium presenteerden waren ouder en hadden meer postoperatieve complicaties.  
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1. PhD training
Year ECTS

General courses 
•  Practical Biostatistics  2020  1.4
Seminars, workshops and master classes
• Annual retreat, Cancer Centre Amsterdam 
• Weekly Upper GI research meeting, Amsterdam UMC

 2020
2019-2021

 0.5
1.0

Presentations
• Staging laparoscopy in gastric cancer surgery. A population-based cohort study 

in patients undergoing gastrectomy with curative intent, Wetenschapsdag 
Chirurgie, Amsterdam, 2020

• Staging laparoscopy in gastric cancer surgery. A population-based cohort study 
in patients undergoing gastrectomy with curative intent, Digestive Disease 
Days, Veldhoven, 2020

• Staging laparoscopy in gastric cancer surgery. A population-based cohort study 
in patients undergoing gastrectomy with curative intent, CCA, Noordwijkerhout, 
2020

• Staging laparoscopy in gastric cancer surgery. A population-based cohort study 
in patients undergoing gastrectomy with curative intent, Wetenschapsdag 
Chirurgie, Amsterdam, 2020

• Staging laparoscopy in gastric cancer surgery. A population-based cohort 
study in patients undergoing gastrectomy with curative intent, The European 
Association of Endoscopic Surgery, Krakow, 2020

• Safety of esophageal cancer surgery during the first wave of the COVID-19 
pandemic in Europe: a multicenter study, The Royal Australasian College of 
Surgeons Annual Scientific Congress , virtual congress, 2021

• Safety of esophageal cancer surgery during the first wave of the COVID-19 
pandemic in Europe: a multicenter study, The European Society for Diseases of 
the Esophagus, Milan, 2022

2020

2020

2020

2020

2020

2021

2022

 0.5

0.5

0.5

0.5

0.5

0.5

0.5

(Inter)national conferences
• Wetenschapsdag Chirurgie, Amsterdam
• Cancer Center Amsterdam Retreat, Noordwijkerhout

2019
2020

 0.5
0.5

2. Teaching
Year ECTS

Lecturing
• Weekly Upper GI research meeting, Amsterdam UMC 2020-2021 2.0
Tutoring, Mentoring
• MD student Kammy Keywani 2020-2022  2.0
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specialismen en het werken in hoog tempo aan verschillende studies heb ik veel kunnen 
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leren. In het bijzonder ook dank aan Jochem Scheijmans en Carl Puylaert voor de fijne 
samenwerking en voor onze eindeloze Teams sessies. 

Alle collega’s van de UppgerGI onderzoeksgroep. Annelijn, dank voor de begeleiding tijdens 
het begin van mijn promotietraject. Eliza, Minke, Daan, Marianne, Sofie, Nannet, Egle en 
Maxime, dank voor de fijne samenwerking en gezelligheid. Kammy, ik heb jou eerst als 
student mogen begeleiden. Jij bent betrokken geweest bij alle SCOUT-studies en wij hebben 
daarnaast nog enkele studies samen uitgevoerd. Inmiddels heb jij mijn onderzoeksplek 
overgenomen en ga jij verder met de OMEGA-studie. Dank voor de fijne samenwerking en 
jouw inzet. 

Alle chirurgen en assistenten in het Onze Lieve Vrouwe Gasthuis Oost, bedankt voor de fijne 
werkomgeving waarin ik mijn eerste klinische ervaring heb kunnen opdoen. 

Mijn paranimf en grote broer Bastiaan, ik vind het een hele eer en bijzonder dat jij op 18 
maart naast mij staat als paranimf. In een grote familie met alleen maar artsen heb jij ervoor 
gekozen om rechten te studeren en bouw jij aan een succesvolle carrière in Kopenhagen. Dit 
is iets wat ik bewonder en waar ik veel respect voor heb. Als paranimf hoop ik jou ook een 
kijkje te hebben gegeven in het werk waar ik de afgelopen jaren mee bezig ben geweest. Ik 
kijk uit naar mijn volgende reisjes naar Kopenhagen en naar het nieuwe hoofdstuk in jouw 
leven dat aankomende juni samen met Rikke begint. Rikke, jij bent al lang in onze familie en 
je bent een geweldige schoonzus.

Mijn tweede paranimf Zachri, een van mijn beste vrienden sinds de middelbare school. Ik 
ben ook paranimf geweest tijdens jouw promotie en vindt het fantastisch dat jij nu naast 
mij staat als mijn paranimf. Wij kunnen samen uren kletsen over de medische wereld en ons 
onderzoek. Dit is iets waar ik heel erg van kan genieten. Jij hebt dit jaar een volgende stap 
gezet in jouw carrière met een opleidingsplek bij de plastische chirurgie, wat zeer verdiend 
is. In navolging van jou hoop ik ook binnenkort in opleiding te komen. 

Mijn zusje Isabelle, ook jij hebt gekozen voor de geneeskunde en werkt inmiddels alweer 
een jaar als assistent chirurgie in het Antoni van Leeuwenhoek ziekenhuis. Wij zijn beide 
geïnteresseerd in de snijdende specialismen en jij hoopt aankomend jaar in opleiding tot 
KNO-arts te komen. Ik weet zeker dat het je gaat lukken en ik hoop dat wij nog vele jaren 
samen kunnen werken in de medische wereld. 

Mijn (grote) schoonfamilie, Eveline en John, jullie hebben altijd veel interesse getoond in mijn 
werk en zijn nauw betrokken geweest gedurende mijn gehele promotietraject. Jullie hebben 
altijd goede adviezen en Fré en ik zijn altijd welkom bij jullie, iets waar ik heel dankbaar 
voor ben. Ik wens jullie veel succes met jullie nieuwe project in Italië. Boudewijn en Oya, 
jullie hebben mijn promotietraject met veel aandacht gevolgd en waren altijd benieuwd 
naar de nieuwste ontwikkelingen. Ik geniet van onze etentjes waarin ik elke keer een korte 
samenvatting gaf van de huidige gang van zaken. Dank voor jullie adviezen en betrokkenheid. 
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verhalen over mijn onderzoek en de gezelligheid tijdens etentjes en feestjes. 

Al mijn goede vrienden, waaronder FJ, Oliver, Daan, Jan, Florian, Wessel, dank voor de 
gezelligheid en jullie interesse in mijn onderzoek.

Lieve Mam en Pap, zonder jullie was dit allemaal niet mogelijk geweest. Jullie hebben mij van 
jongs af aan met de medische wereld in aanraking laten komen en door jullie inspirerende 
verhalen heb ik ook gekozen voor een leven als arts. Ik kan altijd bij jullie terecht voor 
adviezen en jullie steunen mij in al mijn keuzes. Jullie hebben mij de mogelijkheid gegeven 
om verschillende studies te doen wat mij uiteindelijk tot hier heeft gebracht. Ik ben jullie 
heel erg dankbaar en hoop dat we dit succes op 18 maart groots kunnen vieren.

Mijn lieve Fréderique, jij bent zeer betrokken geweest bij mijn promotietraject. Veel van 
mijn artikelen heb jij doorgelezen en al mijn presentaties heb ik met jou doorgenomen. Jij 
staat altijd klaar om mijn verhalen aan te horen en weet altijd het juiste tegen mij te zeggen. 
Door corona hebben wij veel samen thuisgewerkt. De drive en precisie die jij hebt in jouw 
werk hebben mij geïnspireerd en ik heb daar veel van kunnen leren. Ik ben ontzettend trots 
op jou en hou van je. Ik kijk uit naar onze toekomst samen. 
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Curriculum Vitae

Alexander Berend-Jan Borgstein was born on the 16th of June 1992 in Leiden, The 
Netherlands. He graduated from secondary school at the Kennemer Lyceum in Overveen in 
2010. After secondary school he started studying at University College Utrecht, an honours 
college, where he studied pre-med as part of a bachelor of science. During his bachelor 
degree, he spent six months at the University of Connecticut in the United States, as part 
of an exchange program. In 2014, he graduated cum laude from University College Utrecht. 

After obtaining his bachelors degree, Alexander started medical school via the “zij-
instroom” trajectory at the University of Amsterdam. During his studies, he developed a 
special interest in surgery. Prior to starting his rotations, he spent three months in Malawi 
to work at the pediatric surgery department. During his clinical rotations, Alexander began 
doing research in the field of upper gastrointestinal surgery under the supervision of Prof. 
dr. van Berge Henegouwen and dr. Gisbertz. After obtaining his medical degree in 2019, 
he started as a PhD-student under supervision of Prof. dr. van Berge Henegouwen en Prof. 
dr. Besselink at the University of Amsterdam/Amsterdam Universitair Medisch Centrum. 
His research focused on staging and surgical treatment of gastric cancer. He was also part 
of the SCOUT-study group, which investigated the safety of performing surgery during the 
COVID-19 pandemic. 

Alexander is currently working as a surgical resident not in training at the Onze Lieve Vrouwe 
Gasthuis under supervision of dr. Gerhards. 








