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Abstract

Purpose The purpose of this study is to evaluate the results of
routine fluoroscopic swallowing study (FSS) imaging 24 h
after surgery and computed tomography (CT) on demand
based on clinical data, in diagnosing complications after
bariatric surgery.

Material and Methods This retrospective study includes
9386 patients that underwent bariatric surgery. A total
of 3241 (34.53%) patients underwent FSS imaging fol-
lowing the surgical procedure, and 106 (1.13%) patients
underwent CT.

Results Sleeve gastrectomy was performed in 8093 patients
(75.81%), gastric bypass was performed in 1281 patients
(12%), duodenal switch or biliopancreatic diversion was
performed in 12 patients (0.11%), and gastric banding was
performed in 1289 patients (12.07%), which were excluded
from the study as no imaging modality was used in any of
these patients. The sensitivity for FSS was 71.43% and the
specificity was 99.85%. An analysis of disease prevalence
revealed a value of 0.43% with a positive predictive value of
66.67%. The sensitivity for CT was 71.42% and the speci-
ficity was 98%. A disease prevalence analysis revealed a
value of 6.60% with a positive predictive value of 83.33%.
A comparison of the two modalities showed that FSS has
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higher specificity values (p < 0.02) and a higher accuracy
(p <0.0001) than CT.

Conclusion CT and FSS have a similar sensitivity for diag-
nosing complications after bariatric surgery. However, the
specificity and accuracy of FSS are superior to that of CT.
This study was approved by the instructional ethics committee
(Helsinki board) and was registered on the National Institutes
of Health (ClinicalTrials.gov) web site with identifier
NCT02813122.

Keywords Bariatric surgery - Fluoroscopic swallowing study
(FSS) - Computed tomography (CT) - Postoperative
complications

Introduction

Obesity is adiposity based chronic disease characterized by an
increase in the energy reserves in the form of fat [1] and
consequently, an increase in weight resulting from a complex
relationship between genetic, socioeconomic, and cultural in-
fluences [2]. Obesity is a worldwide epidemic causing serious
deterioration in global health, affecting people of all ages, and
leading to many preventable deaths. Any degree of over-
weight of obese people compared to normal weight persons
is associated with significantly higher all-cause mortality [3];
therefore, member states of the World Health Organization
(WHO) adopted in 2013 the Prevention and Control of Non-
Communicable Diseases Global Action Plan including nine
global targets to halt the increase in obesity by 2020 [4].
Obesity can be treated through medication [5], diet [6],
physical activity [7], and behavioral changes [8]. Non-
surgical management of obesity can effectively induce 5—
10% weight loss and improve health in severely obese
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individuals [9]. However, non-surgical treatments for obesity
are ineffective for long-term weight control [10].

Bariatric surgery for severe obesity is an effective treatment
that results in the improvement and remission of much
obesity-related comorbidity, provides sustained weight loss,
and improves the patient’s quality of life [11]. Bariatric sur-
gery induces a weight loss greater than 50% in morbidly obese
individuals. It provides substantial and sustained weight loss
effects and ameliorates obesity-attributable comorbidities in
the majority of bariatric patients, although risks of complica-
tion, re-operation, and death exist [12]. Complication rates
associated with bariatric surgery are in the range of 10 to
17%, and re-operation rates are approximately 7%; nonethe-
less, mortality associated with surgery is generally low (0.08—
0.35%) [12]. Identification of complications should be done as
soon as possible to prevent serious consequences.

This study aims to statistically compare the performance
of a routine fluoroscopic swallowing study (FSS) imaging
24 h after surgery and computed tomography (CT) on de-
mand based on clinical data, in diagnosing complications
after bariatric surgery.

Materials and Methods

This study is a retrospective analysis of patients that
underwent bariatric surgery at a private medical center
from January 2013 to October 2016. We examined the
effect of routine FSS imaging of the upper gastrointestinal
tract using an oral administration of a water-soluble con-
trast agent 24 h after surgery, and computed tomography
(CT) on demand during hospitalization, based on suspi-
cious clinical signs, to diagnose postoperative complica-
tions after bariatric surgery. Laparoscopic gastric banding
patients were excluded from this study as no imaging
modality was used in these patients.

A comparison of clinical measures between patients who
performed and did not perform FSS and CT was conducted.

Statistical Analysis

Statistical analyses were performed using SPSS software ver-
sion 23. The continuous variables are presented as means +
SD, and the dichotomous/categorical variables are presented
as percentages. The Kolmogorov-Smirnov test was used to
assess the normality of the continuous variables’ distribution.
If normality was rejected, non-parametric tests were used.
p <0.05 was selected as the p value for statistical significance.
A specificity-sensitivity model was used to compare the FSS
and CT modalities.
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Results
Basic Demographics of the Study Population

Overall, 10,675 bariatric procedures were performed between
January 2013 and October 2016. The mean age of the patients
was 41 years (range, 18—81 years). The study sample included
3630 men (34%) and 7045 women (66%). The mean body
mass index (BMI) was 41.52 kg/m2 (range 21 to 81 kg/mz).
Patients who underwent surgery and have a BMI below 35
were those who needed conversion of a previous bariatric
surgery and represent 2% (215 patients) of the cohort.

The distribution of the type of bariatric surgery per-
formed was sleeve gastrectomy—=8093 patients (75.81%),
gastric bypass—1281 patients (12%), duodenal switch or
biliopancreatic diversion—12 patients (0.11%), and gastric
banding—1289 patients (12.07%). Laparoscopic surgery
was successfully performed in 10,661 cases (99.87%).
Open surgery was performed in 12 cases of revisional bar-
iatric surgery, and in two cases, the laparoscopic sleeve
gastrectomy was converted to open surgery. Gastric
banding procedures were excluded from the study because
most of them were released on the day of surgery without
any imaging study needed, reducing the total number of
cases included in the statistical analysis to 9386.

A total 0f 3241 (34.53%) patients underwent FSS follow-
ing the surgical procedure, and 6145 patients (65.47%) did
notundergo FSS. A total of 106 (1.13%) patients underwent
CT following surgery, and 9280 (98.87%) patients did not
undergo CT.

A total of 107 (1.14%) patients had complications that re-
quired re-operation with 27 (25.23%) of the 107 patients un-
dergoing FSS and 80 (74.77%) undergoing CT.

Twenty-two of the sleeve gastrectomy patients and five
gastric bypass patients that underwent FSS required postoper-
ative surgical revision for complications. Fifty-nine of the
sleeve gastrectomy patients, 20 of the gastric bypass patients,
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and one duodenal switch patient that underwent CT required
additional surgical revisions for complications.

There were several reasons why additional surgery was
required. The most common reasons were leaks in 27 cases
(25.23%), bleeding in 50 cases (46.73%), gastric outlet ob-
struction in 14 cases (13.08%), and other reasons in 16 cases
(14.95%). The calculated rates of complications that required
re-operations are leak rate of 0.29%, bleeding rate of 0.53%,
and obstruction rate of 0.15%. The basic demographics, com-
plications, and re-operations are presented in Table 1.

Fluoroscopic Swallow Study (FSS) and Clinical Signs

We then evaluated the feasibility of FSS in locating possible
complications among patients that underwent bariatric sur-
gery. A comparison was conducted between the three most
common types of complications (leaks, bleeding, and obstruc-
tion) in relation to the use of FSS or clinical evaluation alone:
white blood cell (WBC) count, hemoglobin (HBG), fever,
heart rate, pain evaluation, and days of hospitalization. We
found a significant difference in the number of days of hospi-
talization between patients that underwent FSS and those that

did not undergo FSS. The number of hospitalization days was
significantly lower in complicated patients who did not under-
go FSS (5.81 vs. 10.88, p < 0.05). No significant difference in
terms of hemoglobin, white blood cells, fever, heart rate, or
pain evaluation was found between these two groups. Table 2
presents the differences between the two groups.

Sensitivity and Specificity

In order to evaluate the diagnostic tools, we conducted a sen-
sitivity and specificity analysis. We evaluated the true posi-
tive, false positive, true negative, and false negative findings
of the imaging modalities among patients who underwent
postoperative surgical revision due to complications. Our
analysis examined FSS and CT modalities and conducted a
comparison between the two methods.

Fluoroscopic Swallow Study (FSS)
The sensitivity for FSS was 71.43% and the specificity was

99.85%. An analysis of the disease prevalence revealed a
value of 0.43% with the positive predictive value being

Table 1 Basic demographics,

complications and re-operations Number of patients Percent/range
Total bariatric procedures 10,675 100%
Female/male 7045/3630 66%/34%
Mean BMI (kg/m?) 41.52 21-81
Mean age (years) 41 18-81
Types of bariatric procedures
Sleeve gastrectomy 8093 75.81%
Gastric bypass 1281 12%
Duodenal switch or biliopancreatic diversion 12 0.11%
Gastric banding 1289 12.07%
Patients enrolled in the study 9386 100%
FSS 3241 34.53%
Without FSS 6145 65.47%
CT 106 1.13%
Without CT 9280 98.87%
Patients that required re-operations
Cases 107 1.14%
With FSS 27 25.23%
With CT 80 74.77%
Types of complications that required re-operations
Leakage 27 25.23%
Bleeding 50 46.73%
Obstruction 14 13.08%
Rate of complications that required re-operations
Leak rate 27 0.29%
Bleeding Rate 50 0.53%
Obstruction Rate 14 0.15%
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Table 2 Comparison of clinical measures between complicated
patients who underwent or did not undergo FSS

Clinical measures With FSS Without FSS p value
WBC 12,876 11,980 p>0.05
HBG 15.11 99.10 p>0.05
Fever 57.36 72.36 p>0.05
Heart rate above 120 73.90 16.99 p>0.05
Pain evaluation 12.2 85.2 p>0.05
Days of hospitalization® 88.10 81.5 p<0.05

 Considered statistically significant (p <0.05)

66.67%. The sensitivity and specificity data of the FSS are
presented in Table 3.

For the next phase of the study, we aimed to achieve a better
understanding of the specificity and sensitivity of FSS by com-
paring the most common complications. We divided the pa-
tients into three main groups based on the most common com-
plications: leaks, bleeding, and obstruction. For the leaks group,
the FSS sensitivity value was 83.33% and the specificity value
was 100%. An analysis of the disease prevalence revealed a
value of 0.19%, and the positive predictive value was 100%.
For the bleeding group, the FSS sensitivity value was 0% and
the specificity value was 100%. An analysis of the disease
prevalence revealed a value of 0.43%. For the obstruction
group, the FSS sensitivity value was 71.43% and the specificity
value was 100%. An analysis of the disease prevalence revealed
avalue of 0.22% and the positive predictive value was 100%. A
comparison of the accuracy between the different complication
groups did not reveal any significant effect (p = 0.98).

Computed Tomography (CT)
The CT sensitivity was 71.42% and the specificity was 98%.
An analysis of the disease prevalence revealed a value of

6.60% with a positive predictive value of 83.33%. The CT
sensitivity and specificity data are presented in Table 4.

Comparison of FSS and CT

We performed a comparison of the sensitivity, specificity, and
accuracy between the two imaging modalities. Significant

differences were found in the specificity and accuracy. The
FSS modality had higher levels than the CT modality for both
parameters (p < 0.02 for specificity and p < 0.0001 for
accuracy).

In addition, we compared all of the previously mentioned
clinical parameters between complicated patients that
underwent FSS and those that underwent CT. Our findings
demonstrated a significant difference in pain evaluation.
Patients who underwent a CT reported higher levels of pain
than patients who underwent FSS. Furthermore, the length of
hospital stay was significantly lower in complicated patients
that underwent CT in comparison to those that underwent FSS
(6.1 vs. 10.88, p < 0.05).

Discussion

Catastrophic consequences can occur due to complications
after bariatric surgery [13, 14]. Based on a large number of
patients, we evaluated the contributions of FSS and CT in
diagnosing complications after bariatric surgery.

Among bariatric surgeons, there is still controversy
whether to carry out imaging studies as FSS routinely or
based only on the patient’s clinical parameters after the
operation.

FSS is better used for detecting specific intraluminal prob-
lems in the stomach, anastomosis, or small bowel, and bariat-
ric surgery patients commonly undergo a postoperative fluo-
roscopic evaluation for complications, including leaks, so that
they can progress towards oral intake and recovery [15].
Figures 1, 2, and 3 show common complications as seen dur-
ing the operation (Fig. 1) or on FSS (Figs. 2 and 3).

During the FSS, indirect signs could be observed as an
unusual amount of pneumoperitoneum as suspicious of leak-
age (Fig. 4).

CTs can detect indirect extra-luminal signs of complica-
tions, such as small bubbles of free air, fatty tissue inflamma-
tion, small quantities of liquids, and the presence of abscesses.
This has been demonstrated both in our work (Figs. 5 and 6)
and in the literature [15-17].

It is initially important to analyze whether imaging studies
should be conducted routinely or selectively. In reviewing the

Table 3  The sensitivity and specificity data of patients who underwent FSS

FSS test

outcome Condition positive

Test outcome True positive (TP) = 10
positive
Test outcome
negative

False negative (FN) = 4

Sensitivity = TP/(TP + FN)
71.43%

True negative (TN) = 3222

Patients with FSS following bariatric surgery
Condition negative

False positive (FP) =5

Positive predictive value = TP/(TP + FP)
66.67%

Negative predictive value = TN/(FN + TN)
99.98%

Specificity = TN/(FP + TN)
99.85%
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Table 4  The sensitivity and specificity data of patients who underwent CT

CT test

outcome Condition positive

Test outcome True positive (TP) =5
positive
Test outcome
negative

False negative (FN) =2

Sensitivity = TP/(TP + FN)
71.42%

True negative (TN) = 98

Patients with CT following bariatric surgery
Condition negative

False positive (FP) = 1

Positive predictive value = TP/(TP + FP)
83.33%

Negative predictive value = TN/(FN + TN)
98%

Specificity = TN/(FP + TN)

98%

published medical literature, we found discrepancies in the
usefulness of radiological studies to diagnose early complica-
tions after bariatric surgery [18, 19]. In our center, we have
routinely performed FSS 24 h after an operation in third of the
patients, operated by bariatric surgeons who believe that FSS
adds a value in diagnosing early leaks and obstructions, yields
rapid re-operation, and improves outcome. However, our
study found that those who had a complication and performed
FSS actually stayed longer, and had the same clinical param-
eters as those that did not perform FSS (Table 2), so we cannot
conclude that routine FSS improves outcome.

The sensitivity and specificity values reported for FSS
differ in different publications. Our study demonstrated an
FSS sensitivity value of 71.43% and a specificity value of
99.85%. Bertelson [19] reported an FSS specificity of
100% for leaks and obstruction, agreeing with our results,
and Upponi [20] described an FSS sensitivity of 100%,
well above our results. Our results are in disagreement with
Hamilton’s report of the low sensitivity of FSS to diagnose
leaks [21]. The differences in the findings from these stud-
ies and ours can be explained by the number of patients
included in the study. Our study had a large number of

patients that underwent different bariatric procedures
whereas Hamilton’s had 210 patients after gastric bypass.

Obstructions, leaks, and bleeding are the most frequent
complications of bariatric surgery. When separately com-
paring the FSS results for each type of complication, no
significant differences were found.

In our study, FSS was performed using only a water-
soluble contrast agent, not barium. Use of barium may in-
crease the FSS sensitivity, as proposed by Swanson [22].
The use of barium to enhance FSS sensitivity is problematic
because it produces artifacts, in case that CT is necessary, and
if the barium spills into the abdominal cavity, it may cause
peritonitis, abscess, and granulomas [23-25].

When there is clinical evidence of suspected complica-
tions, CT offers a sensitivity of 71.42% which is similar to
the sensitivity of FSS. Lainas proposed the routine use of
CT on the second day after the operation and reported an
overall sensitivity of 91.4% in detecting bleeding and he-
matomas. However, the CT sensitivity for leaks was found
to be 46.4% [26]. These conflicting results do not justify
the routine use of CTs. Rather, we agree with Mizrahi that
CTs should only be used for selected cases taking into

Fig. 1 A 45-year-old woman with a BMI of 38 and comorbidities:
diabetes, fatty liver, and hypertension. The photo depicts a twist of the
sleeved stomach

Fig. 2 A 37-year-old woman with a BMI of 55, without comorbidities.
The image presents a massive, uncontrolled leak (arrow) of the proximal
stomach
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Fig. 3 A 22-year-old healthy male, with a BMI of 47. A complete stop
was observed after sleeve gastrectomy due to a twisted sleeved stomach

account the cost of a CT and the overload of unnecessary
imaging studies [27].

Studies comparing FSS with CTs found significant differ-
ences in favor of CT in terms of specificity and accuracy.
Binghman [28] reported that CT is a superior modality in
comparison to an upper gastrointestinal (UGI) series for de-
tecting staple line leaks following bariatric surgery, which is at
odds with the findings in our study. Other authors have report-
ed poor FSS results. Rawlins reported a very low sensitivity of
25% for FSS [29]. This outcome could be explained by the
radiation values applied during the FSS, the amount of con-
trast medium given, and the experience of the radiologist.

Our results demonstrated statistically significant higher
specificity and accuracy for FSS than CT in detecting
postoperative complications. However, by comparing
clinical parameters of complicated patients between those
who underwent FSS and those who did not, our data
demonstrate no significant difference in terms of fever,
hemoglobin, pain, heart rate above 120, white blood cells
count, and favorable hospitalization stay results for those
who did not have FSS (Table 2). Our data rejects the use

Fig. 4 FSS of a woman, 47 years old, showing normal passage of
contrast through the stomach but the free air in both sides of the
diaphragm (arrows) may be an indirect sign of leak
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Fig. 5 CTofa 61-year-old woman with a BMI of 44. The image shows
indirect signs of a leak as free air, abscess, and infiltration

of FSS on a routine use since there is no difference in
clinical parameters between the two groups.

This present study did not find any advantages in
performing a routine FSS or CT to look for complications.

The use ofthe FSS has lost its validity in the last years with
the advance of modern technologies. Fluoroscopy has
evolved from the most simplistic of non-invasive imaging
methods to a very sophisticated technology with advanced
3-D capabilities [30].

Limitations of our study include its retrospective nature,
not being prospective and randomized. However, it shows
that FSS and CT are still valuable tests.

Fig. 6 CT of a 23-year-old woman with a BMI of 48. The image shows
left subphrenic abscess after sleeve gastrectomy, caused by a proximal
leak containing fluid and air
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Conclusion

CT and FSS have a similar sensitivity for diagnosing compli-
cations after bariatric surgery. However, the specificity and
accuracy of FSS are superior to that of CT. Alterations in
clinical signs and symptoms of the patient are still the best
index to suspect complications. We believe that both imaging
modalities should be used in diagnosing complications after
bariatric surgery as complementary to the clinical features of
the patient. New advanced equipment should be evaluated in
the future.
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