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Background: Intracranial cavernous hemangiomas (CHs) usually originate from
the cerebral and cerebellar hemispheres, while the clinical features and optimum
treatment of CHs that originate from atypical locations remain unclear.

Methods: We conducted a retrospective analysis of CHs that originated from
the sellar, suprasellar, or parasellar region, the ventricular system, the cerebral
falx, or the meninges in patients who underwent surgery from 2009 to 2019 in
our department.

Results: In our study, fourteen patients with pathologically confirmed CHs in
uncommon locations (UCHs) were enrolled; 5 were located at the sellar or
parasellar region, 3 at the suprasellar region, 3 at the ventricular system, 2 at
the cerebral falx, and 1 originated from parietal meninges. The most common
symptoms were headache and dizziness (10/14); however, none presented with
seizures. All UCHSs located in the ventricular systems and 2 of the 3 UCHs located
in the suprasellar region manifested as hemorrhagic lesions and shared similar
radiological features compared with axial CHs; other locations of UCHs did not
have a "popcorn” appearance on T2-weighted image. Nine patients achieved
GTR, 2 achieved STR, and 3 achieved PR. Four out of five patients who received
incomplete resection underwent adjuvant gamma-knife radiosurgery. During the
average follow-up of 71.1 £ 43.3 months, no patient died and one patient
encountered recurrence and de novo formation of midbrain CH. Most patients
had an excellent KPS score of 90-100 (9 of 14) or a good KPS score of 80 (1 of 14).
Conclusion: We suggest that surgery is the optimum therapeutic method for
UCHs located at the ventricular system, dura mater, and cerebral falx. Stereotactic
radiosurgery plays an important role in the treatment of UCHs located at the sellar
or parasellar region and remnant UCHSs. Favorable outcomes and lesion control
could be achieved by surgery.
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Introduction

Intracranial cavernous hemangiomas (CHs), also called cavernous malformations, have
an estimated incidence of 0.4-0.8% of the population (1). They typically locate in the
cerebral hemispheres, cerebellar hemispheres, and brainstem, while CHs in uncommon
locations (uncommon cavernous hemangioma, UCH), which locate at the sellar or parasellar
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region, the suprasellar region, the ventricular system, and originate
from meninges, are rare (2, 3). UCHs manifest differently in
many aspects, such as clinical presentation, radiological features,
and radiation sensitivity, compared with their parenchymal
counterparts (4-6). Correct preoperative diagnosis of UCHs is
challenging because of fewer common locations from which CHs
seldom arise as well as the atypical radiological features.

Due to their rarity, most previous studies of UCHs have
been case reports or small case series (7-13). Therefore, neither
clinical features nor the optimum treatment of UCHs have been
fully discussed.

Therefore, in the present study, we retrospectively analyzed
the clinical features, radiological findings, management,
and outcomes of 14 patients with histologically confirmed
UCHs in our hospital. To the best of our knowledge,
this is the first study reporting large case series of all

intracranial UCHs.

Materials and methods

We conducted a retrospective analysis on surgically treated
UCH:s in our institution. The inclusion and exclusion criteria were
as follows:

Inclusion criteria

(1) Patients underwent surgery or biopsy between December
2009 and December 2019 in our department;

(2) Al to be
cavernous hemangiomas;

lesions had pathologically ~confirmed
(3) The lesions were intracranial masses;
(4) Lesions originating from the sellar, suprasellar, or parasellar
region, the ventricular system, the cerebral falx, or the meninges
were included.

Exclusion criteria

(1) Cavernous hemangiomas located at and originating from
the cerebral hemispheres, the basal ganglia region, the brainstem,
or the cerebellum were excluded;

(2) Cavernous hemangiomas located at the orbital apex
were excluded;

(3) Cavernous hemangiomas originating from the scalp or the
skull were excluded;

(4) Follow-up times <6 months were also excluded.

The clinical and radiological findings, optimum treatment,
and prognosis were discussed. Data, including patient age, sex,
symptoms, and durations of symptoms before diagnosis, were
obtained. All the patients were evaluated with Gd-enhanced
cranial magnetic resonance imaging (MRI) scan preoperatively.
Location, size (the maximum diameter of the lesion), and
enhancement pattern were noted. The intraoperative bleeding
volume was recorded. The treatment-related factors including
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the extent of surgical resection (gross total resection [GTR]
[>90% resection], subtotal resection [STR] [<90% resection],
partial resection [PR] [<50% resection], or biopsy only), and
radiation treatment were recorded from medical records. Follow-
up was performed at 3, 6 months, and then once a year after
surgery. During the follow-up period, the progression of residual
lesions, lesion recurrence, and metastasis were monitored using
postoperative Gd-enhanced MRI. The neurological functional
outcomes were assessed using the Karnofsky performance
scale (KPS).

Student’s t-test was used to compare continuous variables. A
P-value of <0.05 was considered significant. The analyses were
performed using SPSS, version 23.0 (IBM Corp., Armonk, New
York, USA).

Results

Patient sample and clinical features

From December 2009 to December 2019, 241 patients
with pathologically confirmed intracranial CHs and 14 (5.8%)
patients with UCHs underwent surgery at our department.
Patient characteristics and clinical features are summarized in
Supplementary Table 1. Of the 14 patients, 8 were women and
6 were men with a mean age of 39.8 £ 18.0 years (range, 6—
68 years), which was slightly higher compared to total CHs (age,
35.5 + 14.7 years; p = 0.389). The most common symptoms
were headache and dizziness (n = 10). Other symptoms and signs
included impaired vision (n = 4), fever (n = 2), vomiting (n
= 1), weight gain (n = 1), and sensory disturbance (n = 1).
The mean symptom duration was 3.3 months (range, 1 day to
24 months).

Radiological features

The  radiological  features  are  summarized in
Supplementary Table 2. Of the 14 patients, 5 UCHs were
located at the sellar or parasellar region, 3 at the suprasellar
region, 3 at the ventricular system, 2 at the cerebral falx, and
1 originated from parietal meninges. On the TI-weighted
image, eight cases showed hypointensity, 4 cases had hypo-
hyper intensity, and 2 cases had hypo-iso intensity. On the
T2-weighted image, 8 cases revealed hyperintensity, 3 cases
had hypo-hyper intensity, 1 case had iso-hyper intensity, 1
case had hypo-iso intensity, and 1 case had hyperintensity.
Most (n = 11, 78.6%) cases demonstrated heterogeneous
enhancement after the administration of gadolinium, while
only 3 cases demonstrated homogenous enhancement
(Figure 1). Hemorrhage history or radiological diagnosis of
hemorrhagic lesion was detected in 7 patients, including 3 in
the suprasellar region (Cases 6-8), 1 in the third ventricle (Case
10), 1 in the septum pellucidum (Case 9), 1 in the midbrain
aqueduct (Case 11), and 1 in the cerebral falx (Case 13).

Preoperative diagnosis was cavernous hemangioma in only
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FIGURE 1

approach to a pineal region cavernous hemangioma

Uncommon cavernous hemangiomas (UCHSs) with different locations and radiological features. Case 3, a right enhanced parasellar region CH with
pituitary fossa involvement and dural tail sign (A, B), mimicking a sphenoid ridge meningioma. Case 12, a strongly enhanced CH originating from
occipital falx was depicted with a dural tail sign (C, D), masquerading as a meningioma. Case 4, a CH located at the sellar or parasellar region,
mimicking a meningioma (E, F). Case 10, a CH located in the third ventricle, with classic popcorn-like radiological features, with a hypointense rim on
T2-weighted image (G) and heterogenous enhancement (H). Case 11, a CH located at the inlet of midbrain aqueduct (1-K), with
susceptibility-weighted imaging (J) showing hemosiderosis deposition of the lesion, indicating a diagnosis of a CH. Case 6, a CH located at the
suprasellar region mimicking a craniopharyngioma (L). (I-K) Demonstrated in Neurosurgical Focus Video—Anterior endoscopic transcortical

4 cases, meningioma in 6 cases, craniopharyngioma in 2
cases, pituitary adenoma in 1 case, and angioma in 1 case
(Supplementary Table 2).

Treatment

Of the 14 patients, 9 underwent microsurgical resection and 5
underwent endoscopic surgical resection. Nine patients achieved
GTR, 2 achieved STR, and 3 achieved PR. Of the five patients,
four underwent adjuvant gamma-knife radiosurgery and received
incomplete resection. The median intraoperative bleeding volume
was 100 ml (range, 20-3,000 ml).

Frontiersin Neurology

Outcomes and prognosis

One patient suffered from intracranial infection postoperatively
(Case 5), and 1 patient endured hypopituitarism and recovered
3 months after surgery (Case 4). Most patients experienced
improvements in their symptoms, and 3 patients had stable vision
impairment (Cases 1, 6, and 7). Apart from Case 4, no new
neurological disorder or deficit was detected postoperatively. Most
patients had an excellent KPS score of 90-100 (9 of 14) or a good
KPS score of 80 (1 of 14). However, 1 patient (Case 9) experienced
slurred speech and left lower limb weakness (KPS score, 60) and
3 patients (Cases 1, 6, and 7) suffered from impaired or blurred
vision (KPS score 60-70). During an average follow-up of 71.1 &+
43.3 months, no patient died and one patient (Case 9) encountered
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FIGURE 2
A rare case of CH originating from septum pellucidum with multiple recurrences. Case 9, the brain CT (A) of a 16-year-old boy revealed a

hemorrhagic lesion of the third ventricle. T2-weighted image (B) showed fluid level in the lesion, suggesting hemorrhage. Coronal enhanced MRI (C)
depicted a non-enhanced lesions causing obstructive hydrocephalus. Brain CTA (D) in our hospital revealed the lesion was without apparent blood
supply. Endoscopic surgical resection was achieved in our hospital, and postoperative enhanced MRI showed gross total resection of the lesion (E).
Gd-enhanced MRI (F) showed the two lesions were heterogeneously enhanced. Intraoperative images (G-1) revealed the lesion (black asterisks)
originated from the septum pellucidum, compressing the anterior septum vein (white asterisks). A capsuled hematoma (triangles) could also be
observed in the third ventricle (G). We carefully separated and protected the anterior septum vein (H) during the operation. At last, the lesion and
hematoma were removed (l).

FIGURE 3
Pathological findings of Case 11. Pathological findings (Case 11) show vascular tissues of different sizes (A) and calcification (B), which confirm the

diagnosis of cavernous hemangioma (hematoxylin—eosin staining x20). It has been demonstrated in Neurosurgical Focus Video—Anterior
endoscopic transcortical approach to a pineal region cavernous hemangioma.
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recurrence and de novo formation of CH (Figure 2); however, this
patient refused further treatment. For those who received GKRS
after incomplete resection, no recurrence or de novo formation
was detected.

Case illustration
Case 9

A 16-year-old adolescent boy presented with headache, fever,
and vomiting in another hospital for 20 days. Brain computed
tomography (CT) and magnetic resonance imaging (MRI) revealed
a hemorrhagic lesion of the third ventricle, causing obstructive
hydrocephalus (Figures 2A-C). Brain computed tomography
angiography (CTA) revealed that the lesion was without apparent
blood supply (Figure 2D). Lumbar puncture testing showed an
increased cerebral spinal fluid (CSF) pressure (18cm of water
column), and CSF analysis revealed elevated nucleated cells of
140 * 10%/L and a trace protein of 1.39 g/L, and no tumor cells
were detected. Serum alpha-fetoprotein (AFP) and B-HCG results
were normal. A transfrontal endoscopic surgery was adopted
to remove the mass. The mass was gray and yellowish, with
remote hemorrhage originating from the septum pellucidum
(Figures 2G-H) and blocking the interventricular foramen, and it
was removed completely (Figure 2I). The intraoperative bleeding
volume was approximately 100ml. A postoperatively enhanced
MRI (Figure 2E) confirmed the GTR of the lesion. The pathological
diagnosis was cavernous hemangioma. The symptoms were
completely alleviated. After 10 months, however, he presented
with a sudden headache, slurred speech, and left limb hemiparesis
for 5 days. Enhanced MRI depicted a recurrence of the
hemorrhagic lesion of the third ventricle as well as a de novo
midbrain hemorrhagic lesion (Figure 2F). We recommended
surgical resection of the multiple CHs and performing a genetic
analysis, but the patient and his guardians refused and got
discharged. The patient was still alive 6 months later, and symptoms
alleviated compared with the last discharge.

Discussion

Cavernous hemangiomas, also called cavernous malformations,
cavernous angiomas, or cavernomas, are congenital vascular
malformations that are the second most common vascular
lesions, accounting for 5-15% of all vascular malformations
(14). The majority of CHs locate at and originate from the
parenchymal tissue, and UCHs are rare, accounting for <10% of all
intracranial CHs (12, 13). Radiologically, parenchymal CHs (PCHs)
frequently manifest as significant T2 hypointensity, producing
a black “halo” around the lesion or “popcorn” appearance on
T2-weighted imaging because of peripheral hemosiderin (15,
16) and heterogeneously enhancement on Gd-enhanced MRI.
Pathologically, UCHs located at the ventricular system and the
suprasellar region tend to share similar histopathological findings
in hematoxylin-eosin staining (Figure 3). However, for UCHs
located at the sellar or parasellar region and meninges, rich
fibrous tissue may be found in hematoxylin-eosin staining (6,
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17). Nevertheless, UCHs tend to behave differently compared
with PCHs, which causes a diagnostic dilemma. Because of their
rarity, the clinical features, treatment strategies, and outcomes
of UCHs remain unclear. In our case series, three cases were
previously reported as a single case report (6, 17) or video
article (18). However, we believe that it would be significant to
conduct an updated study focusing on UCHs and report our
additional 11 cases of UCHs, which is of potential interest to the
neurological community.

Clinical features

According to our institutional data, UCHs have a slight
female predominance (1.33:1) compared with their parenchymal
counterparts (1.15:1). No specific symptoms were associated with
UCHs, and the symptoms varied by lesion location. The most
common presenting symptoms were headache and dizziness
(71.4%), while the most common symptom in parenchymal CHs
was a seizure (23-79%) (14). Notably, none of our patients
presented with seizures. According to the literature, a seizure
is a common symptom for dural-based CHs as 6 out of 24
(25%) patients present with epilepsy (10). For CHs located in the
ventricular system, the incidence of seizure presentation ranged
from 2.9 to 14% (7, 12, 19, 20). None of the patients with CHs in the
sellar or parasellar region presented with epilepsy. This discrepancy
is not difficult to explain because the seizure was considered to
be most likely caused by gliosis and inflammation of parenchyma
induced by recurrent microhemorrhage irritation of cerebral CHs
(21), which is less likely to be caused by UCHs. According to our
institutional data, the mean age of the patients with UCHs was
higher than PCHs but did not reach a significant difference.

Radiological features

The correct preoperative diagnosis rate of CHs in UCHs
is low. The most common misleading preoperative diagnosis is
meningioma (6 cases). For UCHs originating from the cerebral
falx, the dura mater, and the sellar or parasellar region, they
could masquerade as meningiomas. No hypointense “halo” ring
or “popcorn” appearance was detected in these patients on the
T2-weighted image. Furthermore, the dural tail sign was detected
on Gd-enhanced MRI in 4 out of 6 of these patients (Figures 1B,
D, E) (6, 17), which caused a diagnostic dilemma. Thus, when
dealing with dural lesions with the dural tail sign, a possible
diagnosis of CHs should at least be reminded for neurosurgeons.
UCHs located at the sellar region could masquerade as pituitary
adenomas, while UCHs located at the third ventricle or suprasellar
region may mimic craniopharyngiomas. Thus, we conclude that,
although rare, CHs should be considered as a differential diagnosis
for lesions located in the sellar or suprasellar region or third
ventricle. Most (71.4%) hemorrhagic UCH lesions are located in
the ventricular system (3/7) and in the suprasellar region (2/7);
other locations include the sellar region (1/7) and the cerebral
falx (1/7). UCHs located at the ventricular system and suprasellar
region tend to have a high rate (100% and 67%) of “halo” ring
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or “popcorn” appearance on T2-weighted image (Figures 1G-K),
and hemosiderosis deposition could be detected on susceptibility-
weighted imaging (SWI) (Figure 1J), which demonstrates the
presence of hemorrhage within the lesion. This finding is similar
to the literature (19). We conclude that UCHs located in the
ventricular system share similar radiological features with PCHs,
and further examinations such as SWI may be considered to
facilitate differential diagnosis.

Treatment strategy

Surgery remains an optimal treatment for UCHs located
in the ventricular system or originating from the dura mater
and an important therapeutic method for UCHs located in the
sellar, suprasellar, or parasellar region. Microscopic or endoscopic
alternatives and operative approaches must be tailored to the
individual lesion characteristics (12, 22). Microscopic approaches
are suitable in most UCHs, while neuroendoscopy could be
considered as an alternative for surgical resection of UCHs located
at the lateral ventricles, the third ventricles, or the sellar or
parasellar region (12, 17, 22). UCHs originating from the septum
pellucidum are very rare, and ventricular vein protection during
operation is crucial (Figures 2G, H). For UCHs located at the back
side of the third ventricle and accompanied by hydrocephalus,
we recommend an anterior endoscopic transcortical approach,
which could achieve endoscopic third ventriculostomy, alleviating
and preventing hydrocephalus due to postoperative adhesion and
resection of the lesion at the same time (18). For UCHs, total
resection should be considered. In our case series, GTR was
achieved in most of the cases (n = 9, 64.3%). However, total
resection could not be achieved in some cases for certain reasons,
especially when severe intraoperative bleeding was encountered.
In our case series, 4 of 5 UCHs located at or originating from
the sellar or parasellar region had severe intraoperative bleeding,
with an intraoperative volume ranging from 800 to 3,000 ml,
hindering us from GTR. We conclude that, if a sellar or parasellar
region hemangioma is confirmed during surgery and intraoperative
bleeding is severe at the same time, an incomplete resection
combined with adjuvant gamma-knife radiosurgery is acceptable.
Beitch et al. (10) reviewed 23 cases of dural-based CHs, and none of
these patients received radiation therapy. They suggest that surgical
resection is the gold treatment and that no adjuvant radiosurgery
therapy is necessary. We considered that it is liable to achieve
total resection in dural-based CHs because they are frequently well
circumscribed and without a rich blood supply.

Some researchers suggest that, for CHs located at the sellar
or parasellar region, stereotactic radiosurgery (SRS) should be
recommended as the optimal treatment (23). SRS is considered
effective in lesion control for CHs located in these locations as
they are radiation sensitive (5, 23). In contrast, SRS could avoid
the risk of pituitary gland impairment, severe cavernous sinus
bleeding, and injury to the optic nerve, the oculomotor nerve,
the trochlear nerve, and the abducent nerve, among others, that
surgery could bring about. Furthermore, for those UCHs with
incomplete resection, we recommend gamma-knife radiosurgery
(GKRS). In our case series, adjuvant GKRS was adopted in 4 out
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of 5 UCHs that had an incomplete resection. After a follow-up
time of 32-127 months, no recurrence or progression occurred,
which is similar to the literature (17, 23-25). Thus, GKRS is a
safe and effective therapeutic strategy for lesion control in CHs
located at the sellar or parasellar region. In summary, our case
series indicated that UCHs are most likely sensitive to radiation,
which is different from PCHs, and SRS plays an important
role for UCHs located at the sellar or parasellar region and
remnant UCHs.

Prognosis

Our case series revealed that most patients with UCHs who
received surgery had a favorable KPS score (>80) during follow-
up, which is similar to the literature (19, 26). The symptoms and
signs of most patients with UCHs had improved or became stable
after surgery; however, deterioration of symptoms could occur
(7, 10, 12, 13, 19, 20, 23, 26, 27). For UCHs located in the fourth
ventricle with partial resection, they were at a higher risk of having
a poor outcome (7). Postoperative complications included cranial
nerve (CN) ITI, CN VI palsy (26, 28), CN VII paresis (20, 28), visual
disorder (29, 30), hydrocephalus (19, 31), cerebellar dysfunction
(29), mild hemiparesis (19, 20, 22, 29), hypopituitarism (32), and
coma (33). The recurrence rate is relatively low in extra-axial CHs.
Li et al. (26) reported a 2.1% recurrence/rebleeding rate for extra-
axial CHs located at the parasellar region. However, CHs located in
the ventricular system had a higher rate of recurrence/rebleeding.
In our case series, one case (Case 9) suffered from recurrence
and de novo brainstem CHs 10 months after the first operation
(Figure 2F). The young age and de novo brainstem CH formation
may suggest a genetic disorder in the patient (34); however, genetic
analysis was refused. Kivelev et al. (20) reported a high recurrence
or rebleeding rate (5/12) for intraventricular UCHs. The death
rate was 3.8-11.1% in UCHs located at the ventricular system
(7, 12, 19, 20) and 2.1% in the parasellar region (26). No death
was reported in the sellar region and was dural-based in patients
with UCHs.

Limitations

There are several limitations to our study. First, our study
was retrospective research with limitations inherent to the study
design. Second, due to the rarity of UCHs, it was difficult to get
a meaningful assessment based on the institutional series. Finally,
genetic analysis and molecular testing could not be achieved
in our case series because of the limitations of the financial
situation of patients and medical insurance policy. Therefore,
further investigations, in particular large sample sizes and genetic
analysis of multicenter prospective studies of this rare lesion subset,
are required.

Conclusion

Cavernous hemangiomas could be located in the entire central
nervous system, including extra-axial places. With headache and
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dizziness being the most common symptoms, UCHs have a low
rate of seizure and hemorrhage. UCHs located at the ventricular
system and the suprasellar region share similar radiological features
with parenchymal CHs, while dural-based UCHs and UCHs
originating from the sellar or parasellar region behave differently
compared with parenchymal counterparts. Surgery is the optimum
therapeutic method for UCHs located at the ventricular system, the
dura mater, and the cerebral falx. Stereotactic radiosurgery plays
an important role in the treatment of UCHs located at the sellar
or parasellar region and remnant UCHs. Favorable outcomes and
lesion control could be achieved by surgery.
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