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INTRODUCTION

Bariatric procedures have long been shown to 
decrease the morbidity associated with morbid 
obesity(16), and also to prolong life(3, 15). While its 
benefits largely outweighs its short and long-term 
complications(4, 6), gastrointestinal symptoms have 
to be closely monitored on a regular basis, with en-
doscopy playing an important role in the screening 
for potential complications. Different endoscopic 
post-operative findings have been described in the lit-
erature, but to the best of our knowledge no previous 
studies have evaluated the most common patterns of 
finding co-occurrence. Such studies would provide 
guidance on what additional endoscopic findings to 
anticipate once a particular post-operative finding has 
been encountered.

A wide range of  post-operative endoscopic 
findings have been reported in the literature. Apart 
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from an anastomotic stricture noted to occur in 
approximately 52.6% of  cases, the remaining oc-
curs in two to ten percent of  all patients, includ-
ing marginal ulcers, unraveled, non-absorbable 
sutures causing obstruction in the functioning 
of  the upper gastrointestinal tract, gastrogastric 
fistulae, band erosion, staple band dehiscence, 
stenosis, and hiatus hernia(8,13,21,25,26). In this multi-
tude of  possible findings, a normal gastric endos-
copy has been consistently reported as the most 
common post-operative endoscopic finding in these 
patients(8,10,14,22). Despite these findings, to our knowl-
edge none of  these previous studies has reported 
co-occurring patterns.

In face of this gap in the literature, the objective 
of this study was to conduct a co-occurrence analysis 
to investigate the most common finding associations 
in the endoscopic evaluation of post-gastric bypass 
surgery patients.
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METHODS

Study design
This is a cross-sectional, registry-based study to evalu-

ate the co-occurrence of  endoscopic findings in post-gas-
tric bypass procedures. This study is described in accor-
dance with the STROBE (STrengthening the Reporting 
of  OBservational studies in Epidemiology) guidelines(23). 
A total of  396 observations on 339 consecutive patients 
were part of  this analysis.

Ethics
Our study was approved by the Institutional Review 

Board associated with our institution. Given that the study 
was part of a registry, all records were de-identified, ulti-
mately reducing the risk of a privacy breach.

Setting
Data were collected at the Bariatric Service within the 

Kaiser Clinic and Hospital, São José do Rio Preto, Brazil. 
Endoscopic procedures occurred between January 2014 
and July of 2015.

Participants
Inclusion criteria involved consecutive patients having 

previously undergone a gastric bypass procedure provid-
ed at the Kaiser Clinic and Hospital, and undergoing a 
diagnostic endoscopy secondary to a symptom. Patients 
below 18 years of  age were excluded.

Variables
Our main variables of  interest were age, gender, time 

since bypass procedure, body mass index at surgery (weight 
in kilogram over the square of  height in meters), body 
mass index at the time of  the endoscopy procedure, as 
well as those describing endoscopic findings: Presence of 
a gastric pouch, if  this pouch exceeded four centimeters 
or was associated with any wall lesion, presence of  an 
anastomosis, presence of  a fistula connecting the gastric 
cavity to any other region, ring displacement, esophagitis, 
Helicobacter pylori, intruded suture, intruded rings, pres-
ence of  a marginal ulcer, visible staples, dilation and any 
type of  stenosis.

Statistical methods
Our exploratory analysis started by evaluating 

distributions, frequencies and percentages for each 
of  the numeric and categorical variables. Categorical 
variables were evaluated for near-zero variation(12). 
Crude intersection was evaluated for selected vari-
ables to investigate isolated and paired occurrences. 
Extensive graphical displays were used for both uni-
variate analysis and bivariate associations, accompa-
nied by broader tests such as Maximal Information 
Coefficient(20) and Nonnegative Matrix Factorization(17) 
algorithms for numeric variables. Missing data were 
explored using a combination of  graphical displays 

involving univariate, bivariate and multivariate methods. 
Imputation was performed using a k-nearest neighbors 
algorithm (n = 5)(18).

We then performed an analysis using unsupervised 
trees of  hierarchical clustering(9) to identify the most 
common associations and hierarchical patterns among 
counts of  the following variables: pouch, anastomosis, fis-
tula, intruded rings, esophagitis, pouch accompanied by 
a gastric lesion of  any nature, intruded suture, ring slip, 
marginal ulcer, visible staples, dilation and stenosis. Iso-
lated variables were also analyzed using item factor anal-
ysis, which allows for the latent variable patterns among 
dichotomous variables. All analyses were performed 
using the R language(19) and the following packages: 
ggplot2(24), rmarkdown(2).

RESULTS

Participants
Most of  our patients were females in their late 

30s, with those having higher BMI being younger. 
The endoscopic exam occurred at an average of  3.6 
years since the original bypass procedure, with pa-
tients having lost an average of  10 BMI points at that 
time. The most common finding was esophagitis, and 
the least common, an intruded ring. The greater time 
since bypass procedure as well as the presence of  ring, 
gastric pouch dimensions and prevalence of  pouch 
greater than 4 cm were significantly associated with 
high BMI (Table 1).

When evaluating the crude intersection across endo-
scopic findings (Figure 1), we observed that most findings 
were isolated (straight line), the most intersecting findings 
including dilation and stenosis, followed by intruded sutures 
and esophagitis, both represented by the line with circles. 
As expected, esophagitis was not only the most common 
finding but also the most common finding associated with 
other findings.

When evaluating lesion co-occurrence, we observed two 
large clusters, one related to ring-related complications 
and another related to stenosis-related complications. 
Both were demonstrated by the tree branches as well 
as through the aggregated color patches. Ring-related 
findings involved ring displacement, ring slips, pouch-as-
sociated lesions, and any other complications associated 
with rings. The second cluster involved dilation and 
stenosis (Figure 2).

Given that the previous analysis assumes a normal dis-
tribution, we sought to confirm this association through an 
item factor analysis, again obtaining a similar result in rela-
tion to the ring-related cluster, grouping, ring displacement, 
ring slips, intruded rings. A second group was found related 
to stenosis involving findings such as stenosis, dilation and 
marginal ulcer (Table 2).

A graphical display of  the factor analysis and a plot 
displaying factor analysis results are demonstrated on 
(Figure 3 and 4).
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TABLE 1. Patient sample characteristics by body mass index

Variable Total (396) Low BMI 
(198)

High BMI 
(197) P

Age 38.77 
(± 11.02)

40.39 
(± 12.04)

37.15 
(± 9.68) 0.003

Female 321 
(81.1 %)

174 
(87.9 %)

146 
(74.1 %) < 0.001

Time since bypass 
procedure

3.66 
(± 3.62)

3.24 
(± 3.29)

4.07 
(± 3.88) 0.023

BMI at endoscopy 31.88 
(± 6.79)

29.34 
(± 4.78)

34.43 
(± 7.53) < 0.001

Ring 64 
(16.2 %)

22 
(11.1 %)

41 
(20.8 %) 0.013

Esophagitis 0.155

Barrett’s 
esophagus

9 
(2.3 %)

2 
(1 %)

7 
(3.6 %)

Esophagitis non 
erosive

44 
(11.1 %)

22 
(11.1 %)

22 
(11.2 %)

Grade A 33 
(8.3 %)

16 
(8.1 %)

17 
(8.6 %)

Grade B 31 
(7.8 %)

16 
(8.1 %)

15 
(7.6 %)

Grade C 8 
(2 %)

7 
(3.5 %)

1 
(0.5 %)

Grade D 2 
(0.5 %)

2 
(1 %)

0 
(0 %)

Pouch (cm) 4.57 
(± 1.24)

4.42 
(± 1.18)

4.7 
(± 1.27) 0.025

Pouch greater than 
4cm

9 
(2.3 %)

1 
(0.5 %)

8 
(4.1 %) 0.042

Pouch lesion 18 
(4.5 %)

8 
(4 %)

10 
(5.1 %) 0.801

Anastomosis (mm) 0.202

01 to 5 21 
(5.3 %)

9 
(4.5 %)

12 
(6.1 %)

06 to 10 74 
(18.7 %)

44 
(22.2 %)

30 
(15.2 %)

11 to 15 158 
(39.9 %)

83 
(41.9 %)

75 
(38.1 %)

16 to 20 104 
(26.3 %)

45 
(22.7 %)

58 
(29.4 %)

21 to 30 35 
(8.8 %)

14 
(7.1 %)

21 
(10.7 %)

31 to 40 2 
(0.5 %)

2 
(1 %)

0 
(0 %)

40 to 100 2 
(0.5 %)

1 
(0.5 %)

1 
(0.5 %)

Intruded suture 73 
(18.4 %)

34 
(17.2 %)

38 
(19.3 %) 0.678

Intruded ring 4 
(1 %)

2 
(1 %)

2 
(1 %) 1

Ring slip 35 
(8.8 %)

13 
(6.6 %)

22 
(11.2 %) 0.152

Marginal ulcer 24 
(6.1 %)

15 
(7.6 %)

9
(4.6 %) 0.298

Visible staples 76
(19.2 %)

38 
(19.2 %)

38
(19.3 %) 1

Stenosis 37 
(9.3 %)

18 
(9.1 %)

19 
(9.6 %) 0.987

Dilation 37 
(9.3 %)

18 
(9.1 %)

19 
(9.6 %) 0.974

Fistula 5 
(1.3 %)

2 
(1 %)

3 
(1.5 %) 0.995

H. pylori 11 
(2.8 %)

5 
(2.5 %)

6 
(3 %) 0.993

TABLE 2. Factor loadings for item factor analysis

Variable Ring cluster Stenosis cluster

Intruded ring 0.9155471 0.1593664

Ring 0.8756112 0.0555071

Pouch greater than 4cm 0.76082 0.2225955

Ring slip 0.7594867 0.0785865

Visible staples 0.7384883 0.041114

Intruded suture 0.7063942 0.1252824

Pouch (cm) 0.4767567 0.117672

Esophagitis 0.4181584 0.123986

Marginal ulcer 0.3791405 0.8419599

Dilation 0.2961818 0.9504888

Stenosis 0.2642788 0.955542

Pouch lesion 0.1955905 0.086231

Anastomosis 0.0959897 0.3534908

H. pylori 0.0770348 0.5638843

Fistula 0.0747534 0.3172821

FIGURE 2. Intersection graphic across different findings
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(eight patients, 16%, including 2% with a marginal ulcer)
(13). A recent study presented stenosis as the main finding 
in 35.5% of patients, with marginal ulcer being the second 
most common finding (n=9)(7). In another series associating 
symptoms to specific findings, reports included normal 
surgical anatomy (31.6%), anastomotic stricture (52.6%), 
marginal ulcer (15.8%), unraveled non-absorbable sutures 
causing functional obstruction (4%) and gastro-gastric fis-
tula (2.6%)(10). This series also reported an unusual finding 
involving a completely obstructed anastomotic stricture(10). 
In one last case series, a group evaluating complications of 
various therapies noted stomal ulceration and stenosis in, 
respectively, 12.5% and 12% of 191 patients who underwent 
gastric bypass. Only 3% had both complications simultane-
ously(1). The mechanism underlying the occurrence of these 
complications is poorly understood but has been posited 
to depend on physician skill(5). The marginal ulcer is most 
probably related to the accumulation and non-use of acid 
gastric fluids after the surgical procedure. These findings are 
of clinical significance as a series associating symptoms with 
the previously mentioned findings has demonstrated that 
abdominal pain was the most common symptom (53%), be-
ing more frequent among patients with a normal endoscopy 
than among those with an abnormal endoscopy (P=0.04). 
Stomal stenosis was present in 39% of patients with nausea, 
vomiting, or dysphagia, while it was also not present in any 
patient without these symptoms (P=0.001)(10).

Although analyses involving the co-occurrence of patient 
factors in gastric bypass surgery is significant in providing 
specialists with a set of  rules to actively search for addi-
tional findings, to our knowledge no previous study has 
evaluated co-occurrence patterns of  endoscopic findings. 
Instead, cluster analysis have been used as a mechanism to 
evaluate factors associated with specific clinical outcomes. 
For example, a cluster analysis relating surgical skill and 
complications after bariatric surgery has found that greater 
surgical skill is frequently associated with better surgical 
outcomes(5). In another study, obese patients without mental 
disorders were found to be associated with better outcomes 
than those with psychiatric disorders(11). While both of these 
studies have had important clinical implications, we would 
argue that clustering methods should be more often used in 
the evaluation of the co-occurrence of symptoms and signs, 
as clusters can provide a set of rules of the type “if  a given 
finding is encountered, then a second related finding should 
be actively searched.”

Despite being the first study evaluating the co-occurrence 
of endoscopic findings, our study does have limitations. First, 
our data were collected as part of a registry, rather than as 
a specific study envisioning the present research question. 
However, since we follow a standard reporting protocol 
with pre-defined categories for all of our endoscopic reports, 
data entry error and bias should have been minimized. In 
addition, given that our protocol did not originally foresee 
a research study, we would argue that our results are more 
likely to represent a “real-world” practice. Second, among 
our analytical methods, we have made use of tests such as the 

DISCUSSION

To the best of our knowledge, this is the first study evalu-
ating co-occurrence patterns for long-term endoscopic find-
ings in patients having undergone gastric bypass procedures. 
We found that findings tend to cluster across two large groups, 
the first associated with ring-related complications, and the 
second associated to stenosis-related complications. In ad-
dition, esophagitis was not only the most common isolated 
finding but, likely as a consequence, also the most common 
finding associated with other lesions.

Variable rates of endoscopic findings have been observed 
in different studies after bariatric surgery. In one series 
investigating ways of  managing postoperative symptoms, 
the authors reported the following frequencies for different 
findings; normal post-surgical anatomy (43%), marginal 
ulcer (27%), stomal stenosis (19%, including 10% with a 
concomitant marginal ulcer), and staple-line dehiscence 

FIGURE 4. Plot displaying factor analysis results
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Quadros LG, Kaiser Junior RL, Galvão Neto MP, Campos JM, Santana MF, Ferraz AAB. Achados endoscópicos no pós-operatório tardio após bypass gástrico: 
análise de co-ocorrência. Arq Gastroenterol. 2016,53(4):273-7.
RESUMO - Contexto - Uma grande quantidade de achados endoscópicos após procedimentos de bypass pós-gástricos foram previamente relatados na 

literatura, mas, que seja de nosso conhecimento, não existem regras atuais que poderiam orientar os médicos sobre quais achados devem procurar 
uma vez que um achado inicial é identificado. Objetivo - Identificar padrões de co-ocorrência entre os achados endoscópicos de pacientes submetidos 
ao procedimento de bypass gástrico no passado. Métodos - O nosso registo envolve pacientes consecutivos submetidos a uma avaliação endoscópica 
alta após um procedimento de bypass gástrico. Foram colhidas informações sobre a presença de achados endoscópicos após cirúrgica de bypass 
gástrico à Y de Roux com ou sem anel. Avaliação de co-ocorrência envolveu o uso de cruzamento, agrupamento e fator de produto de análise. 
Resultados - Um total de 396 avaliações endoscópicas foram realizadas em 339 pacientes. A maioria dos pacientes eram do sexo feminino (81,1%), 
com IMC médio de 31,88±6,7 no momento da endoscopia. Esofagite foi o achado isolado mais comum (35,3%). Achados endoscópicos agrupados 
em torno de dois grupos, as complicações relacionadas ao anel envolveram deslocamento anel, deslizamentos anel e bolsa gástrica e relacionadas 
a estenoses envolveram dilatação e estenose (P<0,01). Conclusão - Enquanto a maioria dos achados endoscópicos após procedimentos de bypass 
gástrico são isolados, agrupamento relacionado a anel e estenose poderiam ser usados como um conjunto de regras para médicos, uma vez que pode 
melhorar a sua probabilidade de ser encontrando em condições co-ocorrentes. 

DESCRITORES - Cirurgia bariátrica. Derivação gástrica, efeitos adversos. Endoscopia gastrointestinal. Resultado do tratamento.

Pearson Correlation test where variables are assumed to be 
normally distributed, while our variables represented counts. 
Although this might appear as an assumption violation, our 
findings were consistent across all tests, ultimately validating 
the existence of  two large clusters of  endoscopic findings. 
Third, all exams were performed by a single specialist, our 
study not having a companion reliability validation. Fourth, 
our results are applicable as long as the patients are symp-
tomatic, as this is one of our inclusion criterion. This study 
characteristic should be taken into account when attempting 
to introduce our findings into clinical practice.

In conclusion, our study has implications for future 
practice in that trainees and practitioners finding one of the 
components within a cluster should actively search for other 

components given their high association. Future studies 
should validate these findings across different clinical prac-
tices as well as with specialists at different expertise levels.
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