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Abstract

Background The results in the literature regarding the learning curve (LC) of laparoscopic sleeve gastrectomy (LSG) are scarce
and non-definitive. The purpose of the study was to evaluate the correlation between the LSG learning curve and intraoperative
parameter variation, postoperative morbidity, weight loss results, and economic impact.

Methods The first 99 obese patients undergoing LSG surgery by the same surgeon from March 2013 to April 2016 were included
in the present study. Patients were equally distributed among three groups (A, B, C) based on case sequence.

Results The three study groups were homogeneous with respect to age, BMI, gender, and comorbidities. There was a significant
reduction in operative time among the groups (p < 0.00001), with a difference of approximately 40 min between the first and third
groups. The decrease in operative time was associated with a decrease in the number of stapler firings used per LSG. Conversely,
there was no statistical correlation between intraoperative blood loss, intraoperative complications, or weight loss 1-year
postsurgery and the LSG learning curve. In addition, the increase in experience with LSG was also associated with a significant
reduction (p <0.00001) in the length of hospital stay. With respect to postoperative complications, a statistically significant
difference was recorded between groups B and C (p =0.02). Finally, a patient undergoing surgery at the end of the LC had an
estimated reduction in economic impact of approximately 2700 Euros compared with a patient undergoing surgery at the
beginning of the LC.

Conclusion Approximately 60 cases are required to reach proficiency in reducing postoperative complications and costs of LSG.

Keywords Learning curve - Laparoscopic sleeve gastrectomy - Proficiency - Staple firings - Operative time - Length of hospital
stay

Introduction

During the last decade, laparoscopic sleeve gastrectomy
(LSG) has become the most-performed bariatric procedure
worldwide [1]. LSG success among the bariatric community
is due not only to its proven effectiveness in treating obesity
and related comorbidities in the short and long terms but

P4 Sergio Carandina
sergio.carandina@ gmail.com

' ELSAN, Clinique Saint Michel, Centre Chirurgical de 1’Obesité
(CCO), 8300 Toulon, France

Assistance Publique-Hopitaux de Paris (AP-HP), Department of
Digestive and Metabolic Surgery, Avicenne University Hospital,
Centre Intégré Nord Francilien de la prise en charge de I’Obésité
(CINFO), Université Paris XIII-UFR SMBH “Léonard de Vinci”,
route de Stalingrad, Bobigny, France

also because it is considered less technically demanding
compared with other malabsorptive procedures [2, 3].
Although LSG does not require reconstructive time with
the creation of gastrointestinal anastomoses, it nevertheless
presents certain fundamental surgical steps that need a cer-
tain level of experience in laparoscopic and bariatric surgery
to reduce the risk of postoperative complications [4].
Despite these issues, the results presented in the literature
regarding the pathway necessary to learn and improve the
technique, the so-called learning curve (LC), are scarce and
non-definitive [5-9]. This lack of data resonates even more
with the increase in global obesity rates and the increasing
occurrence of general surgeons performing bariatric sur-
gery. The purpose of the present study was to evaluate the
correlation between the LSG learning curve and intraoper-
ative parameter variation, postoperative morbidity, and
weight loss results. We also attempted to quantify the eco-
nomic impact that the evolution of the LC can have on the
surgical departments that deal with obese patients.
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Materials and Methods

The first 99 obese patients undergoing LSG surgery by the
same surgeon from March 2013 to April 2016 were included
in the present study. All patients underwent surgery at two
university hospitals (Hopital Jean-Verdier and Hopital
Avicenne), located in the suburbs of Paris, France, equipped
with a bariatric surgery service of more than 400 procedures/
year. Data pertaining to each patient, including demographic,
clinical, and operative data, were collected prospectively and
analyzed retrospectively. Patients with previous bariatric in-
terventions, previous extensive laparotomic surgery, or
follow-up inferior to 1 year, were excluded. During the series,
seven patients needed an associated procedure such as chole-
cystectomy, hiatal hernia repair, or ovariectomy. In these
cases, the extra time spent for the concomitant procedure
was subtracted from the total operative time. All patients were
enrolled, operated on, and followed up by the same surgeon
with advanced experience in laparoscopic surgery, but early
experience in bariatric surgery. Prior to the start of the present
study, the surgeon accomplished a 1-year bariatric surgery
fellowship training position at a European center of excel-
lence. Patients underwent an extensive preoperative evalua-
tion including esophagogastric endoscopy, polysomnography,
nutritional, psychiatric, and endocrinological evaluation be-
fore being considered for bariatric surgery. Patients with gas-
troesophageal reflux and difficult-to-control diabetes
underwent gastric bypass. The eligibility for surgery was
established according to the French High Authority of
Health (HAS) and the International Federation for the
Surgery of Obesity and Metabolic Disorders (IFSO) criteria.
Patients were equally distributed to three groups (A, B, C)
based on case sequence. Primary outcomes included operative
time, intraoperative complications, blood loss, and number of
staple firings used for the gastric sleeve. Total operative time
was recorded as the time between the first skin incision and
the end of skin closure. Blood loss was calculated by measur-
ing the volume of blood in the suction at the end of the pro-
cedure. Secondary outcomes included the length of hospital
stay (LOS), postoperative complications, rehospitalization,
and postoperative weight loss. In order to be discharged from
the hospital, patient had to fill the following criteria: temper-
ature inferior to 38 °C, no tachycardia, patient’s ability to eat,
no vomiting, no pain or pain controlled by discontinuing oral
treatment (Visual Analogic Scale (VAS): inferior to 3), and
independent patient mobilization. Postoperative complica-
tions were classified based on the Clavien-Dindo classifica-
tion [10] and the time of onset (early, during the first postop-
erative month; or late, after the first postoperative month).
Weight loss was expressed as the change in body mass index
(BMI), total weight loss (TWL), and percentage of excess
weight loss (EWL), with the calculation of ideal body
weight as that equivalent to a BMI of 25 kg/m”. Furthermore,
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a cost analysis was performed to assess the economic impact of
the LSG learning curve. Three parameters were included in
this analysis; cost of the surgical materials used to perform
the intervention, the employment cost of the operating room,
and the cost of the hospital stay. All interventions were per-
formed with the same surgical instruments, and for this reason,
the parameter employed to estimate the cost of the materials
was the number of stapler recharges used for the gastric resec-
tion. The cost of the operating room (OR) was calculated as
follows: (Euros for 1 h of OR / 60 min) x total operative time
(min). The cost of the hospital stay was calculated by the value
of one hospitalization day in our hospital in 2016.

Surgical Technique and Postoperative Management

The four trocars technique was used. The greater curvature of
the stomach was dissected free by dividing the short gastric
vessels using a harmonic scalpel, starting at a position oppo-
site to the Crow’s foot (approximately 5 cm proximal to the
pylorus) and reaching the angle of His. Posterior gastric adhe-
sions were divided when present. Calibration was obtained by
passing a 36-Fr gastric bougie, pushed toward and along the
lesser curvature, and the stomach was transected with sequen-
tial firings of linear green and blue GIA reloads (60-mm
Echelon®, Ethicon Endosurgery Cincinnati, OH). To reduce
intraoperative bleeding, we waited 20 to 40 s between stapler
closure and firing, and the staple line was reinforced by a
continuous imbricating running suture using Monocryl™.
The resected stomach was extracted from the abdomen into
a plastic bag. The staple line was tested with methylene blue
pushed in the nasogastric tube: no intraoperative leak was
shown. A silicon drain was placed along the SL. To rule out
leaks, all patients were double-checked with a methylene blue
test and an upper gastrointestinal series during the postopera-
tive period, and if no leakage was detected, an oral fluid diet
was started. Postoperative assessments were conducted by the
operator at 1, 3, 6, 9, 12, 18, 24, and 36 months postopera-
tively, and annually thereafter.

Statistical Analysis

Continuous demographic variables are expressed as the mean
+ standard deviation and the range. Categorical variables, in
addition to complications, are reported as numbers and per-
centages. Continuous outcome variables are generally report-
ed as the mean + standard deviation and the range. Fisher’s
exact test and a Chi-squared test were used to investigate
relationships among categorical variables. Comparison of
continuous outcomes among the three groups was carried
out by means of parametric and nonparametric testing, as ap-
propriate (analysis of variance (ANOVA); Wilcoxon/Kruskal-
Wallis tests). A p value <0.05 was considered statistically
significant. Statistical analysis was performed using the
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Statistical Package for Social Sciences, version 17 (SPSS,
Chicago, IL).

Results

Preoperative data are reported in Table 1. The study popula-
tion consisted of 87 females and 12 males, with no statistical
differences in terms of age, BMI, gender, or comorbidities
found among the groups. As shown in Table 2, there was a
constant and significant reduction in operative time among the
sequential groups (p < 0.00001), with a difference of approx-
imately 40 min between the first and third groups. The de-
crease in operative time was associated with a decrease in the
number of stapler firings used per LSG, which was statistical-
ly significant (p =0.008) between groups A and C.
Conversely, there was no statistical correlation between intra-
operative blood loss and the LSG learning curve (p = 0.98). In
addition, the increase in experience with LSG was also asso-
ciated with changes in postoperative protocols, which led to a
significant reduction (p <0.00001) in the LOS, with a patient
in group C remaining hospitalized on average 2 days less than
a patient in group A. Specifically, at postoperative days (POD)
1, 2, and 3, the number of patients that filled the discharge
criteria was greater in group C than in the other two groups. At
POD 2, respectively, the 39.4% of patients in group A, the
54.5% of patients in group B, and the 72.7% of patients in
group C, filled the criteria for the discharge (p =0.02).

No one patient was converted to laparotomy, and the mor-
tality rate was 0%. The rate of intraoperative complications
was the same in each group (3%); section of the calibration
probe in one patient in group A, a serious bleed of the spleen
(445 cc) in one patient in group B, and a serious bleed of the
liver (460 cm®) in one patient in group C. During the postop-
erative period, four patients in group A experienced an early
complication (12.1%). One patient was reoperated on at POD
1 due to bleeding from the staple line (grade IIIb). A second
patient was readmitted to the hospital at POD 6 for fever, and a

CT scan detected a subphrenic collection without leakage of
contrast media (grade II). A third patient presented at POD 4
with abdominal pain associated with an increase in C-reactive
protein levels and a murky liquid spill from the drain. Once
again, no leak was detected by radiological control and repeat-
ed methylene blue tests (grade II). A forth patient was
readmitted at POD 7 for diarrhea and vomiting of unknown
origin and was discharged after 48 h of hydration (grade I). In
group B, a total of 6 patients were rehospitalized for postop-
erative complications (18.1%). One patient experienced dys-
phagia due to gastric stenosis 2 months postoperatively (late
complication), which was successfully treated by endoscopic
dilatation (grade IIIa). A second patient was readmitted at
POD 10 for fever and abdominal pain; however, no compli-
cations related to the sleeve were detected (grade I). Three
patients experienced a temporary food blockage without an
organic cause at POD 10, 21, and 29, respectively. In these
patients, dysphagia resolved spontaneously following a brief
hospitalization and endoscopic evaluation (grade Illa).
Finally, a sixth patient was readmitted at POD 10 with diar-
rhea and vomiting and following a simple rehydration, the
patient was discharged from the hospital (grade I). In group
C, neither postoperative complications nor patient readmis-
sion were recorded. A statistically significant difference was
recorded between groups B and C (p = 0.02), while no differ-
ence was recorded between the first two groups.

At 1 year after surgery, 100% of patients in group A, 94%
of patients in group B, and 97% of patients in group C were
available for follow-up. Weight loss results are shown in
Table 3. The mean TWL and %EWL at 1 year for the entire
study population were 37+ 10.2 kg and 70.3 = 16.6%, respec-
tively. No statistically significant differences in terms of BMI
change, TWL, or %EWL were recorded among the three
groups.

The economic impact of the LSG learning curve was cal-
culated based on the 2016 value of stapler recharge, 1 h OR
use, and a daily hospital stay, which were 125, 600, and 911
Euros, respectively. Economic data concerning the three

Table 1 Preoperative data

Group A Group B Group C p value
Sex (M/F (%)) 4/29 (13.8%) 2/31 (6.4%) 6/27 (22.2%) 0.32
Age (years (range)) 36.1+11.1 20-61) 35.9+9.2 (21-58) 35.9+10.7 (17-59) 0.99
Weight (kg (range)) 116.5+£17.9 (94-191) 1183 +17.1 (93-163)  114.2+20.2 (80-175) 0.65
BMI (kg/m? (range))  43.1£7 (36.1-74.6) 42.8+49 (353-57.1) 41.2+6.1 (35.4+58.6) 0.41
Diabetes () 3 0 3 0.54
OSAS (n (CPAP)) 17 (11) 15(5) 20 (5) 0.46
Hypertension (1) 9 8 5 0.46
Dyslipidemia 6 4 3 0.53
Arthrosis 9 0 3 0.01

BMI, body mass index; OSAS, obstructive sleep apnea syndrome; CPAP, continuous positive airway pressure; N,
number; kg, kilogram; m, square meter; M, male; F, female
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Table 2 Operative data

Group A Group B Group C p value
Operative time (min 108.6 +20.2 82+16.1 69+15.7 <0.00001
(range)) (85-180) (50-120) (49-120)
Staple firings (1) 6.1£0.6 (5-8) 6+0.6 (5-7) 57+0.5(5-7) 0.02
Bleeding (cm3) 50.9+71.8 (5-390) 50.3+81.4 47.8+96.3 0.5
(5-445) (5-460)
LOS (days) 57+2 (3-14) 45+2.1(2-13) 32+0.7(2-5) <0.00001

min, minute; N, number; cm’ , cubic centimeter

groups are shown in Fig. 1. During the LC, the improvement
in the technical skills required to perform LSG reduced the
operative time by approximately 40 min, consequently saving
400 Euros/patient. Although statistically significant, the de-
crease in the number of stapler firings used between groups
A and C showed little economic impact (50 Euros).
Conversely, the increase in experience during the LSG post-
operative period showed a large reduction in hospitalization
costs at the end of the series, by an average of 2300 Euros/
patient. In summary, a patient undergoing surgery at the end of
the LC had an estimated reduction in economic impact of
approximately 2700 Euros compared with a patient undergo-
ing surgery at the beginning of the LC.

Discussion

Completion of the LC of a given intervention occurs when the
surgeon is able to standardize the procedure by improving the
operative parameters and reducing postoperative

Table 3 Weight loss results

Group A Group B Group C p value
3 months
TWL 20.8+7.8 21.8£59 198 £ 6.4 0.5
%EWL 38.5+10.5 40.6 £ 12.1 422 £16.7 0.5
BMI 353 +5.1 349 +5.1 33.6+63 0.5
6 months
TWL 29.3 £10.8 301 +£7.6 272 +82 0.5
%EWL 533+ 135 55.7 £ 14.8 57.8 £ 184 0.5
BMI 32.0+4.5 319+ 4.6 30.7 £5.8 0.5
9 months
TWL 338+ 114 342 +83 323+85 0.6
%EWL 61.7 £30.5 62.9 £ 15.4 67.9 £ 18.9 0.3
BMI 30.5 + 4.1 304 +4.4 29.1 £55 0.2
12 months
TWL 3712 37.5+9.7 36.5+ 8.4 0.9
%EWL 674+ 134 68.8 £17.5 76.6 = 18.4 0.08
BMI 293 +38 293 +£4.6 275 +5.1 0.1

TWL, total weight loss; EWL, % excess weight loss; BMI, body mass
index
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complications. The number of cases needed for each proce-
dure is linked to several factors that are sometimes difficult to
quantify, such as the personal skills and experience of the
surgeon, adequate training, the hospital case volume, and the
availability of a multidisciplinary team and institutional facil-
ities [11]. The concept of an LC in bariatric surgery has been
widely discussed for certain procedures such as the gastric
bypass, while for others, data in the literature remain scarce
[12, 13]. Likely due to the lack of gastrointestinal anastomo-
sis, LSG is considered a relatively simple procedure, and
therefore, its results are less influenced by the learning curve.
Typically, LSG presents certain technical difficulties such as
the detachment of the gastric fundus from the spleen, the dis-
section of the posterior gastric wall, and the correct section of
the stomach, which require a certain level of experience in
laparoscopic and bariatric surgery. In the present study, the
surgeon was already experienced in advanced laparoscopic
bariatric surgery, having completed a full-time 1-year fellow-
ship in a high-volume center of excellence prior to starting the
series. Moreover, during the first few cases, the surgeon was
supervised by an experienced bariatric surgeon who had per-
formed more than 500 procedures. We agree with other au-
thors that the presence of these two conditions is necessary
prior to starting the LC of a procedure such as LSG [5, 6, 8,
14].

The parameters typically used to evaluate the evolution of
the LC and the achievement of proficiency in LSG are oper-
ative time, postoperative complications, conversion rate,

8.000 €
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4.000 €
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1.000 €
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Group A Group B Group C
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Fig. 1 The economic impact of the LSG learning curve (OT, operative
time; LOS, length of hospital stay; SF, staple firings; Tot, total)
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weight loss, and LOS [5, 8]. Consistent with the data reported
in the literature, we found a significant reduction in operative
time after the first 33 cases; however, the point of the learning
curve from which the operating time no longer showed sig-
nificant variation came much later, around the 58th procedure
[7, 8]. According to Zacharoulis et al., this is likely the point
that could be overcome to reach proficiency in LSG [8]. To
assess the presence of a correlation between the different steps
of LSG and the LC, we also recorded the rate of intraoperative
complications, the extent of intraoperative bleeding, and the
number of recharges used for gastrectomy. While intraopera-
tive complications and blood loss showed no difference
among the three groups, the number of recharges used was
significantly decreased in group C. This likely reflected the
previous experience of the surgeon in advanced laparoscopic
surgery that allowed management of bleeding and intraopera-
tive accidents, even in patients with a high BMI. Conversely,
the significant difference in the use of recharges between the
first 66 and the remaining patients more accurately reflects the
evolution of the LC with respect to a surgical maneuver typ-
ical of LSG, such as the longitudinal section of the stomach.
Small traction and/or correct positioning of the freed stomach
allowed for reduction in the number of recharges without in-
creasing patient risk.

The overall postoperative results of the present study
are comparable with LSG data found in the literature
[15], with only one patient needing reoperation for
bleeding, eight patients experiencing a minor complica-
tion and being rehospitalized, and no leaks being record-
ed. Analysis of the allocation of complications in relation
to the LC showed that all postoperative complications
occurred in the first two groups, where the number of
cases was lower and the operative time longer, the results
of which are consistent with previous studies. Birkmeyer
et al. showed a direct correlation between the number of
operated cases and postoperative morbidity, and similar-
ly, Reames et al. reported a correlation between the re-
duction in complications during bariatric surgery and the
reduction in operating time [14, 16]. With an increase in
LSG experience and a decrease in the operative time,
adverse events were significantly reduced.

The data in the present study shows that the LC sig-
nificantly affected the length of hospital stays, with an
average reduction of 2 days from the beginning to the
end of the series. It is reasonable to suggest that this
difference was due to two important issues; the reduction
in postoperative complications and the increase in expe-
rience in patient management during LSG surgery. As
the number of cases increased and the operative time
decreased, a greater number of patients filled the dis-
charge criteria more rapidly, probably in relation to ear-
lier mobilization and a better management of postopera-
tive pain. Furthermore, in recent years, increasing data

have been presented in favor of reducing the hospitaliza-
tion time of bariatric patients [17], and in certain centers,
LSG surgery is routinely performed as day surgery [18,
19]. In light of these studies and an increase in fast-track
surgery in our department, the LOS was reduced in par-
allel to the rise in the number of cases performed.

With respect to weight loss, no significant differences were
recorded among the three groups during the LC. In particular,
the postoperative EWL of each group 1 year after the sur-
gery was comparable with those reported for LSG in the liter-
ature [20, 21]. Casella et al. found similar results, with an
overall %EWL of approximately 80% 1 year after LSG and
no differences among the three periods of the LC [5], and it
was speculated that since the early experiences, LSG was
likely performed in an efficient manner. Unfortunately, as
shown by other authors, 1 year of follow-up is a very short
time in which to draw firm conclusions. Prevot et al. found
that following the first 30 cases, the mean %EWL at postop-
erative 5 years improved significantly, suggesting a direct cor-
relation between the periods of the LC and long-term results
[7]. Further studies with larger cohorts and longer follow-up
periods are required to better evaluate the effects of the LC on
long-term weight loss.

In the present study, we also analyzed the economic
impact of the LC of LSG. By influencing the number of
recharges, operative time, and LOS, the LC in turn sig-
nificantly influenced the direct cost of each LSG per-
formed. In particular, a rough estimate demonstrates a
reduction in cost of approximately 2700 Euros between
surgeries performed at the beginning of the LC and those
performed once sufficient proficiency had been reached.
Moreover, these results were underestimated, since they
did not consider the indirect costs of LSG linked to post-
operative morbidity or the rehospitalization rate recorded
in groups A and B. Taken together, these results clearly
demonstrate that the increase in experience of LSG sur-
gery, not only reduced postoperative morbidity but also
the economic impact of patients. Furthermore, it is rea-
sonable to suggest that this reduction in cost should be
an incentive for hospitals to invest extensively in inten-
sive fellowship programs for bariatric surgeons and to
encourage the practice of mentorship by more experi-
enced surgeons.

The present study presents two important limitations.
Firstly, all patients were operated on by the same sur-
geon, and consequently, the results obtained were
strongly influenced by his experience and skill, which
unfortunately cannot be quantified. The lack of one or
more surgeons with which to compare the results par-
tially removes the possibility of generalizing the data.
Secondly, the short follow-up period did not allow us
to establish a firm correlation between the LC and long-
term results. The weight loss several years after LSG
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surgery may be an important indicator of the quality of
surgery variation during the LC.

Conclusion

The results of the present study indicate that LSG surgery is a
safe and effective intervention in the hands of a surgeon with
experience in advanced laparoscopic surgery following an in-
tensive 1-year fellowship in bariatric surgery. In terms of the
LC, data suggest that approximately 30 cases are needed to
significantly reduce operative times. Further, an operative se-
ries of at least 60 cases is required to significantly reduce the
postoperative complications rate and the costs of LSG surgery
owing to a reduction in the operative time (with the possibility
of increasing the number of operations per day), the LOS, and
the direct costs of the surgical materials, without increased
patient risk.

Compliance with Ethical Standards

Conflict of Interests
interest.

The authors declare that they have no conflict of

Statement of Informed Consent  For this type of study, formal consent is
not required.

Statement of Human Rights All of the procedures performed in the
study involving human participants were in accordance with the ethical
standards of the institutional research committee and the 1964 Helsinki.

Financial or Material Support None.

References

1. Angrisani L, Santonicola A, lovino P, et al. Bariatric surgery world-
wide 2013. Obes Surg. 2015;25(10):1822-32.

2. Baltasar A, Serra C, Pérez N, et al. Laparoscopic sleeve gastrecto-
my: a multi-purpose bariatric operation. Obs Surg. 2005;15(8):
1124-8.

3. Akkary E, Duffy A, Bell R. Deciphering the sleeve: technique,
indications, efficacy, and safety of sleeve gastrectomy. Obes Surg.
2008;8:1323-9.

4. Zachariah SK, Chang PC, Se En Ooi A, et al. Laparoscopic sleeve
gastrectomy for morbid obesity: 5 years’ experience from an Asian
center of excellence. Obes Surg. 2013;23:939-46.

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Casella G, Soricelli E, Giannotti D, et al. Learning curve for lapa-
roscopic sleeve gastrectomy: role of training in high-volume bariat-
ric center. Surg Endosc. 2016;30(9):3741-8.

Dey A, Mittal T, Malik VK. Initial experience with laparoscopic
sleeve gastrectomy by a novice bariatric team in an established
bariatric center. A review of literature and initial results. Obes
Surg. 2013;23:541-7.

Prevot F, Verhaeghe P, Pequignot A, et al. Two lessons from a 5-
year follow-up study of laparoscopic sleeve gastrectomy: persistent,
relevant weight loss and short surgical learning curve. Surgery.
2013;155(2):292-9.

Zacharoulis D, Sioka E, Papamargaritis D, et al. Influence of the
learning curve on safety and efficiency of laparoscopic sleeve gas-
trectomy. Obes Surg. 2012;22:411-5.

Major P, Wysocki M, Dworak J, et al. Analysis of laparoscopic
sleeve gastrectomy learning curve and its influence on procedure
safety and perioperative complications. Obes Surg. 2017;28:1672—
80. https://doi.org/10.1007/s11695-017-3075-x.

Dindo D, Demartines N, Clavien PA. Classification of surgical
complications. A new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann Surg. 2004;240:205-13.
Ballantyne GH, Ewing D, Capella RF, et al. The learning curve
measured by operating times for laparoscopic and open gastric by-
pass: roles of surgeon’s experience, institutional experience, body
mass index and fellowship training. Obes Surg. 2005;15:172-82.
Shin RB. Evaluation of the learning curve for laparoscopic roux-en-
Y gastric bypass surgery. Surg Obes Relat Dis. 2005;1(2):91-4.
Schauer P, Ikramuddin S, Hamad G, et al. The leamning curve for
laparoscopic Roux-en-Y gastric bypass is 100 cases. Surg Endosc.
2003;17:212-5.

Reames BN, Bacal D, Krell RW, et al. Influence of median surgeon
operative duration on adverse outcomes in bariatric surgery. Surg
Obes Relat Dis. 2015;11(1):207-13.

Brethauer SA, Hammel JP, Schauer PR. Systematic review of
sleeve gastrectomy as staging and primary bariatric procedure.
Surg Obes Relat Dis. 2009;5(4):469-75.

Birkmeyer JD, Finks JF, O’Reilly A, et al. Surgical skill and com-
plication rates after bariatric surgery. N Engl J Med. 2013;369:
1434-42.

Rebibo L, Dhahri A, Badaoui R, et al. Laparoscopic sleeve gastrec-
tomy as day-case surgery (without overnight hospitalization). Surg
Obes Relat Dis. 2015;11:335-42.

Billing PS, Crouthamel MR, Oling S, et al. Outpatient laparoscopic
sleeve gastrectomy in a free-standing ambulatory surgery center:
first 250 cases. Surg Obes Relat Dis. 2014;10:101-5.

Khorgami Z, Petrosky JA, Andalib A, et al. Fast track surgery:
safety of discharge on the first postoperative day after bariatric
surgery. Surg Obes Relat Dis. 2017;13:273-80.

Bohdjalian A, Langher FB, Shakeri-Leidenmiihler S, et al. Sleeve
gastrectomy as sole and definitive bariatric procedure: 5-year results
for weight loss and ghrelin. Obes Surg. 2010;20:535-40.

Noel P, Schneck AS, Nedelcu M, et al. Laparoscopic sleeve gas-
trectomy as a revisional procedure for failed gastric banding: les-
sons from 300 consecutive cases. Surg Obes Relat Dis. 2014;10:
1116-22.


https://doi.org/10.1007/s11695-017-3075-x.

	Laparoscopic Sleeve Gastrectomy Learning Curve: Clinical and Economical Impact
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and Methods
	Surgical Technique and Postoperative Management
	Statistical Analysis

	Results
	Discussion
	Conclusion
	References


