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Introduction
Klippel–Trenaunay syndrome (KTS) represents a rare congenital disorder within the PIK3CA-
related overgrowth spectrum (PROS), while Parkes Weber syndrome (PWS) occurs because of 
a RASA1 gene mutation.1,2 Both are characterised by the classic triad of cutaneous vascular 
malformations, venous varicosities and limb overgrowth. The estimated incidence ranges from 
3 to 5 per 100 000 individuals, with unilateral lower limb involvement occurring in approximately 
95% of cases.3

The fundamental distinction between these syndromes lies in the vascular flow characteristics: 
KTS presents with low-flow venous and lymphatic malformations, while PWS involves high-
flow arteriovenous malformations with direct arteriovenous communications.4 This 
differentiation is crucial as PWS carries significantly higher risks of complications including 
congestive heart failure, bleeding and thromboembolic events.5 Other congenital disorders that 
can cause limb length discrepancy with vascular malformations include CLOVES syndrome, 
Proteus syndrome and fibroadipose vascular anomaly (FAVA). They can be differentiated by 
their different phenotypic features and further confirmed by genetic testing.4

Recent advances in cross-sectional imaging, particularly contrast-enhanced CT angiography 
(CTA) and MRA, have revolutionised the diagnostic approach to these complex vascular 
disorders.6 These modalities provide detailed anatomical information, flow characteristics 
assessment, and comprehensive evaluation of deep venous anatomy, which is essential for 
surgical planning and patient management.7

The management of both syndromes remains largely conservative, focusing on symptomatic 
relief and complication prevention. However, accurate diagnosis is paramount as therapeutic 
interventions differ significantly between the two conditions.8 While KTS patients may benefit 
from sclerotherapy and surgical debulking, PWS often requires embolisation procedures 
because of the high-flow nature of the vascular malformations.9 This case series aims to 
illustrate the imaging spectrum of KTS and PWS, emphasising the critical role of multimodal 
imaging in accurate diagnosis and therapeutic planning.

This case series highlights the importance of multimodal imaging in distinguishing Klippel-
Trenaunay syndrome (KTS) from Parkes Weber syndrome (PWS) and guiding management. 
Both KTS and PWS are rare congenital vascular disorders characterised by the classic triad 
of cutaneous vascular malformations, venous varicosities and limb overgrowth. The three 
cases in this report highlight the spectrum of vascular malformations and their imaging 
characteristics, emphasising the importance of flow assessment in distinguishing low-flow 
venous malformations (KTS) from high-flow arteriovenous malformations (PWS). 
Multimodal cross-sectional imaging is essential for accurate diagnosis and treatment 
planning in vascular overgrowth syndromes.

Contribution: This case series illustrates the critical role of multimodal imaging in differentiating 
Klippel-Trenaunay syndrome from Parkes Weber syndrome. It emphasizes the distinct imaging 
findings, particularly vascular flow characteristics, which are essential for accurate diagnosis, 
guiding appropriate therapeutic interventions, and preventing serious complications.

Keywords: Klippel–Trenaunay syndrome; Parkes Weber syndrome; vascular malformations; 
multimodal imaging; unilateral lower limb enlargement.
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Ethical considerations
Written informed consent was obtained from the patients. 

Case presentations
Case 1: Parkes Weber syndrome
A 15-year-old female presented with progressive hypertrophy 
of the left lower limb and bluish discolouration of the foot 
region, present since birth. Clinical examination revealed 
limb overgrowth with multiple tortuous vessels throughout 
the entire limb, producing palpable thrills indicative of high-
flow vascular malformations.

Plain radiography demonstrated diffuse osteopenia of the 
left lower limb bones without structural deformities. Colour 
Doppler ultrasonography (Figure 1a) revealed multiple 
tortuous vessels with both venous and arterialised flow 
patterns, suggesting high-flow arteriovenous malformations.

Computed tomography angiography of the lower limb 
(non-contrast followed by arterial and venous phase 
angiography) (Figure 1 b–f) confirmed extensive arteriovenous 
malformations with multiple tortuous vessels in the 
subcutaneous and intramuscular regions. The pathognomonic 
finding was early venous filling during the arterial phase of 
contrast enhancement, confirming arteriovenous shunting. 
Additional findings included diffuse cortical thinning of the 
left lower limb bones with focal erosions and intraosseous 
extension of the vascular malformations.

The combination of high-flow arteriovenous malformations 
with early venous filling distinguished this case as PWS. 

The patient underwent successful transcatheter embolisation 
therapy with n-Butyl-2-cyanoacrylate (nBCA) adhesive in 
staged procedures, followed by surgical debulking.

Case 2: Klippel–Trenaunay syndrome
A 20-year-old male presented with left lower limb swelling, 
hypertrophy and patchy skin discolouration since childhood 
(Figure 2a). Physical examination revealed prominent 
superficial varicosities and non-tender, compressible soft 
tissue masses without ulcerations or bone deformities.

Colour Doppler ultrasonography (Figure 2b) demonstrated 
extensive lobulated vascular spaces in the superficial and 
deep muscular planes with characteristic slow venous flow. 
Multiple venous varicosities were identified along the lateral 
aspect of the limb, consistent with low-flow venous 
malformations. The deep veins were patent.

Lower limb MRI (T1 W axial, T2 W axial, T1W fat saturated 
axial, short tau inversion recovery [STIR] coronal and axial 
time-resolved imaging of contrast kinetics [TRICKS] 
angiography) (Figure 2 c–g) revealed multiple clusters of T2-
hyperintense vascular spaces showing delayed contrast 
filling typical of venous malformations. Subcutaneous 
hypertrophy of the left lower limb was evident. The absence 
of early opacification of the vascular channels and the 
presence of delayed venous enhancement confirmed the low-
flow nature of the malformations.

All three components of the KTS triad were present, 
establishing the diagnosis. Further confirmation was 
achieved through genetic testing. The patient was successfully 

Note: Absence of early venous opacification in the opposite limb.

FIGURE 1: (a) Doppler ultrasound of the left lower limb thigh region longitudinal view reveals multiple subcutaneous channels with an arterial flow pattern. (b, c) Axial CT 
angiography (CTA) reveals hypertrophy of the left lower limb with multiple tortuous intramuscular and subcutaneous enhancing vessels (white arrows). (d) Axial CTA 
image demonstrates a vascular aneurysmal sac (red arrow) extending into the bone. (e) Volume rendered image. (f) Sagittal oblique maximum intensity projection (MIP) 
shows multiple tortuous vessels in the entire left limb with simultaneous opacification of veins in the arterial phase suggestive of the presence of arteriovenous 
malformation.
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managed with multiple sessions of ultrasound-guided foam 
sclerotherapy with sodium tetradecyl sulfate and remains on 
regular follow-up.

Case 3: Klippel–Trenaunay syndrome with 
complications
A 16-year-old male presented with progressive left limb 
enlargement, deformity, and multiple cutaneous port-wine 
stains. Physical examination revealed prominent superficial 
varicosities on both the medial and lateral aspects of the 
lower limb (Figure 3a). The limb showed reduced mobility at 
the hip, knee and ankle joints with tibial and fibular bowing. 
Small ulcers were present in the foot.

Plain radiography demonstrated bowing deformities of the 
tibia and fibula with diffuse bone thickening and soft tissue 
overgrowth (Figure 3b). The articular surface of the left hip 
joint appeared flattened and dysplastic, with ankylosis of the 
distal tibia and fibula.

Colour Doppler ultrasonography (Figure 3c) revealed 
multiple superficial venous channels and varicosities, 
including a prominent venous channel along the lateral thigh 
consistent with a lateral marginal vein. The deep veins were 
patent. MRI (T1 W axial, T2 W axial, T1W fat saturated axial, 
STIR coronal and axial, high resolution fat supressed time 
resolved MRA, venography) (Figure 3d–f) confirmed 
multiple tortuous venous varicosities with a deformed and 
hypertrophied left tibia and fibula. The left femur 
demonstrated diffuse thickening with dysplastic hip joint 
changes. Subcutaneous hypertrophy was prominent 
throughout the affected limb.

The imaging findings confirmed all three components of 
the KTS triad with significant skeletal complications. 
Management included multiple sessions of ultrasound-
guided foam sclerotherapy with sodium tetradecyl 
sulfate and continued orthopaedic follow-up for skeletal 
deformities.

Discussion
This case series demonstrates the critical importance of a 
comprehensive imaging evaluation in differentiating KTS 
from PWS and guiding appropriate therapeutic management. 
The fundamental distinction between these syndromes lies in 
vascular flow characteristics, which directly impact treatment 
strategies and patient outcomes.10

Imaging characteristics and diagnostic criteria
The hallmark imaging feature distinguishing PWS from KTS 
is the presence of high-flow arteriovenous malformations 
with early venous filling during the arterial phase of contrast 
enhancement.11 This was clearly demonstrated in case 1, 
where CTA revealed rapid arteriovenous shunting with 
early venous opacification. In contrast, cases 2 and 3 showed 
the characteristic delayed venous filling pattern, typical of 
low-flow venous malformations in KTS.12

Recent literature emphasises that KTS occurs as a result of 
somatic mutations in the PIK3CA gene, forming part of the 
PROS disorders.2 The diagnostic criteria have evolved from 
the classical triad to a more comprehensive understanding 
that includes the assessment of vascular flow characteristics, 
which the presented cases clearly illustrate.13

Parkes Weber syndrome remains less well-characterised in 
radiological literature, necessitating broader recognition and 
documentation.14,15 Recent genetic studies have identified 
RASA1 mutations as the primary cause of PWS, distinguishing 
it from the PIK3CA mutations associated with KTS, and this 
genetic differentiation correlates with distinct imaging 
phenotypes that warrant systematic documentation.16,17 The 
PWS typically presents with more aggressive vascular 
malformations, higher rates of cardiac complications because 
of high-flow shunting and increased bleeding risk compared 
to KTS, making early and accurate radiological diagnosis 
crucial for patient outcomes.18,19 Furthermore, the radiological 

Source: The photograph in Figure 2a was taken by Dr Himanshu Nirwal at King George’s 
Medical University, Lucknow, India, on 07 March 2025. Used with permission. No 
unauthorised duplication allowed.

FIGURE 2: (a) Clinical photograph of the patient reveals the presence of 
lobulated swelling and café au lait spots in the dorsal part of the left lower 
thigh. (b) Doppler ultrasound of the left lower limb in the thigh region 
longitudinal view indicates multiple subcutaneous channels which showed 
slow flow. (c) MRI coronal short tau inversion recovery (STIR) images reveal 
multiple lobulated hyperintense soft tissue lesions containing phleboliths 
(white arrow) in the left thigh region involving both the subcutaneous and 
muscular planes. (d) Dynamic early post-contrast MRA coronal shows no 
opacification of these vascular spaces in the early phase (yellow arrow). (e, g) 
Late phase coronal and (f) axial images show delayed opacification of these 
vascular spaces (blue arrows) with prominent venous varicosities (red arrow).
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assessment of the treatment response in PWS requires 
specialised protocols, as conventional response criteria may 
not adequately capture the complex haemodynamic changes 
following embolisation.20

Multimodal imaging approach
The cases demonstrate the value of a structured imaging 
protocol combining multiple modalities. Colour Doppler 
ultrasonography serves as the initial screening tool, providing 
real-time flow assessment and distinguishing between high-
flow and low-flow malformations.21 The patency of deep 
veins can be confirmed on ultrasound, which is important for 
treatment planning. However, cross-sectional imaging with 
CTA or MRA is essential for complete anatomical mapping 
and surgical planning.22 Moreover, radiologists can direct the 
type of genetic testing based on imaging findings for 
confirmation. Digital subtraction angiography can be 
performed where therapeutic intervention is planned.

The Egyptian study by Kaddah et al. proposed a 
comprehensive radiological protocol involving CT 
scanograms, MRI, MRA and magnetic resonance venography 
as routine studies, which aligns with the approaches in the 
cases presented.7 Their series of 20 patients demonstrated 
that this protocol significantly aids in treatment planning 
and long-term follow-up.

Skeletal and soft tissue involvement
All three cases in this series demonstrated varying degrees 
of limb overgrowth, with case 3 showing the most severe 
skeletal complications including bowing deformities and 
joint ankylosis. The radiological assessment of skeletal 
involvement is crucial for orthopaedic planning and long-
term management.23

The presence of intraosseous extension of vascular 
malformations, as seen in case 1, represents a more severe 
form of the disease and may contribute to bone weakening 
and deformities.24 This finding has been reported in the 
literature as an indicator of disease severity and potential 
complications.

Role of radiology in management and treatment
Beyond diagnostic differentiation, radiology plays a pivotal 
role in the multidisciplinary management and treatment of 
both KTS and PWS. In PWS, interventional radiology serves as 
the primary therapeutic modality, with transcatheter 
embolisation using various embolic agents including 
nBCA, coils and plugs being the treatment of choice for high-
flow arteriovenous malformations.25,26,27 Pre-procedural 
angiographic mapping is essential for identifying feeding 
arteries, nidus characteristics, and venous drainage patterns, 
which directly influence embolisation strategy and outcomes.28

Source: The photograph in Figure 2a was taken by Dr Himanshu Nirwal at King George’s Medical University, Lucknow, India, on 07 March 2025. Used with permission. No unauthorised 
duplication allowed.

FIGURE 3: (a) Clinical photograph of the limb reveals the presence of venous varicosities and left lower limb hypertrophy. (b) Lateral radiograph of the left lower 
limb in the knee region shows proximal tibial dysplasia and distal femoral, proximal tibial and proximal fibula cortical thickening. (c) Doppler ultrasound of the left 
lower leg region longitudinal view shows a prominent lateral marginal vein. (d) MRI coronal short tau inversion recovery (STIR) image reveals multiple lobulated 
venous varicosities in the left thigh region with bony hypertrophy of left femur and a dysplastic left hip joint (red arrow). (e, f) MRI T2 weighted axial and coronal 
images indicate multiple tortuous venous varicosities (blue arrows) with a deformed and enlarged left tibia (red arrow). 

a b c

d e

f

http://www.sajr.org.za�


Page 5 of 6 Case Series

http://www.sajr.org.za Open Access

In KTS, ultrasound-guided percutaneous sclerotherapy 
represents the mainstay of interventional treatment, with 
foam sclerotherapy using sodium tetradecyl sulfate or 
polidocanol, being particularly effective for superficial 
venous malformations.21,29 In addition, endovenous laser 
ablation and radiofrequency ablation may be employed for 
incompetent superficial veins, while balloon-occluded 
retrograde transvenous obliteration can be utilised for 
complex deep venous malformations.30,31 Cross-sectional 
imaging guidance ensures precise targeting of lesions while 
avoiding critical structures, and post-treatment imaging 
surveillance is crucial for assessing therapeutic response and 
detecting complications such as skin necrosis or deep vein 
thrombosis.32

Conclusion
This case series demonstrates that multimodal cross-
sectional imaging is indispensable for accurate diagnosis 
and treatment planning in KTS and PWS. The critical 
differentiating feature between these conditions is the 
vascular flow characteristics, with PWS showing high-flow 
arteriovenous malformations and early venous filling, 
while KTS demonstrates low-flow venous malformations 
with delayed contrast enhancement. Early recognition and 
appropriate imaging evaluation of these rare, but complex 
vascular disorders, ensure optimal patient outcomes and 
prevent serious complications.

The cases illustrate the spectrum of imaging findings from 
mild venous malformations to severe complications 
involving skeletal deformities and intraosseous extension. 
The comprehensive imaging approach combining Doppler 
ultrasonography, CTA and MRI provides essential 
information for therapeutic decision-making and long-term 
patient management. Future studies with larger cohorts 
exploring standardised imaging protocols and advanced 
imaging techniques would be beneficial for establishing 
evidence-based diagnostic criteria.
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	Figures
	FIGURE 1: (a) Doppler ultrasound of the left lower limb thigh region longitudinal view reveals multiple subcutaneous channels with an arterial flow pattern. (b, c) Axial CT angiography (CTA) reveals hypertrophy of the left lower limb with multiple tortuous intramuscular and subcutaneous enhancing vessels (white arrows). (d) Axial CTA image demonstrates a vascular aneurysmal sac (red arrow) extending into the bone. (e) Volume rendered image. (f) Sagittal oblique maximum intensity projection (MIP) shows multiple tortuous vessels in the entire left limb with simultaneous opacification of veins in the arterial phase suggestive of the presence of arteriovenous malformation.
	FIGURE 2: (a) Clinical photograph of the patient reveals the presence of lobulated swelling and café au lait spots in the dorsal part of the left lower thigh. (b) Doppler ultrasound of the left lower limb in the thigh region longitudinal view indicates multiple subcutaneous channels which showed slow flow. (c) MRI coronal short tau inversion recovery (STIR) images reveal multiple lobulated hyperintense soft tissue lesions containing phleboliths (white arrow) in the left thigh region involving both the subcutaneous and muscular planes. (d) Dynamic early post-contrast MRA coronal shows no opacification of these vascular spaces in the early phase (yellow arrow). (e, g) Late phase coronal and (f) axial images show delayed opacification of these vascular spaces (blue arrows) with prominent venous varicosities (red arrow).
	FIGURE 3: (a) Clinical photograph of the limb reveals the presence of venous varicosities and left lower limb hypertrophy. (b) Lateral radiograph of the left lower limb in the knee region shows proximal tibial dysplasia and distal femoral, proximal tibial and proximal fibula cortical thickening. (c) Doppler ultrasound of the left lower leg region longitudinal view shows a prominent lateral marginal vein. (d) MRI coronal short tau inversion recovery (STIR) image reveals multiple lobulated venous varicosities in the left thigh region with bony hypertrophy of left femur and a dysplastic left hip joint (red arrow). (e, f) MRI T2 weighted axial and coronal images indicate multiple tortuous venous varicosities (blue arrows) with a deformed and enlarged left tibia (red arrow).



