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Introduction Cerebral cavernous malformations (CCMs) account for about 5 to 13%
of intracranial vascular malformations. Cystic cerebral cavernous malformations
(cCCMs) are a rare morphological variant and can cause diagnostic and therapeutic
dilemmas. We describe our five such cases and review the existing literature on this
entity.

Methods A search of the PubMed database for cCCMs was done, and all articles in
English emphasizing the reporting of cCCMs were selected. A total of 42 publications
describing 52 cases of cCCMs were selected for analysis. Epidemiological data, clinical
presentation, imaging features, the extent of resection, and outcome were analyzed.
Radiation-induced cCCMs were excluded. We have also described five of our cases of
cCCMs and reported our experience.

Results The median age at presentation was 29.5 years. Twenty-nine patients had
supratentorial lesions, 21 had infratentorial lesions, and 2 had lesions in both compart-
ments. Among our four patients, three had infratentorial lesions, whereas one had a
supratentorial lesion. Multiple lesions were seen in four patients. A majority (39) had
symptoms of mass effect (75%), and 34 (65.38%) had raised intracranial pressure (ICP),
whereas only 11 (21.15%) had seizures. Among our four operated patients, all of them
had symptoms of mass effect, and two of them also had features of raised ICP. The
extent of resection was gross total in 36 (69.23%), subtotal in 2 (3.85%), and not
reported in 14 (26.93%). All four of our operated patients underwent gross total
resection, but two of them underwent a second surgery. Of the 48 patients in whom
the surgical outcome was reported, 38 improved (73.08%). One showed a transient
worsening followed by improvement, one developed a worsening of the pre-existing
focal neurological deficit (FND), two developed a new FND, and 5 had no improvement
in their FNDs. Death occurred in one patient. All four of our operated patients improved
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after surgery, although three of them showed a transient worsening of FNDs. One

patient is under observation.

Conclusion cCCMs are rare morphological variants and can cause considerable
diagnostic and therapeutic dilemmas. They should be considered in the differential
diagnosis of any atypical cystic intracranial mass lesion. Complete excision is curative,
and the outcome is generally favorable; although transient deficits may be seen.

Introduction

Cerebral cavernous malformations (CCMs) have been vari-
ously called cryptic angioma, cavernous angioma, cavernous
hemangioma, cavernoma, and “angiographically occult vas-
cular malformations.”'~3 They account for about 5 to 13% of
intracranial vascular malformations and their population
prevalence is 0.5%.4~8 CCMs are the only vascular malforma-
tions known to form cysts.%'? The traditional classification
systems (like Zabramski’s) do not describe a cystic variety
separately.® Cystic CCMs (cCCMs) are rare*®'1=13 and their
prevalence has not been reported in literature. They can
cause considerable diagnostic and management dilemmas.
We describe our experience with five such cases and review
the relevant literature.

Methods

Literature Review

A search of the PubMed database was done for cCCMs.
Keywords used for the search were “cystic cavernomas,”
“cystic cavernous malformations,” and “cystic cavernous
angiomas.” All articles in English literature where the em-
phasis was placed on the reporting of intracranial cCCMs (the
imaging appearance showed a significant cystic component
to the lesion) and their typical features were selected for
analysis; and a total of 42 publications reporting 52 cases of
cCCMs were identified and analyzed (~Table 1).27%-11-44
Epidemiological data, namely age, sex, and family history;
clinical symptoms at presentation; imaging features; extent
of surgical resection; and outcome were analyzed descrip-
tively. Radiation-induced cCCMs were excluded.

Case Studies

Case 1: A 9-year-old boy presented to us with an intermit-
tent, moderate-severity occipital headache. He also had an
imbalance when walking for 2 months. Examination showed
a conscious, cooperative patient with horizontal gaze-
evoked nystagmus, a wide-based ataxic gait, and a subtle
left-side lower motor neuron type of facial nerve weakness.
Magnetic resonance imaging (MRI) revealed a multilobu-
lated predominantly cystic lesion in the cerebellar vermis
with evidence of intralesional hemorrhage (=Fig. 1A). He
underwent surgery via a midline suboccipital craniotomy,
and a near-total excision was achieved. Six months after his
surgery, he had presented in an unconscious state that was
attributed to hydrocephalus due to a bleed in the residual

lesion (~Fig. 1B) obstructing the flow of cerebrospinal fluid
(CSF) at the level of the fourth ventricle. A ventriculoperito-
neal shunt procedure was done at the time at another center,
following which he recovered and was sent back to us for
further treatment.

He later underwent a redo midline suboccipital cranioto-
my in a prone position for excision of the residual lesion in
the middle cerebellar peduncle through the fourth ventricle.
This was excised completely along with the daughter cysts.
The postoperative computed tomography (CT) scan was
satisfactory in terms of lesion excision (=Fig. 1C). Postoper-
atively, truncal ataxia persisted for a few weeks after which
he gradually improved. He also developed cerebellar mutism
which improved over 2 months with speech therapy. At a
follow-up of 6 years, he was doing well in the penultimate
year of secondary school.

Case 2: A 14-year-old girl presented to us with a head-
ache and blurring of vision in both eyes for about a week.
She also gave a history of an increase in appetite and some
weight gain over the previous month. Her examination was
normal apart from the finding of severe optic disc edema in
both eyes. MRI showed a solid-cystic lesion (=Fig. 2A), in
the frontal horn and anterior body of the right lateral
ventricle with its dilatation and transependymal seepage
of CSF due to obstruction of the foramen of Monro, with a
midline shift of 1.3cm to the opposite side. The solid
component (which showed only mild postcontrast en-
hancement) was abutting the right optic nerve and chiasm.
This lesion was reported to be an ependymoma or a
craniopharyngioma, for which we evaluated her hormonal
status, which was normal.

A transcortical route through the right middle frontal
gyrus was taken. A cyst containing xanthochromic fluid
(=Fig. 2B) was seen at a depth of about 1.5cm from the
cortical surface. At the depth of the cystic cavity, the solid
component was visualized (as a reddish-brown, mulberry-
like lobulated lesion). After having drained the cyst fluid, the
lesion was completely excised (including the peripheral
gliotic hemosiderin-stained region). A postoperative CT
scan was done the next day; it confirmed complete excision
of the solid component as well as a reduction in hydroceph-
alus and midline shift. Histopathology confirmed the diag-
nosis of a CCM (=Fig. 2C). At 4 months of follow-up, an MRI
(=Fig. 2D) was done that showed complete excision and
some residual gliosis and products of hemoglobin degrada-
tion in the right basifrontal region, with complete resolution
of hydrocephalus and midline shift.
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Fig.1 (A) T2-weighted (left) and postcontrast axial (middle) and sagittal (right) images of a 9-year-old boy with a cerebellar vermian multicystic
cavernoma with peduncular extension. (B) Six months after surgery, the boy presented in-extremis with a bleed from a small peduncular remnant
at the site of the lesion. (C) Postoperative computed tomography scan after second surgery, showing complete excision.

Case 3: A 61-year-old gentleman with diabetes and hyper-
tension, presented with insidious onset of right-sided (upper
and lower limb) weakness for 2 months, which was more in the
distal muscles and gradually progressive. He also complained
of slurred speech that he noticed from the time of the onset of
weakness. There were no symptoms of raised intracranial
pressure such as headache/vomiting/blurred or double vision.
Neurological examination of the cranial nerves was normal,
and power was grade 4/5 in the right upper and lower limbs.

~Fig. 3A showed a T1-weighted (T1W) isointense lesion
in the pons, which was hyperintense on T2W images and not
suppressed on fluid-attenuated inversion recovery. Gradient
echo (GRE) images showed a hypointense component to the
fluid level within the cystic lesion, besides a peripheral
hypointense rim. A tractography (=Fig. 3B) was done for
surgical planning, which showed the corticospinal tracts to
be displaced posterior to the lesion and on the right side.

A suboccipital craniotomy was done on the left side and
using intraoperative navigation guidance (to map out the
shortest trajectory to the lesion, which was not surfacing),
the site for the incision on the pons was marked in the
peritrigeminal safe entry zone (=Fig. 3C). Cyst fluid was
drained, and the wall was excised and sent for histopatholo-
gy examination. Layered closure was performed after having
achieved hemostasis.

A CTscan was done the next day that showed no hematoma
at the operative site (~Fig. 3D). The patient was recovering
well and did not have any new postoperative neurological
deficits. However, on the fifth postoperative day in the morn-
ing, he woke up with worsening right-sided hemiparesis and
slurred speech. ACTscan was done, and it showed a hematoma
at the site of the cyst. He was shifted to the intensive care unit
for close observation of his neurological status, and after a
period of observation for another 5 days, his sensorium
worsened, and his Glasgow coma scale score dropped to
E1V1MS5. He was then intubated and started on mechanical

ventilation. A CTscan was done again (~Fig. 3E), and it showed
a slight increase in the size of the hematoma; however, there
was no hydrocephalus. He was taken up for a re-exploration. A
partly liquified hematoma and an organized blood clot were
visualized on the left anterolateral pontine surface, and these
were completely evacuated in a piecemeal fashion through the
same previous entry zone. A small remnant of the cyst wall
was visualized and excised. The wall of the cyst was friable.
Hemostasis was achieved, the cyst cavity was irrigated with
saline solution, and closure was done. A CT scan the next day
(=~Fig. 3F) showed evacuation of the hematoma. The patient
was weaned off ventilatory support over the next 2 days and
extubated. He developed swallowing dysfunction that gradu-
ally improved over the next 2 months with swallowing thera-
py, and his right-sided limb weakness improved over the next
6 months gradually with physiotherapy.

Case 4: A 31-year-old gentleman presented with com-
plaints of subtle weakness of left-hand grip and progressive
numbness on the left side of his body and face for about
1 month. About a year and a half back, he had complaints of
dizziness associated with vomiting for which he was admit-
ted to a hospital and managed conservatively. Neurological
examination showed decreased sensations on the left side of
his face and body (to crude touch and pinprick) and normal
posterior column sensations. The remainder of the examina-
tion was normal, including the cranial nerves. MRI (~Fig. 4A)
showed a cystic lesion with a fluid level in the medulla
oblongata (slightly more to the right side) with a peripheral
hypointense rim that was appreciable on T2w images.

A midline suboccipital craniotomy was done and intra-
operative ultrasound was used to localize the exact location
of the cavernoma. The vertical extent of the lesion was from
the level of the lower cranial nerve rootlets to the level of the
obex. A longitudinal incision in the right posterolateral
sulcus (=Fig. 4B) was taken over the medulla and the cavity
containing xanthochromic and brownish fluid was
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Fig.2 (A)Fluid-attenuated inversion recovery (left) and postcontrast (right) axial magnetic resonance imagings (MRIs) of a 14-year-old girl with a
basifrontal cerebral cavernous malformation with a large intraventricular cystic component causing midline shift, encroachment of the foramen
of Monro and hydrocephalus. (B) Intraoperative images of the same patient showing the superficial cystic part (left) containing xanthochromic
fluid, and the deeper mulberry solid nodule (right). (C) Histopathology showing large vascular spaces (VS) filled with newly formed thrombi (T).
(D) Postoperative T2-weighted (left) and postcontrast (right) MRIs showing complete excision of the lesion, with residual hemoglobin
degradation products in the right anteroinferior frontal region, along with complete resolution of the mass effect and hydrocephalus.

visualized. After having drained the cyst fluid, the wall was
excised completely (~Fig. 4B) in a piecemeal fashion. The
closure was done after confirmation of hemostasis.

Postoperatively, he had swallowing dysfunction (which
improved over the following 5-6 months); ataxia (for which
appropriate physiotherapy was begun), which also gradually
improved; and urinary retention, for which the advice of a
urologist was sought, and he was started on oral tamsulosin
and bethanechol. After 2 months, he was given a successful
catheter-free urinary trial. He has remained well ever since,
and his postoperative MRI (~Fig. 4C) showed no residual or
recurrent lesion.

Case 5: A 23-year-old man presented with generalized
seizures. Examination showed no neurological deficit and
MRI showed a frontal cystic cavernoma with a recent bleed
(=Fig. 5A). He reported a similar episode 10 years ago and a
similar pathology was seen on his MRI, which at that time

showed a left parieto-occipital cCCM (=Fig. 5B). He was
offered surgical excision, but the family decided against
surgical intervention at the time. There was no similar family
history. As the earlier lesion had resolved without interven-
tion, he has presently decided to remain under close follow-
up and opt for surgical excision if a worsening of his
symptoms occurs or if the lesion shows any further growth
on follow-up imaging.

Results

A total of 42 publications describing 52 cases were analyzed
(~Table 1).

In the experience of the senior author, out of a total of 119
operated cavernoma patients from 2000 to 2021, 4 patients
had predominantly cystic lesions (prevalence of 3.36%). One
patient with a cCCM is under observation.
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Fig. 3 (A) (Left to right) T1-weighted (T1W), T2W, fluid-attenuated inversion recovery and gradient echo (GRE) images of a 61-year-old
gentleman with a purely cystic pontine lesion. GRE shows a fluid level within and a peripheral hypointense rim of hemosiderin suggestive of a
cavernoma. (B) Diffusion tensor images (tractography) showing that the corticospinal tract was displaced to the right and behind the lesion. (C)
Intraoperative photograph showing the incision in the pons in the peritrigeminal zone (near the root entry zone of the trigeminal nerve [TN]) and
drainage of xanthochromic cystic fluid followed by excision of the rim. (D) Immediate postoperative computed tomography (CT) scan showing
gross total excision. (E) CT scan done on the fifth postoperative day which showed a hematoma at the site of the cyst. (F) CT scan after second
surgery for evacuation of hematoma and excision of residual capsule.
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Fig.4 (A) T1-weighted (T1W, left), T2W (middle) and fluid-attenuated inversion recovery (FLAIR; right) magnetic resonance imagings (MRIs) of a
31-year-old gentleman, showing a cystic lesion with a fluid level in the medulla oblongata. The T2W image shows a peripheral hypointense rim
suggestive of a cavernous malformation. (B) Intraoperative images showing the incision in the medulla in the posterolateral zone (left) and
excision of the cavernoma wall using a tumor forceps (right). (C) Postoperative T2W (left) and FLAIR (right) MRIs showing complete excision of the
cystic cavernoma with gliotic changes.

Fig.5 (A) T1-weighted (T1W, left), T2W (middle) and gradient echo (GRE; right) magnetic resonance imagings (MRIs) of a 23-year-old man who
presented to us with a left basifrontal cystic cerebral cavernous malformation (cCCM) with an internal solid component, and peripheral
hemosiderin staining seen on GRE. Of note, the site of the previous left parieto-occipital cCCM is marked by hemosiderin staining. (B) TTW and
T2W MRIs of the same patient who had a left parieto-occipital cCCM 10 years prior to presentation. The iso- to hypointense solid component with
the deeper cystic component is seen with a peripheral hemosiderin ring, most marked posteriorly.

The median age of presentation of cCCMs was 29.5 years. Twenty-nine patients showed cCCMs in the supratentorial
There were 25 male patients and 27 female patients, withan  compartment, and 21 patients showed lesions in the infra-
almost 1:1 M:F ratio. Among our five patients, four of them tentorial compartment. Two patients showed lesions in both
were male and one was female. compartments. Among our five patients, three had lesions in
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the infratentorial compartment (of which two were intrinsic
in the brain stem and one was encroaching on the middle
cerebellar peduncle).

Multiple cCCMs were reported in four patients. Our last
patient had multiple cCCMs, though these lesions were
separated in time.

At presentation, 39/52 (75%) patients had symptoms due
to the mass effect of the lesion, 34/52 (65.38%) patients had
features of raised ICP at presentation, and only 11/52
(21.15%) patients had seizures. All our four operated patients
had a focal neurological deficit (FND) due to the mass effect
of the lesion and two of them had features of raised ICP. Our
last patient presented with seizures.

Calcification (either on imaging or intraoperatively) was
seen in 11/52 patients. None of our four patients showed
calcification.

Gross complete excision was done in 36 (69.23%) patients,
2 (3.85%) patients underwent subtotal resection, and the
extent of resection was not reported in 14 (26.93%) patients.
All four of our operated patients underwent gross complete
excision, but two of them underwent a second surgery.

Of the 52 patients, the outcome was not reported in four
patients. Of the 48 in whom the outcome was reported, 38
(73.08%) improved after surgery, and transient worsening
followed by improvement was seen in one patient. One patient
developed a permanent worsening of the pre-existing FND,
and two more developed new permanent FNDs. Five patients
who had presented with FNDs, had no improvement in these
symptoms after surgery; however, three of these patients had
symptoms of raised ICP before surgery, which did improve.
Death occurred in one patient. All our four operated patients
improved after surgery; although three of them showed a
transient worsening of their neurological deficits.

Discussion

In the experience of the senior author, out of a total of 119
CCM patients who were operated upon from 2000 to 2021,
there were 4 such operated patients with cCCMs (prevalence
of 3.36% in our surgical series of CCMs). The current series of
5 patients, to the best of our knowledge, is the largest series of
cCCM published in literature, in addition to Knerlich et al
who also publised a series of 5 patients.

In our literature review of 52 cases of cCCMs (=Table 1),
we found that the median age at presentation was 29.5 years
(mean age was 30.89 years), with the range of presentation
being from 4 months to 76 years. Five of fifty-two (9.62%)
patients were infants and 18/52 (34.62%) patients belonged
to the pediatric age group (18 years and under). Two of our
four operated patients belonged to the pediatric age group. In
our review of 52 cCCMs, we found an almost 1:1 male-female
ratio (25 male and 27 female patients).

Multiple CCMs have been reported to occur in about 10 to
30% of sporadic cases and up to 84% of familial cases.>®4 To
the best of our knowledge, there are only four cases of
multiple de novo cCCMs reported previously in the litera-
ture.#% 1132 patient no. 5 in the current series (our last
patient) had multiple cCCMs; however, these occured at a
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time interval of 10 years. Patient 5 in the current series is
thus only the 5th case in literature with multiple de novo
cCCMs. Familial CCMs are generally reported in about 20 to
50% of patients.>>4? In our literature review of 52 patients
with cCCMs, familial cases were seen in only two patients.“'1 6
None of our patients had a family history of CCMs.

In our review of cCCMs, we found that 29 (55.76%)
patients had lesions in the supratentorial compartment, 21
(40.38%) had lesions in the infratentorial compartment, and
2(3.85%) had lesions in both compartments. In Ohba’s review
of cCCMs, it was found that 64% of patients had supra-
tentorial lesions and 36% of patients had infratentorial
lesions.* Among our five patients with cCCMs, three of
them had lesions in the infratentorial compartment and
two patients had supratentorial lesions. Hence, it is evident
that for cCCMs, the lesions are disproportionately more
commonly seen in the infratentorial compartment when
compared with conventional CCMs.*

In cCCMs, we found that 39 (75%) patients had symptoms
of a FND at presentation, attributable to the local mass effect
caused by the lesion. Thirty-four (65.38%) patients had
symptoms of raised ICP at presentation, and only 11
(21.15%) patients had seizures at presentation.

Although there is a higher incidence of cCCMs in the
infratentorial compartment as compared to conventional
CCMs, this disparity in the presentation cannot be attributed
to lesion location alone; and it is evident that cCCMs do
present more often with symptoms of a FND (due to local
mass effect) or raised intracranial pressure, than with seiz-
ures; even when they occur in the supratentorial compart-
ment. Only one of our five patients presented with seizures
and four of them had symptoms of a FND that were attribut-
able to the mass effect caused by the lesion. Two of our
patients also had raised intracranial pressure.

Cyst formation in CCMs occurs due to recurrent episodes
of hemorrhage from vascular sinusoids or the neocapillaries
of the cyst wall, which causes changes in osmotic pressure
across the membrane of the CCM (which is histologically
similar to the outer membrane of a chronic subdural hema-
toma), which in turn leads to gradual fluid accumulation,
cystic change, and subsequent growth.“‘ﬁ'm‘12'14'30'40’41
Other mechanisms include ectasia of vascular channels,
capillary budding, repeated hemorrhages causing oblitera-
tion of septae between adjacent sinusoids leading to their
incorporation, and organization and encapsulation of a
perilesional hemorrhage.®'%11-2% Another hypothesis states
that they can show significant growth even in the absence of
a prior hemorrhagic event (which may be due to an inherent
proliferative mechanism in the lesion itself), which makes
them mimic other neoplasms, and adds to diagnostic chal-
lenges.?%36 Based on our limited experience, we believe it isa
combination of multiple factors that leads to cyst forma-
tion.'>*® As far as the risk of rebleeding is concerned, the cyst
wall may indeed contain the malformation that most likely
led to a re-bleed in patient no. 3, and a small remnant of the
cyst was noted intraoperatively and subsequently excised.
Interestingly, patient no. 5 in the series, not only had a
spontaneous resolution of a previous ¢CCM but also
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developed a new cCCM in a different location altogether.
Thus, there may also be an unknown genetic predisposition
in the development of cCCMs. All this points to a multifacto-
rial origin of cCCMs, rather than a single mechanism.

The above mechanisms of cystic change can lead to a
plethora of features on imaging. In most, a mixed intensity
nodule is seen on TIW and T2W images, along with iso- to
high-intensity cysts on T2W images, the periphery of which
often shows a low-intensity rim. The nodules and cyst walls
can show enhancement.* Enhancement of the cyst wall is seen
due to the presence of neocapillaries and inflammatory cells in
the fibrous walls."® However, due to their different blood
supply profiles, enhancement patterns can vary significantly
and can range from no enhancement at all to marked enhance-
ment.'? In our review of the cCCMs reported in the literature,
of thelesions that showed enhancement, most of them showed
it to a minimal degree. Other features can include a multistage
hemorrhagic lesion with a cystic cavity and a hemosiderin
rim.”> Surrounding edema is generally not common,” but can
occur>415:17.2937.40 3nd cause confusion in diagnosis. In
terms of findings of calcifications, in our review of cCCMs,
we found that calcification (either on imaging or intra-opera-
tively or both) wasreportedin 11/52(21.15%) patients. None of
our five patients showed any evidence of calcification.

The differential diagnoses of cCCMs include other intra-
cranial cystic lesions, especially neoplasms such as heman-
gioblastoma, astrocytoma, oligodendroglioma, meningioma,
and metastases.*>":21 Other non-neoplastic differentials
include abscesses and parasitic cysts.4’5’11 When they occur
in locations such as the CPA, they can be confused for cystic
acoustic neuromas.'> When they occur in the region of the
optic pathway, they can be confused for optic gliomas,
craniopharyngiomas, thrombosed aneurysms, cystic pitui-
tary adenomas, or even germ cell tumors.®'® Therefore, the
possibility of a CCM should be considered in almost all
intracranial cystic or solid-cystic lesions, especially where
the imaging morphology does not give enough diagnostic
clarity. GRE and susceptibility-weighted imaging sequences
are the most sensitive for the detection of hemosiderin and
can help in obtaining the right diagnosis.

There is a general agreement that the incidental finding of
an asymptomatic CCM, especially in the absence of hemor-
rhage, is an indication for observation.*® Because patients
with cCCMs usually show some symptoms (more commonly
due to local mass effect and/or raised intracranial pressure),
surgical treatment is generally necessary.4

The appropriate timing of surgery is controversial and has
been debated,>'" and it is commonly believed that attempt-
ing surgery in the subacute stage is fruitful as it allows time
for the hematoma to liquefy and partially resolve that allows
better intraoperative visualization and a better plane of
dissection.*®

Complete removal of the solid component or nodule is
recommended in ¢cCCMs; but the surgical management of
the cyst wall has been debated. The cyst wall can either be
completely removed, partially resected, or completely left
behind after simply draining the cyst contents. This is
considered to be the best course of action if the cyst wall

is adherent to the surrounding brain and its complete
removal is likely to induce severe morbidity.* However, it
is also known that the cyst wall consists of neocapillaries
and is lined by endothelium-derived cells, which can lead to
reaccumulation of the cyst and lesion recurrence; hence, its
complete removal is suggested if it is easily possible and an
appropriate plane of dissection is obtained."*° In our litera-
ture review of 52 patients with cCCMs, gross total excision was
reported in 36 (69.23%) patients, subtotal/partial resection
was reported in 2 (3.85%) patients, and the extent of resection
was not reported in the remaining 14 (26.93%) patients.

In our experience of smaller-sized cCCMs in the brain
stem (case 3 and case 4), we found that the collapse of the
cyst cavity (which occurs after the cyst fluid has been
drained) is a significant obstacle to complete excision of
the cyst wall. This led to incomplete cyst wall excision in one
of these patients (case 3) that led to a re-bleed and ultimately
are-exploratory surgery in which the excision of the remain-
der of the cyst wall was done, apart from hematoma evacua-
tion. We also noticed a re-bleed in one more patient (case 1)
which likely occurred due to incomplete excision. In our
experience, a residual lesion leading to a subsequent re-
hemorrhage can significantly deter an immediate good func-
tional outcome in these benign lesions; because the cavity,
especially if at depth, is difficult to inspect for any residual
lesion (once collapse of the cystic cavity occurs after its
contents have been drained). Our experience based on the
surgical findings of patients no. 1 and 3 also supports the
surgical principle of attempting safe and total excision of the
solid and cystic component.

Intraoperative neuronavigation, intraoperative neuromo-
nitoring, preoperative fiber tracking, awake craniotomy, and
endoscope assistance are useful adjuncts for the safe excision
of CCMs. In eloquent areas, sharp microdissection is pre-
ferred, and minimal resection of surrounding hemosiderin-
stained tissue is advocated.®® In addition, since case 3
showed good excision on CT but still a residual with bleeding
was noted subsequently, it may be reasonable to get an
immediate postoperative MRI instead of a CT to assess the
true extent of resection.

The prognosis after surgery for cCCCMs is generally favor-
able. In our review, out of 48 patients in whom the surgical
outcome was reported, we found that 38 patients improved
after surgery. One patient improved after transient worsen-
ing. Features of raised ICP improved after surgery in all those
who had presented with these symptoms. Five of the patients
who had presented with FNDs had no improvement in these
symptoms after surgery. Two patients developed a new FND,
and one patient developed a permanent worsening of the
pre-existing FND. Death occurred in one patient. All our four
operated patients improved after surgery, although three of
them improved after an initial transient worsening.

Conclusion

c¢CCMs are uncommon and they should be considered in the
differential diagnosis of any cystic intracranial mass lesion.
They may have a multifactorial cause of origin and they
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present with features of local mass effect and/or raised
intracranial pressure, and less commonly with seizures.
Their variable appearance on imaging leads to diagnostic
dilemmas. However, the surgical principles governing their
treatment include safe resection of both the solid and cystic
components remain the same as for conventional CCMs; and
the outcome is generally favorable even though a transient
worsening may be seen.

Abbreviations

CCM - cerebral cavernous malformation
cCCM - cystic cerebral cavernous malformation
FND - focal neurological deficit

MRI - magnetic resonance imaging

CT - computed tomography

ICP - intracranial pressure

CPA - cerebellopontine angle

CSF - cerebrospinal fluid

GRE - gradient echo

SWI - susceptibility-weighted imaging
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