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Abstract
Background:The use of minimally invasive techniques in
the surgical treatment of pheochromocytoma is controver-
sial because of possible intraoperative excessive hormone
release resulting in cardiovascular instabilities.
Methods: Laparoscopic adrenalectomy was performed in
nine patients with a total of 10 pheochromocytomas. Con-
version was required in two cases. The relevant data were
prospectively documented and compared with a historical
group of nine patients who had undergone conventional
transabdominal adrenalectomy for unilateral pheochromo-
cytoma.
Results:The laparoscopic operations lasted significantly
longer than the conventional procedures (median 243 min
vs. 100 min,p < 0.01). Intraoperative cardiovascular insta-
bilities (tachycardia, hypertension) occurred in seven lapa-
roscopically and eight conventionally treated patients. All
were easily controlled. Blood transfusions were necessary
in four patients in the conventional and one patient in the
laparoscopic group. Postoperative hospital stay and duration
of analgetic treatment were significantly shorter after lapa-
roscopic adrenalectomy.
Conclusions:Laparoscopic adrenalectomy is a safe proce-
dure for patients with pheochromocytoma.
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Since the first report on laparoscopic adrenalectomy by
Gagner et al. [6] minimally invasive surgery has become the
preferred technique for the surgical treatment of benign
adrenal tumors in many institutions. As in conventional sur-
gery, a variety of different surgical approaches to the adre-
nals have been described for minimally invasive adrenalec-

tomy [1, 20]. In principle, the transperitoneal techniques
have to be distinguished from the retroperitoneoscopic ap-
proaches. The latter require a balloon trocar, which is ex-
panded in the retroperitoneal fat at the beginning of the
procedure to create a space similar to that in endoscopic
preperitoneal hernia repair [10]. Like many other authors [3,
12, 14, 15, 17, 23, 24], we prefer the laparoscopic trans-
peritoneal techniques. After our first 28 laparoscopic adre-
nalectomies, which had been performed with the patient in
the lithotomy position, we changed our technique to the
transperitoneal approach with the patient in the lateral de-
cubitus position as described by Gagner et al. [6].

The most feared complications during adrenalectomy
for pheochromozytoma are cardiovascular instabilities due
to an excessive intraoperative catecholamine release. There-
fore, several authors [22, 26] expressed particular reluctance
about using minimally invasive techniques in the surgical
treatment of pheochromocytomas. In our series, we have not
excluded patients with pheochromocytomas from laparo-
scopic adrenalectomy. Our results in these patients are com-
pared with the results of those who underwent transabdom-
inal conventional adrenalectomy for pheochromocytoma in
the years before the introduction of laparoscopic adrenalec-
tomy in our institution.

Patients and methods

Since June 1993 laparoscopic adrenalectomy is our treatment of choice for
benign adrenal lesions. Now the relevant data of all patients requiring
adrenalectomy are prospectively documented. Up to January 10, 1997, 33
laparoscopic adrenalectomies have been performed in our institution. A
total of 10 adrenals were removed for benign pheochromocytomas in five
men and four women (bilateral adrenalectomy in one case). Conversion
was required in two cases. The data of these patients were prospectively
documented and compared with the retrospectively collected data of nine
patients (three men and six women) with unilateral adrenal pheochromo-
cytomas who underwent conventional transperitoneal adrenalectomy be-
tween 1987 and 1993.

All patients in both groups had a preoperativea-blockade with
phenoxybenzamin. The drug was administered with increasing doses until
the patient reported orthostatic symptoms or perioral paresthesias. The firstCorrespondence to:E. Möbius
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eight laparoscopic procedures were performed with the patient in the li-
thotomy position. Depending on the affected side and the patient’s stature,
four to five trocars were needed. The operative technique has been de-
scribed in detail elsewhere [18, 20]. The last two transperitoneal laparo-
scopic adrenalectomies were performed with the patient in the lateral de-
cubitus position. Four trocars were required in both cases. The operative
technique also has been precisely described by other authors [6, 13]. In all
cases the adrenal vein was clipped and divided before the dissection of the
tumor.

Our historic control group consisted only of patients who underwent
transabdominal adrenalectomy. In all cases a subcostal incision was used.
On the left side, the lesser sac was opened by division of the gastrocolic
ligament. The renal vein was exposed, and the tumor was mobilized only
after ligation of the adrenal vein. On the right side, Kocher’s maneuver was
performed and the vena cava exposed. On its right lateral aspect, the
adrenal vein was identified and ligated before any further manipulation of
the tumor [11].

To characterize the two groups of patients according to age, sex, body
mass index (BMI), and clinical presentation as well as tumor size and
tumor localization, these data were analyzed. Operative time, number of
transfused units of red blood cells, intra- and postoperative complications,
postoperative hospital stay, and the duration of analgetic treatment were
used for comparison of the two operative procedures. For the evaluation of
the intraoperative course, heart rates greater than 100 beats per minute
(bpm) were considered as tachycardia. The intraoperative blood pressure
was considered hypertensive if the systolic blood pressure exceeded 160
mmHg. The Wilcoxon test and Fisher’s exact test were used for statistical
comparison. Significance was assumed for values ofp < 0.05.

Results

Although the conventionally treated patients were slightly
older than the patients undergoing laparoscopic adrenalec-
tomy, the two groups were comparable concerning age, sex,
BMI, and clinical presentation (Table 1). Two patients in
the laparoscopic group were affected by the MEN-IIa syn-
drome. In one case an asymptomatic unilateral pheochro-
mocytoma was found on routine follow-up. The other pa-
tient was the index patient of her family and already had
bilateral pheochromocytomas.

The tumors in the patients undergoing conventional ad-
renalectomy were slightly larger than those in the laparo-
scopic group (Table 2). Also, the predominance of right-
sided pheochromocytomas was more pronounced in the
conventional group. However, these differences did not
reach statistical significance.

The final dose of phenoxybenzamin required to achieve
an adequate preparation of the patient was also comparable
in both groups. The laparoscopic group required a median

dose of 90 mg/day (range 40–280 mg/day), whereas the
conventionally treated patients needed a median dose of 80
mg/day (range 60–140 mg/day).

In two cases we had to convert from the laparoscopic to
the conventional technique. In the first case the reason was
a small injury to the renal vein in a right-sided pheochro-
mocytoma. This resulted in a significant bleeding, which
could not be controlled laparoscopically. In the second case
the operation was performed for a large (7.5 cm) left-sided
pheochromocytoma. Due to tumor size, the progress of the
operation was inadequate and we opted for an elective con-
version. At this time, the adrenal vein had already been
controlled and divided.

The laparoscopic procedure required operative times be-
tween 125 and 360 min, with a median of 243 min, includ-
ing the operations requiring conversion. This was signifi-
cantly longer than the time required to perform the conven-
tional adrenalectomies. These lasted between 85 and 130
min, with a median of 100 min (p < 0.01). However, for
laparoscopic adrenalectomy we observed a learning curve
as with other laparoscopic procedures. The last three adre-
nalectomies were completed in less than 150 min. There
was no correlation between operative time and tumor size.

Between the two operative techniques no significant dif-
ferences were found concerning intraoperative cardiovascu-
lar instabilities. In seven of the nine patients in the laparo-
scopic group, episodes of tachycardia and/or hypertension
were observed during the operation. In five patients, short-
lasting blood pressure peaks with maximum systolic pres-
sures between 180 and 210 mmHg occurred. In almost all
cases, the hypertension was easily controlled with a nitro-
glycerine drip, which was dosed by effect. Most hyperten-
sive episodes were of short duration. Only one patient had
longer lasting periods of hypertension (>3 min). She had a
hormonally very active tumor requiring an extensive preop-
erativea-blockade with 280 mg of phenoxybenzamin per
day. Her intraoperative course is shown in Fig. 1.

Intraoperative tachycardia with heart rates between 100
and 140 bpm were seen in four patients in the laparoscopy
group. These short episodes either subsided spontaneously
or were controlled with a short-actingb-blocking agent.
Cardiovascular reactions occurred in eight of the nine con-
ventionally treated patients. In seven cases we observed
blood pressure peaks between 170 and 220 mmHg. Three
patients had short-lasting phases of tachycardia with heart
rates between 100 and 120 bpm. These instabilities were
treated in the same way as described earlier and were also
quickly and easily controlled.

None of the patients in the laparoscopy group needed
intraoperative blood transfusions, including the patient with
a 2-cm pheochromocytoma whose operation had to be con-

Table 1.Demographic data and clinical presentation of the patients in
both groups

Laparoscopic
(n 4 9)a

Conventional
(n 4 9)

Sex
(male/female) 5/4 3/6 NS

Age (years)
median (range) 48 (25–69) 62 (21–69) NS

BMI (kg/m2)
median (range) 23.1 (18.7–26.5) 23.8 (21.7–27.2) NS

Clinical presentation
Hypertension 8 9 NS
Tachycardia 6 5 NS
MEN-II syndrome 2 0 —

a One patient in the laparoscopic group with MEN-IIa syndrome suffered
from bilateral pheochromocytomas. NS4 not significant.

Table 2.Characteristics of the tumors in both groups

Laparoscopic
(n 4 10)

Conventional
(n 4 9)

Tumor size (cm)
median (range) 3.8 (1.7–7.5) 4.5 (3–7) NS

Tumor localization
right : left 6 : 4 8 : 1 NS

NS 4 not significant.
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verted to the open technique because of a small injury to the
right renal vein. His estimated blood loss was 1,100 ml. One
elderly patient developed a postoperative hemorrhage and a
consecutive flank hematoma. She required a transfusion of
2 units of packed red blood cells. Four conventionally
treated patients (44%) were transfused with 1 to 4 units of
red blood cells due to intraoperative hemorrhage. Although
this difference is not statistically significant (p 4 0.294),
there is a clear trend in favor of the laparoscopic technique.
Except for the case with postoperative retroperitoneal he-
matoma in a laparoscopic adrenalectomy patient, there was
no postoperative complication in either group.

Significant advantages were found for the laparoscopic
technique in terms of postoperative hospital stay and pain
(Table 3). Laparoscopic adrenalectomy patients stayed in
the hospital for 4 to 9 days after the operation (median, 6
days), whereas the patients in the conventional group were
discharged after 8 to 13 days (median, 10 days;p < 0.01).
However, this comparison has its limitations, because the
patients were observed in different time periods. Analgetic
drugs were needed by the laparoscopically operated patients
for a median of 2 days (range, 1–3 days). In contrast, after
conventional adrenalectomy the patients required pain
medication for a median of 3 days (range, 2–4 days;p <
0.01). The data of the laparoscopy group includes those of
the patients requiring conversion.

Discussion

Since the introduction of minimally invasive surgery, in-
creasing experience with these techniques and improvement
of laparoscopic instruments has allowed an enlarged spec-
trum of indications for this type of surgery, which now also
includes adrenalectomy [7]. Today, minimally invasive ad-
renalectomy is the treatment of choice for benign adreno-
cortical tumors in many institutions. In our department the

conventional transperitoneal approach is used only in very
few cases. However, the suspicion of adrenal malignancy is
considered to be a contraindication for laparoscopic adre-
nalectomy [6, 15, 19]. Although a large number of endo-
scopic adrenalectomies for pheochromocytoma have been
reported [4, 6, 8, 12, 14, 15, 24, 27], some authors are
reluctant to use this technique for the removal of catechol-
amine-secreting tumors [22, 26]. In our series, pheochro-
mocytoma has been the most frequent indication for lapa-
roscopic adrenalectomy next to primary hyperaldosteronism
(Conn’s syndrome).

Our results show that pheochromocytomas can be man-
aged safely laparoscopically. Comparing the laparoscopic
with the open technique, we did not observe significant
differences concerning intraoperative cardiovascular insta-
bilities. The laparoscopic approach allows an excellent ex-
posure of the anatomic region of the adrenals, and the adre-
nal veins can easily be controlled before the dissection of
the tumor itself. Other authors reported similar results. Fern-
andez-Cruz et al. [5] studied the intraoperative catechol-
amine secretion and hemodynamic changes in eight patients
undergoing conventional and eight patients undergoing lap-
aroscopic adrenalectomy for pheochromocytoma. These au-
thors found hemodynamic instabilities only during conven-
tional operations. As expected, they found the highest cat-
echolamine levels during the manipulation of the tumor,
regardless which operative technique was used.

It appears that less manipulation of the tumor is required
to identify the adrenal vein if the laparoscopic approach is
used. This could explain the results of Fernandez-Cruz et al.
[5]. It also supports our concept that the adrenal vein should
always be identified and controlled before further manipu-
lations. Guazzoni et al. [8] also emphasized the importance
of this principle, which had been uncontradicted in the days
of conventional adrenalectomy. However, other groups us-
ing retroperitoneoscopic techniques also did not observe an
increased number of intraoperative hypertensive or tachy-
cardic upsets, although their techniques do not allow an

Fig. 1. Intraoperative course in a
46-year-old female patient with a 3.5-cm
right-sided pheochromocytoma who had
episodes of hypertension and a brief
episode of tachycardia despite high
preoperative doses of ana-blocking agent.
Hypertension was treated with
nitroglycerin.
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early identification of the adrenal vein [9, 28]. Apparently
the dissection of an adrenal containing a pheochromocy-
toma is possible even before ligation of the adrenal vein if
the patients are adequately prepared witha-blockers and an
atraumatic technique is used.

Traditionally, CO2 is used to create the pneumoperito-
neum, which is needed for laparoscopic operations. Because
CO2 can cause hypercapnia, respiratory acidosis, increased
vascular resistance, decreased cardiac index with elevated
O2-consumption of the myocardium, and increased mean
arterial pressure [21], it has been questioned whether CO2 is
the appropriate gas to be used in surgery for pheochromo-
cytomas. Helium does not cause hypercapnia and acidosis.
Fernandez-Cruz et al. [5] used helium for pneumoperito-
neum in such tumors. It was well tolerated by the patients.
However, studies comparing CO2 and helium are still pend-
ing.

Brunt et al. [2] reported a highly significant lesser op-
erative blood loss in laparoscopic adrenalectomy than with
the conventional transabdominal and retroperitoneal ap-
proaches. Their endoscopic adrenalectomy patients had a
lower incidence of perioperative blood transfusion, as did
our patients with pheochromocytomas in the laparoscopic
group. This indicates that minimally invasive adrenalecto-
my allows a more precise dissection than the conventional
techniques, which is particularly important in patients with
pheochromocytomas.

The significantly longer operative time is a major dis-
advantage of laparoscopic adrenalectomy. However, this
appears to be a question of experience. As with other lap-
aroscopic operations, there is a typical learning curve. To-
day operative times of 2 hours and less are realistic for
laparoscopic adrenalectomy, even in patients with pheo-
chromocytomas [4, 6, 16].

It should be emphasized that the prerequisite for an un-
complicated intra- and postoperative course is an experi-
enced team. Because pheochromocytomas are relatively
rare tumors, laparoscopic adrenalectomy for pheochromo-
cytoma should remain an operation that is performed in
centers with particular interest in endocrine disorders and
laparoscopic surgery.

We favor the laparoscopic approach in patients with
pheochromocytomas as well as in patients with all other
benign adrenal lesions up to a size of 6 to 8 cm. It is a safe
procedure and compares favorably with the conventional
technique. Besides the advantages mentioned earlier (re-
duced postoperative stay, reduced need for analgetic drugs),

the patients have the advantage of a superior functional and
cosmetic result.
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