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ABSTRACT

Lymphedema is a well-known complication
of Noonan syndrome (NS) but the lymphatic
malformations in NS are poorly understood. We
report clinical, genetic, and imaging information
about a boy and girl with NS and late-onset lower
extremity lymphedema. A de novo mission
mutation of RIT1 (NM_006912.5) c.246T>A,
p.Phe82Leu was identified in the girl, who also
showed systemic lymphatic hyperplasia and
dysfunction. Magnetic resonance lymphangio-
graphy (MRL) of the boy clearly demonstrated
segmental dilated and hyperplastic lymphatics
with impaired transport function in an affected
limb and pelvic region. Indocyanine green
lymphography (ICGL) showed delayed and partial
enhancement of the lymph vessels in the affected
limb but no lymph reflux was detected. No
causative mutation was identified in the second
case. Lymphoscintigraphy (LSG) failed to show
lymph vessels in either of the children. Our study
showed that MRL is a reliable and accurate test
that can be used to demonstrate morpho-logical
and functional defects of the lymphatic system.
Moreover, ICGL is sufficiently sensitive to
determine the functional condition of peripheral
lymph vessels. The combined use of imaging
modalities can give an accurate diagnosis of
complex lymphatic system anomalies in NS and
other syndromic diseases.
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Noonan syndrome (NS) is a relatively
common disease with a prevalence of
1/1000-2500 live births (1-3). It is an inherited
multisystem disorder associated with
mutations in genes encoding the RassMAPK
pathway, which explain about 70% of cases
(4,5). Somatic mosaicism may be present in
some if the remaining 30% of cases. Clinical
manifestations include congenital heart disease
such as pulmonary stenosis and hypertrophic
cardiomyopathy, growth failure as short
stature, mild learning difficulties, distinct
facial features such as downward-slanting
palpebral fissures, ptosis, low-set posteriorly
rotated ears, webbed neck, and bleeding
tendency. Lymphedema is reported in
20%-49% of NS patients (6,7) in extremities,
genital regions, or viscera at birth or later in
childhood. However, the nature of lymphatic
anomalies in NS has not been studied in detail.
Here, we present clinical, genetic, and multi-
imaging investigations of two NS children with
lower extremity lymphedema, including results
from magnetic resonance lymphangiography
(MRL), lymphoscintigraphy (LSG), and
indocyanine green lymphography (ICGL).
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Fig. 1. A) A 5-year-old boy with NS with distinct facial features and lymphedema in the pubic region and left
lower limb. B,C) LSG did not show lymphatics or inguinal lymph nodes in the affected limb after 1 (arrow) and
3 hrs. D) MRL demonstrated dilated lymph collectors in the medial side of the left lower limb and greatly dilated
lymph vessels that ascended only halfway up the calf (arrow). E) MRL showed massive edema in the

subcutaneous layer of the left calf.

CASE 1

A 5-year-old boy was diagnosed with NS
with pulmonary stenosis, atrial septal defects,
and bilateral hypertrophic cardiomyopathy after
birth with distinct facial features including wide-
spaced eyes, a broad nose with a depressed root,
low-set and posteriorly rotated ears, and
hyperopia. He had surgery for pulmonary
stenosis at the age of 2. Lymphedema of his left
leg occurred 18 months ago and progressed to
his thigh and pubic region. At our clinic,
thickening of the skin of his toes was obvious in
the affected limb together with skin
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hyperpigmentation. Following contrast
injection in the affected limb, no lymphatic
channel was observed on the LSG images after
1 and 3 hours. Very weak tracer accumulation
was seen in the inguinal region after 3 hours
compared with strong tracer uptake in the
inguinal popliteal and lymph nodes in the
contralateral non-edematous limb. MRL
clearly demonstrated 4-5 lymph collectors
ascending to the groin on the medial side and
two clearly dilated lymphatics ascending
slowly then stopping halfway up the lower leg
on the lateral side, suggesting impaired
transportation of lymph vessels (Fig. 1). ICGL
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Fig. 2. A,B) A 5-year-old girl with characteristic facial deformation of NS and lymphedema of her right lower
extremity, pubic, and left groin regions. C) LSG showed unclear lymph vessels and lymph nodes in the right
affected lower limb after 1 hr (arrow). D) Additional isotopic accumulated in the right inguinal and abdominal
region after 3 hrs. E) MRL demonstrated dilated lymph collectors in the entire length of the right lower limb. F)
Prominent afferent and efferent lymphatics of bilateral inguinal lymph nodes, and only enhanced lower group
lymph nodes (arrow) compared with full contrast enhancement in the lymph nodes of the left side. G,H)
Hyperplasia of lymph vessels in the bilateral iliac and pelvic regions (arrows).

revealed delayed and partial enhancement of the

lymph collector in the distal region of the calf.
However, no lymph reflux was detected in the
clearly dilated lymph vessels during ICGL
inspection. No venous disease was detected by
duplex scanning. No known pathogenic
mutations were identified by whole exome
sequencing of DNA extracted from the patient's
blood sample.

CASE 2

A 5-year-old girl with a prior diagnosis of NS
based on a congenital heart anomaly (pulmonary
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stenosis and bilateral hypertrophic cardio-
myopathy), characteristic facial deforming,
and irregular vaginal bleeding attended our
clinic with non-pitting edema of her right leg
for 5 months with skin hyperpigmentation
and papillomatosis. Lymphedema was also
exhibited in her pubic and groin regions. She
had undergone surgery for pulmonary
stenosis at the age of 2.5 years. No abnormal
findings regarding blood cells, coagulation
factors, thromboplastin time, platelet
aggregation, or female hormones were
identified. Genetic analysis identified a de
novo missense mutation of RIT1
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(NM_006912.5) ¢.246T>A, p.Phe82Leu which
was previously reported as a pathogenic
mutation of NS in the ClinVar database
(RCV000408903.2, RCV000427451.2). No
venous anomaly was detected in her lower
limbs by duplex scanning, but LSG revealed
faint lymph vessels and inguinal lymph nodes
in the affected right lower limb 1 hour after
contrast injection. Additional isotopic tracer
accumulated in the lymph nodes after 3 hours,
but much less than in the contralateral limb.
MRL clearly showed dilated lymph collectors
in the right lower extremity, and prominent
afferent and efferent lymphatics of the
bilateral inguinal lymph nodes. Only the
lymph nodes of the lower group of inguinal
lymph nodes were enhanced, leaving middle
and upper groups unfilled with contrast,
suggesting impaired afferent lymphatic
transportation (Fig. 2). MRL also
demonstrated obvious hyperplasia of iliac
lymph collectors and lumbar trunks.

DISCUSSION

Lymphedema is a well-known complication
of NS that is attributed to lymphatic
hypoplasia and dysplasia (8) but the
lymphatic malformations have been poorly
studied. Lymphatic system malformations in
NS are congenital but lymphedema may occur
after birth (1). Indeed, the onset of lower limb
lymphedema in the current patients was at the
age of 4 and 5 years, shortly after heart
surgery. However, the progression of
lymphedema was rapid, with short histories of
5 and 18 months, respectively; both patients
exhibited stage IIT lymphedema with skin
keratinization. This indicates that early
diagnosis is important to control the
development of disorder.

In the present study, we evaluated
lymphatic anomalies in two NS patients with
lower extremity lymphedema using multi-
image methods and identified systemic
lymphatic hyperplasia and dysfunction in a
child with an RITI mutation, and segmental
lymphatic dilatation and impaired
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transportation function in another child with
no causative gene detected. We first used LSG
but this failed to identify lymphatic collectors
or inguinal lymph nodes in the affected limbs
of either patient after 1 hour. Very faintly
enhanced lymph nodes were visible after 3
hours, but no lymph vessel could be clearly
seen. This could be for two reasons: first, the
initial lymph vessel might have been unable to
take up the intradermally-injected isotopic
tracer, and second, lymphatic hypoplasia or
aplasia may have occurred in the affected limb.
We then used MRL which clearly showed
dilated, tortuous and hyperplastic collecting
lymph vessels in the affected limbs of both
patients and in the inguinal and pelvic regions
of the affected girl. MRL also revealed the
impairment of lymphatic functions as the
partial enhancement of large lymph collectors
in the distal part of the affected lower limb.
Additionally, the slow and partial filling of the
contrast in inguinal lymph nodes evidenced
only by lymph nodes of the lower group was
enhanced in the affected limb, compared with
full enhancement of the contrast in all
superficial lymph nodes of the non-
lymphedematous limb. MRL imaging
suggested a hyperplastic and functional
impairment of the lymphatics in both patients.
Further study with ICGL showed the slow and
partial demonstration of lymph vessels in the
affected limbs, suggesting impaired lymph
flow.

Comparing the three image modalities,
MRL was found to be the most reliable and
accurate in showing both morphological and
functional defects of the lymphatics and lymph
nodes (9). LSG examination had the
disadvantage of failure to take up the injected
tracer which may cause confusion in the
diagnosis of abnormal lymphatics (10), while
ICGL was sensitive in detecting the lymphatic
function by its real-time observation of the
lymph flow, which enables the detection of
lymphatic pathology such as lymph reflux. The
combination of the imaging tests can help to
outline complicated lymphatic defects
occurring in NS and other syndromic disease.
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