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Abstract
Purpose—Children with von Hippel-Lindau syndrome are at an increased risk for developing
bilateral pheochromocytomas. In an effort to illustrate the advantage of partial adrenalectomy
(PA) over total adrenalectomy in children with VHL, we report the largest single series on PA for
pediatric VHL patients, demonstrating a balance between tumor removal and preservation of
adrenocortical function.

Methods—From 1994 to 2011, a prospectively maintained database was reviewed to evaluate 10
pediatric patients with hereditary pheochromocytoma for PA. Surgery was performed if there was
clinical evidence of pheochromocytoma and normal adrenocortical tissue was evident on
preoperative imaging and/or intraoperative ultrasonography. Perioperative data were collected and
patients were followed for postoperative steroid use and tumor recurrence.

Results—Ten pediatric patients with a diagnosis of VHL underwent 18 successful partial
adrenalectomies (4 open, 14 laparoscopic). The median tumor size removed was 2.6 centimeters
(range 1.2–6.5). Over a median follow up of 7.2 years (range 2.6–15.8) additional tumors in the
ipsilateral adrenal gland were found in two patients. One patient underwent completion
adrenalectomy and one underwent a salvage PA with resection of the ipsilateral lesion. One
patient required short term steroid replacement therapy. At last follow up, 7 patients had no
radiographic or laboratory evidence of pheochromocytoma.

Conclusion—At our institution, partial adrenalectomy is the preferred form of management for
pheochromocytoma in the (VHL) pediatric population. This surgical approach allows for removal
of tumor while preserving adrenocortical function and minimizing the side effects of long term
steroid replacement on puberty and quality of life.
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Background
Hereditary pheochromocytoma genetic disorders such as von Hippel-Lindau syndrome
(VHL) are associated with an increased risk for the development of multiple, recurrent, and
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bilateral adrenal tumors 1,2. Historically, total adrenalectomy (TA) was utilized for the
management of adrenal masses in the hereditary setting. Several series have reported on the
oncologic efficacy of total adrenalectomy in hereditary tumor syndromes, with local
recurrence rates reported to be 14% to 22% 3,4. However, total adrenalectomy places
patients at a high risk of developing adrenal insufficiency and lifelong exogenous steroid
dependence. Adrenal insufficiency is associated with a significant depreciation in quality of
life and health including osteoporosis, weight gain, loss of libido, and risk of Addisonian
crisis5,6. These problems have a much more significant impact on quality of life in the
pediatric population.

Partial adrenalectomy has been previously underutilized but is gaining popularity
worldwide7. At our institution, we have reported performing both laparoscopic and robotic
PA with excellent outcomes8,9. Indications for PA include hereditary adrenal tumors,
bilateral tumors, and tumors in a solitary adrenal gland. The safety and feasibility of PA,
particularly by laparoscopic techniques, has been demonstrated by several groups10–17.
Much like in adults, preservation of functional adrenal tissue is important in pediatric
patients to maintain the physiologic hormonal surges required for homeostatic
maintenance18,19. We advocate for partial adrenalectomy (PA) whenever possible in the
pediatric population.

Despite multiple smaller studies and case reports, there are no large single center reports on
PA in the pediatric hereditary population to our knowledge. We report our single institution
contemporary series of PA in the pediatric VHL population.

MATERIALS AND METHODS
Ten patients (18 years of age or younger) with adrenal masses presented to our institution
from December of 1994 to July of 2008 and underwent a total of 18 partial adrenalectomy
(PA) procedures under an IRB protocol (IRB protocol number 97-c-0147). Germline
mutation analysis was performed on all patients with parent or guardian consent. All patients
had hereditary adrenal pheochromocytomas associated with von Hippel-Lindau syndrome
(VHL). Patients were screened preoperatively with plasma and urine catecholamines, as well
as either computed tomography (CT) or magnetic resonance imaging (MRI).

In preparation for surgery, patients underwent a two week preoperative blockade with oral
metyrosine 250mg three times day, phenoxybenzamine 10mg twice a day, and atenolol
25mg once a day if needed29. They were admitted one week prior to surgery for inpatient
observation and titration of medications in conjunction with the pediatric endocrinology
service. Blockade was considered sufficient when blood pressure was normalized and the
symptoms of pheochromocytoma abated. Postoperatively, patients were transferred to the
intensive care unit to monitor for hemodynamic instability and for pain control.

Patients with pheochromocytomas were treated with either an open or minimally invasive
(laparoscopic or robotic-assisted) PA. Three of the authors (GB, AM, PP) have experience
operating on VHL patients with multiple tumors and performed PA in this study. Minimally
invasive PA was performed in 14 (12 lap, 2 robotic) of the 18 procedures. Open surgery was
performed in 4 procedures The decision to perform open surgery was dependent on the
minimally invasive skill set of the surgeon and was also preferred in one patient (case 7)
undergoing concomitant distal pancreatectomy. Bilateral operations performed
synchronously were considered to be two distinct partial adrenalectomies in this study.

Minimally invasive PA was performed via transperitoneal access using a three or four-port
technique with the patient in a modified flank position. Intraoperative ultrasonography and
ultrasonic shears (Harmonic scalpel, Ethicon, Cincinnati, Ohio) were used in all minimally
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invasive cases. Specific operative techniques were previously described by Rogers et al.20

Tumors were resected with the help of intraoperative ultrasound which aided the surgeon in
delineating a plane between normal and involved tissue. This allowed for the maximal
preservation of normal adrenal tissue and its vascular supply. Open partial adrenalectomy
was done through a chevron or flank approach. Tumors in the central portion of the gland
were resected while dissection of the normal adrenal tissue and its pedicle were avoided to
preserve vascular supply. Patients with a small adrenal remnant and sustained low blood
pressure were considered at risk for Addisonian crisis after surgery and were given cortisol
supplementation until ACTH stimulation testing at approximately two months demonstrated
adequate adrenocortical function.

Data collection included tumor size (radiographic and pathologic), postoperative adrenal
function (based on the need for adrenal hormone replacement), and tumor recurrence (based
on postoperative plasma and 24-hour urine catecholamine levels and abdominal CT or MRI
imaging). Elevated blood pressures, headaches, palpitations, dizziness, anxiety or any other
possible symptoms of pheochromocytoma were recorded.

RESULTS
A total of 10 patients in VHL families (8 males, 2 females, Table 1) presented with adrenal
masses. VHL germline missense mutations were confirmed in all patients; the most common
resulted in a substitution of glutamine for arginine at the 167th codon. The procedures were
done at a mean age of 14.3 years (range 6–18). Two patients (Case 3 & 9, Table 1)
underwent partial adrenalectomy on a solitary adrenal gland. One patient (Case 8) had
bilateral open partial adrenalectomies at another center before coming to our institution.

Post-operative analysis (Table 2) of 18 PA procedures included a median tumor size of 2.6
cm (range 1.2–6.5cm). There was a median operative time in open cases of 353 minutes
(range 255–450), laparoscopic 300 minutes (range 170–600), and robotic 273 minutes
(range 245–300). There was a median estimated blood loss in open cases of 725 cc (range
700–750), 125 cc in laparoscopic cases (range 50–700), and 100 cc in robotic cases (range
50–150). One patient (Case 7) was not included in the analysis of operative parameters
because her anesthesia record could not be found. Final pathology confirmed
pheochromocytoma in all but 2 patients; they were found to have composite
pheochromocytomas. We did not evaluate statistical significance due to our limited sample
size.

During intraoperative manipulation of his tumor one patient (Case 6) had a rise in blood
pressure that required a nitroprusside drip. This patient stabilized postoperatively. Two
patients (Cases 4 & 10) had postoperative hypotension that required corticosteroids until
discharge. Both patients had previous partial adrenalectomies on the contralateral gland. One
patient (Case 4) was tapered off of steroids before discharge. The other (Case 10) remained
on oral steroids for 2 years after discharge until he was weaned off by his local
endocrinologist.

There was one death in our series (Case 7). This patient received open bilateral partial
adrenalectomies with a simultaneous distal pancreatectomy. Ten days postoperatively, this
patient developed a small bowel obstruction and underwent an exploratory laparotomy
which revealed an incarcerated segment of small intestine. This segment was repaired and
the patient was transferred to the ICU post-operatively where she experienced asystole and
was unable to be resuscitated.
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Tumor recurrence was assessed over a median follow-up of 7.2 years (range 2.6–15.8, Table
1). An additional tumor occurred in the ipsilateral adrenal gland of two patients (Cases 6 &
9). Case 6 underwent a completion total adrenalectomy on that side and Case 9 underwent
repeat PA with resection of the recurrent ipsilateral lesion. One patient (Case 2) was steroid
independent for ten years after bilateral PA. However, an ectopic pulmonary ACTH
producing tumor was removed in 2010 and he subsequently required daily steroid
supplementation.

At last follow up, 7 of 9 living patients had no radiographic or laboratory evidence of
pheochromocytoma. One patient has increased plasma norepinephrine but no symptoms or
other evidence of pheochromocytoma. The other patient has had episodic heart palpitations
but also does not have further evidence of recurrent disease.

DISCUSSION
Adrenal hormones are critical for normal physiologic development and maintenance of the
hypothalamic-pituitary adrenocortical axis in all ages. Total bilateral adrenalectomy creates
a surgical Addisonian state that requires lifelong steroid replacement in the pediatric
population. Partial adrenalectomy was described by Albanese et al. in non-hereditary
pediatric patients with bilateral tumors21. In our series, we explored the use of partial
adrenalectomy in a hereditary pediatric population. These children are more likely to present
with bilateral disease and develop additional primary tumors over time. TA in this
population is problematic due to the increased risk of developing new primary tumors within
the contra-lateral gland, which when treated with total adrenalectomy, would render these
patients adrenally insufficient for life.

Adrenal insufficiency results in a lifelong medical risk of Addisonian crisis and is associated
with a lower quality of life in many cases.28 Pediatric patients bear a disproportionate
burden of this risk due to substantially longer life expectancy than their adult
counterparts5,25. PA has evolved as a strategy to balance the risk of local tumor recurrence
with operative morbidity and long-term effects of steroid replacement.

Diner et al. described favorable outcomes after PA in a 33 patient cohort, most of whom had
hereditary adrenal tumors. They demonstrated good preservation of adrenal function at a
mean follow-up of 3 years (range 0.4–10 years)10. Adrenal hormone replacement was
initially required in 5 patients, but four of these patients were weaned off of steroids within
two months. Similarly, in our series one patient was steroid dependent at two months
postoperatively (Case 10). This patient received a PA on a solitary adrenal gland and the
size of this lesion was approximately 3 cm. This patient was followed by an endocrinologist
and was successfully weaned off of steroids two years post-operatively. At last follow up,
this patient is still steroid independent.

Rates of pheochromocytoma recurrence after PA in the hereditary population vary from 0–
33% 22–25. This variability may be related to the duration of follow-up as well as the relative
definition of recurrence, with de novo development of tumor being impossible to distinguish
from true recurrence in the hereditary population. Recurrences may be seen as late as 10
years or longer23. The risk of recurrent tumors in the adrenal remnant is theoretically due to
medullary cells that inevitably remain in the spared cortex. Such “recurrences” are thought
to be derived from the formation of new tumors due to genetic predisposition rather than
recurrence from incomplete resection of the original tumor24. One patient in this cohort
(Case 1) likely had such a de novo tumor, although not included in our analysis because he
was no longer a pediatric patient at the time of the original operation. He received a

Volkin et al. Page 4

J Pediatr Surg. Author manuscript; available in PMC 2013 December 02.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



contralateral PA at age 19 and another operation on the same side at age 31 – the 12 year
lapse is consistent the development of a new tumor.

We report additional tumors in 2 of 10 patients and do believe that these are true
recurrences. Case 6 presented with rapid recurrence and received the subsequent operation
just five months following the primary surgery, suggesting an incomplete resection. This
patient had a 3.5cm tumor and final pathology demonstrated a composite
pheochromocytoma. This pathological description is rarely addressed in the literature and
some reports that have associated this histology with larger tumors at presentation26. It is
possible that the size at surgery and the unique behavior may have contributed to the rapid
recurrence in this patient. The recurrence in Case 9 occurred just one year following the
primary PA, again suggesting true recurrence. He had a large 6.5cm tumor which likely
made complete evacuation technically difficult and resulted in a positive margin. This
patient also had a previous TA making his subsequent re-operation a PA on a solitary
adrenal gland. In the instances of local tumor recurrence, previous groups have
demonstrated the feasibility of repeat PA using laparoscopic techniques in the adult
hereditary pheochromocytoma population24,27. Our experience supports this data as most
patients can still safely undergo laparoscopic or robot-assisted salvage partial
adrenalectomy.

Though treatment with PA may spare children with VHL from a lifetime of hormone
replacement, the nature of the disease makes continued screening of utmost importance. We
recommend that children be seen at least every 6 months for 1 to 2 years postoperatively and
then annually after that to evaluate for signs and symptoms of recurrent pheochromocytoma.
In addition to a history and physical and blood pressure screening at these intervals, we test
for elevations in urinary or plasma catecholamines/metanephrines.

Furthermore, our patients with VHL undergo yearly imaging. In pediatric patients we opt for
screening with MRI whenever possible to avoid the cumulative exposure to ionizing
radiation and the increased risk of secondary malignancies later in life. However, VHL
patients have a multitude of other systemic manifestations aside from pheochromocytoma.
As a result, many of the patients in this study underwent CT imaging as part of a screening
or follow up protocol to evaluate for tumors in other organ systems, especially for pancreatic
and kidney lesions. While the frequency of follow up may seem to be a disadvantage over
TA, patients with VHL must be continually screened regardless, as they are at risk for
development of benign and malignant lesions throughout the body.

CONCLUSIONS
At our institution, partial adrenalectomy is the preferred surgical management for the
pediatric population with hereditary pheochromocytomas. Due to the genetic predisposition
for developing recurrent tumors, complete surgical tumor eradication may never be possible
with one operative procedure. Our surgical experience has demonstrated that PA provides
adequate long-term preservation of adrenal cortical function without compromising local
tumor control. Partial adrenalectomy preserves adrenal function for subsequent operations
and protects many of these patients from the risks associated with long-term steroid
replacement.
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Figure 1.
A. Pre-operative imaging of left adrenal pheochromocytoma.
B. Intra-operative image of the left adrenal pheochromocytoma during laparoscopic partial
adrenalectomy.
C. Post-operative image (28 months) of left adrenal gland after partial adrenalectomy
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Table 2

Operative Characteristics

Total Number (n)

Total adrenal units operated on 18

Open 4

Lap 12

Robotic 2

Median Range

Gross tumor size (cm) 2.6 1.2 – 6.5

Operative time (min) 300 170 – 600

Open 353 255 – 450

Lap 300 170 – 600

Robotic 273 245 – 300

Median Range

Estimated blood loss 150 50 – 750

Open 725 700 – 750

Lap 125 50 – 700

Robotic 100 50 – 150

*
Case 7 not included in this analysis
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