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A B S T R A C T

The International Society for the Study of Vascular Anomalies (ISSVA) devised a multidisciplinary etiopatho-
genesis based approach to classify benign vascular anomalies into tumors and malformations. This classification
scheme has major therapeutic and prognostic implications as treatment modalities differ for both the categories.
Inappropriate usage of the term “hemangioma” for etiopathogenetically distinct entities is commonly seen in
clinical practice leading to delivery of incorrect treatment to the patients. We aimed to study the histomor-
phological and immunohistochemical features of benign vascular anomalies for their precise histopathological
classification. A total of 48 cases diagnosed over a period of 3.5 years were reviewed and reclassified into
vascular tumors and malformations based on ISSVA classification and prototypical histopathological features.
Biopsies were reviewed based on 5 histopathological criteria viz. endothelial morphology, mitotic activity, in-
tralesional nerve bundles, intralesional inflammation, and prominent vessel type. A panel of GLUT-1, WT-1, and
Ki-67 was performed in each case. Seven cases of infantile hemangioma, 4 cases each of non-involuting con-
genital hemangioma and pyogenic granuloma, and 33 cases of vascular malformations were diagnosed.
Endothelial cell morphology (p < 0.001), mitotic activity (p < 0.001), and intralesional nerve bundles
(p < 0.001) were found to be statistically significant in differentiating hemangioma from malformations. GLUT-
1 (p < 0.001) and Ki-67 labeling index (p < 0.001) were useful to distinguish infantile hemangioma from
vascular malformations. To conclude, the ISSVA classification of benign vascular anomalies can be reliably done
on histopathology. However, every case must be interpreted in the light of clinical and radiological features.

1. Introduction

The benign vascular anomalies (benign vascular tumors and mal-
formations) are commonly encountered lesions in infancy and child-
hood accounting for 20–30% of all pediatric soft tissue tumors [1]. The
International Society for the Study of Vascular Anomalies (ISSVA) de-
vised a multidisciplinary etiopathogenesis based approach to classify
benign vascular anomalies into tumors and malformations [2]. This
classification system is based on the concept pioneered by Mulliken and
Glowacki in 1982 [3] where hemangiomas were considered the pro-
liferative vascular lesions and malformations were considered a defect
of embryonal vascular morphogenesis. The etiopathogenesis based
classification has major therapeutic and prognostic implications. Sur-
gical resection, embolization or sclerotherapy are preferred treatment
modalities for vascular malformations (VM), while beta-blockers and
steroids have a curative role in proliferative endothelial tumor like

hemangioma [4]. Despite the acceptance of ISSVA classification for
more than two decades, there is still a lack of usage of uniform no-
menclature amongst both clinicians and histopathologists regarding the
appropriate subclassification of benign vascular anomalies. It is often
seen that the etiopathogenetically distinct entities are lumped under the
generic term “hemangioma”, owing to which patients often end up
receiving improper treatment [5]. The current WHO classification of
benign vascular tumors includes entities like synovial hemangioma,
intramuscular angioma, venous hemangioma, and arteriovenous mal-
formation/hemangioma, without taking into consideration their mal-
formation or neoplastic nature [6]. We aimed to study and analyze the
morphological features of endothelial cells, characteristics in the sur-
rounding stroma and immunohistochemical expression of endothelium
associated markers and proliferation markers for precise histopatholo-
gical classification of benign vascular anomalies into tumors and mal-
formations.
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2. Materials & methods

The study included all consecutive cases of benign vascular
anomalies (n = 48) received in the Department of histopathology over
a period of 3.5 years (January 2016–June 2019) in a tertiary care pe-
diatric hospital. Hematoxylin & eosin-stained slides were retrieved,
reviewed, and reclassified into vascular tumors and malformations
based on ISSVA classification and prototypical histopathological fea-
tures. The clinical details of the patients with respect to the age of
presentation, presence/absence at birth, the natural course and results
of imaging studies were recorded from the case files, wherever avail-
able. Clinico-pathological case definitions were devised. The lesion
occurring between 2 and 8 weeks of life, progressing rapidly for
6–12 months followed by an involution phase and showing lobules of
poorly canalized capillaries with an admixture of endothelial and
pericytic cells was considered infantile hemangioma (IH) [7]. A lesion
present since birth showing a progressive increase with the size of the
baby with the presence of capillaries, veins, lymphatics, arteries or an
admixture thereof was considered malformation. A lesion present since
birth with a natural course showing static course or regression with the
size of the baby and displaying lobules of capillaries with prominent
draining veins separated by fibrotic stroma was considered congenital
hemangioma (CH) [6]. An exophytic lesion showing lobules in which a
larger vessel is surrounded by small capillaries accompanied with in-
flammatory infiltrate was considered pyogenic granuloma (PG) [7]. A
protocol for reviewing the biopsies was formulated based on 5 histo-
pathological criteria viz. endothelial morphology, mitotic activity, in-
tralesional nerve bundles (INBs), intralesional inflammation, and pro-
minent vessel type. A panel of GLUT-1 (Thermo Scientific, USA), WT-
1(Thermo Scientific, USA), and Ki-67 (Thermo Scientific, USA) was
performed in each case using standard immunohistochemistry protocol
and bound antibody was detected using a streptavidin-biotin complex
technique (Biogenex, USA). Immunostaining results for GLUT-1 and
WT-1 were evaluated semiquantitatively according to the percentage of
cells showing cytoplasmic positivity, i.e., < 1% (score 0), 1% to 10%
(score 1), 11% to 50% (score 2), and>50% (score 3) and whether
immunoreactive cells showed mild (score 1), moderate (score 2) or
intense (score 3) immunostaining. The percentage positivity and in-
tensity scores were added to get a total score which ranged from 0 to 6.
To exclude equivocal reactions, a total score of 3 or more was con-
sidered as a diagnostically relevant positive reaction [8]. For Ki-67
staining, distinct nuclear staining of the lesional endothelial cells was
recorded as positive. The Ki-67 labeling index was defined as the per-
centage of immunoreactive lesional endothelial cells in the evaluated

area. All counts were performed at a magnification of 400× (field
size = 0.1735 mm2). Five viable fields from the area of maximal la-
beling were chosen for counting and the average was taken as MIB
labeling index. For the ease of estimation, the Ki-67 was divided into
two groups 0–2%, and> 2%. The presence of these 5 criteria was
compared between two major groups i.e., tumors (infantile he-
mangioma, congenital hemangioma, pyogenic granuloma) and VM, and
the statistical significance was tested by Fisher exact test, a p-value <
0.01 was considered significant. The research was conducted in ac-
cordance with the Helsinki Declaration and the ethical clearance was
obtained from the institutional ethical committee.

3. Results

A total of 48 cases of benign vascular anomalies diagnosed over a
period of 3.5 years were studied. Age ranged from 11 months to
12 years. The male to female ratio was 0.8:1. Based on ISSVA classifi-
cation, 18 cases of combined vascular malformation (CM), 15 cases of
simple malformation (SM), 7 cases of infantile hemangioma (3 cases in
proliferative phase and 4 cases in involuting phase), and 4 cases each of
noninvoluting congenital hemangioma (NICH) and pyogenic granu-
loma were diagnosed. Out of 18 cases of combined malformations, only
5 were previously labeled correctly, rest being signed out as either
hemangioma or simple malformation. Four cases of simple malforma-
tion were labeled as hemangiomas previously. Three cases of IH were
termed simply hemangioma previously and one was labeled as capil-
lary-venous malformation. All cases of NICH were signed out as he-
mangioma previously. None of the pyogenic granuloma cases was re-
classified (Table 1).

3.1. Histopathological and immunohistochemical features of hemangioma

In IH, endothelial cells were mainly plump in both proliferative and
involutional phase, with focal areas of flat endothelium also seen in the
latter (Fig. 1A). 2–4 mitoses/HPF were seen in the proliferative phase
and none in the involutional phase. Intralesional nerve bundles were
seen in 2 cases of involuting IH (Fig. 1B). No significant inflammation
was noted in any of the cases. All 4 cases of congenital hemangioma
were noninvoluting type and showed plump to flattened endothelium
with 2–3 mitoses/HPF in all but one case (Fig. 1C). Intralesional nerve
bundles were not identified. Few mast cells were seen in 2 cases. GLUT-
1 positivity in the endothelial cells was seen in IH (Fig. 2A) but not in
CH. However, the reactivity was focal in most cases of IH in the in-
volutional phase (n = 3) (Fig. 2B). WT-1 was positive in all the cases of

Table 1
Overview of benign vascular anomalies cases diagnosed in accordance with ISSVA and compared with the previous diagnosis.

Lesion ISSVA classification (n) Previous diagnosis

Lymphatic-venous malformation 14 Lymphangioma, n = 6
Hemangioma, n = 2
Cavernous hemangioma, n = 3
Lymphatic-venous malformation, n = 3

Capillary-venous malformation 3 Hemangioma, n = 1
Capillary-venous malformation, n = 2

Capillary-lymphatic-arteriovenous malformation 1 Lymphangioma, n = 1
Venous malformation 8 Hemangioma, n = 3

Venous malformation, n = 5
Lymphatic malformation 6 Lymphatic malformation, n = 6
Capillary malformation 1 Hemangioma, n = 1
IH, proliferative phase 3 Hemangioma, n = 1

IH, proliferative phase, n = 2
IH, involutional phase 4 Hemangioma, n = 2

Veno capillary malformation, n = 1
IH, involutional phase, n = 1

NICH 4 Hemangioma, n = 4
Pyogenic granuloma 4 Pyogenic granuloma, n = 4

IH - infantile hemangioma. NICH - noninvoluting congenital hemangioma.
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both IH and CH (Fig. 2D). IH (proliferative phase) and CH showed the
Ki-67 labeling index in the range of 2–10% with a median of 4%
(Fig. 2C).

3.2. Histopathological and immunohistochemical features of pyogenic
granuloma

Pyogenic granuloma showed an exophytic lesion composed of lo-
bules of capillaries. The vessels were lined by plump endothelial cells
displaying 5–10 mitoses/HPF. Intralesional nerve bundles were not
seen. Both acute and chronic inflammatory cells were noted in all cases
(Fig. 1D). The lesion was nonreactive for GLUT-1, however, showed
bright positivity for WT-1 in the cytoplasm of endothelial cells as well
as in the stromal cells. Ki-67 labeling index was high in all the cases and
ranged from 4 to 10%.

3.3. Histopathological and immunohistochemical features of vascular
malformations

The simple malformations encountered were venous type (n = 8,
53.3%) followed by lymphatic type (n = 6, 40%) and capillary mal-
formation (n = 1, 6.7%). The combined malformations included lym-
phatic-venous (n = 14, 77.8%), followed by capillary-venous (n = 3,
16.7%) and capillary-lymphatic-arteriovenous (n = 1, 5.5%) type. The
endothelial cells were flat and did not show any mitotic activity Fig. 3A.
Intralesional bundles were seen in 26 (78.8%) cases. No significant
inflammation was noted. GLUT-1 was negative in all cases and proved
useful in distinguishing capillary predominant malformations from in-
fantile hemangioma. In addition, GLUT-1 highlighted INBs by showing
crisp positivity in perineurial cells, thus obviating the need to use an

additional neural stain Fig. 3C. At least focal cytoplasmic WT-1 re-
activity was seen in the endothelial cells of 7 (21%) VMs (3 in lym-
phatic venous type and 4 in simple venous type) Fig. 3D. However, the
tunica media of vessels in all cases showed WT-1 positivity. All the
malformations consistently showed the Ki-67 labeling index<2%.

3.4. Comparison between benign vascular tumors and vascular
malformations (Table 2)

For comparing the histomorphological features, infantile he-
mangioma, congenital hemangioma, and pyogenic granuloma were
grouped together as vascular tumors and compared with the mal-
formations. It was found that plump endothelial cell morphology
(p < 0.001), presence of mitotic activity (p < 0.001) and absence of
intralesional nerve bundles (p < 0.001) were statistically significant in
differentiating hemangioma from malformations. GLUT-1 (p < 0.001)
and Ki-67 labeling index (p < 0.001) were useful im-
munohistochemical markers to distinguish IH from VM. Even though
WT-1 was statistically significant in differentiating tumors from mal-
formations, its positivity does not rule out the possibility of latter
(positive in 21% VM). It was also noted that the number of vessel
density was higher in tumors than in malformations and this was an
important feature that aided in making the distinction between the two,
particularly in capillary predominant lesions Fig. 3B.

4. Discussion

Based on the biological behavior and multidisciplinary approach,
the ISSVA classification provides a consistent terminology and clinically
relevant information to serve as a guide for pathologists, clinicians, and

Fig. 1. (A) Infantile haemangioma showing both well canalized and poorly canalized capillaries lined by plump endothelial cells (400×, H&E). (B) Intralesional
nerve bundle seen in involutional infantile hemangioma (100×, H&E). (C) Noninvoluting congenital hemangioma showing lobules of capillaries separated by
densely sclerotic stroma. Capillaries are lined by plump to flattened endothelial cells (100×, H&E). (D) Pyogenic granuloma showing the lobular arrangement of
blood vessels (40×, H&E). Inset shows capillaries lined by plump endothelial cells along with acute inflammatory infiltrate (400×, H&E).
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researchers. The management of vascular anomalies has been evolving
continuously. There has been a shift from surgery to pharmacotherapy
in the treatment of hemangiomas. Beta-blockers are now the first-line
modality for treating infantile hemangiomas requiring systemic therapy
[9]. For congenital hemangiomas, a wait and watch is often the best
treatment and surgery and laser are used for problematic cases only.
Surgical excision with or without embolization, sclerotherapy, and
pulsed dye laser is the common therapy used to manage malformations
[4].

Deciding the appropriate line of treatment needs accurate diagnosis
and terminology. Despite being accepted for more than two decades,
ISSVA classification is still grossly underutilized by clinicians and his-
topathologists alike. One of the recent studies done over a period of two
years found that 60.5% of British publications used incorrect termi-
nology as per the 2018 ISSVA classification [10]. In another American
review of 1-year literature of articles containing the term hemangioma,
71.3% of investigators used hemangioma wrongly to describe another
vascular anomaly. It was also found that patients whose lesions were
mislabelled were more likely to receive incorrect treatment when
compared with patients whose anomalies were correctly classified using
ISSVA terminology [5].

With appropriate and adequate clinical history most of the vascular
anomalies can be correctly subclassified. The clinical growth pattern of
the lesion generally allows the distinction to be made [11]. However,
adequate or clear history is not always available and lesions may have
an atypical appearance (i.e., the diagnosis is uncertain) or behave in a
manner that is inconsistent with the expected proliferative and in-
volution phases within the expected time frame [8,9]. For such cases,
imaging and histopathology serve as adjunctive tools for reaching a
correct diagnosis. Plump endothelial morphology, absence of INBs and
presence of endothelial mitoses are important histopathological fea-
tures to differentiate hemangiomas from VMs. Adegboyega et al. [12]

reported the presence of INBs in 91% arteriovenous malformations
(n = 76) while none of the hemangioma cases showed this feature
(n = 91). In contrast, we found INBs in 2 cases (28.6%) of IH. Though
the above discussed histopathological features are helpful in the diag-
nosis, every case should be interpreted in the light of clinical and
radiological features.

Histopathological examination alone may also be misleading, e.g.
the distinction between infantile hemangioma and congenital he-
mangioma may be difficult [13], vascular malformations may be con-
fused with involuting IH and CH due to the persistence of large draining
vessels in the latter two [14]. Immunohistochemistry helps in resolving
such difficult cases. The human glucose transporter protein isoform-1
(GLUT-1) is a member of glucose transporters facilitating the passive
transport of glucose into the cell. GLUT-1 is highly expressed in the
endothelium of barrier tissues where selective glucose transfer from the
blood to tissues is crucial, such as in the central nervous system, retina,
iris, ciliary muscle, endoneurium and in the placenta. The expression is
also seen in erythrocytes. The protein is not expressed in the vascu-
lature of any other normal tissue [15]. North et al. reported endothelial
immunoreactivity for GLUT-1 to be a specific feature of juvenile he-
mangiomas during all phases of these lesions [16]. Later on, it was
found that congenital nonprogressive hemangiomas were histologically
and immunophenotypically distinct from infantile hemangiomas and
that these were GLUT-1 negative [17]. Since then various studies have
been done [13,15,18] and GLUT-1 is now considered a sensitive and
specific marker for the diagnosis of IH. It serves as an important tool in
differentiating IHs from close differentials like CH, capillary mal-
formation and capillary-venous malformation. One of the practical
pitfalls in the interpretation of GLUT-1 is in the capillaries filled with
blood where positivity of GLUT-1 in peripheral erythrocytes gives a
false impression of positivity in the endothelial cells.

WT-1 is a tumor suppressor gene encoding for a transcription factor

Fig. 2. (A) Endothelial cells and erythrocytes showing strong and diffuse GLUT-1 immunostaining in the proliferative phase of infantile hemangioma (400×). (B)
Involuting infantile hemangioma showing focal GLUT-1 reactivity in the endothelial cells (400×). (C) High Ki-67 labeling index seen in the proliferative phase of
infantile hemangioma (400×). (D) Lesional endothelial cells show WT-1 positivity in congenital hemangioma (400×).
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that contains 4 zinc-finger motifs at the C-terminus and a proline/glu-
tamine-rich DNA-binding domain at the N-terminus [19]. In addition to
being involved in the normal development of the genitourinary system,
it plays an important role in regulating hematopoiesis and angiogenesis.
Bone marrow stem cells show constitutive expression of WT-1 which is
maintained during their differentiation into endothelial cells [20].
Nuclear WT-1 positivity is seen in various tumors like Wilms tumor,
desmoplastic small round cell tumor, and mesothelioma. Cytoplasmic
immunoreaction for WT-1 has been described in vascular tumors, in-
cluding hemangiomas, but not in malformations [21]. Trindade et al.,
however, reported WT-1 positivity in all their cases of arteriovenous
malformations but not in capillary, venous or lymphatic malformations
[18]. Galfione et al. also found low to intermediate positivity in 10 out
of 13 vascular malformation cases. They, however, did not categorize
the malformations nor classified vascular tumors based on ISSVA clas-
sification [22]. Background normal vessels, both in hemangiomas and

malformations, also stain positively for WT-1 [18,21]. In our study,
lymphatic venous and simple venous malformations showed focal WT-1
positivity in the endothelial cells. Needless to say, both GLUT-1 and
WT-1 immunostaining need to be done in capillary predominant lesions
to differentiate between IH, CH, and VMs. Ki-67 is a well-known pro-
liferation marker and hence is expected to be high in tumors and not in
malformations.

The advances in molecular genetics have given new insights into the
genetic basis of vascular anomalies, providing potential molecular
targets for the development of new pharmacotherapy. Somatic muta-
tions involving the tyrosine kinase receptor signaling through RAS or
PIK3CA pathways are the commonest genetic aberrations identified in
the vascular anomalies [23]. PIK3CA mutations have been detected in
malformations and studies have shown rapamycin (mTOR inhibitor) to
be effective in complicated or refractory cases [24,25]. Mutations in the
same gene have been noted in biologically distinct entities, e.g., both

Fig. 3. (A) Simple venous malformation (100, H&E). Inset shows flattened endothelium of the lesional vessels (400×, H&E). (B) Capillary malformation. Note the
low density of vessels in the lesion (100×, H&E). (C) GLUT-1 immunostain highlighting an intralesional nerve bundle in venous malformation (400×). (D) Focal WT-
1 positivity seen in the endothelial cells of vessels in venous malformation (100×).

Table 2
Important histopathological and immunohistochemical features seen in vascular tumors and malformations.

Histopathological criteria IH (n = 7) NICH (n = 4) PG (n = 4) Tumors (IH + NICH + PG) (n = 15) VM (n = 33) P value⁎

Plump endothelial cells 6 (85.7%) 4 (100%) 4 (100%) 13 (86.6%) 0(0%) <0.001
Mitoses present 4 (57.1%) 3 (75%) 4 (100%) 11 (73.3%) 0 (0%) <0.001
INBs present 2 (28.6%) 0 (0%) 0 (0%) 2 (13.3%) 26 (78.8%) <0.001
Inflammation present 0 (0%) 0 (0%) 4 (100%) 4 (26.6%) 0 (0%) 0.007
WT-1 + 7 (100%) 4(100%) 4(100%) 15 (100%) 7 (21.2%) <0.001
GLUT-1 + 7 (66%) 0 (0%) 0(100%) 7 (46.6%) 0 (0%) <0.001a

Ki-67 > 2% 4 (57.1%) 3 (75%) 4(100%) 11 (73.3%) 0 (100%) <0.001

CH – congenital hemangioma, GLUT-1 – glucose transporter protein isoform-1, IH – infantile hemangioma, INBs – intralesional nerve bundles, PG – pyogenic
granuloma, VM – vascular malformation, WT-1 – Wilms tumor-1.

⁎ P-value is calculated for columns 5 and 6, i.e. tumors and malformations.
a GLUT-1 immunopositivity was noted only in infantile hemangioma amongst all the hemangiomas.
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congenital hemangioma and capillary malformation show GNAQ or
GNA11 mutations [26-29]. Moreover, the mutant allele frequency de-
tected in these cases is low and there are no hotspots, making the de-
tection of these mutations possible only by high through-put techniques
like next-generation sequencing which are not cost-effective for routine
histopathology laboratory. Though the genetic/epigenetic landscape of
these lesions is continuously evolving, in the present scenario, the
clinical-radiological and histopathological diagnosis remains the basis
of management for these lesions.

5. Conclusions

An etiopathogenesis based ISSVA classification of benign vascular
anomalies can be reliably done on histopathology. Endothelial cell
characteristics, endothelial mitotic activity, and INBs are important
morphological features for their subclassification. Every case must be
interpreted in the light of clinical and radiological features. GLUT-1
stain is highly sensitive and specific in differentiating IH from other
benign vascular anomalies and it also highlights the INBs, an important
morphological feature of VMs.
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