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Abstract

Background Laparoscopic adrenalectomy is the proce-
dure of choice for small adrenal tumors, but some concerns
have been voiced when this approach is adopted for larger
tumors and pheochromocytomas. The aim of this study was
to examine the results of the laparoscopic resection of large
pheochromocytomas.

Methods A retrospective review of adrenalectomies per-
formed for adrenal pheochromocytomas >6 cm in
diameter. We compiled and analyzed the early operative
complications, histologic findings, and cure rates with a
minimum of 1 year of follow-up after surgery.

Results  From 1996 to 2005, a total of 445 laparoscopic
adrenalectomies were performed in our institution using
the anterolateral transperitoneal approach. From this series
we identified 18 procedures for pheochromocytomas with
an average diameter on imaging of 78.2 mm (range 60-
130 mm). All patients were rendered safe with a standard
departmental protocol involving calcium-channel blockade
initiated at least 2 weeks prior to surgery. The average peak
intraoperative blood pressure was 187 mmHg. Capsular
disruption occurred in two cases. One patient required an
intraoperative blood transfusion due to intraoperative blood
loss. No immediate conversions to an open procedure were
required, but one patient underwent a delayed laparotomy
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for hematoma formation. Histologically, four of the adrenal
tumors displayed evidence of vascular invasion. Bio-
chemical cure was achieved in all patients after a median
follow-up of 58 months (16122 months).

Conclusions Laparoscopic adrenalectomy appears to be a
safe and effective approach for large pheochromocytomas
when no preoperative or intraoperative evidence of local
invasion is present.

Adoption of the laparoscopic approach has reduced the
morbidity and length of stay following adrenalectomy [1].
Although there are no large randomized controlled trials
that have compared open versus laparoscopic adrenalec-
tomy, numerous case series have demonstrated the safety
and efficacy of laparoscopic adrenalectomy [2, 3], and it has
become the standard of care for the operative treatment of
both functioning and nonfunctioning adrenal tumors. Given
the technical challenge associated with the surgical excision
of large adrenal tumors and pheochromocytomas, initially
there were some reservations about using the laparoscopic
approach for these tumors. However, as experience with the
laparoscopic approach has increased, reports have appeared
demonstrating the feasibility of laparoscopic resection of
adrenal tumors > 6 cm in diameter, and eventually the same
occurred with small pheochromocytomas. However, few
reports have documented the laparoscopic approach for
large pheochromocytomas with a diameter of >6 cm [4, 5].

The concerns surrounding the laparoscopic approach to
large pheochromocytomas arise because of the technical
challenge they may present, the intraoperative instability
that follows the discharge of hormones secondary to
manipulating the tumor, and the risk of malignancy in a
large pheochromocytoma. The aim of this study was to
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evaluate the safety and efficacy of a laparoscopic procedure
for large pheochromocytomas and the median-term out-
comes after surgery.

Methods

A retrospective review was performed on patients who had
a pheochromocytoma and underwent surgery in our
department between 1996 and 2005. Large pheochromo-
cytomas—tumors with a diameter of >6 cm on
preoperative imaging—were selected if a minimum of 1
year of follow-up after surgery was available.

The diagnosis of pheochromocytoma was confirmed by
clinical features combined with evidence of elevated
plasma methoxyamines (normal <2000 pg/ml) and urine
metanephrines (normal <2000 nmol/24 hr). In addition to
radiologic imaging [computed tomography (CT) and/or
magnetic resonance imaging (MRI)], we routinely per-
formed scintigraphic studies with B meta-
benzylguanidine (MIBG) for large pheochromocytomas to
rule out multiple lesions and metastases [6]. During the
preoperative workup, evidence of malignancy (e.g., local
invasion, metastases) was a contraindication to a laparo-
scopic approach.

Preoperative preparation consisted in a minimum of 2
weeks of calcium-channel blockade (nicardipine 20-90
mg/day), which was continued until the induction of gen-
eral anesthesia. Intraoperatively, short-acting drugs
(including sodium nitroprusside and esmolol) were added
to prevent acute hypertensive episodes by vasodilatation
and for heart rate control, respectively. Intravenous fluids
and epinephrine were given when the systolic blood pres-
sure fell below 90 mmHg after tumor removal.

All procedures were performed via a transperitoneal
anterolateral laparoscopic approach. The technique con-
sisted of vascular dissection of the gland without previous
control of the adrenal vein aimed at systematic devascu-
larization of the tumor with minimal manipulation of the
adrenal gland itself. The adrenal glands were resected with
periadrenal fat to allow safe tumor margins. All specimens
were placed in an Endocatch bag (U.S. Surgical, Norwalk,
CT, USA) and cut into larger fragments to allow excision
via a laparoscopic port. Drainage was used selectively.

Postoperatively, all patients received prophylaxis for
deep vein thrombosis and were monitored in a high
dependency or intensive care unit for the first postoperative
day. During follow-up, the criteria of cure were docu-
mented by clinical and biochemical evaluation
postoperatively and yearly thereafter. In selected patients
(e.g., when capsular disruption had occurred or in cases of
apparently nonfunctioning pheochromocytoma) radiologic
and scintigraphic studies were performed.

Results

From 1996 to 2005 we performed 445 laparoscopic
adrenalectomies, 96 of which were pheochromocytomas.
Altogether, 18 (19%) large pheochromocytomas were
found in 17 patients (7 men, 10 women) with a mean age
of 48 years (25-85 years). There were 16 unilateral
pheochomocytomas and one bilateral pheochromocytoma.
None of the 16 patients who presented with unilateral
disease had a history suggestive of inherited disease. The
patient with bilateral pheochromocytomas had negative
genetic testing for multiple endocrine neoplasia type 2,
von Hippel-Lindau disease, and pheochromocytoma/par-
aganglioma syndrome.

The clinical presentation consisted in hypertension
requiring treatment (eight patients), hypotension (two
patients), and incidentally identified tumors with no
symptoms suggestive of catecholamine excess (seven
patients). Hypertensive patients presented an average of
50-fold elevation (range 0—150) above the upper limit of
plasma methoxyamines and 13-fold (range 0-35) increase
in urinary metanephrines. One patient had negative bio-
chemical screening for catecholamine secretion, and the
diagnosis of pheochromocytomas was based on histologic
evaluation. Nonhypertensive patients presented an average
of 24-fold elevation (range 2—-86) above the upper limit of
plasma methoxyamines and 18-fold (range 2-52) increase
in urinary metanephrines. In total, 7 lesions were left-sided,
and 11 involved the right adrenal gland. On imaging, the
average size was 78.2 mm (range 60-130 mm). On CT
scans, various degrees of cystic parenchymal degeneration
were found in 12 patients. In 16 patients MIBG showed
results concordant with those of radiologic imaging with no
additional foci of disease (Fig. 1).

At surgery, the average highest systolic blood pressure
(SBP) was 187 mmHg (range 150— 260 mmHg), and the
average lowest SBP was 94 mmHg (range 60-100 mmHg).
Intraoperative hypertension (SBP >170 mmHg) occurred in
three patients at insufflation and in two during manipulation
of the tumor. Three of these patients had preoperative
hypertension; the remaining two were normotensive. All
were well controlled with intravenous vasodilators and
cessation of tumor manipulation. Intraoperative hypoten-
sion (SBP <90 mmHg) occurred in three patients, each of
whom responded to volume infusion and/or infusion of
vasopressors. Capsular disruption occurred in two patients;
and intraoperative bleeding required a blood transfusion in
one. All these patients had left-sided lesions. No conver-
sions were required. The average operating time was 136
minutes (range 95-305 minutes). There was no mortality.
One patient with intraabdominal hematoma secondary to
bleeding from the left renal vein required open reexplora-
tion. Postoperatively, two patients experienced hypotension
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Fig. 1 Preoperative workup for A
a large pheochromocytoma.
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(SBP <90 mmHg) and required administration of intrave-
nous fluids.

The specimens had a median weight of 105 g (range 39—
222 g). Histologically, pheochromocytoma was confirmed
in all cases. Cystic parenchymal degeneration (e.g., cyst,
hemorrhage, or necrosis) was found in 12 patients. Four
lesions displayed vascular invasion: Direct extension into
the lumen of a capsular vessel was identified in two patients.
Tumor nests covered by endothelium were identified in two
other patients in whom no capsule was identified; and the
pathologist was unable to categorize this criterion.

The average length of hospital stay was 5.5 days (range
4-10 days).

Seven patients taking antihypertensive drugs before
operation were completely withdrawn by a month follow-
ing surgery. One patient remained hypertensive but needed
a single antihypertensive drug instead of three. Biochemi-
cal cure was achieved in all patients, as reflected by normal
urinary metanephrines after a median follow-up of 58
months (16-22 months). One year after surgery, the two
patients with capsular disruption (Fig. 2) and the patient
with a nonsecreting pheochromocytoma underwent inves-
tigations by CT and MIBG that confirmed the
completeness of the resection and the absence of macro-
scopic recurrences. The patients displaying vascular
invasion at histology showed no evidence of recurrence at
2 to 8 years of follow-up.

Discussion
The approach to adrenal disorders requiring surgical

resection was revolutionized in 1992 with the introduction
of laparoscopic adrenalectomy [7]. Numerous reports have
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consistently demonstrated a decreased hospital stay and an
earlier return to normal activities as well as a decrease in
postoperative analgesics and lower late morbidity in
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Fig. 2 Follow-up of a patient with intraoperative capsular disruption.
The patient, operated on for a left-sided large pheochromocytoma (A, B,
arrows), experienced intraoperative capsular disruption. At 1 year after
surgery, an MIBG scan did not identify any residual tumor uptake (C, D)
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patients who have undergone the laparoscopic procedure
[2, 3]. Although laparoscopic adrenalectomy is now widely
accepted as the procedure of choice for lesions <6 cm in
diameter, its adoption for large pheochromocytomas has
raised some concerns. The contentiousness revolves around
the technical challenge of the procedure, the intraoperative
hemodynamic instability due to the discharge of hormones
during manipulation of large pheochromocytomas, and a
higher rate of malignancy associated with large
pheochromocytomas.

The technical feasibility of laparoscopic adrenalectomy
for large pheochromocytomas is beyond doubt [4, 5]. Right-
sided tumors may be technically more challenging because
of the operating space, which is limited by the liver with the
inferior vena cava compressed and displaced anteriorly by
the tumor. However, our complications occurred in patients
with left-sided tumors. No significant difference in com-
plication rates have been reported in small compared to
large laparoscopically resected pheochromocytomas [5].
However, capsular disruption, which is a reflection of
technical difficulty, occurred twice in our series. The same
can also be said of intraoperative bleeding, which occurred
in one patient. An internal audit has shown the departmental
complication rate for all adrenal surgery to be 7.5% and
10.7% for endoscopic and open procedures, respectively,
and up to 10.3% in patients following a laparoscopic
adrenalectomy for a pheochromocytoma <6 cm in diameter
[8, 9].

In the current study of large pheochromocytomas,
complications occurred in 4 of the 17 patients. Although
conversion to an open procedure may not be considered a
complication, it is more likely to occur in patients with a
large tumor and with pheochromocytomas than in those
with other pathologies [10].

Management of hemodynamic instability in patients
with a large pheochromocytoma can be particularly prob-
lematic. Preoperatively, no differences are reported
between patients taking antihypertensive drugs before
surgery for small or large pheocromocytomas [5]. We
observed hypertension in 8 of 17 patients with large
pheochromocytomas (the same incidence reported for
small pheochromocytomas [5]), and in most cases plasma
methoxyamine and urine metanephrine values in large
pheochromocytomas of hypertensive and normotensive
patients were indistinguishable. It is reported that about
70% of pheochromocytomas >6 cm in diameter are cystic,
confirming that cystic degeneration correlates with tumor
diameter [11]. In these series, cystic parenchymal degen-
eration estimated by preoperative CT scanning were found
in 12 of 17 patients. It has been hypothesised that central
necrosis leads to a loss of functioning tumor tissue in large
pheochromocytomas [12]. Large cystic tumors may present
with large quantities of urinary catecholamine metabolites

but with near-normal circulating plasma catecholamines, a
reflection of the tendency of these tumors to release mainly
metabolized catecholamines into the circulation; this is
reflected by a relatively high ratio of metabolites to free
catecholamines found in the urine [13].

Intraoperatively, we observed hemodynamic instability
in both hypertensive and normotensive patients. The in-
traoperative instability follows the discharge of hormones
secondary to manipulation of the tumor, which occurs
during both open and laparoscopic procedures [14]. In
laparoscopic procedures, tumor manipulation and intraab-
dominal insufflation may increase plasma norepinephrine
and epinephrine levels at least 10-fold [14, 15], causing
hemodynamic instability in pheochromocytomas. Hemo-
dynamic instability may occur despite early adrenal vein
ligation [15], probably due to the extensive vascularity of
pheochromocytomas. In large pheochromocytomas, our
surgical strategy is to perform a vascular dissection of the
gland without previous control of the adrenal vein, aimed
at the systematic devascularization of the tumor with
minimal manipulation of the adrenal gland itself. Indeed,
spontaneous or evoked crises in blood pressure can occur
without additional increases in the already elevated nor-
epinephrine in pheochromocytomas [16, 17]. This
underlines the importance of preoperative preparation with
vasodilatory drugs in all patients with pheochromocytomas
and the input of an experienced anesthesia team.

Malignancy is reported in 6.5% to 13.1% of pheo-
cromocytomas [18, 19]. A trend toward a higher rate of
malignancy has been suggested for large pheochromocy-
tomas [20]. In a large series with long-term follow-up, large
tumors have been shown to have a significant tendency to
exhibit malignant behavior [19]. Recurrences following
open resections have been reported in previously diagnosed
benign pheochromocytomas after decades [19, 21]. Because
morcellation reduces the available information about cap-
sular and vascular invasion, it has been suggested that the
specimen be inked prior to morcellation and extraction [22].
However, malignant behavior is in any case difficult to
predict histologically in pheochromocytomas; and in the
absence of recurrence, the diagnosis of malignancy is
challenging. As in other endocrine tumors, malignant fea-
tures such as vascular and capsular invasion, nuclear atypia,
and hyperchromatism can be found in benign as well as in
malignant pheochromocytomas [23]. Spread of tumor cells
into anatomic areas where there should be no embryologic
residue of chromaffine tissue is the most reliable criterion of
true malignancy. Indeed, distant and nodal metastases are
most frequently the cause of recurrence following pheo-
chromocytoma surgery [21, 24]. The incidence of local
recurrence in laparoscopically resected malignant pheo-
chromocytomas is not known. In large solid adrenal tumors
without pre- or intraoperative evidence of malignancy,
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laparoscopic resection is unlikely to have deleterious effects
on long-term outcome even when malignancy is later
diagnosed or suggested by histologic analysis of the spec-
imen [25]. Indeed, it may be argued that the excellent
magnified view, fine dissection, and minimal manipulation
provided by the laparoscopic approach offers a chance of
complete resection of adrenal tumors and therefore a lower
risk of recurrence in the event of resection of a preopera-
tively undiagnosed malignant lesion.

Postoperative biochemical cure is reported to be the
same for both small and large pheochromocytomas, and
lifetime follow-up is advised with yearly biochemical
screening in both cases [21]. Pheochromocytoma specimen
size over the last 50 years appears to be decreasing with a
statistically significant decrease of more than 50% in tumor
volume probably due to earlier diagnosis [21]. Hence, it
can be envisaged that the earlier diagnosis and resection of
pheochromocytomas should decrease the rate of malig-
nancy in pheochromocytomas over the next few years [21].
For the remaining late diagnoses of large pheochromocy-
tomas, laparoscopy remains a reasonable option on the
proviso that complete resection is technically feasible and
there is no evidence of local invasion. Because pheochro-
mocytomas remain the most challenging adrenal tumor to
approach laparoscopically, independent of its size, it would
be appropriate that the surgery be performed by an
appropriately trained and experienced surgeon, and lifetime
follow-up is recommended.
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