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Abstract

Purpose To evaluate the safety and outcome of percuta-

neous sclerotherapy for treating venous malformations

(VMs) of the hand.

Materials and Methods A retrospective multicenter trial of

29 patients with VMs primarily affecting the hand,

including wrist, carpus, and/or fingers, treated by 81 per-

cutaneous image-guided sclerotherapies using ethanol gel

and/or polidocanol was performed. Clinical and imaging

findings were assessed to evaluate clinical response, lesion

size reduction, and complication rates. Substratification

analysis was performed with respect to the Puig’s classi-

fication, the sclerosing agent, the injected volume of the

sclerosant, and to previously performed treatments.

Results The mean number of procedures per patient was

2.8 (± 2.2). Last follow-up (mean = 9.2 months) revealed

a partial relief of symptoms in 78.9% (15/19), while three

patients (15.8%) presented symptom-free and one patient

(5.3%) with no improvement. Post-treatment imaging

revealed an overall objective response rate of 88.9%. Early

post-procedural complications occurred after 5/81

sclerotherapies (6.2%) and were entirely resolved by con-

servative means. Type of VM (Puig’s classification) as well

as sclerosing agent had no impact on clinical response

(p = 0.85, p = 0.11) or complication rates (p = 0.66,

p = 0.69). The complication rates were not associated with

the sclerosant volume injected (p = 0.76). In addition, no

significant differences in clinical success (p = 0.11) or

complication rates (p = 0.89) were detected when com-

paring patients with history of previous treatments com-

pared to therapy-naive patients.

Conclusion Percutaneous sclerotherapy is both safe and

effective for treating VMs of the hand. Even patients with

history of previous treatments benefit from further scle-

rotherapy showing similar low complication rates to ther-

apy-naive patients.

Level of Evidence Level 4, Retrospective study.

Keywords Venous malformation � Upper extremity �
Hand � Sclerotherapy � Interventional radiology

Introduction

Venous malformations (VMs) are the most common con-

genital vascular malformations and occur with a prevalence

of up to 1% in the overall population [1, 2]. Due to errors in

endothelial cell morphogenesis and disorganized vasculo-

genesis, these lesions show a dilated, dysplastic, and

hemodynamically nonfunctional venous-like network

[3, 4]. In many cases, venous malformations grow pro-

portionally during childhood and may remain unnoticed for

years prior to symptomatic clinical presentation. As
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clinical relapse after surgical resection of vascular mal-

formations is generally frequent [5] and surgical options

may be challenging or limited when VMs are located at the

hand or wrist, percutaneous sclerotherapy using various

sclerosants such as gelified ethanol or polidocanol (liquid

or foam) has evolved as a minimally invasive alternative

[1, 4, 6, 7]. Patients’ symptoms leading to clinical pre-

sentation and treatment vary with extent and localization of

the VM and include swelling, recurrent or chronic pain,

motor or sensory impairment, inflammation and ulceration

as well as an increased risk of thromboembolic symptoms

[8]. Therefore, the treatment of VMs in small anatomical

compartments such as hand and wrist with dense innerva-

tion and small functional units is potentially associated

with increased risk of adverse events. Additionally, blood

flow in the terminal vasculature of the fingers may easily be

compromised. Consequently, higher rates of post-proce-

dural muscle contracture, nerve injury, impaired mobility,

and compartment syndrome have been reported for this

location [2, 9]. The purpose of this multicenter study was to

evaluate the safety and clinical outcome of percutaneous

sclerotherapy for the treatment of VMs affecting the hand,

including wrist, carpus and/or fingers.

Materials and Methods

This multicenter study was approved by the local ethics

committee (University Hospital, LMU Munich, protocol

No.: 21–0264) and was performed in accordance with

relevant guidelines and regulations according to the Hel-

sinki Declaration of 2013. Patients were recruited via the

interdisciplinary Vascular Anomalies Centers at three ter-

tiary care university hospitals.

A total of 29 consecutive patients, 10 males and 19

females, with VMs of the hand treated with 81 percuta-

neous sclerotherapies between 2017 and 2021 were ana-

lyzed retrospectively. Patient characteristics are

summarized in Table 1. The VMs were diagnosed during

the clinical presentation by a combination of physical

examination and imaging including magnetic resonance

imaging (MRI) and ultrasound. All patients suffered from

VMs affecting primarily the hand, including wrist (18/29,

62.1%), carpus (22/29, 75.9%), and/or fingers (16/29,

55.2%). Six of 29 patients (20.7%) presented with multi-

focal manifestation (see Fig. 1), while none showed VM

associated with other anomalies (such as Klippel–Trenau-

nay syndrome) or combined vascular malformations. The

indications for percutaneous sclerotherapy were pain,

swelling, cosmetic disfigurement, or functional impair-

ment. Both therapy-naive patients (15/29, 51.8%) and

patients having undergone previous invasive treatments

(14/29, 48.2%) by debulking surgery (9/29, 31%),

sclerotherapy (2/29, 6.9%), or both (3/29, 10.3%) without

sufficient symptom improvement were included. The

Puig’s classification of lesions was performed on pre-in-

terventional MRI scans and is included in Table 1.

Interventional treatment was carried out under general

anesthesia. Postoperative medication consisted of ibupro-

fen 10 mg/kg/KG per day and weight-adapted low-

molecular weight heparin in a prophylactic dose for seven

days. Sclerotherapy was performed under real-time ultra-

sound and fluoroscopic guidance using gelified ethanol

(Sclerogel�, ab medica GmbH & Co. KG, Düsseldorf,

Germany; Discogel�, 1A Medical AG, Hettlingen, Sch-

weiz) and/or 2–3% polidocanol foam (Aethoxysclerol�,

Kreussler & Co. GmbH, Wiesbaden, Germany; ratio of

polidocanol to sterile air was 1:4). Gelified alcohol was

used in case of rapid venous drainage toward larger

draining veins. A maximum of 6 mL gelified ethanol and

10 mL of polidocanol foam were used per session.

Repetitive sclerotherapy procedures were performed

depending on the extent of the lesion, response to therapy,

and course of clinical symptomatology. The patients were

seen within a standardized follow-up regime in the three

centers involved. The first clinical follow-up was per-

formed at 1–3 months after each sclerotherapy session. In

case of no additional treatment, the first follow-up MRI

was scheduled at 6 months. Additional clinical follow-up

and MRI were conducted at 12 and 24 months.

Retrospective data collection was performed using

electronic patient records and the picture archiving and

communication system (PACS) at each department. Data

analysis was conducted centrally to evaluate patient/de-

mographic data and to define Puig’s classification, clinical

success, objective outcome (imaging), and complication

rates. Clinical success at follow-up was measured using the

following grading scale: symptom-free, partial relief of

symptoms, no improvement of symptoms, and clinical

progression under sclerotherapy. Objective outcome was

assessed by changes in VM size using pre- and post-pro-

cedural MRI for subdivision of image findings into the

following four categories: complete response (CR, 100%

VM size reduction), partial response (PR, C 30% VM size

reduction), stable disease (SD, neither PR nor PD criteria

met), progressive disease (PD, C 20% VM size increase).

Lesion size was assessed on delayed-phase contrast-en-

hanced fat-saturated T1-weighted images using the largest

lesion diameter in one imaging plane, comparable to the

response evaluation criteria in solid tumors (RECIST).

Complications were classified as early complications

occurring within the first 30 days after the intervention and

late complications arising thereafter.

Substratification analyses were performed depending on

Puig’s classification [10], the type of sclerosant, the

injected volume of the sclerosant, and with respect to
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previous treatment (surgery and/or minimally invasive

therapy) versus therapy-naive patients. For analysis, the

Pearson’s Chi-squared test was used for categorial data and

the Mann–Whitney U test for metric data. Statistical testing

was conducted using SPSS (version 26.0, IBM Corp.,

Armonk, NY, USA), with p\ 0.05 considered significant.

Results

The median follow-up period after the last sclerotherapy

session was 6 months (range 1–26; mean

9.2 ± 9.1 months).

Clinical Response

The mean number of percutaneous sclerotherapies per

patient was 2.8 (± 2.2). The distribution of number of

Table 1 Patient and clinical characteristics of study cohort (n = 29)

Characteristic Total cohort (n = 29)

Age at diagnosis Mean (standard deviation) 16.3 (± 16.7)

Age at treatment initiation Mean (standard deviation) 23.2 (± 19.3)

Men 10 (34. 5%)

Location side

Right 16 (55.2%)

Left 13 (44.8%)

Appearance

Multifocal 23 (79.3%)

Isolated 6 (20.7%)

Puig’s classification

Type 1 18 (62.1%)

Type 2 5 (72.2%)

Type 3 4 (13.8%)

Type 4 2 (6.9%)

Involved anatomical structures

Wrist 18 (62.1%)

Carpus 22 (75.9%)

Finger 16 (55.2%)

Treatment rationales

Pain 24 (82.8%)

Swelling 21 (72.4%)

Functional impairment 18 (62.1%)

Cosmetic disfigurement 8 (27.6%)

Number of procedures

1 10 (34.5%)

2 9 (31.0%)

3 3 (10.3%)

4 1 (3.4%)

5 1 (3.4%)

6 3 (10.3%)

7 1 (3.4%)

8 0 (0.0%)

9 0 (0.0%)

10 1 (3.4%)
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procedures per patient is shown in Table 1. A total of 62/81

sclerotherapies (76.5%) were performed using polidocanol

foam with a mean injected volume of 4.4 mL (± 2.5). Of

81 treatments, nine (11.1%) were performed using gelified

ethanol with a mean injected volume of 4.0 mL (± 2.3),

and 10/81 procedures (12.3%) were performed using a

combination of polidocanol foam and gelified ethanol.

After the first sclerotherapy session, post-treatment follow-

up was available in 23/29 patients (79.3%): 21 patients

(91.3%) showed partial relief of symptoms, while two

patients (8.7%) presented with no improvement. After the

second sclerotherapy session, post-treatment follow-up was

completely reported in 16/19 patients (84.2%): 15/16

patients (93.8%) had partial relief, and one patient (6.3%)

showed no improvement of symptoms. After the third–

tenth sclerotherapy sessions, post-treatment follow-up was

available in 69.7%: Hereby, all patients showed partial

relief of symptoms. A terminal follow-up after the last

sclerotherapy was documented in 19/29 patients with par-

tial relief of symptoms in 15/19 patients (78.9%), while

3/19 patients (15.8%) presented as symptom-free and one

patient (5.3%) with no clinical improvement.

Imaging Outcome

After the final sclerotherapy session, post-treatment imag-

ing was available in 18/29 patients at terminal follow-up.

Here, the changes in lesion size revealed PR in 15 patients

(83.3%), SD in one patient (5.6%), CR in one patient

(5.6%), and PD in one patient (5.6%), resulting in an

overall objective response rate of 88.9% (16/18), see

Fig. 2.

Safety

Early complications (\ 30 days) occurred after 5/81 scle-

rotherapies (6.2%) including thrombophlebitis beyond the

treated area of malformation (2/81, 2.5%), prolonged

swelling at injection side ([ 7 days) (2/81, 2.5%), and

hematoma at injection side (1/81, 1.2%). In all cases,

Fig. 1 A 29-year-old female patient with extensive findings of VMs

in form of multifocal lesions affecting the left upper extremity.

a Coronar T1-weighted fat-saturated fast spin-echo MR image

demonstrates three separated hyperintense masses of tubular struc-

tures (arrows) extending into the flexor muscles of forearm and

humerus and the latissimus dorsi muscle. b-d Time-resolved 3D MR

angiography and T1-weighted fat-saturated contrast-enhanced MR

images show the inferior venous malformation with extension from

the middle of the forearm up to the metacarpalia. e T1-weighted fat-

saturated contrast-enhanced MR image reveals involvement of the

fifth finger (arrow). f ? g Negative roadmap images demonstrate

drainage of a lesion (arrow) in normal veins corresponding to type II

(Puig’s classification) and filling of another lesion within the wrist

and the hypothenar region of the right hand (arrow) without venous

drainage

1546 Vanessa F. Schmidt et al.: Percutaneous Sclerotherapy of Venous Malformations of the Hand…

123



complications were self-limited and entirely resolved with

conservative means. No patient developed skin injury or

soft tissue necrosis, local infection at injection site, sensory

loss, or peripheral ischemia/necrosis/ulcer. Overall, no late

complications were reported.

Impact of Lesion Type and Procedural

Characteristics

The type of VM according to the Puig’s classification

showed neither a significant influence on the post-proce-

dural complication rate (Chi-squared test, p = 0.66) nor on

the clinical response at final follow-up (Chi-squared test,

p = 0.85). In addition, there were no significant differences

between the procedures performed with gelified ethanol

compared to polidocanol foam regarding the incidence of

post-procedural complications (Chi-squared test, p = 0.69)

or the clinical response at terminal follow-up (Chi-squared

test, p = 0.11). No significant differences between the

sclerosant volume injected and the post-procedural com-

plication rates were found (Mann–Whitney U test

p = 0.76). Previous treatment (surgery or minimally inva-

sive therapy) had no impact on clinical response or com-

plication rates when compared to therapy-naive patients

(Chi-squared test, p = 0.11, p = 0.89).

Discussion

Several concerns for the use of percutaneous sclerotherapy

in locations as wrist, carpus, or finger have been raised:

Exemplarily, due to the risk of necrosis and compartment

syndrome, Mendonca et al. [11] suggested, in the Birm-

ingham experience, that sclerotherapy should not be

Fig. 2 T1-weighted fast spin-echo fat-saturated MR images showing

the hyperintense VM of a 23-year-old male patient at intervals

between several sclerotherapy sessions. a-c Coronar and axial MR

images demonstrate hyperintense tubular structures involving thenar

and interdigital region of the left hand extending out to the dermis

(arrows). d-f 4 months after treatment initiation: coronar and axial

MR images reveal lesion size reduction (arrows) when compared to

(a-c). g-i 9 months after treatment initiation: coronar and axial MR

images show further lesion size reduction up to 50% (arrows) when

compared to (a-c) and (d-f)
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considered for VMs in distal extremities. In contrast,

Delgado et al. [2] reported an experience with 34 scle-

rotherapies for foot VMs in 16 patients with a significant

improvement of clinical symptoms and a complication rate

of 21%. In addition, Guevara et al. [9] published a series of

17 patients, who underwent 40 sclerotherapies of diffuse

and infiltrative VMs of the distal forearm with a reported

complication rate of 5%. Compared to the two latter

studies, the present study reports a larger cohort consisting

of 29 patients and an increased number of procedures with

a total of 81 sclerotherapies. Depending on lesion size and

clinical success, the mean number of procedures per patient

was 2.8, which is comparable to 2.4 and 2.1 sclerotherapies

per patient reported by Guevara et al. [9] and Delgado et al.

[2]. With respect to the type and amount of sclerosant

applied, the two latter studies used pure ethanol or STS

foam, which cannot be directly compared to gelified

alcohol and polidocanol. The amount of sclerosant in our

study was rather low, which may account for the moderate

complication rates. More aggressive approaches may be

more effective but can potentially be accompanied with

higher complication rates, which in our eyes should espe-

cially be considered in anatomically challenging locations

such as the hand and wrist.

We could demonstrate that percutaneous sclerotherapy

of VMs of the hand using gelified ethanol and/or polido-

canol foam is effective with respect to clinical symptoms

and imaging outcome at the three investigated Vascular

Anomalies Centers. The terminal follow-up after the last

sclerotherapy showed at least partial relief of symptoms

in * 95% of patients. Our results are comparable to a

smaller cohort with infiltrative and diffuse VMs of the hand

published by Guevara et al. [9], in which partial relief was

seen in the majority of patients (59%) and 24% of patients

presented symptom-free. Guevara et al. [9] reported clini-

cal progress in spite of sclerotherapy in 2%, which was not

found in any patient of our cohort. Here, it should be

mentioned that the collective of Guevara solely included

complex cases of infiltrative and diffuse malformations,

tending to respond worse to treatment, as reported by Ali

et al. [12]. In our study, post-treatment imaging revealed an

overall response rate of 88.9%, supported by the results of

peripheral VMs at various locations published in the cur-

rent literature. Exemplarily, Teusch et al. [13] reported an

overall response rate of 93% in 31 prospective patients

treated with gelified ethanol and Ali et al. [12] of 92% in 37

patients treated with polidocanol.

The present study showed a low complication rate of

6.2%, with all sequalae having resolved by conservative

means. Guevara et al. [9] also reported a similarly low

complication rate (5%) for the treatment of hand VM;

however, in contrast to this cohort, these were all skin

complications. In general, the most commonly described

post-procedural complications of percutaneous sclerother-

apy are skin blistering, ulceration, and/or necrosis, espe-

cially in superficial lesions [2, 13, 14]. As this type of

complication resulting in potentially permanent impair-

ment could be avoided in our study, the presented approach

confirms the acceptable risk profile of both sclerosants used

and makes them particularly attractive for repeated scle-

rotherapy sessions even in challenging anatomical

locations.

Comparing gelified ethanol and polidocanol regarding

the incidence of post-procedural complications or the

clinical success at terminal follow-up, we found no sig-

nificant differences in both subgroups in our series. Geli-

fied ethanol, a composition of ethanol, supplemented with

water-insoluble cellulose derivative and embedded by a

cotton wool-like network, has numerous advantages in

comparison with pure liquid alcohol. This includes longer

contact time with the vessel wall, lower amount of ethanol

needed per procedure, and consequently fewer systemic

complications [4, 13]. Ierardi et al. [15] reported, in a

small, retrospective cohort of six patients, post-treatment

clinical success of 100% without any systemic side effects.

Polidocanol is a frequently descripted detergent, causing

lysis of vessel endothelium showing low complication rates

[4, 12]. Grieb et al. [16] presented clinical success of 90%

and a complication rate of 1.8% in 20 patients with cran-

iofacial VMs. Compared to the current literature, our

results confirm that both gelified ethanol and polidocanol

are effective and safe sclerosants when used appropriately

in treating VMs of the hand.

Though there is some evidence that higher sclerosant

volumes may increase the incidence of post-procedural

complications [6], we found no relation between the scle-

rosant volume and the complication rates. This is compa-

rable to the results of Fayad et al. [17] and Delgado et. al.

[2], which treated VMs by ethanol and/or sodium tetrade-

cyl sulfate (STS) foam. This is due to the fact that besides

the sclerosant volume, the number of puncture sites plays

an important role. By using several access needles during

sclerotherapy, it is possible to distribute the sclerosant

agent over larger volumes, avoiding local peak concen-

trations at the injection sites.

The group of patients who had previously undergone

surgical and/or minimally invasive treatments presented

comparable clinical response at terminal follow-up with a

similar low risk of complications as compared to therapy-

naive patients. These results emphasize that even in the

case of recurrence and insufficient symptom improvement

after previous treatment, further sclerotherapy may be safe

and effective, even if multiple sessions are necessary to

achieve sustainable success.

Additionally, the Puig’s classification of VMs showed

no significant influence on the rate of post-procedural
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complications or on the clinical success at terminal follow-

up. Although it is reported that VMs categorized higher in

Puig’s classification show less overall response as outflow

veins maintain the consistency of the lesion, while the

sclerosant is difficult to retain in the lesion without outflow

vein occlusion [2, 10], we were able to achieve similar

results with no differences in complication rates regarding

the different Puig’s type of VM. An update of the classi-

fication published in 2002 may help to better differentiate

between different subgroups of VM [18].

Limitations of the presented multicenter study include

the retrospective design with the consecutive lack of

standardized follow-up information for some patients.

Clinical success was based on a simplified classification of

symptom evolvement, rather than by a detailed evaluation

of health-related quality of life. Similarly, no standardized

numerical assessment of pain before and after treatment

was available for a more objective assessment of the

clinical burden. In addition, objective response post-treat-

ment was measured by changes in VM size as assessed by

MRI. For this purpose, no standardized protocol or rec-

ommendations/guidelines exist and the following estab-

lished oncological mRECIST criteria may not be the best

option for vascular malformations. In this regard, new

functional imaging modalities may prove more versatile for

diagnosis and treatment response evaluation in the future

[19]. The mean follow-up time after the last sclerotherapy

was 9.2 months representing a rather short period, in par-

ticular regarding the recurrence rate of vascular malfor-

mations, which are frequently recurring after a longer time

period.

Conclusion

This study reveals that sclerotherapy using gelified ethanol

and/or polidocanol foam is both effective and safe for

treating VMs of the hand. Repetitive procedures may be

needed to achieve appropriate relief of symptoms and

improved function. Previously surgically or minimally

invasively treated patients similarly benefit from scle-

rotherapy while showing comparably low complication

rates to therapy-naive patients.
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