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Abstract

Background The increasing prevalence of obesity in world-
wide is one of the most serious chronic public health problems
and is considered to be a global epidemic. Bariatric surgical
procedures have also been applied more often with increased
prevalence of obesity. As a result, the incidence of surgical
complications has increased. Preoperative evaluation is quite
important for these patients.

Aims The aim of our study is to determine the predictors of
perioperative pulmonary complications of laparoscopic sleeve
gastrectomy.

Study Design The study is a cross-sectional study.
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Methods One hundred eighty-three consecutive patients who
received laparoscopic bariatric surgery were followed up dur-
ing 3 months. Patients were divided into two groups A and B.
Group A being the patients who had perioperative pulmonary
complications (n = 28) and group B being patients who had
not (n = 155). Pulmonary function test (PFT), body mass
index (BMI), preoperative oxygen saturation, age, gender, co-
morbid diseases, and smoking history were compared be-
tween these groups.

Results Mean age, size, weight, BMI, PFT parameters of
groups A and B were close to each other. The strongest pre-
dictors of perioperative pulmonary complications were dura-
tion of smoking in current smokers and low baseline oxygen
saturation.

Conclusions Preoperative oxygen saturation and smoking
history may help to predict perioperative complications of
laparoscopic sleeve gastrectomy.

Keywords Obesity - Pulmonary function test - Saturation -
Perioperative - Complication

Introduction

Morbid obesity is acknowledged as one of the most significant
health problems throughout developed countries during the
last 30 years, and bariatric surgery is considered its most ef-
fective means of treatment [1].

Types of bariatric surgery include the following proce-
dures: sleeve gastrectomy, gastric band, gastric by-pass, and
biliopancreatic diversion with duodenal switch. The surgical
techniques can vary considerably in their level of difficulty
and can accordingly have variable immediate post-operative
and long-term results [2]. The use of laparoscopic sleeve gas-
trectomy (LSG) for the treatment of super morbid obesity was
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first reported back in 2003 by Regan et al. as the first step of a
two-stage surgical strategy [3]. Since then, it has evolved as a
safe and effective independent surgical option for the treat-
ment of morbid obesity, characteristics that have made it pop-
ular both among patients and surgeons [4].

It is known that obesity already in itself increases the risk of
perioperative complications. In order to minimize these risks,
detailed preoperative evaluation is usually performed. Chest
X-ray and pulmonary function tests (PFTs) are routinely per-
formed before major surgeries especially in the obese for bar-
iatric operations, but their predictive value is unknown.

In our surgery department, our surgeons have been mostly
using LSG for the treatment of morbid obesity since 2008.
The aim of our study was to investigate the predictors of
perioperative pulmonary complications in laparoscopic sleeve
gastrectomy patients.

Methods

The study population consisted of 183 consecutive morbidly
obese patients who had a LSG operation performed between
2008 and 2015. Age, gender, BMI, and preoperative oxygen
saturation were recorded for all patients. Smoking history and
comorbid diseases were also sought. Perioperative pulmonary
complications including postoperative 3 months were
recorded.

Spirometry was performed in a sitting position using a dry
rolling spirometer (PFT 2450 system; Spire, Zan). FVC,
FEV1, FEF 25-75, PEF and MEF 25-75 were measured.
The pulse oximeter used was a wireless Philips M1020A pulse
oximetry module.

Analysis

Patients were divided into two groups: those who developed
perioperative pulmonary complications (group A) and those
who did not (group B). Continuous variables were compared
between these groups using the ¢ test, and categorical variables
were compared using the chi-squared test.

Results

Twenty-eight patients had one or more pulmonary complica-
tions in the perioperative period. (Table 1). The most common
pulmonary complication was atelectasis (n = 26, 14.2%),
followed by pleural effusion (n = 20, 10.9%), type 1 acute
respiratory failure (ARF) (n = 10, 5.4%), pneumonia (n = §,
4.3%), and pulmonary embolism (n = 2, 1.09%). One patient
died due to pulmonary embolism (0.54%) (Table 2).

Patients who had pulmonary complications were older
(40 £11.4 versus 36.6 + 11.5 years, P =0.14) and had a higher

Table 1  Features of patients with/without pulmonary complications
Features Patients without Patients with P
pulmonary pulmonary
complications complications
(n=155) (n=28)
mean £ SD mean £ SD
FVCLT 3.6 £0.88 3.5+1.06 0.57
FVC% 98.32+14.9 97.39 £ 16 0.76
FEV1 LT 2.89 +0.74 2.71+£091 0.24
FEV1% 92.11 + 14.6 89.71+20.8 045
FEV1/FVC 80.2+7.7 78.14+£104 020
PEF 75.10 £ 18.5 75.18 £24 0.98
MEF25/75 76.8 £22.6 7179 £263 029
BMI 46.56 + 8.53 4733 +11.3  0.67
Age 36.6 £ 11.5 40114 0.14
Gender 113/42 21/7 0.8
(female/male)
Smoking history (p/y)
Current 24+6.8 6+11.3 0.02
Ex-smoker 54+2.1 72+38 0.09
Saturation 9727+ 1.5 95.89+22 0.00
Comorbidities
Asthma 16.0% 19.4% 0.43
Diabetes Mellitus  29.3% 30.1% 0.82
Hypertension 31.2% 32.4% 0.75
Hyperlipidemia 32.5% 34.8% 0.50
OSAS 21.1% 23.6% 0.12

OSAS obstructive sleep apnea syndrome

BMI (47.33 + 11.3 kg/m2 versus 46.56 + 8.53 kg/m2,
P = 0.67). Yet, there was no statistical significance in terms
of age and BMI. They were also more likely to be female,
although this difference was not significant. There were no
significant differences between the two groups in prevalence
of asthma, diabetes mellitus, sleep apnea, hypertension, hy-
perlipidemia, and gender. Although group A patients had low-
er FEV1, FVC, FEV1/FVC, MEF25/75, and PEF
271 £ 091 1It, 3.5 £ 1.06 1t, 78.14 + 10.4, 7.79 £ 26.3,
75.18 + 24) than those in group B (2.89 + 0.74 It,
3.6 £ 0.88 1t, 80.2 + 7.7, 76.8 + 22.6, 75.10 £ 18.5), these
differences were not statistically significant.

Table 2 Postoperative pulmonary complications

Complications Number Percent
Atelectasis 26 14.2
Pleural eftusion 20 10.9
Pneumonia 8 43
Pulmonary embolism 2 1.09
Death 0.005
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Preoperative oxygen saturation was significantly lower in
group A, compared to group B (95.89 + 2.2 versus
97.27 + 1.5, P = 0.00), while current pack year smoking was
significantly higher in group A (6 + 11.3 versus 2.4 + 6.8,
P =0.02).

Discussion

To our knowledge, this is the first study which has investigat-
ed the predictors of perioperative pulmonary complications of
laparoscopic bariatric surgery. Previous studies have investi-
gated complications in open procedures [5] or both open and
laparoscopic [6].

In our study, we found the prevalence of all respiratory
complications and ARF was 15.3 and 5.4%, respectively.
Respiratory complications were more common in those with
BMI over 47.33 kg/m2. Blouw et al. found the rates of respi-
ratory failure and total postoperative complications as 8% in
the group with a BMI of 43 or less and 14% in the group with
a BMI of more than 43. Blouw et al. used Roux-en-Y gastric
bypass procedure, while ours was LSG. Because of longer
surgery time and more complicated procedure, complication
rates are also higher in Roux-en-Y compared to LSG. In a
retrospective review of the the National Inpatient Sample da-
tabase that included 304,515 patients undergoing a bariatric
operation, the overall rate of ARF was 1.35% [7]. The inci-
dence was higher with an open procedure compared with a
laparoscopic procedure (3.87 versus 0.94%). The incidence of
ARF in our study was higher compared with this review. In
our clinic, LSG has been applied to a small number of patients
compared to these studies. The reason for this may be high
clinical experience of these centers.

We found no correlation between perioperative pulmonary
complications and preoperative PFT. Huisstede et al. found a
relationship between airway obstruction (FEV1/FVC < 70%)
and subsequent complication [8]. It should be noted that
Huisstede et al. had evaluated not only pulmonary complica-
tions but also surgical complications.

Cawley and coworkers in a large cohort study showed that
subjects with obesity-related comorbidities prior to bariatric
surgery were at significantly elevated risk of postsurgery com-
plications [9]. In contrast, in our study, presurgical obesity-
related comorbidities such as diabetes mellitus, hypertension,
hyperlipidemia, or obstructive sleep apnea syndrome (OSAS)
were unrelated with complications. But in our study, we have
evaluated only pulmonary complications. This may be the
reason for these differences.

Postoperative atelectasis was detected in a total of 26
patients (14.2%); 20 patients had atelectasis associated
with an adjacent pleural effusion. The remaining six were
simple and resolved with respiratory physiotherapy. Eight
of the 20 patients identified with pleural effusions were

@ Springer

secondary to abdominal complications. Subphrenic ab-
scess was seen in three patients and anastomosis leak
was seen in five patients. The remaining 12 pleural effu-
sions were left-sided, simple, and secondary to diaphragm
irritation due to abdominal surgery. Pleural effusion is
frequently seen following elective abdominal surgery
and has no clinical significance in most patients. Most
of the cases of postoperative pleural effusions are self-
limited, resolving without symptoms. Thoracentesis was
performed on four of the patients with pleural effusion.
Bronchoscopy was performed to one patient because of
secretions. Chest X-ray is being performed only for symp-
tomatic postoperative patients in our clinic. Some studies
have reported that atelectasis arises at the time of induc-
tion of anesthesia in all patients but only persists in the
postoperative period in obese [10]. Baltieri L et al. found
that the prevalence of postoperative atelectasis after bar-
iatric surgery was 25% [11]. In this study, laparotomic
bariatric surgery was analyzed and postoperative chest
radiograph was performed on all patients, potentially
resulting in a higher prevalence compared to our study.
For patients without abundant secretions, continuous pos-
itive airway pressure may be beneficial for coping with
atelectasis. For patients with abundant secretions, chest
physiotherapy and suctioning are appropriate. Some pa-
tients with abundant secretions may also benefit from
bronchoscopy.

A total of three patients died postoperatively (1.64%). One
of them died due to leakage in the anastomotic region, one of
them died due to sepsis secondary to intraabdominal abscess,
and one of them died due to pulmonary embolism; even
though, we routinely provide DVT prophylaxis to our pa-
tients. None of them had smoking history, but all of them were
diabetic. Our mortality rate of 3/183 (1.64%) is high; it is
generally regarded as 0.08-0.3% [12, 13]. This may be asso-
ciated with clinical experience. PE occurred in two of our
patients and one of them died. PE remains the most common
cause of mortality in the perioperative period after bariatric
surgery and accounts for approximately 30 to 50% of deaths
[14, 15]. The mortality rate of a pulmonary embolism is de-
pendent upon the severity of presentation and time to
diagnosis/treatment and widely varies from 1 to 95% [16].
The majority of deaths occur within the first one to 2 h after
the embolism. For patients undergoing bariatric surgery, peri-
operative pharmacologic (e.g., low molecular-weight heparin,
unfractionated heparin) and mechanical thromboprophylaxis
to prevent venous thromboembolism should be recommended
and patients should be encouraged to ambulate as soon as
possible.

All patients attended our chest diseases outpatient clinic
for preoperative assessment by physical examination, specif-
ic questioning on respiratory symptoms, PFT, chest X-Ray,
and oxygen saturation. We stratify as high risk to surgery in
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the presence of the following situations: any complaints as-
sociated with respiratory system, abnormal physical exami-
nation, oxygen saturation under 90%, FEV1 under 70%, or
current heavy smoker. Bronchodilator therapy is initiated to
patients with airway obstruction, diagnostic
polysomnography is recommended to patients with sleep
apnea symptoms, and heavy smokers are directed to
smoking cessation clinics. Two weeks later, patients are
reassessed for preoperative evaluation and being granted
for surgery if conditions became suitable. On failure of im-
provement, final decision is left to the patient after being
fully informed about relevant risks and possible complica-
tions. Only a minority of patients withdraw from surgery
because of the perceived. Treatment to reduce the risk of
postoperative pulmonary complications begins prior to sur-
gery. Potential preoperative strategies include cigarette ces-
sation, optimization of underlying chronic lung disease, and
patient education. Antibiotics may be indicated for patients
with lower respiratory tract infection as evidenced by puru-
lent sputum or a change in the character of the sputum.

Current cigarette smokers have an increased risk of
postoperative pulmonary complications, smoking cessa-
tion at least 4 weeks prior to surgery reduces the risk of
postoperative complications, and longer periods of
smoking cessation may be even more effective [17]. In a
2014 meta-analysis of 107 cohort and case-control stud-
ies, preoperative smoking was associated with an in-
creased risk of postoperative complications, including
pulmonary complications [18]. Smokers with a greater
than 20-pack-year smoking history have a higher inci-
dence of postoperative pulmonary complications than
those with a lesser pack-year history [19]. In morbid obe-
sity, fat accumulation around the abdomen and chest wall
contributes to reduced lung volumes and respiratory sys-
tem compliance. Breathing at lower lung volumes in-
creases airway resistance, reduces respiratory system
compliance, and promotes premature small airway clo-
sure, all of which increase work of breathing [20]. As a
consequence, obesity may exacerbate the harmful effects
of smoking on the lungs. In our study, an average of 6-
pack-years current smokers had significantly higher respi-
ratory complications. As a result, smoking history should
be detailed in obese patients.

Arterial oxygen saturation assessed by pulse oximetry is
now in such ubiquitous use that it has been called the “fifth
vital sign” [21]. There are several studies investigating the
reliability of this technique. The high accuracy of one widely
used type of pulse oximeter at Sa02 values ranging from 82 to
94% was confirmed in a study of 100 patients; although, the
accuracy of the instrument deteriorated at values outside these
parameters [22].

Our study demonstrates that oxygen saturation and
smoking history do predict perioperative pulmonary risk in

morbidly obese patients undergoing laparoscopic sleeve gas-
trectomy. Knowing that a patient has a high risk preoperative-
ly may alert the surgeon to take the necessary precautions.
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