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Introduction

Obesity is a medical condition. It needs to be diagnosed and treated accord-
ingly. It has currently reached epidemic proportions worldwide. There are more than
600 million overweight adults, of which at least 400 million are clinically obese. Mor-
bid obesity is associated with increased morbidity and mortality. (1)

Bariatric surgery is a promising solution offering morbidly obese individuals
weight loss and reduction in obesity-related comorbidities when other conservative
treatments have failed. The guideline highlights a strong consensus among surgeons,
internists, and psychotherapists to the effect that surgery is now an established com-
ponent of a multimodal treatment concept. Surgery is indicated only if conservative
treatment has no prospect of helping the patient or has already been exhausted. In sur-
gical treatment of obesity there are three main categories according to their main
mechanism of action described: restrictive (e.g. Laparoscopic adjustable gastric band-
ing (LAGB), vertical banded gastroplasty, laparoscopic sleeve gastrectomy (LSG));
malabsorptive (e.g. Biliopancreatic diversion and duodenal switch (BPD-DS)); and a
combination of both (e.g. laparoscopic Roux-en-Y gastric bypass (LRYGBP)). (2)

There are a numerous health consequences attributed to obesity such as phys-
ical, psychological, and social consequences. After bariatric surgery, patients have
shown an improvement or a complete resolution of their comorbidities. Bariatric sur-
gery reduces the risk of death, hospital admission, and long term cost to the health
service. A systematic review has concluded that surgery is superior to conventional
treatment in reducing weight. (3)

LSG involves subtotal gastric resection of the body and fundus in order to cre-
ate a long, tubular gastric conduit along the lesser curve of the stomach. It was origin-
ally described by Marceau et al in 1993 (4) as the restrictive part of a duodenal switch
malabsorptive operation, aiming to improve the results of biliopancreatic diversion
without performing a distal gastrectomy. This procedure is efficient due to restriction
and reduction of ghrelin by removing the orexigenic cells and accelerating gastric
emptying (5,6). LSG has been proposed as the first step in the treatment of extremely
obese patients or in patients with high operative risk, before performing more com-
plicated procedures such as laparoscopic BPDDS or LRYGBP (7,8,9). Recently, it
has been stated that LSG may be a potential ‘stand-alone’ procedure for morbid

obesity, mainly because of its promising early results (10,11).




The authors present a sample of obese patients that underwent LSG since
2005. We describe our surgical technique, complications as well as early and long
term postoperative results. By discussing and stating these statistics we wished to
evaluate whether this method proved to be efficacious and with few complications.
Therefore, if the complications rate proved to be higher than acceptable, the technical
success of the procedure could be assessed and special circumstances that could have

contributed to such outcome discussed and taken into consideration.

1. Patients and methods

1.1 Data collection

The survey refers to a 4 year period (September 2005 - May 2009) of laparo-
scopic sleeve gastrectomy operations performed by a single surgeon in a private hos-
pital (Bariatric Surgery Center of Excellence). Patients included in this study were
only those who matched the predefined selection and exclusion criteria (Table 1, 2).

Patient data were retrieved from their medical records and retrospectively reviewed.

1.2 Inclusion criteria
All patients who underwent laparoscopic sleeve gastrectomy in the time period
we are refering to were considered eligible to enter this study. Completion of an at

least 6 month to 1 year follow — up schedule after surgery was also mandatory.

Table 1. Selection Criteria for Bariatric Surgery

Selection criteria

Able to adhere to postoperative care (e.g., follow-up visits and tests, medical

management, use of dietary supplements)

BMI > 40 kg per m?

2

BMI > 35 kg per m“ with obesity-related comorbidity

Previous failed nonsurgical attempts at weight reduction, including nonprofes-

sional programs




1.3 Exclusion criteria
In case of inadequate data an effort of telephone contact or a personal inter-

view was made. Patients who did not answer back were excluded from the study.

Table 2. Exclusion Criteria for Bariatric Surgery

Exclusion criteria

Cardiopulmonary disease that would make the risk prohibitive

Current drug or alcohol abuse

Lack of comprehension of risks, benefits, expected outcomes, alternatives, and

required lifestyle changes

Reversible endocrine or other disorders that could have caused obesity

Uncontrolled severe psychiatric illness

1.4 Patient data and characteristics

A total of 178 patients were included in this study. Characteristics such as
gender, age and weight in the form of BMI were monitored. Refering to gender, 73
were male and 105 female. They all underwent a laparoscopic sleeve gastrectomy per-

formed by a single surgeon and with the same surgical technique.

1.5 Surgical technique

LSG involves a longitudinal resection of the stomach on the greater curvature
from the antrum up to the angle of His, starting opposite of the nerve of Latarjet. The
first step of the procedure is the division of the vascular supply of the greater
curvature of the stomach, by disecting the gastro-colic and gastro-splenic ligaments.
The greater curvature is completely exposed up to the left crus of the diaphragm in or-
der to resect the gastric fundus completely. Next we procede with the longitudinal
gastrectomy that “sleeves” the stomach to reduce it to a narrow tube. (Picture 1) A
rhinogastric tube is used to obtain a precise calibration and to avoid stenosis of the
gastric plasty. The staple line can then be reinforced with sutures and has been in a
number of cases, even in our patients, to reduce the rate of staple line leak or bleeding

(12). Possible leaks are identified intraoperatively using the saline submersion test.




The stomach specimen is extracted through an extended left upper quadrant trocar
site. (3, 13, 14)

Picture 1. Surgical technique of sleeve gastrectomy: Longitudinal gastrectomy that

“sleeves” the stomach to reduce it to a narrow tube.

1.6 Follow- up

Patients remained in the postanesthesia care unit (PACU) for a few hours and
then were transferred to the surgery ward. On postoperative day 1 liquid diet was ini-
tiated, approximately 100ml of fluids, after perfoming a blue de methylene test. Pa-
tients were discharged when mobilized, not in pain and able to eat liquid diet. (14) All
participating subjects were reexamined at 1, 6 and 12 months and every following
year. The initial goal was a loss in weight of at least 3 kg per month and achieving
ideal BMI by third year. Postoperative treatment by a psychologist, a physician spe-
cializing in psychosomatic medicine, or a psychiatrist was strongly recommended for
patients who had a food obsession before surgery, and for those who developed eating
attacks afterward. If mental illness was diagnosed after surgery, the patient was
reffered to specialized treatment. Participation in self-help groups was also recom-

mended, as it allegedly reinforces weight loss. (15)

1.7 Statistical Analyses
Comparison of qualitative variables was performed by Chi- square test and of

quantitative variables by Student’s t-test. For quantitative correlations ANOVA (Ana-




lysis of Variances) was performed. We used the STATA statistical software, SE 8.2.
A p-value less than 0.05 was considered significant.

Initial outcome measures for this trial was mean total weight loss (TWL) over
time. Weight loss was also expressed as the percentage of excess weight loss
(%EWL), percentage of excess of body mass index (BMI) loss (%EBMIL), and per-
centage of the initial body weight loss (%BWL) over time. The percentage of EWL
was calculated as the ratio between excess weight over the ideal body weight (IBW)
and postoperative TWL. BMI was estimated as the ratio between weight and height
squared. The IBW was obtained according to the published medium size data from the
Metropolitan Life Tables. Last but not least outcome measures included mean operat-
ive time, length of hospital stay (LOS), hospital readmissions, reoperation rates,
minor and major morbidity, and mortality. Minor morbidity was defined as that one
not requiring readmission to hospital. Major morbidity was defined as the one requir-
ing any reoperation or other invasive or endoscopic intervention or extensive hospital

resource utilization.




Tables

Table A. Number of patients for each year of follow-up

No. of patients (%)
Total At 1 mth At 6 mths At ly At 2 yrs At 3 yrs
sample
178 170(95.5%) | 158(88.8%) 140(78.6%) | 122(68.5%) | 98(55%)
Table B. Patients’ characteristics
No. %
Female/male 105/73 58.9%/41.1%
Average age (years) 394 22.00%
Average BMI 45.6 25.60%
(kg/m2)
Table C. Percentage of excess weight loss
%EWL
Total At 1 mth At 6 mths At yr At 2 yrs At 3 yrs
178 21.85% 47.45% 60.53% 68.27% 75.47%
Table D. Complications
Minor No. of patients (%) Major No. of patients (%)
nausea 5(2,8%) leakage 4(2,24%)
gastroesopha- 2(1,12%) Fluid collection 1(0,56%)
geal reflux
cholelithiasis 8(4,5%) dehydration 1(0,56%)
ventral hernia 1(0,56%) abscess 3(1,68%)
wound infection 3(1,68%) hemorrhage 2(1,12%)
Re-operation 10(5,6%)
Pulmonary 1(0,56%)
embolism
death 3(1,68%)
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Table E. Abbreviations

LSG laparoscopic sleeve gastrectomy

LAGB laparoscopic adjustable gastric banding

BPD-DS biliopancreatic diversion and duodenal
switch

LRYGBP laparoscopic Roux-en-Y gastric bypass

BMI body mass index

%BMI percentage of body mass index

PACU postanesthesia care unit

TWL total weight loss

EWL excess weight loss

%EWL percentage of excess weight loss

EBMIL excess of body mass index loss

%EBMIL percentage of excess of body mass index
loss

BWL initial body weight loss

%BWL percentage of the initial body weight loss

IBW ideal body weight

LOS length of hospital stay

ICU intensive care unit
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2. Results

All 178 cases were completed laparoscopically with an average operative time
of 72 minutes (range, 52—180). No iatrogenic injuries occurred in this series of pa-
tients. No surgical bleeding occurred within the peritoneal cavity. No clinical leaks

were identified intraoperatively using the saline submersion test.

2.1 Weight loss

The average excess weight loss percentage were 21.85% (range, 6.6 to 42) and
47.45% (range, 22 to 67) at 1 and 6 months respectively and 60.53%, 68.27% and
75.47% at 1, 2 and 3 year follow up respectively. Average BMI at 1 and 6 months, 1,
2 and 3 years was 41.2, 36.3, 32.4, 27.3 and 26.2 respectively. This corresponded to a
resolution of morbid obesity (BMI<35kg/m2) in 42% of patients by 6 months. In all
patients the weight loss progressed over the first year excessively and continued on a

lower pace during the second and third year.

2.2 Complications

Complications recorded during the follow-up, are illustrated on table D. The
overall complication rate was 11% with 3 mortalities in our 178 patients.

Minor complications included nausea with intermittent vomiting that occurred
in 5 patients. All 5 patients had a normal gastroscopy. Three of them were later dia-
gnosed with cholelithiasis. The other two had a preoperative history of gastroesopha-
geal reflux. Eight patients developed symptomatic cholelithiasis. All 8 patients under-
went successful laparoscopic cholecystectomy. Three patients developed superficial
wound infection. These patients were treated with oral antibiotics. One patient de-
veloped recurrence of a ventral hernia and underwent a laparoscopic ventral hernia re-
pair with mesh.

Major complications occurred in 11 patients. Postoperative bleeding occurred
in 2 patients, both of whom required a blood transfusion. Both patients were dis-
charged home on postoperative day 4. One patient developed severe dehydration with
acute renal failure which responded to intravenous fluids. The patient's dehydration
was caused by vomiting and diarrhea. She was discharged home, tolerating the stand-

ard bariatric diet.
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Four patients developed a gastric fistula and a left upper quadrant abscess with
no evidence until the 10™ week after surgery, when they presented with fever and an-
orexia. CT scan showed a fluid collection in the left upper quadrant. This was percu-
taneously drained and parenteral nutrition and intravenous antibiotics were admin-
istered. In two of them a follow-up endoscopy approximately one month after drain-
age visualized extravasation of contrast at the superior aspect of the staple line. With
the aid of the gastroenterologist, a covered stent was placed. A total of 10 patients un-
derwent a reoperation, 6 of them proceding with the Switch, 3 of them undergoing a
reconstruction of a narrower sleeve gastrectomy due to inadequate weight loss and 2
of them decided to procede with LAGB. Two patients developed a postoperative leak-
age from the suture line of the stomach on postoperative day 3 and 5 respectively,
which resolved in sepsis and death after many interventions and hospitalization in the

ICU. One patient died of massive pulmonary embolism on postoperative day 2.
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3. Discussion

The rising prevalence of obesity is associated with an increase in the preval-
ence of obesity-related comorbidities (e.g. diabetes mellitus, hyperlipidaemia, hyper-
tension, obstructive sleep apnoea, heart disease, stroke, asthma, back and lower ex-
tremity osteoarthritis, several cancers and depression). (16,17,18) These comorbidities
are responsible for more than 2.5 million deaths per year worldwide. Unfortunately,
diet therapy, medical treatment and exercise regimes are relatively ineffective in treat-
ing morbid obesity in the long term. (19) In 1991, the National Institutes of Health es-
tablished guidelines for the surgical therapy of morbid obesity (BMI > 40 or > 35 in
the presence of significant comorbidities), which is now referred to as bariatric sur-
gery. (20) Laparoscopic sleeve gastrectomy is one of the most preferable bariatric
procedures used worldwide.

LSG has gradually attracted considerable interest in the bariatric community
since its introduction, as it does not require an anastomosis or intestinal bypass. (21) It
also avoids the implantation of an artificial device. The mechanisms of action of LSG
are via mechanical restriction and hormonal modulation.

First, it serves to work as a restrictive operation that reduces the size of the
gastric reservoir to 60-200 mL (22, 23, 24) and restricts distension, thus permitting
the intake of only small amounts of food, resulting in a feeling of early satiety during
a meal. There is no consensus as to where to start the gastrectomy, and which calibre
of the rhinogastric tube to use. We started the gastrectomy 1 cm proximal to the pylor-
us and used a 34 Fr rhinogastric tube (23). The purpose for starting closer to the
pylorus and using a small calibre bougie to fashion the gastric tube is to increase the
restrictive character of the procedure. The final volume of the gastric tube has been
reported to be approximately 120 mL in our study.

Second, evidence has suggested that attenuation of endogenous ghrelin levels
may also contribute to the success of LSG. (13, 25) The fundus is the place harbour-
ing the ghrelin secreting cells of the stomach and the part of the stomach that we re-
sected completely along with the greater curvature in order to have a better outcome.

However, the disadvantages of the procedure are its amputatory aspect and ir-
reversibility. Although the procedure is relatively safe, the complications, when they
do occur, can be serious. Our early experience has taught us several valuable learning
points. Preoperative counselling to select the most suitable procedure, psychiatric as-

sessment, risk optimisation and diet modification (commenced preoperatively) are es-
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sential. Perioperative considerations include logistical issues such as a dedicated oper-
ating table rated to withstand the weight of such patients and advanced laparoscopic
instrumentation appropriate for bariatric surgery (i.e. longer instruments). This has
previously been reported by others. (2)

In our study, all operations were carried out laparoscopically and a specific
surgical technique was followed. The ability to complete all operations laparoscopic-
ally with no need to convert reveals special surgical experience in association with a
moderate learning curve, appropriate instrumentation and a relatively safe and repro-
ducible bariatric procedure. The mean operative time, obtained from the time of the
first skin incision until the last wound was closed (14), was 72 minutes. This also re-
veals a relatively safe and efficacious procedure, at least technically. All patients were
hospitalized for 3-5 days (mean hospital stay 3.5 days), monitored postoperatively for
complications and submitted to a 1 and 6 month, 1, 2 and 3 year follow up and body
weight measurement.

The study population that fit the inclusion criteria to undergo a LSG, after all
necessary testing and psychiatric counseling, revealed a higher precentage of female
obesity versus male, 59% versus 41%. The average BMI was 45.6 stating that in most
cases no obesity-related comorbidities were necessary. It also reveals that extreme
obesity tends to be treated with this certain surgical procedure as a stand-alone opera-
tion.

The average excess weight loss percentage were 21.85% and 47.45% at 1 and
6 months respectively and 60.53%, 68.27% and 75.47% at 1, 2 and 3 year follow up
respectively. Average BMI at 1 and 6 months, 1, 2 and 3 years was 41.2, 36.3, 32.4,
27.3 and 26.2 respectively. These numbers reveal excellent weight loss achieved at
the 6 month and 1 year follow up. In all patients the weight loss progressed over the
first year excessively and continued on a lower pace during the second and third year
with only sporadical cases of weight gaining. The latest refers to individuals that de-
veloped eating attacks and eventually proceeded to reoperation. In our series, resolu-
tion of morbid obesity (BMI<35kg/m2) occurred in 42% of patients by 6 months,
reached normal BMI levels by the end of the second year and was maintained during
the third year of follow up. This explains also the gradually reduced number of pa-
tients presenting annually for follow up, resulting in only 55% of appearance at year
3. Patients undergoing a steady weight loss until reaching the ideal BMI and then

maintaining it in time seem to feel cured and unattached to their surgeon. In conclu-
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sion our early and limited numerically experience shows that this novel procedure is
safe and promising in terms of weight loss and patient acceptance.

The complication rates for laparoscopic sleeve gastrectomy range from 0% to
24% with an overall mortality rate of 0.5%. (26) In our study the overall complication
rate was 11% with 3 mortalities (1,68%) in our 178 patients. One patient suffered a
massive pulmonary embolism in the early postoperative period (postop day 2) result-
ing in death and 2 out of 4 patients with a postoperative leakage from the suture line
of the stomach on postoperative day 3 and 5 respectively, developed a high fistula
output, likely due to the patients' noncompliance with diet restrictions, which resolved
in sepsis and death after many interventions and hospitalization in the ICU. Patients'
compliance plays a very significant role not only in postoperative period but more im-
portantly in treating any possible complications. Massive complications, irreversible
in most of the cases, add to statistics and percentages, increase mortality rates, but
cannot be prevented in majority.

All minor complications, such as nausea, gastroesophageal reflux, cholelithi-
asis, ventral hernia and wound infection were treated succesfully and without the need
of hospitilization, at least immediately. From the variety of major complications the 2
most important and serious ones during bariatric surgery include bleeding and ana-
stomotic or staple line leaks. The complication of gastric fistula is a serious concern.
While it occurred in only four patients (2,25%) in our series, it has been reported as
high as 5.1%. (27) We did not identify a specific cause for gastric fistula formation in
our patients. These patients had a negative saline submersion test intraoperatively, but
presented with clinical signs of an abscess approximately 10 weeks after surgery.
Body habitus would suggest that the morbidly obese patient is well nourished. How-
ever, this is not true as evident by micronutrient deficiency reported in multiple stud-
ies. (28) Perhaps ulceration plays a factor and would account for the late leak. Differ-
ent methods have been utilized including over-sewing of the staple line, buttressing
with Surgicel strips or with other absorbable polymers. (29) Management of gastric
fistula remains a dilemma. Surgical reintervention remains at the forefront and should
be used for any patient with abdominal sepsis. It should be at the surgeon's discretion
and based on intraoperative findings whether simple drainage is appropriate or a more
definitive procedure can be attempted. (30,31) We decided to perform percutaneous
drainage in all three cases due to the easy accessibility of the abscess and no radiolo-

gical evidence of a leak. With interval development of a gastric fistula, we attempted
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nonoperative management with parenteral nutrition and antibiotics. However, our pa-
tients continued to have high fistula output likely due to the patient's noncompliance
with diet restrictions. We placed a covered stent, a method utilized by others, which
was successful in two of these patients. Although they did not require any further sur-
gical intervention, other methods such as over-sewing the gastric leak site, injecting
fibrin glue, simple drainage, and total gastrectomy have been described. (32) The oth-
er 2 patients, one with an abcess that evovled into a high output fistula on postop day
5 and one with a leakage that revealed on postop day 3, underwent many interventions
such as drainage, stenting, reoperating and over-sewing the gastric leak site, injecting
fibrin glue, reoperating and performing total gastrectomy but with poor outcomes and
resulting eventually, as mentioned above, to death. Although gastric fistula is a signi-
ficant complication of LSG, its low occurrence rate is an acceptable risk for this pro-
cedure.

In conclusion, LSG is rather safe, reproducible and effective in the short term
to achieve a substantial weight loss. There is no evidence so far that weight loss ob-
tained with LSG can be maintained in the long term. These results should be inter-
preted with caution. Definitive conclusions on the superiority of laparoscopic sleeve

gastrectomy require further investigation.
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Abstract

Background: In recent years laparoscopic sleeve gastrectomy has become one of the
most frequently performed bariatric operations in Europe. This procedure can be used
as a stand alone procedure for treatment of malignant obesity or as a first step in the
attempt of accomplishing a massive weight reduction. In this retrospective study we
evaluated the complications and 3 year results obtained in patients that underwent lap-
aroscopic sleeve gastrectomy.

Methods: A total of 178 patients were included in this retrospective study. Patients
fullfilled the inclusion criteria and were all informed of the probable complications.
All patients were operated laparoscopically with a standardized surgical technique.
Results: All patients were operated laparoscopically. The mean operative time was 72
minutes. No surgical bleeding occurred within the peritoneal cavity. No clinical leaks
were identified intraoperatively using the saline submersion test. The percentage of
excess weight loss ranged from 21.85% to 75.47% in the follow up period. Complica-
tions were categorized to minor and major, hemorrhage, abscess, fluid collection and
leakage being among them. Ten re-operations and three deaths were reported.
Conclusion: Results from this series of patients indicate laparoscopic sleeve gastrec-
tomy to be rather safe, reproducible, and efficacious as a stand-alone bariatric proced-
ure in achieving and maintaining weight loss in short term follow up. However, the
disadvantages of the procedure such as its irreversibility and its major complications
place under discussion the common practice and need to be associated with thourough

patient update and consent.

Key words: Morbid obesity, Laparoscopic sleeve gastrectomy, excess weight loss,

postoperative complications
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Iepitnyn

Ewayoyn: H Aanapookomikn kdOetn dtopeptopnatonoinor otopdyov £xetl yivel o
amd 11§ o dnpoetreic Paplatpikég eneppdoeic oty Evpdonn. H teyvikn avt) umopei
Vo XPNOOTOmOEL ylo TNV QVTILETOTION TNG VOCOYOVOL TTayvoapkiog Lovn g 1 oov
po Tpdtn eméuPoocn o o oepd xepovpysiov Yo v emitevén vmepPoAKNG
ATOAELNG PAPOVG. Xe LT TNV AVOOPOIKT HEAETN AVOADGOUE TIC EMUTAOKES KOl GE
Baboc Tpletiog To amoTEAEGHATA TG AATOPOCKOTIKNG KAOETNG SOUEPICUATOTOINONG
GTOLLAYOV.

M£00doc: TTpoxertar yio pio avadpoptky] LEAETN GTNV Omoio LEAETHONKOV GUVOAIKA
178 acBeveic. Ot acOeveic mAnpovoay To KpLTplo. EMAOYNG Kol elyov evnuepwbet yuo
ToVg TOavoVg Kivdhvoug kat Tic mhaveg emmAokég piag tétotag enépPaonc. Orot o
acBeveic yepovpynOnkay AOTOPOGKOTIKA KOl EPOPUOCTNKE 1 10100 CLYKEKPIUEVN
TEXVIKT).

Amnoteréopara: Olot or acBeveic vrofinbnkav coe Aamoapocskomikn emépPocn. O
HEGOG  YEPOVPYIKOC YpOvog Mtav 72 Aemtd. Aegv moapatnpnbnke evOOKOlAMOKN
OlEYYEPNTIKY alpoppayics 00TE SAPLYN ATO TN YPOUUN GLPPAPNG KATOTLY EAEYYOV.
To mocootd ¢ mepiooelog andAielag Papovg kopavOnke and 21.85% ewg 75.47%
oV Heteyyelpn Tk mepiodo. Ot emmlokés yopiotnkoy o€ eAAdccoveg kot peiloveg,
Ty, owoppoyio, omdotnua, ovAioyn Kot Sweuyr. IHapoampnOnkoav 10
enavenepPaceig ko 3 Bdvatot.

YopumePacnoTa: Ta oamotedéopata avtng g peAétng Oeiyvouv OTL 1
AOTOPOCKOTIKY KAOETN YyooTpekToun gival pa HEB0S0G oYETIKA OGOAANG, EVKOAT Kot
OMOTEAEOUOTIKY] OKOUN Kot pdvn NG Yoo TNV OVIIHETOMTION NG VOCOYOVOL
moyvoopkiog. 26TOC0 T LEWOVEKTNUATO TG EMEUPAONG OTTMOS N U1 OVASTPEYILOTNTA
NG KOl Ol EMTAOKESG TG, BETovY VIO oLl TNON TNV ELPEIN EPAPLLOYY| TNG KOl TPETEL

va oxetilovtat e [ AETTOUEPT) EVIUEPMOT Kol GUVAivEST TOL acBEVOUG.

Aé&Eerg — kKhewra: Morbid obesity, Laparoscopic sleeve gastrectomy, excess weight

loss, postoperative complications
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