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Table 3 ISSVA classification
of vascular tumors and

malformations Infantile hemangiomas

Congenital hemangiomas (RICH and
NICH)

Tufted angioma

Vascular tumors

Kaposiform hemangloendothehoma
Spindle cell hemangloendothehoma

Other, rare hemangloendothehomas
(epithelioid, composite, retiform,
polymorphous, Dabska tumor,
lymphangioendotheliomatosis, etc.)

Dermatologic acquired vascular tumors :

. (pyogenic granuloma, targetoid
hemangloma, glomeruloid )
hemangloma, microvenular
hemangioma, etc.)

approxunately to “strav ;
infancy” and “capillary hemangioma” in the WHO classifi-  scri ed, lobulated masses with isointensity or low intensity
cation (Table 4). on Tl-weighted images (Fig. 1b) and relatively uniform
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< Flg 1 Infantile hemangioma in the proliferative phase on the cheek

of a 13-month-old boy. b Axial T1-weighted MR image shows a well-
defined mass, isointense to muscle (arrows). ¢ Coronal fat-saturated
T2-weighted MR image of the neck shows high intensity to muscle
with flow voids (arrows). a Color Doppler US demonstrates arterial
flow within a mass

high mten51ty, with ﬂow voids reflecting arterial blood
flow on T2—we1ghted images and fat suppressed (FS)
T2-weighted images (Fig. 1c). On contrast-enhanced MRI,
there is vivid staining in the early phase and the staining is
maintained until the delayed phase. In the involuting phase,
vascular endothelial cells pathologically decrease through
apoptosis and are then replaced by fibro-fatty tissues.
Reflecting thls decreased arterial blood flow and fat dis-
placement are observed on images (Fig. 2).

Congenital hemangioma (CH)

Congenital hemangioma was first reported by Boon et al.
[5] in 1996 as IH-like lesions that presented the peak
proliferation or were regressing at birth. It is classified into
two types: rapidly involuting CH (RICH), which achieves a
complete regression by approximately 12-14 months after
birth, and non-involuting CH (NICH), which may partially

Fig. 2 Infantile hemangioma in the involuting phase on the right
mandible of a 2-year-old boy who received laser treatment. Axial T1-
weighted MR image shows a mass including loose fibrofatty tissue
(arrows)
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grow but does not re;
GLUT-1 is negative
incidence of CH
the incidence of
RICH. 1t is difficult to ¢l 1st1l : )93 2
and NICH at a. ‘ en reported to
monitor the clinicalicou A th-ant { nd younger in
There have I
Imaging findin
IH, and arterial ‘blood flo
(Fig. 3a—). Un
parenchyma in
and MR imag
(Fig. 4a—g). In.
shunt and veno

Fig. 3 Rapidly invc
congenital heman,
involving the post
region. a, b Sagitf
fetal MR images ¢
FSE sequence sho
defined subcutane
(arrows) with flow
(arrowheads) at 2,
gestation. ¢ Col
shows arterial flov
The lesion demon!
significant involut
6 months :
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Flg 4 ‘Non-invol le -(arrows). e Coronal fat-saturated T2-
a A soft-tissue mass weighted MR 1mage shows high intensity to muscle (arrows). £ Axial
12-year-old bo; T1-weighted MR image shows vivid
mass (arrows). rrows). g Time-resolved MR angiogram

arterial ﬂow d Coronal Ti: welghted MR ‘image kshows an 111 deﬁned fshows promment enhancement in the arterial phase (arrows)
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with Kasaba
shows an ill-

gone several surgical
dhood. a CorOnal

suprascapular notch, ;hype ot
saturated T2—we1ghted \

: b ‘Axial fat-
te “intensity to
ted MR i image
1 ohferatlon of vascular

shows a heterogeneous 111 deﬁne"’
channels of penpheral area (arro

(F1g 5) On MRI KHE/TA typlcally appears as 111—01r—
cumscribed masses with low or isointensity areas on T1-
weighted images-and high' intensity-on T2-weighted ima-.
ges. On:contrast-enhariced MRI, it oftenshows: inhomo-:
geneous: staininig: - Similar.-teridencies are . observed .on
ultrasound images, which show poorly-marginated: hyper—
Vascular Jlesions with low to h1gh echogemc1ty

: ncy hat develops from vascular endothehal cells
and “is posmoned between - hemangioma  (benign) and -
angiosarcoma’ (malignant):~The :subtypes”include epltheh-a
oid, :retiform, - composite,. pseudomyogemc and. paplllary::
1ntralymphatlc ‘angloendothehoma The ass1gnment of the :
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ﬁndmgs in general [13] ,:

Superﬁc'al lesions 1nvolve thlckemng "of the skm
and subcutaneo SSues and often for‘” Iocahzed
masses. ~Characteristics in . lesmns ‘are’ non- spe01ﬁc
Hemangloendothehoma shows moderate echogenicity
on ultrasound images. On MRI, the mass shows

@ Springer

(arrow). ¢ Axial fat-saturated T2-weighted MR image shows high
intensity to muscle (arrow). d Angiography shows ill-defined
prominent enhancement area (arrow)

isointensity on T1-weighted images and iso or high
intensity on T2-weighted images. The proliferation and
dilation of the vascular channels are not obvious in
many cases.

In contrast, deep lesions show obvious proliferation of
vascular components compared to other soft tissue masses,
and AV shunts are identifiable. ‘On ultrasound images,
although the echogenicity of masses are various (low to
high echogenicity), bleeding is seen as a cystic change and
AV shunts are identified on -color Doppler images. On
MR, although they show non-specific findings of isoin-
tensity areas on Tl-weighted images and high intensity
areas on T2-weighted images, an obvious enhancement is
seen in the early phase on MRI with gadolinium (Gd),
reflecting the proliferation of vascular channels (Fig. 6a—c).
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¢ Diffusion-weighted MR image demonstratés ‘diffusion’ testriction -
(arrow). 4, e-Axial contrast-enhanced T1-weighted MR image shows
gradual enhancement from arterial phase (arrow) to venous phase
@rowheads) 1 us. phas
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There are no detailed reports on 1mag1ng ﬁndmgs
Pyogenic granulom a:s arply marglnated mass with

slightly high echogemc1ty on ultrasound images, and shows;

high flow on color Doppler 1ma es. On MRI, when com-
pared to the muscle ‘the mass shows 1somtens1ty on T1-
weighted i 1mages and;hlgh mtensxty on T2-We1 ghted 1mages
and FS-T 2—we1ghted images (F1g 7a-d). Some case reports
(1nc1udmg 1ntravenous vanants) state that many pyogenic
granulomas ‘are- generally hlghly enhanced in contrast
enhanced CT and MRI because they are vascular tumors
[16, 17].

Angiosarcoma of soft tissue

Angiosarcoma is a vascular tumor of high malignancy
involving vascular and lymphatic cellular elements and
often occurs on and under the cervicofacial skin in the
elderly [18]. Lesions in the skin account for 33 %, those in
the soft tissues account for 23 %, and those in the bones
account for 6 % of the total. Local recurrences and
metastases are often observed and the most common site of
metastasis is the lung. The well-known “Stewart-Treves
syndrome” refers to an angiosarcoma, a rare complication
that forms as a result of chronic, long-standing lymphe-
dema in patients with breast cancer, who have had mas-
tectorny and/or radiotherapy.

On MR, it shows non-specific imaging findings of is-
ointensity on T1-weighted images and high intensity on
T2-weighted images and FS-T2-weighted images. The
mass shows prominent enhancement with Gd, and is
characterized by obvious vascular proliferation; in

@ Springer

icular; vas ular prohferatlon is often seen along the
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Preliminary Experlence With Intraoperative Near-infrared
Fluorescence Imaging in Percutaneous Sclerotherapy of
Soft-Tissue Venous Malformatmns

KOSUKE ISHIKAWA MD SATORU SASAKI MD PHD HIROSHI FURUKAWA MD PHD T

MuNETOMO NAGAO, MD, PuD,* DAISUKE Iwasaxi, MD,* NORIKO SaArTO, MD PI—ID
AND YUHEI YAMAMOTO, MD, PHDT

BACKGROUND It has recently been demonstrated that near-mfrared (NIR) ﬂuorescence :magmg can be used
to visualize the blood vasculature. Although sclerotherapy has been successfully used in treatlng venous
malformations, the spread of sclerosant is-difficult to monitor during sélerotherapy. ‘

OBJECTIVE To evaluate the safety and efﬁcacy of NIR ﬂuorescence lmaglng in percutaneous sc!erotherapy'
of soft-tisste venous malformations. : I :
METHODS AND MATERIALS  The use of NIR fluorescence Imag’inyg after administration of indocyanine greén
(ICG).was evaluated in duplex—guided sclerotherapy performed on 15 patients. with venous malformations.
The lower extremities were mvolved in seven, the upper extremmes in four, and the face i in four

RESULTS In 13 of the 15 procedures, spotty fluorescence images were obtained, and.in- e;ght procedures,-
linear fluorescence images were obtained. In two patients with intramuscular venous mah‘ormatlons in the
lower extremities, no fluorescence images Wére obtained. Observational depth seemed to be <1 cm below the
skin surface with an ICG concentration of 0.01 mg/mL No complications associated with ICG were observed.

Adjacent tlssue u!cera’non ‘occurred in one patient.

CONCLUSION NIR fluorescence xmagmg with ICG can be a useful additional momtor for percutaneous‘
sclerotherapy of venous’ malformatlons, espemally in the face and hands, enabling noninvasive assessment-of

real-time spread of sclerosant. -

The authors have-indicated no significant interest with commercial supporters.” ‘

12

S~;clerotherapy has been a useful alternative to
) surgical excision of vascular malformations.

One: of the most common causes: of:complications..
during the procedure is extravasation of sclerosant,

with necrosis of adjacent tissue.®> Therefore,
procedural guidance 1is required-:to ‘ensure: precise

puncture, and-the spread-of sclerosant-should be . -
carefully:monitored. Various sclerotherapy tech-

niques have been reported:: fluoroscopic guided,’

duplex- guided,* and ‘magnetic:resonance (MR) o
guided.® Recently near-infrared (NIR) fluorescence

imaging has been demonstrated to offer real-time

pp vo Medical Center Tonan Hospztal S
and Reconstrictive Sirgery, Hokkazdo University Graduite School of Medicine; Sapporo, Japan -

visualization, enabling noninvasive assessment of .
lymphatic and blood -vasculature.® Kikuchi and

Hosokawa reported-that intraoperative INIR fluores-.
cence-imaging allowed for visualization of sclerosant

spreading-in varicose veins.” We used 4 real:time

~ NIR fluorescence imaging system-with indocyanine

green (ICG):as an additional .monitor of the spread
of:sclerosant in duplex=guided:percutaneous == -
sclerotherapy of soft-tissue venous:malformations.
In this report, we describe our clinical experience“~ :
and evaluate the safety and efﬁcacy of NIR -
ﬂuorescence imaging.- :

oro,  Japan; 1Det fPlastic”
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Patients -

The use of NIR fluorescence imaging was evaluated.

in duplex-guided pércutaneous sclerotherapy per-
formed on 15 patients (ages 3—-64, average 14.9)
with venous malformations from March to August
2010 at KKR Sapporo Medical Center Tonan -
Hospital. The lower extremities were involved in
seven, the upper extremities in four, and the face in
four. Before the procedure, all patients underwent
color duplex ultrasound and MR imaging to evalu-
ate the extent, distribution, and character of the
lesions. The diagnosis of a venous malformation was
made on the basis of clinical history, physical
examination, ultrasound, and MR imaging. The
lesions of all patients in the study met the MR
imaging criteria for venous malformations.®
Follow-up ranged from 1 to 16 months (average
6.3 moriths). This study conformed to the ethical
guidelines of the 1975 Declaration of Helsinki.

Methods
NIR Fluorescence Imaging

Intraoperatively, venous malformations were visu-
alized through direct injection of a solution of ICG
and sclerosant using a NIR fluorescence camera
device [Photodynamic Eye (PDE); Hamamatsu
Photonics K.K., Shizuoka, Japan] equipped with
760-nm light-emitting diodes within a handheld unit
with a charge-coupled device camera as a detector
and a bandpass filter to block light below 820 nm.®
The maximum excitation and fluorescence wave-
lengths of ICG in plasma are 765 nm and 840 nm,
respectively.” Fluorescence within the NIR ‘spectral
range { > 800 nm) is tissue penetrating, and the PDE
provides noninvasive detection of the fluorescence in
deeper tissues. This device is portable and easy to use
intraoperatively. The fluorescence signals were
digitalized for real-time display in monochrome.
According to the recorded movies of the procedures,
patterns of fluorescence images were classified as
linear images, spotty images, or no images
obtained. Linear images were defined as more than
one vessel-like fluorescence pattern originating from

DERMATOLOGIC SURGERY

spotty images, which were-defined as a local dim
fluorescence pattern.

ICG and Sclerosants -

ICG (Diagnogreen for injection; Daiichi-Sankyo Co.

Ltd., Tokyo, Japan) was used as an NIR fluoro-
phore. Concentrated ICG solution (0.04 mL) was
made by dissolving ICG (25 mg) in injéction solvent
{10 mL) and added to 10 mL of sclerosant solution,
resulting in an ICG concentration of 0.01 mg/mL.7
Thfé sclerosants were absolute ethanol and 3%
polidocanol (Polidocasklerol 3% injection; Zeria
Pharmaceutical Co., Ltd., Tokyo, Japan) foamed
using the Tessari method.!® The stable sclerosing
microfoam was obtained by mixing 2 mL of poli-.
docanol with atmospheric air at a 1:4 ratio in two
syringes attached using a three-way stopcock.

Procedures

All patients were treated under general anesthesia.
Direct puncture of the venous malformation was
performed using a 22-G angiocatheter with color
duplex ultrasound (LOGIQ e; GE Yokogawa Medical
Co., Ltd., Tokyo, Japan) to visualize needle place-
ment and facilitate direct cannulation of the vascular
channels. Then sclerosant solution mixed with ICG
was slowly injected under duplex guidance, and
fluorescence images were obtained through the PDE
held 15-20 cm from the skin surface to monitor the
spread of sclerosant. Operating lights were turned off
during the procedure, and room lights were left on to
keep light reflection off the skin. In most patients,
direct puncture and sclerosis were performed in more
than one region of the venous malformation. The
sclerotherapy was stopped when the vascular lesion
was sufficiently filled according to duplex sonogra-
phy, when the use of sclerosants reached a maximum
dose of 1 mL/kg, or when fluorescence images were
obtained at the contralateral side of the treated finger.

Results

Patient characteristics, treatments, and outcomes are
summarized in Table 1. Spotty fluorescence images
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s, Treatments and Outcomes

Figure 1. Case 14. Patient with venous ‘malféfmationin the left’ ndex: fmger. (A) Preoperatlve view of the left hand.

(B) Coronal fat- suppressed T.
hyperlntense mass in the left index f
of the treated region of the index finger.
contralateral side-of the index finger:

were obtained - from' the skin:surfacein 13 of the-15-

procedures (87%) and linear fluorescence images’in
eight (53%). No fluorescence images were obtained
in two patients with intramuscular venous malfor-
mations in-the,lower extremities, These intramus=

cular lesions were located ‘more than 1 cm below the:
skin'surface. Image qualitysand spatial resolution on-.

PDE were sufficient for visualization of ICG and-
sclerosant spread. In two procedures (patients 8
and 14),; NIR: fluorescence imaging was useful in -

2-we|ghted‘ magnetic resonance mageobtamed before sclerotherapy.shows a homogenous
.'(C) Fluorescence lmage'obtamed durmg sclerotherapy shows umlateral contrast
Sclerotherapy was stopped

'when ﬂuorescence Images'were obtamed at the

51

deciding when to-stop the sclerotherapy because
fluorescence:images weré obtained at the-contralat--
eral side“of the treated finger (Figure1). Linear -
fluorescence images were more likely to be-obtained
in the upper extremities and the face than in the -
lower extremities: (Table 2). Lirear images seemed
to represent the flow in draining vessels; and spotty
images seemed to represent the intralesional or -
extralé”s“i*ohaP exis'fe"nce" ofii‘IGG: : Fhidre'é’cénceﬁimag"és
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v TABLE 2. Evaluation of Pattern of Fluorescence
Images in 15 Patients

took approx1mately 30 mmutes, w1thout a decrease
in fluorescence. No worsening of the initial clinical
situation occurred, and no complications associated
with ICG were observed. The volume of ethanol
used per treatment session ranged from 0.8 to

36.2 mL (average 14.3 mL) and that of foam
polidocanol from 4.0 to 19.8 mL (average 8.5 mL).
A local complication occurred as a result of the
procedure in one of the 15 procedures. Intraoral
ulceration occurred in a

17-year-old man (patient 2) with an extensive

venous malformation of the face who had undergone

ethanol sclerotherapy ,of the »hp but eventually
healed. No other complications, such as.cutaneous
necrosis, damage to local nerve, and symptomatic
embolism of the sclerosant into the circulation, were
observed during follow-up. '

Discussion

Percutaneous sclerotherapy has been established as a
minimally invasive treatment option for slow-flow
vascular malformations.> The combination of
sonographic and fluoroscopic guidance increases the
safety of the procedure by allowing direct imaging of
venous drainage.®> Duplex sonography has been
described as a real-time guidance technique provid-
ing visualization of the extent of the malformation
and assessment of blood flow velocity.* MR-guided
sclerotherapy allows direct visualization of needle
placement and sclerosant distribution.’ The value of
navigation guidance for percutaneous sclerotherapy
is based on the additional information derived from
visualization of the target lesion. Several recent
investigational studies have used NIR fluorescence

DERMATOLOGIC SURGERY

imaging system after administration of ICG for-

lntraoperatwe'1dent1ﬁcanon of lymph nodes énd

patency of Iymph and blood vessels as well as
611

Duplex—gulded sclerotherapy has been our standard
method for the treatment of venous malformauons.

In thly tnal we used real-time NIR ﬂuorescence

~ imaging as an additional monitor of the spread of

sclerosant intraoperatively. Although observation on
duplex sonography is limited to the, ctoss-sectlonal
area contacted by the probe, NIR fluorescence
imaging can visualize sclerosant spreading horizon-
tally on the skin surface. Nevertheless, extravasation
of the ICG-sclerosant solution may cause visualiza-
tion of extravascular space. Given that ICG binds to
globulin proteins within tissues, it may be taken up
by the lymphatics and visualize lymphatic vessels
unexpectedly. Visual interpretation of the spotty
fluorescence patterns may be controversial if they
reflect intravascular spread or extravasation of
sclerosant in this series.

Owing to its sensitivity, fluoroscopic imaging with
radlopaque contrast medium is the clinical standard
for vascular imaging, but NIR fluorescence imaging
may provxde noninvasive visualization that can be
repeatedly excited without radiation exposure.
There is also an advantage for NIR fluorescence
imaging that is enhanced by the smaller amounts of
contrast agent than with MR- or computed tomog-
raphy-based angiography procedures.® Depth of
penetration of NIR fluorescence is estimated to be
between 2 and 3 cm below the skin surface.” In this
series, observational depth seemed to be <1 cm
below the skin surface with an ICG concentration of
0.01 mg/ml.

For sclerotherapy of venous malformations,
especially those in the face and hands, the risk of
necrosis should be carefully considered from an
esthetic point of view. Linear fluorescence images
were obtained more often in these regions (Table 2),
because it was assumed that subcutaneous tissue
was thin and vascular vessels well-developed.
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Figure 2. Case 15. Patient with venous malformation in the lower lip. (A) Preoperative view of the face. (B) Axial fat-
suppressed T2-weighted magnetic resonance image obtained before sclerotherapy shows a homogenous hyperintense
mass in the lower lip. (C) Fluorescence image obtained during sclerotherapy shows the spread of sclerosant in the lower lip.

Because of the limits of its tissue-penetrating depth,
NIR fluorescence imaging can be suitable for lesions
located in the face and hands (Figures 1 and 2). For
lesions located in the fingers, the flow of sclerosant
to the contralateral side of the treated finger could
lead to total necrosis of the finger. In duplex-guided
sclerotherapy, it is difficult to monitor the spread of
sclerosant in the whole finger. NIR fluorescence
imaging made it possible to detect flow to the
contralateral side of the treated finger.

ICG is a tricarbocynanine dye that has been used
clinically for longer than 50 years for hepatic
clearance, cardiovascular function testing, and
retinal angiography on the basis of its dark green
color. ICG associates with albumin, making it an
excellent vascular agent for evaluating the blood and
lymphatic systems.® Most studies have used NIR
fluorescence imaging systems after administration of
mg amounts of ICG.%!! Our ICG concentration of
0.01mg/mL was enough to get visualization of
sclerosant spreading. The incidence of adverse
reactions related to ICG injection was reported to be
0.4%, and 0.05% for severe adverse reactions such
as hypotension, arrhythmia, and anaphylactic
shock.™> No suspended matter was found in the
mixture of ICG with absolute ethanol or 3%
polidocanol, and the mixed solution was stable.

NIR fluorescence images with ICG were obtained in
13 of 15 procedures (87%) without any complica-
tions associated with ICG. This technique of NIR

fluorescence imaging is safe and noninvasive. The

device is portable and easy to use, and real-time
fluorescence images can be obtained. The combina-
tion of duplex sonography and NIR fluorescence
imaging may provide safer, more-efficient sclero-
therapy. Although further study is necessary to
validate the results of this trial, this method can be
used as a useful additional monitor for sclerotherapy
of venous malformations, especially those located in
the face and hands.
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Vascular anomalies and wounds

Sadanori Akita*, Seiji Houbar

Department of Plastic Surgery, Nagasaki 1 ‘ 8501, Japan

Abstract Vascular anomalies comprise vascular tumours and vascular malforma-
tions. Some vascular anomalies result in ulcerations and necrosis. In vascular tu-
mours, infantile haemangiomas are predommant and ulceratlon is demonstrated
in up to 16%. In vascular malf ' rt ' 3
and’ frequently demonstrate either: primary ulceranon or skin necrosis after d1ag-
‘nosticand therapetitic procedures. Various® dlagnoshc and therapeutic'i lmagmg
" methods, such:as X:ray, computed-tomography (CT), magneti¢ resonance imaging
(MR1),"duplex Doppler:ultrasound, and angiography, are used to visualize vascular
anomalies; angiograms are required when embolization:is.attempted and blood.
flow needs to be further investigated. Duplex-Doppler ultrasound is useful for
routine check-ups as a: therapeutlc tool; howeveru.lt has llm1ted in precision and ac-
curacy. The aim of the present review. is:t
. vascular anomalles, detalhng the diagnost
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Figure 1  Typical IH in the elbow. A: At 4 months old, appearance of the lesion at the first visit. B: At 1.5 years of

age, the redness has decreased. C: At 2.5 years of age, the colour has become much fainter. D: At 6 years of age, the
colour has completely regressed and the skin shows some anetoderma. (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)

were vascular malformations and 30 cases were
haemangiomas) were treated in the Department of
Plastic and Reconstructive Surgery, Nagasaki Uni-
versity Hospital. Among the cases of vascular
malformations, the number of patients with VMs,
AVMs, LMs, lymphatico-venous malformations
(LVMs), capillary malformations (CMs), capillary-
venous malformations (CVMs), arteriovenous-
lymphatic malformation (AVLMs) was 114, 43, 17,
9,9, 5, and 4, respectively. Of the haemangiomas,
28 cases were IHs and two were congenital hae-
mangiomas (mean age: 32.6 + 22.76; range; 3
months to 88 years). There were seven cases of
primary ulceration in 201 vascular malformations

and two in 30 cases of haemangiomas. All treat-
ments in this clinical series were approved by the
internal Review Board of Nagasaki University
(approved number 10032690) and informed con-
sent was obtained.

IH

The majority of IHs are small and not hazardous,
may recede spontaneously with proliferation,
involution, and involuted phases. IH can be
alarming if they occur at life- and function-
threatening locations, such as the eyelid, orbit,

Figure 2 Healed IH. A: Photograph of a 2-year-old child with I|H in the right eyelid, ter"hporal'area,: and cheék, which
shows laxity and shrinkage of the skin overhanging the eye at first visit. B: At 6 years after surgical removal of the lax
skin and anetoderma.
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Figure 3 NICH in a child’at 7' month

;hmcal'-rmamfestatlons remained over the
3-year period.

Figure 4 Duplex Do
frequently seen in AVMs V) Do) de-de ate
joint at 4 months in the first visit (left)-and at 6 years (right).

ws is observed, as
f'IH in the left elbow
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Vascular malformations

Vascular malformations consi
AVM. Combinations of more t
are categorized as complex
and complex syndromes, suc
syndrome (CM + VM + LM) or Parke:
[AVM/or arteriovenous fistula
CM + lymphoedema], whick
systemic signs and sympto
manifests in severe AVM, co

minority of cases of IH. ‘

Assessment and imaging to

Many imaging tools are abl
diagnosis of vascular malformations;
relevant clinical signs and manifestati
sought to enable a definitive diagn
sive methods are usually applied fir:
important to evaluate the vasculari
changes using angiography in AVMs.

however,

Conventional X-rays

Radiography is usually of little or no value in most
cases. VMs may be diagnose

Figure 5 VMs in the fac L
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sclerotherapy, the excessive tissue was surgically reroved. D: At 2 years, after the third course of sclerotherapy and
surgery. E: Change of VM is visualized using T2-weighed MRI.



