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Introduction

Klippel-Trenaunay syndrome (KTS) is a congenital vascular 
anomaly that usually presents in infancy. KTS is primarily 
diagnosed through clinical evaluation and confirmed by 
diagnostic imaging using Doppler ultrasound and cross-
sectional imaging modalities, such as contrast-enhanced 
computed tomography angiography (CTA) and magnetic 
resonance angiography (MRA) (1). KTS is rarely diagnosed 
in adults and can be more difficult to treat than in children 
due to the added complexity of comorbidities.

One major feature of KTS is a venous malformation, 
which typically manifests as a distorted (varicose) vein 
on the surface of the swollen leg. The condition may be 
accompanied by significant bleeding, deep vein thrombosis 
(DVT), and embolic complications, leading to chronic 
stasis ulcers, venous insufficiency, and DVT. For patients 
with KTS who have persistent serious complications, 
active treatment, such as surgery or an imaging-guided 
intervention, may be necessary (2). Precision imaging 
diagnosis is therefore essential.

Despite ultrasonography being the gold standard for 

evaluating unilateral leg swelling in clinical practice, it is 
not the optimal imaging modality for collateral veins and 
varices. Contrast-enhanced CTA and MRA can be used 
to image vessels in the entire lower extremity and are 
important for diagnosing vascular malformations. Non-
contrast-enhanced MRA, which has been used to diagnose 
many diseases (3), may have potential as a diagnostic 
modality for vascular malformations.

Herein, we report the case of a patient who presented 
with refractory DVT. With the help of MRA using a 
triggered non-contrast-enhanced technique, the underlying 
etiology of the patient’s KTS was detected. This paper 
also discusses the challenges in diagnosing rare vascular 
pathologies in adults with complex comorbidities and 
describes the clinical utility and advantages of non-contrast-
enhanced MRA.

Case presentation

The patient was a 57-year-old woman with a history 
of hypertension and chronic kidney disease who had 
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suffered from a swollen right leg for many years. Ten years 
before presenting at our hospital, the patient underwent 
an ultrasound examination in another clinic and found 
DVT in her right leg. The patient received long-term 
anticoagulation (warfarin) treatment and regular follow-up. 

Due to increased right leg swelling, she was transferred to 
our hospital for further evaluation and treatment.

Initial clinical evaluation revealed multiple varicose veins 
in the patient’s right leg. Doppler ultrasound was used 
as the first-line diagnostic imaging tool, and it revealed 
right popliteal vein thrombosis and the development of 
surrounding collateral veins (Figure 1). Considering the 
possibility of complex venous disease, further imaging 
studies with a large field of view were needed to assess 
the entire venous structure. However, during the follow-
up period, the patient’s chronic kidney disease rapidly 
progressed from stage 3 to 4, rendering contrast-enhanced 
CTA inappropriate. The use of enhanced MRA also had to 
be considered carefully. Ultimately, non-contrast-enhanced 
MRA was scheduled to avoid compromising renal function.

Images were acquired using a turbo spin echo short tau 
inversion recovery (STIR) sequence during the cardiac 
systolic phase on a 1.5-Tesla MR scanner (Philips Ingenia, 
Philips Healthcare, Best, the Netherlands). The STIR 
sequence provided background suppression (of soft tissue 
and bone, for example), while the flow-void effect made 
arterial structures appear dark during the cardiac systolic 
phase. The three-dimensional (3D) dataset was then 
collected to reconstruct the bright venous structures in a 
process known as a triggered angiography non-contrast-
enhanced (TRANCE) magnetic resonance venography 
(MRV). Using the MRV protocol (4), it took 25 minutes 
to acquire images of the entire infradiaphragmatic venous 
system.

The 3D-MRV revealed multiple tortuous dilated veins 
in the subcutaneous tissue and leg muscles, even when 
vessels in the left leg were normal (Figure 2). Hypertrophy 
associated with a long right leg length was noted. Axial 
imaging revealed soft-tissue hypertrophy and dilated 
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Figure 1 Spectral Doppler ultrasonography in a 57-year-old woman with multiple varicose veins in the right leg. Images show (A) 
hypoechoic thrombosis (arrow) in the proximal popliteal vein and (B) monophasic waveform in the distal popliteal vein.

Figure 2 Non-contrast-enhanced MRV. Comparison of bilateral 
lower limbs revealed extensive venous malformations affecting the 
right lower limb. A large field of view is one of the advantages of 
the MRV using TRANCE technique. MRV, magnetic resonance 
venography; TRANCE, triggered angiography non-contrast-
enhanced.
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varicose veins. A persistent sciatic vein and a lateral margin 
vein (Figure 3) were observed, as was femoral vein aplasia 
with the development of lateral marginal veins (Figures 4,5, 
Video S1). These imaging findings were consistent with the 
characteristics of KTS (5). Follow-up after the TRANCE-
MRV examination confirmed a port-wine stain on the 
affected leg, which had been missed in the initial clinical 

evaluation. Precise imaging diagnosis was helpful for pre-
intervention assessment and planning. After discussing 
with the patient, precise stripping of the collateral veins 
and reconstruction of the main venous trunk through stent 
placement were suggested for surgical management. The 
patient hesitated and opted for follow-up in our hospital 
with the possibility of surgical treatment in the future.

This study was approved by the Chang Gung Medical 
Foundation Institutional Review Board (Taoyuan City). 
All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and/or national research committee(s) 
and with the Helsinki Declaration (as revised in 2013). 
Written informed consent was obtained from the patient for 
publication of this case report and accompanying images. 
A copy of the written consent is available for review by the 
editorial office of this journal.

Discussion

KTS is a congenital disease that is usually diagnosed in 
childhood. However, a small number of cases are diagnosed 
in adulthood. Owing to the complexity of comorbidities, 
diagnosing vascular malformations is more difficult in adults 
than it is in children.

Ultrasonography is usually the first diagnostic tool used 
for patients with venous conditions involving the lower 
limbs, especially in patients with renal insufficiency. Patients 
with chronic kidney disease may be at a higher risk of  
DVT (6). However, ultrasonography is not particularly 
sensitive in patients with obesity, edema, or tenderness (7). 
Further, as ultrasound has a small field of view, using it to 
assess the entire venous system may be difficult and might 
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Figure 3 Axial image of the affected lower limb. (A) Presence of the persistent sciatic vein (arrowhead) and the lateral margin veins (*). (B) 
Dilated vascular channels (arrows) involving the lateral and posterior muscle groups.

Figure 4 Oblique view of the right lower limb revealing aplasia of 
the main venous trunk (*), with venous drainage via marginal veins 
(arrowheads).

https://cdn.amegroups.cn/static/public/QIMS-21-671-supplementary.pdf
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Figure 5 Multiplanar images of the local abnormal blood vessels. (A) Coronal image of the right thigh showing extensive serpentine and 
dilated vascular canals extending into the subcutaneous soft tissue and muscles. (B) Sagittal image showing downward extension of the 
vascular malformation to the right knee.

even lead to a misdiagnosis of vascular malformation.
Unlike ultrasound, contrast-enhanced imaging modalities 

[including computed tomography (CT) or magnetic 
resonance imaging (MRI) with contrast agents] can be 
used to assess the entire venous system. They are therefore 
important for diagnosing vascular malformations. The 
prevalence reported for these abnormal venous structures 
varies, but they remain an important feature in the diagnosis 
of KTS. A previous MRI study reported that the prevalence 
of persistent sciatic veins in KTS reached 48.8% (20 out 
of 41 patients) (8). Another study involving 61 patients 
with KTS found that the prevalence of lateral venous and 
deep venous hypoplasia was 53% (32 patients) and 11%  
(7 patients), respectively (5). Intervention for collateral vein 
dilation in the presence of deep vein hypoplasia can lead 
to symptoms worsening (9). Moreover, patients with renal 
insufficiency have a higher risk of developing contrast-
induced nephropathy and nephrogenic systemic fibrosis (10).  
Non-contrast-enhanced MRI can be considered as an 
alternative modality for diagnosing vascular disease. 
However, research in this field remains scarce, and most 
existing studies have focused only on the application of 
non-contrast-enhanced MRI in arterial diseases (11). The 
present case report shows that when TRANCE-MRV is 
used, collateral varicose veins and their territories can be 

clearly displayed, and venous thrombosis and venous aplasia 
can be found and distinguished, which is helpful for pre-
intervention assessment and planning.

Ultrasonography is considered to be the first-line 
imaging tool for the evaluation of lower extremity venous 
disease. However, diagnostic accuracy and cost-effectiveness 
are ongoing concerns relating to the use of such diagnostic 
imaging techniques. A recent study reported substantial 
inter-rater agreement between ultrasonography and 
TRANCE-MRV in the diagnosis of DVT. The accuracy of 
TRANCE-MRV was 88%, and in the 25 ultrasonography 
negative cases, TRANCE-MRV further detected 16% (4 
cases) DVT, 12% (3 cases) venous compression, and 4% (1 
case) vena cava anomaly (4). Ultrasonography negative cases 
may require further vascular surgery if the MRI findings 
are positive. One of the advantages of TRANCE-MRI 
is the large field of view, which allows for the evaluation 
of lesion territory and distribution; such information can 
prove useful if further vascular surgery is considered. 
Contrast medium administration increases nephrotoxicity 
and the risk of nephrogenic systemic fibrosis (10);  
therefore, we recommend the TRANCE technique as an 
alternative to contrast-enhanced imaging modalities for the 
evaluation of patients with renal insufficiency. Furthermore, 
the TRANCE technique can clearly display the whole 
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venous structure with background suppression without 
contamination of the arterial structure. In contrast, it is 
difficult to image only the venous structure without the 
accompanying arterial structure with contrast-enhanced 
MRI and CT. The main challenge when using these two 
imaging methods is the difficulty in estimating the correct 
acquisition time for the optimal contrast opacity of the 
target vein (4,12).

However, the TRANCE technique also has certain 
limitations. First, imaging acquisition of the veins in the 
entire subdiaphragmatic area is time-consuming (taking 
approximately 25 minutes). Secondly, the technique is not 
suitable for evaluating patients with cardiac arrhythmias, 
as inappropriate trigger timing can compromise image  
quality (13). Finally, the TRANCE technique entails high 
costs, which must also be considered.

In summary, non-contrast-enhanced MRV can be 
used to detect vascular malformation in patients with 
renal insufficiency and is a valuable clinical alternative to 
contrast-enhanced CT or MRI.
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Video S1 The video that demonstrates the three-dimensional rotating projection of the affected extremity showing femoral vein aplasia and 
extensive venous malformations.
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