
Abstract Ganglioneuromas are rare benign tumors of neu-
ral crest origin, arising from ganglia of the sympathetic ner-
vous system and adrenal medulla. These masses are usually
detected during the first 2 decades of life and are generally
discovered incidentally. We present a 5-year-old boy with
sickle β-thalassemia whose hypertension is caused by a
perihilar ganglioneuroma encasing the right renal artery and
distorting the right renal vein. The tumor was resected and
the child’s blood pressure subsequently normalized.
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Nearly 90% of definable hypertension in the 1st decade
of life is attributable to diseases of the kidney and reno-
vascular abnormalities [1, 2]. Other causes of pediatric

hypertension include cardiovascular, endocrine, and cen-
tral nervous system diseases, as well as drugs, stress, and
pain.
In our patient, hypertension was initially ascribed to pain
from a vaso-occlusive crisis as a result of sickle β-thalas-
semia. However, once his blood pressure remained ele-
vated despite adequate analgesia, an extensive workup
for hypertension ensued that resulted in the discovery of
a perinephric ganglioneuroma.

A 5-year-old boy with sickle β-thalassemia presented
to the Emergency Department of LeBonheur Children’s
Medical Center (LBCMC) complaining of severe pain in
his right lower thigh through his knee. Blood pressure
was 174/124 mmHg. The child had had one previous
hospitalization at 4 years of age for a vaso-occlusive cri-
sis. He had no other known complications of sickle cell
disease. Previous BP readings performed in the Hematol-
ogy Clinic from as recently as 10 months earlier were
normal. Family history was remarkable for sickle cell
disease, essential hypertension, and type 2 diabetes
mellitus. He had recently received a 5-day course of
prednisone (completed on the day of admission) and
aerosolized albuterol for mild persistent asthma. In the
Emergency Department, he received intravenous fluids,
morphine and ketorolac with which pain was moderately
improved. Despite the abatement of his pain, his blood
pressure remained elevated. He had mild tachycardia,
mild tachypnea, and a normal oxygen saturation level
and was afebrile. He appeared to be in some discomfort
but was in no acute distress. His right leg and thigh were
tender to palpation. Femoral pulses were normal, and no
abdominal bruit was noted. Skin examination revealed
no café-au-lait spots. The remainder of his physical ex-
amination was unremarkable. Complete blood count, ba-
sic chemistry panel (which included a blood urea nitro-
gen level of 5 mg/dl and a serum creatinine level of
0.4 mg/dl) and urinalysis were all within normal limits.

The patient was admitted to LBCMC with a diagnosis
of vaso-occlusive crisis. The ketorolac was discontinued
the following day after which analgesia was provided by
intravenous morphine via a patient-controlled pump. Due
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to persistent BP elevation despite adequate analgesia,
treatment was initiated with captopril (0.2 mg/kg q 8 h)
and amlodipine (0.15 mg/kg/day). A renal ultrasound re-
vealed increased echogenicity of both kidneys. Renal ar-
teries and veins had normal waveforms by Doppler. An
echocardiogram showed left ventricular and septal wall
hypertrophy (7.5 mm and 7.9 mm thick respectively), but
no coarctation or other abnormalities. On hospital day 4,
the patient complained of increased pain in his right knee
and thigh, and magnetic resonance imaging (MRI) of his
lower extremities was performed. The kidneys were in-
cluded in the study. The MRI revealed a right perinephric
mass measuring 4.0×3.0×3.6 cm encasing the right renal
artery (Fig. 1). A contrasted computed tomography (CT)
study of his chest, abdomen and pelvis showed anterior
displacement of the right renal vein and an area of infarc-
tion or ischemia of the inferior pole of the right kidney.
No metastases were seen. Urine metanephrines and cate-
cholamines were collected and found to be within normal
limits. Serum aldosterone and renin concentrations re-
turned within normal limits.

He was then referred to St. Jude’s Children’s Research
Hospital (SJCRH) for further diagnostic studies. Bone
marrow aspirates and biopsies showed no evidence of
metastatic disease. A bone scan revealed no evidence of
metastases. It was noted at the time of the bone scan that
excretion of technetium-99 medronate from the right kid-
ney was delayed. Magnetic resonance angiography (MRA)
showed the right renal artery to be patent and equal in cali-
ber to the left renal artery; however, marked anterior dis-
placement of the right renal vein was noted. The following
day, a gross total resection of the tumor was performed.
The mass enveloped the right renal artery and its hilar
branches. The anterior displacement of the right renal vein
was confirmed. The main renal artery and its hilar branch-
es were completely liberated of tumor. Pathologic exami-
nation demonstrated mature ganglion cells scattered
throughout the tumor without neuroblasts, consistent with
a mature ganglioneuroma. The adrenal medulla was unin-
volved by the tumor, suggesting origination from the sym-
pathetic chain. No regional metastatic foci were identified.

In the immediate postoperative period, the patient’s
blood pressure was normal without medication. Postopera-
tive renal scans performed showed gradual return of nor-
mal function in the right kidney. A follow-up CT scan with
contrast confirmed the resolution of the wedge-shaped in-
farction in the right posterior lower pole. BP readings off
medication were 114/69 and 104/61 mmHg (95th percen-
tile, 110/72 mmHg) at 2 and 3 months post operation.

Several possible etiologies exist as the source of hy-
pertension in this child. Although pain can be a cause of
transient hypertension and was the first explanation for
hypertension in this child, hypertension during pain crises
in sickle cell patients is rare. Sickle cell patients actually
have lower than average blood pressures and do not be-
come hypertensive in painful, vaso-occlusive crises [3].

It is unlikely that production of catecholamines by the
tumor caused this child’s hypertension since levels were
not elevated in the urine. Of 59 children with neuroblastic

tumors, 11 children (one of whom had a ganglioneuroma)
had hypertension at diagnosis [4]. Ten of these 11 children
had their urinary homovanillic acid (HVA) and vanillyl-
mandelic acid (VMA) levels measured, and all had elevat-
ed levels of both metanephrines except one child whose

Fig. 1A–C Magnetic resonance imaging of the abdomen shows a
right perinephric mass. A Axial view of mass (margin denoted by
arrow) encasing right renal artery. B Axial view of mass depicting
marked anterior displacement of right renal vein (arrow). C Mag-
netic resonance angiography of the abdomen in the coronal view
showing a single right renal artery coursing through the mass (ar-
row). Hypoattenuation of lower pole of right kidney is consistent
with ischemia or infarct



urinary HVA levels were normal and VMA levels were el-
evated [4]. In a separate series including 20 children, all
with ganglioneuromas, only 4 (20%) had elevation of uri-
nary VMA and/or HVA levels. The same study posited a
direct correlation between tumor size and metanephrine
levels and found that all ganglioneuromas in the study
group under 200 cm3 were associated with normal VMA
and HVA levels [5]. Thus, it is not surprising that our pa-
tient’s tumor, which measured less than 50 cm3, did not
produce elevated metanephrines in a 24-hr urine sample.

Renal parenchymal damage could have produced hy-
pertension through activation of the renin-angiotensin-al-
dosterone cascade (RAAC). While nephropathy/glomer-
ulonephritis can occur in sickle cell patients, this condi-
tion is unlikely to have been present in our child given
the absence of proteinuria and hematuria. Alternatively,
compression of the renal parenchyma by the mass, inde-
pendent of renal artery or vein compromise, may have
produced renal ischemia triggering the RAAC [6]. Such
a mechanism is unlikely in our case given the absence of
significant renal compression by the mass on imaging
studies. More likely, renal parenchymal ischemia caused
by either direct compression of renal vasculature (e.g., a
branch of the renal artery) or overall diminished blood
flow through the kidney secondary to renal vein distor-
tion contributed to this child’s hypertension.

A further attractive explanation for this child’s hyper-
tension is that the RAAC was triggered by anatomic con-
straints on the renal artery by the mass, despite normal pe-
ripheral renin levels and normal Doppler ultrasonography.
Although renovascular hypertension in children is com-
monly associated with elevated peripheral renin activity,
15–70% of pediatric patients with arteriographically prov-
en renal artery stenosis have normal peripheral plasma re-
nin activity [7, 8]. Moreover, the false negative rate of in-
trarenal Doppler ultrasound in detecting renovascular hy-
pertension in children is 48% [9]. Children with proven re-
novascular hypertension and normal Doppler ultrasounds
are more likely to be cured by endovascular therapy or sur-
gery [9]. In a recent study of children treated surgically for
renovascular hypertension, 70% were cured and 26%
showed improvement in blood pressure control [10].

Ganglioneuromas are rare, well-differentiated, usually
benign tumors of neural crest origin. They tend to occur
at a later age than their immature neuroblastoma counter-
parts (79 vs 16 months of age) and have a male to fe-
male ratio of 1.13:1 [1]. None of the children from the
above three cited case series had a renal hilar ganglio-
neuroma [1, 4, 5]. One child did have partial stenosis of
the renal artery from a retroperitoneal mass. Although
the possibility of extrinsic compression of the renal vas-
culature is included in the differential diagnosis of reno-
vascular hypertension, it is rarely noted in case series [8,
10, 11]. One of 54 children with renovascular hyperten-
sion from the series reported by Deal et al. from the Hos-
pital for Sick Children had hypertension secondary to ex-
trinsic compression by a tuberculous lymph node [11]. A
series of six cases published in 1954 from Johns Hopkins
included a child with a perihilar ganglioneuroma with

cure of hypertension after removal of the kidney along
with the surrounding mass [12].

We believe that our patient’s hypertension was caused
by a combination of renal ischemia due to blood vessel
constriction by the mass, and the ensuing renal paren-
chymal insult. Both processes would induce hyperten-
sion by triggering the RAAC. Our case study demon-
strates the shortcomings of ultrasonography as evidenced
by both the report of an echogenic left kidney in light of
a normal left kidney by the far more sensitive and specif-
ic imaging modalities of CT and MRI, and more dramat-
ically, the failure of ultrasonography to detect the tumor.
Despite the limitations of ultrasonography, which in-
clude variable operator expertise, one would expect to
detect a 4-cm mass by this imaging modality. This par-
ticular scenario required further imaging studies to ascer-
tain the etiology of the child’s hypertension.

While neuroendocrine tumors are included in the vast
differential diagnosis of pediatric hypertension, the un-
derlying mechanism usually involves tumor hormone se-
cretion. It is much less common for these tumors to
cause hypertension by vascular compression. This child
had a perinephric ganglioneuroma causing renovascular
compromise, and consequent renal parenchymal isch-
emia. Unfortunately, the renal ultrasound was unable to
detect the hilar mass, and it was not until an MRI was
performed that the mass was discovered.
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