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aparoscopic Adrenalectomy for Adrenal
asses: Does Size Matter?

ctavio A. Castillo, Gonzalo Vitagliano, Fernando P. Secin, Marcelo Kerkebe,
nd Leonardo Arellano

BJECTIVES To examine the impact of adrenal tumor size on perioperative morbidity and postoperative
outcomes in patients undergoing laparoscopic adrenalectomy.

ETHODS A total of 227 laparoscopic adrenalectomies were divided in three groups according to size as
estimated by pathologic specimen maximum diameter: less than 6 cm (group 1, n � 140),
between 6 and 7.9 cm (group 2, n � 47), and equal to or larger than 8 cm (group 3, n � 40).
We prospectively recorded and analyzed clinical and pathologic data.

ESULTS Average operative time was 60 minutes (range, 50 to 90 minutes) for group 1, 75 minutes (range,
65 to 105 minutes) for group 2, and 80 minutes (range, 65 to 120 minutes) for group 3. Estimated
blood loss, median (interquartile range) was 50 mL (range, 20 to 100 mL), 100 mL (range, 48 to
225 mL), and 100 mL (range, 50 to 475 mL) for groups 1, 2, and 3, respectively. We observed
a total of 10, 4, and 4 complications in groups 1, 2, and 3, respectively. Average hospital stay was
2 days (range, 2 to 3 days), 2 days (range, 2 to 3 days), and 3 days (range, 2 to 4 days),
respectively, for groups 1, 2, and 3. Operative time, average blood loss, and mean hospital stay
were significantly higher (P �0.05) for group 3 compared with group 1.

ONCLUSIONS Laparoscopic adrenalectomy in large adrenal masses (8 cm or greater) is associated with
significantly longer operative time, increased blood loss, and longer hospital stay, without

affecting perioperative morbidity. UROLOGY 71: 1138 –1141, 2008. © 2008 Elsevier Inc.
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ver since its first description by Gagner1 in 1992,
there have been multiple reports providing evi-
dence of the benefits of laparoscopic adrenalec-

omy based on decreased bleeding, diminished postoper-
tive pain, less hospital stay, and faster convalescence.2– 8

resent indications for laparoscopic adrenalectomy in-
lude various pathological states such as aldosteronoma,
heochromocytoma, Cushing’s disease, nonfunctioning
denomas, and rare entities such as cysts and myelolipo-
as.2 However, controversy persists on the use of lapa-

oscopic adrenalectomy for the management of malig-
ant adrenal masses, particularly when they measure over
 to 6 cm in diameter, invade adjacent organs (liver,
idney, or pancreas), or have associated vein throm-
us.3,6,8,9 Centers with high laparoscopic experience
ake of tumor size a relative contraindication to the

aparoscopic approach.5,10,11

The inability of radiological imaging to differentiate
alignant from benign lesions accurately has resulted in

he persistent use of size as an indicator of malignant
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otential, considering tumors larger than 5 cm to be at
igh risk for malignancy.10

Our objective was to examine the impact of adrenal
umor size (less than 6 cm versus 6 to 7.9 cm versus 8 cm
r greater) on perioperative morbidity and postoperative
utcomes in our series of patients undergoing laparo-
copic adrenalectomy.

ATERIAL AND METHODS

etween June 1993 and January 2006, a single surgeon
O.A.C) performed 227 laparoscopic adrenalectomies in 205
atients. Demographic, clinical, pathologic, intraoperative,
ostoperative, and follow-up data were prospectively col-
ected and compared among the 3 groups. Groups were
enerated according to size as estimated by pathologic spec-
men maximum diameter: less than 6 cm (group 1, n � 140),
etween 6 and 7.9 cm (group 2, n � 47), and equal to or
arger than 8 cm (group 3, n � 40). The size criteria were
lected based on prior reports.3,5,12

urgical Technique
his technique was developed during the learning curve of a

ingle, self-taught laparoscopist. The same technique was em-
loyed in all cases independent of size. All procedures were
arried out transperitoneally and trocar position varied accord-
ng to tumor side. On the left, three trocars were placed 3 cm

elow the costal rim: a 10-mm trocar on the midaxillary line for

0090-4295/08/$34.00
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he camera, a second 10-mm trocar on the posterior axillary
ine, and a third 5-mm trocar on the median clavicular line
Fig. 1). We initially divided the splenocolic ligament and
eflected the splenic angle of the colon. The spleen and the tail
f the pancreas were mobilized medially to expose the adrenal
land.

On the right side, a fourth 5-mm trocar was added in the
pigastrium to insert a liver retractor (Fig. 2). Prior sectioning
f the triangular hepatic ligament facilitated liver retraction.
oldt’s line was subsequently dissected caudally to expose the
pper pole of the kidney and the inferior vena cava.
Once the adrenal gland had been exposed, adrenal vessels

ere identified, clipped, and divided. The specimen was finally
xtracted in a laparoscopic bag.

Complications were classified as intraoperative, postopera-
ive, or delayed. Intraoperative complications were classified
sing the system proposed by Vallancien et al.13 according to
he degree of severity: major—life-threatening or requiring a
tay of more than 24 hours in the intensive care unit and
eoperation; intermediate—requiring reoperation, conversion,
r admission to the intensive care unit for less than 24 hours;
nd minor—did not require admission to the intensive care
nit, reoperation, or prolongation of hospitalization. Postoper-

Figure 1. Trocar placement for left adrenalectomy.

Figure 2. Trocar placement for right adrenalectomy.
tive complications included any adverse event occurring p

ROLOGY 71 (6), 2008
ithin 30 days of surgery, whereas delayed complication was
efined as any event occurring after a month of surgery.

tatistical Methods
e calculated exact confidence intervals for the overall inci-

ence of complications. We used one-way analysis of variance
ANOVA) test to compare numeric variables among the 3
roups, whereas we compared categorical variables using pair-
ise Chi-square tests. A nominal level of 5% statistical signif-

cance was assumed. Statistical analyses were conducted using
tata 8.2 (Stata Corp., College Station, Tex).

ESULTS
able 1 summarizes demographic and operative data of

he three groups. The median patient age in the series
as 52 years (interquartile range [IQR], 38 to 63) and the
ale-to-female ratio was 1:1.6. Incidental diagnosis was

erformed in 50%, 44%, and 50%, respectively, for
roups 1, 2, and 3. Median (IQR) maximum specimen
iameter was 3.5 cm (range, 2.8 to 4.5 cm), 6.5 cm
range, 6 to 7 cm), and 9.3 cm (range, 8 to 11 cm) for
roups 1, 2, and 3, respectively. A total of 87 (38%) of
he 227 adrenalectomies were performed on tumors mea-
uring over 6 cm in maximum diameter. Median (IQR)
perative time was 60 minutes (range, 50 to 90 minutes)
or group 1, 75 minutes (range, 65 to 105 minutes) for
roup 2, and 80 minutes (range, 65 to 120 minutes) for
roup 3. Estimated blood loss, median (IQR) was 50 mL
range, 20 to 100 mL), 100 mL (range, 48 to 225 mL),
nd 100 mL (range, 50 to 475 mL) for groups 1, 2, and 3,
espectively. By ANOVA, operative time and estimated
lood loss were significantly higher for group 3 compared
ith group 1 (Table 1).
We observed a total of 10 complications (7%) in group

, 5 of which were minor intraoperative complications: 2
enal vein tears and 1 spleen and 2 diaphragmatic inju-
ies, respectively, all successfully managed intraopera-
ively by means of intracorporeal suture. One patient
resented severe intraoperative hemorrhage (over 500
L). Two patients had postoperative complications: 1

ase of hyponatremia which did not require extension of
ength of hospital stay and 1 pancreatic fistula which was
anaged with percutaneous drainage and subsequent en-

oscopic papillotomy. We obsereved delayed incisional
ernias in 3 patients (2.5%).
We observed 4 complications (9%) in group 2. There

as 1 major intraoperative complication: a hypertensive
risis leading to death in a patient operated on for a 7-cm
ight adrenal pheochromocytoma. The patient received
tandard 2-week preoperative preparation with �- and
-blockers and surgery was performed with minimal ad-

enal gland manipulation. We observed intraoperative
ntermediate level complications in 2 patients, 1 severe
ntraoperative hemorrhage that required conversion to
pen surgery and blood transfusion, and 1 diaphragmatic
njury that was successfully sutured laparoscopically. One
atient was diagnosed with a retroperitoneal hematoma

ostoperatively and successfully managed expectantly.
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A total of 4 complications (10%) occurred in group 3.
e observed minor intraoperative complications in 3 pa-

ients, 2 patients presented with significant intraoperative
leeding (over 500 mL), and 1 patient had a diaphragmatic
njury that was successfully repaired laparoscopically. One
atient had a postoperative retroperitoneal hematoma that
as expectantly managed. A total of 3 patients (8%) re-
eived a blood transfusion. There were no delayed compli-
ations in this group.

Median (IQR) hospital stay was 2 days (range, 2 to 3
ays), 2 days (range, 2 to 3 days), and 3 days (range, 2 to
days), respectively, for groups 1, 2, and 3. Hospital stay
as significantly higher for group 3 (P �0.02) compared
ith group 1 (Table 1).

ISCUSSION
any authors have demonstrated a significant decrease

n perioperative morbidity and convalescence for lapa-
oscopic adrenalectomy compared with open surgery.
n 1988, Winfield et al.3 published a comparative study
f 21 and 17 patients who underwent laparoscopic and
pen adrenalectomy, respectively. The authors found
n initial advantage in operative time in favor of open
urgery, which later diminished as the learning curve of
he laparoscopic technique was surpassed. A relevant
dvantage was also found in favor of laparoscopic adre-
alectomy with regard to return to a complete diet,
nalgesic requirements, hospital stay, and convalescence

Table 1. Demographic and operative data of the three gro

Laparoscopic
Adrenalectomy for
Masses � 6 cm

(n � 140)

Lapa
Adrena
Masse

(n

Mean age, median (IQR) 54 (44–64) 47

Male gender 43% (33) 18%
Side: right 47% (67) 57%
Incidental diagnosis 50%
Size, median cm (IQR) 3.5 (2.8–4.5) 6.5

Operative time, median
min (IQR)

60 (50–90) 75

No. of complications 10 (7%) 4
Intraoperative

Major 0 1
Intermediate 0
Minor 5

Postoperative 2
Delayed 3
No. of conversions 0
Estimated blood loss, mL

(IQR)
50 (20–100) 100

Transfusion, n (%) 4 (3) 1
Mean hospital stay, days

(IQR)
2 (2–3) 2

Malignant tumor (ACC and
metastasis) n (%)

16 (12) 9

ACC � adrenocortical carcinoma; IQR � interquartile range.
P �0.001). Although there was no significant difference a

140
n tumor size between groups (laparoscopic, 1.8 cm; and
lassic open surgery, 2.5 cm; P � 0.196), the authors
uggested leaving the laparoscopic approach for adrenal
esions under 6 cm that had no evidence of malignancy or
ultifocality. Similar findings and recommendations
ave been reported by other authors.6,8,9

Motivated by the significant advantages of laparoscopy
ver classic surgery, several authors have extended the
nclusion criteria of this technique. Gill,2 in an broad
evision of laparoscopic adrenalectomy, remarked that
ven though adrenal mass size is not an irrefutable con-
raindication to the laparoscopic technique, it is gener-
lly not feasible for tumors over 10 to 12 cm owing to the
ncrease incidence of malignancy. Gagner et al.5 and
ssalia and Gagner12 considered laparoscopic adrenalec-

omy to be the procedure of choice in adrenal surgical
athology, except in the setting of carcinoma or in
asses over 15 cm. Because of the increased risk of
alignancy in lesions over 6 to 8 cm, Assalia and Gagner

lso advocated limiting laparoscopic adrenalectomy to
esions under 8 cm.

In 2000, Hobart et al.10 published a study comparing a
roup of 14 patients submitted to laparoscopic adrenal-
ctomy for masses greater than 5 cm (group I) with other
wo groups of patients: group II, corresponding to 14
atients submitted to open adrenalectomy for masses
reater than 5 cm, and a third group of 45 patients
ubmitted to laparoscopic adrenalectomy for masses less
han 5 cm (group III). They found that laparoscopic

opic
my for
7.9 cm
7)

Laparoscopic
Adrenalectomy for
Masses � 8 cm

(n � 40) P-Value

61) 46 (31–57) 1 vs 3, 0.02; 2 vs 3,
1 and 1 vs 2, 0.2

18% (49) 0.12
40% (16) 0.3

50% 0.8
) 9.3 (8–11) �0.001 among all

groups
105) 80 (65–120) 1 vs 3, 0.004; 2 vs 3,

0.2 and 1 vs 2, 0.9
4 (10%) 0.7

eath 0
0
3
1
0
0 0.9

225) 100 (50–475) 1 vs 3 0.005; 2 vs 3,
0.3 and 1 vs 2, 1

3 (8) 0.3
) 3 (2–4) 1 vs 3, 0.02; 2 vs 3, 0.6

and 1 vs 2, 0.7
13 (33) 1 vs 3, 0.004; 2 vs 3,

0.2 and 1 vs 2, 0.6
ups

rosc
lecto
s 6–
� 4

(35–

(46)
(27)
44%
(6–7

(65–

(9%)

(%) D
2
0
1
0
1

(48–

(2)
(2–3

(19)
drenalectomy could be performed safely and in a rea-

UROLOGY 71 (6), 2008
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onable time, either transperitoneally or retroperitoneally
or adrenal masses under and over 5 cm (groups III and I).
ontrary to what was observed with open adrenalectomy

or large tumors, laparoscopic adrenalectomy for large
drenal masses allows for early diet, short hospital stay
ith less convalescence, and better cosmetic results.
owever, in group I a greater rate of conversion to open

urgery was found, as opposed to the laparoscopic adre-
alectomy group for small masses: 12.2% versus 2.1%,
espectively.

Recently Novitsky et al.11 published a series of 24
onsecutive laparoscopic adrenalectomies in patients
ith adrenal masses over 5 cm. Mean mass diameter was
.8 cm, with a mean operative time of 178 minutes
range, 120 to 300 minutes). No conversions to open
urgery were reported. The authors also found that the
dvantages classically advocated for laparoscopic adrenal-
ctomy were maintained despite the increase in mass size.
his is the biggest series of laparoscopic adrenalectomies

or large adrenal masses published. However, the con-
erns about laparoscopic removal of large adrenal tumors
re justifiable by the higher malignant potential of these
esions and the inherit risk of capsular disruption and
umor spillage.

In our series, we compared 140 laparoscopic adrena-
ectomies for adrenal masses under 6 cm with 47 per-
ormed for masses between 6 and 8 cm and 40 of per-
ormed for masses of 8 cm or larger. There was a
tatistically significant difference (P �0.05) in blood loss
nd operative time for group 3; however, no difference
as observed between groups 1 and 2.
We observed 10, 4, and 4 of complications in groups 1,

, and 3, respectively. There was no significant difference
n the number of perioperative complications in all
roups (P � 0.7). This could be explained by the fact that
arger adrenal tumors were performed later in the series
fter the surgeon had mastered the technique. When the
everity of intraoperative complications is compared, it is
lear that complications are similar among all groups.
he only death reported in our series involved a patient
ho underwent laparoscopic adrenalectomy for a 7-cm

ight adrenal pheochromocytoma (group 2). Despite a
tandard preoperatory preparation, the patient suffered
n uncontrollable hypertensive crisis leading to intraop-
rative death. Nevertheless, we have continued perform-
ng this technique for all pheochromocytomas obtaining
xcellent results. Larger adrenal masses may require pro-
onged dissection and this could be associated with in-
reased operative bleeding, however; the number of peri-
perative complications is similar in all groups. This
ould indicate that laparoscopic adrenalectomy for large
drenal masses, while technically demanding, is feasible

ithout additional morbidity.

ROLOGY 71 (6), 2008
Median (IQR) hospital stay was 2, 2, and 3 days for
roups 1, 2, and 3, respectively. There was a statistically
ignificant difference (P �0.05) for group 3. The in-
reased operative bleeding and time recorded in group 3
ay account for the longer hospital stay. However, this is

omparable to other series of laparoscopic adrenalecto-
ies indicating that, despite the considerable size of the

drenal masses, the advantages of the laparoscopic ap-
roach persist.
Despite our results, transperitoneal laparoscopic adre-

alectomy may not be the best choice for all large adrenal
asses. Concomitant pathology such as hostile abdomen

rom multiple prior surgeries, extension into contiguous
rgans, or presence of inferior vena cava thrombus may
all for retroperitoneoscopy or even an open approach.

ONCLUSIONS
aparoscopic adrenalectomy of large adrenal masses
8 cm or greater) is associated with significantly longer
perating time, increased blood loss, and longer hospital
tay. However, it may performed by experienced surgeons
ithout significantly affecting perioperative morbidity.
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