
Introduction

Neurofibromatosis type 1 (NF1), an autosomal domi-
nant disorder, has a highly variable natural history and
phenotypic expression. Plexiform neurofibromas can
cause significant morbidity because of disfiguring le-
sions, bone deformities, and involvement of adjacent
structures. The risk of sarcomatous degeneration is low,
between 3 and 5% [1, 2]. Malignant change typically
occurs in young adults, with a male predominance [2].

Abdominopelvic involvement in NF1, although rare,
can result in obstruction and dysfunction of the gas-
trointestinal tract and genitourinary tract. Sometimes
these abdominopelvic symptoms can be the presenting
findings in neurofibromatosis.

The MR imaging appearance of abdominopelvic
neurofibromatosis has only been described in sporadic
cases [3–5]. We report the findings in a series of 43 pa-
tients who are part of a larger cohort of nearly 300 pa-
tients with NF1 being studied within a multicenter trial
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Abstract Background: Plexiform
neurofibromas are a frequent com-
plication of neurofibromatosis type
1. This article discusses MR imaging
findings and distribution of plexi-
form neurofibromas in the abdomen
and pelvis. Objective: To define the
most prevalent patterns of involve-
ment and MR imaging findings in
abdominopelvic neurofibromatosis
type 1. Materials and methods: We
reviewed the MR appearance of
abdominopelvic lesions in 23 male
and 20 female patients (median age:
16 years) with type 1 neurofibroma-
tosis. The patients were part of a
multi-institutional study of 300 pa-
tients. Imaging included coronal or
sagittal, and axial short tau inver-
sion recovery images. Results: The
most common abdominopelvic
involvement was in the abdomino-
pelvic wall (n=28, 65%) and lum-
bosacral plexus (n=27, 63%).
Retroperitoneal involvement was

frequent (n=15, 35%). Lesions were
less often intraperitoneal (21%)
(P=0.001). Pelvic disease (n=27,
63%), neural canal involvement
(n=18, 42%), and hydronephrosis
(n=4, 9%) were also noted. Target-
like appearance of plexiform lesions
was noted in more than half the
patients. Conclusion: Abdominopel-
vic involvement in neurofibromato-
sis type 1 is primarily
extraperitoneal. Although lesions
are most prevalent in the abdomi-
nopelvic wall and lumbosacral
plexus, retroperitoneal and pelvic
involvement is common and usually
affects important organs. MR
imaging added information in the
initial and follow-up clinical evalua-
tion of these patients.
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to determine the natural history of plexiform neurofi-
bromas. In the subset with abdominopelvic involvement,
our goals are to describe the major patterns of the tu-
mors and to document the effects of neurofibromas on
abdominal and pelvic structures.

Materials and methods

Subjects

We reviewed the MR appearance of abdominopelvic
lesions in 23 male and 20 female patients, with a median
age of 16 years (age range, 4–52 years). All patients
fulfilled diagnostic criteria for NF1 [6]. The initial pro-
tocol was to have serial MR imaging examinations three
times during a 3-year observation period. In our popu-
lation, 21 patients have had one study, 19 have had two
studies, and 3 have had three studies, for a total of 68
MR imaging examinations. The study is ongoing. As
part of the plexiform neurofibroma multi-institutional
study, MR imaging data of 300 patients were sent to a
central location for analysis. Of these patients, 43 who
had MRI scans of the abdomen were selected for anal-
ysis of abdominal lesions. The human research com-
mittees of the 14 participating institutions approved the
study.

MR imaging

All MR imaging was performed at high field strength,
with 35 magnets operating at 1.5 T and one magnet at
1.0 T. Coil and field of view selection varied according
to the location of the lesion. The protocol included
coronal and contiguous axial short tau inversion
recovery images (TR/TE 6,000/35; inversion time,
150 ms; echo-train length 8). Axial images were used for
volumetric measurements. Slice thickness was 10 mm for
the abdomen and pelvis. A 256·256 or 512·160 matrix
was used. Contrast medium agent was not administered
to any patient.

Image analysis

Involved regions were classified as the abdominopelvic
wall, nerve plexi, pelvis, and abdomen. Nerve plexus
involvement was classified into sacral, lumbar, celiac,
and para-aortic. Sciatic nerve involvement was noted in
the lumbosacral plexus abnormalities, which were also
graded based on their size. Lesions less than 1 cm in
greatest diameter were classified as grade 0, those 1–
5 cm as grade 1, and those greater than 5 cm as grade 2.
Lesions were evaluated for the presence or absence of
the typical target-like appearance, defined as a

well-circumscribed central area of low signal intensity
and peripheral high signal intensity.

The affected abdominal and pelvic muscle groups
were individually evaluated, and the frequency of
involvement was studied for rectus abdominis, erector
spinae, and gluteus. Genitourinary organs including the
kidneys and ureter, the penis and scrotum in males, and
the uterus in females were evaluated for patterns of
involvement and for complications such as hydroneph-
rosis and hydroureter. Secondary changes of the spine
and pelvic bones such as neural foraminal widening,
greater sciatic notch widening, and spinal cord com-
pression were evaluated. Lesion signal intensity charac-
teristics were analyzed. The serial progression of the
tumor was quantitatively studied by volumetric analysis.
Two radiologists jointly analyzed the images without
knowledge of the patient’s history or the rate of clinical
growth, and graded the lesions by consensus.

Statistical analysis

The significance of differences in prevalence of various
findings was determined using the two-sample test of
proportion (Intercooled Stata 7.0, Stata Corporation,
College Station, TX, USA). A result with a P value less
than 0.05 was thought to be significant.

Fig. 1 Axial STIR MR image (6,000/35) at the level of the kidneys
shows posterior involvement of the abdominopelvic wall by a
diffuse plexiform neurofibroma. Retroperitoneal involvement is
also noted (arrows)
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Results

The plexiform neurofibromas were primarily extra-
peritoneal. The most common regions of involvement
were the abdominopelvic wall (n=28/43; 65% of pa-
tients), lumbosacral plexus (n=27/43; 63% of patients),
and pelvis (n=27/43; 63% of patients). Abdominopelvic
wall muscle involvement occurred primarily in the glutei
(n=12), iliopsoas (n=11), and erector spinae (n=5)
muscles. This was because of the involvement of the
nerve roots in the intermuscular planes. These lesions
were predominantly hyperintense with areas of hetero-
geneity. Posterior abdominopelvic wall involvement
(n=13) (Fig. 1) was more frequently noted compared to
anterior (n=7) and lateral (n=8) abdominopelvic wall
involvement (P = 0.01). Lumbosacral plexus (n=27)
involvement was combined lumbosacral (n=16), iso-
lated sacral (n=6), or isolated lumbar (n=5). In 17
patients, the involvement extended into the sciatic nerve

(Fig. 2). Lesions were either diffuse expansions of the
nerve roots causing a chain-like appearance of nerves
(Fig. 3) or large high signal intensity soft-tissue lesions
causing mass effect on the surrounding abdominal
structures, iliac vessels, sacrum, and iliac bones.
Enlargement of sacral foramina was found in all 17
sciatic nerve lesions. Sciatic nerve tumors were also of
high signal intensity and caused diffuse enlargement of
the lower limb. Based on their size, lumbosacral plexus
lesions were most commonly greater than 5 cm (n=17/
27), less often between 1 cm and 5 cm (n=9/27), and
seldom less than 1 cm (n=1). Extension into iliopsoas
(n=11) and posterior abdominopelvic wall musculature
was noted in cases of lumbar plexus involvement.

Pelvic lesions were either extensions of sacral lesions
or primary lesions arising from the pelvic plexus of
nerves (n=2) causing perirectal invasion. Bladder
involvement was noted in eight patients in the form of
mass effect (n=1) and diffuse or circumferential infil-
tration (n=7). Genital involvement occurred in six pa-
tients, with involvement of the penis or scrotum (n=2)
and uterus or vagina (n=4). A patient with vulvar
neurofibroma demonstrated a large lesion with exten-
sion into the perirectal and periuterine region (Fig. 4).

Fig. 2 Axial STIR MR image
(6,000/35) of the pelvis. a Plex-
iform neurofibromas involving
the sacral plexus and left sciatic
nerve (black arrows). Area of
intramuscular involvement is
noted on the left (white arrow).
b Follow-up MRI after 3 years
shows increase in the size of the
lesions

Fig. 3 Coronal STIR MR image (6,000/35) shows extensive
fusiform enlargement of the lumbosacral nerve roots

Fig. 4 Axial STIR MR image (6,000/35) at the level of the pubic
symphysis shows hyperintense plexiform lesions involving the
perirectal (black arrow) and labial region (white arrow). R rectum
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Rectal involvement (n=13) was noted in the form of
mass effect (n=4) and diffuse perirectal infiltration
(n=9).

Retroperitoneal lesions were distant from the lum-
bosacral plexus and originated from the autonomic
plexus in the celiac and para-aortic region. The regions
frequently involved were the para-aortic (n=12), iliac
(n=3), and celiac (n=2) regions. Diffuse celiac plexus
involvement with infiltration into the peripancreatic re-
gion was noted in two patients. Hydronephrotic changes
(n=2) were a result of retroperitoneal nerve plexus
involvement causing ureteric obstruction. The hydro-
nephrosis was severe in one patient (Fig. 5) with signif-
icant renal enlargement and thinning of parenchyma.

Lesions were less commonly intraperitoneal
(P=0.001), being located in the mesentery (n=7), spleen
(n=1), and liver (n=1). Multiple plexiform lesions,
which studded the mesenteric folds, were encountered in
one patient, the hyperintense neurofibromas highlighted
in the dark background of the visceral peritoneum on
the STIR sequence (Fig. 6). The remaining six patients
with mesenteric involvement had either focal primary
mesenteric lesions (n=4) or secondary lesions extending
from the retroperitoneum (n=2). Bony involvement in-
cluded lumbosacral neural foraminal widening (n=20),
greater sciatic foramina widening (n=2), and neural
canal involvement (n=18).

Target-like appearance was noted in 53% (n=23/43)
of patients. No subject showed loss of target-like
appearance on follow-up imaging.

Discussion

We have found that, in the abdomen and pelvis, plexi-
form neurofibromas primarily affect the abdominopelvic
wall and retroperitoneal regions. Plexiform neurofibro-
mas are a frequent complication of NF1 1 [7–10]. With
the emergence of new treatment protocols for treatment

of plexiform neurofibromas [11], there is an increasing
need to evaluate and classify these tumors.

Classification and analysis of complications of
abdominal plexiform neurofibromatous lesions evalu-
ated by MRI has not been reported. Abdominopelvic
wall lesions are primarily posterior, probably because of
the proximity of the posterior wall to the lumbosacral
plexus and a lesser abundance of nerves in the anterior
abdominopelvic wall. Lumbosacral plexus involvement
resulted in significant secondary changes, such as spinal
cord compression and obstructive hydronephrosis.
Sacral plexus involvement produced mass effect on
pelvic organs. Infiltration surrounding pelvic organs
including the uterus and rectum was difficult to distin-
guish from primary involvement of the organ.

Fig. 5 Retroperitoneal lesion
causing hydronephrosis. a Axial
STIR image (6,000/35); retro-
peritoneal neurofibromas
(arrow) adjacent to the
ureteropelvic junction. There is
hydronephrosis of the left
kidney. b Coronal STIR image
(6,000/35). Retroperitoneal
neurofibromas (arrows) causing
ureteric obstruction and hydro-
nephrosis of the left kidney

Fig. 6 Coronal STIR image (6,000/35) shows plexiform neurofi-
bromas (arrows) involving the mesentery. The classic target sign
with central hypointensity and peripheral hyperintensity is seen
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Autonomic plexus involvement was also found to be
common. Liver and spleen neurofibromas are extremely
rare [12]; we found only one case of each.

Abdominal plexiform disease distribution has been
evaluated with CT but not with MR imaging. Bass et al.
[13] described the CT appearances of abdominal lesions
in NF1. They studied 16 patients and found that almost
all had retroperitoneal plexiform neurofibroma with
predominant involvement of the psoas major muscle.
This agrees with our findings that extraperitoneal lesions
were more common than intraperitoneal. Eight of their
16 patients had lumbosacral plexus lesions, similar to
our experience (n=27/43, 63%).

Biondetti et al. [14] emphasized the symmetric
homogeneous appearance of paraspinal plexiform neu-
rofibromas. Lumbosacral plexus tumors were asym-
metric in 16 of 27 of our patients. Lesions were more
likely to be symmetrical in the sacral plexus (n=10) than
in the lumbar (n=1). The patients studied by Tonsgard
et al. [2] had a high frequency of involvement of the
sacral plexus, usually a result of a plexiform neurofi-
broma of the sciatic nerve that continued into the sacral
plexus. Most of our patients also had predominant sa-
cral plexus involvement with extension into the sciatic
nerve (n=17/22). According to Tonsgard et al. [2], rectal
and bladder involvement usually occurs by invasion by a
large lesion. We found that in most cases, there was
diffuse and intrinsic involvement of the walls of the
bladder (n=7/8) and the rectum (n=10/13).

Retroperitoneal plexiform neurofibromas can cause
complications such as mass effect on the spinal cord. We
did not find any cases of sarcomatous degeneration. The
small and large bowel can be affected by infiltration
from retroperitoneal lesions, and these patients might
present clinically with signs of bowel obstruction, but
again, this was not seen. Ureteric obstruction and hy-
droureteronephrosis caused by retroperitoneal neurofi-
bromas is a rare but important complication.

Huson et al. [8] studied the incidence of plexiform
neurofibromas and found that 26.7% of individuals with
NF1 had plexiform neurofibromas on physical exami-
nation. Tonsgard et al. [2] analyzed 126 individuals with
NF1 using CT imaging and found an incidence of 20%
in the thorax and 44% in the abdomen and pelvis.

Patients with plexiform neurofibromas can be
asymptomatic when the lesions involve the viscera or the
retroperitoneum. The clinical challenge and significance

lies in the diagnosis and serial evaluation for above-
mentioned complications. Surgical resection is seldom
performed because the tumor cannot be isolated from
the nervous plexi. Surgery is performed primarily when
there is a suspicion of malignant degeneration or when
the lesion is disfiguring or incapacitating.

None of our patients had imaging evidence of
malignant degeneration. MR imaging findings sugges-
tive of degeneration include hemorrhage and necrosis
[15] and loss of the target sign [16]. Clearly, patients
presenting with masses of evidence of obstruction should
be imaged. However, abdominal wall involvement, a
common finding in NF1, is often an isolated abnor-
mality and does not require further imaging. The timing
of the follow-up imaging will be clarified when the data
from the natural history of the disease become apparent.
MR imaging is more valuable than CT studies because it
delineates the imaging morphology and extent of these
lesions better.

Treatment of plexiform neurofibromas in general re-
mains a surgical challenge. Surgery is usually performed
for cosmetic reasons and in lesions with rapid growth.
When disfiguring lesions are operated on, patients re-
main recurrence-free for an average of 6.8 years [15].
Medical treatment using anti-angiogenic drugs and
farnesyl transferase inhibitors is being evaluated [11].
The unpredictable natural history of these lesions causes
challenges in treatment response evaluation.

This was a retrospective study, and although the co-
hort is relatively large, there is variability in the data.
Despite a standardized protocol, there were substantial
differences in coverage of the area.

In summary, abdominal and pelvic plexiform neuro-
fibromas are significant because they often have serious
clinical implications. Our study shows that abdomino-
pelvic involvement in NF1 1 primarily affects the abd-
ominopelvic wall and the lumbosacral plexus and less
frequently the retroperitoneum and pelvis. MR provides
good contrast definition between neurofibromas and the
surrounding soft tissues and thus allows characterization
of the extent of these lesions.
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