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additional outpatient costs for leaks were 41,284 € (range 
14,148–75,684€).
Conclusions Leaks after LSG are an expensive complica-
tion. It is therefore important to take all necessary measures 
to reduce their incidence. Our data should be considered 
when analyzing the cost effectiveness of staple line rein-
forcement usage.

Keywords Sleeve · Leak · Cost · Reinforcement

Laparoscopic sleeve gastrectomy (LSG)—initially 
described, as the first step of duodenal switch—is now a 
stand-alone effective and validated bariatric procedure [1]. 
Its success in recent years is due to its relative simplicity, 
the absence of anastomosis, and the rarity of nutritional 
deficiencies. Consequently, the LSG became the most 
frequent bariatric procedure in France in 2011 and in the 
US in 2013 [2, 3]. The most feared complication remains 
gastric leak with a reported a rate of 1 to 2% [4–6]. The 
German Bariatric Registry reported that the incidence is 
decreasing from 6.5% to 1.4 over 8 years [7]. These leaks 
are estimated to be the most serious complications of this 
procedure for a number of reasons.

First, a sleeve leak is more difficult to heal when com-
pared with other leaks in bariatric surgery. This can be 
explained by the construction of the sleeve gastrectomy, 
which is the creation of a high-pressure gastric tube, or a 
mismatch of staple height to tissue and proximal vicinity 
to the esophagogastric junction. The second reason lies in 
the lack of standardization in the management of leak, in 
particular with the endoscopic approach. Numerous stud-
ies have been written about the different approaches to the 
management of leaks after LSG, but only few of them have 
proposed an algorithm of endoscopic treatment of gastric 
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leaks after LSG [8, 9]. Salvage surgery can also be used, 
when all endoscopic approaches have failed to close the 
leak, but it is associated with high risk of postoperative 
complications [10].

The third reason is the economic consequence in patients 
suffering leak after LSG. As healthcare systems are oper-
ating under significant resource constraint, it is important 
to know the cost of healthcare interventions, to treat com-
plications and their cost effectiveness. To the best of our 
knowledge, there are limited reports regarding the health-
care cost of treating leaks after LSG [11–15].

The purpose of the present study was to assess the eco-
nomic burden of leaks after LSG in terms of extended hos-
pital stay, re-admissions, in-hospital morbidity, and postop-
erative infection.

Methods

This study was designed as a retrospective analysis to esti-
mate total costs and medical resource utilization of patients 
with leaks following LSG. The review of data was based 
on the information sources between September 2005 and 
December 2014, provided by the Private Hospital “La 
Casamance,” Aubagne, France. Data were collected on 
all diagnostic and therapeutic measures necessary to man-
age leaks, ward, and intensive care unit (ICU) lengths of 
stay. Inpatient care is financed through a Diagnosis-Related 
Groups-based prospective payment system [16, 17]. This 
system was introduced in France in 2004 and is a standardi-
zation of payment rates. Additional outpatient care was also 
evaluated with the help of the Hospitalisation à Domicile 
home care system. All costs are expressed in 2015 Euros 
(€).

A total of 2012 LSG cases were performed between 
September 2005 and December 2014 with 20 cases (0.99%) 
of gastric leak recorded. The operative technique and the 
other complications of our experience were summarized 
in a previous study [18]. Fifteen patients with leak after 
LSG had available data for cost analysis. The diagnosis was 
made by CT—scan and confirmed intraoperatively. The 
leaks for all 15 patients were located in the upper part of 
the stomach. Three patients were readmitted and re-oper-
ated in another hospital. Since no permission was given to 
collect data from their files, they were excluded from this 
study. For two other patients, incomplete data about outpa-
tient cost were found and they were excluded also from our 
analysis.

The patient information collected included patient 
demographics (age, gender, BMI), clinical characteristics, 
time for leak diagnosis, primary and secondary procedures, 
payer, length of stay (LOS), cost of care, department cost 
and charge details (physician specialty).

Results

Fifteen cases of gastric leak after LSG had available data 
for cost analysis. Patient demographics are summarized in 
Table  1. After leak diagnosis, all patients required lapa-
roscopic lavage and drainage of the peritoneal cavity for 
sepsis management and fluid management, triple anti-
biotherapy, and parenteral nutrition. Nasogastric tube and 
feeding jejunostomy were not used. For seven patients, 
a double pigtail drain was inserted by endoscopy. In the 
other eight patients, stent deployment was necessary due to 
mid gastric stenosis or leak diameter greater than 10 mm 
based on an algorithm described in the previous report [8]. 
Further endoscopic treatment was performed between 6 
and 8 weeks after for double pigtail drain or 4 weeks after 
the stent deployment. Five out seven patients have had no 
orifice and two patients healed with over-the-scope clips 
OTSC® (Ovesco Endoscopy AG, Tübingen, Germany) 
treatment. For the remaining eight patients an endoscopic 
control was performed after 4 weeks. If the residual orifice 
was less than 10 mm, a double pigtail drain was inserted 
(three cases). If the diameter of the fistulous site was greater 
than 10 mm, the prosthesis was replaced with a new one for 
another 4 weeks (five cases). Four out of five patients had 
an additional double pigtail drain insertion. The treatment 
along with the algorithm is summarized in Fig. 1.

Mean intra-hospital cost was 34,398  € (range 
7543–91,632  €). Prolonged hospitalization in ICU 
accounted for the majority of hospital costs (58.9%) with 
a total cost of 304,290 € (Fig. 2). All patients had an initial 
laparoscopic drainage, and one patient required additional 
surgery for uncontrolled sepsis on postoperative day 8 after 
the first laparoscopic drainage was performed. No addi-
tional salvage surgery was required for persistent chronic 

Table 1  Demographic data

BMI body mass index, SLR staple line reinforcement

n %

Gender
 Male 2 13.3
 Female 13 86.7

Age (years) (mean (±SD)) 41.4 (± 7.6)
BMI (kg/m2) (mean (±SD)) 43.2 (± 9.7)
Leak time diagnosis (postoperative 

day) (mean (±SD))
7.4 (± 2.3)

Smoking
 Yes 14 93.3
 No 1 6.7

SLR
 Yes 1 6.7
 No 14 93.3
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gastric leak. The total cost of these surgeries was 8800 €, 
while the endoscopic treatments costed a total of 35,191 €. 
The radiological studies accounted for 3208 € (Table 2).

Mean additional outpatient costs for leaks were 41,284 € 
(range 14,148–75,684€). These included transportations 
from and to the hospital, home nursing, and follow-up 
consultations.

Discussion

The literature regarding the economic impact of LSG leaks 
is limited [11–15]. In a recent study in the Netherlands, 
Bransen et  al. [11] have calculated that the median addi-
tional cost of leak after sleeve gastrectomy was 9284  €. 
The analysis also showed that the initial stay is shorter in 
the buttressing group, probably due to fewer complica-
tions. Shorter stay reduces postoperative costs and compen-
sates the average 706 € buttressing cost. Nocca et al. [12] 
reported a dramatic decrease (from 8.6 to 0%) for hemor-
rhagic complications in a high-risk population for LSG. 
They found a decreased average total hospital costs for the 
first hospitalization (5768 vs. 6025 €, p < 0.001), as well as 
6-month total inpatient cost (5944 vs. 6246  €, p < 0.001), 
but no data about the cost of the leak were offered.

Ahmed et al. [13] developed a cost model to estimate 
the total treatment cost in UK hospitals. They estab-
lished three realistic scenarios reflecting varying sever-
ity of leaks and resources and compared the costs both 
in National Health System and in private—self-pay—sys-
tem. The true costs of treating a post-operative leak are 

Fig. 1  Algorithm of treat-
ment for leak following sleeve 
gastrectomy

Table 2  Intra-hospital cost

ICU intensive care unit, CT computed tomograph, UGI upper gastro-
intestinal
*Antibiotics, blood products, parenteral nutrition included in the hos-
pital day cost

Price (€) No. Total €/patient

ICU day* 1890 161 (10.7 days) 20,223
Ward day* 636 540 (18.2 days) 11575.2
Re-intervention 550 14 513.3
Diagnostic endoscopy 442 17 500.9
Stent deployment 1225 8 653.3
Pigtail 687 13 238.3
Ovesco 1067 2 142.3
CT diagn/drainage 235/ 462 19/2 297.7
UGI series 112 26 194.1

Fig. 2  Intra-hospital cost in Euros (% of total)
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wide ranging, but significant from £14,543 to £68,980 in 
the UK NHS system and from £29,212 to £115,009 for 
a self-pay patient. Their conclusions emphasized the fact 
that prevention of leaks could save significant financial 
costs and deliver good patient outcomes.

The present analysis showed a mean cost of leak is 
75,682 €. The additional cost for SLR in our experience 
is 481  €. In order to have a cost-benefit relation for the 
use of SLR a reduction of the leak rate from 1.8 to 1.16% 
must be obtained. In our previous study [18], the use of 
reinforcement of the staple line along with increased sur-
geon experience has been equally responsible to reduce 
the leak rate from 1.8 to 0.2%.

Regarding the reinforcement of the staple line after 
LSG, a systematic review of 88 studies including 8920 
patients found leak rates and complication rates of 1.1 
and 5.5% with absorbable polymer membrane (APM), 
2.0 and 6.3% with oversewing, 2.6 and 8.9% with no 
reinforcement, and 3.3 and 7.8% with bovine pericardial 
strips, respectively [19]. Another survey of 130 surgeons 
representing >46,000 patients demonstrated a 79% utili-
zation of SLR of one type or another [20].

Why are healthcare costs so difficult to collect and 
understand? Part of the challenge lies in the complex 
nature of economics as a discipline. The quantifiable 
costs associated with human disease and illnesses are typ-
ically categorized into two unique components, including 
direct and indirect costs. Direct costs usually represent 
the costs associated with medical resource utilization, 
which include the consumption of inpatient, outpatient, 
and pharmaceutical services within the healthcare deliv-
ery system [21, 22]. Although, at times, indirect costs 
may be difficult to quantify because of lack of quality 
data, they nonetheless often represent a significant per-
centage of the total cost associated with leak after LSG 
(Table 3). Despite these challenges, indirect costs are an 
important component for measuring the additional eco-
nomic impact of a complication beyond the traditional 
direct costs. Furthermore, as concerns about healthcare 
spending continue to grow, governments, payers, and 
employers alike will struggle and seek ways to rational-
ize the total economic burden. They will look beyond 
the direct costs and include appropriate estimates and 

measurements of indirect costs. Therefore, the indirect 
cost could be an extra argument for SLR usage.

The descriptive data of our study cannot be extrapolated as 
a representation of the economic burden of anastomotic leaks 
in other countries. Even within France, costs vary depending 
on the institution. With our findings and those of others as 
evidence, it can safely be assumed that prevention of leaks 
can save economic cost and clinical burden. Potential addi-
tional cost of SLR from preventing leaks after LSG could 
lead to a more judicious use of hospital resources.

The main limitation of our study was represented by the 
lack of possibility to have complete data for the remain-
ing five patients and to get a final analysis about SLR cost 
effectiveness.

Conclusions

In conclusion, leaks following LSG increase the total clini-
cal and economic burden in terms of additional re-admission, 
LOS, and hospital costs. The results of this study under-
score the potential advantages of cost reduction for patients 
and hospitals by preventing leaks after bariatric surgery. The 
prevention of leaks after LSG must remain a priority for 
healthcare providers; this will ease a significant clinical and 
economic burden. The total high costs are an additional argu-
ment to reduce complication rate and it should be considered 
when analyzing the cost effectiveness of staple line reinforce-
ment (only direct costs).
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