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A B S T R A C T 

 

Klippel-Trenaunay syndrome is a rare congenital vascular disease. The pathogenesis 

of this syndrome is unclear, but it is thought that most cases are the result of somatic 
mutations that affect genes that play a role in vasculogenesis and angiogenesis. Some 

patients come with a triad of capillary malformation (hemangioma or port-wine stain), 

venous varicosities and bony or soft tissue hypertrophy. Clinical presentation of this 
syndrome can lead to significant morbidities and mortalities due to severe bleeding 

and emboli. Although the number of cases is low, a doctor must be able to distinguish 

Klippel-Trenaunay Syndrome from other rare vascular disorders. Parkes Weber 
syndrome is usually similar to Klippel-Trenaunay syndrome, except in the arterial 

malformations associated with capillary malformations and soft tissue to skeletal or 

bone hypertrophy. The diagnosis of Klippel-Trenaunay Syndrome is carried out 
clinically and is quite difficult to do even with experienced doctors because there is no 

precise pathognomonic test.  There are several options in relation to the management 

of Klippel-Trenaunay Syndrome and non-invasive procedure is considered to be the 
most important of therapy modalities. Early diagnoses, progression monitoring, and 

proper intervention should be carried out for better prognosis and preventing 
complication.  

 

 

1. Introduction 

Klippel-Trenaunay Syndrome (KTS) is a complex 

congenital malformation that affects both the upper 

and lower extremities, and although rarely can affect 

the body, neck, or head. There are three important 

components of Klippel-Trenaunay syndrome, namely 

varicosities and venous malformations, capillary 

malformations (port-wine stains), and bone and soft 

tissue hypertrophy. KTS is a rare disease and mostly 

occurs sporadically. Its incidence in the world ranges 

from 2-5 per 100.000. The diagnosis of KTS is carried 

out clinically and is quite difficult to do even with 

experienced doctors because there is no precise 

pathognomonic test. Nonetheless, increased D-dimers 

and the AGGF1 mutation can help confirm the 

diagnosis. Duplex ultrasounds, MRIs, and CT scans 

can show hypertrophy of soft tissue and malformed 

blood vessels1. 

Patients with KST are treated similarly to those with 

other chronic venous disorders. The role of 

endovascular therapy and minimally invasive 

interventions has not been widely used because of the 

small prevalence of this disease, but it is an option 

compared to open surgery when non-operative 

management is refractory2. This paper would be 

comprehensively discussing Klippel-Trenaunay 

Syndrome, especially related to its management in the 

field of vascular surgery.  

Definition 
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Klippel-Trenaunay syndrome (KTS) is a complex 

congenital malformation that affects both the upper 

and lower extremities, and although rarely can affect 

the body, neck, or head. There are three important 

components of Klippel-Trenaunay syndrome, namely 

varicosities and venous malformations, capillary 

malformations (port-wine stains), and bone and soft 

tissue hypertrophy3. 

A case of limb hypertrophy was reported in the 19th  

century, but the combination of congenital vascular 

nevus in one limb, venous varices in the affected limb, 

and limb hypertrophy were unrecognized as a unique 

and consistent syndrome until an article was published 

by Klippel and Trenaunay in 1900. Several years after 

that, Frederick Parkes Weber issued a report with a 

similar case of enlarged arteries and veins, rather than 

just a venous abnormality. Thus, patients with limb 

hypertrophy, skin capillary malformations, and arterial 

and venous malformations are usually diagnosed as 

Klippel-Trenaunay-Weber syndrome. Parkes Weber 

syndrome is usually similar to Klippel-Trenaunay 

syndrome, except in the arterial malformations 

associated with capillary malformations and soft tissue 

to skeletal or bone hypertrophy. Meanwhile, Sturge-

Weber syndrome is defined by the presence of 

meningeal angioma, capillary malformations of the 

face, and glaucoma, which is also often accompanied 

by hemiparesis and hemiatrophy contralateral to 

meningeal angioma4. 

Hemangioma in KTS patients is a form of vascular 

malformation. Anomalies in the deep venous system, 

such as agenesis, hypoplasia, atresia, valvular 

incompetence, or venous compression are classic 

presentations of KTS. Pure hemangioma, which is a 

proliferation of neoplasms in the endothelium, rarely 

occurs in KTS, and venous or capillary malformations 

that occur in KTS contain a static endothelium. An 

obvious differentiator in KTS is the absence of 

significant arteriovenous shunting. The presence of 

arteriovenous shunting of high-flow is the 

characteristic of Parkes Weber syndrome. In Parkes 

Weber syndrome, the malformations that occur have 

significant hemodynamic complications3. 

Some authors use the term Klippel-Trenaunay-

Weber syndrome to define a condition that results in an 

individual or patient having clinically significant 

arteriovenous malformations as a component of KTS. 

However, other authors have separated the two 

conditions and used the term Parkes Weber syndrome 

for patients who have had arterial malformations in 

addition to KTS5. 

 

Epidemiology and etiology 

Most cases of KTS occur sporadically. This 

syndrome has no racial predilection. Parkes Weber 

syndrome is more common than KTS. Vascular 

malformations of the skin surface can be seen from 

birth, but venous varicosity and limb hypertrophy are 

usually not seen early on. Children were detected in 

health facilities on average at 4 years of age5-6. 

Both KTS and Parkes Weber syndrome has a 

mortality rate of 1%. All patients usually have overt 

morbidity. Hypertrophy of the extremities or fingers can 

be extreme, even requiring amputation. Although 

superficial venous abnormalities are more common, 

deep veins are usually defective and thrombosis may 

occur. Pulmonary embolism occurs in 10% of patients, 

especially after surgery. (Douma et al., 2012) KTS 

affects more men than women with an incidence 

ranging from 2-5 per 100,000. The pathogenesis of this 

syndrome is unclear, but it is thought that most cases 

are the result of somatic mutations that affect genes 

that play a role in vasculogenesis and angiogenesis4. 

 

Pathophysiology 

The causes of KTS can almost be determined, 

although only with a few theories. Intrauterine damage 

to the sympathetic ganglia or intermediolateral tract 

were suggested to be resulted in a microscopic 

enlargement of the arteriovenous anastomosis. 

Meanwhile, some literature stated that abnormalities in 

deep veins result in obstruction of the venous flow 

resulting in venous hypertension, the appearance of 

varices, and limb hypertrophy. Mesodermal defects 

during fetal development also result in impaired 

microscopic arterial communication. Finally, 
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mesodermal and ectodermal dysplasia is considered to 

be responsible for the appearance of KTS7  

Most cases of KST occur sporadically, although 

some cases in some literature display an autosomal 

dominant pattern of inheritance5. A case report of KTS 

in monozygous twins with one unaffected twin, 

supporting the theory of the paradominant pattern of 

inheritance. This theory states that KTS originates from 

a single-gene lethal defect in individuals who are 

homozygous for this gene. Heterozygous carries the 

gene but is not affected. This disease manifests in 

individuals who lose heterozygosity through somatic 

mutations during embryogenesis8. There is a 

significant relationship between angiogenic factors 

such as AGGF1 and KTS. Kihiczak et al reported that 

KTS is the result of a pathogenic gene in tissue and 

vascular development9. 

KTS is characterized by a combination of vascular 

malformations of the skin, abnormalities in the 

lymphatic and venous systems, and enlargement of the 

limbs. An abnormal venous system results in 

protrusion of veins on the skin surface, it is called 

venous flares. Venous varices begin to appear in early 

childhood and venous anomalies are seen in 80% of 

cases6. 

Limb hypertrophy occurs due to vascular, venous, 

and lymphatic abnormalities accompanied by 

hypertrophy of soft tissues and bones. The hypertrophy 

that occurs is usually asymmetrical and often affects 

the fingers. 95% of cases affected are in the lower 

extremities. Because vascular abnormalities in KST are 

not associated with arterial malformations, blood flow 

to the malformed vessels is usually slow. The 

combination of slow blood flow to the blood vessels and 

lymphatic involvement causes the skin lesions to tend 

to be bluish or purplish. This is different in Parkes 

Weber syndrome which is characterized by the 

presence of an arterial fistula, and strong blood flow, 

resulting in a pink-colored lesion. Cardiac hypertrophy 

or congestive heart failure is common6. 

 

 

Clinical manifestation 

KTS has a clear clinical spectrum. Ranging from 

mild port wine stains, varicose veins causing cosmetic 

deformities to severe disability associated with 

uncontrolled development of the limbs, chronic pain, 

clinical infection, arthritis, thromboembolism, and 

recurrent rectal bleeding due to venous 

malformations10. From a study by Noel et al, it was 

found that 80% of KTS patients complained of pain, 

75% edema, 40% bleeding, 15% superficial 

thrombophlebitis, and 15% complained of cellulitis3. 

Most patients show three symptoms of the clinical 

syndrome, and hemangioma symptoms are the first to 

occur. Port-wine stain or flat hemangioma is a visible 

vascular malformation at birth, usually unilateral and 

segmented, rarely crosses the midline of the body, lined 

irregularly and firmly. This hemangioma increases with 

the growth and development of the child and can affect 

the entire body, although the face and cervix are most 

frequently affected areas. The lesions may be bright 

pink in infancy and progressively darken with age. 

Hemangiomas can be limited or spread to deeper areas 

of the skin, including the skin, muscles, to the organs, 

which worsens the prognosis of the disease11.  

Varicose veins observed in patients with this 

syndrome are often seen in infancy, but increasingly 

clear and develop in adulthood. These varicose veins 

are usually large in the lateral veins, which start from 

the leg to the leg and radiate proximally to the buttocks 

or gluteus region. This area can remain stable or 

enlarge slowly, which eventually results in pain, 

lymphedema, thrombophlebitis, and ulceration11. Deep 

vein anomalies such as venous hypoplasia, real 

aneurysms, valve hypoplasia to avalvulia with 

lymphatic malformations10. 

Hypertrophy is the third symptom that also appears 

in this syndrome and can occur secondary to additional 

length (bone involvement) or increased leg 

circumference (role of soft tissue influence). It is visible 

from birth and develops during the first year of life. 

Towards adolescence, when the child's growth and 

development have stopped, their growth will also 

stop11. Abnormalities in the bone can affect all of the 

bones at one extremity or only one or two bones. It 
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affects only one leg in about 80-85% of patients. Not 

only hypertrophy, but can also be in the form of bone 

hypotrophy, or other deformities such as macrodactyly, 

syndactyly, split hand deformity, phalangeal agenesis, 

and dislocation of the hip joint10. 

The complications that arise are usually associated 

with pathological vascular conditions. These 

complications include static dermatitis, 

thrombophlebitis, cellulitis, and serious sequelae such 

as thrombosis, coagulopathy, pulmonary embolism, 

congestive heart failure (in patients with arteriovenous 

malformations), and bleeding in the gastrointestinal 

tract, kidneys, and genitalia. Vascular malformations 

involving the gastrointestinal tract and urinary tract 

have been frequently reported and are a significant 

source of morbidity and mortality. Patients with 

vascular malformations in the bladder are usually 

associated with malformations of other organs such as 

the rectosigmoid and other pelvic organs12. 

Rectal bleeding and bladder are complications due 

to pelvic vascular malformations and are reported by 

1%. Gastrointestinal influences are more common in 

KTS and are believed to occur in as many as 20% of 

cases. The locations of the organs most commonly 

reported to be affected are the colon and rectum. The 

clinical manifestations range from light bleeding to 

massive, life-threatening bleeding and coagulopathy. 

As for genitourinary symptoms, it usually occurs in 

severe cases. The absence of leg varicose veins does not 

mean that the pelvic organs are not affected. Vascular 

malformations of the intraabdominal and intrapelvic 

organs usually occur in the lower abdomen, pelvis, and 

skin on the external genitalia. Massive hematuria is 

often the first symptom of an impact on the bladder and 

usually occurs early in birth. Vascular malformations 

of the bladder usually occur in the anterior wall, 

trigone, and the neck region of the bladder is rarely 

affected. Some KTS patients also sometimes complain 

of erectile dysfunction due to abnormalities in the veins 

in the penis5. 

 

 

Diagnosis 

The diagnosis of KTS is done clinically and is quite 

difficult to do even with experienced doctors because 

there is no precise pathognomonic test. Nonetheless, 

increased D-dimers and the AGGF1 mutation can help 

confirm the diagnosis. Duplex ultrasounds, MRIs, and 

CT scans can show hypertrophy of soft tissue and 

malformed blood vessels. Plain radiographs can be 

used to screen long bones for limb length 

discrepancies. Patients with KTS should first be 

evaluated using imaging non-invasive diagnostic, the 

aim of which is to determine the extensiveness and 

severity of the disease following arteriovenous 

shunting1. 

The sensitivity and specificity of duplex ultrasound 

imaging of the lower extremities are quite high given the 

anatomy and function of the arteries and veins making 

this tool the best initial diagnostic step. Confirmation 

can easily be obtained from the presence of valvular 

incompetence, low-region area, compressible vascular 

channels, and anatomic abnormalities, such as 

aneurysm and atretic segments, which is fast, 

inexpensive, and does not require sedation, especially 

in pediatric patients. Hemodynamic studies such as 

ankle-brachial indices, segmental pressure, and pulse 

volume recordings can help rule out arterial 

anomalies13. 

Most doctors prefer MRI as a diagnostic evaluation 

in patients with KTS because this imaging technique 

can provide a better image of soft tissue. This modality 

can provide the first test for abnormalities in muscles, 

joints, and bones. In addition, contrast agents such as 

intravenous gadolinium can differentiate veins from 

hidden arterial malformations and aid in patient 

classification in the Hamburg system. MRI and 

magnetic resonance arteriography (MRA) provide 

information regarding the extent of vascular lesions 

such as deep-seated pelvic or thoracic vascular lesions. 

MRI of the pelvis or thorax is indicated if the venous 

abnormality is wider than the length of the limb1. 

CT scan can generate radiation doses that have the 

potential to cause toxicity to the kidneys, depending on 

the patient's renal function and the contrast material 

used. This modality does not provide a detailed picture 
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of the muscles and surrounding soft tissue. Therefore, 

MRI is preferable. In addition, most of the patients 

undergoing the evaluation for KTS are likely to be 

children, so avoiding radiation hazards is more 

important. Venography can be performed to help plan 

preoperatively when a vein elimination procedure is 

performed by ablation, sclerotherapy, ligation, or 

stripping. If documentation of a patent deep venous 

system has not been worked out beforehand, 

venography could be used1. 

Lymphoscintigraphy can be indicated in children 

with significant leg asymmetry to examine the 

lymphatic system and the risk of infection6. In cases of 

limb length discrepancy, serial radiographs are 

required but are not limited to scanogram, and CT scan 

can be used to measure leg length if necessary. Clinical 

measurements can only guarantee a measurement in 

the range of 0.5-1.0 cm, whereas radiological 

examination can detect differences within 0.1 cm. This 

check is needed to ascertain how fast the limb is 

growing and can be used to determine the correct 

timing for the leg length equalization procedure7. 

 

Management 

a. Non-operative management 

Non-operative management is an important 

modality in the therapy of symptomatic KTS. Usually, 

only patients who are refractory to drugs undergo 

surgical intervention. For example, mentioned by Sung 

et al., Out of 19 KTS patients, only 4 underwent 

surgery. Patients with KTS are generally treated 

similarly to patients with other chronic venous 

disorders14.  

The initial therapy for patients with chronic vein 

disease is compression and elevation, which are the 

basis of leg swelling therapy. Compression stockings 

should cover the entire swelling area down to the radius 

and be of appropriate size. The initial pressure can 

vary, averaging 20-40 mmHg. However, patient 

compliance with this is quite difficult, especially in 

children with fast limb growth followed by other social 

factors. Low-dose aspirin can be considered to be given, 

although it does not always treat pain and swelling in 

patients with vascular malformations. If symptoms 

become refractory to compression, intermittent 

pneumatic compression can help mobilize lower limb 

edema. Some clinicians use diuretics in patients with 

persistent edema despite compression, mobilization, 

and elevation, although without supporting scientific 

evidence. If soft tissue inflammation occurs, analgesics 

can be given, and elevation can also be done, it is 

necessary to consider antibiotics if cellulitis occurs. 

There is no evidence of prophylactic antibiotics. The 

use of anticoagulants is not necessary at the beginning 

of therapy but should be given if the patient has deep 

vein thrombosis. Women with venous malformations 

should avoid using oral contraceptives because of their 

increased thromboembolic risk1,15. 

Limb length discrepancies can be treated by giving 

heels or special shoes to treat scoliosis if the gap is less 

than 1.5 cm. However, if the gap is more than 2 cm, 

intervention in the form of osteotomy or epiphysiodesis 

should be done. Using the Clinical-Etiological-

Anatomical-Pathophysiological (CEAP) classification, 

vascular intervention should be considered when 

disease progression is more than class 3 or class 2 with 

symptoms. Absolute indications for practical 

intervention consisted of continuous bleeding, 

refractory ulceration, and acute thromboembolism. 

While the relative indications consist of pain, functional 

disorders, edema due to venous insufficiency, leg 

asymmetry, and cosmetics1. The presentation of 

various cases and disease severity means that each 

action must be suitable for each patient. A 

multidisciplinary team must be involved in patient 

care. Patients should also be educated about the 

disease to increase adherence to therapy16. 

 

b. Semi-invasive management 

The role of endovascular therapy and minimally 

invasive interventions has not been widely practiced 

because the prevalence of this disease is still small, but 

it is an option compared to open surgery when non-

operative management is refractory. The success of 

sclerotherapy, embolism, ablation, and laser therapy in 

voluntary clinic builds on the outcomes of chronic 
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venous and capillary disease. The plastic surgery team 

from Korea used a pulsed dye laser on KTS patients 

with capillary malformations (port-wine stain), 4 of 19 

patients were treated with a laser without any 

morbidity. The 585 nm wavelength is said to be effective 

for treating facial telangiectasia and hemangioma. It is 

argued that this therapy responds well to light-colored 

lesions in children, but darker lesions in adults are 

often unsuccessful and respond better to Crypton and 

Copper lesions14. 

Unsuccessful management of varicose veins with 

non-invasive, sclerotherapy or embolization can be 

done, whereas imaging of the deep vein system must be 

done first to avoid postoperative complications and 

thermal effects. Persistent vein sciatica should be 

treated with sclerotherapy or embolization. 

Sclerotherapy produced 90% good results, but the 

complication rate ranged from 12% per therapy and 

28% per patient. 15% of patients have necrosis of the 

skin. To reduce complications, increase awareness of 

injectable agents such as ethanol on the nerves or 

lesions on the skin. Foam sclerotherapy has also been 

widely used, Smith reported that 808 patients with 

CEAP grade 2 underwent injection with ultrasound 

using diluted sodium tetradecyl, and the result was a 

decrease in CEAP grade within 6 months of therapy 

with minimal complications17. 

In the era of minimally invasive surgery, new 

techniques in the treatment of vein varicosities such as 

endovascular radiofrequency ablation or endo venous 

laser ablation (EVLA) of the persistent embryonic vein 

or great saphenous vein is currently gaining popularity. 

Some literature reported the success of radiofrequency 

procedures and laser thermal ablation in 6 months, 1 

year, and 5 years respectively 92%, 86%, and 72%. 

There was no difference between using radiofrequency 

or laser. Repeat procedures are often performed with 

minimal complications. If a superficial vein is used, 

optimal attention should be given, considering that no 

fever is provided in this procedure, therefore significant 

burns can occur18. The EVLA method is performed by 

heat-induced collagen shrinkage, followed by fibrotic 

sealing of vein lumen. Figure 1 showed the reduction of 

varicosities after EVLA2. 

 

c. Open surgery 

This open surgery therapy has rarely been used in 

the last few decades. Open surgery is usually targeted 

at patients who are not candidates for semi-invasive 

procedures. Subfascial endoscopic perforator surgery 

is useful in patients with large incompetent venous 

perforations, but percutaneous intervention is now 

more frequently used.  Ulceration or bleeding can 

occur, but in KTS patients the wound healing process 

can be hampered. Therefore, postoperative edema can 

be relieved by compression and elevation. Prior to 

intervention, venous anatomy must be documented to 

avoid destroying the superficial venous system. 

Because venous damage can occur, the possibility of 

blood loss during surgery must be considered. Blood 

transfusions must be taken into account19. 

Baraldini et al reported 29 pediatric patients with 

KTS underwent combination open surgery with semi-

invasive intervention. The mean age was 10.3 years. 

Technically successful procedure. No fatal 

complications or deaths occurred within 6 months to 2 

years of follow-up. Intervention at an early age is 

recommended because it is considered safe and 

effective in minimizing venous hypertension20. The 

Mayo Clinic group documented the operative 

experience of KTS patients with radiofrequency and 

laser ablation and were followed up for 73 months. 

Most of the patients have complaints of pain. Stripping 

of the large saphenous vein, small saphenous vein, and 

lateral embryonic vein was performed. Postoperative 

morbidity was 4% having DVT and 14% 

thrombophlebitis, and 10% having at least 1 episode of 

cellulitis. There were no deaths, nearly 30% of patients 

experienced reintervention. However, 50% of patients 

reported a significant reduction in pain, and 

statistically lowered the Venous Clinical Severity Score 

and CEAP class21. 
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Figure 1. Before and After Endo Venous Laser Ablation Procedure2 

 

2. Conclusion 

Klippel-Trenaunay syndrome is a rare and complex 

congenital syndrome that affects both the lower and 

upper extremities. This syndrome usually occurs 

sporadically. The three main symptoms of KTS are 

varicosities and venous malformations, capillary 

malformations (port-wine stains), and bone and soft 

tissue hypertrophy. There is no precise pathognomonic 

test to build the diagnosis of KTS, but determination of 

the extensiveness and severity of the disease should be 

considered first.  Patients with KTS are generally treated 

similarly to patients with other chronic venous disorders, 

starting from non-invasive, semi-invasive, and most 

invasive or open surgery. 
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