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Introduction

The effectiveness of bariatric surgery has been 
proven in many studies [1, 2]. This field of surgery has 
evolved since the 1990s. New procedures have gained 
popularity. Considering the latest update about world-
wide bariatric surgery, laparoscopic sleeve gastrectomy 
(LSG) has become the most popular procedure [3, 4]. 
Laparoscopic sleeve gastrectomy  is relatively simple. 
Its rising popularity led to introduction of LSG to older 
patients [5]. However, the procedure is also associated 
with serious surgical complications such as bleeding or 

staple line leak. Age is considered a risk factor in bariat-
ric surgery. Yet the observation was made on the basis 
of results from studies where patients underwent dif-
ferent type of surgery, but LSG was not amongst them 
[6, 7]. Therefore it is necessary to reevaluate the asso-
ciation of age with adverse events in LSG.

Aim

The aim of the study was to investigate the asso-
ciation of age with surgery-related adverse events in 
patients after LSG.
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A b s t r a c t

Introduction: Age is considered as a risk factor in bariatric surgery. The observation was made on the basis of results 
from studies where patients underwent different type of surgery, but laparoscopic sleeve gastrectomy (LSG) was not 
among them. It is necessary to reevaluate the association of age with adverse events in the group of patients after LSG.
Aim: To investigate the association of age with surgery-related adverse events in patients after LSG.
Material and methods: Retrospective analysis of medical data was performed. The study involved 345 patients who 
underwent LSG in our institution between January 2013 and December 2014. The patients were subdivided by age 
into four groups according to quartiles. In 30-day follow-up adverse events were evaluated. We considered the pres-
ence of the following events as the endpoint of our study: death, medical events and surgical events.
Results: In general, we observed adverse events in 36 (10.4%) patients. The mortality rate in our study was 0.59%. Nine-
teen events were surgical and 18 medical. In 1 patient a surgical event was associated with a medical event. Bleeding 
was the most common surgical event and was observed in 17 (4.9%) cases. Age was not associated with surgical events 
(OR = 1.032, 95% CI: 0.991–1.075, p = 0.33) or medical events (OR = 0.997, 95% CI: 0.956–1.039, p = 0.89).
Conclusions: The LSG is a safe bariatric procedure with low mortality. Bleeding is the most frequent surgical com-
plication. Our findings suggest that age is not associated with increased risk of surgical or medical adverse events 
after LSG.
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Material and methods

We performed a retrospective analysis of medical 
data. The study involved 345 patients who under-
went LSG in our institution between January 2013 
and December 2014. All patients underwent LSG 
performed by a  team of high volume bariatric sur-
geons (over 50 LSG procedures per year). 

Surgical technique

During laparoscopic sleeve gastrectomy, 75–80% 
of the greater curvature was resected, forming 
a sleeve-shape stomach. Resection was started from 
approximately 3 to 7 cm above the pylorus. The short 
gastric vessels and the greater curvature ligaments 
were separated to the left diaphragmatic crus. A 36 Fr  
bougie was used to calibrate the sleeve. A laparoscop-
ic stapler was introduced and fired along the length of 
the bougie until the angle of His was reached. A gold 
(Echelon, Ethicon Endosurgery) or violet cartridge 
was used for the first two firings and blue for the rest 
(Covidien, Mansfield, MA). The resected part of the 
stomach was removed by one of the 12-mm ports. In 
some cases we reinforced the staple line with a run-
ning suture when there was bleeding which could 
not be stopped by clipping [8]. A blue dye solution 
test was performed in every case to detect possible 
intraoperative leakage. A drain was placed alongside 
the staple line. A bariatric surgeon (over 50 LSG pro-
cedures per year) was involved in every procedure. 
Each patient underwent a blue dye solution test on 
the first postoperative day. If no leakage was detect-
ed, then an oral diet was resumed. The patient was 
discharged on the second day. 

Demographic data

Mean preoperative BMI was 47.7 ±7.4 kg/m2. 
The obesity-related comorbidities were: arteria hy-

pertension (AHT) (49%), type 2 diabetes (T2DM) 
(24%), dyslipidemia (10%), and obstructive sleep ap-
nea (6%). The mean age of patients was 41.8 ±11.4 
(range: 18–68). The patients were subdivided by age 
into four groups according to quartiles (Table I). 

Possible adverse events were evaluated in a 30-
day follow-up. We considered the presence of the 
following events as the endpoint of our study: death, 
medical events and surgical events. The surgical 
events included leakage, bleeding and sleeve steno-
sis. Medical events included rhabdomyolysis, throm-
boembolism and respiratory failure. We defined 
bleeding as a drop in hemoglobin level with associ-
ated hypovolemic shock requiring surgical revision. 
Rhabdomyolysis was defined as an increase of cre-
atine kinase level (CK) of more than 1,000 IU/l [9]. 
Thromboembolism consisted of deep venous throm-
bosis (DVT) or pulmonary embolism (PE). Respiratory 
failure was defined by mechanical ventilation used 
in the postoperative period.

Statistical analysis

Statistical analysis was performed using SAS 
software, University Edition (SAS Institute Inc., 
Cary, NC, USA). To compare continuous variables 
the Mann-Whitney U test and Student’s t-test were 
used when appropriate. The prevalence of endpoints 
was compared using the χ2 test and Fisher’s exact 
test. Logistic regression and univariate analysis were 
used to assess the influence of age on the presence 
of adverse events. Statistical significance was set at 
p < 0.05.

Results

The groups were comparable regarding body 
mass index (BMI), gender and comorbidities, includ-
ing hypertension, dyslipidemia and obstructive sleep 

Table I. Age groups of LSG patients

Age groups,  
[years] (n)

BMI [kg/m2]NS Gender 
(female/male)NS

Hypertension,  
n (%)NS

Diabetes  
type II, n (%)*

Dyslipidemia,  
n (%)NS

Obstructive 
sleep apnea,  

n (%)NS

I: 18–33 (92) 49.4 ±7.5 54/38 38 (41) 15 (16) 6 (6) 4 (4)

II: 34–41 (86) 47.5 ±6.1 43/43 40 (46) 17 (20) 11 (13) 8 (9)

III: 42–49 (82) 46.2 ±6.6 40/42 49 (60) 27 (33) 12 (15) 4 (5)

IV: ≥ 50 (85) 48.1 ±7.8 42/43 42 (49) 24 (29) 6 (7) 5 (6)

*Distribution of diabetes type II was statistically significant, NSno statistical significance.
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apnea. There was a statistically significant difference 
in prevalence of T2DM among age groups. We ob-
served higher prevalence of diabetes in age groups 
III and IV (Table I).

In general, we observed adverse events in 36 
(10.4%) patients. Nineteen events were surgical 
and 18 medical. Bleeding was the most common 
surgical event and was observed in 17 (4.9%) 
cases. We observed a  higher risk of bleeding in 
the group of older patients in comparison to the 
younger patients (Tables II and III). The increase 
was clinically significant. However, age was not 
a  risk factor for bleeding in univariate analysis  
(Tables III, IV). In one patient bleeding was asso-
ciated with rhabdomyolysis. Sleeve stenosis was 
present in 2 (0.6%) cases. We did not observe any 
case of leakage in our material. The difference in 
surgical adverse events amongst age groups was 
not statistically significant. However, higher prev-
alence of bleeding in the elderly was clinically sig-
nificant (Table II).

Eighteen events were medical. The most com-
mon medical event was rhabdomyolysis (n = 16; 
4.6%). In 2 cases rhabdomyolysis was followed by 

respiratory failure. We observed 2 (0.58%) cases of 
thromboembolism. Both cases were severe. The first 
case was followed by respiratory failure. The second 
case was followed by sudden cardiac arrest and was 
fatal. The mortality rate was 0.29%. On χ2 analysis of 
complications, no significant differences were pres-
ent between age groups (Table II).

Group I

Group I comprised 92 patients between 18 and 
33 years old, 38 (41%) males and 54 (59%) females, 
with preoperative BMI 49.4 ±7.5 kg/m2. The AHT was 
observed in 38 (41%) patients. The T2DM was pres-
ent in 15 (16%) patients. Six (6%) patients had dys-
lipidemia and in 4 (4%) patients obstructive sleep 
apnea was diagnosed (Table I).

In group I we observed 7 (7.6%) events. Two were 
surgical and 5 were medical. Surgical events includ-
ed 2 cases of bleeding from the staple line (2.1%). 
Medical events included 4 cases of rhabdomyolysis 
after surgery (4.3%) and 1 case of thromboembo-
lism, which resulted in respiratory failure. No other 
events were observed (Table II).

Table II. Incidence of complications in the four age groups

Age group 
[years] (n)

Surgical event, n (%)NS Medical event, n (%)NS Number of 
patients 

with 
endpoints, 

n (%)NS

Number of events Number  
of cases

Number of events Number  
of casesBleeding Early leak Stenosis Thrombo-

embolism
Rhabdo-
myolysis

Respiratory 
failure

I: 18–33 (92) 2 (2.2) 0 0 2 (2.2) 1 (1.1) 4 (4.3) 1 (1.1)* 5 (5.4) 7 (7.6)

II: 34–40 (86) 3 (3.5) 0 1 (1.2) 4 (4.6) 0 5 (5.8) 1 (1.2)* 5 (5.8) 9 (10.5)

III: 41–49 (82) 4 (4.9) 0 1 (1.2) 5 (6.1) 1 (1.2)** 2 (2.4)& 0 3 (3.7) 7 (8.5)

IV: ≥ 50 (85) 8 (9.4) 0 0 8 (9.4) 0 5 (5.9) 1 (1.2)* 5 (5.9) 13 (15.3)

Total (345) 17 (4.9) 0 2 (0.58) 19 (5.5) 2 (0.58) 16 (4.6) 3 (0.9) 18 (5.2) 36 (10.4)

Fisher’s exact 
test p-value

0.168 x 0.484 0.205 0.735 0.708 1.000 0.917 0.380

*Complication secondary to primary medical adverse event, &1 case of rhabdomyolysis was associated with bleeding, **fatal case, NSno statistical significance.

Table III. Odds ratio for bleeding in different age groups

Estimates for bleeding

Effect Odds ratio 95% Wald confidence limits P-value

Group 1 vs. 4 0.214 0.044 1.037 0.0556

Group 2 vs. 4 0.348 0.089 1.359 0.3418

Group 3 vs. 4 0.494 0.143 1.707 0.5992
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Group II

Group II consisted of 86 patients between 34 and 
41 years old, 43 (50%) males and 43 (40%) females, 
with preoperative BMI 47.5 ±6.1 kg/m2. The AHT was 
observed in 40 (46%) patients. T2DM was present in 
17 (20%) patients. Eleven (13%) patients had dys-
lipidemia and in 8 (9%) patients obstructive sleep 
apnea was diagnosed (Table I).

Nine events were observed in group 2 (10.5%). 
Four (4.6%) events were surgical and included 3 (3.5%)  
cases of bleeding and 1 (1.2%) case of sleeve ste-
nosis. Five (5.8%) events were medical – in those 
cases, rhabdomyolysis was diagnosed. In 1 (1.2%) 
case rhabdomyolysis was followed by respiratory 
failure.

Group III

Group III was made up of 82 patients between 
42 and 50 years old, 42 (51%) males and 40 (49%) 
females, with preoperative BMI 46.2 ±6.6 kg/m2. The 
AHT was observed in 49 (60%) patients. The T2DM 
was present in 27 (33.%) patients. Twelve (15%) pa-
tients had dyslipidemia and in 4 (5%) patients ob-
structive sleep apnea was diagnosed (Table I).

In this age group we observed events in 7 (8.5%) 
patients. Five of these events were surgical and in-
cluded 4 (4.9%) cases of bleeding and 1 (1.2%) case 
of sleeve stenosis. In 1 case rhabdomyolysis was as-
sociated with bleeding. There were 2 primary med-
ical events including 1 case of rhabdomyolysis and  
1 case of thromboembolism, which led to a fatal out-
come. 

Group IV

Group IV comprised 85 patients aged over 50 
years old, 43 (51%) males and 42 (49%) females, 
with preoperative BMI 48.1 ±7.8 kg/m2. The AHT 
was observed in 42 (49%) patients. The T2DM was 
present in 24 (29%) patients. Six (7%) patients had 
dyslipidemia and 5 (6%) patients suffered from ob-
structive sleep apnea (Table I).

In this age group we observed presence of end-
points in 13 (15.3%) patients. Considering the surgi-
cal events, there were 8 (9.4%) cases of staple-line 
bleeding. Five of 13 events were medical and all 
involved rhabdomyolysis. In 1 case rhabdomyolysis 
was followed by respiratory failure. No other end-
points were observed.

Discussion

The mortality rate in our study was 0.59%. We 
observed 1 fatal case due to a thromboembolic event 
after surgery. The findings of our study revealed no 
statistically significant difference in prevalence of 
adverse events after laparoscopic sleeve gastrecto-
my between different age groups. The data suggest 
that age is not associated with increased risk of sur-
gery-related complications. However, in detailed anal-
ysis of the adverse events, we observed a high risk of 
bleeding in the group of older patients in comparison 
to the younger ones. In our opinion this observation 
might result from the influence of confounders. This 
needs to be investigated in further studies. 

The LSG is a  bariatric procedure, introduced in 
1990 as an alternative to distal gastrectomy with 
the duodenal switch procedure to reduce the rate of 
complications [10]. Its safety and efficacy have been 
proven [2]. However, LSG is associated with some se-
rious perioperative complications. The main compli-
cations in the early postoperative period are postop-
erative bleeding and the occurrence of a gastric leak. 
The rates of bleeding and leakage are about 1–5% 
[11]. Approximately 3% of patients after LSG require 
reoperation due to surgical adverse events [12]. Oth-
er adverse events after LSG are typical for bariatric 
patients and include rhabdomyolysis, thromboem-
bolism and respiratory failure [13, 14].

According to the latest report about the status of 
bariatric surgery, LSG is one of the most frequently  

Table IV. Univariate analysis of complications 
and age

Variable Odds ratio 95% 
confidence 

interval

P-value

Overall events: 1.015 0.985–1.046 0.335

Surgical events: 1.032 0.991–1.075 0.132

Bleeding 1.035 0.992–1.081 0.115

Stenosis 1.002 0.887–1.131 0.967

Medical events: 0.997 0.956–1.039 0.887

Thromboembolism 0.978 0.863–1.109 0.732

Rhabdomyolysis 0.999 0.956–1.044 0.979

Respiratory failure 0.978 0.883–1.084 0.675

Death 1.025 0.863–1.217 0.778
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performed bariatric procedures in the world [4]. With 
growing experience in laparoscopic techniques, it 
becomes clear that advanced age is not an abso-
lute contraindication for many minimally invasive 
procedures, including bariatric surgery [15]. Elder-
ly patients may benefit from bariatric surgery [16, 
17]. However, the authors of the papers mentioned 
above emphasize that in the case of older adults, sur-
gery should be performed in a high-volume or expe-
rienced center. The recommendation resulted from 
the fact that age is a commonly reported risk factor 
in studies of bariatric surgery [7, 18, 19]. However, 
the studies were based on data from different types 
of procedures. Our study is one of the first to inves-
tigate the association of age and adverse events in 
patients after LSG. The results of our study are oppo-
site to the findings reported in the aforementioned 
papers. Likewise, in a  recently published paper by 
Aminian et al., multivariate analysis on a large sam-
ple did not reveal any association between age and 
morbidity after LSG [20]. New studies, including ours, 
suggest that age has no influence on surgery-related 
events in patients after LSG. 

Our study has several limitations. There are some 
potential confounders which were not considered in 
the study. One of them is the reinforcement of the 
staple line. This information was not gathered in our 
study. Usually we use running sutures or clipping of 
the staple line to prevent postoperative bleeding. 
However, we lack reliable data comparing the meth-
ods mentioned above in terms of bleeding. Anoth-
er potential confounder is the fact of previous ab-
dominal surgery. We included only those patients in 
whom LSG was the primary bariatric procedure. Yet, 
we did not collect data regarding previous abdominal 
procedures, such as cholecystectomy or laparotomy. 
The presence of adhesions after abdominal surgery 
influences the difficulty of the procedure and may 
result in higher risk of postoperative complications. 
These data should be collected in future studies. 
Moreover, we recommend focusing on the most fre-
quently surgical complication after LSG – bleeding. 
Lastly, we did not collect data regarding the distance 
from the pylorus. This should be included as another 
potential confounder. 

Conclusions

The LSG is a  safe bariatric procedure with low 
mortality. Bleeding is the most frequent surgical 

complication. Our findings suggest that age is not 
associated with increased risk of surgical adverse 
events after LSG. This method is equally safe in dif-
ferent age groups and may be applied in older pa-
tients.
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