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Abstract

Congruency of the development of peripheral nerves and blood vessels has been 
well described and usually nerves and blood vessels follow each other during 
development. While little is known about the existence of a substantial neural 
component in vascular malformations we investigate the presence of an intralesional 
component of nerve bundles in congenital vascular malformations of soft tissues. 
Resection specimens of 130 congenital vascular malformations of soft tissue 
were retrospectively screened for the presence and extent of intralesional mature 
nerves bundles. Lesions were histopathologically categorized in arteriovenous 
malformations (AVM, n=83), pure venous malformations (VM, n=33) and lymphatic-
venous malformations (LVM, n=14). For identification of nerves, all sections were 
immunostained with anti-S100. GLUT1 immunostaining excluded the presence of 
infantile hemangiomas in these series. Ninety six (96) of 130 cases (74%) showed 
a substantial increase of intralesional nerves in close apposition to the vessels. The 
nervous component appeared to be more extensive in the head and neck region and 
upper extremities than in malformations of other topographic sites. Most cases of 
arteriovenous malformations (AVMs) showed an increase in nerve elements (87% 
of all AVMs), which was more than in pure venous malformations (VM, 55%). In 
cases of lymphatic-venous malformations the areas composed of lymphatic vessels 
showed an almost complete absence of nerves. Prior surgery in the malformation 
gave no different nerve pattern compared to cases which were surgically treated for 
the first time.
The abundant presence of intralesional mature nerves in the majority of congenital 
vascular malformations suggests that, at least in a large subset of lesions, neural 
components are an integral part of the developmental disorder. This is particularly 
evident in the arteriovenous type of malformations, and lesions that arise in the head 
and neck region of the body.
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Introduction

Vascular malformations are mass-forming lesions composed of mature but often 
dysplastic blood and/or lymphatic vessels that result from aberrant vasculogenesis 
during embryogenesis.1 Consequently, they are already present at birth, but many 
become clinically manifest later in life. The growth pattern of most vascular 
malformations is very slowly progressive, usually commensurate with the growth 
of the child, and, in contrast to hemangiomas, vascular malformations never regress. 
Disproportionate growth may occur during infections, hormonal changes such as 
puberty, or trauma. Life threatening complications result from obstruction of vital 
structures or extensive hemorrhage. Regression never occurs, a feature which 
clearly discriminates vascular malformations from the involuting types of infantile 
hemangiomas that are present in approximately 10% of all young children.2

Histopathologically, vascular malformations are categorized according to the 
dominant types of vessels that make up the lesion (capillary, arteriovenous, venous, 
or lymphatic). Arteriovenous malformations (AVMs) are the most dangerous types 
of vascular malformations because of the presence of one or more arteriovenous 
fistulas. AVMs with extensive fistulation can be recognized clinically as so-called 
high flow lesions. Apart from the local increase in blood vessels that characterizes 
the lesion, many vascular malformations also show an abundant extracellular matrix 
component, which consists of adipose, hyalinized, or myxoid tissue, or combinations, 
indicating that the composition of vascular malformations is usually more complex.3 

Information on potential involvement of nervous tissues in the component make 
up of vascular malformations is scarce. Abnormal innervation patterns have been 
described in capillary malformations (port-wine stains), which are characterized by 
dilated post capillary venules4 and a significant decrease in nervous innervation.5 

However, capillary malformations have a relatively normal vasculature,6 and even 
the amount of vessels in the malformation is not increased compared to the normal 
skin, which clearly separates them from vascular malformations composed of large 
vessels. Another study documented the presence of nerve bundles in 91% of cases of 
AVM versus no intralesional nerves in hemangioma, which according to the authors 
may be helpful in the differential diagnosis of both lesions.7 In this study, the different 
phases in infantile hemangiomas were not delineated. 
Congruency of the development of peripheral nerves and blood vessels has been 
well described, and usually, nerves and blood vessels follow each other during 
development.8,9 Surprisingly, the literature is replete with regard to investigations 
of neural involvement in vascular malformations. In this study, we systematically 
investigated the presence and extent of nerve bundles in resected specimens of 
130 patients who were treated for symptomatic vascular malformations of soft 
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tissues and skin. Vessel types and presence of nerves were visualized by (immuno)
histochemistry, and nerve involvement of lesions was correlated with demographic 
data of patients and the histopathological type of vascular malformations.

Materials and methods

Selection and histomorphologic classification of surgical specimens
For this study we reviewed all case records of patients who were treated for 
symptomatic vascular malformations between 1984 and 2005 in the Academic 
Medical Center of the University of Amsterdam, which is a tertiary referral center 
for the diagnosis and treatment of vascular anomalies. For inclusion in this study, 
the following criteria needed to be fulfilled: initial resection or amputation specimen 
3 cm or larger, and availability of adequately sampled paraffin-embedded tissue 
blocks for histopathological investigation. Following these criteria, paraffin-
embedded materials of 130 vascular malformations were enrolled. Most patients had 
a clinical history of presence of the lesion at birth. Moreover, none of the patients 
had an acquired arteriovenous fistula (AVF) confirmed by patient history (absence 
of perforating trauma or start of complaints after operation) and arteriographic 
findings (presence of multiple AVFs in an AVM, which is in contrast to presence of 
only 1 or 2 AVFs in case of acquired AVF). With the use of hematoxylin and eosin 
(H&E)- and Elastic van Gieson-stained sections, all vascular malformations were 
histopathologically classified according to the main vessel type present in sections: 
arteriovenous, venous, or lymphatic-venous.10

Immunohistochemistry
To confirm that a lesion was composed of lymph vessels, an immunohistochemical 
staining with D2-40 was performed. D2-40 is an antibody used as a lymphatic 
endothelial marker.11,12 All cases were immunostained with anti–GLUT1 antibody to 
exclude infantile hemangiomas from our series.13 Serial sections were mounted for 
additional immunohistochemical staining with anti-CD31 and anti-SMA antibodies 
for vessels and anti-S100 antibody for nerves to evaluate the presence and extent 
of nerve bundles in close relation to vessels of the vascular malformations. The 
details of used antibodies are shown in Table 1. Sections of formalin-fixed paraffin-
embedded tissue were deparaffinized by the xylene-ethanol sequence and rehydrated. 
Heat-induced epitope retrieval (HIER) or enzymatic pretreatment was performed 
as indicated in Table 1. After tissue pretreatment, endogenous peroxidase activity 
was blocked with 3% hydrogen peroxide in methanol for 10 minutes. Primary 
antibodies were applied for 1 hour at room temperature. Detection was performed 
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with either anti-mouse or anti-rabbit HRP-conjugated PowerVision polymers 
(ImmunoVision, Brisbane, CA). Horse radish peroxidase (HRP) activity was 
visualized with diaminobenzidine tetrachloride. Sections were faintly counterstained 
with hematoxylin. 

Evaluation of intralesional nerves
Presence of intralesional nerves was assessed in S100-immunostained sections 
using a quantitative and a semiquantitative method. Semiquantitative scoring 
was as follows: score 0, no increase in nerves (comparable count as the reference 
material); score 1, slight to moderate increase of nerve bundles within the vascular 
malformation; score 2, multifocal or diffuse presence of nerve bundles within 
the mass of the vascular malformation. The quantification of intralesional nerves 
was performed by identifying fields with a high density of nerves (hot spots) in 
association with the vascular malformation at low resolution (×40). In these areas, 
10 fields, measuring 877 × 660 μm per field (total 0.58 cm2 of each specimen), were 
captured using Leica DFC500 camera mounted on a Leica DM5000B microscope. 
The number of nerves, either present in length or in cross section, was counted by 
hand on a television screen. Resections of normal skin and soft tissue (n = 11) of 
different parts of the body (head and neck, trunk, extremities) were used as reference 
materials and evaluated following exactly the same methodologies. 

Statistical analysis
All statistics were performed using a χ2 test or Fisher exact test. When the number 
of cases was large enough, the χ2 test was used to analyze association between 
clinical features and histopathological grading of lesions, and presence and extent of 
intralesional nerves. Fisher exact test was used to analyze data with a small number 
of cases.

Antibody Source Type Tissue pretreatment Dilution
S100 Dako Rabbit polyclonal --- 1:5000
CD31 Dako Mouse, JC70 pepsin 1:20
SMA Dako Mouse, 1A4 TrisEDTA pH9.0 1:200
D2-40 Dako Mouse, D2-40 HIER with TrisEDTA pH9.0 1:400
Glut1 Dako Rabbit polyclonal HIER with TrisEDTA pH9.0 1:100

Table 1. Primary antibodies used for immunohistochemistry.
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Results 

Anti–GLUT1 immunostaining of endothelium was absent in all specimens, excluding 
the presence of infantile hemangiomas in the study material. Presence of nerves 
was evaluated in anti-S100 immunostained sections. Reference materials of normal 
skin and underlying soft tissues contained less than 10 nerve bundles per 0.58 cm2 
mainly adjacent to vessels or skin adnexa. Typically, arteries in normal skin and 
subcutaneous tissue showed small nerve fibers (twigs) around the smooth muscle 
layer. These fibers were not counted in the reference and experimental series. 

Of 130 cases, 96 (74%) showed an increase of intralesional nerves in close association 
with the vessels of the malformation (Table 2; Figure 1A, B). The nerve bundles 
ranged from small (7.5 μm in diameter) to large (240 μm) bundles (Figure 1C, D). 
Of these, 50 cases (38.5%) showed a slight to moderate increase in intralesional 
nerves (score 1), whereas 46 cases (35.5%) showed abundant numbers of nerves 
(score 2). In the group with a score 1, the number of nerves ranged from 11 to 52 
(mean 29) nerves per 0.58 cm2 (Figure 2). In the group of patients with a score 2, 
the number of nerves ranged from 56 to 776 (mean, 204) per 0.58 cm2. Presence 
of intralesional nerves appeared to be most prominent in the arteriovenous type of 
vascular malformations, showing either a score 1 or score 2 increase of nerves in 72 
(87%) of 83 cases. Details of the semiquantitative scoring method in different types 
of vascular malformation are shown in a stat bar in Figure 3. Venous malformations 
showed an increase of nerves in 18 (55%) of 33 cases (Table 2). Fourteen 
malformations were composed of both lymphatic and venous components (LVM), 

 All patients Nerve increase No nerve increase P-value
n=130 n=96 (74%) n=34 (26%)

Sex (M:F) 64:66 50:46 14:10
Mean age (spread) 23 (0-67) 24 (0-67) 19 (2-53)
Median age 21 21 16
Localization
     Head and neck 47 45/96 2/34 <0.0001
     Trunk 24 12/96 12/34 <0.05
     Upper extremities 22 17/96 5/34 NS
     Lower extremities 37 22/96 15/34 <0.05
Histopathologic type
     AVM 83 72/96 11/34 <0.05
     VM 33 18/96 15/34 <0.0001
     LVM 14 6/96 8/34 <0.01

Table 2. Clinical and histological characteristics of patients with or without an increase of intralesional nerves.

M, male; F, female; AVM, arteriovenous malformation; VM, venous malformation; 
LVM, lymphatic-venous malformation; NS, not significant.
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Figure 1. A. Arteriovenous malformation with abundant increase in nerves in association with the vessels of the 
malformation (H&E stain). B. SMA-stained section to highlight the extent of the vessels of the malformation (anti-
SMA1). C and D. S100 expression highlighting mature nerves ranging form small (C) to large (D) bundles (anti-
S100).

Figure 2. Results of quantification of nerves in association with vessels of the vascular malformation in different 
types of malformations compared with the control group. 
AVM, arteriovenous malformation; VM, venous malformation, LM-VM, lymphatic venous malformation

LorineMeyerJorna27-3-12.indd   149 27-3-2012   10:41:00



150

11

A neural component in congenital vascular malformations

Figure 3. Results of semiquantitative scoring of intralesional nerves in different types of malformations. Score 0, 
no increase in nerves; score 1, slight to moderate increase; score 2, multifocal or diffuse presence of intralesional 
nerves.  AVM, arteriovenous malformation; VM, venous malformation; LVM, lymphatic-venous malformation.

Figure 4. A. Part of a LVM composed of areas of ectatic lymphatic vessels surrounded by a lymphocytic infil-
trate (H&E stain). B. D2-40 immunostain to confirm the existence of lymphatic vessels (anti-D2-40). C. S100 
immunostain showing absence of nerves in areas with lymphatic vessels (anti-S100). D. Detail of boxed area in C 
revealing Langerhans cells (arrows) as the only S100-positive staining structures in the lymphatic component of 
malformations (anti-S100).
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which was confirmed with anti–D2-40 immunostaining. Remarkably in these cases, 
there was a complete absence of nerves in areas composed of a lymphatic component 
(Figure 4). In 5 (36%) of the 14 cases of combined LVM, a score 1 increase in nerves 
was restricted to the areas with malformed veins. In only 1 case of LVM, a score 2 
was seen, making it a total of 43% of all LVM with an increase in nerve bundles 
restricted to the venous areas. 
Presence and extent of intralesional nerves was also related to the relevant clinical 
features of the patient group. Only the topographic site of vascular malformations 
appeared to be of importance. Particularly in the head and neck region, almost all 
cases (96%) showed a significant increase of nerves (P <0.0001) (Table 2). 
Finally, we investigated the effect of prior surgery on increase in nerves in the lesions 
(Table 3). In 26 specimens (20% of all cases) retrieved from previously operated 
malformations (re-resections), 20 cases (77%) showed an increase in nerves. This 
score was comparable with the score of 73% (76/104 cases), in specimens of vascular 
malformations without prior surgery (de novo resections). In addition, the presence 
and extent were equally distributed compared in these 2 groups (Tables 2 and 3).

 All re-operated lesions Nerve increase No nerve increase
n=26 n=20 (77%) n=6 (23%)

Sex (M:F) 13:13 10:10 3:3
Mean age (spread) 20 (3-50) 22 (5-50) 13 (3-22)
Median age 17 23 14
Localization
     Head and neck 12 11/20 1/6
     Trunk 5 3/20 1/6
     Upper extremities 4 4/20 0/6
     Lower extremities 5 2/20 3/6
Histopathologic type
     AVM 10 10/20 0/6
     VM 9 8/20 1/6
     LVM 7 2/20 5/6

Table 3. Clinical and histological characteristics of re-operated lesions with or without an increase of intralesional 
nerves.

M, male; F, female; AVM, arteriovenous malformation; VM, venous malformation; LVM, lymphatic-venous mal-
formation.
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Discussion

Vascular malformations are congenital lesions that are believed to result from aberrant 
vasculogenesis. Accordingly, the histopathological description and classification 
are focused only on the vasculature.14,15 Numerous studies have proposed that 
peripheral blood vessels and nerves use a shared patterning mechanism during 
development, leading to the term “neurovascular bundle”.16-20 With this knowledge, 
we systematically screened large series of clinically and histopathologically well-
defined vascular malformations on the presence of an additional neural component. 
Our study of 130 cases of clinically symptomatic vascular malformations indicates 
that 74% of malformations showed a substantial intralesional neuronal component. 
The nerves that we observed were fully matured structures of variable size, often 
concentrated in bundles and adjacent to the vessels of the vascular malformation. 
(Semi)quantitative scoring of nerve involvement revealed moderate (score 1; 11-52 
nerves/0.58 cm2) to abundant presence of nerves (score 2; 56-776 nerves/0.58 cm2), 
which by far exceeded the number of nerves in control tissues. 
Only few previous studies mentioned the presence of nerves within the vascular 
malformation. Smoller and Rosen5 investigated 11 cases of capillary malformations 
(port-wine stains). They proposed that port-wine stains may result from an altered 
neural modulation of blood vessels. However, port-wine stains likely represent a 
dilation of vessels of the dermal plexus rather than a localized (hamartomatous) 
increase in mature vessels, as is present in the malformations that we studied. In AVMs, 
the presence of nerves was thus far investigated only in an attempt to differentiate 
the lesions from hemangiomas in children (which indeed did not contain nerves). 
An increase in nerves in vascular malformations has not been described earlier but 
could be of relevance because molecular studies have shown that nerves and blood 
vessels use common molecular pathways to differentiate and proliferate. Moreover, 
there appears to be a cross-talk between nervous and vascular systems.21-23 Several 
studies have identified neurotrophic factors that are capable of influencing vascular 
development,24-26 whereas other studies have identified neurotrophic factors that are 
expressed by arteries such as NGF, NT3, and BDNF.27,28 This study suggests that 
both nerves and vascular structures are integral parts of a complex malformation. 
In our study, we found a remarkably high percentage of nerve proliferation in the 
head and neck region (96%) compared to other topographic locations. On the other 
hand, neither sex nor age appeared to have any influence on the occurrence of nerves. 
Finally, also a possible relationship with previous surgical intervention was excluded 
because presence of nerves appeared to occur in de novo operated vascular lesions 
and in re-operated lesions equally. 
It has been postulated that the congruency of the nervous system and the vascular 
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system differs per location, a view supported by several recent experimental 
studies,29 and which could theoretically result in locoregional variations in presence 
and extent of nerves within malformations. However, obviously, such explanations 
are at present purely speculative, and further investigation is warranted. 
The histopathological subtype of the malformation is another factor that appeared 
to be of importance because malformations composed of both veins and arteries 
(AVM) showed a neural component in 87% of cases, which is significantly more than 
those composed of solely mature veins (venous malformation, 55%). In addition, 
in cases of combined LVM, the areas of lymphatic vessels only were completely 
devoid of nerves. Such observations may further endorse a common disordered 
pathway of development of nerves and vessels, at least in specific types of vascular 
malformations. 
Our study clearly indicates that nerves form an integral part of at least a large subset 
(in our series 74%) of congenital vascular malformations, but it is difficult to find 
any practical application of such findings in the sense of the diagnosis and therapy 
of the vascular malformations. In other words, at the moment, it is not possible to 
speculate about the possible clinical application of these findings. 
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