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Intramuscular capillary-type haemangiomas (ICTH)
are rare vascular anomalies that can easily be misdi-
agnosed as other entities. A systematic review was
performed of all cases of ICTH in the literature since
its first description in 1972. An adjudication com-
mittee reviewed cases to include only ICTHs. Among
1,143 reports screened, 43 were included, involving
75 patients. The most frequent differential diagnosis
was intramuscular venous malformations. The mean
age of patients at diagnosis was 21.2 years. ICTH
was mainly described as a gradually increasing mass
(81.8%), painless (73.9%), that could occur any-
where in the body but most frequently on the head and
neck (44.0%). Magnetic resonance imaging (MRI) was
mainly used for diagnosis (69.1%) and displayed spe-
cific features. The most frequent treatment was com-
plete surgical removal (73.9%), which could be pre-
ceded by embolization, and led to complete remission
without recurrence in all but 1 case.
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ntramuscular haemangiomas (IMHs), also called hae-

mangiomas of the skeletal muscle, are a rare and poorly
known condition that includes heterogeneous entities. In
1972, IMHs were classified into 3 subgroups by Allen &
Enzinger (1) by considering histopathological features of
the lesions, especially the size of intratumoural vessels
(vessels <140 pum in diameter defined as the “small-
vessel group”, vessels > 140 pum the “large-vessel group”,
and both types of vessels in nearly equal proportions the
“mixed group”). IMH has been an ill-defined condition
with evolving nomenclature, leading to a better-defined
entity called intramuscular capillary-type haemangiomas

SIGNIFICANCE

Intramuscular capillary-type haemangiomas (ICTH) are
rare and poorly understood vascular anomalies that can
easily be misdiagnosed as other entities. This study re-
viewed cases of ICTH published in the literature to enable
better understanding and management of this entity. The
review found that ICTHs most frequently occur in young
adults, anywhere in body but mainly on the head and neck,
usually increase gradually, and are painless. Magnetic re-
sonance imaging (MRI) (either with or without microscopy
observation from a biopsy) is required for diagnosis. Sur-
gery (either preceded or not by embolization) appear to be
the best therapeutic option.

(ICTHs), with specific clinical, histology and imaging
features (2, 3). Because the nomenclature has changed,
ICTHs might be reported in the literature under various
names, such as “intramuscular haemangioma small ves-
sel type” (1) “intramuscular angioma-capillary type” (4),
or “infiltrating angiolipoma” (5).

The features common to ICTHs are firm intramuscular
lesions, which might occur at any age, but occur more
frequently in young adults, appearing on imaging as
intramuscular fast-flow lesions, without extension to the
subcutaneous tissue or the underlying bone (2). They
can easily be misdiagnosed as 4 main conditions: (7)
intramuscular venous malformations (IVMs), characte-
rized by slow flow on imaging, phleboliths, large venous
vessels on microscopy, and the possibility of underlying
bone changes (6); (i) high-flow anomalies with extension
to the skeletal muscle, such as extracranial arteriovenous
malformations (AVMs) (7); extra-renal angiomyolipo-
mas (now called angiomyolipomas), which are tumours
of uncertain differentiation whose diagnosis is based on
microscopy observation of smooth muscles, thick-walled
blood vessels and mature fat in varying proportions: they
usually are located in subcutaneous tissue, with potenti-
ally intramuscular infiltration (8, 9); (ii7) phosphatase and
TENsin homolog (PTEN)-related hamartomatous tumour
syndrome, which involves clinically heterogeneous
disorders that share a germline mutation in PTEN and
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damage to the derivatives of the 3 embryonic laminae,
leading to hamartomas, overgrowth and neoplasia (10);
and (iv) highly vascularized intramuscular tumours, such
as rhabdomyosarcomas (11).

According to the International Society for the Study
of Vascular Anomalies, vascular anomalies are classified
as vascular tumours and vascular malformations (12).
However, ICTH was included in the group of “provisio-
nally unclassified vascular anomalies”, which highlights
the lack of knowledge on this entity. In several cases
of ICTH, recent molecular analyses identified somatic
mutations in MAP2K1 and KRAS genes, similar to those
detected in several cases of extracranial AVMs (13, 14),
which suggests the hypothesis of overlap between those
2 groups of entities (15). A better understanding of ICTH
is necessary in order to harmonize its diagnostic and
therapeutic management.

The aim of this study was to investigate the clinical,
radiological, pathological and molecular features of
ICTH as well as treatments and outcome, through a
systematic review of the literature.

METHODS

This systematic review followed the 2020 Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines and was registered on the PROSPERO database
(CRD42021237224).

Search strategy and information sources

The electronic databases MEDLINE via PubMed, CENTRAL and
EMBASE were searched on 1 March 2021. The search equations
are shown in Appendix S1. There were no restrictions on langu-
age, and the search included articles from 1972 (year of the first
description by Allen & Enzinger (1)) to 1 March 2021.

Eligibility criteria

All original reports describing ICTH cases were included. Criteria
for diagnosis were based on clinical, radiological and pathologi-
cal features. Clinically, the mass would be strictly in the muscle
without extension to the skin. If performed, ultrasonography had
to show an intramuscular lesion and colour and spectral Doppler
traces to show fast-flow waveforms or arterial supply. For diag-
nosis, at least 1 set of images was required from CT scan, MRI
or angiogram, showing features of intramuscular well-delineated
lesions without cutaneous involvement. MRI imaging had to show
characteristic signals (hyperintense on T2-weighted images with
hypointense flow voids, with homogeneous contrast enhancement)
(2). The presence of fat might be observed. Angiography (not
mandatory) could show enlarged but non-tortuous arterial affe-
rences and inhomogeneous capillary type tissular blush without
an early venous drainage. Pathological features (required in case
of doubtful imaging) had to be consistent with the diagnosis of
ICTH (1, 2, 15), showing an increased number of capillary-sized
vessels, consisting of plump endothelial cells (positive for CD31
on immunohistochemistry when performed) and pericytes (16),
separating skeletal muscle fibres. Immunohistochemistry for
lesional endothelial cells for GLUT-1 and podoplanin (D2-40)
should be negative if performed (17).
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Exclusion criteria were cases with too much missing data, dif-
ferential diagnoses and doubtful cases. Also excluded were reports
describing slow-flow vascular malformations, especially IVMs
that contained phleboliths; typical AVMs (flow voids without a
tissular component on MRI); all intramuscular vascular anomalies
that extended to the subcutaneous/cutaneous tissue; other tumours
(infantile haemangiomas, congenital haemangiomas, malignant
tumours etc.); and fibro-adipose vascular anomaly (FAVA) or
PTEN-hamartoma of soft tissue (PHOST) (15, 18).

Articles that did not report original observations, such as edito-
rials, general reviews, and expert opinions, were excluded.

Study selection strategy and data extraction

Two authors (JO and AM) independently selected studies on the
basis of'the title and abstract and then examined the full text. Then,
2 authors (JO and AE) independently extracted the following data:
first author, publication year, characteristics of the study and study
participants, triggering factors, location of the ICTH, histology
and molecular features, imaging and follow-up data, including
outcomes and treatment. In doubtful cases, especially for retaining
a diagnosis of ICTH, the paper was reviewed by an adjudication
committee of experts (AB, DH, MW and AM).

Statistical analyses

Descriptive data are expressed as mean + standard deviation (SD)
or median and interquartile range (IQR) for quantitative data,
and number (%) for categorical data. Quantitative variables were
compared by Wilcoxon test and categorical variables by x? test or
Fisher exact test. p<0.05 was considered statistically significant.
R v3.6.2 was used for analysis. No methods were used to handle
missing data.

RESULTS

Among 1,143 reports initially screened, 43 were included
for analysis (Fig. 1), involving a total of 75 patients from
29 clinical cases and 14 case series. The most frequent
differential diagnosis that explained the exclusion of
reports was the description of typical [IVMs under the
name IMH (90 cases). Nine cases of AVM were excluded
(description of a nidus/arteriovenous shunt in 7 cases,
extension to skin in 2 cases).

Table I summarizes the characteristics of reports
and patients. The mean age of patients at diagnosis was
21.2+17.1 years and the median age was 17.0 years (IQR
7.0-31.0 years; range 1 day to 67 years). Among the 75
patients, 33 (44.0%) were <16 years old. The ratio of
males to females was 1/2. The median time to diagnosis
was 12 months (IQR 4.9-36).

ICTH was most commonly a gradually increasing
mass, not warm and not pulsatile, with a firm consistency
and mostly painless (Table II). A triggering factor was
suspected in 7 cases, especially local trauma (n=35).
ICTH could occur all over the body, but the most af-
fected body region was the head and neck area (n=33,
44.0%). Overall, 29 muscles or muscle groups with
ICTH were reported among the 61 cases that included
a description of the affected muscle(s) (Fig. 2A, B), the
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Identification of studies via databases and registers

Table II. Clinical, imaging, pathological and molecular data of
intramuscular haemangiomas

Table I. Characteristics of reports and patients

5 Records identified from: Variable Description Missing data
.‘§ MEDLINE (n = 429) Clinical data
= Embase (n = 693) Size (cm?), mean (IQR) 19.5 (9.0-48.8) 21
s -
€ %E’;‘;'?;‘;"; (1”;42;)) Pain, n (%) 12 (26.1) 29
S 4 Location 0
Head and neck 33 (44.0
R Duplicate records removed aca ¢ ( )
> (n = 284) Trunk 15 (20.0)
L Lower limb 15 (20.0)
—_ .
Records screened identified Upper Im_1b ) 12 (16.0)
(n = 859) Progressive increase 36 (90.0) 35
Rapid increase 4 (10.0)
Records excluded on title (n = 600) Warmth, n (%) 0 29
Other conditions (n = 501) Pulsatility (on palpation), n (%) 3 (6.5) 29
Non original articles (n = 84) Firm consistency, n (%) 23 (59.0) 36
Images/quiz (n = 8) Soft consistency, n (%) 13 (33.3)
Fundamental research (n =7) Identified triggering factor, n (%) 7 (14.3) 26
Trauma 5
Reports screened Pregnancy 1
(n=259) Air travel 1
o ~ Imaging data
£ Reports excluded on abstract (n = 79) MRI, described in n cases (%) 47 (62.7) 28
3 »| Non orlglnql ,amdes (n=5) Well-delineated mass* 10 (76.3)
5 Other conditions (n = 46) H itv/h -
& Brief reports (n = 28) eterogeneity/homogeneity
v Heterogeneous mass 23 (88.5)
- Homogeneous mass 3 (11.5)
Reports aisnefsjlese;(:r eligibility T1-weighted sequence description*
(n = 180) Hyperintense signals 3(9.4)
Hypointense signals 2 (6.2)
Reports excluded (n = 137) Isointense signal 27 (84.4)
Venousmalformations (n = 90) T2-weighted sequence description* 31 (100)
Arteriovenous malformations (n = 9) Hyperintense signals
m?;nlpngahn;umsg:l?(;rgin;,?llg‘l]t;mas (n=4) Contrast enhancement* 34 (100)
" Lpoma (e ) 9 Flow voids* 21 (100)
— Hamartoma (n = 1) Signal modifications of the underlying bone* 2 (4.1)
= Non extractable data (n = 29) CT scan, described in n cases (%) 22 (29.3) 53
2 Unfoundable text (n = 1) Well-delineated mass* 4 (66.7)
% v Duplicate (n = 1) Heterogeneous mass* 4 (100)
£ B Contrast enhancement* 9 (100)
Rep(z:i':g')t’ded Angiogram, n (%) 27 (36.0) 48
—_J Pathology and molecular data
Fig. 1. Flow of reports included in the review. Biopsy/excision performed, n (%) 68 (90.7) 7
Presence of adipose tissue* 31 (93.9)
Description of the vessel size*
Small vessels only 42 (67.7)
Small and other vessels 20 (32.3)
Search of somatic mutations* 6
MAP2K1 gene 4
KRAS gene 2

*For each of these variables, percentages were calculated as number of patients
with the positive variable to the number patients for whom this variable was

Variable Description Missing data described. Thus, thg denomi_nator was not the same for eac_h because_all variables
were not reported in all patients (i.e. percentage calculations take into account
Country, n (%) 0 missing data for each variable).
North America 37 (75.5) IQR: interquartile range; CT: computed tomography; MRI: magnetic resonance
South America 3 (4.0) imaging.
Europe 14 (18.7)
Asia 18 (24.0) . .
Africa 2(2.7) most commonly affected being the triceps surae (n=7),
Oceania 1(1.3)

sternocleidomastoid (n=5), temporalis and quadriceps

Year of publication, median (IQR) . . R
femoris (n=4), gluteus maximus (n=23), paraspinal

Sex, n (%)

2013 (1996-2014) O

Female 34 (45.3) (n=3), extraocular muscles (n=3) and lip muscles

Male 41 (54.7) 0 (n=3), m ter (n=2)
Age at first signs, years, median (IQR), 24.8 (15.8-37.9), 36 n o a.sse € -I’l : .

mean+SD 26.6+18.0 Diagnosis required MRI in 47 (62.7%) cases; the most

Al i i i IQR 17.0 (7.0-31. . :

ge et diagnosis, years, median (IQR),  77.9 (7.0-31.0), 0 common features were a well-delineated mass with he-
Diagnostic delay, months, median (IQR) 12 (4.9-36.0) 36 terogeneous signals, isointense on T1-weighted images,
Patients <16 years old, n (%) 33 (44.0) : : s _ 5 3 _
Post-treatment follow-up, months, median 14.0 (6.0-24.0) 45 and always dlsplaymg hyper51gnals on T2 welghted ma

(1QR) ges and after contrast enhancement (Table II). Flow voids
were reported in 21 cases. Angiography was performed

IQR: interquartile range; SD: standard deviation.
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Fig. 2. Muscles affected by the intramuscular capillary-type haemangioma (ICTH). (A) Muscles affected by ICTH according to the number of
patients (n=61 of 75 for whom the muscle was precisely described); (B) overview of the body and the location where ICTH occurred (the size of the

spots are proportional to the number of muscles affected).

in 27 (36.0%) cases, mostly describing highly vasculari-
zed lesions with no nidus, inhomogeneous parenchymal
staining and emerged arterial feeders.

Pathology data on biopsy or surgical excision were
provided for 68 (90.7%) (Table II) cases. Descriptions
mainly included endothelial cell proliferation, with
small-sized vessels alone in 67.7% of cases or concomi-
tant with other-sized vessels, and in most, the presence
of adipose tissue. When described, all cases were nega-
tive for GLUT-1 and the lymphatic marker D2-40. One
article reported mutations in the genes KRAS (n=4) and
MAP2KI (n=2) in a series of 8 cases (15).

Therapeutic management was reported in 46 cases
(Table III). The most frequent treatment consisted of
complete surgical removal (n=34, 73.9%), often descri-
bed as a bleeding surgery, which led to complete remis-
sion without recurrence in all cases except 1 (n=1/22),
with a median post-treatment follow-up of 14.0 months
(IQR 6.0-24.0). Most ICTH cases that underwent com-
plete surgery were located on the head and neck (n=22
of 34, 64.7%). No treatment with embolization alone was
described, but 5 cases of embolization were followed by
surgery, with complete remission in 2 (3 missing data).
The “wait and see” attitude was reported in 3 cases and
showed stabilization of the lesion.

ICTH occurred earlier for trunk than head and neck
lesions (median 19.7 vs 31.0 years, p=0.002), were
larger (median 36.0 vs 13.0 cm?, p=0.014), and were
the most frequent (Appendix S2). Pain did not differ by
topography, and patients <16 years and >16 years old
did not differ in characteristics of ICTH.

DISCUSSION

Since its first description by Allen & Enzinger, in 1972
(1), ICTH (i.e. IMH) remains poorly defined and under-
stood. This review of the literature allows for a better
characterization: ICTH can occur at every age, but mostly
in young adults, and is often a firm, painless, progres-
sively increasing mass located in a muscle on the head
and neck (temporalis or masseter), the trunk (sternoclei-
domastoideus) or limb (triceps surae, quadriceps femoris,
gluteus maximus). MRI is the most widely used imaging
technique for diagnosis, showing features of a well de-
lineated hypervascular heterogeneous lesion, isointense
on T1-weighted images, hyperintense on T2-weighted
images, enhanced after injection of contrast medium and
showing flow voids. Pathology examination of samples
is also useful for diagnosis and shows a proliferation
of capillaries, with GLUT-1 negative endothelial cells,

Table III. Management and outcome (description of follow-up was reported for 46 of the 75 patients included in the review)

Outcome, n (%)

Therapeutic care, n (%)

Total =46 patients Total regression Partial regression Stabilization Recurrence Missing data
Complete surgical removal, 34 (73.9) 21 (95.5) 0 0 1(4.5) 12
Embolization followed by surgery, 5 (10.9) 2 (100) 0 0 0 3

Incisional biopsy followed by corticosteroid therapy, 2 (4.3) 0 0 2 (100) 0 0

Partial surgical removal, 1 (2.2) 0 1 (100) 0 0 0
Therapeutic abstention and follow-up, 3 (6.5) 0 0 3 (100) 0 0

Percentage calculations were based on cases for which the data were available (missing data were excluded).

Acta Derm Venereol 2023
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sometimes associated with larger arteries and veins, and
with adipose tissue.

The most common differential diagnosis of ICTH is
another type of vascular anomaly, [IVMs. Among the
1,143 articles screened, 90 cases were excluded after
reinterpretation by an adjudication committee because
they were considered a misdiagnosis of venous malfor-
mations instead of ICTH. Indeed, venous malformations
might also be located in a muscle, commonly the lower
limbs and head and neck, but are often painful due to
localized intravascular coagulopathy within the mal-
formation and lead to thrombosis and phleboliths (19).
In venous malformations, vessels appear much more
dilated on microscopy (cavernous vessels) (20) and are
not associated with a capillary component. ICTH must
be distinguished from IVMs because the management
differs (21-23).

The pathogenesis of ICTH remains unknown. Local
triggering factors were suspected in very few cases,
which raised the hypothesis of post-traumatic-induced
vascular lesions (24, 25). However, no evidence supports
this hypothesis.

Regarding treatment, surgical removal, when possible,
seems the best therapy, and might be preceded by em-
bolization to control bleeding. Contrary to extracranial
AVMs, no exacerbation of lesions was described after
embolization alone or partial excision (26). Except
for corticosteroids, which were not found efficient for
reducing the mass, no drugs were reported as a treatment
for ICTH. In a recent study of ICTHs (named intramus-
cular fast-flow vascular anomalies) somatic mutations
in KRAS and MA2PK1 genes, similar to extracranial
AVMs, were identified by Goss et al. (15). This sug-
gests a common pathogenesis or a spectrum of lesions
for ICTHs and AVMs. However, ICTHs seem clinically
different from usual extracranial AVM, with a very limit-
ed local aggressive potential and lower recurrence rate
(27). Beyond this, ICTH and its analogy to extracranial
AVMs questions the dichotomy between tumoural and
malformative vascular anomalies. However, future
molecular analyses of ICTH are needed to confirm the
findings by Gross et al., as very few molecular findings
are currently published. Future targeted therapies could
be useful for non-operable huge lesions if post-zygotic
mutations are confirmed, as is increasingly described for
AVM treatment (28).

Study limitations

The main limitations of the review were, first, that nume-
rous articles reporting IMHs involved other conditions,
mostly IVMs; hence a large number of reports were
excluded. It cannot definitely be ruled out that some in-
cluded cases did not correspond to the definition of ICTH
because of limited imaging or pathological descriptions.
Secondly, the included reports had a lot of missing data
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regarding treatments and follow-up, with very little long-
term follow-up information.

Conclusion

This review highlights that ICTH is still often misdiag-
nosed, and allows for better understanding of ICTH and
its management.
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