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The diagnosis and management of vascular malformations is challenging due to lesion 
rarity, confusing nomenclature, and clinical symptom overlap in many cases (1, 2). 
Low-flow vascular malformations are the most common type of congenital vascular 

anomaly. Traditionally, low-flow vascular malformations include venous malformation (VM) 
and lymphatic malformation (LM) (2). However, the distinct entity of fibroadipose vascular 
anomaly (FAVA) was recently described by Alomari et al. (3). FAVA is a complex vascular 
malformation in the spectrum of low-flow malformations that typically presents with focal 
pain, discomfort, contractures, and phlebectasia. Imaging characteristics include a fibrofat-
ty lesion overlying a VM usually located in the calf or forearm (3).

For the treatment of low-flow malformations, sclerotherapy has evolved as a primary treat-
ment modality (4, 5). This is in particular true for VMs; however, other potential treatment op-
tions for FAVA include conservative management and surgical resection (6). Surgical resection 
has been found to be effective for focal lesions (7). However in the treatment of malforma-
tions, surgery may be associated with increased risk of bleeding or worsening of symptoms. 
Also surgery is associated with incomplete lesion resection and lesion recurrence (8). Alterna-
tive techniques such as radiofrequency ablation (9–11) and cryoablation (6, 12–14) have been 
proposed to treat low-flow malformations with promising results especially when the lesion 
is refractory to sclerotherapy.

PURPOSE 
We aimed to evaluate the safety and effectiveness of cryoablation in the treatment of low-flow 
malformations, specifically venous malformation (VM) and fibroadipose vascular anomaly (FAVA).

METHODS
We conducted a retrospective review of 11 consecutive patients with low-flow malformations 
(14 lesions; 9 VM, 5 FAVA), median lesion volume 10.8 cm3, (range, 1.8–55.6 cm3) with a medi-
an age of 19 years (range, 10–50 years) who underwent cryoablation to achieve symptomatic 
control. Average follow-up was at a median of 207 days postprocedure (range, 120–886 days). 
Indications for treatment included focal pain and swelling. Technical success was achieved if the 
cryoablation ice ball covered the region of the malformation that corresponded to the patient’s 
symptoms. Clinical success was considered complete if all symptoms resolved and partial if some 
symptoms persisted but did not necessitate further treatment.

RESULTS
The technical success rate was 100%. At 1-month follow-up, 13 of 14 lesions (93%) had a complete 
response and one (7%) had a partial response. At 6-month follow-up 12 of 13 (92%) had a complete 
response and 1 (8%) had a partial response. A total of 6 patients underwent primary cryoablation. 
Out of 9 VM cases, 7 had prior sclerotherapy and 2 had primary cryoablation. Out of the 5 FAVA 
cases, 1 had prior sclerotherapy and the remaining 4 cases underwent primary cryoablation. There 
were 3 minor complications following cryoablation including 2 cases of skin blisters and 1 case of 
transient numbness. These complications resolved with conservative management.

CONCLUSION
Cryoablation is safe and effective in the treatment of low-flow vascular malformations, either 
after sclerotherapy or as primary treatment. 
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There are a few published studies evalu-
ating cryoablation as second-line therapy 
for the treatment of low-flow malformations 
(12, 13, 15). Percutaneous cryoablation has 
been used as second-line therapy with fa-
vorable results for the treatment of VMs (13, 
15) and as a promising primary treatment for 
FAVA (6). However, previous studies in par-
ticular for VMs have not evaluated cryoab-
lation as a primary treatment modality. The 
purpose of this study is to evaluate the safety 
and effectiveness of cryoablation of VM and 
FAVA either as a primary modality or as sec-
ond-line treatment after sclerotherapy.

Methods
This retrospective review of all consecu-

tive VM and FAVA patients that underwent 
cryoablation was approved by the Institu-
tional Review Board (IRB #201806101) and 
conducted over a study period between 
2014 and 2017. Informed consent was ob-
tained from all patients/legal guardians pri-
or to the procedure. Eleven patients (6 male, 
5 female) with 14 lesions with a median age 
of 19 years (range 10–50 years) were includ-
ed in this study. The median lesion volume 
was 10.8 cm3 (range, 1.8–55.6 cm3). Prior 
to the procedure, the lesion volumes were 
measured on magnetic resonance imaging 
(MRI) using the formula length × breadth 
× width × 0.5233. Patients were included if 
they had clinical history, physical exam find-
ings, and MRI findings consistent with VM 
or FAVA. No patients were excluded from 
this study. Clinical records, pre-cryoablation 
procedures, cryoablation procedural details, 
preprocedural symptoms, clinical outcomes, 
and complications were evaluated.

Imaging findings
MRI features of VM typically include in-

termediate to decreased signal intensity on 
T1-weighted images and increased signal 
intensity on T2-weighted images. Hetero-
geneous signal may be observed in cases of 
associated thrombosis or hemorrhage. The 
presence of phleboliths are characteristic of 
VMs (16). On MRI, FAVA demonstrates high 
signal intensity due to the fibrofatty com-
ponents on T1- and T2-weighted images. 
Fibro-fatty components may be present in 
the intrafascial, intramuscular, or subcuta-
neous layers. Both VM and FAVA enhance 
with contrast due to the venous compo-
nents of the lesion (6). 

Patient evaluation
Patients were evaluated in a multidisci-

plinary clinic prior to cryoablation. Cryoab-
lation was offered as primary treatment if 
the patient experienced severe focal pain 
and had a localized low-flow malformation. 
Otherwise, patients were treated initially 
with sclerotherapy as primary treatment 
and once sclerotherapy did not provide 
symptomatic relief any longer, cryoabla-
tion was offered. If sclerotherapy was per-
formed first, there was a minimum of 8 
weeks before cryoablation was performed. 
Indications for cryoablation included pain 
and swelling. Symptoms, pre-cryoablation 
treatments, imaging, procedural reports, 

Main points

• For the treatment of low-flow malformations, 
sclerotherapy has evolved as a primary treat-
ment modality. Other treatment options in-
clude conservative management and surgical 
resection.

• Prior literature indicates that percutaneous 
cryoablation has been used as second-line 
therapy with favorable results for the treat-
ment of venous malformations (VM) and as a 
promising primary treatment for fibroadipose 
vascular anomaly (FAVA).

• The findings of this study indicate that percu-
taneous cryoablation appears to be safe and 
effective in the treatment of symptomatic low-
flow vascular malformations either as a prima-
ry modality or secondary therapy in addition 
to sclerotherapy.

Figure 1. a–d. A 29-year-old male with a venous malformation (VM) primarily in the right vastus 
lateralis muscle. Due to the extent of VM and symptoms which the patient was able to localize, 
primary cryoablation was offered. Axial and coronal T2-weighted images of the right lower extremity 
(a, b) demonstrate an extensive VM that is intramuscular in location and primarily confined to the 
vastus lateralis extending into the subcutaneous tissues. A total of three cryoprobes (c, d) were 
used to ablate the VM. The ice ball demonstrates coverage of the lesion which corresponded to the 
patient’s clinical symptoms of pain. Clinic follow-up 1 and 6 months later demonstrated symptom 
resolution. 
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clinical outcomes and complications were 
investigated by reviewing the electronic 
medical record. Complications were classi-
fied according to SIR criteria (17).

Cryoablation technique
Prior to the procedure, patients were 

asked to point the area where they experi-
enced symptoms. This area was evaluated 
with ultrasonography (US), and the skin 
was marked to denote the target area. All 
cases were performed on an outpatient ba-
sis under general anesthesia. If the lesion 
was determined to be in close proximity to 
a major motor nerve or at risk due to the 
intended ablation zone, continuous cuta-
neous neural monitoring or electromyog-
raphy (EMG) was used intra-procedurally to 
avoid nerve injury. Surface electrode loca-
tions were chosen based on discussion by 
the interventional radiologist and the mon-
itoring neurologist. Cryoablation was halt-
ed if there was a significant decrease in the 
amplitude of the compound motor action 
potential as determined by the neurologist. 

The cryoablation probes were placed 
under the direction of US and/or comput-
ed tomography (CT) guidance. The goal of 
the cryoablation procedure was to create 
an ice ball large enough to cover the area 
underlying the malformation that was pre-
procedurally marked on the skin. Therefore, 
the aim was to treat the symptomatic region 
and not necessarily the entire malformation. 
If there was less than 1 cm of subcutaneous 
tissue overlying the lesion, hydrodissection 
and/or warm compresses were used to 
avoid skin injury. Hydrodissection was per-
formed under US-guidance by instilling sa-
line through a 21-gauge needle to provide 
separation between the skin surface and the 
malformation (18). The Endocare PerCryo 
System (Endocare PerCryo System; Health-
tronics) was used with Endocare Perc-17 or 
Perc-24 cryoprobes selected based on the 
reference chart provided by the vendor. Two 
10-minute freeze cycles were used; however 
freeze times were adjusted (between 3–10 
minutes) based on real-time monitoring of 
the ice ball growth to cover the lesion and 
avoid freezing of critical structures including 
the skin. Final active thaw was performed 
with helium before probe removal (13). 
Treatment effects including ice ball cover-
age were monitored under real-time US and 
CT. A CT was obtained every 5 minutes in 
cases where critical structures were located 
close to the lesion (19). Technical success 
was achieved if the cryoablation ice ball 

covered the region of the malformation that 
corresponded to the patient’s symptoms. 
Patients were discharged at approximately 
2–4 hours postprocedure with antiinflam-
matory and pain medication.

Postprocedure
Following cryoablation, patients were 

referred for physical therapy evaluation to 
improve strength, flexibility, and range of 
motion. Patients were followed up in clinic 
1 month and 6 months after the procedure. 
After the 6-month clinic visit, patients were 
given the option to return to clinic at a year 
interval or as needed. Clinical success was 
defined at 1 month and 6 months after the 
procedure. At the time of the clinic visit the 
patient was asked to describe their residual 
symptoms and compare them to their pre-
senting symptoms. Complete response was 
described if all preprocedural symptoms 
resolved. Partial response was considered if 
there were some residual symptoms that no 
longer required medications or interfered 
with activities. Clinical failure was consid-
ered if the cryoablation procedure did not 
improve the symptoms enough to avoid 

using medications or required additional 
procedures. 

Results
Eleven patients with fourteen lesions un-

derwent percutaneous cryoablation with 
or without prior sclerotherapy. Nine of the 
lesions were VMs and the remaining 5 were 
FAVAs. MRI was used to make all diagnoses 
of VM or FAVA in conjunction with clinical 
symptoms. A diagnosis of VM was made if 
there was intermediate-to-decreased signal 
intensity on T1-weighted images and in-
creased signal on T2-weighted images. A di-
agnosis of FAVA was made if there was high 
signal on both T1- and T2-weighted images 
which are typically due to the fibrofatty com-
ponents. Both lesions enhance with contrast 
due to the underlying venous component. 

The median lesion diameter and volume 
was 4.4 cm (range, 2.0–10.9 cm) and 10.8 
cm3 (range, 1.8–55.6 cm3), respectively. All 
malformations were intramuscular in loca-
tion and involved the subcutaneous tissues. 
Four lesions were in the thigh, 3 in the calf, 
2 in the foot, 3 in the arm, 1 in the torso, and 
1 in the lumbar region. 
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Figure 2. a–c. A 12-year-old female with a fibroadipose vascular anomaly (FAVA) in the plantar 
musculature of the medial right foot. The patient was offered primary cryoablation due to the 
location of the lesion. Pre-cryoablation MRI in the axial (a) and sagittal (b) planes demonstrates a 
primarily fat-based lesion with underlying venous vessels in the right foot (arrows). In this case, EMG 
monitoring was utilized due to the proximity to neurovascular structures. A single cryoprobe (c) was 
used to ablate the FAVA with ice ball coverage encircling the patient’s primary area of symptoms. At 
1-month follow-up visit the patient’s symptoms of pain had resolved but a partial contracture still 
persisted.

a b

c
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All 11 patients with VM and FAVA present-
ed with focal pain referable to the lesion. 
Out of 9 VM cases, 7 had prior sclerotherapy 
and 2 had primary cryoablation. All 7 VM 
patients that received sclerotherapy had 
recalcitrant pain despite treatment. Thus 
cryoablation was offered (Fig. 1). Of the 5 
FAVA cases, 1 had prior sclerotherapy and 
the remaining four cases underwent prima-
ry cryoablation (Fig. 2). None of the lesions 
had prior intervention including intrale-
sional steroid therapy or surgical resection. 

The technical success rate was 100%. 
The median follow-up time postprocedure 
was 206 days (120–886 days). At 1-month 
follow-up, 13 of 14 lesions had a complete 
response and 1 had a partial response. At 
6-month follow-up, 12 of 13 had a complete 
response and 1 had a partial response. One 
patient did not have a 6-month follow-up 
visit. Of the 9 patients in the VM cohort, 7 
patients had a complete response. Both 

patients that were categorized as partial 
response had improved but continued to 
have residual pain on follow-up; however, 
they did not require additional treatments. 
Of the 5 patients in the FAVA cohort, 4 had 
complete response. One patient had a par-
tial response with residual contracture; 
however, she did not require any medica-
tions or further treatment (Table). There 
was a total of 6 patients that were treated 
with cryoablation as a primary modality (2 
VM, 4 FAVA). In this cohort, 5 of 6 patients 
had complete resolution of symptoms. 

There were 3 minor complications follow-
ing cryoablation as defined by SIR Criteria 
(14). Two skin blisters were observed, both 
of which resolved in less than 2 weeks with 
conservative management and did not 
leave any skin marks or scars. There was 1 
case of transient numbness, which subsid-
ed with conservative management. Con-
servative management for this patient in-

cluded stretching/strengthening exercises 
along with antiinflammatory medications 
to reduce soft tissue swelling. No motor or 
sensory nerve injuries were observed. 

Discussion
In the present series of 11 patients with 14 

vascular malformations, US and CT-guided 
cryoablation was feasible, safe, and provided 
complete symptomatic relief for most pa-
tients. Notably, cryoablation was used as a 
primary treatment modality in 6 patients with 
favorable result and a positive treatment re-
sult was observed in all lesions treated. 

The treatment of vascular malformations 
has changed in the last few decades. Initial-
ly, surgery was the main modality; howev-
er, there have been significant morbidity 
and recurrence rates (20, 21). Percutaneous 
and endovascular treatments including 
sclerotherapy and embolization have now 
become the mainstay for the treatment of 

Table. Characteristics of study patients treated by cryoablation

Patient 
no

Age 
(yrs)

Preprocedure 
symptoms Malformation

Prior 
sclerotherapy

Lesion 
location

Maximal 
dimension 
(cm)

Volume 
(cm3)

Number of 
cryoprobes

Postprocedure 
symptoms Complications

1 29 Pain, swelling VM No Thigh 9.0 52.75 3 Asymptomatic None

2 10 Pain, 
contracture

FAVA Yes Foot 2.3 4.12 1 Asymptomatic None

11 Pain, 
contracture

FAVA No Calf 5.9 9.15 2 Asymptomatic None

12 Pain, 
contracture

FAVA No Foot 3.7 9.76 1 Residual 
contracture

Skin blister

3 17 Pain, swelling FAVA No Calf 10.9 55.59 1 Asymptomatic None

4 12 Pain, 
contracture

FAVA No Calf 6.0 47.10 3 Asymptomatic Skin blister

5 41 Pain, swelling VM Yes Arm 3.3 10.64 1 Residual pain None

6 14 Pain, 
tightness

VM Yes Thigh 2.0 6.91 1 Asymptomatic None

7 49 Pain, 
tightness

VM Yes Back – 
Lumbar

3.6 7.23 1 Asymptomatic None

50 Pain, swelling VM No Torso 8.0 37.68 4 Asymptomatic None

8 41 Pain, 
tenderness

VM Yes Thigh 8.7 49.72 2 Residual pain None

9 35 Pain, swelling VM Yes Arm 5.0 45.79 2 Asymptomatic None

10 21 Pain, swelling VM Yes Arm 3.4 10.96 1 Asymptomatic Transient 
numbness

11 12 Pain, swelling VM Yes Thigh 2.1 1.81 1 Asymptomatic None

VM, venous malformation; FAVA, fibrovascular adipose vascular anomaly.



vascular malformations with improved out-
comes, decreased complication rates, and 
less morbidity (2, 6, 22). 

While the outcomes have improved over 
time, there is a subset of patients that has 
had multiple sclerotherapy sessions yet re-
main symptomatic and thus cryoablation 
appears to serve a role in treatment (15). 
More recently, FAVA has been recognized as 
a separate entity, which is within the spec-
trum of low-flow malformations (3). FAVAs 
do not appear to respond as well to sclero-
therapy because solely treating the venous 
component of the malformation does seem 
to be as important as treating the fibroadi-
pose element that causes contractures and 
pain. Previous studies have used cryoabla-
tion for the indication of neuropathic pain 
(23, 24). Cryoablation for FAVA appears effi-
cacious in its ability to treat focal pain that 
results from the malformation (6). 

In previous studies, second-line treat-
ment was defined as a treatment regimen 
that is pursued when first-line therapy is 
not efficacious. Prior studies have evalu-
ated the use of cryoablation for either the 
second-line treatment of various vascular 
anomalies (12), second-line therapy for VMs 
(13, 15), and FAVAs (6). A previous study 
by Thompson et al. (12) found cryoabla-
tion and laser ablation to be effective sec-
ond-line treatments of vascular anomalies 
in eight patients. Cornelis et al. (15) found 
cryoablation to be a safe and effective sec-
ond-line treatment option for VMs in a se-
ries of 24 patients. 

The findings of this current study agree 
with previously published studies regarding 
the feasibility of cryoablation in the treat-
ment of vascular malformations. However, in 
the current study, cryoablation was utilized 
with success as primary treatment modality 
in 6 patients: 2 with VMs and 4 with FAVAs. In 
the 6 patients where cryoablation was used 
as the primary modality, US and MRI showed 
a well-circumscribed focal lesion. Due to 
these imaging findings and the desire to op-
timize treatment cryoablation was utilized 
specifically for those lesions.

In this study there were no major com-
plications and 3 minor complications. The 
complication rate in the current study com-
pares to previously published studies which 
also report low complication rates (6, 15). 
The ice ball was continuously monitored 
with US along with preventative measures 
including hydrodissection and/or warm 
compresses on the skin. In the future these 

complications may be avoided by more ag-
gressive hydrodissection or decreasing the 
size of the ice ball.

There are several limitations in this study. 
This is a retrospective review of a small cohort 
of patients with one patient having short-
term follow-up of less than 6 months. In this 
study, the treatment for low-flow malforma-
tions was not standardized therefore some 
patients had sclerotherapy prior to cryoab-
lation which may confound the results. The 
choice of sclerotherapy and/or cryoablation 
was performed on a case-by-case basis via 
a multidisciplinary vascular anomalies con-
ference. Other limitations include the lack 
of standardized quantification of symptoms 
and a limited follow-up time period. A small 
number of lesions was evaluated which owes 
to the fact that VMs and FAVAs are rare. VMs 
may be diffuse, infiltrative, and involve the 
skin. In this study, only cases of localized VMs 
were treated. All FAVA and VMs selected to be 
treated were localized lesions in the muscle 
+/- the subcutaneous region. 

In conclusion, percutaneous cryoablation 
appears to be safe and effective in the treat-
ment of symptomatic low-flow vascular 
malformations either as a primary modality 
or secondary therapy in addition to sclero-
therapy. Due to its underlying nature, vas-
cular malformations are difficult to manage. 
Cryoablation provides an additional treat-
ment option for patients due to its implica-
tions in improvement in quality of life and 
functionality. 
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