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ABSTRACT
Introduction. Intracranial cavernomas are rare neurovascular lesions, met frequently in patients with 

anomalies of the vasculature of the encephalon and medulla. Cavernomas account for 0.02-0.53% of all in-
tracranial lesions and approximately 8-15% of all intracranial vascular malformations. A procentage of 
about 10-30% of all cases show an association between cavernomas and arteriovenous malformations. Clin-
ically, the lesions become symptomatic when their size becomes larger than 1cm. The symptoms include 
headache, seizures, focal neurologic defi cit and last but not least hemorrhage. 

Materials and methods. The authors present a study of 99 patients diagnosed and treated for intracra-
nial cavernomas between January 2004 and January 2015 (11 years). The study encompasses 45 male pa-
tients and 44 female patients with ages ranging between 11 and 56, all treated at the Bagdasar-Arseni 
Emergency University Hospital in Bucharest, Romania.

A large percentage of the cavernomas were supratentorial 72 cases (72.72%), while only 27 tumors were 
positioned in the infratentorial compartment of the skull. Regarding the position of the cavernomas, 29 of 
them (40.27%) were in the frontal lobe, 13 (18.05%) were in the parietal lobe, 20 (27.7%) were in the tem-
poral lobe, while 3 were in the occipital lobe (4.16%). Infratentorial tumors aff ected the brainstem in 17 
cases (62.9%) while 10 cases showed cerebellar implication (37.03%). There were 7 patients in which the 
authors described multiple cavernomas.

The clinical onset was represented by seizures in 59 cases (59.59%), hemorrhage in 20 cases (20.20%) and 
focal neurologic defi cit in 13 cases (13.13%). The symptoms consisted of seizures in 63 cases (63.63%), focal 
neurologic defi cit in 16 cases (16.16%) and hemorrhage in 23 cases (23.23%) while 9 cases (9.9%) were 
completely asymptomatic. 

The authors chose to practice a conservative management for the 7 cases with multiple lesions, the 9 as-
ymptomatic cases and 5 cases with deep positioning. In the 5 cases with deep cavernomas the patients were 
subjected to gamma knife stereotactic radiosurgery but only 2 patients showed response to treatment.

Results. In the 99 patients presented by the authors, out of the 76 cases operated, a number of 57 inter-
ventions (75%) managed to completeley remove the lesion and perilesional gliosis. A number of 19 interven-
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INTRODUCTION

Intracranial cavernomas are rare neurovas-
cular lesions, met frequently in pati ents with 
anomalies of the vasculature of the encephalon 
and medulla. The fi rst report on cavernomas ap-
peared in the literature in the year 1846 and 
was authored by Von Rokitanski. In 1854, in a 
publicati on authored by Luschka, the gross ma-
croscopic aspect of the malformati ons is descri-
bed. (1) A few years later, in 1863Virchow de-
scribes for the fi rst ti me the microscopic aspects 
of cavernomas. The fi rst successfull removal of a 
cavernoma was reported by Bremer and Carson 
in 1890. (2)

The fi rst overview of cavernous angiomas 
was provided by Dandy in 1928. (3) He descri-
bed fi ve of his own cases and collected 44 previ-
ously published cases to date that delineated 
typical macroscopic and microscopic features of 
this disease. To depict clinical manifestati on of 
the brain cavernomas, Dandy identi fi ed basic 
clinical signs, e.g. predispositi on to bleed and to 
cause focal neurological defi cits, with epilepsy 
being the most common clinical manifestati on 
of these lesions.

McCormik in 1966 presented a successful 
classifi cati on of vascular intracranial malforma-
ti ons in which 4 main enti ti es were presented: 
Arteriovenous Malformati ons, Capillary Telangi-
ectasis, Venous Angiomas and Cavernomas. (4)

Cavernomas of the central nervous system 
are rare neurovascular lesions usually detected 
in pati ents with ages ranging between 20 and 
60. The exact pathophysiologic mechanism of 
appearance is not enti rely known, however 
some geneti c factors are incriminated as famil-
ial forms appear on various conti nents. Mutati -

ons at the level of the genes responsible for ca-
vernoma growth generate a lesion characterized 
by dilated thin-walled sinusoids or caverns, co-
vered by a single layer of endothelium that has 
undeveloped intersti ti al juncti ons and suben-
dothelial intersti ti um. (5-12) 

Cavernomas are the second most common 
vascular lesion in the central nervous system af-
ter venous development malformati ons. They 
account for 0.02-0.53% of all intracranial lesions 
and approximately 8-15% of all vascular intra-
cranial malformati ons. A procentage of about 
10-30% of all cases show an associati on be-
tween cavernomas and arteriovenous malfor-
mati ons. 

Due to the silent nature of some cavernomas 
real data regarding the epidemiology of caver-
nomas in the general populati ons is impossible 
to achieve. Literature data states that about 68-
83% of all cavernomas in the CNS are supraten-
torial, 15% are infratentorial (See fi gures 1 a&b) 
and only 5% have spinal implicati ons. (14) The 
majority of cavernomas are located in the white 
substance of the cerebral hemispheres – 21% 
are in the frontal lobe, 16% are in the parietal 
lobe, 15% are in the temporal lobe, and 3.5% 
are in the occipital lobe. According to some au-
thors a procentage of 10-30% of all cavernomas 
are positi oned in the posterior fossa of the skull. 
Frequent locati ons include the cortex, the cere-
bellum, the brain stem and the basal ganglia, 
while rare locati ons include the ventricles (See 
Figures 4 a-d), the pineal area, the cranial nerves 
and opti c chiasm, the orbits and the spine. (14)

The treatment of choice for cavernomas is 
almost always microsurgery due to the extreme 
morbidity and mortality their predispositi on to 
recurrent hemorrhage generates. Obese fama-

tions only managed to remove the tumor as perilesional gliosis was impossible to remove without lesions to 
eloquent areas.

Conclusions. Intracranial cavernomas are rare lesions, usually incriminated when seizures appear. 
When they are asymptomatic the best option for the surgeon is to wait and see how the tumor behaves. When 
seizures appear in the array of symptoms of a given tumor the best prognosis is off ered by lesionectomy with 
the removal of perilesional gliosis.

Neuronavigation guided surgery has managed in most cases to facilitate complete removal of such tumors 
and to avoid postoperative deffi  cit with the improvement of clinical results. Furthermore, neuronavigation 
removes the necessity of an unpleasant stereotactic frame. 

When intracerebral hemorrhage occurs, surgery is mandatory and represents a neurosurgical emergency. 
In multiple tumors, the bleeding cavernoma must be removed. The eff ectiveness of Gamma Knife Surgery 
(GKS) is debatable. 

Keywords: intracranial cavernomas, microneurosurgery, seizures, intracerebral hemorrhage, 
MRI, neuronavigation, Gamma Knife Surgery (GKS)
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les around the age of 40 have some of the high-
est rates of recurrences. (15)

There is a 0.6% rate of annual hemorrhage in 
pati ents who never had a hemorrhage before 
while pati ents who had a prior hemorrhage, 
have an annual rate of re-bleeding of 4.5%. 
There is signifi cant data in the literature demon-
strati ng that intracranial cavernomas represent 
a contraindicati on to pregnancy or vaginal deliv-
ery in female pati ents. (16-17)

The natural evoluti on of cavernomas is to-
tally unpredictable and many of them remain 
asymptomati c in some individuals being discov-
ered incidentally (post-traumati c CT scans). A 
wide series of factors are known to be risk ele-
ments in the appearance of cavernoma symp-
toms: arterial hypertension, stress, extreme 
sports, plane travel, AVM associati on etc. 

Furthermore, haemorrhagic att acks are 
known to be twice as frequent in cavernomas 
positi oned in the posterior cranial fossa and in 
female pati ents. (15)

Cavernomas of the CNS can be broadly de-
scribed as clusters of enlarged anomalous blood 
vessels lined by a malfuncti oning endothelium, 
bound together by a rich collagenous matrix. 
The endothelium lacks the presence of water-
ti ght juncti ons between cells as well as the sup-
port of cells such as pericytes, smooth muscle 
cells or astrocyti c processes. The clinical transla-
ti on of this aspect refl ects as a malfuncti oning 
blood-brain barrier and chronic bleeding in the 
surrounding ti ssue. The classifi cati on of caver-
nomas which was fi rst made by Zabramski et al., 
(7) can be seen in Table 1. 

TABLE 1. Cavernoma classifi cati on aft er Zabramski et 
al. (7)

Lesion 
type

MRI signal characteristi cs

Type IA T1: hyperintense focus of hemorrhage
T2: hyper or hypointense focus of 
haemorrhage extending through 
at least one wall of the hypointense rim that 
surrounds the lesion. 
Focal odema may be present

Type 1B T1: hyperintense focus of hemorrhage
T2: hyper or hypointense focus of hemorrhage 
surrouned by a hypointense rim

Type II T1: reti culated mixed signal core
T2: reti culated mixed signal core surrounded 
by a hypointense rim

Type III T1: iso or hypointense
T2: hypointense with a hypointensse rim that 
magnifi es size of lesion
GE: hypointense with greater magnifi cati on 
that T2

Type IV T1: poorly seen or not visualised at all
T2: poorly seen or not visualised at all
GE: punctate hypointense

Clinically, the lesions become symptomati c 
when their size becomes larger than 1 cm. The 
increase in size translates into symptoms such 
as headache, seizures, focal neurologic defi cit 
and last but not least hemorrhage which repre-
sents indicati on for urgent surgery due to its vi-
tal risk. 

From a macroscopic point of view, caverno-
mas are well-defi ned lesions and because of 
their lobulated appearance oft en resemble a 
mulberry. They do not invade the neural ti ssue. 
In contrast to AVMs, large feeding arteries or 
draining veins are not common; therefore blood 

FIGURES 1 a, b. Computed tomography showing a cavernoma in the cerebellum of a pati ent

a b
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fl ow inside the lesion is low. Their mean size is 
usually 1-2 cm, with a range from punctate to 
giganti c examples. The biggest lesion in our 
practi ce was 5 cm in diameter

MATERIALS AND METHODS

Microsurgical removal of the symptomati c 
cavernoma is generally accepted as the most 
eff ecti ve and safe method. Most operated pati -
ents with a lesion in a safely accessible locati on 
usually gain convincing relief of their symptoms. 
Nevertheless, deep or eloquent sites of the bra-
in and intramedullary spine locati on increase 
surgical invasiveness and risks of postoperati ve 
complicati ons, therefore the use of neuronavi-
gati on technology has greatly increased the 
quality of life of pati ents and improved the clini-
cal results dramati cally. 

The goal of the operati ve treatment of a ca-
vernoma is gross total resecti on. (See Figure 2, a 
and b) Parti al removal can signifi cantly increase 
the risk of bleeding with consequent complicati -
ons. Total removal of the lesion requires dissec-
ti on of the lesion from the surrounding brain. 
Thus, if the cavernoma is located within or besi-
de criti cal structures of the brain (e.g. brain 
stem, basal ganglia, motor cortex, speech are-
as), any manipulati on can cause mechanical or 
ischemic damage with concomitant dysfuncti -
ons of the aff ected centers. 

The use of surgical microscopes and micro-
surgical instruments is essenti al in cavernoma 
removal. Preoperati ve planning and mapping of 
eloquent areas adjacent to the cavernoma are 
the most important part of the surgery, as any 
inaccuracy in directi on of approach can lead to 
signifi cant diffi  culti es in fi nding small lesions wi-
thin parenchyma. 

The authors present a study of 99 pati ents 
diagnosed and treated for intracranial caverno-
mas between January 2004 and January 2015 
(11 years). The study encompasses 45 male pa-
ti ents and 44 female pati ents with ages ranging 
between 11 and 56. Most of the pati ents had 
supratentorial cavernomas 72 cases (72.72%), 
while only 27 cavernomas (27.27%) were posi-
ti oned in the infratentorial compartment of the 
skull. Regarding the positi on of the supratento-
rial cavernomas, 29 (40.27%) were in the frontal 
lobe, 13 (18.05%) were in the parietal lobe, 20 
(27.7%) were in the temporal lobe (See Figures 
3a and 3b) , while 3 were in the occipital lobe 
(4.16%). Infratentorial tumors aff ected the 
brainstem in 17 cases (62.9%) while 10 cases 
showed cerebellar implicati on (37.03%). There 
were 7 pati ents in which the authors described 
multi ple tumors. In multi ple cavernomas, the 
diff erenti al diagnosis was made with melanoma 
metastases, hemorrhagic metastases, aspergil-
loma, atrial myxoma metastases and neurocys-
ti cercosis. 

The clinical onset was represented by sei-
zures in 59 cases (59.59%), hemorrhage in 20 
cases (20.20%) and focal neurologic defi cit in 13 
cases (13.13%). The symptoms consisted of sei-
zures in 63 cases (63.63%), focal neurologic def-
icit in 16 cases (16.16%) and hemorrhage in 23 
cases (23.23%) while 9 cases (9.9%) were com-
pletely asymptomati c. The authors chose to 
practi ce a conservati ve management for the 7 
cases with multi ple lesions, the 9 asymptomati c 
cases and 5 cases with deep positi oning. In the 
5 cases with deep cavernomas the pati ents 
were subjected to gamma knife stereotacti c ra-
diosurgery but only 2 pati ents showed response 
to treatment, rendering GKS Treatment debat-
able. (18)

FIGURES 2 a (left ), 
b (right). Pre- and 
post-op CT scans in a 
pati ent with a parietal 
cavernoma. 
The pati ent was ope-
rated using neuronavi-
gati on.
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MICROSURGERY

In pati ents with cavernomas the craniotomy 
and dural opening must be always positi oned 
exactly on the lesion site. Corti cal dissecti on 
may be undertaken via a transgyral or transsul-
cal method as they reduce corti cal lesions and 
expose the tumor in a „keyhole“ fashion. (19-
21) The authors preff er the transsulcal approach 
as the major downside of the transgyral ap-
proach is the necessity to sacrifi ce a larger num-
ber of neurons.

On the other hand, the disrupti on of the ar-
cuate fi bers during transsulcal exposure is not 
proven to be less detrimental than disrupti on of 
verti cal projecti on fi bers aft er the transgyral ap-
proach. (22,23,26) 

The arachnoid membrane should be dissect-
ed slowly, with extreme care regarding the ves-
sels crossing or lying within the sulcus. It is cru-
cial to avoid their injury as subsequent ischemia 
will damage the adjacent cortex. An underlying 
cavernoma can then be easily identi fi ed by the 
adjacent yellow colorati on of the brain ti ssue.

As soon as the cavernoma is identi fi ed the 
surgeon has to pinpoint a glioti c plane and to 
perform a circumferenti al dissecti on around the 
lesion unti l it is free. (19) 

Extreme care must be exerted in dural-based 
cavernomas of the middle fossa as they oft en 
cause profuse bleeding. (19) Perilesional gliosis 
generated by blood breakdown products should 
be removed only when a lesion is located out of 
eloquent areas. Several studies failed to identi fy 
the impact that gliosis removal has on the rem-
nant seizures of a cavernoma pati ent, however 
studies carried out by Hammen et al. and Bau-
mann et al. confi rmed its effi  cacy during long-
term follow-up. (25,27-30) Aft er exeresis of the 
cavernoma is carried out, a precise hemostasis 
is mandatory. Therefore bipolar coagulati on 
with minimal voltage is highly recommended. 

Cavernomas of the brain stem (Figure 5) are 
some of the most challenging neurosurgical pa-
thologies. The decision to operate these pa-
ti ents should be taken only based on the 
existance of previous hemorrhages, the pa-
ti ent’s neurological status, and the ability to 
precisely pinpoint the lesion with regard to local 
anatomy. (24,25)

In these situati ons, the lack of surgical dexte-
rity and the most minute lesion to healthy ti ssue 
may lead to devastati ng outcomes. Risk of post-
operati ve deteriorati on may be similar to having 
an overt hemorrhage from cavernoma. (26) 

FIGURES 3a (upper), 
3b (lower). Pre- and 
post-op aspects in a 
temporal cavernoma



PRACTICA MEDICALÅ – VOL. 10, NR. 2(39), AN 2015

200

A more favorable outcome is expected when 
cavernomas tend to be expressed on the surfa-
ce of the brainstem and the surgical gestures 
are reduced to a minimum. (19) Garrett  and 
Spetzler (33), cited by Kivelev (39), recommends 
a supracerebellar infratentorial or lateral supra-

cerebellar infratentorial approach for lesions 
involving the posterior or posterolateral midbra-
in. (26) To access lesions involving the anterior 
or anterolateral midbrain, a full or modifi ed or-
bitozygomati c craniotomy is recommended. 
(34,35) Also, a retrosigmoid approach may grant 
a safe acces to lateral and anterolateral ponti ne 
lesions.

A posterior ponti ne and posterior medullary 
cavernoma abutti  ng the fl oor of the fourth ven-
tricle is best approached via a suboccipital cra-
niotomy, whereas lateral and anterolateral me-
dullary lesions are reached using a far-lateral 
suboccipital approach. (32,33,36) 

Use of neurophysiologic intraoperati ve mo-
nitoring (IOM) and brainstem auditory evoked 
potenti als (BAEP) during brain stem surgery is 
widely accepted as a remarkable adjunct to mi-
nimize surgical complicati ons and improve out-
come. (37,38) Furthermore somatosensory evo-
ked potenti als, mapping of cranial nerve nuclei, 
free-running electromyography, and muscle 
motor evoked potenti als are a neurosurgeon’s 

a b

c d

FIGURES 4 a-d. MRI scans showing pre- and post-op aspects of a intraventricular cavernoma

FIGURE 5. MRI scan of a cavernoma in the 
brainstem
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armamentarium to identi fy motor and sensory 
tracts and cranial nerve nuclei. (39-41) 

IOM is needed as it allows identi fi cati on of 
the safest entry point to the brain stem and avo-
ids disintegrati on of the tracts and nuclei. How-
ever, in rare cases, false-positi ve and false-nega-
ti ve responses are observed, and the correlati on 
between IOM and postoperati ve outcome may 
not be totally accurate. (38,42,43) 

RADIOTHERAPY

In several studies, pati ents with higher surgi-
cal risks were considered for treatment with 
Gamma Knife Surgery (GKS). (39-46) 

In 2010, Lunsford et al. published a study on 
103 pati ents treated with GKS between 1988 
and 2005. (51) They had noti ced a convincing 
reducti on of hemorrhage rate from 32.5% to 
1.06% in two years aft er GKS. 

Shih and Pan however, provided both GKS 
and microsurgery to 30 pati ents suff ering from 
epilepsy and underlined an advantage of micro-
surgery in terms of epilepsy treatment; 79% of 

surgically treated pati ents had no seizure, whe-
reas GKS managed to remove the seizures of 
only 25% of pati ents. (52) 

Despite the above-menti oned advantages, 
the effi  cacy of GKS over the long term is debata-
ble as the eff ect of GKS on intralumenal blood 
fl ow cannot be objecti vely confi rmed by any re-
liable radiological investi gati on. Furthermore, 
morbidity rates range from 2.5% to 59% and 
mortality ranges from 0% to 8.3%(46). Radiati -
on-induced complicati ons include edema, ne-
crosis, increased seizure frequency, and recur-
rent bleeding. (47,50)

RESULTS
The surgical results were assessed in ti me 

using nati ve, contrast and angio MRI. In the 99 
pati ents presented by the authors, out of the 76 
cases operated, a number of 57 interventi ons 
(75%) managed to completeley remove the lesi-
on and perilesional gliosis. A number of 19 in-
terventi ons only managed to remove the tumor 
as perilesional gliosis was impossible to remove 
without vital risk.

FIGURES 6 a-c. CT scan aspects of a pati ent with a giganti c cavernoma situated in the brainstem. Images d and e 
illustrate the postop results. Note that the situati on of the pati ent was criti cal at admission.

From left  to right: a, b, c

From left  to right: d, e
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The follow up ranges in between 6 months 
and 9 years, with an average ti mespan of 7.6 
years. Follow-up protocols include a clinical exa-
minati on, EEG and MRI every 6 months for the 
fi rst 3 years, followed by yearly clinical assess-
ment and MRI.

According to the Glasgow Outcome Scale 
(GOS) out of the 99 pati ents operated 75.2% 
showed a good recovery, 16.5% showed mode-
rate disability, 8.2% had severe deffi  cits. Fortu-
nately there was no case in vegetati ve status or 
death.

CONCLUSIONS

Intracranial cavernomas are rare lesions, 
usually incriminated when seizures appear. 

When they are asymptomati c the best opti on 
for the surgeon is to wait and see how the tu-
mor behaves. When seizures appear in the array 
of symptoms of a given tumor the best progno-
sis is off ered by lesionectomy with the removal 
of perilesional gliosis.

Neuronavigati on guided surgery has mana-
ged in most cases to facilitate complete removal 
of such tumors and to avoid postoperati ve deffi  -
cit with the improvement of clinical results. 
Furthermore, neuronavigati on removes the ne-
cessity of an unpleasant stereotacti c frame. 
When subarachnoid hemorrhage occurs, sur-
gery is mandatory and represents a vital emer-
gency. In multi ple tumors, the bleeding caver-
noma must be removed. The eff ecti veness of 
GKS is debatable. (18,51-54) 

1. Krayenbuhl H., Yasargil M.G. Die 
vaskulären Erkrankungen im Gebiet der 
Arteria vertebralis und Arteria basilaris. pp 
458-470. Stuttgart, Thieme-Verlag, 1957.

2. Bremmer L., Carson N.B. A case of brain 
tumor (angioma cavernosum) causing 
spastic paralysis and attacks of tonic 
spasms: Operation. Am J Med Sci 
100:219-242, 1890.

3. Dandy W.E. Venous abnormalities and 
angiomas of the brain. Arch Surg 
17:715-793, 1928.

4. McCormick W.F. The pathology of vascular 
(„arteriovenous“) malformations. 
J Neurosurg. 24(4):807-816. 1966

5. Cohen D.S., Zubay G.P., Goodman R.R. 
Seizure outcome after lesionectomy for 
cavernous malformations. J Neurosurg 
83:237-242, 1995. 

6. Robinson J.R., Awad I.A., Little J.R. 
Natural history of the cavernous angioma. 
J Neurosurg 75:709-714, 1991.

7. Zabramski J.M., Wascher T.M., Spetzler 
R.F., Johnson B., Golfi nos J., Drayer 
B.P., Brown B., Rigamonti D., Brown G. 
The natural history of familial cavernous 
malformations: results of an ongoing study. 
J Neurosurg 80:422-432, 1994.

8. Rigamonti D., Hadley M.N., Drayer B.P., 
Johnson P.C., Hoenig-Rigamonti K., 
Knight J.T., Spetzler R.F. Cerebral 
cavernous malformations. Incidence and 
familial occurrence. N Engl J Med 
319:343-347, 1988.

9. Russel D.S., Rubenstein L.J. Pathology of 
tumors of the nervous system, in Baltimore, 
Williams & Wilkins, 1989,

10. Craig H.D., Gunel M., Cepeda O., 
Johnson E.W., Ptacek L., Steinberg G.K., 

Ogilvy C.S., Berg M.J., Crawford S.C., 
Scott R.M., Steichen-Gersdorf E., Sabroe 
R., Kennedy C.T., Mettler G., Beis M.J., 
Fryer A., Awad I.A., Lifton R.P. Multilocus 
linkage identifi es two new loci for a 
mendelian form of stroke, cerebral cavernous 
malformation, at 7p15-13 and 3q25.2-27. 
Hum Mol Genet 7:1851-1858, 1998.

11. Dubovsky J., Zabramski J.M., Kurth J., 
Spetzler R.F., Rich S.S., Orr H.T., Weber 
J.L. A gene responsible for cavernous 
malformations of the brain maps to 
chromosome 7q. Hum Mol Genet 
4:453-458, 1995.

12. McCormick W.F., Nafzinger J.D. „Cryptic“ 
vascular malformations of the central 
nervous system. J Neurosurg 24:865-875, 
1966.

13. Wong J.H., Awad I.A., Kim J.H. 
Ultrastructural pathological features of 
cerebrovascular malformations: a 
preliminary report. Neurosurgery 46:1454-
1459, 2000.

14. Ciurea A.V., Coman T., Gambardella G. 
Actualitati in cavernoamele intracraniene. 
Ed. Universitară „Carol Davila“, Bucureşti, 
2005.

15. Ciurea A.V., Nastase C., Tascu A., Brehar 
F.M. Lethal recurrent hemorrhages of a 
brainstem cavernomas. Neurosurg Rev, 
30(3); 259-262, 2007

16. Kondziolka D. Monaco E.A. 3rd, 
Lunsford L.D. Cavernous malformations 
and hemorrhage risk. Prog Neurol Surg 27; 
141-146, 2013.

17. Kalany M.Y., Zabramski J.M. Risk for 
symptomatic hemorrhage of cerebral 
cavernous malformations during pregnancy. 
J Neurosurg 118(1); 50-55, 2013

18. Steiner L., Karlsson B., Yen C.P., Torner 
J.C., Lindquist C., Schlesinger D. 
Radiosurgery in cavernous malformations: 
Anatomy of a controversy. J Neurosurg 
113(1); 16-21, 2010

19. Samii M., Eghbal R., Carvalho G.A., 
Matthies C. Surgical Management of 
Brainstem Cavernomas. J Neurosurg, 
95(5), 825-832, 2001

20. Kivelev J., Niemela M., Blomstedt G., 
Roivainen R., Lehecka M., Hernesniemi 
J. Microsurgical Management of Temporal 
lobe cavernomas. Acta Neurochir, 153: 
261-270, 2011

21. Davis D.H., Kelly P.J. Stereotactic 
resection of occult vascular malformations. 
J Neurosurg 72:698-702, 1990.

22. Harkey H.L., al-Mefty O., Haines D.E., 
Smith R.R. The surgical anatomy of the 
cerebral sulci. Neurosurgery 24:651-654, 
1989. 

23. Ribas G.C., Yasuda A., Ribas E.C., 
Nishikuni K., Rodrigues A.J., Jr: Surgical 
anatomy of microneurosurgical sulcal key 
points. Neurosurgery 59:ONS177-210; 
discussion ONS210-1, 2006.

24. Harkey H.L., al-Mefty O., Haines D.E., 
Smith R.R. The surgical anatomy of the 
cerebral sulci. Neurosurgery 24:651-654, 
1989.

25. Shah M.V., Heros R.C. Microsurgical 
Treatment of Supratentorial Lesions, in 
Awad I, Barrow DL (eds): Cavernous 
Malformation. Park Ridge, Illinois, Americal 
Association of Neurological Surgeons, pp. 
101-116, 1993, 

26. Vives K.P., Gunel M., Awad I. Surgical 
Management of Supratentorial Cavernous 
Malformation, in Winn RH (ed): Youmans 

REFERENCES



PRACTICA MEDICALÅ – VOL. 10, NR. 2(39), AN 2015

203

Neurological Surgery. pp 2305-2320. 
Philadelphia, Saunders, 2004 

27. Baumann C.R., Schuknecht B., Lo Russo 
G., Cossu M., Citterio A., Andermann F., 
Siegel A.M. Seizure outcome after 
resection of cavernous malformations is 
better when surrounding hemosiderin-
stained brain also is removed. Epilepsia 
47:563-566, 2006.

28. Baumann C.R., Acciarri N., Bertalanffy 
H., Devinsky O., Elger C.E., Lo Russo G., 
Cossu M., Sure U., Singh A., Stefan H., 
Hammen T., Georgiadis D., Baumgartner 
R.W., Andermann F, Siegel A.M. Seizure 
outcome after resection of supratentorial 
cavernous malformations: a study of 168 
patients. Epilepsia 48:559-563, 2007.

29. Casazza M., Broggi G., Franzini A., 
Avanzini G., Spreafi co R., Bracchi M., 
Valentini M.C. Supratentorial cavernous 
angiomas and epileptic seizures: 
preoperative course and postoperative 
outcome. Neurosurgery 39:26-32; 
discussion 32-4, 1996.

30. Hammen T., Romstock J., Dorfl er A., 
Kerling F., Buchfelder M., Stefan H. 
Prediction of postoperative outcome with 
special respect to removal of hemosiderin 
fringe: a study in patients with cavernous 
haemangiomas associated with 
symptomatic epilepsy. Seizure 16:248-253, 
2007.

31. Zevgaridis D., van Velthoven V., Ebeling 
U., Reulen H.J. Seizure control following 
surgery in supratentorial cavernous 
malformations: a retrospective study in 77 
patients. Acta Neurochir (Wien) 
138:672-677, 1996.

32. Porter R.W., Detwiler P.W., Spetzler R.F. 
Infratentorial Cavernous Malformations, in 
Richard WR (ed): Youmans Neurological 
Surgery. pp 2321-2339. Philadelphia, 
Saunders, 2004, 

33. Garrett M., Spetzler R.F. Surgical 
treatment of brainstem cavernous 
malformations. Surg Neurol 72 Suppl 
2:S3-9; discussion S9-10, 2009.

34. Lemole G.M., Jr, Henn J.S., Zabramski 
J.M., Spetzler R.F. Modifi cations to the 
orbitozygomatic approach. Technical note. 
J Neurosurg 99:924-930, 2003.

35. Zabramski J.M., Kiris T., Sankhla S.K., 
Cabiol J., Spetzler R.F. Orbitozygomatic 

craniotomy. Technical note. J Neurosurg 
89:336-341, 1998.

36. Gross B.A., Batjer H.H., Awad I.A., 
Bendok B.R. Brainstem cavernous 
malformations. Neurosurgery 64:E805-18; 
discussion E818, 2009.

37. Ng W.H., Mukhida K., Rutka J.T. Image 
guidance and neuromonitoring in 
neurosurgery. Childs Nerv Syst 26:491-502, 
2010.

38. Eisner W., Schmid U.D., Reulen H.J., 
Oeckler R., Olteanu-Nerbe V., Gall C., 
Kothbauer K. The mapping and continuous 
monitoring of the intrinsic motor nuclei 
during brain stem surgery. Neurosurgery 
37:255-265, 1995.

39. Kivelev I. Brain and Spinal Cavernomas 
– Helsinki Experience (Academic 
disertation) Helsinki University Press, 2010. 
ISBN 978-952-10-6665-8 (PDF)

40. Sala F., Manganotti P., Tramontano V., 
Bricolo A., Gerosa M. Monitoring of motor 
pathways during brain stem surgery: what 
we have achieved and what we still miss? 
Neurophysiol Clin 37:399-406, 2007.

41. Morota N., Deletis V., Epstein F.J., Kofl er 
M., Abbott R., Lee M., Ruskin K. Brain 
stem mapping: neurophysiological 
localization of motor nuclei on the fl oor of 
the fourth ventricle. Neurosurgery 37:922-9; 
discussion 929-30, 1995.

42. Dong C.C., Macdonald D.B., Akagami R., 
Westerberg B., Alkhani A., Kanaan I., 
Hassounah M. Intraoperative facial motor 
evoked potential monitoring with 
transcranial electrical stimulation during 
skull base surgery. Clin Neurophysiol 
116:588-596, 2005.

43. Ginsburg H.H., Shetter A.G., Raudzens 
P.A. Postoperative paraplegia with 
preserved intraoperative somatosensory 
evoked potentials. Case report. 
J Neurosurg 63:296-300, 1985.

44. Sala F., Manganotti P., Tramontano V., 
Bricolo A., Gerosa M. Monitoring of motor 
pathways during brain stem surgery: what 
we have achieved and what we still miss? 
Neurophysiol Clin 37:399-406, 2007.

45. Amin-Hanjani S., Ogilvy C.S., Candia 
G.J., Lyons S., Chapman P.H. Stereotactic 
radiosurgery for cavernous malformations: 
Kjellberg’s experience with proton beam 
therapy in 98 cases at the Harvard 

Cyclotron. Neurosurgery 42:1229-36; 
discussion 1236-8, 1998.

46. Chang S.D., Levy R.P., Adler J.R., Jr, 
Martin D.P., Krakovitz P.R., Steinberg 
G.K. Stereotactic radiosurgery of 
angiographically occult vascular 
malformations: 14-year experience. 
Neurosurgery 43:213-20; discussion 2201, 
1998.

47. Hsu P.W., Chang C.N., Tseng C.K., Wei 
K.C., Wang C.C., Chuang C.C., Huang 
Y.C. Treatment of epileptogenic 
cavernomas: surgery versus radiosurgery. 
Cerebrovasc Dis 24:116-20; discussion 
121, 2007.

48. Huang Y.C., Tseng C.K., Chang C.N., Wei 
K.C., Liao C.C., Hsu P.W. LINAC 
radiosurgery for intracranial cavernous 
malformation: 10-year experience. Clin 
Neurol Neurosurg 108:750-756, 2006.

49. Kondziolka D., Lunsford L.D., Flickinger 
J.C., Kestle J.R. Reduction of hemorrhage 
risk after stereotactic radiosurgery for 
cavernous malformations. J Neurosurg 
83:825-831, 1995.

50. Liu K.D., Chung W.Y., Wu H.M., Shiau 
C.Y., Wang L.W., Guo W.Y., Pan D.H. 
Gamma knife surgery for cavernous 
hemangiomas: an analysis of 125 patients. 
J Neurosurg 102 Suppl:81-86, 2005.

51. Lunsford L.D., Khan A.A., Niranjan A., 
Kano H., Flickinger J.C., Kondziolka D. 
Stereotactic radiosurgery for symptomatic 
solitary cerebral cavernous malformations 
considered high risk for resection. 
J Neurosurg; 113(1): 23-29; 2010.

52. Shih Y.H., Pan D.H. Management of 
supratentorial cavernous malformations: 
craniotomy versus gammaknife 
radiosurgery. Clin Neurol Neurosurg 
107:108-112, 2005.

53. Pham M., Gross B.A., Bendok B.R., 
Awad I.A., Batjer H.H. Radiosurgery for 
angiographically occult vascular 
malformations. Neurosurg Focus 26:E16, 
2009.

54. Takenaka N., Imanishi T., Sasaki H., 
Shimazaki K., Sugiura H., Kitagawa Y., 
Sekiyama S., Yamamoto M., Kazuno T. 
Delayed radiation necrosis with extensive 
brain edema after gamma knife 
radiosurgery for multiple cerebral 
cavernous malformations – case report. 
Neurol Med Chir (Tokyo) 43:391-395, 2003.


