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 Summary
 Background: Type 1 neurofibromatosis (NF1) may be manifested by a variety of changes in the central nervous 

system (CNS) and in other organs. The risk of malignancy is increased in these patients.

  The purpose of the study was to present the utility of magnetic resonance imaging (MRI) in the 
visualization of lesions and in monitoring of the disease and its therapy in children with NF1.

 Material/Methods: We analyzed retrospectively 128 MRI scans in 44 children diagnosed with NF1, treated in the 
Institute of Mother and Child in Warsaw. The analyzed group consisted of 19 boys and 25 girls, aged 
1–24 years, mean age 10.8 yrs. MRI examinations were performed in the years 2004–2008 with a 
1.5 T scanner. There were 76 brain scans and 52 examinations of other regions of the body.

 Results: Brain lesions were found on MRI in 27 children (64.2%); there were UBOs in 26/42 (62.2%) patients 
and optic nerves gliomas in 11/42 (26.2%) children. In 3 cases, evolution of UBOs was observed over 
the time.

  Extracranial lesions were visualized in 52 MR examinations in 20 children. Very extensive 
plexiform neurofibromas compressing abdominal and pelvic organs were observed, and 3 cases of 
spinal canal invasion, with spinal cord compression in one patient.

  Malignant lesions were found in 3 patients: 2 malignant peripheral nerve sheath tumors (MPNST) 
and 1 rhabdomyosarcoma (RMS).

  The MRI characteristics of intra- and extracranial lesions is presented.

 Conclusions: Children with NF1 require constant care in the specialized center with a multidisciplinary team 
and MRI equipment available. MR examination in the best imaging method in children with NF1, 
allowing both diagnosis and monitoring of the patients, especially evaluation of lesions suspicious 
of malignancy, as well as treatment planning.
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Background

Type 1 neurofibromatosis (NF1), also referred to as von 
Recklinghausen disease, belongs to the group of phacoma-
toses, genetically determined diseases and is the most fre-
quent of them. It is caused by a mutation in the neurofibro-
mine-encoding gene and inherited as a dominant autosomal 

trait. The incidence of MN1 in the population approximates 
1:3000 births. In most cases the disease remains undiag-
nosed, because it is characterized by a wide range of symp-
toms, which become manifested with varied intensity, from 
very discrete to severe, and the diagnosis is established on 
the basis of diagnostic criteria [1,2].
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The diagnostic criteria for NF1 were defined precisely in 
1997 by the National Institute of Health (NIH) Criteria 
Consensus Conference. According to these criteria, the 
patient must meet 2 out of 7 conditions specified below to 
be diagnosed with NF1:
1.  six or more spots of „cafe au lait” type more than 5 mm 

in diameter,
2.  two or more neurofibromas or one plexiform neurofibro-

ma,
3.  freckles or skin discolorations in the places inaccessible 

for light (armpits, groins, pubic region),
4. optic nerve glioma,
5. two or more Lish nodules on the iris,
6. characteristic skeletal changes,
7. a first-degree relative suffering from NF1 [2].

Cafe au lait spots are observed also in ca. 10–15% of healthy 
children, therefore the criteria take into account the num-
ber and size of the lesions.

Skeletal anomalies accompanying NF1 include bone dyspla-
sias and deformations, the most common of which is scolio-
sis of the thoracic segment of the spine.

Children with NF1 demonstrate in ca. 30% of cases psy-
chosocial deficits, in ca. 60% visual-motor coordination 
disturbances, dyslexia, impaired memory functions, in 38% 
attention deficit hyperactivity disorder (ADHD); mild men-
tal retardation is observed only in ca. 1% of patients [1].

Patients with NF1 are at increased risk of developing malig-
nant tumors, including most frequently rhabdomyosarcoma 
(RMS), malignant peripheral nerve sheath tumor (MPNST) 
and leukemias [1,2].

NF1 is an incurable disease and its management is symp-
tomatic, but it requires constant monitoring because of the 
risk of malignant tumors. Magnetic resonance (MR) allows 
to assess both the lesions within the central nervous system 
(CNS) and the peripheral lesions – neurofibromas, which 
may undergo malignant transformation or require surgical 
treatment because of their size.

The aim of the paper is to present varied MR manifesta-
tions of lesions, both intra-, and extracranial, in children 
with NF1, as well as the utility of MR in monitoring of 
patients with NF1.

Material and Methods

The study group consisted of 44 children (19 boys and 25 
girls), aged from 1 to 24 years, mean age 10.8 yrs with NF1 
diagnosed according to NIH criteria, examined and treated 
in the Institute of Mother and Child, Warsaw in 2004–2008. 
Analysis of 128 MR scans of the brain and other body 
regions as carried out. Some children had the scans repeat-
ed several times. 76 scans of the brain obtained from 42 
children and 52 scans of other body regions from 20 chil-
dren were analyzed.

MR scans of the brain were performed with a 1.5 T scan-
ner using routine sequences: SE T1, FSE T2, T2 Flair and 
additionally SE T1 performed after i.v. contrast adminis-

tration at 0.2 ml/kg b.w. dose in case of detection of any 
abnormalities.

For other body regions, SE T1 with and without fat satura-
tion, FSE T2, STIR and SE T1 after i.v. contrast administra-
tion at 0.2 ml/kg b.w. dose were obtained in three projec-
tions: transverse, frontal and sagittal.

Results

MRI of the brain

Brain scans were performed in 42 patients. In 27 children 
(64.2%), MRI of the brain revealed some abnormalities, 
which were divided into the following groups:
1.  “unidentified bright objects” (UBOs), i.e. foci of increased 

signal intensity in T2-weighted images (FSE T2 and T2 
Flair);

2. optic nerve gliomas.

UBOs were visualized in all children with brain lesions 
detected in MRI. The occurrence of UBOs in particular 
localizations is presented in Table 1.

Optic nerve gliomas were detected in 11/27 children with 
CNS abnormalities (40.1%) and in 26.2% of all children who 
underwent brain scans.

Additionally, neurofibromas present within the orbits, caus-
ing compression and displacement of the optic nerves, were 
observed in 2 children.

Control MR scans of the brain revealed progression of 
the lesions manifested as appearance of new UBOs in 2 
patients, and in one regression of such a focus.

MR of other body regions

52 MR scans were performed in 20 patients.

The extracranial locations of lesions were as follows:
–  in 6 patients (30%), the lesions were found in the extrem-

ities (3 – hand, 2 – calf, 1 – thigh),

Localization Number of patients

Cerebellum 13

Thalamus 8

Basal nuclei 7

Cerebral hemispheres 7

Brain stem 7

Globus pallidus 6

Cerebellar peduncles 6

Pons 2

Cerebral peduncles 1

Table 1. Localization and frequency of UBOs.
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–  in 6 (30%), the lesions were localized paraspinally in the 
trunk (3 in the thoracic region, 3 in the cervical region),

–  in 3 (15%), the lesions were located in the pelvis (paraspi-
nally or occupying almost the whole pelvic cavity),

–  in 2 (10%), the lesions were present in the abdominal cav-
ity,

– in 3 (15%), the lesions were found in the facial region.

Among these lesions, simple and plexiform neurofibromas 
were distinguished.

Plexiform neurofibromas in 4 patients were very exten-
sive; in 2 cases, they occupied the whole pelvic cavity, in 
1, the pelvic and abdominal cavity as well as intercostal 
spaces, and in 1 case large cervical lesions penetrated into 
the mediastinum.

Control MR scans revealed in 3 cases progression of neu-
rofibromas penetrating into the spinal canal: in 2 patients 
without spinal cord compression and in one with marked 
compression of the spinal cord, which caused symptoms 
necessitating decompression surgery.

Other lesions were also observed:

–  in 4 patients, simple or plexiform neurofibromas locat-
ed in the orbit, with no abnormalities of the optic nerve 
except for displacement or compression,

–  in 1 patient, in the facial skeleton, with penetration to the 
external auditory meatus. In postoperative control scans, 
residual lesions with no growth dynamics were observed.

Malignant lesions were observed in 3 patients:
–  MPNST of the hand developed on the basis of a neurofi-

broma,
– MPNST of the parotid gland,
– RMS of the thigh.

In 2 cases, repeated postoperative control MR scans 
revealed no signs of local relapses, whereas in 1 (MPNST 
of the parotid gland), a few relapses were noted after sub-
sequent reoperations as well as progression of the tumor 
during chemotherapy.

Discussion

The lesions visualized by MRI in the CNS of NF1 patients 
have been described many times in various publications 
[3–5].

B

A

Figure 1.  (A) FLAIR,ax. Hyperintense lesions in deep structures, in globus pallidus on the right side and more diff use on the left – unidentifi ed 
bright objects (UBO), typical of NF1. (B) FLAIR,ax. High signal lesions in the pons and left temporal lobe – UBOs. (C) FSE/T2. The same 
section as in Figure 1B – high signal UBOs. (D) SE/T1. The same section as in Figure 1B – no focal lesions, UBOs are not indentifi ed on 
T1WI. On pictures B,C,D also an optic chiasm glioma is seen.

C

D
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The incidence of CNS lesions in the course of NF1 has been 
estimated differently by various authors: according to 
Zajączek, it reaches ca. 15% [1], according to Aoki et al. 36% 
for optic nerve gliomas and 60% for UBOs [3], Wojtkiewicz 
et al. estimate the frequency of tumors at 24%, and of UBOs 
at 50.7%. The lesions of UBO type are more frequently 
detected in children (63.5%) than in adults (11.8%) [4].

Considering the fact of high incidence of UBOs in children, 
some authors suggest that it can serve as an additional cri-
terion facilitating the diagnosis, although the lesions of this 
type are not included in the list of diagnostic criteria for 
NF1.

Our material confirms high occurrence of UBOs: lesions of 
this type were found in 27 patients (64.2%), 25 of whom 
had multiple foci and only 2 single ones (Table 1).

Lesions of UBO type are characterized by increased signal 
intensity in T2-weighted images (FSE and FLAIR). No signal 

alterations are observed in T1-weighted images, as well as 
no contrast enhancement of the lesions and no mass effect 
(Figure 1A–D). However, in some patients UBOs located 
in the globus pallidus demonstrate high signal intensi-
ty increases also in T1-weighted images, which probably 
results from calcium deposits within the lesions [3].

UBOs can occur as single or multiple foci of various size, 
which evolve during the time of observation. In children, 
regression of some foci is usually observed, but new ones 
may appear as well [6]. UBOs are primarily located (in 
the order of frequency) in the following structures: basal 
nuclei, cerebellum, internal capsule, brain stem, cerebral 
peduncles and white matter of the cerebral hemispheres 
[5]. The localization of UBOs in our material was consistent 
with literature data (Table 1).

A

B

Figure 2.  (A) SE/T1,ax. Tumor involving optic chiasm with 
strong enhancement after Gd – optic chiasm glioma. 
(B) SE/T1,fatsat,ax. Thickened intraorbital part of right optic 
nerve-optic nerve glioma.

B

A

Figure 3.  (A) STIR. Multiple neurofi bromas of both calves with 
a typical “target sign”. (B) SE/T1,Gd. Large neurofi broma 
of the right calf. The region of necrosis is seen in the center 
with no contrast enhancement.
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Histologically such lesions are not tumors: they are found 
to contain dysplastic or hyperplastic neural cells, glial cells, 
microcalcifications and perivascular gliosis [7]. MRI is the 
only imaging modality enabling do detect and monitor UBO 
type lesions.

The most common tumors associated with NF1 are optic 
nerve gliomas which coincide with NFI in 70% of cases 
and account for 5% of all intracranial pediatric tumors [5]. 
In MRI they are characterized by thickened optic nerves 
with no alterations of signal intensity and different reac-
tion after administration of gadolinium compounds: pres-
ence or absence of contrast enhancement. They are most 
frequently located in the region of optic chiasm, but may 
also affect the intraorbital segments of the optic nerves or 
optic chiasm  (Figure 2A,B) [3–5].

In our material, 11 patients (40.1%) were found to have optic 
nerve gliomas, which is consistent with some other reports 
[3]. In 9 cases, the optic chiasm was affected, in 2 cases, the 
intraorbital segments of the optic nerves were thickened. 
All 11 patients with gliomas presented also UBO lesions. In 
1 patient, the tumor located at the optic chiasm  demonstrat-
ed mass effect and very intense contrast enhancement.

Children with CNS lesions developed in the course of NF1 
require monitoring by control MR scans, which are recom-
mended at 2-year intervals [1].

Extracranial lesions associated with NF1 include primar-
ily neurofibromas, simple or plexiform. The latter ones are 
pathognomonic for that diagnosis. According to Karnsdorf, 
neurofibromas account for ca. 5% of benign soft tissue 
tumors, which was estimated as a result of analysis of a 
cohort of over 38 thousand patients [8]. The most common 
extracranial locations include: the extremities, neck, facial 
skeleton and trunk. In our material the lesions also were 
most frequently located in the extremities or in the trunk, 
i.e. in the paraspinal region, abdominal and pelvic cavity.

Simple neurofibromas are well-delineated tumors located 
along the course of the nerves, characterized in MR images 
by the following features:
–  intermediate signal intensity in T1-weighted images 

(lower than, or similar to, the signal obtained from mus-
cle tissue), with some lesions demonstrating inhomoge-
neous signal,

–  high signal intensity in T2-weighted images; in some 
cases a target sign is visible with high signal intensity 
on the periphery and low in the center of the lesion 
(Figure 3A,B),

–  contrast enhancement, often inhomogeneous, after 
administration of gadolinium compounds.

A characteristic feature of neurofibromas is their localization 
along the nerves; especially in case of multiple lesions situat-
ed with their long axes in parallel to the nerve course, estab-
lishing correct diagnosis without biopsy is often possible [9].

The target sign observed in T2-weighted and STIR images 
results from the structure of simple neurofibroma, with myx-
oid tissue on the periphery and fibrous-collagen tissue in the 
central part [10]. If a neurofibroma contains degenerative, 

necrotic, hemorrhagic or cyst-like changes, the target sign is 
absent. It is not observed also in plexiform neurofibromas.

MRI is a very good method allowing to assess the tumor 
topography and its relations to vascular and neural struc-
tures and the surrounding muscles, important in the con-
text of planned surgery.

In MR imaging of tumors arising from neural tissue, control 
scans are performed and they are always compared with 
the previous examinations. This allows to confirm stable 
condition of the tumor or signs arousing anxiety, requiring 
microscopic verification or detailed observation.

Peripheral neurofibromas, because of their number and 
easy assessment by physical examination require control 
with imaging modalities in special cases only. The sim-
plest method most commonly used for visualization of such 
lesions is sonography (US). Large plexiform neurofibromas 
located in the areas which are difficult to be accessed by 
palpation, and in particular lesions increasing in size and 
suspected of malignant transformation require MR control.

Plexiform neurofibromas are large tumors located along 
the peripheral nerves, characterized by irregular, polycyclic 
shape and inhomogeneous internal structure. They may infil-
trate soft tissues, surround blood vessels and reduce peri-
vascular adipose tissue. Their signal in MR images is usu-
ally heterogeneous, they may contain regressive changes  and 
demonstrate inhomogeneous contrast enhancement [9,11]. 
No characteristic target sign is seen in T2-weighted images 
(Figure 4). The image of a plexiform neurofibroma can be dif-
ficult to differentiate from malignant tumor transformation.

Neurofibromas, especially plexiform ones, in the course of 
NF1, carry an increased risk of malignant transformation 
which occurs in 2–29% of cases; the risk of such trans-
formation during the patients' lifetime reaches 14% [12]. 
Malignant transformation results in the development of 
malignant peripheral nerve sheath tumor (MPNST). The 

Figure 4.  T2WI,cor. Very extensive plexiform neurofi broma involving 
thoracic, abdominal and pelvic regions.
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terminology used for tumors arising from the nerve sheath 
used to be quite complicated. They were referred to as: neu-
rogenic sarcoma, malignant schwannoma, nerve-sheath 
fibrosarcoma, neurofibrosarcoma, malignant neurilemoma. 
All these terms are synonymous and are currently classified 
as lesions belonging to the MPNST group [11].

Rapid growth of the tumor and pain are the clinical signs 
suggestive of malignant transformation. There are no char-
acteristic features which could enable unequivocal differ-
entiation of benign and malignant lesions in MR [9,13,14]. 
Tumors which have undergone malignant transformation 
present in MR, more frequently than benign ones:
– unclear and irregular outlines,
– inhomogeneous signal intensity,
– inhomogeneous contrast enhancement,
– necrotic or hemorrhagic areas.

All these features should arouse anxiety and indicate the 
necessity of microscopic verification [9]. Differentiation 

between benign and malignant lesions on the basis of con-
trast enhancement curve characteristics over the time was 
attempted in dynamic MR, but this technique also failed to 
provide unequivocal results, although it may be helpful [10].

Only the signs of infiltration of the surrounding tissue in 
MR images suggest an unequivocal diagnosis of malignancy 
[13,14].

In our material, the following malignant lesions were 
observed:
–  an MPNST developed from a neurofibroma, character-

ized by very intensive contrast enhancement and rapid 
growth (Figure 5 A,B),

–  a rhabdomyosarcoma, very large and rapidly growing 
tumor, demonstrating a heterogeneous signal, intensive, 
heterogeneous contrast enhancement and a necrotic area 
within the tumor;

–  a parotid gland MPNST, extensive, growing rapidly 
and characterized by intensive, heterogeneous contrast 
enhancement.

A

B

Figure 5.  (A) SE/T1,Gd. Malignant transformation of neurofi broma 
into MPNST in the left hand. (B) FSE/T2+fatsat. The same 
malignant lesion.

A

B

Figure 6.  (A) SE/T1,Gd,cor. Large mass (plexiform neurofi broma) in the 
pelvis with compression of other organs. (B) FSE/T2,ax. The 
plexiform neurofi broma is lobulated, with no “target sign”.

© Pol J Radiol, 2009; 74(2): 14-21 Jastrzębska M et al – MR imaging features in children…

19



Malignant lesions of MPNST type are associated with 
poor prognosis. They are usually large, over 5 cm in diam-
eter. 45% of patients develop local relapses and 39% dis-
tant metastases after the surgery. The prognosis for 
MPNST patients with coincident NF1 is much worse than 
in patients without NF1 gene mutation: 5-year survival of 
patients with NF1 is estimated at 16%, and in other patients 
– at 53% [15].

In our material, an MPNST located in the hand demonstrat-
ed neither local relapse nor distant metastases. An exten-
sive RMS of the thigh after non-radical surgery was diag-
nosed and reoperated in our institute. The patient received 
radiotherapy after the surgery and no relapses were 
detected during 4-year follow-up. A parotid gland MPNST 
relapsed locally after surgery which was non-radical micro-

A

B

Figure 7.  (A) FSE/T2,sag. April 2007. The paraspinal mass in thoracic 
region with no invasion into the spinal canal. (B) FSE/
T2,sag. January 2008. Progression of paraspinal plexiform 
neurofi broma with invasion into the spinal canal. (C) 
SE/T1,Gd,cor. January 2008. Compression of spine.

C

B

A

Figure 8.  (A) SE/T1+fatsat,ax. Multiple nerofi bromas in the right 
orbit with replacement of right optic nerve. (B) FSE/T2,ax. 
Many hyperintense lesions –neurofi bromas in the right 
orbit (the same patient as A).
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scopically. After reoperation, regrowth of the tumor was 
observed, and the next scans revealed progression during 
chemotherapy in the form of tumor growth and develop-
ment of new foci on the other side. As it follows from the 
literature, MPNST can have a very unfavorable course and 
relapse locally many times [12,16,17].

Plexiform neurofibromas may reach considerable size and 
cause clinical symptoms requiring surgical intervention. 
MR imaging, which allows precise assessment of the tumor 
topography and the risk of malignant transformation, is 
indicated in such cases.

Our material includes 2 children with very extensive plexi-
form neurofibromas. In one case, the lesion occupied prac-
tically the whole abdominal cavity and pelvis, as well as 
the intercosta spaces, sciatic and gluteal regions (Figure 4). 
The second patient (a girl) has massive lesions filling the 
pelvis and compressing the adjacent organs (Figure 6A,B). 
Such extensive lesions cannot be subjected to surgical 
resections, but their monitoring makes it possible to assess 
the risk of malignant transformation.

Magnetic resonance provides valuable information con-
cerning the tumor topography, potentially useful for the 
purpose of planned surgery. However, surgical treatment 
cannot generally be radical and carries the risk of defor-
mation, neural damage and rapid relapse of the tumor. 
Therefore, “watchful waiting” with regular MR monitoring 
instead of surgical treatment if there are no oncological rea-
sons for anxiety has been adopted in our center as standard 
management of such patients [12].

Changes taking place in the course of NF1 can also cause 
clinical symptoms requiring surgical intervention in case of 
unfavorable location. Our material includes a girl with an 
extensive neurofibroma localized in the paraspinal region in 
the thoracic segment, which on subsequent control MR scans 
demonstrated progression and penetration into the spinal 
canal and the mediastinum. When control MRI revealed spi-
nal cord compression (Figure 7A–C), a decompression proce-
dure was performed. The patient is currently under observa-
tion and presents no signs of spinal cord compression.

Another unfavorable localization is the orbit. Orbital loca-
tion of the lesions was found in 4 of our patients, with neu-
rofibromas penetrating into the orbit, displacing and com-
pressing the optic nerve (Figure 8A,B).

Location of the lesions in the external auditory meatus was 
also unfavorable. The neurofibromas, after partial resection, 
are under observation and do not demonstrate any dynamic 
growth. In such cases, MR is an indispensable information 
source for the surgeons assisting them in the decisions con-
cerning operation and in precise planning of the procedure.

Conclusions

1.  Children diagnosed with type 1 neurofibromatosis should 
remain under constant specialist multidisciplinary care 
in a specialist center, with regular control including MR 
imaging.

2.  MRI is the best imaging modality to visualize both intra-
and extracranial lesions in the course of NF1.

3.  MR imaging allows to assess the extent of the lesions, to 
monitor their development, plan the treatment and follow 
up the patient after treatment.
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