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Introduction. A paraganglioma (PGL) is a tumour derived from extra-adrenal chromaffin cells of the sympathetic paravertebral
ganglia of the thorax, abdomen, and pelvis. Cardiovascular manifestations predominate but neurological symptoms like seizures
can occur requiring a high index of suspicion for prompt diagnosis and treatment. Case Description. A 14-year-old girl was
referred to the paediatric neurology unit for recurrent headaches of one-year duration, vomiting of 2 months duration, and an
episode of generalized tonic-clonic seizures, 2 weeks prior to presentation. There was an associated history of impaired vision,
palpitations, diaphoresis, and easy fatigability. Her blood pressure ranged from 150/101 to 160/120 mmHg. The brain CT scan was
normal. ECG showed left ventricular hypertrophy. Abdominal USS revealed a right para-aortic mass necessitating 24-hour urine
normetanephrine which was markedly elevated-1695.34 mcg/24 h (100-500). An abdominal CT scan confirmed a paraganglioma
in the right para-aortic region. A multidisciplinary team consisting of paediatric endocrinologists, radiologists, anaesthetists,
paediatric and cardiothoracic surgeons, and the intensive care unit (ICU) team was involved in the peri and postoperative
management of the child. Intraoperative challenges were hypertension and hypotension (following tumour excision). She was
nursed in the ICU for 48 hours. Histology results confirmed paraganglioma. Postoperative urine normetanephrines done a month
after surgery had reverted to normal. Her blood pressure has remained normal 6 months after surgery, and no other symptoms
have recurred. Conclusion. In evaluating aetiology of childhood hypertension, endocrine causes must be considered though they
are rare. The occurrence of paraganglioma is uncommon and can present in unusual ways such as seizures. Measurement of blood
pressure in children is advocated as part of routine health care. Clinicians must explore the aetiology of seizures and not merely
control them with anticonvulsant therapy.
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1. Introduction

Neuroendocrine tumors can arise from neural crest-derived
cells or paraganglia. Functional tumours are also called chro-
maffin tumours because they produce catecholamines which
yield a brown-black colour (chromaffin) on oxidation after
staining with chromium slats [1]. These tumors commonly arise
from adrenal medulla and are known as pheochromocytoma
(PCC) while a paraganglioma (PGL) is a tumour derived from
extra-adrenal chromafhin cells of the sympathetic paravertebral
ganglia of the thorax, abdomen, and pelvis [2, 3].

Abdominal PGLs occur near the renal vessels or the organ
of Zuckerkandl, which is localized around the origin of the
inferior mesenteric artery and is the largest extra-adrenal
collection of chromaffin tissue [1]. Paragangliomas also arise
from parasympathetic ganglia located along the glossophar-
yngeal and vagal nerves in the neck and at the base of the skull
but usually do not produce catecholamines. Paragangliomas
constitute 15-20% of chromaffin-cell-related tumours [1-4].

Secondary hypertension is commoner in children with
PCCs and PGLs accounting for just 0.5-2% out of the 11%
attributed to endocrine causes [2]. In addition to the rarity of
PGLs generally, seizures are an unusual presentation oc-
curring in 5.4% (5 out of 93) of a large series [5]. Furthermore,
it is reported that many doctors will hardly consider PGLs
when exploring possible causes of seizures. However, un-
diagnosed secretory PGLs can lead to complications from
severe hypertension and other cardiovascular complications.
Indeed, some cases have only been found at autopsy [6]. This
case is reported to highlight the unusual first presentation of
a child with PGL on account of seizures, thereby presenting
first, to the paediatric neurologist.

2. Case Presentation

A 14-year-old female adolescent was referred to the paediatric
neurology unit on account of recurrent headaches of one-year
duration, projectile vomiting of 2 months duration, and an
episode of generalized tonic-clonic seizures. Headache was
sudden in onset, localized to the frontal region, throbbing in
nature, nonradiating, not worse at any time of the day, ag-
gravated by noise/stress, pain score of 7/10, relieved tem-
porarily with analgesic (paracetamol) and sleep, and not
preceded by flashes of light or sound. She also had photo-
phobia for two months. Generalized tonic-clonic seizures
occurred once, 2weeks prior to presentation, lasting about
5minutes, aborted with an unascertained injection, and
followed by postictal sleep. She is not a known epileptic, and
there is no family history of seizures. She attained menarche at
11 years, and her neurodevelopment was normal.

The patient also complained of impaired vision mostly to
far objects, palpitations, diaphoresis, and easy fatigability.
There was no history of hypertension in the family.

Positive findings on examination were blood pressure
(BP)—150/101 mmHg (right arm), 152/113mmHg (left
arm), 160/110 mmHg (left thigh), and 160/120 mmHg (right
thigh) (readings were >99th centile for age, gender, and
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height centiles)). Her oxygen saturation was 97%. Weight
(33 kg) and height (145.6 cm) measurements were below the
5" centile for the age.

Brain computerized tomography (CT) scan revealed no
abnormality. An electrocardiogram revealed features sug-
gestive of left ventricular hypertrophy. Urinalysis and serum
electrolytes, urea, and creatinine were within normal range.

A right para-aortic mass was seen on abdominal ultraso-
nography. The abdominal CT scan was suggestive of a para-
ganglioma (Figures 1-3). 24-hour urine normetanephrine was
markedly elevated: 1695.34 mcg/24h (100-500) while urine
metanephrine was within the reference range: 105.11 mcg/24h
(50-250).

The multidisciplinary team involved in the preparation
for surgery included the paediatric endocrinologists,
anaesthesiologists, paediatric and cardiothoracic surgeons,
radiologists, and the intensive care unit (ICU) team.

Intraoperative findings were a variegated right extra-adrenal
mass adherent to the inferior vena cava and abutting on the
abdominal aorta, firm to hard consistency, irregular lobes, and
highly vascular, with thickened capsule. Histology results for the
excised tumour showed nests and trabeculae of cells that were
mildly pleomorphic with round to oval nuclei and salt and
pepper nuclear chromatin pattern. The lesion was surrounded
by a rim of fibrous tissue, and no capsular invasion, vascular
invasion, or appreciable mitotic activity was seen. The report
was in keeping with paraganglioma.

Intraoperative challenges were hypertension managed
with sodium nitroprusside and labetalol while hypotension
following tumour excision was corrected with noradrenaline
infusion at 0.1 pyg/kg/min.

The patient was discharged home on the 10th post-
operative day. Her blood pressure has remained normal
(100 — 90/60 mmHg). Postoperative urine normetanephrines
done a month after surgery had reverted to normal (192.39
ug/24 hr) while repeat urine metanephrines remained nor-
mal at 117 pug/24 hr. She is being followed up in the clinic and
being planned for genetic studies, including family members
when possible.

3. Discussion

Paragangliomas tend to be the commoner manifestation of
chromaffin cell tumours in childhood [4, 7-9]. In a large
Russian study of 520 patients with PCC/PGLs, 18% of children
had extra-adrenal localization compared to 5.7% of adults, and
this difference was statistically significant (p <0.01) [9]. Sim-
ilarly, a larger German study of 748 patients with PCC/PGLs
seen over a 20-year period noted that children presented more
frequently with extra-adrenal tumors (66.3% vs. 35.1%;
P <0.0001) in comparison with adults [8].

The average age at presentation of PCCs and PGLs in
childhood is stated to be 11-13years [2], and isolated case
reports have also noted PGLs in adolescents [10] which is
comparable to the age of the index patient. In relation to
gender preponderance in PGLs, reports are varied, with
either male or female preponderance or none [11-15].
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FiGgure 1: Contrast-enhanced axial computed tomography of the
abdomen at the level of the kidneys showing an enhancing mass
(arrow) just anterior and to the right of the aorta. It is compressing
the inferior vena cava.

FIGUure 2: Contrast-enhanced coronal reformatted computed to-
mography of the abdomen. The mass (depicted by the blue arrow)
is slightly to the right of the midline.

Incidentally, all the 3 cases of PCC/PGL (index patient
and 2 others with PCC) seen in our centre over a 6-year
period happen to be females [15].

The clinical presentation of PGLs is variable. Those who
secrete large amounts of catecholamines may cause signs and
symptoms identical to those in patients with hyperfunc-
tioning adrenal PCC. These include hypertension in the
majority of cases, headaches, palpitations, and diaphoresis

Figure 3: Contrast-enhanced sagittal reformatted computed to-
mography of the abdomen showing the posterior location of the
mass (blue arrow).

among others [2, 16, 17]. Anxiety, weight loss, and impaired
vision have also been described. These clinical features were
also observed in the index case. Sustained hypertension has
been reported in 60-90% of childhood cases of PCC/PGLs in
contrast to paroxysmal hypertension observed in about 50%
of adult cases [2, 9].

An unusual presentation of PGL is seizures as occurred
in the index patient prompting the first evaluation by
a neurologist. Other reported cases of seizures as pre-
sentation of PCC/PGL or resolution after resection of the
tumours are presented in Table 1.

Acute crises that occur in PCC/PGLs are probably due to
a sudden massive release of catecholamines by the tumour.
Even though cardiovascular events predominate, neuro-
logical symptoms such as seizures may dominate the clinical
scenario [5]. Different mechanisms have been postulated as
being responsible for seizures in patients with PCC/PGLs.
These include hypertensive encephalopathy, reversible ce-
rebral vasoconstriction syndrome (RCVS), or excitatory
effects of noradrenaline on neurons [5, 6, 22].

Though the level of noradrenaline was not measured in
the index patient, increased levels of normetanephrines (a
metabolite of noradrenaline) were documented. Elevated
catecholamines are thought to play a central role in the
process of posterior reversible encephalopathy syndrome
(PRES). This is a clinical syndrome of headache, visual
disturbance, seizures, and confusion caused by the transient
cerebral vasogenic edema occurring predominantly in the
posterior circulation [5, 6]. As first described in patients with
PCC/PGLs [22], PRES-related symptoms such as seizures,
headaches, visual symptoms, confusion, or coma occur.
Seizures can occur at onset or develop later in the process of
PRES and are commonly generalized tonic-clonic in nature
as seen in the index patient. Focal seizures can also occur [6].

Another possibility is RCVS. This syndrome was first
described in a patient with PCC [23].
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It is characterised by thunder-clap headaches and
neurological symptoms though rare [6, 24]. Conditions of
sympathomimetic overactivity as can occur in secretory
PGLs are thought to be associated with vasoconstriction seen
in the syndrome [25, 26].

Other reports have suggested that since norepinephrine
plays a powerful activating role on neurons, increased ac-
tivity of neurons causing seizures is noted in patients with
PGL where secretion of norepinephrine predominates. It is
noteworthy that some studies have also described the an-
ticonvulsant effects of norepinephrine [6]. However, as
Fitzgerald [27] proposed in his review in 2010 after exam-
ining hundreds of studies, there is a chance that NE plays its
anticonvulsant property at an appropriate concentration but
has a proconvulsant effect in either too high or too low
concentrations [27]. The author [27] also noted that the final
conclusions of the various studies depended on factors such
as animal species, the strain, the model of epilepsy employed,
and the location of the receptor.

Currently, the measurement of fractionated plasma
and/or urine metanephrines (metanephrines and norme-
tanephrines), which are highly sensitive tests (approaching
100% sensitivity), is recommended for the diagnosis of
PCCs/PGLs. A greater than 4-fold rise over the reference
range is associated with almost 100% probability [1].
Studies and case reports have noted that the 24-hour urine
plasma normetanephrines or norepinephrine concentra-
tions were usually higher in PGLs than in PCCs while
metanephrines or epinephrine concentrations were mainly
elevated in PCCs, but not in PGLs [10, 12]. This pattern was
also noticed in the index patient. A proffered reason for the
difference in secretion pattern is the reduced expression of
phenylethanolamine N-methyltransferase (PNMT), the
enzyme that converts norepinephrine to epinephrine in
PGLs [1].

After confirming a PGL biochemically, imaging studies
are useful in localizing the tumour which will also aid in
surgery. The imaging characteristics of magnetic resonant
imaging (MRI) scanning are quite typical for paraganglioma
and preferred to computerized tomography (CT) scan.
However, where the availability and affordability of MRI is
limited as in our resource-constrained settings, CT scan still
proves useful especially because of its outstanding spatial
resolution [3]. In the study by Park et al. [12], all the tumours
were visualised on CT.

The treatment of choice for paraganglioma is surgical
resection [5]. Medical preoperative preparation is important
to prevent and minimize dangerous complications from
massive surges of released catecholamines from the tumour
during surgery [3, 28, 29]. Intraoperative complications may
include haemodynamic instability which may manifest as
hypertension before tumour removal and hypotension after
tumour isolation [29].

A limitation of this report is the inability of genetic
testing of the patient and the family members because
childhood PCC/PGLs, particularly PGL which the index
patient had, is associated with a high risk of mutations in one
of the PCC/PGL susceptibility genes. Additionally, angi-
ography could not be done to confirm the RCVS.

4. Conclusion

Though endocrine causes of childhood hypertension are not
common, they must be considered when evaluating aeti-
ology of hypertension. Paragangliomas, which can be
a cause, may present in an atypical pattern with seizures.
Clinicians must strive to unravel the cause of seizures in
a patient and not just manage with antiepileptic drugs.
Measurement of BP in children is advocated as part of
routine health care.

Additional Points

Take Home Messages. (i) Paraganglioma is a rare cause of
secondary hypertension in children. (ii) Atypical pre-
sentation can occur in the form of neurological complica-
tions such as seizures. (iii) A high index of suspicion for
endocrine causes should be maintained when evaluating
children with seizures and hypertension.

Consent

The authors certify that they have obtained all appropriate
patient consent forms. In the forms, the patient and mother
have given consent for her images and other clinical in-
formation to be reported in the journal. The patient and
mother understand that their name and initials will not be
published and due efforts will be made to conceal their
identity, but anonymity cannot be guaranteed.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

All authors were involved in the management of the case.
OEE, NUF, and OOM wrote the case presentation. OEE
drafted the manuscript. All authors read and approved the
final manuscript for submission.

Acknowledgments

The authors would like to thank the patient and her parents
for their consent and permission to use the patient’s in-
formation and photographs for the purpose of this report.

References

[1] S. G. Waguespack, T. Rich, E. Grubbs et al., “A current review
of the etiology, diagnosis, and treatment of pediatric pheo-
chromocytoma and paraganglioma,” Journal of Clinical En-
docrinology & Metabolism, vol. 95, no. 5, pp. 2023-2037, 2010.

[2] R. Bholah and T. E. Bunchman, “Review of pediatric pheo-
chromocytoma and paraganglioma,” Frontiers in Pediatrics,
vol. 5, pp. 155-214, 2017.

[3] J. W. M. Lenders and G. Eisenhofer, “Update on modern
management of pheochromocytoma and paraganglioma,”
Endocrinology and Metabolism, vol. 32, no. 2, pp. 152-161,
2017.



(4]

(5]

[6

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

J. W. M. Lenders, Q. Duh, G. Eisenhofer et al., “Pheochro-
mocytoma and paraganglioma: an endocrine society clinical
practice guideline,” Journal of Clinical Endocrinology &
Metabolism, vol. 99, no. 6, pp. 1915-1942, 2014.

N. E. Anderson, K. Chung, E. Willoughby, and M. S. Croxson,
“Neurological manifestations of phaeochromocytomas and
secretory paragangliomas: a reappraisal,” Journal of Neurol-
ogy, Neurosurgery ¢ Psychiatry, vol. 84, no. 4, pp. 452-457,
2013.

Y. Li and B. Zhang, “Seizures in patients with a phaeochro-
mocytoma/paraganglioma (PPGL): a review of clinical cases
and postulated pathological mechanisms,” Revue Neuro-
logique, vol. 175, no. 9, pp. 495-505, 2019.

M. J. M. Kuo, M. A. Nazari, A. Jha, and K. Pacak, “Pediatric
metastatic pheochromocytoma and paraganglioma: clinical
presentation and diagnosis, genetics, and therapeutic ap-
proaches,” Frontiers in Endocrinology, vol. 12, Article ID
936178, 2022.

C. Pamporaki, B. Hamplova, M. Peitzsch et al., “Character-
istics of pediatric vs adult pheochromocytomas and para-
gangliomas,” Journal of Clinical Endocrinology & Metabolism,
vol. 102, no. 4, pp. 1122-1132, 2017.

D. G. Beltsevich, N. S. Kuznetsov, A. M. Kazaryan, and
M. A. Lysenko, “Pheochromocytoma surgery: epidemiologic
peculiarities in children,” World Journal of Surgery, vol. 28,
pp. 592-596, 2004.

I. Abdullah, K. Cossey, and R. K. Jeanmonod, “Extra-adrenal
pheochromocytoma in an adolescent,” Western Journal of
Emergency Medicine, vol. 12, no. 2, pp. 258-261, 2011.

M. de Tersant, L. Généré, C. Freycon et al., “Pheochromo-
cytoma and paraganglioma in children and adolescents: ex-
perience of the French society of pediatric oncology (SFCE),”
Journal of the Endocrine Society, vol. 4, no. 5, p. 1, 2020.

H. Park, M.-S. Kim, J. Lee et al., “Clinical presentation and
treatment outcomes of children and adolescents with pheo-
chromocytoma and paraganglioma in a single center in
Korea,” Frontiers in Endocrinology, vol. 11,
pp. 610746-610747, 2020.

A. E. Zorgani, F. ]. Pirie, and A. A. Motala, “Characteristics
and outcome of patients with pheochromocytoma at a tertiary
endocrinology clinic in Durban, South Africa over 14 years,”
Journal of Endocrinology, Metabolism and Diabetes of South
Africa, vol. 23, no. 2, pp. 52-58, 2018.

K. R. L. Huddle, “Phaeochromocytoma in black South Af-
ricans - a 30-year audit,” South African Medical Journal,
vol. 101, no. 3, pp. 184-188, 2011.

E. Odutayo, I. O. Ohuche, M. F. Bashir et al., “Diagnosis and
management of pheochromocytoma in a resource-challenged
setting: a case report,” Romanian Journal of Diabetes Nutrition
and Metabolic Diseases, vol. 27, no. 3, pp. 294-297, 2020.
D. Erickson, Y. C. Kudva, M. J. Ebersold et al., “Benign
paragangliomas: clinical presentation and treatment out-
comes in 236 patients,” Journal of Clinical Endocrinology &
Metabolism, vol. 86, no. 11, pp. 5210-5216, 2001.

W. F. Young, “Paragangliomas clinical overview,” Annals of
the New York Academy of Sciences, vol. 1073, pp. 21-29, 2006.
A. Leiba, Y. Bar-Dayan, R. R. Leker, S. Apter, and
E. Grossman, “Seizures as a presenting symptom of phaeo-
chromocytoma in a young soldier,” Journal of Human Hy-
pertension, vol. 17, no. 1, pp- 73-75, 2003.

M. L. Wall, R. S. Davies, A. T. Warfield, and M. H. Simms,
“Cessation of epilepsy in an 8-year-old girl following removal
of carotid body paraganglioma,” Vascular and Endovascular
Surgery, vol. 43, no. 1, pp. 103-106, 2009.

(20]

(21]

[22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

Case Reports in Endocrinology

C. Chartan, E. Aarons, A. De et al., “Index of Suspicion. Case
1: status epilepticus, hypertension, and tachycardia in a 5-
year-old boy. Case 2: cardiopulmonary arrest during gym-
nastics practice in a teenage girl. Case 3: acute renal failure in
a teenage boy who has autism and pica,” Pediatrics in Review,
vol. 32, no. 6, pp. 257-263, 2011.

J.-W. Jung, J. K. Park, S. Y. Jeon et al., “Dexmedetomidine and
remifentanil in the perioperative management of an adoles-
cent undergoing resection of pheochromocytoma A case
report,” Korean ] Anesthesiol, vol. 63, no. 6, pp. 555-558, 2012.
J. E. Thomas, E. D. Rooke, and W. F. Kvale, “The neurologist’s
experience with pheochromocytoma. A review of 100 cases,”
JAMA, the Journal of the American Medical Association,
vol. 197, no. 10, pp. 754-758, 1966.

F. S. Armstrong and G. J. Hayes, “Segmental cerebral arterial
constriction associated with pheochromocytoma. Report of
a case with arteriograms,” Journal of Neurosurgery, vol. 18,
pp. 843-846, 1961.

A. B. Singhal, R. A. Hajj-Ali, M. A. Topcuoglu et al., “Re-
versible cerebral vasoconstriction syndromes. Analysis of 139
cases,” Archives of Neurology, vol. 68, no. 8, pp. 1005-1012,
2011.

S. P. Chen, J. L. Fuh, S. J. Wang et al., “Magnetic resonance
angiography in reversible cerebral vasoconstriction syn-
dromes,” Annals of Neurology, vol. 67, no. 5, pp. 648-656,
2010.

M. Z. Ribas, G. F. Paticcié, S. D. de Medeiros, A. de Oliveira Veras,
F. M. Noleto, and J. C. dos Santos, “Reversible cerebral vaso-
constriction syndrome: literature review,” The Egyptian Journal of
Neurology, Psychiatry and Neurosurgery, vol. 59, no. 1, p. 5, 2023.
P. J. Fitzgerald, “Is elevated norepinephrine an etiological
factor in some cases of epilepsy?” Seizure, vol. 19, no. 6,
pp. 311-318, 2010.

K. Pacak, “Preoperative management of the pheochromo-
cytoma patient,” Journal of Clinical Endocrinology ¢ Meta-
bolism, vol. 92, no. 11, pp. 4069-4079, 2007.

R. Ramachandran and V. Rewari, “Current perioperative
management of pheochromocytomas,” Indian Journal of
Urology, vol. 33, no. 1, pp. 19-25, 2017.





