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INTRODUCTION
Laparoscopic adrenalectomy (LA) has been the gold standard 

in the treatment of benign adrenal tumors [1]. The laparoscopic 
approach has advantages such as less postoperative pain, less 
bleeding, better cosmetic appearance for patients, and faster 
return to daily activities [2]. Current indications for LA are 

similar to open surgery and include all functional adrenal 
tumors; pheochromocytoma, aldosteronoma, cortisol-producing 
adenoma (Cushing syndrome), adrenal hyperplasia secondary 
to bilateral Cushing disease, or ectopic adrenocorticotropic 
hormone production [3]. The World Health Organization 
defines obesity as body mass index (BMI) of ≥30 kg/m2 [4]. 
Obesity is often considered a risk factor for longer operating 
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Purpose: The aim of this study is to investigate the effect of obesity on the results of laparoscopic adrenal surgery in 
patients with Cushing syndrome.
Methods: This retrospective study was performed in Department of General Surgery at Erciyes University School of Medicine 
between January 2010 and January 2023. Our analysis included Cushing syndrome patients who underwent unilateral 
laparoscopic adrenalectomy (LA) with the transabdominal lateral approach. All patients were evaluated in terms of age, sex, 
tumor diameter, body mass index (BMI), American Society of Anesthesiologists physical status classification, morbidities, 
surgery history, tumor side, operative time, conversion to open surgery, complications, and length of hospital stay.
Results: A total of 90 patients (75 females and 15 males) underwent a transperitoneal LA. Patients were divided into 2 
groups according to their BMI: obese group (≥30 kg/m2; n = 53, 58.8%) and nonobese group (<30 kg/m2; n = 37, 41.2%). 
All patients were classified into 3 subgroups: obese patient group, BMI ≥30–39 kg/m2 (n = 23); morbidly obese patient 
group, BMI ≥40 kg/m2 (n = 14); and nonobese patient group, BMI <30 kg/m2 (n = 53). There was no significant difference 
in intraoperative complications, conversion to open surgery, operative time, or length of hospital stay between the groups. 
Only conversion to open surgery was a risk factor for postoperative complications in univariate and multivariate analyses 
(odds ratio, 15.4; 95% confidence interval, 1.277–185.599; P = 0.031). 
Conclusion: Our results showed that LA is safe and effective in patients with Cushing syndrome with morbid obesity, 
allowing acceptable morbidity and length of hospital stay. 
[Ann Surg Treat Res 2024;107(2):100-107]
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time, increased blood loss, septic complications, and wound 
infection [5-7]. Additionally, obesity causes an increased risk of 
wound infection due to less perfusion of fatty tissue and less 
oxygen. Long-term hospital stay is due mainly to perioperative 
and postoperative complications [8].

There are some studies in the literature on minimally 
invasive surgery for the adrenal gland in obese patients; these 
studies have included all functional diseases. However, there 
are few studies investigating the impact of obesity on patients 
with Cushing syndrome [9]. This study aims to investigate the 
effect of obesity on the results of laparoscopic adrenal surgery 
in patients with Cushing syndrome.

METHODS

Ethics statement
The study protocol was approved by the Ethics Committee 

of the University of Erciyes University Faculty of Medicine, 
Kayseri, Turkiye (No. 2022/749).

Study design and participants
This retrospective study was performed in Department 

of General Surgery at Erciyes University School of Medicine 
between January 2010 and January 2023. During the study 
period, transperitoneal LA was conducted on 200 patients, 
among whom 185 cases were unilateral LA. Therefore, our 
analysis included 90 consecutive patients with Cushing 
syndrome who underwent laparoscopic unilateral LA with the 
transabdominal lateral approach. The endocrine unit evaluated 
each patient prior to surgery and decided on surgical indications 
at the endocrine tumor board. The preoperative evaluation 
measured serum cortisol levels, aldosterone-to-renin ratio, 24-
hour urinary cortisol level, dexamethasone suppression test, 
dehydroepiandrosterone sulfate, 17-hydroxyprogesterone, 
testosterone, 24-hour urinary metanephrine, normetanephrine, 
and vanillylmandelic acid levels. Surgical indications were 
considered in patients with Cushing syndrome. Malignancies 
and other functional or non-functioning adrenal tumors were 
excluded from this study. Hemogram, coagulation profile, 
biochemical parameters, and serum electrolytes were analyzed 
in all cases. The location of the adrenal masses was determined 
using CT or MRI. The patients were divided into 2 groups 
according to BMI: nonobese group (<30 kg/m²) and obese group 
(≥30 kg/m²).

Data collection
Data were collected from the patient’s medical records. All 

patients were evaluated in terms of age, sex, tumor diameter, 
BMI (kg/m2), American Society of Anesthesiologists (ASA) 
physical status (PS) classification, accompanying morbidities, 
surgery history, surgery indication, tumor side and size, 

operative time, conversion to open surgery, dissection devices, 
adrenal vein ligation method, a need for additional trocar, 
complications, and length of hospital stay.

Surgical technique 
All adrenalectomy procedures were conducted under 

general anesthesia by experienced endocrine surgeons with 
similar learning curves. All patients received antibiotic and 
antithrombotic prophylactic therapy. All laparoscopic bilateral 
adrenalectomies were performed concurrently using a lateral 
transperitoneal approach. Surgical procedures were performed 
using either the left or right lateral decubitus postures. 
Operation duration was defined as the period between surgical 
incision and wound dressing. During dissections, L-Hook 
monopolar cautery was used with the LigaSure vascular sealing 
device (Medtronic) or Harmonic ultrasonic scalpel (Ethicon 
Endo-Surgery). Two devices were used for adrenal vein ligation: 
a metal clip, the Hem-o-lok polymer ligation system.

After insufflation, a 10-mm camera trocar was placed in the 
anterior axillary line on both sides, 2–3 cm below the costal 
border for right and left adrenalectomy. On the right side, 10-
mm and 5-mm working trocars were inserted through the 
midaxillary and midclavicular lines, respectively. The 5-mm 
and 10-mm working trocars were inserted for the left side 
through the midaxillary and midclavicular lines, respectively. 
Trocars were inserted in the subxiphoid in the epigastrium on 
the left side.

Outcomes
The primary outcome was to investigate the effect of obesity 

on the results of laparoscopic adrenal surgery in patients with 
Cushing syndrome. The secondary outcome was to compare the 
clinical outcomes of obese patients between BMI of >30 to <40 
kg/m2 and ≥40 kg/m2. Postoperative complications in 30 days 
were classified according to the Clavien-Dindo classification [10].

Statistical analysis
The data were analyzed using JMP 16.2.0 software (SAS 

Institute Inc.). The data were analyzed using descriptive 
statistical techniques to determine the number, percentage, 
mean, and standard deviation. The Shapiro-Wilk test was 
used to determine the normal distribution. The data were 
represented as mean, standard deviation, or median, depending 
on the distribution (interquartile range, IQR). Categorical 
variables were compared using the chi-square or Fisher exact 
test. The t-test and Wilcoxon signed-rank test were used to 
compare quantitative and ordinal variables.

Otherwise, the Wilcoxon rank-sum test and t-test were 
used to compare ordinal and quantitative variables. Multiple 
comparisons are made using the Kruskal-Wallis test if a variable 
has 3 or more levels. Multiple logistic regression analyses were 
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applied to identify the independent predictors of postoperative 
complications. The univariate analysis with a P-value of <0.20 
was included in the multiple model for the logistic regression 
analysis to obtain adjusted odds ratios. The P-value of <0.05 
was considered to be statistically significant.

RESULTS
During the study period, unilateral LA was performed on 

215 patients. Of these, 90 patients with Cushing syndrome 
were included in this study. The number of surgical procedures 
performed by 2 experienced surgeons was 43 and 47, 
respectively. A total of 90 patients (75 females and 15 males) 
underwent laparoscopic transperitoneal adrenalectomy. The 
demographic findings of all patients are shown in Table 1. The 
median BMI was 29 kg/m2 (IQR, 23–48 kg/m2). Patients were 
divided into 2 groups according to their BMI: obese (≥30 kg/
m2) and nonobese (<30 kg/m2). The nonobese group included 
53 patients (58.8%), and the obese group included 37 patients 

(41.2%). A comparison of the perioperative and postoperative 
outcomes of obese and nonobese patients is shown in Table 2. 
The mean age of the obese group was 53.83 ± 1.75 years, and 
the mean age of the nonobese group was 54.11 ± 10.14 years (P 
= 0.901). The median tumor size was 3.2 cm in the obese group 
and 3.0 cm in the nonobese group. All patients had Cushing 
syndrome in all preoperative diagnoses. The median operation 
time was 65 minutes (IQR, 30–119 minutes) in the nonobese 
group and 69 minutes (IQR, 40–135 minutes) in the obese 
group (P = 0.07). Intraoperative complications were seen in 6 
(16.2%) and 3 patients (5.2%) in the obese and nonobese groups, 
respectively. These complications were liver laceration (n = 5), 
vascular injury (n = 3), and organ injury (n = 1). The conversion 
rate to laparotomy was 2.7% in the obese group and 3.7% in the 
nonobese group (P = 0.780). The reasons for conversion to open 
surgery were difficult dissection in 2 patients and uncontrolled 
bleeding in 1 patient. Surgery was completed without 
intraoperative mortality in patients who were converted to 
laparotomy.

Also, all the patients were split into 3 groups: those with 
a BMI of 30–39 kg/m2 were considered obese (n = 23); 
those with a BMI of ≥40 kg/m2 were considered morbidly 
obese (n = 14); and those with a BMI of <30 kg/m2 (n = 
53) were not obese. The results of surgery and after surgery 
were compared (Table 3). Three patients in the obese group 
(13.4%) with a BMI of 30–39 kg/m2, 3 patients in the obese 
group (21.4%) with a BMI of ≥40 kg/m2, and 6 patients in the 
nonobese group (11.3%) had problems after surgery. There 
was no statistically significant difference between the groups 
(P = 0.612). Postoperative complications included atelectasis 
(n = 5), respiratory failure (n = 1), incisional hernia (n = 1), 
arrhythmia (n = 3), and pleural effusion (n = 2). Also, among 
the above complications, incisional hernia (n = 1), atelectasis 
(n = 1), and respiratory failure (n = 1) were seen in patients 
who underwent open surgery. Incisional hernia appeared 
after 3 months postoperatively. There was no significant 
difference in intraoperative complications, conversion to open 
surgery, operative time, or length of hospital stay in these 3 
patient groups categorized at the same time. Both groups used 
dissection instruments at similar rates. The median hospital 
stay was 4 days (IQR, 2.5–6.0 days) in the obese patient group 
and 3.5 days (IQR, 1.5–6.0 days) in the nonobese patient group.

There was no statistically significant difference between 
the 2 groups (P = 0.214). All patients underwent deep vein 
thrombosis prophylaxis. Cardiac morbidity was seen in 21 
patients (23.3%), renal morbidity in 5 patients (5.5%), diabetes 
in 27 patients (30.0%), and pulmonary morbidity in 12 patients 
(13.3%). Cardiac morbidity was present in 13 patients in the 
obese patient group (35.1%) and 8 patients in the nonobese 
patient group (15.1%). There was a statistically significant 
difference between the 2 groups for cardiac morbidity (P = 

Table 1. Demographic characteristics of patients

Characteristic Data

No. of patients 90
Age (yr) 54.0 ± 10.3
Sex,  male:female 15:75
Body mass index (kg/m2) 29 (23–48)
ASA PS classification
    I 3 (3.3)
    II 71 (78.9)
    III + IV 16 (17.8)
Previous surgery 27 (30.0)
Tumor size (mm) 3.5 (15.0–60.0)
Tumor side, right/left   40/50
Morbidity
    Cardiac 21 (23.3)
    Pulmonary 12 (13.3)
    Diabetes 27 (30.0)
    Kidney 5 (5.5)
Operative time (min) 67.5 (30–135)
Dissection devices, Harmonic/LigaSure   21/69
Method of ligation of the adrenal vein,  

clip/Hem-o-lok
87/3

Complication 
    Intraoperative 9 (10.0)
    Postoperative 12 (13.3)
Conversion to open surgery 3 (3.3)
Additional trocar replacement 8 (8.8)
Hospital stay (day) 4 (1.5–6.0)

Values are presented as number only, mean ± standard deviation, 
median (interquartile range), or number (%). 
ASA, American Society of Anesthesiologists; PS, physical status. 
Harmonic, Harmonic ultrasonic scalpel (Ethicon Endo-Surgery); 
LigaSure, LigaSure vascular sealing device (Medtronic). 
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0.027). Diabetes-related morbidity was present in 17 patients in 
the obese patient group (45.9%) and 10 patients in the nonobese 
patient group (18.8%). There was a statistically significant 
difference between the 2 groups for diabetes-related morbidity 

(P = 0.005).
We performed a logistic regression analysis to determine 

postoperative complications (Table 4). In univariate analysis, 
age, sex, BMI, ASA PS classification, tumor side, tumor diameter, 

Table 2. Comparison of perioperative and postoperative results between obese and nonobese patients

Characteristic Nonobese group Obese group P-value

No. of patients 53 37
Age (yr) 54.11 ± 10.14 53.83 ± 1.75 0.901
Sex, male:female 10:43 5:32 0.502
BMI (kg/m2) 27 (23–29) 38 (30–48) <0.001*
ASA PS classification 0.854
    I 2 (3.8) 1 (2.7)
    II 43 (81.1) 28 (75.7)
    III + IV 8 (15.1) 8 (21.6)
Previous surgery 15 (28.3) 12 (32.4) 0.673
Tumor size (mm) 30 (15–60) 32 (20–52) 0.216
Tumor side, right/left 22/31 18/19 0.502
Morbidity
    Cardiac 8 (15.1) 13 (35.1) 0.027*
    Kidney 2 (3.7) 3 (8.1) 0.377
    Diabetes 10 (18.8) 17 (45.9) 0.005*
    Pulmonary 5 (9.4) 7 (18.9) 0.192
Operative time (min) 65 (30–119) 69 (40–135) 0.070
Dissection device 0.131
    LigaSure 42 (63.7) 24 (36.3)
    Harmonic 11 (45.8) 13 (54.2)
Complication 
Intraoperative 3 (5.2) 6 (16.2) 0.100
Postoperative 6 (11.3) 6 (16.2) 0.642
Additional trocar replacement 5 (9.4) 3 (8.1) 0.827
Conversion to open surgery 2 (3.7) 1 (2.7) 0.780
Hospital stay (day) 3.5 (1.5–6.0) 4 (2.5–6.0) 0.214

Values are presented as number only, mean ± standard deviation, median (interquartile range), or number (%). 
BMI, body mass index; ASA, American Society of Anesthesiologists; PS, physical status. 
LigaSure, LigaSure vascular sealing device (Medtronic); Harmonic, Harmonic ultrasonic scalpel (Ethicon Endo-Surgery). 
Nonobese group, BMI <30 kg/m2; obese group, BMI ≥30 kg/m2.
*P < 0.05, statistically significant.

Table 3. Comparison of perioperative results of the patient groups

Parameter Nonobese group (n = 53) Obese group (n = 23) Morbid obese group (n = 14) P-value

Complication 
    Intraoperative 3 (5.6) 3 (13.4) 3 (21.4) 0.184
    Postoperative 6 (11.3) 3 (13.0) 3 (21.4) 0.612
Conversion to open surgery 2 (3.7) 1 (4.3) 0 (0) 0.745
Operative time (min) 65 (30–119) 68 (47–135) 72 (50–129) 0.113a)

0.183b)

Hospital stay (day) 3.5 (1.5–6.0) 4.0 (2.5–5.0) 4.0 (3.0–6.0) 0.415a)

0.271b)

Nonobese group, body mass index (BMI) <30 kg/m2; obese group, BMI ≥30–39 kg/m2; morbid obese group, BMI ≥40 kg/m2.
a)Obese patient group with BMI <30 kg/m2 compared with obese patient group with BMI ≥40 kg/m2.
b)Obese patient group with BMI <30 kg/m2 compared with obese patient group with BMI ≥30–39 kg/m2.
Reference group, nonobese patient group with BMI <30 kg/m2.
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intraoperative complications, additional trocar, dissection 
instrument, and prolonged operative time were not found to be 
risk factors for postoperative complications. Only conversion 
to open surgery was a predictor of postoperative complications 
in univariate and multivariate analyses (odds ratio, 15.4; 
95% confidence interval, 1.277–185.599; P = 0.031). Blood 
transfusion was not required in any patient, and mortality was 
not observed.

DISCUSSION
The aim of this study was to investigate the effect of 

obesity on the outcomes of laparoscopic adrenal surgery in 
patients with Cushing syndrome. This study shows that the 
complications, length of hospitalization, operative time, and 
exposure rates were similar in obese patients with BMI ≥30 
kg/m2 compared to nonobese patients in LA. In addition, the 
complications, length of hospitalization, duration of operation, 
and exposure rates were similar in patients with morbid 
obesity above BMI ≥40 kg/m2 compared to patients with BMI 
<30 kg/m2. The ASA PS classification and morbid obesity, 
side of operation, tumor diameter, dissection instrument, and 
prolonged operation time were not found to be risk factors 
for postoperative complications. Only the conversion to open 
surgery was identified as a risk factor. 

The difficulties of laparoscopic surgical procedures in obese 
patients have been previously described [7,11,12]. Increased 
central and visceral adiposity also leads to intraoperative 
technical difficulties during LA, which may be responsible for 
prolonged operative times and higher rates of conversion to 
open surgery [11-13]. In addition, obese patients have a higher 
rate of comorbid disease and a higher risk of perioperative 
complications for LA [11]. Based on the findings of numerous 
studies, LA is associated with a shorter postoperative hospital 
stay, early recovery, and shorter operative time compared to 
open surgery [14,15].

There are 4 approaches for LA: lateral and anterior 
transperitoneal and lateral and posterior retroperitoneal, 
and none of them is superior to the other [4]. The lateral 
transabdominal approach is the most commonly used 
laparoscopic approach for adrenal surgery [2]. More than 75% 
of laparoscopic adrenalectomies are performed using the 
lateral transperitoneal technique. The advantage of the lateral 
approach is that it allows the adrenal glands to be exposed to 
gravity [16,17]. We have already presented our experience with 
this approach [18-20].

The increase in obesity in the last 10 years, especially in 
developed countries, has caused new challenges for surgeons 
[11,13]. The adrenal gland is surrounded by fatty tissue 
surround. Adrenal tissue is difficult to see and the safety of 
adrenalectomy may be compromised in patients with a high 
BMI [12,21]. There are questions about LA in morbidly obese 
patients due to the limited study area and increased risk of 
postoperative complications [9]. In addition, the diagnosis 
of Cushing syndrome has been identified as an adverse 
prognostic factor, as both subclinical and symptomatic 
chronic hypercortisolism have been shown to adversely 
affect perioperative outcomes after various general surgical 
procedures, including LA [13]. Obese patients are at high surgical 
risk and may have adverse outcomes including perioperative 

Table 4. Univariate and multiple regression analysis for 
postoperative complications in all patients

Variable
Univariate analysis

QR (95% CI) P-value

Age (yr)
    >50 Reference
    <50 2.120 (0.621–7.234)) 0.230
Sex
    Female Reference
    Male 1.000 (0.195–5.107) >0.999
BMI (kg/m2)
    <30 Reference
    ≥30–40 1.170 (0.267–5.168) 0.831
    ≥40 2.136 (0.460–9.900) 0.331
ASA PS classification
    I Reference
    III 1.589 (0.377–6.689) 0.527
Tumor side
    Right Reference
    Left 1.139 (0.332–3.903) 0.835
Tumor size (cm)
    <5 Reference
    ≥5  1.964 (0.468–13.446) 0.380
Intraoperative complications
    No Reference
    Yes 1.257 (0.142–11.053) 0.836
Additional trocar replacement
    No Reference
    Yes 1.084 (0.121–9.684) 0.942
Dissection device
    LigaSure Reference
    Harmonic 1.450 (0.393–5.338) 0.576
Prolonged operative time
    No Reference
    Yes 1.964 (0.398–9.692) 0.407
Conversion to open surgery
    No Reference
    Yes 15.400 (1.277–185.599) 0.031*

OR, odds ratio; CI, confidence interval; BMI, body mass index; 
ASA, American Society of Anesthesiologists; PS, physical status. 
LigaSure, LigaSure vascular sealing device (Medtronic); 
Harmonic, Harmonic ultrasonic scalpel (Ethicon Endo-Surgery). 
*P < 0.05, statistically significant.
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and postoperative complications [7,13]. In some studies, 
obesity had no significant effect on the results of laparoscopic 
transperitoneal adrenalectomy in terms of complications, 
exposure, and length of hospital stay [9,19]; in other studies, 
there has been an increase in the risk of complications [11,20].

In our study, the rates of intraoperative and postoperative 
complications were 10% and 13.3% in all cases and were 
compatible with the studies in the literature. When Pędziwiatr 
et al. [19] compared obese patients with nonobese patients, 
hospitalization and complication rates were similar. Similarly, 
postoperative complications, duration of hospitalization, and 
intraoperative complications were similar for obese patients 
in our study. Although intraoperative complications were 
more common in obese patients, they were not statistically 
significant. Most of these complications did not require any life-
threatening additional treatments or interventions.

The conversion rate to open surgery in LA is 1%–22% [16,21,22]. 
Conversion to open surgery is usually due to bleeding, tight 
adhesions, obesity, large masses, inexperienced surgeons, or 
malignant processes [16,23,24]. In our study, open surgery was 
preferred in 3 of LA (3.3%), and no difference was observed 
between nonobese patients and obese and morbidly obese 
patients. 

Patient comorbidities (ASA PS classification III + IV, previous 
abdominal surgery, obesity, and diabetes), adrenal pathology 
(pheochromocytoma), tumor size (≥6 cm), and surgeon 
inexperience are associated with increased operative time, 
conversions, complications, and length of hospitalization 
[7,16,25-28].

The operative times and rates of conversion to open surgery 
were similar between the nonobese group and the morbidly 
obese group when compared with nonobese patients in our 
study. We evaluated the factors determining postoperative 
complications. In logistic regression analysis, conversion to 
open surgery was found to be a significant risk factor. This 
was not directly related to obesity. Differently, Kazaure et al. 
[7] also found that all complications, wound site and septic 
complications were higher in obese and morbidly obese 
patients. 

The difficulty of good visualization of the surgical field 
in obese patients during LA has been reported to result in 
a significantly longer operative time [29,30]. We used an 
additional trocar in 8 patients to improve visualization of the 
surgical field, particularly in cases where the spleen could 
not be excluded on the left side or where there was too much 
periadrenal fat. The use of additional trocars was similar in 
both groups and was used in 5 patients in the group with BMI 
<30 kg/m2 (9.4%) and 3 patients in the group with BMI ≥30 kg/
m2 (8.1%), with no statistical significance. In addition, the use of 
an extra trocar did not increase postoperative complications. 

This retrospective study has some limitations. LA was 

performed by 2 competent endocrine surgeons with a similar 
learning curve. We used 2 different energy devices at similar 
rates in practice. We did not see an effect on the determinant 
of postoperative complications. We compared patients with 
Cushing syndrome and did not include other endocrine 
disorders. We believe this provides a more homogeneous study 
group for a comparative analysis.

Our results showed that LA is safe and effective in patients 
with Cushing syndrome with morbid obesity, allowing 
acceptable morbidity and length of hospital stay. The lateral 
transperitoneal approach provides an excellent anatomical 
view. ASA PS classification, dissection instruments, tumor 
side, use of additional trocar, sex, and prolonged operative 
time were not found to be determinants of postoperative 
complications. Conversion to open surgery was the only 
factor determining postoperative complications. Obesity was 
not a directly related risk factor. A multidisciplinary team, 
including anesthesiologists, intensive care specialists, and 
endocrinologists, is needed for adequate perioperative and 
postoperative management of patients.
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