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The field of vascular anomalies is confusing be-
cause lesions often look similar, and incorrect 
terminology commonly is used. Diagnosis of 

a vascular anomaly is most difficult when a patient 
has multiple or combined lesions. The purpose of 
this study was to describe the rare combination of 
primary lymphedema associated with a capillary 
malformation of the lower extremity. These patients 
are typically labeled erroneously with a vascular 
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Background: Primary lymphedema and capillary malformation are 
 independent vascular malformations that can cause overgrowth of the 
lower extremity. We report a series of patients who had both types of mal-
formations affecting the same leg. The condition is unique but may be 
confused with other types of vascular malformation overgrowth conditions 
(eg, Klippel–Trenaunay and Parkes Weber).
Methods: Our Vascular Anomalies Center and Lymphedema Program data-
bases were searched for patients with both capillary malformation and lymph-
edema. Diagnosis of lymphedema–capillary malformation was made by history, 
physical examination, and imaging studies. Because lymphedema–capillary 
malformation has phenotypical overlap with other conditions, only patients 
who had imaging confirming their diagnosis were included in the analysis. 
Clinical and radiological features, morbidity, and treatment were recorded.
Results: Eight patients (4 females and 4 males) had confirmed lymphedema–
capillary malformation. Referring diagnosis was Klippel–Trenaunay syn-
drome (n = 4), diffuse capillary malformation with overgrowth (n = 3), 
or lymphatic malformation (n = 1). The condition was unilateral (n = 6) 
or bilateral (n = 2). Morbidity included infection (n = 6), difficulty fitting 
clothes (n = 6), bleeding or leaking vesicles (n = 5), leg length discrepancy 
(n = 4), and difficulty ambulating (n = 3). All patients were managed with 
compression regimens. Operative management was liposuction (n = 3), 
treatment of phlebectatic veins (n = 3), staged skin/subcutaneous excision 
(n = 1), and/or epiphysiodesis (n = 1).
Conclusions: Lymphedema and capillary malformation can occur to-
gether in the same extremity. Both conditions independently cause limb 
overgrowth primarily because of subcutaneous adipose deposition. Com-
pression garments and suction-assisted lipectomy can improve the con-
dition. Lymphedema–capillary malformation should not be confused 
with other vascular malformation overgrowth diseases that have different 
morbidities and treatments. (Plast Reconstr Surg Glob Open 2016;4:e618;  
doi: 10.1097/GOX.0000000000000487; Published online 10 February 2016.)
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malformation overgrowth syndrome (eg, Klippel–
Trenaunay syndrome and Parkes Weber syndrome). 
Recognition of lymphedema–capillary malformation 
is important so that the patient is managed correctly.

METHODS
Our Vascular Anomalies Center and Lymph-

edema Program databases were queried for patients 
with both lower extremity primary lymphedema and 
capillary malformation. Diagnosis was made by his-
tory, physical examination, and imaging studies. 
Because lymphedema–capillary malformation has 
phenotypical overlap with other conditions clinically 
(eg, diffuse capillary malformation with overgrowth; 
congenital, lipomatous, overgrowth, vascular malfor-
mations, epidermal nevi and spinal/skeletal anoma-
lies and/or scoliosis; Klippel–Trenaunay syndrome; 
and Parkes Weber syndrome), only patients who had 
imaging studies (eg, lymphoscintigraphy, magnetic 
resonance imaging [MRI], and computed tomog-
raphy) confirming their diagnosis were included in 
the analysis. Clinical features, radiological findings, 
morbidity, and treatment were recorded.

RESULTS
Eight patients (4 females and 4 males) had con-

firmed lymphedema–capillary malformation(Figs. 1, 
2). Nine other patients likely had the condition but 
did not have adequate photographs and/or imaging 
studies to ensure the diagnosis. The disease was unilat-
eral in 6 patients and bilateral in 2 individuals. Patients 
were referred with a diagnosis of Klippel–Trenaunay 
syndrome (n = 4), diffuse capillary malformation 
with overgrowth (n = 3), or lymphatic malformation  
(n = 1). Morbidity included infection (n = 6), difficul-
ty fitting clothes (n = 6), bleeding or leaking vesicles 
(n = 5), leg length discrepancy (n = 4), and difficulty 
ambulating (n = 3). All patients were managed with 
compression garments, and 7 individuals were pre-
scribed pneumatic compression. Operative interven-
tion was liposuction (n = 3), treatment of phlebectatic 
veins (n = 3), staged skin/subcutaneous excision  
(n = 1), and/or  epiphysiodesis (n = 1).

DISCUSSION
Patients with vascular anomalies often are mis-

diagnosed and receive incorrect management.1,2  

Fig. 1. Vascular malformations with phenotypical similarities to lymphedema–capillary malformation. a, adult female with 
diffuse capillary malformation with overgrowth (DcMO) who had an epiphysiodesis of the left lower extremity. MRi illus-
trates increased subcutaneous adipose deposition with venous phlebectasia. B, adult female with primary lymphedema of 
the left leg. MRi shows subcutaneous adipose hypertrophy and edema. c, Patient with Klippel–trenaunay syndrome of the 
lower extremity. MRi indicates vascular malformations affecting all structures of the limb. the subcutaneous tissue contains 
microcystic lymphatic malformation, a persistent embryonal vein laterally (marginal vein of Servelle), and enlarged saphe-
nous veins medially. the subfascial compartment contains venous malformations of the muscles and bone. arrowhead 
identifies the marginal vein of Servelle.
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Although many types of vascular anomalies can cause 
lower extremity overgrowth, children frequently are 
labeled generically with “lymphedema” if there is 
no skin discoloration3 or with “Klippel–Trenaunay 
syndrome” if a cutaneous stain is present.4,5 In this 
study, we describe the association of primary lower 
extremity lymphedema in combination with a capil-
lary malformation.

Primary lymphedema results from the anoma-
lous development of the lymphatic system and is 
rare, affecting 1 in 100,000 persons; several muta-
tions are known to cause the disease.6,7 Males typi-
cally present with bilateral lower extremity swelling 
in infancy; females most commonly develop unilat-
eral leg edema in adolescence.8 Lymphatic fluid in 
the interstitial space causes the extremity to enlarge 

Fig. 2. Phenotypes of lymphedema–capillary malformation. a, adolescent male with unilateral disease originally referred 
with “Klippel–trenaunay syndrome.” lymphoscintigraphy shows the absence of tracer uptake in inguinal nodes 8 hours af-
ter injection (normal transit time is 45 minutes). axial MRi exhibits subcutaneous adipose deposition and edema; structures 
below the muscle fascia are normal, and embryonal veins are not present. B, adolescent female with left lower extrem-
ity involvement initially labeled with “diffuse capillary malformation with overgrowth.” lymphoscintigraphy illustrates no 
radiolabeled tracer in inguinal nodes 2 hours after injection. coronal MRi indicates subcutaneous adipose hypertrophy 
and edema; the muscles and the bones are not affected. c, Sixty-one-year-old man with bilateral lymphedema–capillary 
malformation, who carried a diagnosis of “Klippel–trenaunay syndrome” over the course of his life. lymphoscintigraphy 
indicates absent transit of tracer to the bilateral inguinal nodes 2 hours after injection of radiolabeled colloid into the feet. 
MRi indicates enlargement of the subcutaneous compartment with edema and phlebectasia.
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because of subcutaneous adipose deposition.9 Chil-
dren with the disease may be erroneously diagnosed 
with Klippel–Trenaunay syndrome or Parkes Weber 
syndrome.3 Patients with lymphedema can have psy-
chosocial morbidity because of their deformity and 
an increased risk of infection.8,10 Primary lymphede-
ma usually can be diagnosed by history and physical 
examination. The color of the integument appears 
normal; patients have pitting edema of the distal 
limb, and the skin of the dorsal foot is unable to be 
pinched between 2 fingers.11,12 Diagnostic confirma-
tion of lymphedema requires lymphoscintigraphy, 
which is 92% sensitive and 100% specific for the 
 disease.13,14

Capillary malformation (previously referred to 
as “port-wine stain”) affects approximately 1 in 300 
individuals; the lesion is caused by a somatic muta-
tion in GNAQ.15,16 Rarely, a capillary malformation 
diffusely affects a large area of the lower extremity. 
Capillary malformation can cause tissues below the 
area of the stain to become overgrown, particularly 
subcutaneous adipose.4,17 Axial bone enlargement 
also can occur, resulting in a leg length discrepancy.4 
Diagnosis of capillary malformation is made by phys-
ical examination. The stain darkens as the patient 
ages, and subcutaneous phlebectasia can develop as 
blood stagnates and dilates venules. Over time, capil-
lary malformations become more similar to venous 
malformations histopathologically and radiological-

ly.5,18,19 Patients with diffuse capillary malformation 
with overgrowth of the lower extremity often are 
erroneously labeled with “Klippel–Trenaunay syn-
drome” or “Parkes Weber syndrome.”4,5

Diagnostic confirmation of lymphedema–capil-
lary malformation requires imaging (Fig. 3). If this 
condition is suspected based on history and physical 
examination, we then obtain an MRI and lympho-
scintigraphy. We usually wait until children are at 
least 12 months of age to obtain the MRI to reduce 
the risk of anesthesia. Early diagnosis is important 
for prognosis and management and to rule out Klip-
pel–Trenaunay or Parkes Weber syndrome. Lymph-
edema only affects the skin and subcutaneous tissues 
and does not cause axial overgrowth. However, the 
capillary malformation component might cause ver-
tical bone hypertrophy and a leg length discrepancy. 
MRI shows that vascular anomalies are not present 
in tissues below the muscle fascia; this finding does 
not change over time. Other features of lymphede-
ma–capillary malformation include subcutaneous 
edema (lymphedema), subcutaneous phlebectasia 
(capillary malformation), and excess adipose hyper-
trophy below the skin (lymphedema and capillary 
malformation). Although MRI can exhibit features 
consistent with lymphedema (thickened skin, sub-
cutaneous edema and adipose hypertrophy, normal 
subfascial compartment), diagnostic confirmation 
requires lymphoscintigraphy. Lymphoscintigraphic 

Fig. 3. Diagnosis and management of lymphedema–capillary malformation.
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findings consistent with lymphatic dysfunction in-
clude delayed transit time, dermal backflow, and/or 
abnormal collateral vessels.13,14

The major differential diagnosis of lymphede-
ma–capillary malformation is Klippel–Trenaunay 
syndrome or Parkes Weber syndrome (Table 1). 
Individuals with Klippel–Trenaunay syndrome have 
a capillary–lymphatic–venous malformation of an 
overgrown extremity.20 The condition is caused by 
a somatic mutation in PIK3CA.21 The “capillary” 
malformation of the leg typically is a lymphatic mal-
formation with bleeding vesicles that cause lymphor-
rhea. In contrast, a sporadic capillary malformation 
caused by a GNAQ mutation does not have vesicles. 
Some patients with lymphedema–capillary malfor-
mation in our series seemed to have a sporadic cap-
illary malformation without evidence of lymphatic 
etiology, whereas others had a stain that contained 
lymphatic vesicles. Children with Klippel–Trenau-
nay syndrome may have an enlarged contralateral 
foot and exhibit macrodactyly. Klippel–Trenaunay 
syndrome has venous and/or lymphatic malforma-
tions that affect tissues below the muscle fascia.4,5,19,20 
A large embryonic vein in the subcutaneous tissue 
(marginal vein of Servelle) is present and pathog-
nomonic for the condition4,5; diversion venography 
usually demonstrates an intact deep venous system. 
Endovenous laser ablation of the marginal vein and 
coil occlusion of the sciatic vein are performed to 
prevent thromboembolism. Individuals with Klip-
pel–Trenaunay syndrome require monitoring for a 
leg length discrepancy and may need a shoe lift or 
epiphysiodesis. Patients often undergo selective am-
putations to facilitate footwear. Reduction of circum-
ferential overgrowth typically is performed using 
staged skin and subcutaneous excision.20  Cutaneous 
lymphatic vesicles are managed by sclerotherapy, 
carbon dioxide laser, and/or resection. Deeper 

lymphatic and venous anomalies may benefit from 
sclerotherapy.

Parkes Weber syndrome consists of a combination 
of a capillary malformation and diffuse arteriovenous 
malformation of an extremity causing overgrowth.20 
The capillary malformation is consistent with a spo-
radic lesion or with capillary malformation–arterio-
venous malformation; they typically do not bleed or 
cause lymphorrhea. The cutaneous stain is warmer 
than a typical capillary malformation and exhibits 
fast-flow by Doppler; the lesion may be phenotypi-
cally similar to an arteriovenous malformation. The 
syndrome can be sporadic or familial as a result of 
a mutation in RASA1.22 The tissue below the muscle 
fascia is affected, and the muscle and bone usually 
are overgrown.19,20 MRI exhibits diffuse subfascial mi-
crofistulae represented as flow-voids.19 The enlarged 
limb muscles and bones show abnormal signal and 
enhancement. Angiography illustrates dilated, tor-
tuous arteries and draining veins with discrete arte-
riovenous shunting.19 Individuals with Parkes Weber 
syndrome require monitoring for a leg length dis-
crepancy. Patients occasionally need intervention for 
congestive heart failure and embolization to reduce 
shunting. Amputation may be necessary.

It is important to differentiate lymphedema–
capillary malformation from Klippel–Trenaunay 
and Parkes Weber syndromes because the prog-
nosis and treatment are different. Lymphedema–
capillary malformation exhibits morbidity of both 
lymphedema and capillary malformation: infection 
(lymphedema), vesicles (lymphedema), difficulty 
ambulating (lymphedema), leg length discrepancy 
(capillary malformation), phlebectasia (capillary 
malformation), circumferential overgrowth (lymph-
edema and capillary malformation), and difficulty 
fitting clothes (lymphedema and capillary malfor-
mation). The condition is managed similar to pa-

Table 1. Characteristics of Lymphedema–Capillary Malformation and Other Lower Extremity Overgrowth 
Conditions

Lymphedema–		
Capillary	

	Malformation Lymphedema
Capillary		

Malformation
Klippel–	

Trenaunay
Parkes		
Weber

Cutaneous stain + − + + +
Subcutaneous adipose overgrowth + + + − −
Subcutaneous edema + + − − −
Venous malformations − − − + −
Microcystic/macrocystic lymphatic 

malformations
− − − + −

Arteriovenous shunting − − − − +
Subfascial vascular malformations − − − + +
Embryonal vein − − − + −
Abnormal lymphoscintigraphy + + − − −
Leg length discrepancy + − + + +
Mutation unkown VEGFR3, SOX18, 

FOXC2
GNAQ PIK3CA RASA1
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tients with either isolated lymphedema or capillary 
malformation. Individuals are prescribed custom-
fitted garments and pneumatic compression to treat 
lymphedema.8,10,12 Pulsed dye laser is considered to 
lighten the color of the capillary malformation. Be-
cause both lymphedema and capillary malformation 
cause subcutaneous adipose overgrowth, patients 
with lymphedema–capillary malformation have cir-
cumferential enlargement of their lower extremity. 
Individuals in our series generally had larger ex-
tremities compared with patients with either isolat-
ed lymphedema or capillary malformation, possibly 
because the 2 conditions synergistically increased 
adipose hypertrophy. Although lymphedema does 
not cause axial skeletal overgrowth, diffuse capillary 
malformation can cause a leg length discrepancy. 
Four of the patients in our series had a leg length 
discrepancy, and thus, children with lymphedema–
capillary malformation should undergo orthopedic 
screening. Patients with symptomatic overgrowth 
can be treated with suction-assisted lipectomy to re-
duce the size of their extremity; this intervention is 
used to manage patients with isolated lymphedema 
or capillary malformation.8,10,12 Because lower ex-
tremity capillary malformations cause phlebectasia, 
patients may require intervention for symptomatic 
varicosities. None of the patients with lymphede-
ma–capillary malformation had interventions that 
are commonly required for Klippel–Trenaunay syn-
drome or Parkes Weber syndrome (eg, removal of 
embryonic veins, embolization, amputations, and 
treatment of macrodactyly).

It is unclear whether patients with lymphedema–
capillary malformation have both conditions as a 
coincidence or whether the 2 vascular malforma-
tions are embryologically related. Capillary malfor-
mation is caused by a somatic mutation in GNAQ, 
whereas primary lymphedema may result from sev-
eral mutations (eg, VEGFR3, SOX18, and FOXC2).7,16 
We hypothesize that lymphedema–capillary malfor-
mation likely results from an anomaly that causes 
both hypoplastic lymphatic development and cap-
illary malformation. Patients with lymphedema–
capillary malformation might have a novel somatic 
mutation responsible for their condition. Alterna-
tively, lymphedema–capillary malformation may be 
a phenotypic variant of primary lymphedema or an 
overgrowth condition with a known mutation (eg, 
GNAQ, PIK3CA, and RASA1).

Arin K. Greene MD, MMSc 
Department of Plastic and Oral Surgery 

Boston Children’s Hospital 
300 Longwood Ave, Boston, MA 02481 
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