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ABSTRACT – BACKGROUND: There are no information in the literature associating the volume of 
gastrectomies with survival and costs for the health system in the treatment of patients with gastric 
cancer in Colombia. AIMS: The aim of this study was to analyze how gastrectomy for gastric cancer 
is associated with hospital volume, 30-day and 180-day postoperative mortality, and healthcare 
costs in Bogotá, Colombia. METHODS: A retrospective cohort study based on hospital data of 
all adult patients with gastric cancer who underwent gastrectomy between 2014 and 2016 using 
a paired propensity score. The surgical volume was identified as the average annual number of 
gastrectomies performed by the hospital. RESULTS: A total of 743 patients were included in the 
study. Hospital mortality at 30 and 180 days postoperatively was 36 (4.85%) and 127 (17.09%) 
patients, respectively. The average health care cost was USD 3,200. A total of 26 or more surgeries 
were determined to be the high surgical volume cutoff. Patients operated on in hospitals with a 
high surgical volume had lower 6-month mortality (HR 0.44; 95%CI 0.27–0.71; p=0.001), and no 
differences were found in health costs (mean difference 398.38; 95%CI–418.93–1,215.69; p=0.339). 
CONCLUSIONS: This study concluded that in Bogotá (Colombia), surgery in a high-volume hospital 
is associated with better 6-month survival and no additional costs to the health system.

HEADINGS: Stomach neoplasms. Survival. Health care costs.
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RESUMO – RACIONAL: Não há informações na literatura relacionando o volume de gastrectomias bem 
como a sobrevida e os custos para o sistema de saúde, no tratamento de pacientes com câncer 
gástrico na Colômbia. OBJETIVOS: analisar como a gastrectomia para câncer gástrico está associada 
ao volume hospitalar, mortalidade pós-operatória de 30 e 180 dias e custos de saúde em Bogotá, 
Colômbia. MÉTODOS: Estudo de coorte retrospectivo baseado em dados hospitalares de todos os 
pacientes adultos com câncer gástrico submetidos à gastrectomia entre 2014 e 2016, utilizando um 
escore de propensão pareado. O volume cirúrgico foi identificado como o número médio anual 
de gastrectomias realizadas pelo hospital. RESULTADOS: Foram incluídos no estudo 743 pacientes. 
A mortalidade hospitalar aos 30 e 180 dias de pós-operatório, foram respectivamente, 36 (4,85%) e 
127 (17,09%) pacientes. O custo médio de saúde foi de US$ 3.200. Vinte e seis ou mais cirurgias foram 
determinadas como ponto de corte de alto volume cirúrgico. Pacientes operados em hospitais de 
alto volume cirúrgico tiveram menor mortalidade em seis meses (HR 0,44; IC95% 0,27–0,71; p=0,001) 
e não foram encontradas diferenças nos custos com saúde (diferença média 398,38; IC95% -418,93–
1215,69; p=0,339). CONCLUSÕES: Este estudo concluiu que em Bogotá (Colômbia), a cirurgia em um 
hospital com alto volume cirúrgico está associada a uma melhor sobrevida de seis meses e não há 
custos adicionais para o sistema de saúde.

DESCRITORES: Neoplasias gástricas. Sobrevida. Custos de cuidados de saúde. 
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ABSTRACT - Background: The treatment of choice for patients with schistosomiasis with 
previous episode of varices is bleeding esophagogastric devascularization and splenectomy 
(EGDS) in association with postoperative endoscopic therapy. However, studies have shown 
varices recurrence especially after long-term follow-up. Aim: To assess the impact on 
behavior of esophageal varices and bleeding recurrence after post-operative endoscopic 
treatment of patients submitted to EGDS. Methods: Thirty-six patients submitted to EGDS 

portal pressure drop, more or less than 30%, and compared with the behavior of esophageal 
varices and the rate of bleeding recurrence. Results
late post-operative varices caliber when compared the pre-operative data was observed 
despite an increase in diameter during follow-up that was controlled by endoscopic therapy. 
Conclusion
variceal calibers when comparing pre-operative and early or late post-operative diameters. 
The comparison between the portal pressure drop and the rebleeding rates was also not 

HEADINGS: Schistosomiasis mansoni. Portal hypertension. Surgery. Portal pressure. 
Esophageal and gastric varices.

RESUMO - Racional: O tratamento de escolha para pacientes com hipertensão portal 
esquistossomótica com sangramento de varizes é a desconexão ázigo-portal mais 
esplenectomia (DAPE) associada à terapia endoscópica. Porém, estudos mostram aumento 
do calibre das varizes em alguns pacientes durante o seguimento em longo prazo. Objetivo: 
Avaliar o impacto da DAPE e tratamento endoscópico pós-operatório no comportamento 
das varizes esofágicas e recidiva hemorrágica, de pacientes esquistossomóticos. Métodos: 
Foram estudados 36 pacientes com seguimento superior a cinco anos, distribuídos em 
dois grupos: queda da pressão portal abaixo de 30% e acima de 30% comparados com o 
calibre das varizes esofágicas no pós-operatório precoce e tardio além do índice de recidiva 
hemorrágica. Resultados
esofágicas que, durante o seguimento aumentaram de calibre e foram controladas com 

o comportamento do calibre das varizes no pós-operatório precoce nem tardio nem os 
índices de recidiva hemorrágica. Conclusão

operatórios precoces ou tardios. A comparação entre a queda de pressão do portal e as 

DESCRITORES: Esquistossomose mansoni. Hipertensão portal. Cirurgia. Pressão na veia porta. Varizes esofágicas 
e gástricas.
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Perspectiva
Este estudo avaliou o impacto tardio no índice 
de ressangramento de pacientes submetidos ao 
tratamento cirúrgico e endoscópico. A queda na 

variação do calibre das varizes quando comparado 
o seu diâmetro no pré e pós-operatório precoce e 
tardio. A comparação entre a queda de pressão 
portal e as taxas de ressangramento, também 

evidenciar se apenas a terapia endoscópica, ou 
operações menos complexas poderão controlar o 
sangramento das varizes.

Evolução do calibre das varizes no período pré e pós-
operatório precoce  e tardio

Mensagem central
A desconexão ázigo-portal e esplenectomia 
apresenta importante impacto na diminuição 
precoce do calibre das varizes esofágicas na 
esquistossomose; entretanto, parece que a 
associação com a terapia endoscópica é a maior 
responsável pelo controle da recidiva hemorrágica.
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Perspectives
This study demonstrates that in Bogota 
(Colombia), undergoing surgery in a hospital with 
a high surgical volume is associated with better 
6-month survival and that there are no additional 
costs to the health system. Additionally, 26 or 
more gastrectomies per year were found to be 
a good cutoff point for defining a high surgical 
volume hospital.

Central Message
The surgical treatment of patients with gastric 
cancer is a key element in their prognosis, 
particularly in early or locally advanced 
stages. Discussions have occurred in various 
health systems about centralizing specialized 
procedures in hospitals that have a high surgical 
volume for cancer treatment. There is no 
information from low-income countries about 
how surgical volume in hospitals is related to 
survival and the costs that health systems incur 
when treating gastric cancer patients.
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of service, municipality, sex, age, insurer, service provider, and 
the cost paid by each insurer (the cost incurred by the health 
system for each enrollee). The RUAF death certificate database 
contains information on all deaths in the country and includes 
the date and cause of death. Death certificates in Colombia 
have a coverage rate of over 90%22. The databases were 
anonymized, and the study complied with the standards of the 
Declaration of Helsinki and the current ethical guidelines and 
was approved by the Institutional Review Board of the School 
of Medicine at the National University of Colombia (number 
023-264, on 11/23/2019).

Variables
The primary exposure variable was the average annual 

volume of gastrectomies performed at the hospital at which the 
patient underwent a gastrectomy. Two groups were identified:
1. patients who were treated at hospitals with a high surgical 

volume (the exposed cohort) and 
2. patients who were treated at hospitals with a low surgical 

volume (the unexposed cohort). 

To divide the population into exposures to high and 
low volumes, different cutoff points were tested based on 
the observed distribution of surgical volume. The relative risk 
of 30-day mortality was estimated for each possible cutoff 
point evaluated, and the lowest point that was statistically 
<1 was selected as the cutoff between high and low volumes. 
This relative risk was estimated with multivariate Poisson 
models of 30-day mortality as a function of exposure status 
(for each surgical volume value between 10 and 31 surgeries 
per year) and was adjusted for type of regime (contributory 
and subsidized), age, Charlson index (which includes metastatic 
cancer), sex, and year of surgery. Confidence intervals of 95% 
were used.

Outcomes
The primary outcome was survival at 180 days after 

surgery. In addition, the total costs of care incurred by the 
health system were estimated for all health services used during 
the first 30 days after surgery. These costs included surgery, 
related hospitalization, medications, and diagnostic tests and 
were adjusted to 2016 USD.

Analysis
All baseline characteristics and outcomes were described 

using absolute and relative frequencies for categorical 
variables and means and standard deviations for continuous 
variables. Due to the lack of randomization, propensity 
score matching (PSM) was used to decrease selection bias 
and confounding variables4. A logistic regression model 
was used to obtain the propensity score for each subject, 
which included clinical and demographic variables that were 
predictive of exposure status. 

This model took into account all possible observable 
confounders and variables that were imbalanced in the descriptive 
analyses. A 1:1 nearest neighbor match without replacement 
was used to match subjects in high surgical volume hospitals 
(the exposed cohort) with subjects in low surgical volume 
hospitals (the unexposed cohort). Matching algorithms with 
different calipers were tested, and the one that produced the 
best balance in the baseline characteristics of the matched 
sample was selected. Balance was evaluated based on the 
absolute value of the standardized differences in the matched 
sample, with a target value less than 0.15.

The association between surgeries in a high-volume 
surgical hospital and 180-day survival was estimated for the 
matched sample with hazard ratios (HR) using Cox models3. 
The assumption of proportionality was evaluated.

INTRODUCTION
The surgical treatment of patients with gastric cancer 

is a key element in their prognosis, particularly for early or 
locally advanced stages1,16. However, many patients are not 
detected by the health system until after the disease has 
reached advanced stages, especially in low-income countries. 
Consequently, gastrectomies for gastric cancer patients are 
highly complex procedures that require the development of 
skills and abilities not only by healthcare professionals but also 
by the institutions that perform the surgeries21.

Discussions have occurred in various health systems about 
centralizing specialized procedures in hospitals that have a high 
surgical volume for cancer treatment. The staff in hospitals with 
a high surgical volume has more training in these surgeries 
and in managing complications, using technology based on 
patient needs, and applying standardized processes that can 
improve outcomes. However, these specialized centers could 
generate more health system costs due to the high cost of 
their skilled staff, the technology they use, and the need to 
transport patients to these centers6,7,20,24.

Colombia, a middle-income country, has a mandatory 
health system with managed-care competition, where public 
and private insurers provide a standard benefit package for all 
enrollees. The benefit package includes treatment for gastric 
cancer. The healthcare system is divided into a contributory 
system for formal workers and their families and a subsidized 
system for low-income families. These two systems cover 96% 
of Colombians. Bogota, the capital of Colombia, is home to 
18% of the Colombian population (approximately 9 million 
residents), and its service delivery network is composed 
of hospitals that are very similar in size, complexity, and 
experience. The different hospitals treat gastric cancer patients 
in accordance with the contracts between the insurers and 
providers. Therefore, Bogota is an ideal location to evaluate 
the relationship between hospital volume and clinical and 
financial outcomes related to gastric cancer patients who 
undergo gastrectomies in resource-limited settings. 

There is no information from low-income countries 
about how surgical volume in hospitals is related to survival 
and the costs that health systems incur when treating gastric 
cancer patients. 

This study was aimed at analyzing how a gastrectomy 
for gastric cancer is associated with hospital volume, 30-day 
and 180-day postoperative mortality, and healthcare costs in 
Bogota, Colombia.

METHODS
Study design and data sources
This is a retrospective cohort study based on hospital data, 

using the UPC (capitation payment unit) sufficiency database 
from the Colombian Ministry of Health and Social Protection 
and death certificates from the Unique Enrollment Registry 
(RUAF in Spanish) in Bogota. All patients in the contributory 
and subsidized systems who were diagnosed with gastric 
cancer and who underwent a gastrectomy from January 2014 
to December 2016 were included. All patients were followed 
up to 6 months after surgery.

The UPC database contains information that Colombia’s 
health system insurers send to the Ministry of Health, which 
is used to estimate the premiums that the system recognizes 
for each person enrolled in the health system. This database is 
highly standardized and contains detailed information about 
all services used by the enrollees, including the type of service 
provided, the International Code of Diseases-10 (ICD-10), date 
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A linear regression of the matched sample was also 
used to determine the association between high versus low 
surgical volume (exposure status) and healthcare cost, and 
95% confidence intervals (CI) with robust standard errors in 
matching were estimated. All analyses were performed with 
Stata 17 (StataCorp LP, College Station, TX).

RESULTS
Descriptive
A total of 743 patients with a diagnosis of gastric cancer 

underwent gastrectomy in Bogota from January 2014 to December 
2016. Of those, 62% were women, and 30.42% belonged to 
the subsidized health system. The mean age was 61.70 years 
(SD 13.71). A total of 36 (4.85%) patients died within 30 days after 
surgery and 127 (17.09%) within 180 days. The health system 
paid an average of USD 3,200 for healthcare costs (Table 1).

Hospital surgical volume
A total of 743 patients underwent surgery in 52 high-

complexity hospitals. Three of the hospitals had annual gastrectomy 
volumes over 20 surgeries (one with 26, one with 30, and one 
with 54 gastrectomies per year). Table 2 shows the proportion 
of 30-day and 180-day mortality according to hospital surgical 
volume. The hospitals with more than 20 surgeries per year 
had lower 30- and 180-day mortality rates than those with 
lower volumes. 

Different surgical volume values were tested to identify 
the cutoff point for dividing the sample into high volume 

(i.e., exposed) and low volume (i.e., non-exposed) cohorts. 
The adjusted relative risk of 30-day mortality was estimated for 
each surgical volume value tested, and the lowest value that 
was statistically <1 was defined as the cutoff point. Figure 1 
shows the results of the analyses that were performed. 

The risk of dying within 30 days was lower after 26 surgeries 
per year, with a relative risk of 0.37 (95%CI 0.14–0.96; p=0.04). 
Therefore, this was used as the cutoff point. It is important to 
mention that there were no hospitals with surgical volumes 
between 20 and 25 surgeries per year, so these values could not 
be tested as cutoff points for defining a high surgical volume.

Mortality
After identifying the cutoff between high- and low-volume 

hospitals, the baseline characteristics of the patients were 
compared, and differences were observed between cohorts. 
Specifically, the proportion of women, age, Charlson index, 
and year of surgery were found to be imbalanced (absolute 
standardized differences greater than 0.1) (Table 3). A 1:1 
propensity score matching with a caliper of 0.05 produced a 
good balance of baseline characteristics (absolute standardized 
differences less than 0.1), and the sample did not result in any 
significant loss in size compared to the original sample (the 
final size of each cohort was 221 patients).

The Cox model shows that undergoing surgery in a 
hospital with a high surgical volume (greater than or equal to 26 
surgeries per year) was associated with lower 6-month mortality 
(HR=0.44; 95%CI 0.27–0.71; p=0.001) for the matched sample 
(Table 4). Figure 2 presents the cumulative mortality curves for 
the two cohorts, which show a large difference between them.

Costs
The analysis of healthcare costs for the matched sample 

found a cost of USD 3,085.82 (95%CI 2,485.52–3,686.12) for the 
cohort of surgeries in hospitals with low surgical volume costs 
and USD 3,484.2 (95%CI 2,929.55–4,038.85) for the cohort in 
hospitals with a high surgical volume. However, these differences 
were not statistically significant (mean difference: 398.38; 95%CI 
–418.93 to 1,215.69; p=0.339) (Table 4).

Table 1 - Baseline characteristics of the full sample.

Characteristics Full Sample 
n=743

Women; n (%) 457 (61.51)
Age, years; mean (SD) 61.70 (13.71)
Age category, years; n (%)

49 or less 145 (19.52)
50–64 265 (35.67)
65–79 276 (37.15)
80 or more 57 (7.67)

Subsidized system; n(%) 226 (30.42)
Charlson Comorbidity Index; n(%)

2 422 (56.8)
3 165 (22.21)
4 53 (7.13)
5 59 (7.94)
6 20 (2.69)
7 16 (2.15)
8 or more 8 (1.08)

Year of surgery; n(%)
2014 298 (40.11)
2015 211 (28.40)
2016 234 (31.49)

30-day mortality; n(%) 36 (4.85)
180-day mortality; n(%) 127 (17.09)
Healthcare costs, USD 2016;mean (SD) 3,200.12 (4,790.28)

SD: standard deviation; USD: United States dollars.

Table 2 - Description of hospital surgical volume and mortality outcomes.
Hospital surgical volume categories Patients (n) Hospitals (n) 30-day mortality (n) (%) 180-day mortality (n) (%)
1–9 gastrectomies per year 191 37 9 (4.71) 36 (18.85)
10–19 gastrectomies per year 330 12 22 (6.67) 70 (21.21)
20–29 gastrectomies per year 87 2 1 (1.15) 9 (10.34)
30 or more gastrectomies per year 135 1 4 (2.96) 12 (8.89)
Total 743 52 36 (4.85) 127 (17.09)

CI: confidence interval; RR: relative risk.
Figure 1 - Surgical volume and 30-day mortality risk.

HOSPITAL VOLUME, MORTALITY AND COSTS OF GASTRECTOMY FOR GASTRIC CANCER
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DISCUSSION
Based on administrative healthcare data, the present 

study identified the cohort of patients with gastric cancer 
who underwent gastrectomies in Bogota between 2014 and 
2016, described the surgical volume of the hospitals where 
they underwent surgery, and determined how surgical volume 
was associated with 6-month survival and the healthcare 
costs paid by the Colombian health system. This study found 
that undergoing surgery in a hospital with a high surgical 
volume (26 or more gastrectomies per year) was associated 
with better 6-month survival than in a hospital with a low 
volume. No difference was found in the direct costs paid by 
the Colombian health system.

The findings of this investigation are consistent with 
several studies in the literature that report that surgical volume 

at hospitals where patients undergo surgery is associated with 
short-term mortality. In a systematic review by Mukai et al. of 23 
studies with more than 1,000 patients each, the authors found 
that undergoing operations in hospitals with a high surgical 
volume was associated with lower postoperative mortality18. 
Of these studies, seven had more than 10,000 patients6,11,13-15,23,25. 
Additionally, Iwatsuki et al. evaluated 71,307 patients and 
found that undergoing operations in a hospital with 27 or 
more total gastrectomies per year resulted in lower 30-day 
postoperative mortality than a hospital with 11 or fewer cases 
per year (OR 0.53, 95%CI 0.43–0.63)12.

Most of the previously discussed studies used odds ratios 
as the effect estimator to compare the association of surgical 
volume with mortality. Only two studies used HR as the effect 
estimator, which was also used by our study. Anderson et al. 
reported an HR of 0.385 (p<0.001) when comparing hospitals 
with more than 30 surgeries per year with those with less 
than 102. And Coupland et al. found an HR of 0.52 (p<0.0001) 
for hospitals with 80 or more surgeries per year compared to 
those with less than 208.

With regard to the definition of high and low volume, 
the present study identified an inflection point for hospitals 
with 26 or more surgeries per year. This was determined 
by determining the relative risk of each possible cutoff 
point evaluated and identifying the lowest surgical volume 
value that was statistically <1. Then, the population was 
divided into two groups that were found to have significant 
differences in 30-day mortality according to a Poisson 
distribution. Different cutoff points have been used to define 
high and low surgical volume hospitals. Many studies use 
the observed distribution and some benchmarks, such as 
the 75th or 90th percentiles; others use prior definitions or 
administrative definitions12,9,10. The review by Mukai et al. 
presents a summary of the different cutoff points that have 
been used, which shows various values ranging from 6 or 
more to 80 or more8,23. However, most reports are between 
13 and 30 surgeries per year.

In low-income countries, hospitals with higher surgical 
volume tend to have medical staff with more training or experience, 
and more advanced technology. While this could be related 
to higher patient care costs, the present study explored the 
relationship between hospital costs and surgical volume and 
did not find any statistically significant differences in the direct 
costs paid by the health system. Nevertheless, descriptively, the 
average cost was higher for patients who underwent surgery in 
hospitals with a high surgical volume. Murata et al. found that 
hospitals with a high surgical volume (more than 40 surgeries 

Table 3 - Baseline characteristics by cohort for the full and matched samples.

Characteristics
Full sample Matched sample

Exposed 
(n=222)

Non-exposed 
(n=521)

Standardized 
differences

Exposed 
(n=221)

Non-exposed 
(n=221)

Standardized 
differences

Women; proportion 0.45 0.36 0.19 0.45 0.45 0.01
Age, years; mean 64.50 60.50 0.30 64.44 64.66 0.02
Subsidized system; proportion 0.27 0.32 0.11 1.27 1.30 0.06
Charlson Comorbidity Index; proportion

2 Ref Ref
3 0.20 0.23 0.07 0.20 0.21 0.02
4 0.08 0.07 0.05 0.08 0.08 0.01
5 0.17 0.04 0.42 0.17 0.17 0.01
6 0.05 0.02 0.21 0.05 0.05 0.02
7 0.05 0.01 0.24 0.05 0.04 0.03
8 or more 0.03 0.00 0.19 0.02 0.01 0.06

Year of surgery; proportion
2014 Ref Ref
2015 0.34 0.26 0.18 0.34 0.36 0.06
2016 0.27 0.33 0.14 0.27 0.30 0.07

Ref: Reference.

Table 4 - Effects of high volume on 6-month survival and 
healthcare costs.

Estimate 95%CI p-value
6-month survival

Adjusted HR 0.44 [0.27–0.71] 0.001
Healthcare costs

Adjusted mean differ-
ence (USD) 398.38 [-418.93–1,215.70] 0.339

CI: confidence interval; USD: United States dollars; HR: hazard ratios.

Figure 2 - Cumulative incidence of mortality. A 6-month   
follow-up.
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per year) were associated with shorter hospital stays and lower 
costs in Japan19.

The present study has several limitations. First, although the 
information in the study was taken from a highly standardized 
database with broad coverage, given that it is an administrative 
database, it does not contain relevant clinical information that 
could improve the estimates, for example, histologic type of 
cancer, anatomic location, extent of lymphatic dissection, and 
duration of surgery, among others. Second, it was not possible 
to study the number of surgeons or surgeon experience, which 
have been found to be associated with mortality. Third, no 
hospitals with annual surgical volumes between 20 and 25 
surgeries were identified; therefore, these values could not be 
tested as cutoff points.

Nonetheless, the present study has several advantages. 
First, to our knowledge, this is the first study in a low- or middle-
income country that presents information about hospitals 
with a high versus low volume of gastrectomies for cancer 
patients. This is very important for the development of policies 
for the country’s health systems. Second, the administrative 
database that was used was highly standardized and came 
from the Colombian health system, which covers approximately 
96% of the population of Bogota. Therefore, the estimate of 
the number of surgeries per hospital is very close to reality. 
While there could be some measurement problems in terms of 
patients who paid for gastrectomy, this is highly uncommon in 
Colombia, which has one of the lowest out-of-pocket expenses 
on the entire continent17. Third, the death certificates used 
to estimate the date of death contained high-quality data 
and had good coverage, and they enabled tracking patients 
regardless of the place of death (in another hospital or city 
other than Bogota). Fourth, the use of propensity scores to 
control for confounding and/or selection bias resulted in 
balance in the observable baseline characteristics, making 
the two groups comparable.

Finally, we consider this to be a pioneering study and 
one that is greatly important for analyzing the performance 
of health systems in low-income regions. The information 
available thus far has come from developed countries, and 
policies in low-income countries have been designed based 
on information from very different contexts. This study will 
provide local information for the design of policies in Colombia.

CONCLUSION
This study demonstrates that in Bogota (Colombia), 

undergoing surgery in a hospital with a high surgical volume 
is associated with better 6-month survival and that there are 
no additional costs to the health system. Additionally, 26 or 
more gastrectomies per year were found to be a good cutoff 
point for defining a high surgical volume hospital.
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