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Abstract

Background: The role of laparoscopic adrenalectomy (LA) in a large adrenal tumor is controversial due to the risk of
malignancy and technical difficulty. In this study, we compared the perioperative outcomes and complications of LA
on large (> 6.cm) and (<6.cm) adrenal tumors.

Methods: We retrospectively reviewed all clinical data of patients who underwent unilateral transperitoneal LA in our
institution between April 2000 and June 2019. Patients were classified by tumor size into 2 groups. Patients in group 1
had tumor size <6cm (N =408) and patient in group 2 had tumor size > 6.cm (n=48). Demographic data, periopera-
tive outcomes, complications, and pathologic reports were compared between groups.

Results: Patients in group 2 were significant older (p =0.04), thinner (o =0.001) and had lower incident of hyperten-
sion (p=0.001), with a significantly higher median operative time (75 vs 120 min), estimated blood loss (20 vs 100 ml),
transfusion rate (0 vs 20.8%), conversion rate (0.25 vs 14.6%) and length of postoperative stays (4 vs 5.5days) than in
group 2 (all p<0.001). Group 2 patients also had significantly higher frequency of intraoperative complication (4.7

vs 31.3%; adjust Odds Ratio [OR] =9.67 (95% Cl 4.22-22.17), p-value <0.001) and postoperative complication (5.4 vs
31.3%; adjust OR=5.67 (95% Cl 2.48-12.97), p-value <0.001). Only eight (1.8%) major complications occurred in this
study. The most common pathology in group 2 patient was pheochromocytoma and metastasis.

Conclusions: Laparoscopic transperitoneal adrenalectomy in large adrenal tumor > 6 cm is feasible but associated
with significantly worse intraoperative complications, postoperative complications, and recovery. However, most of
the complications were minor and could be managed conservatively. Careful patient selection with the expert sur-
geon in adrenal surgery is the key factor for successful laparoscopic surgery in a large adrenal tumor.

Trial registration: This study was retrospectively registered in the Thai Clinical Trials Registry on 02/03/2020. The registra-
tion number was TCTR20200312004.
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Background

At present, laparoscopic adrenalectomy (LA) has become
the standard treatment for all small adrenal tumors since
first being introduced in 1992 by Gagner et al. [1]. The
superiority of LA has resulted in less postoperative pain,
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specific contraindications for LA are adrenocortical car-
cinoma (ACC) that have radiologic evidence of tumor
invasion to the periadrenal tissue, the local recurrent
tumor of a previously resected adrenal mass, and patients
with severe cardiopulmonary disease [8].

The role of LA for a large adrenal tumor is still a debat-
able issue. There are two major problems of concern. The
first is the technical difficulties in removal of a large adre-
nal tumor can prolong the operative time, increase the
blood loss, and lead to perioperative complications. The
second is that the risk of malignancy is directed related to
the size of the tumor [9]. Laparoscopic surgery for adre-
nal cancer still has doubts over the potential of incom-
plete resection, tumor spillage, and capsular disruption
that can cause local tumor recurrence and metastasis
[10].

There is no clear definition of the size of a large adrenal
tumor. However, the European Society of Endocrinology
Clinical Practice Guideline recommended performing
laparoscopic surgery for adrenal tumors size < 6 cm which
is no local invasion. An individualized surgical approach
is recommended for every adrenal tumor size >6cm [11].

This study aimed to evaluate the safety and feasibility
of LA in patient with a large adrenal tumor by comparing
the perioperative outcomes of LA between patients with
small (<6cm) and large (> 6 cm) in our hospital.

Methods

Study populations

This study was registered in the Thai Clinical Tri-
als Registry on 02/03/2020 (Registration number was
TCTR20200312004) and the study protocol obtained
approval from the Institution-Review Board from our
University. The study has been reported in line with the
strengthening the reporting of cohort studies in surgery
(STROCSS) criteria [12].

Inclusion criteria in this study were patients>18years
old who was performed unilateral laparoscopic trans-
peritoneal total adrenalectomy between April 2000-June
2019 in our hospital which is a Tertiary care University
hospital. All clinical data were retrospectively reviewed.
Patients were divided into 2 groups based on their tumor
size. Group 1 had tumor size<6cm and group 2 had
tumor size > 6 cm. Tumor size was measured at the maxi-
mum dimension based on the pathological report.

Indications for LA were functioning adrenal tumors,
non-functioning adrenal tumors larger than 4cm and
enlarged adrenal tumors during follow up. Large tumor
size, high patient’s comorbidities, and localized ACC
which were suspected by imaging study were not a con-
traindication for LA in our institution, but the choice
between LA or open surgery was an individualized selec-
tion based on the surgeon’s and patient’s preferences. Our
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contraindications for laparoscopy were a local recurrence
of the previously resected adrenal tumor and a locally
advanced ACC.

Patient preparations

All patients completed a standard hormonal evaluation
by the endocrinologist. Computed tomography (CT)
adrenal protocol including a washout study was the first
choice of diagnostic imaging. Patient contraindicated to
a CT scan were examined by magnetic resonance imag-
ing (MRI) instead. An additional CT chest was per-
formed in patients suspected of ACC and malignant
pheochromocytoma.

In functioning adrenal tumors, the blood pressure was
controlled with antihypertensive medication before sur-
gery. Serum potassium level was normalized by potas-
sium replacement in aldosterone-producing adenoma
patients. Hydrocortisone replacement was given on the
day of surgery in Cushing syndrome patients.

In pheochromocytoma patients, the alpha-adrenergic
blockade was titratable to control the blood pressure and
heart rate at least 2 weeks before surgery. The patient was
motivated to intake a high salt diet and high fluid intake.
The intensive care unit was prepared for postoperative
care in pheochromocytoma patients.

Surgical techniques

All LAs were performed by a standard lateral transperito-
neal approach with patient in the lateral decubitus posi-
tion as previously described [13]. In brief, four trocars
were used for a right adrenalectomy and three for a left
adrenalectomy. An additional retracting trocar may be
needed in patients with a large adrenal tumor.

For a right adrenalectomy, the right lobe of the liver
was mobilized upwards. The peritoneum lateral to infe-
rior vena cava was then opened longitudinally and the
adrenal gland was dissected from the medial to the lateral
direction and from the inferior to superior direction. For
a left adrenalectomy, the descending colon was mobilized
medially to expose the upper pole of the kidney. Then,
the tail of the pancreas and spleen were rotated medi-
ally. The left adrenal vein was controlled, and the adrenal
gland was dissected from the medial to the lateral direc-
tion. Lastly, the adrenal gland was dissected from the
upper pole of the kidney.

Adrenal arteries and small adrenal veins were con-
trolled using Ligasure, a vessel sealing device, Covi-
dien-Medtronic (clipless adrenalectomy) [14]. The large
adrenal vein was controlled with a Titanium clip or Hem-
o-lok clip. A close-suction drain was not routinely used,
but it was placed only in patients with blood oozing from
the surgical bed.
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Outcomes measurement and data analysis

Analyzed parameters included age, gender, body mass
index (BMI), tumor side, tumor size, comorbidities,
American Society of Anesthesiologists (ASA) score, pre-
vious abdominal surgery, operative time, estimated blood
loss (EBL) which was measured by laparoscopic suction
device, transfusion rate, conversion rate, complications,
pathological reports, margin status, and length of post-
operative stay.

The primary outcome was to compare the complication
rates between the two groups and the secondary out-
come was to compare the perioperative parameters and
length of postoperative stay. The 30-day postoperative
complication was graded according to the Clavien-Dindo
Classification [15]. Grade 1-2 complication was defined
as a minor complication and grade 3-5 complication was
defined as a major complication. Patients in group 2 were
subgroup to pheochromocytoma and non-pheochromo-
cytoma group, perioperative parameters were compared
between groups.

Categorical data were analyzed using Fisher’s exact
test or Chi-square test and reported as a number (per-
centage). Continuous data were analyzed using an inde-
pendent t-test or Mann Whitney test and reported as the

Table 1 Baseline patient’s characteristics
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median and interquartile range (IQR). Logistic regres-
sion analyses were performed to determine risk factors
associated with intraoperative and postoperative compli-
cations by using the patient’s demographic data includ-
ing the diagnosis of pheochromocytoma. Variables with
p-value<0.1 in univariable analysis were selected in a
multivariable logistic regression model. Statistical analy-
sis was performed using STATA version 15, accepting
P-value <0.05 as statistically significant.

Results

In total, 527 patients underwent LA in our institution
during April 2000-June 2019. From the selection cri-
teria, 456 patients were included in this study and were
comprised of 408 patients in group 1 (tumor<6cm) and
48 patients in group 2 (tumor > 6cm). Baseline patient’s
characteristics are presented in Table 1. Patient in group
2 were significantly older (47.4 vs 51.4, p=0.04) and thin-
ner (BMI=25.6 vs 23.2, p=0.001) than patients in group
1. Preoperative diagnosis was significantly different
between groups (p <0.001). Group 1 patients had a higher
incidence of hypertension (89.5% vs 72.9%, p =0.001) and
higher ASA score (p0.001) than group 2 patients. The
largest tumor size in this study was 17 cm.

Group 1 (N=408) Tumor size<6cm Group 2 (N=48) Tumor size >6cm P-value

Age, years, median (IQR) 47 .4 (38-56) 514 (43-60) 0.04*
Gender, male: female, N (%) 139 (34.1): 269 (65.9) 15 (31.3):33 (68.7) 0.70
BMI, kg/™?, median (IQR) 25.6(22.8-28.4) 23.2(19.6-26.5) 0.001*
Tumor laterality, right: left, N (%) 179 (43.9): 229 (56.1) 26 (54.2): 22 (45.8) 0.18
Tumor size, cm, median (IQR) 2(1.5-3) 8 (6.6-10) <0.001*
Comorbidities, N (%)

Diabetes 77 (18.9) 11(22.9) 0.50

Hypertension 365 (89.5) 35(729) 0.001*

Chronic kidney disease 21(5.2) 2(4.2) 0.77

Dyslipidemia 74 (18.1) 10 (20.8) 0.65
ASA classification, N (%) <0.001*

1 21(5.2) 11(22.9)

2 357 (87.5) 35(72.9)

3 30(74) 2(4.2)
Previous abdominal surgery, N (%) 136 (33.8) 15 (32.6) 0.87
Preoperative diagnosis, N (%) <0.001*

APA 267 (65.4) 2(4.2)

Cushing syndrome 59 (14.5) 2(4.2)

Incidentaloma 34 (8.3) 16 (33.3)

Pheochromocytoma 36 (8.8) 21 (43.8)

Metastasis 701.7) 4(83)

Myelolipoma 1(0.2) 2(4.2)

Adrenocortical carcinoma 4(1.2) 102.1)

IQR interquartile range, BMI body mass index, ASA American Society of Anesthesiologists, APA aldosterone-producing adenoma

*P-value < 0.05



Prakobpon et al. BMC Surg (2021) 21:68

Perioperative outcomes are shown in Table 2. Oper-
ative time (75 vs 120min), EBL (20 vs 100ml) and
transfusion rate (0 vs 20.8%) were significant higher

Table 2 Perioperative outcomes

Group 1 (N=408) Group 2 (N=48) P-value
Tumor size<6cm Tumor size>6cm
Intraoperative parameters
Operative time, 75 (60-108) 120 (100-150) <0.001*
minutes,
median (IQR)
Estimated 20 (20-50) 100 (30-300) <0.001*
blood loss,
ml, median
(IQR)
Transfusion, 0 10 (20.8) <0.001*
N (%)
Intraoperative 19 4.7) 15(31.3) <0.001*
complication,
N (%)
Open conver- 1(0.25) 7 (14.6) <0.001*
sion, N (%)
Postoperative parameters
30day post- 22 (54) 15(31.3) <0.001*
operative
complication,
N (%)
Minor (Cla- 17 (4.2) 12 (25) <0.001*
vien grade
1-2), N (%)
Major (Cla- 5(1.2) 3(6.2) 0.04*
vien grade
3-5), N (%)
Positive surgical ~ 5(1.2) 2(4.2) 0.16
margin, N (%)
Length of 4 (4-5) 55 (5-7) <0.001*
postopera-
tive stay, day,
median (IQR)

IQR interquartile range
*P-value < 0.05

Table 3 Details of postoperative complications
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in group 2 patient (p <0.001). Nineteen (4.7%) and fif-
teen (31.5%) intraoperative complications occurred in
group 1 and group 2 respectively (p <0.001). The most
common intraoperative complications in group 1 were
ten minor liver injuries, which were treated with elec-
trocautery, followed by two serosa tears of the colon
that were repaired with laparoscopic suturing. Intra-
operative complications in group 2 were five tumor
capsular tears, four massive bleedings, three splenic
injuries which required laparoscopic splenectomy in
one patient, one liver injury, one inferior vena cava
injury, and one diaphragmatic injury.

Eight open conversions occurred in this study, com-
prised of one patient (0.25%) in group 1 and seven
patients (14.6%) in group 2 (p<0.001). The causes of
open conversion were massive bleeding (one patient in
group 1 and five patients in group 2), liver injury (one
patient), and inferior vena cava injury (one patient).
Length of postoperative hospital stay was significantly
longer in group 2 patient (4 vs 5.5days, p <0.001).

The overall 30-day postoperative complications (5.4 vs
31.3%, p<0.001), minor postoperative complications (4.2
vs 25%, p <0.001) and major postoperative complications
(1.2 vs 6.2%, p = 0.04) were significant higher in group 2.

Grades of postoperative complications according
to the Clavien-Dindo classification are presented in
Table 3. The most common complications were trans-
fusion and infection of the wound. There were eight
major complications in this study. In group 1, there
was one postoperative bleeding that required explore
laparotomy, one incisional hernia treated with surgi-
cal repair, one acute renal failure, and two pulmonary
embolisms. In group 2, there were two pleural effusions
which were treated with needle aspiration, and one 9.5-
c¢m pheochromocytoma patient had an ischemic stroke
with hemiparesis after the operation.

The pathological reports are summarized in Table 4.
Most of the patients with a small adrenal tumor
was cortical adenoma (75.3%). In contrast, the most

Clavien-Dindo Classification

Group 1 (N=408) Tumor size<6cm

Group 2
(N=48) Tumor
size>6cm

Atelectasis (2), subcutaneous emphysema at scrotum (2), prolonged bowel ileus

Infected wound (4), congestive heart failure (2), pleural effusion (1), ventricular

Pleural effusion
(1), partial gut
obstruction (1)

Transfusion (10)

Pleural effusion (2)

Grade 1

(1), pyelonephritis (1), phlebitis (1), desaturation (1)
Grade 2

tachycardia (1), vertebral artery dissection (1)
Grade 3 Reoperation (1), incisional hernia (1)
Grade 4

Grade 5 None

Pulmonary embolism (2), acute renal failure (1)

Ischemic stroke (1)
None
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Table 4 Pathological reports

Pathology Group 1 (N=408) Group 2 (N=48)
Tumor size<6cm Tumor size>6cm

Cortical adenoma 307 (75.3) 2(4.2)

Nodular hyperplasia 37(9.1) 120
Pheochromocytoma 25(6.1) 20(41.7)

Benign 19 (4.6) 13 (27)
Malignant 6 (1.5) 7 (15)
Adrenocortical carcinoma 9(22) 4(83)
Myelolipoma 701.7) 4(83)
Metastasis 6(1.5) 5(10.4)
Schwannoma 3(0.7) 4(83)

Other 14 (3.4) 8(16.7)

Report as number (percentage)

common pathology in patients with a large adrenal
tumor group were pheochromocytoma (41.7%) and
metastasis (10.4%). The incidence of ACC in group 2
(8.3%) was higher than in group 1 (2.2%).

We subgroup analyzed the patients in group 2 by
comparing the perioperative outcomes between pheo-
chromocytoma (N=20) and non-pheochromocytoma
(N=28) patients, with the results shown in Table 5.
There was no statistical difference between the two
groups in terms of operative time, EBL, transfusion rate,
conversion rate, complications, surgical margin status,
and length of postoperative stay.

Logistic regression analysis to determine risk factors
associated with intraoperative and postoperative com-
plications were presented in Table 6. Tumor size >6cm
represented the only significant preoperative parameter
predictive of intraoperative and postoperative complica-
tion in both univariable and multivariable analysis (all p
value <0.001). Diagnostic of pheochromocytoma was a
significant predictive factor of postoperative complica-
tion in univariable analysis (p <0.001). However, this was
not confirmed to be predictive in the multivariable model
(p=0.06).

Discussion

Currently, LA is the first surgical treatment of choice for
almost all adrenal tumors since it provides better perio-
perative outcomes compared to traditional open adre-
nalectomy [2-7]. However, LA had limitations in some
groups of patients, including patients with a large adre-
nal tumor. Nowadays, there is no cut-off point of tumor
size for contraindication in the laparoscopic approach.
Technical difficulties from highly vascularized supply
and possible involvement of the surrounding organs may
worsen the perioperative outcomes [16]. Nevertheless,
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Table5 Subgroup analysis perioperative outcomes

of patient in group 2 (tumor > 6 cm)

Non- Pheochromocytoma P-value
pheochromocytoma (N=20)
(N=28)

Intraoperative parameters

Operative 120 (100-150) 132 (100-155) 0.46
time,

minutes,

median

(IQR)

Estimated
blood loss,
ml, median
(IQR)

Transfusion,
N (%)

Intraopera-
tive com-
plication,
N (%)

Open con-
version, N
(%)

Postoperative parameters
6(21.4)

100 (20-300) 250 (50-425) 0.14

7(35) 0.08

6 (30) 0.87

3(15) 0.94

30day post-
operative
complica-
tion, N (%)

Minor
(Clavien
grade
1-2),N
(%)

Major
(Clavien
grade
3-5,N
(%)

Positive
surgical

margin, N

(%)

Length of
postop-
erative
stay, day,
median

(IQR)

IQR interquartile range

5(17.9) 7(35) 0.20

5(4-7) 6 (5-7.5) 0.24

the previous literatures have demonstrated the success of
using LA for removal of large adrenal tumor [17-22].
Hemal et al. [17] reported the outcomes of LA for an
adrenal tumor size of>5cm in 22 patients from both
transperitoneal and retroperitoneal approaches, and con-
cluded that the tumor size was not the primary factor to
consider using open surgery rather than LA. Agrusa et al.
[18] presented the outcomes of LA in 14 patients with
a large adrenal tumor size of >6cm. (mean 8.2cm) and
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Table 6 Logistic regression analysis between preoperative parameters and complications
Intraoperative complication Postoperative complication
Univariate Multivariate Univariate Multivariate
OR (95%Cl) p-value aOR (95% ClI) p-value OR(95% Cl) p-value aOR (95% Cl) p-value
Age > 50years 1.8 (0.9-3.58) 0.09 1.46 (0.7-3.05) 032 1.99 (1.01-3.92) 0.05 1.53(0.74-3.18) 0.26
BMI > 25kg/m? 067(0.34-134) 067 - - 1.09 (0.56-2.12) 0.8 - -
Tumor size>6cm 9.3 (4.33-20) <0.001* 9.67 (4.22-22.17) <0.001* 6.59(3.12-13.9) <0.001* 567(248-1297) <0.001*
Comorbidities
Diabetes 1.21(0.53-2.76) 064 - - 133(061-293) 048 - -
Hypertension 0.55(0.23-1.32) 0.8 - - 0.72(0.29-1.82) 049 - -
Chronic kidney disease 2.64(0.85-822) 0.09 3.13(0.92-10.63) 007 247 (0.8-7.68) 0.12 - -
Dyslipidemia 1.08 (0.45-2.54) 0.87 - - 142 (0.65-3.12) 0.38 - -
ASA classification 035 - 0.65 - -
1 Ref Ref
2 042 (0.15-1.16) 0.62 (0.21-1.88)
3 0.56 (0.12-2.57) 047 (0.08-2.75)
Previous abdominal surgery  0.98 (048-2.02)  0.96 - - 1.02(0.51-2.07) 0.95 - -
Pheochromocytoma 2.27(0.98-5.26) 0.06 1.02 (0.38-2.73) 097 346 (1.61-746) <0001* 2.28(0.97-54) 0.06

Variables with p value <0.1 in univariable analysis were selected in a multivariable logistic regression model

BMI body mass index, ASA American Society of Anesthesiologists
*P-value < 0.05

found no capsular disruption, postoperative mortality,
and open conversion occurred. Moreover, Parnaby et al.
[19] compared the outcomes of LA for adrenal tumors
of > 6cm with those of<6cm in 101 patients. They con-
cluded in the absence of local invasion; the periopera-
tive outcomes were comparable between the two groups.
On the other hand, Natkaniec et al. [16] reported a large
comparative study of 530 patients and found a signifi-
cantly higher operative time, EBL, and conversion rate
when using LA for adrenal tumor sizes of > 6 cm.

For larger tumors, Zografos et al. [20] evaluated the
outcomes of LA for adrenal tumors of >8cm in 15
patients and summarized that laparoscopic resection
was safe and feasible. Bozkurt et al. [21] compared
the outcomes of transperitoneal LA between adrenal
tumors of >8cm (n=16) and <8 cm (n=19) and found
the operative time and EBL were higher in the large
adrenal tumor group, but the difference did not reach a
significant level (p =0.05).

Moreover, LA has also shown a good feasibility
for huge benign adrenal tumors. Abraham et al. [22]
reported a case of a 17 cm adrenal ganglioneuroma that
was successfully removed by LA while Bozkurt et al.
[21] reported a 15cm myelolipoma treated with LA. In
our study, the largest tumor was a 17 cm mature cystic
teratoma.

For the surgical approach, transperitoneal LA in the
lateral decubitus position is the most popular tech-
nique among surgeons. This technique provides a large
working space, and safe for both small and large adre-
nal tumors [16, 18-21, 23, 24]. Retroperitoneoscopic
adrenalectomy has the advantages of direct access to
the adrenal and avoids entering the peritoneal cavity.
Wang et al. [25] demonstrated the safety and feasibil-
ity of retroperitoneoscopic adrenalectomy that per-
formed by experienced surgeons in 110 patients with a
large adrenal tumor size of >5cm (mean tumor size was
7.2cm). The American Society for Gastrointestinal and
Endoscopic Surgery recommends surgeon to choose
the approach which is the most familiar. The transperi-
toneal approach is particularly interesting in a large
adrenal tumor size of>6cm and in morbid obesity.
Conversely, the retroperitoneal approach is associated
with a lower complication and shorter operative time in
the patient with previous abdominal surgery [26].

The risk of malignancy in an adrenal tumor is directly
correlated with the tumor size, where the role of lapa-
roscopic surgery in ACC is still questionable. The inci-
dence of ACC in adrenal incidentaloma is 1% for tumors
of <4cm, 6% for tumors of 4—6cm and 20% for tumors
of >6cm [9]. Although ACC is rare, it is highly aggressive
tumor. Therefore, benefits of minimally invasive surgery
from laparoscopic surgery must be weighed with the risk
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of incomplete resection and capsular perforation which
can worsen the oncological outcomes.

Although some authors have suggested avoiding LA for
adrenal tumors that are suspected of ACC and of >6cm
[27], some authors have shown the safe and feasible
use of LA in ACC. Brix et al. [28] compared the onco-
logic outcomes in 152 patients with ACC size of <10cm
between open adrenalectomy and LA using matched-
pairs analysis. They found no statistical difference in dis-
ease-specific survival, recurrence-free survival, frequency
of tumor capsule violation, and postoperative peritoneal
carcinomatosis between two types of surgery. Machado
et al. [29] reported a systematic review in the role of LA
in ACC and found no difference in the oncologic out-
comes between open and laparoscopic approaches. They
concluded that a poor surgical outcome is more likely
from an inadequate surgery than the surgical approach.
In contrast, Wu et al. [10] found non-equivalent onco-
logic outcomes, with a higher recurrent rate and shorter
time to recurrence in LA compared to open adrenalec-
tomy. Cooper et al. [30] also reported a higher peritoneal
recurrence, shorter recurrence-free survival, and lower
overall survival from the use of LA in ACC compared
with an open surgery approach.

Robot-assisted surgery has been widely accepted as a
standard minimally invasive surgical treatment in various
kinds of surgery. However, the role of robotic adrenalec-
tomy (RA) is still debatable. RA seems to be safe and fea-
sible than LA, but there is currently no large prospective
controlled trial that showed the superiority of RA over
LA. Economopoulos et al. [31] presented a large meta-
analysis in 1162 patients and concluded that RA was
associated with longer operative time than LA. Intraop-
erative complications, postoperative complications, mor-
tality rates and conversion rates were not significantly
different between RA and LA.

For the specific patients with adrenal tumors of > 6 cm,
Morelli et al. [32] showed a shorter operative time in
RA and concluded RA had potential benefits over LA in
patient with adrenal tumors of>6cm, BMIZ3Ol<g/m2,
and patient with previous abdominal surgery.

In this study, we reported the surgical outcomes in LA
from our 20-year experiences in our high-volume refer-
ral center. This study included large number of patients
with a wide range of preoperative diagnosis. Some of the
patient’s characteristics were different because of the dif-
ferent kinds of patients between groups. Patient in group
2 was significantly thinner, which may be due to the high
proportion of pheochromocytoma patients. A lower inci-
dence of hypertension and ASA score in group 2 could be
from the higher proportion of asymptomatic non-func-
tioning adrenal incidentaloma in group 2 patients and a
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higher proportion of functioning adrenal tumor in group
1 patients.

Our results revealed significantly worse perioperative
outcomes in patients with a tumor size of > 6 cm, except
the positive margin status was not significantly different
between the two groups. Logistic regression analysis also
showed a significant increase in the intraoperative and
postoperative complications in adrenal tumors of >6cm
from both unadjusted and adjusted ORs. Pheochro-
mocytoma was associated with increase postoperative
complication in the univariable analysis but failed to be
a predictor in multivariable analysis. However, the most
common postoperative complication in group 2 was
transfusion. Moreover, only three major complications
occurred in group 2, and all were medical complications.

There was a high proportion of pheochromocytoma in
group 2 patients. We subgroup analysis of the periopera-
tive outcomes between patients with and without pheo-
chromocytoma revealed that the rates of transfusion (35
vs 11.5%) and postoperative complication (45% vs 21.4%)
were numerically but not significantly higher in the phe-
ochromocytoma group (p =0.08 and 0.12, respectively).

The incidence of ACC was higher in group 2 patients
(8.3% vs 2.2%). During the follow-up period, two patients
(22.2%) in group 1 and one patient (25%) in group 2 death
because of tumor progression and metastasis. Although
the survival rates of ACC patients didn't seem to differ
between the 2 groups. We were unable to compare the
oncological results from this study because there were a
very small number of ACC patients.

Overall, we believe that LA of large adrenal tumors is
safe and feasible for a suitably experienced surgeon. For
tumors that are suspected of adrenal cancer, oncologic
principles must be strictly followed with minimal touch
technique, en-bloc tumor resection with a wide surgical
margin, preserved an intact tumor capsule, and a low
threshold of open conversion so as to obtain the appro-
priate surgical margin and oncological results.

The limitation of this study was a non-randomized
retrospective design. The number of patients between
2 groups is quite different. The LAs in this study were
performed by multiple surgeons and there may have
been a selection bias for choosing the surgical approach
in large adrenal tumors among surgeons. Our findings
should be counseled to patients before performing LA
in a large adrenal tumor. A prospective randomized
controlled trial is needed for future study.

Conclusions

Laparoscopic transperitoneal adrenalectomy in large
adrenal tumor>6cm is feasible but associated with
significantly ~ worse intraoperative = complications,
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postoperative complications and recovery. However,
most of the complications were minor and could be man-
aged conservatively. Careful patient selection with the
expertise surgeon in adrenal surgery are the key factors
for successful laparoscopic surgery in a large adrenal
tumor.

Abbreviations

LA: Laparoscopic adrenalectomy; ACC: Adrenocortical carcinoma; CT:
Computed tomography; MRI: Magnetic resonance imaging; BMI: Body mass
index; ASA: American Society of Anesthesiologists; EBL: Estimated blood loss;
IQR: Interquartile range; OR: Odd ratio; Cl: Confidence interval; RA: Robotic
adrenalectomy.

Acknowledgements
We would like to thank Office of Research Affairs, Chulalongkorn University for
language editing service during manuscript preparation.

Authors’ contributions

TP (Design of the study, acquisition and analysis of data, drafted the manu-
script), AS (Design of the studly, critical revision), MU (edited the manuscript),
SR (critical revision), DS (analysis of data), KP (Design of the study, acquisition
and analysis of data, drafted and edited the manuscript). All authors read and
approved the final manuscript.

Funding

This study received the research grants from “Grants for Development of New
Faculty Staff, Ratchadaphiseksomphot Endowment Fund, Chulalongkorn
University”.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate

The study was approved by the Ethics Committee, Institution-Review Board
(IRB) of Faculty of Medicine, Chulalongkorn University (IRB N0.535/62). Written
informed consent was obtained from every patient included in the study prior
to execution of the study. All procedures were performed in accordance with
relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 14 November 2020 Accepted: 11 January 2021
Published online: 01 February 2021

References

1. Gagner M, Lacroix A, Bolte E. Laparoscopic adrenalectomy in Cushing'’s
syndrome and pheochromocytoma. N Engl J Med. 1992;327(14):1033.

2. Heger P, Probst P, Huttner FJ, Goossen K, Proctor T, Muller-Stich BP, et al.
Evaluation of open and minimally invasive adrenalectomy: a systematic
review and network meta-analysis. World J Surg. 2017;41(11):2746-57.

3. Pogorzelski R, Toutounchi S, Krajewska E, Fiszer P, Kacka A, Piotrowski M,
et al. The usefulness of laparoscopic adrenalectomy in the treatment
of adrenal neoplasms - a single-centre experience. Endokrynol Pol.
2017,68(4):407-10.

4. Sgourakis G, Lanitis S, Kouloura A, Zaphiriadou P, Karkoulias K, Rap-
tis D, et al. Laparoscopic versus open adrenalectomy for stage I/11
adrenocortical carcinoma: meta-analysis of outcomes. J Invest Surg.
2015;28(3):145-52.

20.

21.

22.

23.

24.

25.

26.

Page 8 of 9

Autorino R, Bove P, De Sio M, Miano R, Micali S, Cindolo L, et al. Open
Versus laparoscopic adrenalectomy for adrenocortical carcinoma: a
meta-analysis of surgical and oncological outcomes. Ann Surg Oncol.
2016;23(4):1195-202.

Mir MC, Klink JC, Guillotreau J, Long JA, Miocinovic R, Kaouk JK; et al.
Comparative outcomes of laparoscopic and open adrenalectomy for
adrenocortical carcinoma: single, high-volume center experience. Ann
Surg Oncol. 2013;20(5):1456-61.

Fossa A, Rosok BI, Kazaryan AM, Holte HJ, Brennhovd B, Westerheim

O, et al. Laparoscopic versus open surgery in stage I-lll adrenocortical
carcinoma - a retrospective comparison of 32 patients. Acta Oncol.
2013;52(8):1771-7.

Murphy MM, Witkowski ER, Ng SC, McDade TP, Hill JS, Larkin AC, et al.
Trends in adrenalectomy: a recent national review. Surg Endosc.
2010;24(10):2518-26.

LiL,Yang G, Zhao L, Dou J, GuW, Lv Z, et al. Baseline demographic and
clinical characteristics of patients with adrenal incidentaloma from a
single center in China: a survey. Int J Endocrinol. 2017;2017:3093290.

. Wu K Liu Z, Liang J, Tang Y, Zou Z, Zhou C, et al. Laparoscopic versus

open adrenalectomy for localized (stage 1/2) adrenocortical carcinoma:
experience at a single, high-volumecenter. Surgery. 2018;164(6):1325-9.

. Fassnacht M, Arlt W, Bancos |, Dralle H, Newell-Price J, Sahdev A,

et al. Management of adrenal incidentalomas: European Society of
Endocrinology Clinical Practice Guideline in collaboration with the
European Network for the Study of Adrenal Tumors. Eur J Endocrinol.
2016;175(2):G1-34.

. Agha R, Abdall-Razak A, Crossley E, Dowlut N, losifidis C, Mathew G, et al.

STROCSS 2019 Guideline: Strengthening the reporting of cohort studies
in surgery. Int J Surg. 2019,72:156-65.

. Panumatrassamee K, Usawachintachit M, Ratchanon S, Santi-ngamkun A.

Transperitoneal laparoscopic adrenalectomy: a review and single-center
experience. Asian Biomedicine. 2014;8(4):533-9.

. Santingamkun A, Panumatrassamee K, Kiatsopit P. Clipless laparo-

scopic adrenalectomy for pheochromocytoma. Asian Biomedicine.
2017;11(2):157-62.

Dindo D, Demartines N, Clavien PA. Classification of surgical complica-
tions: a new proposal with evaluation in a cohort of 6336 patients and
results of a survey. Ann Surg. 2004;240(2):205-13.

Natkaniec M, Pedziwiatr M, Wierdak M, Major P, Migaczewski M, Matlok M,
et al. Laparoscopic transperitoneal lateral adrenalectomy for large adrenal
tumors. Urol Int. 2016;97(2):165-72.

Hemal AK, Singh A, Gupta NP. Whether adrenal mass more than 5cm

can pose problem in laparoscopic adrenalectomy? An evaluation of 22
patients. World J Urol. 2008;26(5):505-8.

Agrusa A, Romano G, Frazzetta G, Chianetta D, Sorce V, Di Buono G, et al.
Laparoscopic adrenalectomy for large adrenal masses: single team expe-
rience. Int J Surg. 2014;12(Suppl 1):S72-4.

Parnaby CN, Chong PS, Chisholm L, Farrow J, Connell JM, O'Dwyer PJ.

The role of laparoscopic adrenalectomy for adrenal tumours of 6cm or
greater. Surg Endosc. 2008;22(3):617-21.

Zografos GN, Farfaras A, Vasiliadis G, Pappa T, Aggeli C, Vassilatou E, et al.
Laparoscopic resection of large adrenal tumors. JSLS. 2010;14(3):364-8.
Bozkurt IH, Arslan M, Yonguc T, Degirmenci T, Koras O, Gunlusoy B, et al.
Laparoscopic adrenalectomy for large adrenal masses: Is it really more
complicated? Kaohsiung J Med Sci. 2015;31(12):644-8.

Abraham GP, Siddaiah AT, Das K, Krishnamohan R, George DP, Abraham JJ,
et al. Laparoscopic extirpation of giant adrenal ganglioneuroma. J Minim
Access Surg. 2014;10(1):45-7.

Conzo G, Gambardella C, Candela G, Sanguinetti A, Polistena A, Clarizia

G, et al. Single center experience with laparoscopic adrenalectomy on a
large clinical series. BMC Surgery. 2018;18(1):2.

Kazaryan AM, Marangos IP, Rosseland AR, Rosok BI, Villanger O, Pinjo E,

et al. Laparoscopic adrenalectomy: Norwegian single-center experience
of 242 procedures. J Laparoendosc Adv Surg Tech A. 2009;19(2):181-9.
Wang B, Ma X, Li H, Shi T, Hu D, Fu B, et al. Anatomic retroperitoneoscopic
adrenalectomy for selected adrenal tumors > 5cm: our technique and
experience. Urology. 2011;78(2):348-52.

Stefanidis D, Goldfarb M, Kercher KW, Hope WW, Richardson W, Fanelli RD.
SAGES guidelines for minimally invasive treatment of adrenal pathology.
Surg Endosc. 2013;27(11):3960-80.



Prakobpon et al. BMC Surg (2021) 21:68

27.

28.

29.

30.

Gaujoux S, Mihai R, joint working group of ESES and ENSAT. European
Society of Endocrine Surgeons (ESES) and European Network for the
Study of Adrenal Tumours (ENSAT) recommendations for the surgical
management of adrenocortical carcinoma. Br J Surg. 2017;104(4):358-76.
Brix D, Allolio B, Fenske W, Agha A, Dralle H, Jurowich C, et al. Laparo-
scopic versus open adrenalectomy for adrenocortical carcinoma: surgical
and oncologic outcome in 152 patients. Eur Urol. 2010;58(4):609-15.
Machado NO, Al Qadhi H, Al Wahaibi K, Rizvi SG. Laparoscopic adrenalec-
tomy for large adrenocortical carcinoma. JSLS. 2015;19(3):e2015.00036.
Cooper AB, Habra MA, Grubbs EG, Bednarski BK, Ying AK, Perrier ND,

et al. Does laparoscopic adrenalectomy jeopardize oncologic out-
comes for patients with adrenocortical carcinoma? Surg Endosc.
2013;27(11):4026-32.

Page 9 of 9

31. Economopoulos KP, Mylonas KS, Stamou AA, Theocharidis V, Sergentanis
TN, Psaltopoulou T, et al. Laparoscopic versus robotic adrenalectomy: a
comprehensive meta-analysis. Int J Surg. 2017;38:95-104.

32. Morelli L, Tartaglia D, Bronzoni J, Palmeri M, Guadagni S, Di Franco G, et al.
Robotic assisted versus pure laparoscopic surgery of the adrenal glands:
a case-control study comparing surgical techniques. Langenbecks Arch
Surg. 2016;401(7):999-1006.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Laparoscopic transperitoneal adrenalectomy in the large adrenal tumor from single center experience
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study populations
	Patient preparations
	Surgical techniques
	Outcomes measurement and data analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


