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Abstract:  

Background. A rare presentation of angiomyoma (also called angioleiomyoma or ALM) is primary 

intracranial ALM (ICALM). This benign tumor is more common in men aged 40-60 years but its etiology 

remains unclear. Because of limited reports, atypical clinical manifestations and imaging features, ICALM 

is often misdiagnosed. 

Methods. We describe the case of a 58-year-old male ICALM patient admitted with intermittent left side 

headaches and conduct a literature review to summarize the key clinical, imaging and pathological features 

of all known cases of ICALM.  

Results. Only 53 known cases of ICALM have been previously reported and we describe the first case 

instance located in the left cerebellopontine angle area. This patient's preoperative magnetic resonance 

imaging (MRI) imaging showed homogeneously T1-weighted low signal，slightly T2-weighted high signal 

and the diffusion weighted imaging (DWI) slightly low signal, which was consistent with the MRI features 

of known cases of ICALM. The patient underwent tumor resection through the right retrosigmoid sinus 

approach with an uneventful postoperative course and no long-term complications. Pathological diagnosis 

confirmed ICALM with tumor cells positive for smooth muscle actin and negative for neurological, 

mesenchymal and epithelial markers. Analysis of the literature showed that the cavernous type of ICALM 

was most common with our case example being a mixture of solid and cavernous types.  

Conclusions. The progressive enhancement of MRI can contribute to ICALM diagnosis with pathological 

confirmation by immunohistochemistry. The first-line treatment strategy for ICALM is surgical resection, 

which can lead to good outcomes.  

Key words: intracranial angiomyoma；diagnosis；prognosis；MRI；CT 

Introduction 

ALM is a benign tumor recognized as an 

independent tumor entity by the World Health 

Organization (WHO) in 2016 mostly found in 

women 
[1]

. It is usually considered as a benign 

tumor that mostly occurs in the dermis and 

subcutaneous tissue of the lower limbs of middle-

aged and elderly individuals where it mainly 

manifests as subcutaneous nodules 
[2]

. Compared 

with ALM, primary intracranial ALM (ICALM) 

is relatively rare. Due to its atypical clinical and 

imaging features, ICALM is often misdiagnosed 

and may be confused with other diseases 

including meningiomas and schwannomas.  

To date, the cause of ICALM is still unclear. 

Some studies have suggested that ICALM may be 
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related to Epstein-Barr virus (EBV) infection and 

results from the effects of induced immune 

suppression
 [3]

. However, this notion is not 

universally supported by other researchers 
[4]

. 

Nonetheless, because of the scarcity of ICALM 

and limited clinical information available, a 

relationship between ICALM and EBV infection 

and/or immunosuppressive diseases cannot be 

completely ruled. 

Herein, we reported a case of ICALM, described 

its clinical, imaging and pathological features, and 

conducted an analysis of all 53 known cases of 

ICALM reported in the literature. 

Methods 

Details of Case Report 

The study was conducted with the approval of 

The Research Ethics Committee of Shengjing 

Hospital of China Medical University with 

informed consent provided by the patient. The 

patient was treated in the first Department of 

Neurosurgery, Shengjing Hospital of China 

Medical University on April 23, 2018. Imaging 

and pathological data were provided by the 

Department of imaging and pathology, 

respectively, Shengjing Hospital of China 

Medical University.  Signa HDxT (3.0T) was 

used for MRI imaging and Siemens Somatom 

Definition and Philips iCT 256 used for the CT 

scans. The Roche Ventana automated 

immunohistochemical (IHC) system was used for 

IHC analysis with the primary antibodies used as 

follows: rabbit anti-human CD34 antibodies 

(clone EP88, ZSGB-BIO); mouse anti-human 

smooth muscle actin (SMA) antibodies (clone 

UMAB237, ZSGB-BIO); rabbit anti-human S-

100 anti-bodies (ZSGB-BIO); rabbit anti-human 

Vimentin antibodies (clone EP21, ZSGB-BIO); 

rabbit anti-human glial fibrillary acidic protein 

(GFAP) antibodies (clone EP13, ZSGB-BIO); 

rabbit anti-human Desmin antibodies (clone 

EP15, ZSGB-BIO); mouse anti-human epithelial 

membrane antigen (EMA) antibodies (clone 

UMAB57, ZSGB-BIO); rabbit anti-human 

progesterone receptor (PR) antibodies (Roche); 

and rabbit anti-human monoclonal Ki-67 (MIB-1) 

antibodies (clone 30-9, Roche).   

Literature Search 

The retrieval query ("angioleiomyoma" OR 

"vascular leiomyoma" OR "angiomyoma" OR 

"ALM") AND ("intracranial " OR "brain" OR 

"cranial" OR "head" OR "CNS") was used to 

collect reports in the Pubmed and CNKI 

databases. Extracranial angiomyoma cases were 

excluded.  

Results and Discussion 

Case Report 

Patient History and Diagnostic Imaging 

A 58-year-old male patient was admitted to the 

hospital with intermittent headaches as the main 

complaint. The patient reported the symptoms 

first occurred three years before, with recurring 

headaches on the left side with no obvious cause, 

no dizziness, and tolerable pain levels. No prior 

systematic diagnosis or treatment was given to the 

patient before hospital admission. Nervous system 

examination showed that the left ear had 

decreased hearing or hearing loss, but there were 

no apparent abnormalities present for other sense 

organs. 

Preoperative MRI imaging showed 

homogeneously T1-weighted low signal and 

slightly T2-weighted high signal (Figure 1A-B), 

and DWI signal was slightly low (Figure 1C), 

demonstrating that the tumor contour in the left 

cerebellopontine angle area was clear. 

Noncontrast head CT showed a slightly 

hyperdense mass (about 2.8 cm×1.7 cm) with no 

internal calcification and no surrounding edema in 

the left cerebellopontine angle area with no 

obvious enhancement (Figure 1D-E). The 

adjacent cerebellar hemisphere was compressed. 

An initial diagnosis of meningioma was made.  

Surgery and Postoperative Course 
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The patient underwent tumor resection through 

the left retrosigmoid sinus approach. After 

incision of the dura, the tumor was found to have 

a complete capsule, which originated from the 

dura of the posterior fossa. Cranial nerves VII-

VIII were compressed. After incision of the tumor 

capsule, the tumor was of solid and tough 

consistency with a limited blood supply. After 

tumor decompression, the tumor capsule adhering 

to the brainstem and cerebellar hemisphere was 

stripped and the tumor then removed. Artificial 

dura mater was used to repair the defect of the 

dura mater, and a skull repair plate used. 

Intraoperative blood loss during the surgical 

process was approximately 10 mL. Noncontrast 

head CT confirmed complete resection of the 

lesion (Figure 1F). No adverse events occurred 

during the patient‟s postoperative course and after 

resection, the patient‟s headaches disappeared and 

hearing somewhat recovered. Follow-up 

conducted by telephone interview indicated no 

sign of recurrence after 31 months. 

  

 
Figure 1. Image data of patients before and after surgery. 

A: MRI T1-weighted sequence showed a homogeneously low signal at the left cerebellopontine angle in 

the sagittal positions. B: MRI T2-weighted sequence showed a slightly high signal at the left 

cerebellopontine angle in the coronal positions. C: DWI sequence showed a slightly low signal at the left 

cerebellopontine angle in the horizontal positions. D-E: Noncontrast CT scan showed that the tumor in the 

left cerebellopontine angle area with slightly hyperdense, no calcification and edema. The contrast scan 

showed no obvious enhancement. F: Postoperative CT scan showed complete tumor resection. 

 

Histopathology 

The lesion displayed irregular vascular cavities 

with different sizes and shapes. Examination of 

H&E sections showed that the tumor was 

composed of large numbers of blood vessels and 
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spindle cells with interstitial fiber hyperplasia 

(Figure 2A). The spindle cells were closely 

connected, crossed each other, and were located 

around the blood vessels. No nuclear atypia, 

mitotic activity, and signs of necrosis were found 

in the tumor. Immunohistochemistry results 

showed that vascular endothelial cells were 

positive for CD34 (Figure 2B). SMA was 

expressed in the perivascular spindle cells, 

whereas Vimentin, Desmin, EMA, GFAP, PR, 

and S-100 staining were negative (Figures 2C-

H). The Ki-67 positive index in tumor cells was 

less than 1%. The pathological diagnosis was 

ICALM in the left cerebellopontine angle.

  

 

Figure 2. Histopathology and immunohistochemistry analysis of ICALM.  

A: H&E staining showed that the tumor was composed of a large number of blood vessels and spindle 

cells. The spindle cells were closely connected, cross each other, and are located around the blood vessels 

(magnification: 50×). B: Immunohistochemistry showed that tumor vascular endothelial cells were positive 

for CD34 (magnification: 100×). C-D: Immunohistochemistry showed that spindle cells were positive for 

SMA and negative for DEM (magnification: 50×). E-H: Immunohistochemistry showed negative staining 

for EMA, GFAP, PR, and S-100 (magnification: 100×). 

 

Literature Review Findings 

Since the first reported case of primary ICALM 

demonstrated by Lach et al. in 1994
[5]

, our 

literature review identified a total of 53 cases 

reported to date. Together with our new case and 

those obtained from our literature search we then 

analyzed the clinical, imaging, and pathological 

characteristics of all 54 reported incidences of 

ICALM. 

Clinical Features of ICALM 

The summary of the available clinical data for the 

54 known cases of ICALM is shown in Table 1. 

ICALM was more common among men (male: 

female 33:20) which contrasts the profile of ALM 

which is most prevalent in women 
[1]

. ICALM 

patients have reported over the age range from 5 
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to 77 years old but was more common in middle-

aged people 40-60 years (32/54, 59.26%). The 

clinical manifestations of ICALM were non-

specific and inconsistent. The main symptomatic 

manifestations were consistent with local 

intracranial compression, of which intracranial 

hypertension and headache being the most 

common (22/54, 40.74%).  

Previous reports indicate that ICALM is often 

located closely to the venous sinus and cranial 

plate block and may invade the dura mater 
[5, 6]

. 

Our analysis indicated the most frequent 

presentation was in the cavernous sinus (14/54, 

25.93%). In addition, we identified two cases of 

invasion of the frontal bone (2/54, 3.70%). 

Although ICALM is mostly a single-center lesion, 

there are some reports showing exceptions, for 

example, Ravikumar et al. reported that patients 

with ICALM had two lesions located at the head 

of the caudate nucleus on the right and the globus 

pallidus on the left 
[7]

. Shinde et al. reported a 

case of primary multiple ICALM 
[8]

, which 

invaded the putamen, hippocampus, optic nerve 

and pia mater. To our knowledge, our report is the 

first case showing ICALM located in the left 

cerebellopontine angle area. 

Table 1.  Clinical data summary of primary ICALM 

Study Sex/Ag

e 

(years) 

Clinical symptoms Location Size(c

m) 

Therap

y 

Rec Follow-up 

(months) 

Lach et 

al.1994
[5]

 

M/47 RT sided limp; RT 

hand incoordination 

RT parietal 

lobe 

2.7×2.0

×2.0 

GTR NR 48  

Ravikumar 

etal.1996
[7]

 

F/12 Diffuse dull aching 

headache; 

occasional diplopia 

of two months 

Basal 

ganglionic 

5.0 GTR NR 20  

Kohan et 

al.1997
[20]

 

NA/N

A 

Hearing loss; 

tinnitus 

IAM NA GTR NA NA 

Figueiredo et 

al.2005
[18]

 

M/52 Headache; diplopia; 

visual deficit; facial 

numbness 

RTCS 6.0×6.0

×5.0 

GTR NA NA 

Karagama et 

al.2005
[24]

 

F/47 Hearing loss in the 

LT ear; occasional 

vertigo 

IAM NA GTR NR 12 

Colat-

Coulbois et 

al.2008
[9]

 

M/50 Acute transient 

headache; diplopia 

LTCS NA GTR NR 72 

Vijayasaradh

i et al. 

2008
[25]

 

F/10 Small swelling on 

the LT forehead 

region 

LT frontal 

bone 

4.0×3.0 GTR NA NA 

Liu et 

al.2009
[11]

 

M/50 Frontal headache 

for 6 months; 

occasional seizures 

attacks 

Cerebral 

falx 

4.0×4.0

×3.0 

GTR NR 18 

Gasco et 

al.2009
[4]

 

M/43 Acute­onset 

headache; blurred 

vision; dizziness; 

gait abnormalities 

LT 

cerebellar 

hemisphere 

4.4 × 

3.9 × 

3.9 

GTR NR NA 

Xu et 

al.2010
[3]

 

M/53 Headache for 3 

months 

Sellar 

region 

<1 GTR NR 6 

Pepper et 

al.2010
[26]

 

F/13 Hearing loss and 

headache 

IAM NA GTR NA NA 
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Conner et 

al.2012
[27]

 

M/42 Poorly localized 

headache for 8 

years 

Superior RT 

cerebellar 

hemisphere 

0.8-1 GTR NA 23 

M/36 Worsening daily 

headache 

Cerebral 

falx, corpus 

callosum 

2.5 STR NR 26 

Shinde et 

al.2012
[8]

 

M/60 Progressive 

headache for two 

months; seizures; 

irritability 

RT: 

putamen; 

LT: 

hippocampu

s 

RT: 2; 

LT: NA 

Autops

y 

Died  

Zhou et 

al.2012
[28]

 

M/62 Seizures Middle 

cranial 

fossa 

3.7×3.5

×3.3 

GTR NA 14 

Lescher et 

al.2014
[17]

 

M/40 Headaches; 

epilepsy with 

tremor of the LT 

half of the body  

Cerebral 

falx 

NA GTR NA NA 

Da et 

al.2014
[21]

 

F/23 Impaired RT visual 

acuity for 8 years 

LTCS 5.5×5.5

×5.7 

STR NR 6 

M/62 Hypophrasia, and 

mild disturbance of 

consciousness for 2 

months 

RT 

temporal 

lobe 

2.5×3.5

×3.5 

GTR NA NA 

Sun et 

al.2014
[6]

 

F/51 Long blurry of the 

RT eye for 2 

months 

Sella region 3.0×2.5

×2.5 

GTR Died
#
  

Sun et 

al.2014
[6]

 

M/49 Weakness in the 

lower limbs; 

sporadic falling 

down; dizziness 

Tentorium 

cerebelli 

4.2×4.6

×5.7 

STR NR 12 

Sun et 

al.2014
[6]

 

M/77 Intermittent 

headache for five 

months 

LT 

temporal 

lobe  

1.6×3.1

×3.9 

GTR NR 12 

Teranishi et 

al.2014
[32]

 

F/52 RT eye discomfort 

for 6 months 

RTCS 2.3 GTR NR 0.5 

He et 

al.2014
[30]

 

F/46 Headache for 1 

year; blepharoptosis 

in the RT eye for 4 

months 

CS 2 GTR NR 72 

 M/57 Headache for 10 

years; vision loss 

and diplopia for 3 

months. 

CS 3 GTR NR 57 

 F/48 Headache for 7 

years; RT severe 

ptosis for 1 year 

CS 3 GTR NR 47 

 F/35 Headache for 1 

year; decreased LT 

vision and diplopia 

for 1 week 

CS 2 GTR NR 14 

Lin et M/36 Worsening daily RTCS 5.0×6.0 STR* NR 20 
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al.2015
[19]

 headache and 

diplopia for 2 

months 

×6.0 

Calle et 

al.2016
[31]

 

M/43 Light-headed for 5-

10 minutes 

Anterior 

flax cerebri 

1.6 GTR NR NO 

Li et 

al.2016
[22]

 

M/64 LT eye blurred for 

6 months 

Sellar 

region 

NA Biopsy

+ 

γknife 

Shink
&

 

48 

F/40 Vision decreased; 

diplopia; 

menstruation and 

lactation stopped 

Sellar 

region 

NA PR+ 

γknife 

NA Lost visit 

Delgado-

Fernandez et 

al.2016
[32]

 

M/43 Hearing loss Infratentoria

l  

1.4 GTR NR 24 

 M/19 Accidental NA NA GTR NR 12-120 

Li et 

al.2018
[10]

 

M/42 Vertigo; tinnitus; 

headache 

RT CPA 2.0×2.2

×2.3 

GTR NR 37.3 

M/43 Accidental RT 

tentorium 

2.9×2.7

×2.7 

GTR NR 29 

M/58 Accidental RT parietal 

lobe  

2.6 GTR NR 47.3 

M/48 Diplopia RTCS 2.9×2.6

×2.6 

GTR NR 46.4 

M/41 RT cranial nerve, 

VI pals 

RTCS 2.1×1.7

×1.9 

GTR NR 8.3 

F/47 LT visual deficit  LTCS, optic 

cannal 

3.1 GTR NR 33.9 

M/58 LT visual deficit LT sellar 1.0 STR NR 7.9 

M/53 Accidental  Bilateral 

cerebral 

falx 

3.0 GTR NR 5 

Altieri et 

al.2019
[13]

 

M/37 Accidental LT tentorial 

posterior 

cranial 

fossa  

3.9 GTR NR NA 

Selbi et 

al.2019
[33]

 

F/60 A complete RT 

sixth nerve palsy, 

diplopia 

RT middle 

cranial 

fossa  

NA STR+ 

γknife 

NR 48 

Lee et 

al.2019
[12]

 

F/56 Eyeball pain and 

blurred vision on 

her RT side for 4 

years 

RT orbital 

apex 

NA GTR NA NA 

Chen et 

al.2020
[34]

 

F/59 Epileptic seizures, 

progressive 

headache for 2 

months 

RT CS 1.3×1.1

×1.1 

GTR NA NA 

Ding et 

al.2020
[14]

 

F/35 LT leg claudication 

for one year 

Lateral 

ventricles 

6.3×7.4

×5.4 

GTR NR 5 

Zhang et 

al.2020
[35]

 

M/15 RT nose 

obstruction, 

RT frontal 

cranial base 

3×2.5×

2.5 

GTR NA NA 
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Imaging features of ICALM 

CT scan results showed that most ICALM lesions 

were high density (18/23, 78.26%) (Table 2). 

Reports of MRI imaging further demonstrate that 

70% of the cases showed T1-weighted low signal 

and T2-weighted high signal (28/40, 70.00%). 

After gadolinium injection, most showed 

nonhomogeneous enhancement (29/40, 72.50%) 

with a special form of enhancement: progressive 

enhancement (16/40, 40.00%), i.e., the images 

were "flame-like". The early stage of 

enhancement shows patchy enhancement in the 

center of the lesion, while the later stage gradually 

enhances from the center to the periphery. Starting 

from the center of the lesion, the enhancement 

spreads to the periphery of the tumor in a time-

dependent manner 
[9]

. This enhancement mode 

may be related to the tumor vascular structure 
[6, 

10]
. These enhancement features may be 

characteristic manifestation of ICALM and may 

help its early and/or differential diagnosis. 

Gadolinium injection CT scanning our case 

showed no enhancement which further confirmed 

the characteristics of the tumor's denseness and 

limited blood supply. 

rhinorrhea, frontal 

headache for 2 

years 

Current case M/58 Intermittent LT 

headache for 3 

years 

LT CPA 2.8×1.7 GTR NR 31 

Abbreviations:   CPA: Cerebellopontine angle; CS: cavernous sinus; F: female; GTR: gross total 

resection; IAM: internal acoustic meatus; LT: left; M: male; NA: not available; NR: no recurrence; 

STR: subtotal resection;*: STR three months later: Cyber knife treatment; 
#
: Died of massive epistaxis 

13 days after operation; Rec: recurrence; RT: right; 
&

: The tumor continued to shrink; 

Table 2. Imaging features summary of primary ICALM 

Study CT                             MRI 

Density Edem

a 

En T1 T2 DW

I 

En PE 

Lach et al.1994
[5]

 Hypo Little He

n 

NA NA NA NA NA 

Ravikumar et al.1996
[7]

 RT: 

Hypo 

LT: 

Hyper 

None 

NA 

nH

en 

He

n 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Kohan et al.1997
[20]

 NA NA NA NA NA NA NA NA 

Figueiredo et 

al.2005
[18]

 

Hyper None He

n 

Iso Hyper NA Hen PE 

Karagama et al.2005
[24]

 NA NA NA NA NA NA NA NA 

Colat-Coulbois et 

al.2008
[9]

 

NA NA NA Hypo Hyper NA nHen PE 

Vijayasaradhi et al. 

2008
[25]

 

Hypo None No

ne  

NA NA NA NA NA 

Liu et al.2009
[11]

 Mild 

hyper 

None He

n 

Hypo  Hyper NA Hen, dural 

“tail sign” 

NA 

Gasco et al.2009
[4]

 Hyper None NA Iso Hyper NA Hen NA 

Xu et al.2010
[3]

 NA NA NA Hypo  Hyper NA NA NA 

Pepper et al.2010
[26]

 NA NA NA Iso Iso NA Hen NA 

Conner et al.2012
[27]

 NA NA NA NA Hyper Non

e 

nHen NA 

Hyper None He

n 

NA NA NA NA NA 
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Pathological Characteristics of ICALM 

ICALM lesions are mainly composed of well-

differentiated smooth muscle cells and endothelial 

cells. Loose mature smooth muscle bundles are 

located around blood vessels or interspersed 

between blood vessels, forming many vascular 

channels containing varying amounts of collagen 

Shinde et al.2012
[8]

 NA NA NA Hypo Hyper NA Hen NA 

Zhou et al.2012
[30]

 NA NA NA Hypo Hyper Hyp

o 

nHen, dural 

“tail sign” 

NA 

Lescher et al.2014
[17]

 NA NA NA Iso Hyper Hyp

er 

Hen NA 

*Da et al.2014
[21]

 Hyper  None NA Hypo NA NA nHen NA 

Hyper Sever

e 

NA Iso NA NA Hen, dural 

“tail sign” 

NA 

Sun et al.2014
[6]

 NA NA NA Iso Hyper NA nHen PE 

Sun et al.2014
[6]

 NA NA NA Hypo  Hyper NA nHen PE 

Sun et al.2014
[6]

 NA NA NA Iso  Hyper NA Hen NA 

Teranishi et al.2014
[29]

 Hyper None nH

en 

Iso Hyper NA nHen PE 

He et al.2014
[30]

 Hyper None NA Hypo  Hyper NA nHen PE 

Lin et al.2015
[19]

 Mild 

hyper 

None NA Hypo  Hyper NA nHen NA 

Calle et al.2016
[34]

 Hyper None NA Iso Hyper NA Hen PE 

Li et al.2016
[22]

 Mild 

hyper 

None NA Hypo  Hyper NA nHen NA 

Mild 

hyper 

None NA Hypo  Hyper NA nHen NA 

Delgado-Fernandez et 

al.2016
[32]

 

Hyper None He

n 

Iso Hyper NA nHen PE 

Li et al.2018
[10]

 Hyper None NA NA  NA NA NA NA 

NA NA NA Hypo  Hyper NA nHen NA 

NA NA NA Hypo  Hyper NA nHen NA 

NA NA NA Hypo  Hyper NA nHen PE 

NA NA NA Hypo  Hyper NA nHen PE 

 NA NA NA Hypo  Hyper NA nHen NA 

 NA NA NA Hypo  Hyper NA nHen NA 

 NA NA NA Hypo  Hyper NA nHen NA 

Altieri et al.2019
[13]

 Mild 

hyper 

None NA Hypo Hyper NA nHen PE 

Selbi et al.2019
[33]

 NA NA NA NA NA NA nHen NA 

Lee et al.2019
[12]

 NA NA NA Iso Hyper NA Hen NA 

Chen et al.2020
[34]

 NA NA NA Hypo  Hyper NA nHen PE 

Ding et al.2020
[14]

 NA NA NA Hypo  Hyper Hyp

er 

nHen PE 

Zhang et al.2020
[35]

 Mild 

hyper  

Sever

e 

NA Hypo  Hyper NA nHen PE 

Current case Mild 

hyper 

None NA Hypo Hyper Hyp

o 

None NA 

Abbreviations:  DWI: diffusion weighted imaging; En: enhancement; Hen: homogeneous 

enhancement; nHen: nonhomogeneous enhancement;Hyper: hyperdense; Iso: isodense or 

isointense; Hypo: hypodense or hypointense; MRI: magnetic resonance imaging; NA: not 

available; OC: Osteolytic changes; PE: progressive enhancement; T1: T1-weighted gradient 

echo; T2: T2-weighted gradient echo; *: There was calcification in CT examination 
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[2]
. According to the ratio of smooth muscle cells 

and endothelial cells, ICALM can be divided into 

three types: „solid‟ which is mainly composed of 

dense smooth muscle cells (Table 3). While some 

scholars believe that ICALM is of venous origin.  

Since small arteries and mature adipose tissue can 

be found in ICALM, some reports argue that these 

lesions are a form of hamartoma 
[5]

. Cytogenetic 

changes have also been reported in ICALM 
[3]

 

although there is currently insufficient data to 

indicate whether there are commonly encountered 

genetic changes. Consistent with our case study, 

most ICALM cells do not show nuclear atypia nor 

high mitotic activity. However, Sophie et al. 

reported that ICALM occasionally may also 

contain focal, mild nuclear atypia and regular 

albeit low mitotic characteristics 
[3]

. 

 

Table 3. Pathological summary of primary ICALM 

Study Immunohistochemical characteristics 

              (Positive)                          (Negative) 

Pathology 

type 

Lach et al.1994
[5]

 VIM, DES, SMA, Myosin, 

NSE, PCNA, MIB-1(4.22%) 

GFAP, AE1, AE3, NF, S-100, 

Ulex- europaeus, Endothelin, 

FVIII-RAg 

Venous 

Ravikumar et al.1996
[7]

 DES S-100, GFAP Solid  

Kohan et al.1997
[20]

 NA NA NA 

Figueiredo et al.2005
[18]

 SMA, VIM, CD34 S-100, EMA, GFAP, MSA Cavernous  

Karagama et al.2005
[24]

 SMA NA Cavernous  

Colat-Coulbois et 

al.2008
[9]

 

CD31, SMA, VIM, CD34 EMA Cavernous  

Vijayasaradhi et al. 

2008
[25]

 

SMA EMA, VIM, S-100 Solid  

Liu et al.2009
[11]

 SMA, VIM EMA, S-100, GFAP NA 

Gasco et al.2009
[4]

 SMA, CD34 EMA Cavernous-

venous  

Xu et al.2010
[3]

 CD41, CD34, SMA, MSA, 

DES, VIM, EBV 

Keratin, EMA, GFAP, S-100 Cavernous  

Pepper et al.2010
[26]

 NA NA NA 

Conner et al.2012
[27]

 SMA, MSA, VIM DES, CD34, EMA, S-100 Cavernous  

SMA, MSA, VIM DES, CD34, EMA, S-100 Cavernous  

Shinde et al.2012
[8]

 SMA, VIM, DES GFAP, EMA, CD31, CD34, 

MIB-1 

NA 

Zhou et al.2012
[28]

 SMA, DES, VIM, S-100 EMA, CK, GFAP, HMB-45, 

p53, p16  

Venous  

Lescher et al.2014
[17]

 CD34, SMA NA NA 

Da et al.2014
[21]

 SMA, VIM, CD34, S-100, 

EMA 

GFAP, SYN, Chromogranin A, 

CK, MIB-1 

NA 

SMA, VIM, CD34, DES D2-40, S-100, PR, EMA, 

HMB45, CK, MIB-1 

Cavernous 

Sun et al.2014
[6]

 VIM, SMA, CD34 GFAP, NF NA 

Sun et al.2014
[6]

 VIM, SMA, CD34 EMA, Inhibin-a NA 

Sun et al.2014
[6]

 VIM, SMA, CD34  NA NA 

Teranishi et al.2014
[29]

 CD34, SMA, Caldesmon, 

Alponin 

EMA, S100 Cavernous  

He et al.2014
[30]

 SMA, CD34, S100 MIB-1 Cavernous  

Lin et al.2015
[19]

 VIM, SMA, CD31, CD34 EMA, S-100, PR NA 

Calle et al.2016
[31]

 SMA, CD31 NA Solid  

Delgado-Fernandez et 

al.2016
[32]

 

SMA, Caldesmon NA Solid  
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Image Differential Diagnosis of ICALM 

Because the clinical and imaging characteristics of 

ICALM are not specific, it is easy to be 

misdiagnosed. Indeed, some ICALM lesions are 

accompanied by calcification (3/23, 13.04%), and 

have the "dural tail sign" (4/54, 7.41%), which 

makes ICALM more likely to be confused with 

meningioma. However, meningioma has higher 

rates of calcification (25%) 
[11]

, and the MRI 

signal of meningioma is mostly similar to the gray 

matter of the brain. Importantly the MRI T2-

weighted signal is lower in meningioma than the 

signal in ICALM. In addition, the MRI 

enhancement characteristics of ICALM have 

"flame" and "salt and pepper" manifestations 
[12-

14]
. ICALM demonstrates an early enhanced 

center in the lesion, and the late enhancement 

spreads to the periphery of the lesion, suggesting 

that it may be related to the vascular structure of 

the lesion. MRI imaging for meningioma usually 

can be enhanced rapidly after gadolinium 

injection (except for cases of necrosis and 

calcification) and does not have the characteristic 

of progressive enhancement.  

Other potentially confounding lesions are 

schwannomas. Single schwannoma usually occurs 

along the intracranial nerves, rarely calcification, 

with about 5% of cases being accompanied by 

hemorrhage. The schwannoma T1-weighted 

sequence is hypodense and T2-weighted sequence 

is hyperdense. Small schwannomas tend to have 

obvious homogeneous enhancement, while larger 

diameter schwannomas often have 

nonhomogeneous signals, often accompanied by 

necrotic cystic degeneration, in which after the 

enhancement, the nonhomogeneous enhancement 

can be observed and the necrotic area of cyst 

degeneration is not strengthened 
[7, 15, 16]

. For 

singular or multiple dural metastases, their 

imaging characteristics may vary greatly due to 

the different primary lesions, mostly showing 

Li et al.2018
[10]

 SMA, VIM, CD34, DES EMA, PR Cavernous 

SMA, VIM, CD34 DES Cavernous  

SMA, VIM, CD34 DES, S-100, CK Cavernous 

 SMA, VIM, CD34 DES Cavernous  

SMA, VIM, CD34 DES Cavernous  

SMA, VIM, CD34 DES Cavernous  

SMA, VIM, CD34 DES Cavernous  

 SMA, VIM, CD34 DES Cavernous  

Altieri et al.2019
[13]

 SMA, DES, Caldesmon, 

CD31 

GFAP, CD34, STAT-6 NA 

Selbi et al.2019
[33]

 SMA, CD34, S-100 DES NA 

Lee et al.2019
[12]

 SMA NA NA 

Chen et al.2020
[34]

 CD31, CD34, D2-40, 

Caldesmon, SMA, SSTR2, 

DES, EMA 

CD56, GFAP, PR, S-100, 

HMB-45 

NA 

Ding et al.2020
[14]

 SMA, Calponin, CD34 S-100, DES, SSTR2 NA 

Zhang et al.2020
[35]

 VIM, DES, MSA, HHF-35, 

SMA, CD34 

S-100, Myogenin, NSE NA 

Current case CD34 S-100, VIM, PR, GFAP, EMA NA 

Abbreviations:  CD31: Cell differentiation factor 31; CD34: Cell differentiation factor 34; DES: desmin; 

EBV: Epstein­Barr virus; EMA: epithelial membrane antigen; FVIII-RAg: Factor VIII-related Antigne; 

GFAP: glial fibrillary acidic protein; MSA: muscle specific actin; NA: not available; NF: Neurofilament; 

NSE: neuron specific enolase; PCNA: proliferating cell nuclear antigen;  PR: progesterone receptor; SMA: 

smooth muscle actin;  SSTR2: somatostatin receptor-2; STAT-6: Signal Transducer and Activator of 

Transcription 6; VIM: vimentin; 
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non-specificity and obvious homogeneous 

enhancement 
[16, 17]

. Accordingly, ICALM can be 

distinguished from dural metastases by combining 

the history of the primary diseases and the above 

characteristics. 

Treatment of ICALM and Prognosis 

The anatomical structure of ICALM is simple and 

lacks the main blood supply artery. About 80% 

(45/54) of the lesions can be completely removed 

by surgery 
[9]

. Therefore, surgical resection is the 

preferred treatment regime for ICALM. However, 

when the neurovascular structure of the location 

of the lesion is complicated, especially when it 

occurs in the cavernous sinus, it is very difficult to 

completely remove ICALM 
[18]

. Digital 

subtraction angiography (DSA) examination can 

clearly show the blood supply of ICALM and 

identify whether it is combined with aneurysm 

and vascular malformations 
[19]

.  DSA-based 

ICALM preoperative embolization 
[4, 20, 21]

 and 

bipolar cautery 
[11]

 have been shown to be 

effective in reducing intraoperative bleeding and 

surgical complications. But when ICALM occurs 

at the base of the skull, it is often difficult to be 

completely removed due to the abundant blood 

supply and involvement of important surrounding 

tissues. Gamma knife radiotherapy can therefore 

be used to control tumor progression in this type 

of vascular-rich ICALM 
[22]

. Most patients with 

ICALM have a good prognosis after surgery. 

Among the 54 cases studied, only two patients 

died, one due to surgery while another death was 

caused by the large tumor that invaded the internal 

carotid artery
 [6, 8]

. So even though ICALM is 

benign, it can recur and close follow-up should be 

given after surgical resection to monitor if new 

symptoms appear 
[23]

.  

Conclusions 

ICALM is a benign tumor, which is more 

common in middle-aged men. The CT images of 

ICALM are mostly slightly high-density, while 

MRI mainly shows T1-weighted sequence with 

slightly hypodense, and T2-weighted sequence 

hyperdense. Enhanced MRI scanning is mostly 

nonhomogeneous and presents a "flame-like" 

pattern. Progressive enhancement may be its 

typical imaging characterization which may help 

make a clear diagnosis. Fortunately, ICALM can 

generally be completely removed by surgery. 

When the blood flow of the lesion is abundant or 

the anatomical location is complicated, 

preoperative DSA examination or preoperative 

embolization is needed and supplementary 

treatments such as network knife and gamma 

knife are feasible. 
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