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Abstract

Background: To reduce the clinical and economic burden of complications after gastrectomy for gastric cancer, specific complications
should be targeted to effectively allocate healthcare resources for quality improvement and preventive measures. The aim of this
study was to assess the impact of complications on clinical outcomes.

Methods: This was a retrospective multicentre study of patients who underwent (sub)total gastrectomy for gastric or junctional
adenocarcinoma at 43 centres in 16 countries between 2017 and 2021. Outcomes were escalation of care, reoperation, prolonged
hospital stay (greater than the 75th percentile), readmission, and 30-day mortality. Adjusted relative risks and population
attributable fractions were estimated for specific complication-outcome pairs. The population attributable fraction represents the
percentage reduction in the frequency of an adverse outcome if a complication could be completely prevented in the population.

Results: In total, 7829 patients were included. Postoperative complications occurred in 1884 patients (24.1%). The most frequent
complications were pulmonary complications (436 patients (5.6%)), anastomotic leakage (363 patients (4.6%)), and abdominal
collection (301 patients (3.8%)). Anastomotic leakage, cardiac complications, and pulmonary complications had the greatest impact
on 30-day mortality (population attributable fraction 26.6% (95% c.i. 14.5% to 38.6%), 18.7% (95% c.i. 9.4% to 28.0%), and 15.6% (95%
c.i. 12.0% to 30.0%) respectively). Anastomotic leakage and pulmonary complications had the greatest impact on escalation of care
(population attributable fraction 26.3% (95% c.i. 20.6% to 32.0%) and 18.4% (95% c.i. 11.7% to 25.2%) respectively), whereas
anastomotic leakage and intra-abdominal bleeding had the greatest impact on reoperation (population attributable fraction 31.6%
(95% c.i. 26.4% to 36.9%) and 8.5% (95% c.i. 5.5% to 11.5%) respectively). Most of the studied complications contributed to a
prolonged hospital stay, whereas the contribution of complications to readmission did not exceed 15.9%. Subgroup analysis
showed regional variation in the impact of complications.

Conclusion: Anastomotic leakage had the largest overall negative impact on clinical outcomes after gastrectomy for gastric
adenocarcinoma. Reducing the incidence of anastomotic leakage and pulmonary complications would have the most impact on
the burden of complications.

Introduction gastrectomy still leads to postoperative complications in up to
20-40% of patients’. Consequently, there has been growing
interest to monitor and compare outcomes for complex and
cost-intensive surgical procedures®®. With this aim, the
lymphadenectomy. Although the implementation of minimally GastroBenchmark ~ Consortium and the GASTRODATA
invasive procedures has minimized surgical trauma, Consortium were conceived, accruing data from 43 centres. The

The cornerstone of curative treatment for patients with gastric
cancer is surgery, consisting of (sub)total gastrectomy plus
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recently published benchmark analysis® provides reference data
to compare outcomes after gastrectomy under ideal conditions,
including clinical outcomes such as postoperative complications.
Early detection and effective treatment of complications are
important to prevent adverse outcomes such as escalation of
care, readmission, mortality, and diminished quality of life®*°.
The downstream effects of these adverse outcomes also drive
healthcare expenses, consume hospital resources, and result in
lost productivity due to prolonged patient disability’®~*?. In this
context, benchmarking provides a basis to improve care.
However, further analysis is needed to prioritize complications
that have the greatest clinical and economic impact. Targeted
interventions for these complications may improve outcomes®®.
On a population level, the impact of complications can be
measured with the population attributable fraction (PAF),
traditionally used in epidemiological literature®*. This measure
represents the burden of an outcome (for example mortality)
that can be attributed to a specific risk factor (for example
anastomotic leakage) by estimating the percentage reduction in
the frequency of the outcome if the risk factor could be
eliminated. The benefit of using the PAF is that it takes both
frequency and relative risk (RR) into consideration, exposing the
complications thathave the mostimpact on a particular outcome.
In colorectal surgery, analyses by means of the PAF have led to
a shift in targeted initiatives to improve outcomes'*™*’. For gastric
cancer, a similar analysis was performed using a data set from the
Netherlands'®. However, the majority of gastric cancer patients
are diagnosed in Asia, with different patient characteristics,
treatment options, rates of postoperative complications, and
resources. This complicates the understanding of the impact of
complications due to differences in health care settings. The
aim of this study was to assess the impact of complications on
clinical outcomes after a gastrectomy for gastric cancer on a
global scale and in a region-specific context to identify targets to
reduce the clinical and economic burden of complications.

Methods
Database and ethics

This was a multicentre retrospective study of consecutive patients
who underwent total and subtotal gastrectomy for gastric cancer
between 1 January 2017 and 31 December 2021. Patients were
included from the GastroBenchmark and GASTRODATA
databases, containing data from 43 centres in 16 countries
(supplementary material); data were retrieved from these
prospectively maintained databases and audited for completeness.
Further details on data collection have been described previously”.
The study committees of both the GastroBenchmark Consortium
and the GASTRODATA Consortium approved the present study
and provided the data for analysis. Before the start of this study,
ethical approval was obtained from Erasmus MC (MEC-2023-0696)
and, upon initiation of the database, approval was obtained from
all participating centres.

Patients and definition of complications

Patients with gastric adenocarcinoma who underwent elective
(sub)total gastrectomy with curative intent were eligible for
inclusion. Patients in whom no Roux-en-Y or Billroth
reconstruction was created or no lymphadenectomy was
performed were excluded. Complications were classified according
to the format used in the KLASS trials for East Asian patients and
the criteria published by the GASTRODATA group'~!. For centres
using the GASTRODATA format, cardiac complications were only

recorded when classified as major (requiring intervention or
escalation of care as per GASTRODATA criteria) and pneumonia
was recorded when a patient was symptomatic in combination
with a positive culture. Other investigated complications were
recorded irrespective of severity or method of diagnosis. Upon
creation of the database, complications were appraised and
grouped to have consistent definitions.

Outcomes

The main outcomes were escalation of care (defined as unplanned
readmission to a unit of higher surveillance), reoperation (surgical
intervention under general anaesthesia), prolonged hospital stay
(length of hospital stay greater than or equal to the 75th
percentile, stratified for surgical access)’”, readmission, and
30-day mortality.

Statistical analysis

Multiple imputation with chained equations (5 iterations) was
performed to impute missing data®®. After assessment of
possible correlation between outcomes and auxiliary variables,
multiple imputation then deletion was performed to obtain the
most accurate estimates of the missing values®*?®. This means
that if a patient had a missing outcome, they were not included
in analyses for that particular outcome.

The adjusted RR with 95% confidence interval for each
complication-outcome pair was calculated using a Poisson
regression model with log link and robust error variance®®,
Non-linearity of continuous variables was addressed with
restricted cubic splines (3 knots). Subsequently, the adjusted
PAF was estimated separately for each of the imputed data sets
for the pairs with a significant association and pooled according
to Rubin’s rules?’. The adjusted PAF represents the anticipated
percentage reduction in the frequency of an adverse outcome if
a certain complication could be completely prevented in the
study population.

Based on previous studies and expert consensus, models were
adjusted for confounders, including age, sex, BMI, ASA grade,
co-morbidities (as listed in Table S1), previous abdominal or
thoracic surgery, open, converted, or minimally invasive
surgery, extent of lymphadenectomy, total or subtotal
gastrectomy, multivisceral resection, T and N categories,
neoadjuvant treatment, number of complications (one or
multiple), and hospital region, unless otherwise stated. As the
frequency of more than two complications per patient was low
(Fig. S1), this variable was dichotomized. Ten (non-)events of
the investigated outcome were required per category of a
variable. In the case of an insufficient number of events for
the entire model, stepwise forward selection was performed
based on the Akaike information criterion. The severity of
complications, in accordance with the Clavien-Dindo (CD)
classification, was not included in the models, as several CD
grades are incorporated in the study outcomes (for example
CD grade III and CD grade V are defined as re-intervention
and death respectively).

Subgroup analyses were performed for patients from East Asia
and Europe/America to assess regional differences. Further
sensitivity analyses were performed, while adjusting for the
occurrence of multiple complications. Some complications may
cause other studied complications. As anastomotic leakage can
lead to pulmonary complications, the PAF for pulmonary
complications was also estimated adding anastomotic leakage
as a variable to the model for 30-day mortality”®. As abdominal
collection was, by definition, excluded from coexisting with
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Table 1 Postoperative complications and adverse outcomes
(n=7829)

Variables Values

Postoperative complications
Pulmonary complications* 436 (5.6); missing 0 (0.0)
Anastomotic leakage' 363 (4.6); mlssmg 0 (0.0)
Abdominal collection® 301 (3.8); missing 0 (0.0)
Tleus/motility disorder® 183 (2.3); mlssmg 0 (0.0)
Fistula (pancreatic and 188 (2.4); missing 0 (0.0)

lymphatic)
Surgical-site infection 123 (1.6); missing 0 (0.0)
Cardiac complications' 97 (1.2); rmssmg 0 (0.0)
Intra-abdominal bleeding 91 (1.2); missing 0 (0.0)
Stenosis of anastomosis 85 (1.1); mlssmg 0 (0.0)
Luminal bleeding 62 (0.8); missing 0 (0.0)
Ischaemia® 39 (0.5); rmssmg 0 (0.0)
Renal insufficiency™ 30 (0.4); missing 0 (0.0)
Other!" 430 (5.4); missing 0 (0.0)
Total proportion of patients with 1884 (24.1); missing 0 (0.0)
complications

Adverse outcomes
Escalation of caret*
Reoperation$$
Readmission
Mortality (30-day)
Prolonged hospital stay '

332 (4.2); missing 272 (3.5)
377 (4.8); missing 2554 (32.6)
437 (5.6); missing 2828 (36.1)

94 (1.2); missing 0 (0.0)
2073 (26.5); missing 258 (3.3)

Values are n (%). *Pneumonia, pleural effusion, respiratory failure,
pneumothorax, and/or pulmonary embolism. TAny clinically or radiologically
proven anastomotic leakage. fIntra-abdominal abscess and/or abdominal
collection without anastomotic leak. SPostoperative paralytic ileus, mechanical
ileus, or delayed gastric emptying. Supraventricular and ventricular
arrhythrma myocardial infarction, and/or heart failure. *Postoperative bowel
perforation or necrosis. *Acute renal failure, requiring dialysis. "fIncludes
vascular, urinary, and gastrointestinal complications, hepatic insufficiency,
cholecystitis, and other types of infection. *#Unplanned readmission to a unit of
higher surveillance (either an intermediate care unit or an ICU). $5Surgical
intervention under general anaesthesia. "Greater than the 75th percentile,
stratified for surgical access.

anastomotic leakage (definitions listed in Table 1), no sensitivity
analysis was conducted. The correlation of complications was
also assessed with Spearman’s correlation coefficient and
visualized in a correlation plot to evaluate whether other
sensitivity analyses were appropriate.

Categorical variables are presented as n (%). Continuous
variables are presented as mean(s.d.), unless their distribution
was skewed. The threshold for significance was set at P <0.050
(two-sided). All statistical analysis was performed in R (R Core
Team, R Foundation for Statistical Computing, Boston, MA, USA;
version 4.3.2) using the ‘AF’ package, which allows for
confounder-adjusted estimation of PAFs for cohort studies, and
the ‘mice’, ‘lme4’, ‘sandwich’, and ‘mitools’ packages?’

Results

In total, 9662 patients were identified in the database, of which
7829 (4042 patients from East Asia and 3787 patients from
Europe/America) were included for analysis (Fig. S2). The
mean(s.d.) age was 65.8 (12.4) years and 63.6% of patients was
male. Most patients presented with a ¢T3 tumour (24.1%) and
clinical node-negative disease (32.0%). Neoadjuvant therapy was
administered in 25.4% of patients. Of all patients, 53.9%
underwent minimally invasive resection. Patient and tumour
characteristics are shown in Table S1.

The most common adverse events were pulmonary
complications (5.6%), anastomotic leakage (4.6%), and
abdominal collection (3.8%) (Table 1). The 30-day mortality rate
was 1.2%. Rates of escalation of care, reoperation, and

readmission were 4.2%, 4.8%, and 5.6% respectively. The rate of
prolonged hospital stay was 26.5%.

Study outcomes

See Tables 2-6. Anastomotic leakage, cardiac complications, and
pulmonary complications had the greatest impact on 30-day
mortality, with risk-adjusted PAF estimates of 26.6% (95%
c.i. 14.5% to 38.6%), 18.7% (95% c.i. 9.4% to 28.0%), and 15.6%
(95% c.i. 12.0% to 30.0%) respectively. Anastomotic leakage and
pulmonary complications had the greatest impact on escalation
of care, with PAF estimates of 26.3% (95% c.i. 20.6% to 32.0%)
and 18.4% (95% ci. 11.7% to 25.2%) respectively, whereas
anastomotic leakage and intra-abdominal bleeding had the
greatest impact on reoperation (PAF 31.6% (95% c.i. 26.4% to
36.9%) and 8.5% (95% c.i. 55% to 11.5%) respectively). All
studied complications contributed to prolonged hospital stay,
except for cardiac complications and renal insufficiency. The
effect of complications on readmission was relatively small;
anastomotic leakage (PAF 4.8% (95% ci. 1.5% to 8.3%)),
abdominal collection (PAF 3.4% (95% c.i. 1.0% to 5.7%)), ileus/
motility disorder (PAF 3.8% (95% c.i. 1.5% to 6.1%)), and
surgical-site infection (PAF 1.8% (95% c.i. 0.2% to 3.4%)) had an
impact on readmission. Hence, approximately 15.9% of the
readmissions were attributable to complications.

East Asia versus Europe/America

Patient characteristics, complications, and adverse outcomes
according to region are shown in Tables S2, S3. For escalation of
care, the PAF estimate of pulmonary complications in East Asian
patients was 28.4% (95% c.i. 16.2% to 40.5%), which was higher
than that in Western patients (PAF 14.2% (95% ci. 6.5% to
21.9%)) (Table S4). Intra-abdominal bleeding had a greater
impact on patients in East Asia (PAF 13.6% (95% c.i. 5.8% to
21.3%) compared with patients in the West (PAF 3.4% (95% c.i.
0.3% to 6.5%). Regarding prolonged hospital stay, no substantial
differences were observed between regions, except for the PAF
of anastomotic leakage and pulmonary complications, which
were higher in Western patients (PAF 12.2% (95% c.i. 10.0% to
14.3%) versus 3.7% (95% c.i. 2.6% to 4.8%) and PAF 6.2% (95%
ci. 3.9% to 8.4%) versus 2.2% (95% c.i. 1.3% to 3.1%)) (Table S5).
Data were insufficient for subgroup analyses for 30-day
mortality, readmission, and reoperation due to missing adverse
outcomes or a low number of events in patients in East Asia.
Subgroup analyses for these outcomes in European/American
patients are shown in Tables S6-S8.

Sensitivity analysis

Overall, 75 of 363 patients with anastomotic leakage also suffered
from pulmonary complications. Adding pulmonary complications
to the models for 30-day mortality resulted in a PAF estimate of
26.6% (95% c.i. 14.6% to 38.6%), similar to the PAF without
adjustment for pulmonary complications. There were no strong
correlations between different complications (Fig. S3) and
therefore no further sensitivity analyses were performed.

Discussion

Anastomotic leakage and pulmonary complications had the
highest overall impact on adverse outcomes, specifically on
escalation of care, reoperation, and 30-day mortality. Prevention
of anastomotic leakage would result in estimated one-third
reductions in 30-day mortality, escalation of care, and
reoperation, and eliminating pulmonary complications would
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Table 2 Risk-adjusted associations and PAF between escalation of care and complications after gastrectomy (n =7557)

Postoperative complication

No. with/without escalation of care

Adjusted RR (95% c.i.) P Adjusted PAF (95% c.i.), % P

Pulmonary complications 117/298 2.21(1.63,2.98) <0.001 18.4 (11.7,25.2) <0.001
Anastomotic leakage 121/214 4.19 (3.17,5.55) <0.001 26.3 (20.6,32.0) <0.001
Abdominal collection 19/274 1.62 (1.01,2.61) 0.049 3.3(0.8,6.3) 0.013
Ileus/motility disorder 16/162 1.34 (0.80,2.26) 0.255 - -
Fistula (pancreatic and lymphatic) 16/164 1.62 (0.96,2.73) 0.075 - -
Surgical-site infection 12/101 0.94 (0.52,1.71) 0.779 - -
Cardiac complications 49/44 2.14 (1.51,3.05) <0.001 7.7 (4.2,11.1) <0.001
Intra-abdominal bleeding 36/49 2.27 (1.56,3.30) <0.001 5.7 (2.7,8.8) <0.001
Stenosis of anastomosis 5/80 1.01 (0.41,2.43) 0.963 - -
Luminal bleeding 19/40 2.19 (1.36,3.54) 0.002 3.1(0.9,5.2) 0.005
Ischaemia 14/23 2.27 (1.30,3.96) 0.004 2.3 (0.3,4.3) 0.025
Renal insufficiency 9/19 0.93 (0.47,1.84) 0.808 - -
RR, relative risk; PAF, population attributable fraction.

Table 3 Risk-adjusted associations and PAF between reoperation and complications after gastrectomy (n =5275)

Postoperative complication No. with/without reoperation =~ Adjusted RR (95% c.i.) P Adjusted PAF (95% c.i.), % P
Pulmonary complications 75/288 0.84 (0.62,1.12) 0.263 - -
Anastomotic leakage 149/131 5.87 (4.56,7.56) <0.001 31.6 (26.4,36.9) <0.001
Abdominal collection 25/153 1.09 (0.60,1.40) 0.698 - -
Ileus/motility disorder 35/101 1.66 (1.23,2.58) 0.002 4.1(1.3,6.9) 0.005
Fistula (pancreatic and lymphatic) 16/155 1.72 (1.02,2.90) 0.040 3.1(0.8,5.4) 0.008
Surgical-site infection 15/70 1.56 (0.91,2.67) 0.102 - -
Cardiac complications 25/62 1.10(0.71,1.71) 0.285 - -
Intra-abdominal bleeding 47/28 3.60 (2.58,5.02) <0.001 8.5(5.5,11.5) <0.001
Stenosis of anastomosis 6/9 3.97 (1.73,9.07) 0.001 1.1 (-0.0,2.2) 0.064
Lurninal bleeding 16/31 1.94 (1.15,3.27) 0.015 2.0(0.2,3.8) 0.027
Ischaemia 23/10 4.26 (2.74,6.62) <0.001 4.7 (2.6,6.8) <0.001
Renal insufficiency 9/16 1.08 (0.57,2.06) 0.807 - -

RR, relative risk; PAF, population attributable fraction.

Table 4 Risk-adjusted associations and PAF between prolonged hospital stay and complications after gastrectomy (n=7571)

Postoperative complication No. with/without Adjusted RR (95% c.i.) P Adjusted PAF (95% c.i.), % P
prolonged hospital stay

Pulmonary complications 263/144 1.54 (1.32,1.81) <0.001 4.0(2.9,5.1) <0.001
Anastomotic leakage 290/46 2.46 (2.12,2.84) <0.001 7.5(6.4,8.7) <0.001
Abdominal collection 245/44 2.42 (2.09,2.80) <0.001 6.7 (5.7,7.8) <0.001
Ileus/motility disorder 131/48 2.10 (1.75,2.52) <0.001 3.1(2.3,3.8) <0.001
Fistula (pancreatic and lymphatic) 123/60 1.84 (1.52,2.24) <0.001 2.6 (1.9,3.4) <0.001
Surgical-site infection 72/47 1.44 (1.12,1.83) 0.003 11 (O 51.7) <0.001
Cardiac complications 45/43 1.12 (0.82,1.52) 0.513 -

Intra-abdominal bleeding 59/30 1.36 (1.04,1.79) 0.028 (O 2,1.2) 0.016
Stenosis of anastomosis 58/20 1.99 (1.53,2.60) <0.001 .5(1.0,2.0) <0.001
Luminal bleeding 40/20 1.65 (1.16,2.18) 0.003 .7 (0.3,1.1) <0.001
Ischaemia 28/10 1.43 (0.97,2.09) 0.042 (o 1,0.8) 0.012
Renal insufficiency 18/11 1.00 (0.63,1.61) 0.957 -

RR, relative risk; PAF, population attributable fraction.

result in approximately one-fifth reductions in 30-day mortality
and escalation of care. Preventing these complications would
most substantially reduce hospital costs’®. There was less effect
of the investigated complications on readmission and prolonged
hospital stay.

The causes and onset of complications after gastrectomy are
multifaceted. A number of factors are known to influence
pulmonary complication rates and can be optimized through
preoperative and postoperative interventions, which include
cessation of smoking, cardiopulmonary pre-conditioning,
adequate pain management, early mobilization, and breathing
exercises®®. The postoperative quality initiative (POQI) issued a
consensus statement summarizing these interventions to
reduce pulmonary complications after upper gastrointestinal

surgery®. Broad implementation of these measures may reduce
rates of mortality and escalation of care. For anastomotic
leakage, nutritional status can be optimized to improve patient
outcomes, but many of the known risk factors of anastomotic
leakage are patient-related and cannot be amended before
surgery>". Other factors such as prolonged operating time, blood
loss, anastomotic technique, and surgeon proficiency are
also associated with leakage, as reflected by the learning curve
of gastrectomy>"*?. Additionally, appropriate anaesthetic
management aimed at prevention of hypotension, a low pH
during surgery, and the use of vasopressors seem equally
important®. Centralized or dedicated upper gastrointestinal
care and adequate proctoring may enable optimization of these
surgical and anaesthetic aspects®*
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Table 5 Risk-adjusted associations and PAF between 30-day mortality and complications after gastrectomy (n = 7829)

Postoperative complication No. with/without mortality
Pulmonary complications 33/403
Anastomotic leakage 36/328
Abdominal collection 2/299
[leus/motility disorder 4/179
Fistula (pancreatic and lymphatic) 3/185
Surgical-site infection 0/122
Cardiac complications 23/74
Intra-abdominal bleeding 7/84
Stenosis of anastomosis 1/84
Luminal bleeding 2/60
Ischaemia 11/28
Renal insufficiency 7/23

Adjusted RR (95% c.i.)* P Adjusted PAF (95% c.i.), %* P
1.83 (1.06,3.18) 0.032 15.6 (12.0,30.0) 0.033
3.56 (2.16,5.84) <0.001 26.6 (14.5,38.6) <0.001
0.18 (0.94,23.36) 0.067 - -
0.71(0.51,3.92) 0.499 - -
0.39(0.12,1.26) 0.108 - -
4.96 (2.83,8.70) <0.001 18.7 (9.4,28.0) <0.001
1.55 (0.64,3.20) 0.374 - -
0.42 (0.06,2.97) 0.769 - -
1.10 (0.22,3.70) 0.832 - -
6.10 (3.11,11.97) <0.001 9.7 (3.3,16.1) 0.003
2.87 (1.28,6.40) 0.014 4.9 (-0.0,9.8) 0.053

*Adjusted for: age, sex, renal co-morbidity, N category, neoadjuvant chemotherapy, total or subtotal gastrectomy, and number of complications (one or multiple). RR

relative risk; PAF, population attributable fraction.

Table 6 Risk-adjusted associations and PAF between readmission and complications after gastrectomy (n = 5001)

Postoperative complication No. with/without readmission ~ Adjusted RR (95% c.i.) P Adjusted PAF (95% c.i.), % P
Pulmonary complications 54/288 1.08 (0.76,1.51) 0.678 - -
Anastomotic leakage 55/197 1.61(1.16,2.22) 0.005 4.9(1.5,8.3) 0.005
Abdominal collection 33/137 2.02 (1.39,2.91) <0.001 3.4(1.0,5.7) 0.005
Ileus/motility disorder 31/100 1.95 (1.33,2.86) <0.001 3.8 (1.5,6.1) 0.001
Fistula (pancreatic and lymphatic) 23/140 1.25(0.81,1.94) 0.314 - -
Surgical-site infection 16/60 2.23(1.33,3.75) 0.002 1.8 (0.3,3.4) 0.020
Cardiac complications 9/73 2.14 (1.06,4.34) 0.039 2.0(0.3,3.6) 0.018
Intra-abdominal bleeding 13/56 1.02 (0.57,1.83) 0.850 - -
Stenosis of anastomosis 4/11 1.91 (0.79,4.64) 0.503 - -
Luminal bleeding 13/31 2.14 (1.21,3.79) 0.058 - -
Ischaemia 6/24 1.25 (0.55,2.84) 0.591 - -
Renal insufficiency 2/21 2.61 (0. 56,10452) 0.277 - -

RR, relative risk; PAF, population attributable fraction.

Most investigated complications had an impact on prolonged
hospital stay after gastrectomy, with anastomotic leakage and
abdominal collection being the largest contributors®. In
contrast, merely four complications were associated with
readmission. Contrary to expectations, less than one-fifth of the
readmissions were attributable to postoperative complications.
Previous studies have reported that approximately 80% of the
complications after gastrointestinal surgery are diagnosed
during initial admission, with only half of patients who
experience complications after discharge being readmitted®’.
Notably, nosocomial infections (such as urinary, clostridium, or
other gastrointestinal infections), which often lead to
readmission, were not included in the present analysis®
Additionally, data on specific reasons for readmission were
lacking. Therefore, causes such as poor intake or dehydration,
previously reported to be common reasons for readmission,
could not be assessed?”-*%.

The PAF has been used previously to identify complications
with the greatest impact on several outcomes (such as
mortality, readmission, and prolonged hospital stay) in patients
with gastric cancer in the Netherlands'®. In the present study, it
was found that cardiac complications had a greater impact on
30-day mortality compared with Gertsen et al'®. This
discrepancy may be attributed to differences in the definition for
cardiac complications used in the Western cohort of the present
study, which only included major cardiac complications.
Cardiac complications resulted in a five-fold increased risk of
30-day mortality in the present study, compared with a
three-fold increased risk of 30-day mortality in Gertsen et al.*®
Notably, pancreatic fistulas were not included in the PAF

analysis in Gertsen et al.’®. While fistulas can be challenging to
manage in the clinic, they had a low overall impact on the
adverse outcomes. Consistent with the present findings, Gertsen
et al.'® also identified anastomotic leakage and pulmonary
complications to have the greatest impact on several adverse
outcomes. However, Gertsen et al.'® only included patients from
the Dutch Upper Gastrointestinal Cancer Audit (DUCA),
although the majority of gastric cancer patients originate from
the East, as the incidence of gastric adenocarcinoma is far
higher in countries such as Japan, Korea, and China, where
lower complication rates are typically achieved®.

Subgroup analysis per region showed variation in the impact of
complications. Although the rate of pulmonary complications in
East Asian patients was lower, pulmonary complications still had
a major impact on escalation of care, having twice the impact
compared with Western patients. Similarly, intra-abdominal
bleeding and abdominal collection had higher PAFs in East Asian
patients. These differences underline that not only patient and
treatment characteristics (which were adjusted for) but also
healthcare system factors influence the onset of clinical adverse
outcomes. Several studies have reported that organizational
aspects such as low nurse staffing levels, poor access to and use
of radiology, and unstructured emergency operation schedules
contribute to mortality and reoperation*®*?. A centre’s resources
and infrastructure influence morbidity management and its
ability to manage and ‘rescue’ complications. Therefore, region-
or country-specific strategies are likely warranted to effectively
reduce complications and mitigate their associated burden and
downstream effects. To better understand the occurrence of
these adverse outcomes, future studies should incorporate
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system- and organizational-level factors that contribute to their
development.

This study has several limitations. Inherent to using the PAF, it
was assumed that the effects of the complications were at leastin
part responsible for the adverse outcomes. As data on the day of
occurrence of outcomes were lacking, the authors were unable
to verify the sequence of events. For patients who were
reoperated on, the possibility exists that a complication was
caused by the second intervention. For two of the five study
outcomes more than a quarter of the values were missing,
limiting the number of patients analysed for these adverse
outcomes and preventing subgroup analysis per region for three
of five investigated outcomes. The number of patients included
per centre varied, with a higher caseload for East Asian centres®.
The authors adjusted for hospital region and other potential
differences, as the Western population typically has more
advanced disease, more co-morbidities, a higher BMI, and is
older. However, the possibility of unmeasured confounding
remains. Finally, two different forms were used to register
complications. This meant that it was necessary to group
several complications. This was particularly relevant for
pulmonary complications, as it was not possible to categorize
these into more specific complications.
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