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Abstract The clinical presentation of low flow vascular

malformations of the head and neck (LFVM) can range

from a birthmark to severe disfigurement, functional

impairment or relevant hemorrhage. The values of

Brightness mode (B-mode) ultrasound and Doppler

sonography in the investigation, identifying and differen-

tiating of these lesions has been sparingly documented in

the literature. This study evaluates the sonografic features

of different morphological subtypes of LFVM. This is a

2-year retrospective study of 51 patients who presented

with LFVM based on routine ultrasound exam in the

context of their clinical consultation. Diagnosis was based

on the clinical and histological findings. B-mode, color

coded duplex and spectral Doppler measurements were

performed for venous, lymphatic, capillary, and mixed

venous-lymphatic lesions of the head and neck. The echo-

genicity of the majority of venous malformations was

heterogenic, of most lymphatic malformations hypoechoic,

and of all capillary malformations isoechoic. Blood flow

was detected in only 11 cases (36.7%) of venous malfor-

mations with a monophasic pattern. There was a statistical

significant difference in the mean minimum and maxi-

mum Doppler shifts between venous and lymphatic

malformation for cases when the blood flow was evident.

No statistical significant difference in Doppler parameters

existed between capillary and lymphatic, neither between

venous and capillary nor mixed malformations. Phleboliths

were present in eight cases (26.7%) of venous malforma-

tions and were not detectable in any other subtype of

LFVM. The detection of flow in ultrasound was only

possible in a small portion of LFVM. When considering

differentiating among LFVM, features such as the echo-

genecity, spectral Doppler wave forms, and the evidence of

phleboliths contribute to establish the correct diagnosis.
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Introduction

Vascular anomalies have generally been classified by the

international society for the study of vascular anomalies

(ISSVA) into vascular tumors and vascular malformations

on the basis of their natural biologic behavior and func-

tional hemodynamic peculiarities [1]. Unlike vascular

tumors (hemangiomas), vascular malformations do not

undergo spontaneous involution with age and their endo-

thelia do not undergo hyper-proliferation [1–3]. They

remain stable but factors such as trauma or hormonal

imbalance may stimulate their expansion which is usually

slow. An updated classification of the vascular malforma-

tions for therapeutic and prognostic purposes has been

proposed [2, 3]. Beside morphological differentiation,

vascular malformations are sub-classified into high-flow

(arteriovenous fistula, arteriovenous malformation) and

low-flow (venous, capillary, lymphatic and combined
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forms) malformations due to their hemodynamic proper-

ties, which are of utmost relevance to clinical practice

[1–4].

This study focuses on sonographic evaluation of low-

flow vascular malformations of the head and neck (LFVM).

Both minimally invasive and non invasive tools have been

used to investigate LFVM. Contrast enhancement com-

puterized tomographic (CT) scan, Magnetic resonance

imaging (MRI) and ultrasound scan are the non-invasive

imaging tools which have been commonly used in the

evaluation of these patients. Ultrasound is easily available,

economical, and rapid mode of investigation. Therefore, it

is definitely of great clinical importance to learn more

about the sonographic features of LFVM. However, the

values of Brightness mode (B-mode) and Doppler ultra-

sound in the investigation, identifying and differentiating

especially of LFVM has been sparingly documented in the

literature. This study, therefore, evaluates the value of

B-mode sonography in the diagnosis and management of

low-flow vascular malformations of the head and neck

region relating to its morphological subtypes and also

analyses their properties in Doppler ultrasound.

Patients and methods

This is a 2-year retrospective study from August 2008 to

July 2010 of patients who presented with LFVM and were

examined with ultrasound in the context of their clinical

consultation. The study was carried out at the Angioma

Center, Department of Otolaryngology, Head and Neck

Surgery, University of Marburg, Germany.

The lesions were categorized into venous-, lymphatic-,

capillary-, and mixed (combined venous-capillary and

combined venous-lymphatic) malformation based on their

clinical presentation and histology in cases treated by

conventional surgery. The information on patients’ biodata

and clinical information were obtained as a part of routine

documentation in patients’ medical record. This included

presence of symptoms such as pain or bleeding, and loca-

tion of the lesion in the head and neck region. Only lesions

without previous interventions and measuring at least 2 cm

in one dimension were included in the study. Ultrasound

exam of all the patients was performed with Siemens

Sonoline G60STM with a frequency of 10.5 MHz (B-mode

and color coded duplex) and Compumedics DWL2000TM

Multi-Dop� Pro Doppler ultrasound with a frequency linear

array transducer (8 MHz; CW mode; spectral Doppler).

The transducer power output was set below 100 mW/cm2.

The Doppler gain was at 50%, pulse repetition frequency at

4 kHz, without a wall filter. If more than one lesion was

present in a patient, either the one which was greater in size

or the lesion which was more superficial was included for

the study. Patients with deep or intraosseous lesions which

could not be delineated or properly detected by B-mode

were excluded.

The histology reports of all patients who had surgical

treatment of the lesions were also obtained. The ultrasound

exams were performed in all these cases prior to treatment.

The echogenicity was determined as the relation of at least

three-quarters of the total volume of the lesion to the sur-

rounding normal soft tissue and was classified as hypo-

echoic, isoechoic, hyperechoic, and heterogenous if it

contained both hypoechoic and hyperechoic components.

Further, the presence of phleboliths was recorded.

Color coded duplex sonography was performed in all

cases to detect blood flow in each lesion. In addition, spectral

Doppler tracing was taken at five different points of the

lesions, if flow was detected in the duplex mode. The points

for spectral Doppler measurements were standardized

according to the following scheme: a total of five measure-

ment points were defined including the center, the cranial,

caudal, lateral, and medial border of each lesion. The mini-

mum and maximum Doppler shift values, resistive (RI) and

pulsatility (PI) indices were generated by the machine. The

flow was recorded for a period of at least 5 s for each mea-

surement point. The results were statistically analyzed using

statistical package for social sciences (SPSS) version 16.

The mean values from the spectral Doppler parameters taken

at the five different points were used for the calculation. Chi-

square test was used to study the association between

the clinical diagnosis and the sonographic features using the

mean values of minimum and maximum Doppler shift, the

mean resistive and pulsatility indices. A two-sided Fisher

exact test was used to study if the spectral Doppler findings

differ from one sub-type of LFVM lesion to the other. The

level of statistical significance was determined at p \ 0.05

and confidence interval at 95%.

Results

Fifty-one patients were studied, this included 28 (54.9%)

male and 23 (45.1%) female with a sex ratio of 1.22: 1

(M:F). Their age ranged from 0.5 to 71 years with a mean

age of 26.3 years SD ± 19.3. Nine (17.7%) patients pre-

sented with pain while three (5.9%) patients with a history

of associated bleeding from the lesion. The anatomical

location of these lesions in the head and neck is presented

in Table 1. Figure 1 displays the number of different sub-

types of LFVM.

The morphologic appearances of the subtypes of LFVM

in B-mode ultrasound are presented in Table 2. The

majority of venous malformations (21 of 30 cases) showed

a mixed echogenicity and was referred to as heterogenic

(Fig. 2a), whereas the largest proportion of the lymphatic
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was hypoechoic. The echo texture of all capillary malfor-

mations resembled that of the surrounding subcutaneous

tissue, hence isoechoic. Phleboliths were present in eight

cases of venous malformations (26.7%). They were not

detectable in any other subtype of LFVM.

Thirty-six (70.6%) had one form of therapeutic inter-

vention, while the remaining 17 cases were observed.

Nd:YAG laser therapy or sclerotherapy with bleomycin was

performed in 21 (70%) of venous malformation cases and 2

(66.7%) of the mixed. Surgical excision of the lesion was

performed in 13 cases and tissues were obtained for histo-

logical examination of which 8 (72.7%) were lymphatic

malformations, 2 (18.2%) were venous, 2 (18.2%) were

capillary, and 1 (9.1%) was mixed venous-lymphatic. There

was no discrepancy between the clinical diagnoses and the

results of the histological examination. Color coded duplex

revealed a flow in 11 (36.7%) cases of venous malforma-

tions, two of capillary (28.6%), and two (18.2%) cases of

lymphatic malformations. The Doppler spectrum was

monophasic in venous (Fig. 3), lymphatic (Fig. 4), and

mixed malformations and was biphasic in the two cases of

capillary malformations (Fig. 5). The mean value of max-

imum Doppler shift in venous malformation ranged from

0.31 to 1.23 kHz (mean 1.21 kHz), with a mean RI of 0.87,

mean PI of 2.5. The maximum Doppler shift of lymphatic

malformations ranged from 0 to 0.2 kHz (mean 0.1 kHz),

with a mean RI of 0.99 and mean PI of 1.85 (Table 3). The

patients with lymphatic malformation have shown mean PI

lower than and mean RI greater than those of other subtypes

of low flow vascular malformations without statistical sig-

nificance (p = 0.071, p = 0.078). There was a statistical

significant difference in the mean minimum and maximum

Doppler shifts between venous malformation and lymphatic

malformation only (p = 0.041 and p = 0.032, respec-

tively). However, no statistical significant difference in

spectral Doppler parameters existed between other sub-

types LFVM (p = 0.106 between capillary malformations

and lymphatic malformations, p = 0.172 between venous

malformation and capillary malformation).

Discussion

Low-flow vascular malformations of the head and neck

(LFVM) in general are relatively rare lesions. Although the

Table 1 Distribution of the lesions in the head and neck region

(n = 51)

Anatomical locations Frequency Percentage (%)

Cheek 9 17.6

Lower lip 9 17.6

Forehead and periorbital 8 15.7

Cervico-facial 6 11.8

Tongue 3 5.9

Neck 3 5.9

Parotid gland 3 5.9

Nose 3 5.9

Orbital 2 3.9

Parietal and occipital 2 3.9

Earlobe and temporal 2 3.9

Soft palate 1 2
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Fig. 1 Distribution of sub-types of LFVM in the head and neck

region (n = 51)

Table 2 Doppler findings of

LFVM of the head and neck

region

Low flow vascular malformation Cases with blood flow

detection by color

Doppler ultrasound

Morphological

appearance

(gray scale)

Percentage (%)

Venous malformation (n = 30) 11/30 (36.7%) Heterogenic 70

Hypoechoic 26.7

Isoechoic 3.3

Capillary malformation (n = 7) 2/7 (28.6%) Isoechoic 100

Lymphatic malformation (n = 11) 2/11 (18.2%) Hypoechoic 81.8

Heterogenic 18.2

Mixed (n = 3) None Heterogenic 33.3

Hypoechoic 66.7
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clinical diagnosis may be challenging in a clinical practice

setting where such patients are not regularly managed,

there is, however, no such difficulty in a specialized

referrer centre noted for management of vascular anoma-

lies. Management of LFVM often consists in sclerosing

therapy, laser therapy or clinical observation. Therefore, it

is not always justifiable to seek a biopsy. Because of this

fact, we have explicitly decided to also include cases

without histology in the present study. This is further

supported by the concordance of the clinical and the his-

tological diagnosis of the lesions in this study, which had a

surgical treatment.

Venous malformations have been reported to be the

commonest LFVM [5] and this has been confirmed by this

study in which about 60% of the cases are venous mal-

formation. These lesions do not proliferate and neither do

regress spontaneously [5–7]. They are formed from tortu-

ous, communicating venules, and larger venous vessels

(Fig. 2b). The overlying skin or mucosa may be bluish

stained and is usually without warmth, pulsation or audible

bruit [7]. These can communicate directly with normal

venous system; sometimes they present with complex

lesions which can permeate any organ system through

interconnected channels. Venous malformations may show

an impressive expansion during valsalva maneuvers which

is an important differentiating property from other non-

venous LFVM [7].

Capillary malformations are the most common cutane-

ous vascular malformation appearing as red or purple

macular lesions [8, 9]. They occur commonly on the face

and become increasingly nodular with age. They can

exhibit a segmental distribution pattern mimicking

Fig. 2 a Heterogenic echo texture of a venous malformation of the

cheek (lesion on b). Lack of flow signals in color duplex modus.

b Surgical specimen of a venous malformation of the cheek (B-mode

on a)

Fig. 3 Spectral Doppler wave form appearance of a venous malfor-

mation of the tongue

Fig. 4 Spectral Doppler wave form appearance of lymphatic mal-

formation of the neck

Fig. 5 Spectral Doppler wave form appearance of a capillary

malformation of the lower lip
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dermatomes, and may also be associated with develop-

mental defects such as Cobb syndrome, encephalo-

cele, Sturge–Weber–Klippel–Trenaunay syndrome and

the so-called hyperkeratotic cutaneous capillary-venous

malformation. Even though the pathogenesis is not well

understood, it has been mapped to chromosome 5q14-21,

showing a defect in the RASA1 gene [9]. However,

Breugem and coworkers [10] have suggested that the

pathologic abnormalities of capillary malformations appear

to be located in postcapillary venules rather than the

capillaries themselves.

Lymphatic malformation is a congenital, non-neoplastic

lesion which commonly manifests at birth in the head and

neck region. The sub-classification of lymphatic malfor-

mation into macrocystic and microcystic has been favored

because of its prognostic and therapeutic importance [11].

In the head and neck region, its development has been

proposed to either be from endothelial out-buddings from

the jugular sac which spread centrifugally to form the

lymphatic system or from mesenchymal clefts in the

venous plexus reticulum that spread centripetally toward

the jugular sac [12]. They may or may not be associated

with the lymphatic drainage problem and more than two-

third of lymphatic malformations are found in the soft

tissue of the neck [1]. Unlike venous malformations, they

do not expand during valsalva maneuvers, but are often

associated with inflammations and internal hemorrhage. A

large group of LFVM could also present in a combined

form consisting of venous, capillary, and lymphatic com-

ponents. A possible explanation for the occurrence of these

combined forms is either their close relationship in their

developmental history or the generation of potential short

circuits by various factors, such as, e.g., iatrogenic or after

inflammatory processes.

A detailed evaluation is essential for correct diagnosis,

optimized treatment planning, and outcome for these

lesions. Treatment is required in instances such as disfig-

urement, pain due to infection, thrombus formation within

the lesion or irritation of nearby nerves, pressure on

articular capsules, localized intravascular coagulopathy

with bleeding and whenever functional impairment occurs

[13].

Ultrasound is a very useful tool in demonstrating

vascularization and vascular flow in vascular anomalies

[14–19]. Doppler investigations of the vascular system are

nowadays simple routine procedures in various medical

disciplines such as neurology and angiology. It has a cost

advantage, enjoys easy accessibility and also avoids needle

prick pain and possible reactions to contrast materials

which may be experienced in contrast enhanced CT or

MRI. The distinction between arterial and venous flow is

not challenging in clinical practice, but the ultrasound

diagnostic properties of LFVM and differences between the

subtypes of LFVM are still largely unknown and rarely

described. Doppler ultrasound detects the flow velocity of

the corpuscular elements in the blood. B-mode ultrasound,

color coded, and spectral Doppler imaging together are

able to demonstrate the arrangement pattern, the flow

irregularities (stasis or acceleration) and flow velocity

within vascular lesions [14], and these properties should be

investigated at this point.

The variation of the imaging appearance of LFVM on

B-mode depends largely on the relative proportion of the

vessel wall components and its luminal components. When

the luminal components predominate, there may appear as

multiple cystic or isolated dilated spaces. The B-mode

ultrasound appearance of venous malformations is a spongy-

like lesion with variable separating walls due to the tortuous

nature of the containing variable sized vessels. This gives it

the heterogenous appearance as was seen in 70% of cases of

venous malformation in this study. Trop and coworkers [20]

have reported on 80% cases of venous malformation

showing a heterogenous appearance. In contrast, B-mode

morphologic appearance of the majority of lymphatic mal-

formations was homogenous and hypoechoic and all capil-

lary malformations were homogenous and isoechoic.

It has been reported that LFVM typically show no flow

signals at rest [21]. However, flow was present in 11 (36.7%)

cases of venous malformation and all showed a monophasic

pattern on spectral Doppler (Fig. 3). The majority of the

venous malformation did not show any evidence of flow

signals at rest and on compression. The absence of flow in

these cases may be due to limitations of the ultrasound

machine or factors such as stasis of blood, presence of

thrombosis, phleboliths or calcification within the lesion.

This is considered as a possibility as there was no demon-

stration of flow signal in eight patients with presence of

phleboliths in this study.

Table 3 Distributions of the

mean Doppler parameters of

LFVM

Vascular malformation Maximum shift Minimum shift Resistive index Pulsatility index

Venous malformation 1.21 0.21 0.87 2.5

Capillary malformation 1.23 0.21 0.89 2.5

Lymphatic malformation 0.1 0.1 0.99 1.85

Mixed 1.21 0.2 0.88 2
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Trop and coworkers [20] have detected biphasic low

velocity blood flow spectra in 6% of examined venous

malformation by Doppler ultrasound and explain this

observation with the presence of capillary components in

mixed capillary-venous malformations. Indeed, in contrast

to venous and lymphatic malformations, the Doppler

spectrum in both ‘‘flow positive’’ cases of capillary mal-

formations was biphasic (Fig. 5). They further have cal-

culated an average flow velocity of 0.22 kHz on 43 venous

malformations. The mean value for maximum Doppler

shift in venous malformation in our study ranged from 0.31

to 1.23 kHz. This discrepancy can be explained by the

different methodology (the measurements were carried out

on five fixed, defined points of each lesion) and machine

settings than the aforementioned authors.

Surprisingly, flow signal was detected in two cases with

lymphatic malformations. The presence of venous vessels

on the wall of the lymphatic cysts, as was evident during

the resection of a lymphatic malformation of the parotid

gland (Fig. 6a, b showing ectatic venous vessel attached to

the cystic wall of the lymphatic malformation of the par-

otid gland) may explain this observation. Even though the

cysts of lymphatic malformation are not significantly per-

fused, our group has reported how venous or arterial ves-

sels may be located in immediate neighborhood to the

cystic walls of lymphatic malformations [22]. It has been

suggested that in an instance of demonstrable venous

vessels on the cystic walls, veno-lymphatic malformation

should be suspected [23, 24]. The small number of mixed

malformations which were analyzed in this study does not

justify taking a meaningful statement about their detailed

properties on ultrasound. Further, the sole evidence of

monophasic flow does not justify a diagnosis of mixed,

e.g., venous-lymphatic malformation. The presence of vasa

vasorum and, in particular, the close proximity of lym-

phatic to venous vessels is a much more acceptable

assumption for this observation.

The evidence of phleboliths is pathognomic for venous

malformations [5, 17], but they were present in only eight

cases. Therefore, one cannot rely on the detection of

phleboliths as the only distinguishing feature of venous

malformations. We had asked whether using the Doppler

indices would provide a more detailed differentiation and

whether Doppler parameters could be used as reference

values for subtypes of LFVM. There was a statistical

significant difference in the minimum and maximum

Doppler shifts between venous malformation and lym-

phatic malformation. This fact is in concordance with the

clinical features of these lesions. Other Doppler indices

such as the pulsatility (PI) and resistive index (RI) have

proven to be of value in certain clinical fields such as

obstetrics or neurology. The patients with lymphatic

malformation have shown mean PI lower than and mean

RI greater than those of other subtypes of low flow vas-

cular malformations, but we could not prove it statisti-

cally. The implication of above results is that taking into

account the Doppler indices alone will not be sufficient

for distinguishing among the LFVM. However, when in

doubt between venous and lymphatic malformation, these

parameters could be a useful distinguishing investigative

tool. The diagnosis of vascular anomalies in the head and

neck region is based primarily on the basis of clinical

findings. When considering differentiating among LFVM,

features such as the echogenecity, spectral Doppler

wave forms, and the evidence of phleboliths contribute to

establish the correct diagnosis.
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