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Abstract

Background: Neurofibromatosis type 1 (NF1) is a neurocutaneous syndrome, due to heterozygous pathogenic
variants in NFT gene. The main clinical manifestations are multiple café au lait spots, axillary and inguinal freckling,
cutaneous and plexiform neurofibromas, optic glioma, Lisch nodules and osseous lesions, such as sphenoid and tibial
dysplasia. Vasculopathy is another feature of NF1; it consists of stenosis, aneurysms, and arteriovenous malformations,
frequently involving renal arteries.

Case presentation: We report on a 9-year-old girl with a novel mutation in NF1 gene and renal artery aneurysm,
treated by coil embolization and complicated with hypertension.

Conclusion: Vasculopathy is a complication of NF1, affecting from 0.4 to 6.4% of patients with NF1. Among the vas-
cular abnormalities, renal artery aneurysm is a rare manifestation, with only a few cases regarding adult patients and
no pediatric reports described in current literature. The finding of a vascular abnormality in a specific site requires the

evaluation of the entire vascular system because multiple vessels could be involved at the same time.
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Background

Neurofibromatosis type 1 (NF1) is an autosomal domi-
nant neurocutaneous syndrome due to heterozygous
pathogenic variants in NF1 gene (17q11.2), that is a de
novo variant in half of affected individuals. NF1 can be
diagnosed by physical examination and evaluation of the
patient’s family history, according to the National Insti-
tutes of Health (NIH) diagnostic criteria, established in
1987 [1]. Recently, an international panel of neurofi-
bromatosis experts was assembled in order to revise the
diagnostic criteria for NF1 by incorporating new clini-
cal features and genetic testing [2]. The revised diagnos-
tic criteria are met in an individual who does not have
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a parent diagnosed with NF1 if two or more of the fol-
lowing are present or in a child of a parent who meets
the diagnostic criteria if one or more of the following are
present: (a) six or more café-au-lait macules over 5 mm
in greatest diameter in prepubertal individuals and over
15 mm in greatest diameter in postpubertal individuals;
(b) freckling in the axillary or inguinal region; (c) two or
more neurofibromas of any type or one plexiform neu-
rofibroma; (d) optic pathway glioma; (e) two or more iris
Lisch nodules identified by slit lamp examination or two
or more choroidal abnormalities defined as bright, patchy
nodules imaged by optical coherence tomography/near-
infrared reflectance imaging; (f) a distinctive osseous
lesion such as sphenoid dysplasia, anterolateral bowing
of the tibia, or pseudarthrosis of a long bone; (g) a het-
erozygous pathogenic NF1 variant with a variant allele
fraction of 50% in apparently normal tissue such as white
blood cells. Other clinical features of NF1 are learning
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disabilities, central nervous system gliomas, and malig-
nant peripheral nerve sheath tumors.

Vasculopathy is a well-known feature of NF1: renal, aor-
tic, cerebral and other visceral arteries could be involved,
both as stenosis and aneurysm [3]. Hypertension is a
common finding in patients with NF1. Although essen-
tial hypertension is the main cause of hypertension, it can
also result from renovascular disease, paragangliomas,
pheochromocytoma, and coarctation of the aorta [4].

We now report on a 9-year-old girl with NF1 and renal
artery aneurysm (RAA), complicated with hypertension.

Case presentation

C.C. was born at term of a normal pregnancy, with nor-
mal birth growth parameters. Familiar history was unre-
markable for genetic disease. No other medical problems
were detected in the past medical history. At the age of 9
years, C.C. was conducted for a dermatological consulta-
tion due to rosacea. During this evaluation, the physician
noticed twenty café-au-lait spots with variable diameter
(from 0.5 to 1.5 cm), mostly localized in the trunk and
in the superior limbs, and axillary freckling. The girl was
referred to a geneticist for the clinical suspicion of NF1,
confirmed by next generation sequencing (NGS). A de
novo heterozygous c.4206delA mutation was found in
NF1 gene, characterized by a single nucleotide deletion
resulting in a frameshift in exon 32, that introduces a
premature stop codon (p.Alal424GlnfsTer4). This vari-
ant has not been previously reported in the literature or
in any public database but it is predicted to be pathoge-
netic by the prediction tools. A comprehensive eye exam,
visual and auditory evoked potentials, and electroen-
cephalogram showed no abnormalities; an abdominal
ultrasound with color-doppler revealed the presence
of a 10 mm aneurysm in the right renal artery. For this
reason, the patient was referred to the Pediatric Neph-
rology Unit (PNU). The girl was well-appearing, with-
out showing symptoms related to this vasculopathy. On
physical examination, she presented multiple café-au-lait
macules and no cutaneous neurofibromas were detected.
Office blood pressure was 100/60 mmHg and ambula-
tory blood pressure monitoring (ABPM) demonstrated
blood pressure within normal limits according to age, sex
and height. Renal computed tomography angiography
revealed the presence of a 10,5 mm fusiform aneurysm in
the right lower segmental artery, a 6 mm saccular aneu-
rysm in the right upper segmental artery and a 4 mm
aneurysm in the right apical segmental artery; brain and
chest magnetic resonance angiography did not show
other vascular lesions. A renal arteriography confirmed
a 7 mm fusiform aneurysm in the right upper segmental
artery and a dissecting aneurysm of 15 mm in the right
lower segmental artery (Fig. 1). A coil embolization was
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Fig. 1 Pre-operative arteriography of the right kidney: a fusiform

aneurysm in the upper segmental artery and a dissecting aneurysm
in the lower segmental artery were found

planned: the right lower segmental artery was cannulated
using a microcatheter and the aneurysm sac was embo-
lized with multiple coils (Fig. 2). A new renal arteriogra-
phy documented a perfusion defect due to the occlusion
of the lower segmental artery with a consensual infarcted
area. The postoperative course was unremarkable, except
for moderate flank pain well-controlled by analgesics,
and she was discharged home. Two weeks later, the girl
complained of headache and skin flushing: elevated
blood pressure (140/100 mmHg) was discovered and she
was admitted again to the PNU. During hospitalization,
office blood pressure was confirmed elevated (150/100
mmHg) and ABPM showed a stage II hypertension.
Renal function was preserved, with no evidence of pro-
teinuria; echocardiogram and ophthalmologic evaluation
demonstrated no alterations. Urinary and plasma cat-
echolamines and metanephrines, plasmatic renin activ-
ity and aldosterone were within normal range. A renal
doppler ultrasound showed no evidence of renal artery
stenosis; the lower pole of the right kidney presented
an hyperechogenic portion, indicative of ischemic area
due to embolization procedure. A diagnosis of second-
ary hypertension related to partial renal infarction after
coil-embolization was made and amlodipine was started;
one week after starting therapy, a new ABPM revealed
worsening of blood pressure: amlodipine was up-titrated
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Fig. 2 Intra-operative arteriogram of the right kidney: the lower
segmental artery was cannulated and the aneurysm sac was
embolized with multiple coils

and enalapril was added. Following the therapy adjust-
ment, blood pressure was controlled and the girl was
discharged.

Discussion and conclusions

NF1-vasculopathy includes stenosis, aneurysms and
arteriovenous malformations occurring in patients with
NF1 [3, 5]. It is an underestimated complication because
a diagnosis is usually made only in patients with specific
clinical manifestations. The prevalence of vascular lesions
in NF1 ranges from 0,4% to 6,4% of all patients [6]. The
most common site of involvement is renal artery, which
tends to be more frequently stenotic than aneurysmal
[7]; in Oderich et al. [3], 76 vascular abnormalities were
diagnosed in 31 patients (mean age 38 £ 16 years): only
4% was RAA, while renal artery stenosis accounted for
about 12% of all the vascular abnormalities. Other ves-
sels could be affected, such as cerebral, carotid and aortic
arteries. Most patients with NF1 vascular abnormalities
are asymptomatic. When the renal arteries are involved,
hypertension is the most frequent presentation [3]. Both
renal artery stenosis and aneurysm can cause renovascu-
lar hypertension [8—10]; the pathogenesis of hypertension
in renal artery stenosis is well-known (linked to activa-
tion of renin-angiotensin-aldosterone system), while the
association between RAA and hypertension is not clearly
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understood, probably related to altered renal flow from
kinking or torsion that causes decreased kidney perfusion
[11, 12]. Several pathogenetic hypotheses about NF1 vas-
culopathy were postulated [13]. Some authors suggested
that intimal thickening in NF1 vasculopathy is the result
of proliferation of Schawann cells within the artery or it
depends on compression or invasion by neural tumors.
Another theory is related to neurofibromin deficiencys; it
has been demonstrated by immunohistochemistry that
neurofibromin is expressed by endothelial and smooth
muscle cells [14] and its deficiency may cause prolifera-
tion within vessel wall, a process analogous to that which
produces cutaneous neurofibromas [3]. A genotype-
phenotype correlation, between a specific pathogenic
variant in NF1 gene and vasculopathy, has not yet been
found [15]. To our best knowledge, there is no other case
of RAA in a child with NF1 reported in current literature.
A few cases of RAA in adults NF1 patients have been
described, often complicated by hypertension [8—10];
spontaneous rupture without risk factors may occur, with
four cases reported [16—19].

For the diagnosis of renal artery abnormalities in patients
with NF1, the first-line imaging technique is color-doppler
ultrasonography. This procedure is non-invasive and com-
monly accepted by pediatric patients; it could be used as
an instrument of screening in asymptomatic NF1 patients
and a follow-up tool in children with any known renal
abnormalities. The limitation of color-doppler ultrasonog-
raphy includes poor cooperation and difficulty in visualiz-
ing the entire renal artery due to overlying bowel gas [20].
Other diagnostic modalities are computed tomography,
magnetic resonance imaging, and arteriography. In our
asymptomatic case, renal color-doppler ultrasound, per-
formed as a screening tool in a patient with NF1, was very
useful in the diagnosis of RAA.

As regards treatment, it depends on the type of renal
abnormality and the associated symptoms. Firstly, chil-
dren with hypertension can be managed conservatively
through medical therapy; if blood pressure is poorly
controlled with anti-hypertensive drugs, surgical inter-
vention is warranted [21]. In the case of RAA, the indi-
cations for endovascular treatment (stent-grafting or
coil embolization) are size>2 cm, female gender within
childbearing age, symptoms like pain, hematuria, medi-
cally refractory hypertension including that associ-
ated with functionally important renal artery stenosis,
thromboembolism, dissection and rupture [22]. In our
case, coil embolization is required because of the pres-
ence of a dissecting aneurysm, with an elevated risk of
spontaneous rupture. The complications of endovascular
procedures include renal infarction, pain, hypertension,
and fever. As observed in our case, hypertension occurs
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after coil embolization, most likely secondary to partial
renal infarction. A close surveillance of blood pressure
in these patients is needed in order to reveal either the
onset of hypertension or the worsening of preexisting
hypertension [23].

In conclusion, vasculopathy is a well-known complica-
tion in NF1 patients. The finding of a vascular abnormality
in a specific site requires the evaluation of the entire vas-
cular system because multiple vessels could be involved
at the same time. In our opinion, this case is relevant
because among the vascular abnormalities in NF1, RAA is
a rare manifestation, with only a few cases regarding adult
patients and no pediatric reports described in current lit-
erature. Our child was asymptomatic at the diagnosis and
the identification of this life-threatening condition was pos-
sible thanks to the early starting of the screening program
for major NF1 complications. We suggest monitoring the
blood pressure of all patients that undergo coil emboliza-
tion for RAA to facilitate early recognition of hypertension.

Abbreviations

NF1: Neurofibromatosis type 1; RAA: Renal artery aneurysm; NGS: Next genera-
tion sequencing; PNU: Pediatric nephrology unit; ABPM: Ambulatory blood
pressure monitoring.

Acknowledgements
Not applicable.

Authors’ contributions

GC, VA, MMD, CC and MV have participated in the diagnostic pathways and
treatment. IC, GAR, SCa, SCi wrote the paper. MMD, CC and GC revised the
manuscript. All authors read and approved the final manuscript.

Funding
No specific fundings were used for the current manuscript.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Parent's informed written consent was provided.

Competing interests
The authors declare that they have no competing interests.

Author details

1Department of Health Promotion, Mother and Child Care, Internal Medicine
and Medical Specialties “G. D'Alessandro’, University of Palermo, Piazza delle
Cliniche, 2,90127 Palermo, Italy. Pediatric Nephrology Unit, ARNAS Ospedali
Civico, Di Cristina e Benfratelli, Via dei Benedettini, 1, 90134 Palermo, Italy.
3Radiology Unit, ARNAS Ospedali Civico, Di Cristina e Benfratelli, Piazza Nicola
Leotta, 4, 90127 Palermo, Italy.

Received: 18 August 2021 Accepted: 9 November 2022
Published online: 21 November 2022

Page 4 of 5

References

1. Neurofibromatosis. Conference statement. National Institutes of Health
Consensus Development Conference. Arch Neurol. 1988;45(5):575-8.

2. Legius E, Messiaen L, Wolkenstein P, et al. Revised diagnostic criteria for
neurofibromatosis type 1 and Legius syndrome: an international consen-
sus recommendation. Genet Med. 2021;23(8):1506-13. https://doi.org/10.
1038/541436-021-01170-5.

3. Oderich GS, Sullivan TM, Bower TC, et al. Vascular abnormalities in patients
with neurofibromatosis syndrome type I: clinical spectrum, management,
and results. J Vasc Surg. 2007;46(3):475-84. https://doi.org/10.1016/j jvs.
2007.03.055.

4. Bergquist C, Servy A, Valeyrie-Allanore L, et al. Neurofibromatosis 1 French
national guidelines based on an extensive literature review since 1966.
Orphanet J Rare Dis. 2020;15(1):37. https://doi.org/10.1186/513023-020-
1310-3. Published 2020 Feb 3.

5. Serra G, AntonaV, Corsello G, Zara F, Piro E, Falsaperla R. NF1 micro-
deletion syndrome: case report of two new patients. Ital J Pedi-
atr. 2019;45(1):138. https://doi.org/10.1186/513052-019-0718-7. Published
2019 Nov 8.

6. Bargiela D, Verkerk MM, Wee |, Welman K, Ng E, Choong AMTL. The endo-
vascular management of neurofibromatosis-associated aneurysms: a
systematic review. Eur J Radiol. 2018;100:66-75. https://doi.org/10.1016/].
ejrad.2017.12.014.

7. Raborn J, McCafferty BJ, Gunn AJ, et al. Endovascular management of
neurofibromatosis type l-associated vasculopathy: a case series and
brief review of the literature. Vasc Endovascular Surg. 2020;54(2):182-90.
https://doi.org/10.1177/1538574419885257.

8. Gui X, Zheng Y. Renal artery aneurysm at the hilum secondary to neurofi-
bromatosis type |. Eur J Vasc Endovasc Surg. 2015;49(4):464. https://doi.
0rg/10.1016/).€jv5.2015.01.022.

9. Triantafyllidi H, Papadakis J, Brountzos E, et al. Neurofibromatosis type 1 and
renal artery aneurysms: an uncommeon entity of severe hypertension. Hellenic
J Cardiol. 2012,53(1):80-6.

10. Zhang B, Zou Y, Yang M, Niu G. Endovascular management of renal artery
aneurysms induced by neurofibromatosis type 1: a case report. Medicine
(Baltimore). 2017;96(47):e8858. https://doi.org/10.1097/MD.0000000000
008858.

11. Gumustas S, Ciftci E, Bircan Z. Renal artery aneurysm in a hyperten-
sive child treated by percutaneous coil embolization. Pediatr Radiol.
2010;40(7):1285-7. https://doi.org/10.1007/500247-009-1505-1.

12. Tanemoto M, Abe T, Satoh F, Ito S. Bilateral calcified renal artery aneu-
rysms in a patient with von Recklinghausen's disease. Nephrol Dial
Transplant. 2005;20(5):1007-8. https://doi.org/10.1093/ndt/gfh591.

13. Hamilton SJ, Friedman JM. Insights into the pathogenesis of neurofi-
bromatosis 1 vasculopathy. Clin Genet. 2000;58(5):341-4. https://doi.org/
10.1034/j.1399-0004.2000.580501 x.

14. Norton KK, Xu J, Gutmann DH. Expression of the neurofibromatosis | gene
product, neurofibromin, in blood vessel endothelial cells and smooth
muscle. Neurobiol Dis. 1995;2(1):13-21. https://doi.org/10.1006/nbdi.1995.
0002.

15. Friedman JM. Neurofibromatosis 1. 1998 Oct 2 [Updated 2022 Apr 21]. In:
Adam MP, Everman DB, Mirzaa GM, et al,, editors. GeneReviews® . Seattle:
University of Washington, Seattle; 1993-2022.

16. Tapp E, Hickling RS. Renal artery rupture in a pregnant woman with
neurofibromatosis. J Pathol. 1969,97(2):398-402. https://doi.org/10.1002/
path.1710970231.

17. Abt D, De Lorenzi D, Nagel W, Schmid HP, Preusser S. Consecutive sponta-
neous rupture of the lower pole renal artery and main renal artery due to
type 1 neurofibromatosis. Urology. 2011;77(6):1339-40. https://doi.org/
10.1016/j.urology.2010.04.031.

18. Niwa N, Yanaihara H, Horinaga M, Nakahira Y, Hanashima F, Asakura H.
Spontaneous renal artery aneurysm rupture in a patient with neurofi-
bromatosis type 1 without risk factors for renal artery aneurysm rupture.
Vasc Endovascular Surg. 2013;47(7):558-60. https://doi.org/10.1177/
1538574413495465.

19. Roberts K, Fan B, Brightwell R. Spontaneous accessory renal artery aneurysm
rupture in a patient with neurofibromatosis type 1: a case report. Vasc
Endovascular Surg. 2019;53(2):150-3. https.//doi.org/10.1177/1538574418
800557.


https://doi.org/10.1038/s41436-021-01170-5
https://doi.org/10.1038/s41436-021-01170-5
https://doi.org/10.1016/j.jvs.2007.03.055
https://doi.org/10.1016/j.jvs.2007.03.055
https://doi.org/10.1186/s13023-020-1310-3
https://doi.org/10.1186/s13023-020-1310-3
https://doi.org/10.1186/s13052-019-0718-7
https://doi.org/10.1016/j.ejrad.2017.12.014
https://doi.org/10.1016/j.ejrad.2017.12.014
https://doi.org/10.1177/1538574419885257
https://doi.org/10.1016/j.ejvs.2015.01.022
https://doi.org/10.1016/j.ejvs.2015.01.022
https://doi.org/10.1097/MD.0000000000008858
https://doi.org/10.1097/MD.0000000000008858
https://doi.org/10.1007/s00247-009-1505-1
https://doi.org/10.1093/ndt/gfh591
https://doi.org/10.1034/j.1399-0004.2000.580501.x
https://doi.org/10.1034/j.1399-0004.2000.580501.x
https://doi.org/10.1006/nbdi.1995.0002
https://doi.org/10.1006/nbdi.1995.0002
https://doi.org/10.1002/path.1710970231
https://doi.org/10.1002/path.1710970231
https://doi.org/10.1016/j.urology.2010.04.031
https://doi.org/10.1016/j.urology.2010.04.031
https://doi.org/10.1177/1538574413495465
https://doi.org/10.1177/1538574413495465
https://doi.org/10.1177/1538574418800557
https://doi.org/10.1177/1538574418800557

Chillura et al. Italian Journal of Pediatrics (2022) 48:186 Page 5 of 5

20. Gao J, Fisher A, Chung J. Color duplex ultrasonography in detecting renal
artery abnormalities in a patient with neurofibromatosis 1: a case report. Clin
Imaging. 2006;30(2):140-2. https://doi.org/10.1016/j.clinimag.2005.06.033.

21. Han M, Criado E. Renal artery stenosis and aneurysms associated with
neurofibromatosis. J Vasc Surg. 2005;41(3):539-43. https://doi.org/10.
1016/jjvs.2004.12.021.

22. Coleman DM, Stanley JC. Renal artery aneurysms. J Vasc Surg.
2015;62(3):779-85. https://doi.org/10.1016/jjvs.2015.05.034.

23. Collins CS, Eggert CH, Stanson AJ, Garovic VD. Long-term follow-up of renal
function and blood pressure after selective renal arterial embolization. Per-
spect Vasc Surg Endovasc Ther. 2010;22(4):254-60. https://doi.org/10.1177/
1531003510395605.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.clinimag.2005.06.033
https://doi.org/10.1016/j.jvs.2004.12.021
https://doi.org/10.1016/j.jvs.2004.12.021
https://doi.org/10.1016/j.jvs.2015.05.034
https://doi.org/10.1177/1531003510395605
https://doi.org/10.1177/1531003510395605

	A novel NF1 mutation in a pediatric patient with renal artery aneurysm
	Abstract 
	Background: 
	Case presentation: 
	Conclusion: 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References


