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Abstract
Background Bariatric surgery offers the only effective long-term weight loss therapy for morbidly obese patients. Numerous
studies have demonstrated a mortality and morbidity reduction associated with weight loss surgery, but these interventions also
have significant rates of complications. It is important for the bariatric surgeons to recognize these complications and acknowl-
edge which of them can be solved in a minimally invasive manner in order to offer to patients the best treatment. The aim of this
article was to review factors and success rates associated with percutaneous image guide abdominal interventions to treat the
complications of bariatric surgery.
Materials and Methods Retrospective descriptive study. Eighty-two patients with complications after bariatric surgery were
included. Of these, 56 presented fistula with or without abdominal collection.
Results Of the total patients, 54% are male and 46% female. The average age was 49.4 (range 16–62). Of the 56 cases, 37
(66.1%) occurred after laparoscopic sleeve gastrectomy, and 19 (33.9%) post-Roux-en-Y gastric bypass. The fistula was resolved
by percutaneous image guide abdominal interventions in 49 opportunities, of which 67% required only conservative treatment
afterwards, the remaining 33% required endoscopic treatment with prostheses, fibrin sealants, and/or clips. No mortality was
reported in the series.
Conclusion Percutaneous image-guided abdominal interventions play a significant role in the treatment of complications fol-
lowing bariatric surgery. The minimally invasive treatment of fistula after bariatric surgery is safe and effective.
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Introduction

Obesity is growing all over the world in the last decades,
especially the USA, Europe, South America, and Australia
[1]. Currently, bariatric surgery offers the only effective
long-term weight loss therapy for morbidly obese patients.
Increased media attention to these procedures as well as the
newer option of laparoscopic treatment has led patients and
surgeons to embrace this surgical option in an elevated num-
ber, particularly the option of Roux-en-Y gastric bypass
(RYGB) and laparoscopic sleeve gastrectomy (LSG).
Numerous studies have demonstrated the reduction in death
and disability associated with obesity surgery [2–4], but these
surgeries also have significant rates of complications [5]
which can be as high as 10%, such as bleeding, anastomotic
or staple line leaks, abdominal abscess, intestinal obstruction,
anastomotic strictures [6–8], and acute gastric dilatation[9].
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It is important for the bariatric surgeon to recognize these
complications and know which of them can be solved in a
minimally invasive way in order to offer to the patients the best
treatment. The aim of this study is to review factors and success
rates associated with percutaneous image-guided abdominal
interventions to treat complications of bariatric surgery.

Material and Methods

Retrospective descriptive study, conducted at the DAICIM
Foundation in Buenos Aires, Argentina, between May 2004
and June 2018. Informed consent was obtained from all indi-
vidual participants included in the study. Of a total of 82 pa-
tients underwent bariatric surgery with postoperative compli-
cations, 56 presented leak or fistula with or without abdominal
collection/abscess, which were included consecutively in the
presented series. All patients were operated and treated by the
same Department of Multidisciplinary Bariatric.

Definitions

A Bleak^ is defined as leakage of luminal contents from a
surgical junction between two hollow viscera or through a
staple line of an organ. The leak is classified according to
the period in which they appear in [10] early (between the
1st and 3rd days of the postoperative period), intermediate
(between 4th and 7th days of the postoperative period), and
late (beyond the 8th day of the postoperative period). The
luminal content can exit through the wall and/or drain, or
accumulate (collection) next to the anastomosis. A Bcollec-
tion^ only contains fluid, but it can be consolidated and con-
taminated to form an Babscess^ that has a purulent content and
a consolidated wall.

A Bfistula^ is defined as an abnormal communication be-
tween two epithelia. It appears between two internal organs, or
between an internal organ and the surface of the body. A
Bdigestive system fistula^ is an abnormal passage that com-
municates between any component of the digestive system
and any part of it or surrounding organs. A Bgastric fistula^
is an abnormal passage that communicates with the stomach.
This postoperative complication may appear after bariatric
surgery and can be gastrogas tr ic , gastroenter ic ,
gastrocutaneous, gastrobronchial, among others. In the post-
operative period, its pathophysiology could be divided into
mechanical and/or ischemic, combined with an intraluminal
pressure greater than the resistance of the tissue over the staple
line or anastomosis [11].

Bariatric Surgical Techniques

The participants presented a correct preoperative preparation
with all the corresponding studies. The patients were placed in

the dorsal decubitus position with open legs. Antithrombotic
and antibiotic prophylaxis was performed. The pneumoperi-
toneum was set at 12 mmHg.

To perform LSG, 4 ports were placed (1 of 12 mm for
stapling, 1 of 10 mm for the camera, and 2 of 5 mm for the
surgeon). The gastric sleeve was calibrated using a 32 Fr.
orogastric tube. The gastrectomy was performed using
3.5 mm × 60 mm staplers. Staple line reinforcement with
non-absorbable material was performed. Pneumatic test and
methylene blue were used to rule out the presence of a leak.
The specimen was removed in the bag. A silicone drain was
left on the surgical site.

To carry out RYGB five ports were placed (2 of 12 mm for
the stapler, 1 of 10 mm for the camera, and 2 of 5 mm for the
surgeon). The gastrectomy was performed using 3.5 mm×
60 mm cartridges. Roux-Y reconstruction was made antecolic
mode. The length of the alimentary and the biliopancreatic
loop varied according to the patient’s metabolic pathology.
For the anastomoses, staples were used. A silicone drain was
left on the surgical site.

All the patients underwent an oral contrast fluoroscopic
control at 48 h, prior to the start of oral nutrition.

Percutaneous Technique

The technique consisted in performing a puncture of the col-
lection or abscess with a 16 gauge needle under image guid-
ance, and then a 0.035″wire with BJ^ tip was inserted through
the needle until it was rolled up inside the abscess in order to
secure the access. Once this was confirmed with the image
guidance, a multipurpose catheter (multipurpose catheter
10.2 Fr, Cook Medical, USA) was placed inside the abscess
(Fig. 1) with the Seldinger technique. Finally, the catheter was
irrigated with 5 cc of saline solution to ensure its permeability.
The catheter was secured to the skin by a fixation system
provided by the same company responsible for the manufac-
ture of the catheter.

The types of catheters used were determined by the char-
acteristics of the leak, fistula, collection, or abscess that were
treated. Usually, we use pigtail type catheters, 10.2 Fr, which
accept guide wires up to 0.038″, and with a length of 45 cm. In
super-obese patients or in deep collections, we use catheters of
60 cm long. When the collections were small or were close to
vascular structures, we used smaller pigtail catheters. In the
case of extensive collections, we apply the technique of mul-
tiple catheters or use catheters from 12 to 2 Fr.

Treatment of Leaks/Fistula and Collections/Abscess

For the diagnosis of leaks, fistula, collections, and abscess,
computed tomography (CT) was used in most cases (90%),
although ultrasound (US) was also useful. The diagnosis of
these abscesses on occasion was a challenge because it was
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difficult to differentiate the abscess from the digestive lumen
(Fig. 2a). The absence of the wall, the location and the size of
the abscess helped to differentiate it from normal structures,
and in case of doubt, a superior gastrointestinal series could
help to recognize the leak [12] (Fig. 2b, c). This study was
carried out with water-soluble contrast to avoid later compli-
cations due to the loss of contrast.

Once the catheter was placed, follow-upwas performed pay-
ing attention to the clinical evolution of the patient and the
semiology of the catheter (Fig. 3). If the patient persisted with
the systemic inflammatory response syndrome (SIRS) (fever,
increased heart rate, hypoxemia, or increased white blood cell
count), a new image was made. In the case of residual abscess
or intermediate cavity along the leak or fistula, a new drainage
was performed. On the other hand, if there was no abscess and
generalized free fluid was found in the abdominal cavity, the
possibility of a new laparoscopy was considered.

Broad-spectrum intravenous antibiotic therapy was institut-
ed to cover facultative and gram-negative aerobic bacteria. The
treatment began for a period of 15 days, which could end or be
prolonged according to the patient’s clinical response. The an-
tibiotic therapy was adapted according to the result of the cul-
tures of the material obtained when placing the catheter.

It is also important to consider the drainage characteristics.
If the catheter persists with a large amount of fluid and this
fluid is seen as gastric or intestinal fluid, a new image must
also be made. In this case, a fistulogram may be useful to
confirm communication between the collection or abscess
and the digestive lumen (Fig. 4).

Once the infection is controlled and the SIRS is no
longer present, adequate nutrition and a high level of pro-
tein are essential to achieving closure of the fistula. A
standard hypercaloric nutritional formula (Fresubin®
Energy, Fresenius Kabi, Germany) of 1500 ml, equivalent

Figure 1 a Central abdominal
abscess after sleeve gastrectomy,
and the multipurpose catheter
placement. b Notice how the
catheter goes through the liver left
lobe, if the patient has an adequate
coagulation and platelet count this
does not generate further
complications but it is important
not to puncture any significant
vascular or biliary branch. c
Posterior abdominal abscess after
gastric bypass, and the
multipurpose catheter placement.
d A multipurpose drainage
catheter was placed under
tomographic guidance. e, f The
three-dimensional reconstruction
allows to check the correct
position of the catheter
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to 2250 kcal, was used as an exclusive nutritional supple-
ment, distributed in three daily doses for a minimum pe-
riod of 1 week. To achieve this, a nasojejunal tube with
the tip distal to the leak should be placed to avoid leakage
of the enteral feeding. The exclusive nutritional support
was progressively withdrawn as the patient presented

clinical improvement. Total parenteral nutrition (TPN)
was not necessary for any patient.

With this approach, 70% of leaks heal and no additional
treatment is needed, but sometimes months must elapse to
achieve success. The criteria used to define a cured leak were
negative drainage, CT without collection and clinical status
without infection.

If the leak does not heal, additional treatment should be
performed, such as the placement of a fully covered gastric
stent [13–16] (Evolution® Esophageal Controlled-Release
Stent - Fully Covered, CookMedical, USA) (Fig. 5). The goal
of this procedure is to block the leak with the stent cover until
it is healed. Although it may seem like a great solution, some
problems may arise, such as migration of the stent or the
persistence of leaks due to leakage between the gastric wall
and the stent cover.

There are also other options available, such as placement of
an endoscopic clip [17–27] or biological fibrin sealants
[28–31] to close the leak, but more researches are needed to
define the success of these treatments.

Results

Of the patients recruited (n = 56), 54% were male and 46%
female. The average age was 49.4 (range 16 to 62 years). The
characteristics of patients were average of body mass index
(BMI) 43%, dyslipidemias 43%, diabetes 42%, and hyperten-
sion 38%. Of the total cases, 37 (66.1%) occurred after LSG,
and 19 (33.9%) post RYGB. The average time of symptoms
presentation was 4.3 days (range from 3 to 8). The clinical
presentation was debit due to postoperative drainage 41.1%
(23), SIRS and sepsis 16.1% (9), ileus 14.2% (8), abdominal
pain 10.7% (6), and others (asthenia, hyporexia) 17.8% (10).

Of the total of 56 patients analyzed, 49 (87.5%—32 LSG,
17 RYGB) of the cases were resolved by percutaneous or
endoscopic approaches; the remaining 7 (12.5%—5 LSG, 2

Figure 2 a Abdominal abscess with contrast and air (white arrow) after
sleeve gastrectomy that could be mistaken as gastric lumen. Notice the
absence of thick walls and the diameter size much bigger than the usual
sleeves. b Upper gastrointestinal series of the same patient with sleeve
gastrectomy where a leakage is present. c Notice how the air of the
abscess could be mistaken with fundus air

Figure 3 The algorithm used to
follow up the patient, once the
catheter was placed. (SIRS =
systemic inflammatory response
syndrome; CT = computed
tomography)
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RYGB) patients required reoperation (laparoscopic drainage
of collections and abscesses). Of those undergoing LSG, 22
(68.7%) received percutaneous treatment and 10 (31.3%) re-
ceived endoscopic treatment, of which 7 (70%) were by clips

(TriClip™, Cook Medical, US), 3 (30%) by prosthesis
(Evolution® Esophageal Controlled-Release Stent - Fully
Covered, Cook Medical, US), and in no case were used fibrin
sealants (Surgisis™, Cook Medical, US). With respect to the
group after RYGB, 11 (64.7%) received percutaneous treat-
ment and 6 (35.3%) received endoscopic treatment, of which
4 (66.6%) were by clips, 1 (16.6%) by prosthesis, and 1
(16.6%) by fibrin sealants.

The average of instrumentations per patients was 1.5 (range
from 1 to 3), and the average of hospitalization days was 8.6
(range from 5 to 16, 6.7 corresponded to LSG and 12.1 to
RYGB). All patients evolved satisfactorily. No mortality was
reported in the series.

Discussion

Complications Treated by Percutaneous Image
Guided Surgery

One of the most common complications after bariatric surgery
are the leaks [4, 32–35] due to inadequate tissue healing
allowing the exit of gastrointestinal material through the staple
or suture line. It can be as high as 2.4% in the LSG [36], while
the RYGB can reach 1% incidence in large series [37].
Regarding the RYGB, there are six potential sites of leaking:
esophageal perforation with a bougie, gastrojejunostomy, gas-
t r i c pouch s t ap l e l i n e , r oux l imb s t ap l e l i n e ,
jejunojejunostomy, and gastric remnant staple line, while in
the sleeve gastrectomy the leaks can occur at the stapler line of
the sleeve, being more common at the proximal third of the
stomach in 89% of cases [4].

We found that the number of patients who presented post-
operative complications such as leaks, fistulas, and/or abdom-
inal collections was greater in patients undergoing LSG than
in RYGB. This could be because the stomach supports higher

Figure 4 a Fistulography of
patients with sleeve gastrectomy.
b Contrast is instilled through the
catheter and the sleeve can be
seen

Figure 5 aCT-scan of patient with fistula after sleeve gastrectomy.White
arrow: multipurpose catheter draining the abscess; Red arrow: gastric
stent. B) Stent placement in a patient with sleeve gastrectomy fistula.
Green arrow: gastric stent. Black arrow: the fistula. White arrow:
intermediate cavity with drainage. Red arrow: abscess with drainage
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pressure (high pressure) in LSG than in RYGB (low pressure).
Despite this concept being known, the etiology and pathogen-
esis of leaks and fistulas during the postoperative period are
multifactorial, being determined by the operative technique,
the tactics, the quality of the manipulated tissue, its irrigation,
the devices used, and others. Even though in this situation, the
period of hospitalization for the first group was shorter. These
results can estimate that the therapeutic response in the post-
operative complications of LSG was better, but we know that
this single parameter is not enough to affirm that.

Although most anastomotic leaks occur 5 to 7 days after
surgery and are thought to be related to ischemia, 95% of
anastomotic leaks that occur within 2 days of surgery probably
resulted from technical error [38]. It is important to know this
because as sooner as the leak emerge more likely because of a
committed technical error during the surgery, and this will
indicate that a reoperation may be needed because this kind
of leaks tend to come out as a peritonitis [39]. In the other
hand, if more time have passed, it is possible that the leak
appears as an abdominal abscess or collection, and if this is
the case, a minimally invasive approach can be attempted by
draining the abscess in a percutaneous fashion [40]. To make a
correct treatment, it is necessary to differentiate between the
abdominal collection and the abscess. While the first only
contains fluid, the abscess has a purulent content and a more
consolidated wall. Its diagnosis can be performed non-
invasively by using CT scan contrast-enhanced or in an inva-
sive mode with puncture aspiration and analysis of its content.

Given the complexity of these abscesses, it is necessary in
many cases to perform the drainage under CT guidance.While
inmore easy cases, like big abscesses near the abdominal wall,
US guidance can be used.

No gastrobronchial fistula was reported after LSG in this
article, and our team has no experience. These complications,
serious in themselves, require energetic treatment with a com-
bined surgical and endoscopic approach [41]. Oral feeding
should be discontinued, which would only be possible in cases
in which the patient has an orogastric feeding tube prior to the
formation of the gastrobronchial fistula. Placing an orogastric
feeding tube under endoscopic guidance can be dangerous and
worsen the condition. We have experience in the placement of
orogastric feeding tubes under fluoroscopic guidance but in
patients with unscathed esophagus. Nutrition should be exclu-
sive TPN. In case of presenting an associated mediastinal and/
or thoracic collection, it can be treated by thoracoscopy, tho-
racotomy, or percutaneously. Antibiotic therapy is essential to
reduce infectious complications (such as mediastinitis), as
well as the administration of somatostatin analogs. The treat-
ment of the fistulous orifice should be done by placing a
tracheobronchial and/or esophagogastric fully covered pros-
thesis (stent) endoscopically [41], with air at low pressure.

Chronic fistulas were not reported in this article. This may
be due to the rapid diagnosis of postoperative complications

and aggressive treatment from the time of detection. The man-
agement of chronic fistulas is complex. In these cases, the
work of the multidisciplinary team should be highlighted.
Once the problem is diagnosed, it is essential to drain the
associated collection or tutor the fistulous tract using a cathe-
ter. In most cases, the cultures are positive for germs of the
gastrointestinal tract or fungi. The administration of antibiotic
therapy and antifungals should be guided according to cul-
tures, antibiogram, and by the Department of Infectology.
The nutritional status can be affected due to the catabolic state
of this type of patients. If necessary, consider the placement of
supplementary parenteral nutrition. Chronic anemia, together
with leukopenia, renal failure, and hydroelectrolytic alter-
ations should be considered. This situation can lead to a state
of chronic stress that leads to depression and anxiety of the
patient. Psychological support must accompany the entire re-
covery process.

Different endoscopic techniques can help the treatment of
fistulas. We have used clips, biological fibrin sealant, and
stent. Some centers reported that the use of endoluminal vac-
uum (E-Vac) therapy showed promising results. E-Vac works
with the intraluminal application of a polyurethane sponge in
the area of the defect, and negative pressure. The placement of
the sponge allows coaptation into the digestive lumen through
suction. Bacterial contamination, accumulation of secretions,
and local edema are reduced. The cavity collapses around the
sponge, and perfusion and granulation tissues are promoted.
Several studies have demonstrated their feasibility in patients
with postoperative fistulas of the upper and lower gastrointes-
tinal tract [42, 43]. They require more studies to determine
their application criteria.

Some of the patients with leaks had signs and symptoms of
systemic inflammatory response syndrome (SIRS). The litera-
ture reports an association between leakage after bariatric sur-
gery and SIRS in more than 50% [44]. It should be noted that
the postoperative complication-related outcome (CRO) rates
may vary according to the experience of the surgical team
[45]. Early diagnosis of leaks, drainage of collections, and ab-
scesses, as well as antibiotic therapy were a good combination
to obtain favorable results. After the beginning of the treatment
of these complications, it was observed that they were associ-
ated with a rapid improvement of the septic pattern.

This work has several limitations. Firstly, the number of
patients analyzed is not large, which forces us to continue
working to draw definitive conclusions. On the other hand,
although the hospitalization period was shorter for patients
undergoing LSG than for the RYGB group, this report does
not allow us to conclude that postoperative complications after
LSG respond better to mini-invasive treatment. We must bear
in mind that, in general, patients who are candidates for
RYGB have a higher metabolic commitment (dyslipidemia,
diabetes, hypertension, etc.). This factor could negatively in-
fluence the speed of recovery after a postoperative
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complication. Finally, the need for technology to treat these
patients through MIS procedures should be highlighted as
limiting. The possibility of fluoroscopy, ultrasonography, to-
mography, often used simultaneously in the same operating
room, is not available in all centers that perform this type of
procedure.

Conclusion

Interventional radiology (IR) or image guide percutaneous
surgery strongly has a role in the treatment of complications
following bariatric surgery. We think that the combination of
IR, endoscopy, and laparoscopy will solve more than 90% of
the complications by these approaches. And in these ones, IR
and endoscopy will treat the majority of them, leaving lapa-
roscopy for extreme and acute cases. The minimally invasive
treatment of leak after bariatric surgery is safe and effective
and allows the avoidance of relapses in a significant number
of cases. However, the complexity of drainage in these pa-
tients determines the management of these treatments by a
trained group.
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