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ABSTRACT
Objectives: The aim of this study is to determine the incidence of intraoperative awereness (IA) in our patients
who underwent laparoscopic sleeve gastrectomy (LSG) and the factors affecting the formation of this
complication. 
Methods: Four hundred ten patients who underwent LSG between March 2018 and September 2020 were
included in the study. By April 2019, we started using the Bispectral index (BIS) monitoring, which measures
the depth of anesthesia in all of our LSG cases (n = 167). Patients with and without BIS monitorization were
divided into two groups and compared. 
Results: In our series, IA was seen in 3 patients (2 males) in two different hospitals (0.7%; n = 410). They
were all in the non BIS group (n = 243).  The median duration of anesthesia was 120 minutes (ranging 90-
180) in the non-BIS, and 113 minutes (ranging, 90-140) in the BIS group (p < 0.001). Hypotension developed
in 63 patients in non-BIS and 12 patients in BIS group at the beginning of the operation (< 90/60 mm Hg).
The total remifentanil infusion dose administered during the anesthesia period in the BIS group was 1310 ±
351 mcg, and 1330 ± 270 mcg in the non BIS group (p = 0.002). The effect of BIS monitorization between
groups on IA, did not show statistical significance (p = 0.27). 
Conclusions: Anesthesia techniques that work well for patients with normal weight may not be safe and
appropriate for obese patients. Especially in patients with intraoperative hypotension, it is necessary to be more
careful about dose adjustment of anesthetic drugs. 
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Bariatric surgery is one of the most effective treat-
ment for morbid obesity. As obesity increases

worldwide, people turning to bariatric surgery for
weight loss also increases [1]. With increase in
bariatric surgery, anesthesiologists face a new chal-
lenge in terms of management of obese patients during
surgery. 

      Since the dose adjustment of the intravenous anes-
thetic agents specified in the anesthesia guidelines is
usually based on the total body weight of people with
normal weight, anesthesia management of morbidly
obese patients requires extra care. Although there are
no definitive guidelines for the dose adjustment of in-
travenous anesthetic agents in morbidly obese patients
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[2, 3], it is generally recommended to adjust the dose
according to lean body mass [4, 5]. Many comorbidi-
ties such as diabetes, hypertension, left ventricular hy-
pertrophy, sleep apnea, and pulmonary hypertension
accompany morbid obese people undergoing bariatric
surgery. These comorbidities together with the excess
adipose tissue and the lipophilic properties of many
drugs used in general anesthesia affect the pharmaco-
kinetics and pharmacodynamics of anesthetics, caus-
ing the drugs to show their effects in a very narrow
spectrum [6]. In this respect, anesthesia management
of bariatric surgery patients gains the utmost impor-
tance. 
      The patient regaining consciousness during gen-
eral anesthesia is defined as awareness. Awareness is
a serious condition that prompts patients into a panic
situation even if they do not feel any pain at that time
[7]. These patients experience insomnia, recurrent
nightmares and post-traumatic stress disorder in
postliminary periods [8, 9]. Intraoperative awareness
(IA) is a rare but serious complication rating between
0.1-0.2% [10]. The most common cause is superficial
anesthesia and the most common disciplines IA ob-
served are in obstetrics and cardiac anesthesia. The
ratio of IA was reported to be 1% in the high-risk cases
[11, 12]. Obesity is defined to be an independent risk
factor for IA [5, 13]. 
      The aim of this study was to determine the inci-
dence of IA in our patients undergoing laparoscopic
sleeve gastrectomy (LSG), and the factors contributing
to the development of this complication. To our
knowledge, this is the first study in the literature re-
porting that IA might be observed during LSG. 

METHODS

      Four hundred ten patients (56% female) who un-
derwent primary LSG between March 2018 and Sep-
tember 2020 were included in the study. 

Preoperative Work-up
      Each patient underwent a thorough evaluation of
laboratory tests, upper GI endoscopy, and abdominal
ultrasonography before the surgery. Also, patients
were evaluated by a cardiologist, a pulmonology, and
an anesthesiologist as a part of routine work-up. 

Anesthesia Management and Surgical Technique 
      LSG was applied to all patients using the same
surgical technique. The operations were performed in
two different hospitals with two different anesthesiol-
ogy teams, using the same anesthesia protocol. Table
1 summarizes the doses and durations of the anesthetic
agents administered during the procedures. Following
the tracheal intubation and inhalation anesthesia, a 12
mm optical trocar (Endopeth Xcel®) was inserted into
the abdomen from the left subcostal area under direct
vision and abdomen was insufflated. LSG was per-
formed using five trocar technique after applying a 45
degrees reverse Trendelenburg (modified litotomy) po-
sition. After LSG was completed, the staple line was
oversewn using 3.0 V-LocTM suture in all patients. 

Evaluation of Intraoperative Awareness
      In order to evaluate IA after surgery, each patient
was questioned in terms of whether they remembered
anything, heard anything or felt any pain during the
operation. 

Bispectral Index Monitoring 
      The use of Bispectral Index monitoring equipment
(BISTM Medtronic), which monitors the depth of anes-
thesia was initiated for all of our bariatric surgery
cases (n = 167) starting in April 2019. BIS moniteri-
zation was not used in any of our LSG cases before
April 2019.
      Patients with and without BIS monitoring were di-
vided into two groups (Non-BIS and BIS group). BIS
values between 40 and 60 indicate adequate anesthesia
depth for the surgery. 
      Patients who developed intraoperative hypoten-
sion (systolic blood pressure below 90 mmhg) in both
groups were recorded. Two groups compared in terms
of demographics, the rate of IA, the factors affecting
the condition, and the effect of BIS monitorization. 

Exclusion Criteria 
      Cases that included additional surgical procedures
such as cholecystectomy and other bariatric proce-
dures were excluded from this study in order to avoid
skewness in the operation and anesthesia time. Pa-
tients with a previous history of IA were excluded
from the study. 
      The study was approved by the institutional ethics
commitee (ATADEK- 2019-17/11). All patients were
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informed about the study in details, and written in-
formed consents were obtained. All data, including in-
traoperative vital parameters were recorded
prospectively and analyzed retsospectively. 

Statistical Analysis 
      Statistical analysis was performed using SPSS
(version 21, SPSS, Inc., Chicago, IL, USA). Standard
deviation and mean values were used for the variables
with normal distribution and median values were used
for the variables that were not normally distributed.
Chi-square or Fisher’s exact tests were used for cate-
gorical variables; while for continuous variables, in-
dependent-samples T-test or Mann-Whitney U test
were performed. P values < 0.05 were considered sta-
tistically significant. 

RESULTS

      Between March 2018 and September 2020 four
hundred ten patients (56% female) with a mean age of
37.4 ± 11.6 years, a median body mass index (BMI)
of 41.3 kg/m2 (33-67) and ASA score of 2-3 had un-
dergone LSG. In our series, IA was observed in three
patients (2 male, 1 female) in two different hospitals
(0.7%). Three of them were in the non BIS group (n =
243). The median duration of anesthesia was 120 min-
utes (90-180) in the non BIS group and 113 minutes
(90-140) in the BIS group (p < 0.001). 
      Hypotension developed in 63 patients in non-BIS,

and 12 patients in BIS group at the beginning of the
operation (< 90/60 mm hg). The total remifentanil in-
fusion dose administered during the anesthesia period
in the BIS group was 1310 ± 351 mcg, and 1330 ± 270
mcg in the non BIS group (p = 0.002). The demo-
graphic characteristics of the groups are shown in
Table 2. 
      The first patient who experienced IA was 41 years
old female with a BMI of 39 kg/m2. The patient stated
that she woke up at the beginning of the surgery, was
fully awake, heard everything spoken during steriliza-
tion and surgical draping, wanted to say that she was
awake. She was very scared of the situation and she
was not able to say anything or move. She added that
this situation lasted for 3-4 minutes, and she could not
remember what happened subsequently. 
      The other two patients were males aged 40 years
with a BMI of 46 kg/m2 and 44 kg/m2). Their experi-
ences were very similar. According to their statements,
awakenings were somewhere during the beginning of
the surgery. Both patients experienced similar feelings
of great pressure in the abdomen, surgical manipula-
tion such as trocar entrance, which they described
specifically as "there was a drill going into my ab-
domen". They emphasized that they felt enormous
pain and this "nightmare" lasted for 10-15 minutes. 
      Except for a temporary period of hypotension at
the beginning of the surgery, there was no abnormality
in vital signs suggestive of IA in all 3 patients. Two
male patients received psychotherapy support for 6
months due to post-traumatic stress disorder. 
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DISCUSSION

      IA is a rare but serious complication with an inci-
dence of 1% for high-risk individuals [11, 13]. In our
study, IA was developed in three (0.7%) patients and
there were all at the beginning of the operation. One
patient with ASA 2 (n = 169) and two patients with
ASA 3 (n = 241) experienced IA. We did not find a
significant effect of the ASA score on IA (p = 0.20). 
      There are no definitive guidelines for dose adjust-
ment of intravenous anesthetic agents in obese pa-
tients. Propofol is a highly lipophilic substance
commonly used in anesthesia induction. While dose
adjustment is performed according to the total body
weight in normal-weight people, this approach should
be avoided as it can easily cause adverse effects in
obese people. 
      Some studies indicate that the current dose of
propofol administered during induction in obese indi-
viduals is insufficient [14-16]. Agents used in the in-
duction of anesthesia redistributes quicker in the fat

tissue. The meaning of this is that, obese patients
awake earlier than non-obese people with single bolus
application. 
      Anesthetic drugs such as propofol, remifentanil
have a great hypotensive potential in higher doses. The
reverse Trendelenburg or modified litotomy position
for LSG induces the hypotensive effect of anesthetic
drugs. İntraoperative hypotension is mostly undesir-
able by the surgeons. In most cases, it is preferable that
the patient is normotensive in order to observe any
signs of bleeding from the staple line or other surgical
sites. It is worth mentioning that the caution of the
anesthesiology team regarding the hypotension that
might occur as a result of the surgical position at the
beginning of the operation is one of the most important
points to be considered for the prevention of this com-
plication. Anesthesiologists' adjustment process of
dose regulation in an attempt to avoid subsequent hy-
potension might be a factor in the manifestation of IA.
In our study we also experienced intraoperative hy-
potension in our patients who underwent LSG. Hy-
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potension developed in 63 patients in non-BIS, and 12
patients in BIS group at the beginning of the operation
(< 90/60 mm Hg). 
      Nowadays, electroencephalogram-like devices
that monitor brain functions are frequently used during
surgery. The most commonly used is the BIS moni-
torisation, which measures the patient's level of con-
sciousness by processing an electroencephalographic
signal obtained from a single frontal electrode. The
BIS interval is determined between 100-0, defining the
complete awakeness and the absence of brain activity.
BIS values between 40 and 60 indicate adequate anes-
thesia depth for the surgery whereas values below 40
indicate the deep hypnotic phase. It is recommended
to keep the target value in the interval of 40-60 to pre-
vent IA [17]. In our study, patients in the BIS group,
median BIS score was 36 (26-47) during the operation. 
      The data on the effect of BIS monitorisation on
the prevention of IA is controversial. The B-aware
study reported that BIS monitorization provides a
0.74% of risk reduction in IA in high-risk individuals
[18]. In a large multicentric cohort study, it was re-
ported that BIS monitorization did not provide a pos-
itive effect on the IA [5]. 
      In our LSG series, we experienced a fairly high
rate of IA in three (0.7%) of our patients. All of these
cases were in the non BIS group (n = 243; 1.2%). No
incident of IA was observed in the BIS group. While
we evaluated our patients for the effect of BIS moni-
torization on IA, the ratio did not show statistical sig-
nificance (p = 0.27). 

CONCLUSION

      Many factors affect the pharmacokinetics and
pharmacodynamics of the anesthetics in obese pa-
tients. Anesthesiology practices that work well for pa-
tients of normal weight may not be safe and adequate
for obese patients.  Especially in patients with intra-
operative hypotension, it is necessary to be more care-
ful about dose adjustment of anesthetic drugs.
Comprehensive studies are needed to create definitive
guidlines in this area.
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