
Abstract
Aim: This study aimed to review the technical and clinical results of cone-beam computed tomography 
(CBCT) fluoroscopy-guided drainage of anastomosis or staple line leakage, which is the most important 
complication after laparoscopic sleeve gastrectomy due to obesity.
Methods: A retrospective analysis was performed of the demographic findings, clinical manifestations, 
leakage location, and medical data of 30 cases who underwent CBCT fluoroscopy-guided percutaneous 
drainage due to anastomosis or staple line leakage after sleeve gastrectomy due to obesity in the inter-
ventional unit of our hospital between February 2015 and September 2020.
Results: A total of 48 drainage catheters were inserted in 30 patients (8 females and 22 males), aged 19–71 
years (mean 51.24), under the guidance of CBCT fluoroscopy. Drainage was completed in a single session 
with one catheter in 13 (43.3%) patients. In 17 (56.7%) patients, the procedure was completed with two or 
more catheterizations in more than one session due to different leakage locations and subsequent occlu-
sion or dislocation of the catheter. Inflammatory parameters and symptoms related to leakage regressed 
in 29 (94%) patients within 48–72 hours with clinical improvement. The success rate of percutaneous 
drainage was 100% without any complications.
Conclusion: Anastomosis, or staple line leakage, is one of the most serious life-threatening complica-
tions that can be seen following laparoscopic sleeve gastrectomy. CBCT fluoroscopy-guided drainage is 
a safe, highly effective, and minimally invasive treatment option that has a low risk of complications. This 
technique can facilitate the treatment of postoperative collections with alternative treatment methods.
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Öz
Amaç: Bu çalışmanın amacı, obeziteye bağlı laparoskopik sleeve gastrektomi sonrası en önemli komplikas-
yon olan Konik Işınlı Bilgisayarlı Tomografi (KIBT) floroskopi kılavuzluğunda anastomoz veya stapler hattı 
kaçağı drenajının teknik ve klinik sonuçlarını gözden geçirmektir.
Yöntemler: Hastanemiz girişimsel radyoloji ünitesinde Şubat 2015 ve Eylül 2020 yılları arasında obezite 
nedeniyle sleeve gastrektomi sonrası anastomoz veya stapler hattı kaçağı nedeniyle KIBT floroskopi kı-
lavuzluğunda perkütan drenaj uygulanan 30 olgunun demografik bulguları, klinik bulguları, kaçak yeri ve 
tıbbi verilerinin retrospektif olarak analizi yapıldı.
Bulgular: Yaşları 19-71 (ortalama 51.24) olan 30 hastaya (8 kadın, 22 erkek) KIBT floroskopi eşliğinde top-
lam 48 drenaj kateteri yerleştirildi. 13 (%43.3) hastada tek kateter ile tek seansta drenaj tamamlandı. 17 
(%56.7) hastada ise farklı kaçak yerleri ve sonrasında kateterin tıkanması veya yerinden çıkması nedeniyle 
iki veya daha fazla kateterizasyon birden fazla seansta uygulanarak işlem tamamlandı. Enflamatuvar pa-
rametreler ve sızıntıya bağlı semptomlar 48-72 saat içinde 29 (%94) hastada klinik düzelme ile geriledi. 
Perkütan drenaj uygulamasının başarı oranı herhangi bir komplikasyon olmaksızın %100 idi.
Sonuç: Anastomoz veya stapler hattı kaçağı, laparoskopik sleeve gastrektomi sonrası görülebilen hayatı 
tehdit eden en ciddi komplikasyonlardan biridir. KIBT floroskopi kılavuzluğunda drenaj, düşük komplikas-
yon riski ile minimal invaziv, güvenli ve oldukça etkili bir tedavi seçeneğidir. Bu teknik, alternatif tedavi 
yöntemleri ile postoperatif koleksiyonların tedavisini kolaylaştırabilir.
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INTRODUCTION
The prevalence of obesity is increasing worldwide and 
is the second leading cause of preventable death (1). 
Bariatric surgery is done on people who are obese and 
haven’t lost weight through exercise, a healthy diet, or 
medical treatment (2). The scope of laparoscopic bar-
iatric surgical interventions has diversified with the 
development of surgical techniques in recent years, 
and thus the number of operations has increased sig-
nificantly. Laparoscopic sleeve gastrectomy (LSG) is 
an important bariatric surgical treatment option that 
has become one of the most frequently performed pro-
cedures worldwide (3-5). One of the most important 
major complications after LSG is anastomotic leakage, 
with a reported incidence of 1–3% (6,7).

The most preferred treatment option for anasto-
motic leakage is endoscopic stent implantation or dou-
ble-J catheter placement with a combined endoscopic-
covered stent. The other option is endoluminal closure 
of the leak with an endoscopic clip (8–11). Revision 
surgeries for bariatric surgery are also used in the treat-
ment, and the risk of anastomosis or staple line leak-
age reaches 35% even after the operation. Therefore, 
percutaneous drainage of the collection is important. 
Clinical signs can vary from asymptomatic patients to 
those with signs and symptoms of septic shock. Per-
cutaneous drainage guided by imaging modalities like 
computed tomography (CT) and ultrasound is a very 
successful minimally invasive treatment for anastomo-
sis or staple line leakage, which is the most important 
complication after LSG due to obesity (12,13).

CBCT fluoroscopy is the most commonly utilized 
guiding technology in major facilities. The most sig-
nificant advantage of this technique is that a drainage 
catheter may be inserted on the leak line as a guid-
ing method for leaks and collections that cannot be 
detected by ultrasonography. Its benefit over conven-
tional CT is that the gantry opening allows the inser-
tion of a drainage catheter in obese patients. Due to 
the accompanying continuous fluoroscopic images, 
the appropriate collection area can be reached. Con-
ventional CT gantry openings do not permit the treat-
ment of obese patients. This study aimed to look at the 
technical and clinical results of cone-beam computed 
tomography (CBCT) and fluoroscopy-guided percuta-
neous drainage for treating post-LSG leakage.

MATERIAL AND METHODS
This study was approved by the Clinical Research Eth-
ics Committee of Bakirkoy Dr. Sadi Konuk Training 
and Research Hospital (date: 21.12.2020, decision no: 
2020-25-05). Informed written consent was obtained 
from all participants. The study adhered to the princi-
ples of the Declaration of Helsinki. A scan of the hospi-
tal database led to a retrospective review of the data of 
30 patients who underwent CBCT fluoroscopy-guided 
percutaneous drainage treatment due to anastomosis 
or staple line leakage after LSG due to obesity between 
February 2015 and September 2020.

Asymptomatic patients, patients without abdomi-
nal pain, and patients with malignancy were excluded 
from the study despite the history of LSG. CBCT flu-
oroscopy-guided pre- and post-procedure CT images 
and the clinical symptoms of all the patients in this 
study were evaluated retrospectively using patient files, 
computer recording systems, and imaging archives.

Before the percutaneous drainage treatment, the 
Gnannt et al. classification was used for the differentia-
tion of infective and non-infectious fluid collections, in 
which the criteria of diabetes, CRP value, gas entrap-
ment, and CT attenuation were used (14). According 
to this scoring system, values between 3 and 10 were 
accepted as infective. The risk factors (diabetes, hyper-
tension, and chronic obstructive pulmonary disease) 
of the patients were recorded at the stage of diagnosis. 
The drainage catheter requirement was determined as 
a result of a common consensus by the general surgeon 
and interventional radiologist.

Upper abdomen CT scans included axial, sagittal, 
and coronal images. Collection volumes were calcu-
lated with the formula (height × width × length × π/6) 
based on sagittal and axial images, and the total vol-
ume was calculated as the sum of all the collection vol-
umes in cases with more than one collection. Patients 
with a collection of 20 cc or more using this method 
were included in the study.

The percutaneous drainage procedure was per-
formed under CBCT fluoroscopy guidance (Allura 
FD 20/20, Philips Medical Systems, The Netherlands). 
Non–contrast-enhanced CBCT was acquired with the 
use of a commercially available 30 x 40–-cm flat-panel 
angiography system (Allura FD20; Philips Medical 
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Systems, Best, The Netherlands). The acquisition used 
for the PRG procedure was based on a soft tissue re-
construction technique with a C-arm movement range 
of 2408 and the acquisition of 120 images (acquisition 
time: 8 seconds; matrix size: 1024 x 1024; depth: 14 
bits). The acquired rotational frames were automati-
cally transferred to a 3DRA workstation and recon-
structed.

After obtaining the CBCT run to exclude the in-
terposition of the gastric leak, the needle path was 
planned, and the skin entry point was marked. Dis-
infection was performed, and local anesthesia was ad-
ministered before puncture. The puncture was made 
with an 18-gauge needle under fluoroscopy using 
CBCT guidance. Once aspiration of air and contrast 
medium injection confirmed correct positioning, a 
0.035-inch Amplatz extra-stiff guidewire was coiled 
into the gastric leak. Then, an 8 to 14 Fr locked pigtail 
catheter was inserted into the collection via the tran-
shepatic or transperitoneal route.

The first sample taken was sent to microbiology. 
Patients were kept under clinical observation, with 
daily monitoring of the drainage amount. Based on the 
microbiological results of the sample taken with per-
cutaneous drainage, the appropriate antibiotic treat-
ment was also started.

Statistical Analyses
Statistical analyses were conducted with the assistance 
of the Statistical Package for the Social Sciences soft-
ware for Windows, version 25.0 (SPSS Inc., Chicago, 
IL, USA). Using the Kolmogorov-Smirnov test, the 
normal distribution conformity of the variables was 
determined. For the presentation of descriptive statis-
tics, the mean, median, and interquartile range (IQR) 
were used.

RESULTS
Percutaneous drainage was performed with CBCT 
fluoroscopy 57 times in 30 patients with anastomosis 
or staple line leakage after LSG due to obesity. 13 pa-
tients were (43.3%) males and 17 (56.7%) were females 
with a mean age of 51.24 years (range, 19-71 years). 
The technical success rate was 100%, and all patients 
were treated with the Seldinger technique (Figure 1). 

No procedure-related mortality was observed.
The Body Mass Index (BMI) is used to classify 

obesity and express the weight per square meter of the 
body; the average BMI of the patients in this study was 
49.8. The American Society of Anesthesiologists (ASA) 
scores were evaluated as ASA II in 25 (83.3%) patients 
and ASA III in 5 (16.7%) due to existing comorbidi-
ties. The accompanying comorbid diseases (diabetes, 
hypertension, and chronic obstructive pulmonary dis-
ease), Gnannt scores, catheterization times, and clini-
cal follow-up processes of the patients are shown in 
detail in Table 1.

The collection-related symptoms that developed 
after LSG regressed within 48–72 hours in 29 (96.6%) 
patients, and they improved clinically. Intubation in 
the intensive care unit was required for 1 (3.4%) pa-
tient after the LSG procedure due to sepsis and ac-
companying organizing pneumonia, which resulted in 
acute respiratory distress syndrome (ARDS) that led 
to the patient’s subsequent death on the sixth day after 
the drainage catheter was inserted.

A single drainage catheter was inserted in 13 pa-
tients, and more than one catheterization was per-
formed in all the other patients. During clinical follow-
up, 17 patients had multiple drainage catheters placed 
in existing collections. The catheters were reinserted in 
12 of these patients due to catheter dislocation under 
standard sterile conditions with fluoroscopy guidance, 
local anesthesia, and antibiotic prophylaxis. In some 
patients, catheterization was performed again because 
of the occlusion of the catheter or the absence of clini-
cal improvement.

No major complications occurred due to the per-
cutaneous drainage procedure. The catheters were 
taken out if there was no sign of a collection on ultra-
sound and if the patients who were given antibiotics 
after the treatment showed signs of improvement dur-
ing follow-up visits.

In summary, at the 6-month follow-up examina-
tion of the patients in this study, complete regression 
was observed in the collections, and leukocytes and 
C-reactive protein (CRP) were within normal limits. 
In some cases, patients were followed up with more 
than one catheter, and during the follow-up period 
for patients with marked regression of collections, the 
catheters were removed and clinical follow-up was 
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preferred. We used sonographic follow-up. CT-guid-
ed G-tube placement can be considered a minimally 
invasive interventional radiological procedure with a 
low risk of complications and is extremely valuable in 
specific clinical situations. 

DISCUSSION AND CONCLUSION
Obesity is a condition that leads to increased health 
problems with reduced life expectancy and increases 
the risk of various diseases, such as hyperlipidemia, 
hypertension, cardiovascular disease, and stroke (15). 

It has become an increasingly important health prob-
lem in the 21st century. However, medical treatments 
such as exercise, diet, and medication are not always 
sufficient to achieve the desired success.

LSG, which restricts the size of the stomach and 
limits the calorie intake, is an effective bariatric surgi-
cal treatment method for this medical condition. It is 
applied by duodenal switch or gastric bypass, especially 
in high-risk patients, and the gastric volume is reduced 
to an average of 100 mL. The advantages of this tech-
nique are that it maintains pyloric sphincter integrity, 
it is an easy surgical procedure, it provides significant 

Table 1: Patient and intervention characteristics

No Age Gender Comorbidities Bmi Gnannt-
Score

Abscess size at  
largest 

location (cm)
Volume 

(cc) Crp HU Size of 
french 

CT-guided  
drain 

placement  
procedures 

(count)

Follow-
up 

duration 
(days)

1 53 f HT,DM 45 5 9x4 75 32 18 10 1 22
2 30 f - 48 5 7x4 58 4 14 10 1 20
3 59 m HT,COPD 50 5 7,5x5,5 128 26 15 10 1 28
4 37 f - 50 6 12x10 500 186 11 10 1 24
5 51 m HT,DM 46.7 7 10,6x7,3 280 30 12 10 1 2
6 39 f - 54.5 5 5x6 110 6 19 10 1 50
7 21 m - 55 7 7,5x5 120 3 30 10 1 35
8 30 f - 45 7 7x5 90 130 121 10 1 28
9 55 f HT,COPD 53.3 6 5,5x5,5 80 126 54 10 1 22

10 52 m HT,COPD 54.3 7 13x8 430 38 325 10 1 4
11 28 m - 52.7 8 10x10 415 21 97 10 1 42
12 47 f HT,DM 50.2 8 10,6x7  290 52 107 10 1 35
13 49 m HT,DM 50.7 6 11x6 205 42 111 10 1 56
14 23 m - 54.5 5 15x9 550 28 15 10 2 38
15 54 f HT,COPD 45.7 7 7x3 45 14 29 10 2 45
16 34 f - 55 7 13x10 540 14 35 14-16 2 110
17 28 m - 50 7 10x10 415 16 104 10 2 30
18 24 m - 42.9 8 10x10,5 435 231 345 10 2 28
19 48 m - 43.3 7 8x10 330 41 127 8 2 45
20 26 f - 49.2 7 6x4,5 70 33 538 10 2 60
21 32 f - 54.5 7 6x5 80 42 24 10 2 30
22 43 f HT,DM 49.3 5 7x4 60 185 45 10-12 2 30
23 42 f HT,DM 45 7 13x10 540 50 105 10-12 2 30
24 55 f HT,DM 48 5 10x6 187 33 16 10-12 3 67
25 27 m - 52.5 8 12x10 500 407 101 10-12 3 84
26 32 f - 54.7 5 12x10 500 51 21 14-16 3 92
27 24 m - 48.3 7 12x9 450 33 41 12-14-16 3 26
28 23 f - 48 7 11x6 205 26 27 10-12 4 98
29 34 m - 48.8 7 23x13 1500 28 61 10-12 4 150
30 26 f - 49 7 10x8 330 26 72 10-12 4 15

HT: hypertension, DM: diabetes mellitus, COPD: chronic obstructive pulmonary disease, HU: hounsfield unit, F: female, M: male, BMI: 
Body mass index, CRP: C-reactive protein, CT: computed tomography
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weight loss, and it does not affect nutrient absorption 
(16). Various studies have shown that not only can pa-
tients lose weight quickly with this operation, but there 
is also a reduced risk and fewer comorbidities (17–19). 
The complication rate due to LSG has been reported 
to be approximately 5%, including gastric anastomosis 
leakage, dumping syndrome, small bowel obstruction, 
internal hernia, subphrenic abscesses, persistent nausea 
and vomiting, ulcers, and even death (20).

Clinical signs of anastomotic leakage range from 
asymptomatic to septic shock signs and symptoms 
(21,22). When tachypnea, hypoxia, abdominal pain, 
hypotension, and a fever of 38° develop after 4 hours, 
anastomotic leakage should be considered and sup-
ported by the CRP test (23).

Anastomotic leakage is an important complication 
in the early postoperative period, so rapid diagnosis 

with appropriate treatment is essential. Unless drain-
age is provided in the early stages, the mortality risk 
remains high. CT with intravenous and oral contrast 
agents is the best imaging modality for the detection 
of anastomotic leakage (21).

CBCT is an imaging technique that provides 3D 
angiography and CT images in 3 planes (axial, coronal, 
and sagittal) using a flat panel detector C-arm system. 
In CBCT, images close to CT quality can be obtained 
by reconstructing the images obtained by the rotational 
movement of the C arm around the patient after pro-
cessing at workstations (24). This technique was first 
used in peripheral and neurovascular diseases and on-
cological treatments about 15 years ago (25,26). It can 
be applied to patients safely and quickly after surgery.

CBCT guidance for percutaneous procedures is a 
highly effective, safe method that shows similar clini-

Figure 1. CT scan showing an infected fluid collection between the left lobe of the liver and the vena 
cava inferior in a 34-year-old obese male who had undergone laparoscopic sleeve gastrectomy (A). 
Axial reconstruction during needle placement and after PD insertion demonstrates correct place-
ment of the blocked (contrast medium–filled) contrast distribution in CBCT images (B, C). Cor-
responding fluoroscopic image of the upper abdomen (anterior view) showing the linked guidewire 
tract during infected fluid collection penetration and after percutaneous drainage (D). CBCT-guid-
ed percutaneous drainage of the infected abdominal collection but drain dislocation 10 days after 
the intervention (E). Fluoroscopic image of the upper abdomen (anterior view), showing contrast 
reflux to transesophageal and percutaneous drainage of the infected abdominal collection (F, G). 
CT scan after percutaneous drainage showing an immediate decrease in the size of the abscess (H).
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cal and technical success rates compared to conven-
tional CT, but with a decreased radiation dose. This 
technique is also advisable in pediatric patients due 
to the low radiation dose exposure (27). In our study, 
the mean collection volume in the patients was 317 cc, 
and a CBCT fluoroscopy-guided percutaneous drain-
age procedure was successfully performed. There were 
no complications, such as pneumothorax, bleeding, or 
organ perforation, related to catheter insertion.

Schwarz et al. performed CT fluoroscopy-guided 
percutaneous drainage on 14 patients with gastric 
leakage, with a total of 31 catheter placements and a 
technical success rate of 96.8% (30/31) (28). In the cur-
rent study, a total of 57 CBCT-guided drainage cathe-
ters were placed in 30 patients, with a higher technical 
success rate of 100%. The results of the current study 
are consistent with the literature referring to percuta-
neous drainage.

In 29 (96.6%) of the current study patients, the 
collection-related symptoms that developed after 
LSG regressed within 48–72 hours, and these patients 
improved clinically. However, one (3.4%) patient re-
quired intubation in the intensive care unit after the 
LSG procedure due to sepsis and accompanying orga-
nizing pneumonia, which resulted in ARDS and sub-
sequently led to the death of the patient on the sixth 
day after the drainage catheter was inserted. In addi-
tion, at the 6-month follow-up examination of the pa-
tients in this study, complete regression was observed 
in the collection.

In the study by Schwarz et al., 4 patients (30%) 
were treated with a drainage catheter, and endoscopic 
stent implantation or endoscopic clipping was applied 
to other patients in addition to drainage treatment 
(28). Corona et al. reported that of 16 patients with 
gastric leakage after LSG, the percutaneous drainage 
procedure was sufficient for successful treatment in 
7 patients (44%), but they applied additional covered 
stent treatment in 5 (31%) (29). Although those stud-
ies included fewer patients, the results are consistent 
with the findings of the current study. In this study, 
8 (26.6%) patients were only treated with a drainage 
catheter, while 20 patients were also treated with an 
endoscopic stent. However, two patients required re-
operation because anastomotic leakage persisted after 
the drainage and endoscopic stenting procedures. 

Catheter dislocation and occlusion are common 
findings in the obese patient group, and accordingly, 
catheters were re-inserted under fluoroscopic guid-
ance after these complications in 17 patients in this 
study. In some cases, patients were followed up with 
more than one catheter, and during the follow-up pe-
riod for patients with marked regression of collections, 
the catheters were removed and clinical follow-up was 
preferred.

Similar to the current study, Kelogrigoris et al. 
reported success with the CT-guided percutaneous 
drainage procedure with sequential CT guidance in a 
group of patients with anastomotic leakage and infect-
ed collections that developed after bariatric surgery 
due to morbid obesity. Of 21 patients with infected 
collections, surgery was avoided in 18 cases, giving a 
success rate of 86%. Two patients needed catheter re-
placement due to obstruction, but neither developed 
any complications (30).

The main limitation of this study was its retrospec-
tive design. It should therefore be supported by addi-
tional long-term series. Further studies are required 
for CT-guided percutaneous drainage to define the 
therapeutic value and exact role of this procedure. In 
general, ultrasound-guided percutaneous drainage 
of an abdominal collection is also possible, although 
ultrasound is mostly limited by physical properties 
(31–33). To the best of our knowledge, there are no 
previous studies that have evaluated the drainage of 
abdominal collections under ultrasound guidance in 
obese patients after LSG.

The results of this study demonstrated that CT flu-
oroscopy-guided drainage is an effective and safe pro-
cedure that can be a treatment modality for patients 
with gastric leakage after LSG due to obesity. It can be 
considered an alternative method to surgery.

In conclusion, based on the retrospective review 
and systematic literature search, CT-guided G-tube 
placement can be considered a minimally invasive 
interventional radiological procedure with a low risk 
of complications and is extremely valuable in specific 
clinical situations. This procedure can facilitate the 
treatment of abdominal collections with or without 
other treatment strategies. Therefore, it can be as-
sumed that more invasive treatment methods may be 
avoided. 
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