
INTRODUCTION

Cavernous malformations (CMs) are characterized by 

dilated sinusoidal channels lined with a single layer of 

endothelium and are related to capillary telangiectasias 

and developmental venous anomalies.[1] CMs affect 

0.4%–0.5% of the population, which is relatively com-

mon. Symptoms result from recurrent hemorrhage or 

thrombosis in supratentorial lesions, such as seizures 

or focal neurological symptoms in the brainstem, basal 

ganglia, or spinal cord. 

The annual risk of hemorrhage associated with CM in 
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Background: Brainstem cavernous malformations (CMs) are characterized by dilated sinusoidal 
channels related to capillary telangiectasia and developmental venous anomalies. Brainstem CM 
hemorrhages present with focal neurological symptoms, according to their invasive lesions. Surgical 
removal should be considered for symptomatic and recurrent bleeding of brainstem CMs. Despite 
the risk of surgery with highly eloquent tissue, surgical removal should be performed to protect 
patients from stepwise decline due to recurrent hemorrhage. The approaches for treating brainstem 
CMs are retrosigmoid, far lateral, midline suboccipital with or without telovelar, orbitozygomatic, 
and supracerebellar-infratentorial. Pontine and medullary CMs are approached via retrosigmoid, far 
lateral, and suboccipital craniotomies, with or without the telovelar approach. 
Materials and Methods: The telovelar approach is the standard approach used for pontine brain-
stem CMs. Patients with brainstem CMs treated using the telovelar approach were enrolled from 
three institutions. 
Results: All three patients had no further neurological deficits after surgery. 
Conclusions: The surgical results suggest that the telovelar approach for pons and pontomedul-
lary junction brainstem CMs is safe and effective.
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patients with no history of previous hemorrhage ranged 

from 0.6% to 1.1% per year.[2] With prior hemorrhage, 

the incidence increased from 4.5% to 60% per year.[3-8] 

The risk of rebleeding was higher in recent hemorrhage, 

extralesional hemorrhage, mass effects, and edema.

Although surgery can eliminate the potential for re-

current hemorrhage from CMs of the brainstem, resec-

tion can cause dangerous complications. To determine 

the patients who should undergo surgery, the risk and 

natural history of CM should be balanced. The surgical 

indications were as follows: (1) history of multiple hem-

orrhages, (2) severe progressive symptoms, and (3) acute 

or subacute hemorrhage with a significant mass effect.

[9]

For brainstem CMs, the following surgical approaches 

are used: retrosigmoid, far lateral, midline suboccipital 

with or without telovelar, orbitozygomatic, and supra-

cerebellar-infratentorial. Specific approaches were 

selected on a case-by-case basis depending on the ana-

tomical location of the lesion.[10] 

The telovelar approach was first used by Matsushima 

et al. [11] in the early 1980s. This approach avoids the 

cerebellar vermis while providing wide operative expo-

sure to the fourth ventricle.[12-14] The advantage of the 

telovelar approach is exceptional access to the supero-

lateral and lateral recesses and the foramen of Luschka.

[12,14]

Here, we reviewed three cases of pontine and medul-

lary CMs with surgical resection performed using the 

suboccipital telovelar approach.

METHODS

1. Patient characteristics

Between January 2019 and December 2022, patients 

with brainstem CMs treated using the telovelar ap-

proach were enrolled from three institutions. Despite 

the variations in technical details, three neurosurgeons 

followed the same key steps. All CMs were diagnosed 

using brain computed tomography and magnetic reso-

nance imaging (MRI) scans. The demographic features, 

radiographic images, and operative videos were thor-

oughly reviewed. Postoperative neurological deficits 

were assessed using postoperative images. All proce-

dures involving human participants performed in this 

study were in accordance with the ethical standards of 

the Institutional Review Board of Chungnam National 

University Hospital (IRB No. CNUH 2023-09-002), and 

the 1964 Helsinki Declaration and its later amendments, 

or comparable ethical standards. The requirement for 

formal consent was waived. 

2. Telovelar approach and technical nuances

The telovelar approach has been previously described 

in the literature.[15] A standard midline suboccipital 

craniotomy was performed with unroofing of the fora-

men magnum in the prone position. Exposure of the 

transverse sinus was not necessary. If the lesion ex-

tended upward into the cerebral aqueduct and lateral 

recess, C1 laminectomy may be beneficial for visualiza-

tion through an extended inferior-to-superior operative 

trajectory. The dura mater was incised in a curvilinear 

or Y-shaped manner and retracted superiorly. After the 

arachnoid membrane was incised at the midline, the in-

ferior cerebellar surface, cerebellar tonsils, and the pyr-

amid of the vermis were exposed (Fig. 1). The arachnoid 

membranes were tacked to the dura mater using metal 

ligation clips (HorizonTM clip; Teleflex Medical Incor-

porated, Wayne, PA, USA). The medullotonsillar space 

of the cerebellomedullary fissure and the uvulotonsil-

lar space were sharply dissected to release the tonsils 

from the uvula and medulla oblongata, bilaterally. The 

medial surface of the two tonsils was then retracted su-

pralaterally, and the uvula was retracted superomedially 

to expose the floor of the fissure, that is, the inferior 

medullary velum and tela choroidea. The tela choroi-

dea, which forms the caudal part of the lower half of 

the roof of the fourth ventricle, was coagulated and 

incised superolaterally from the foramen of Magendie, 

and the inferior medullary velum was further divided to 

Inseo Hong, et al.

76 https://doi.org/10.55911/JKSBS.23.0010

JKSBS



access the fourth ventricular floor and lateral recesses. 

Subsequently, the uvula was free to retract to expose 

the fourth ventricle, and dynamic retraction was used to 

expand and secure the uvulotonsillar space. The pos-

terior inferior cerebellar artery (PICA) is closely associ-

ated with these spaces. The telovelotonsillar segment of 

the PICA turns upward along the medial surface of the 

tonsil and passes through the cleft between the tonsils 

and tela choroidea and later between the tonsils and 

inferior medullary velum. Most PICAs bifurcate into the 

medial and lateral trunks around the tonsils. The medial 

trunk ascends to supply the vermis, and the lateral trunk 

passes laterally over the tonsils to supply most of the 

hemispheric and tonsillar surfaces. During dissection, 

meticulous tracing and release of the PICA are manda-

tory to avoid vascular damage.

After floor exposure, surgical landmarks, including the 

obex, median sulcus, striae medullaris, vagal triangle, 

hypoglossal triangle, median eminence, and facial col-

liculus, were carefully identified (Fig. 2). In many cases, 

it may be difficult to inspect and identify structures 

because of lesions. A neuronavigation system and intra-

operative brainstem mapping using a monopolar probe 

are essential for confirming a safe surgical trajectory 

while avoiding unnecessary brainstem damage. In this 

case series, the infrafacial collicular safety zone was 

used as the entry point. The hematoma was removed 

after exposing the CM through a minimal incision in 

the brainstem. Usually, the brainstem decompresses 

rapidly after hematoma evacuation, and the CM can be 

Fig. 1. Stepwise illustration of the exposure of the fourth ventricle floor. (A) After the arachnoid membrane is incised at midline, the 
cerebellar tonsils (asterisk) and the pyramid of vermis (star) are exposed. Note that the arachnoid membranes are tacked up to the dura 
mater using metal ligation clips. (B) The cerebellar tonsils are retracted, and the fourth ventricle floor and the obex and area postrema 
(asterisk) are exposed. The tonsilomedullary segment of the posterior inferior cerebellar artery (PICA, black arrow) can be traced along 
the posterolateral medulla and inferior cerebellar peduncle, which ascends between the tonsils and medulla to reach the interval between 
the tonsils and uvula. The PICA and its cortical branches (white arrow) should be preserved. (C) After arachnoid dissection between 
the tonsils and uvula (star) with the retraction of the tonsils, the tela choroidea (asterisk) and choroid plexus are exposed. (D) The tela 
choroidea and part of the inferior velum are incised to widely expose the fourth ventricle. The median sulcus (white arrow) is deviated 
towards the contralateral side of the pontine hematoma. The landmarks include the hypoglossal triangle (asterisk), stria medullaris (black 
thick arrows), facial colliculus (star), and sulcus limitans (black arrow).
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exposed and removed using conventional microsurgi-

cal techniques. Minimal coagulation around the normal 

brainstem tissue is required. To visualize the rostral 

portion of the lesion, the microscope was rotated to an 

orthogonal or inverted angle (Fig. 3). After the removal 

of the CM, routine watertight dural closure was per-

formed.

RESULTS

1. Surgical outcomes

Three patients with brainstem CM underwent suc-

cessful resection using the telovelar approach without 

noticeable complications. The surgeries were performed 

by three different neurosurgeons in the respective insti-

tutions. One neurosurgeon performed each operation 

on one patient. Patient demographics and surgical out-

comes are summarized in Table 1.

2. Clinical presentation

1) Case 1

A 49-year-old man presented with a CM with recur-

rent bleeding. He had been diagnosed with pontine CM 

one year ago. The maximum diameter of the lesion was 

0.3 cm when it was first diagnosed incidentally after a 

traffic accident. The tumor size increased to a maxi-

mum diameter of 1.2 cm during the follow-up period. 

On clinical examination, the patient had dizziness, dip-

lopia, and paresthesia of the left side of the face and 

the upper and lower extremities. The patient was hos-

Fig. 2. Operative findings and surgical nuances. (A) An initial incision is made and widened in the infrafacial collicular zone, which is 
inferior to the facial colliculus, lateral to the median eminence and sulcus limitans, and superior to the stria medullaris. (B) After the 
removal of hematoma, a typical appearance of cavernous malformation (CM) is noted (white arrow). (C) CM is completely removed 
using a unilateral telovelar approach. (D) The cerebral aqueduct (black arrow) can be identified by adjusting the microscope viewing 
angle. (E) Continuous warm saline irrigation using a Nelaton catheter situated in the operative field is advantageous to clear hematoma 
and surgical debris. (F) The tonsils and vermis are intact without any retraction injuries.
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pitalized and was managed conservatively. However, he 

experienced progressive neurological deficits, including 

right hemiparesis with complete facial palsy, dysarthria, 

swallowing and voiding difficulties, hearing loss and 

gaze palsy on the right side. After symptom stabiliza-

tion, the patient underwent Gamma Knife radiosurgery. 

The radiation dose was 13 Gy in a 50% isodose line, and 

the target volume was 0.22 mm3. The target volume only 

included the CM without the hematoma volume, which 

was delineated in the previous MRI images. Neverthe-

less, the CM showed rebleeding after radiosurgery and 

became larger, up to a diameter of 2.9 cm. In addition, 

the neurological symptoms worsened, which led us to 

decide to perform surgery (Fig. 4A-4C). The patient un-

derwent a suboccipital craniotomy using the telovelar 

approach. The CM was completely removed, and no 

new neurological deficits were observed. The patient 

was successfully extubated one day after surgery and 

Fig. 3. Medullary cavernous malformation (CM) resected via the telovelar approach. (A) A conventional suboccipital craniotomy without 
C1 laminectomy is performed. Note that the surgeon looks at the surgical field through a microscope from the back of the patient in 
the prone position. (B) The uvula (start) and tela choroidea (asterisk) are widely exposed because of the retraction of the tonsils on 
both sides. The tela choroidea is coagulated and divided superolaterally between the tonsils and uvula. (C) A typical CM with an old 
hematoma protruding towards the fourth ventricular floor is well visualized.

Table 1. Summary of patient demographics and clinical outcomes

Variable
Case No.

1 2 3

Age (yr) 49 68 51
Sex Male Male Female
Location Pons Pons Medulla
Size (cm) 2.9 2.0 2.1
Hemorrhagic event 3 2 1
Previous intervention Radiosurgery None None
Neurologic symptoms Dizziness, paresthesia,  

diplopia, hemiparesis
Dizziness, paresthesia Dizziness

Cranial nerve paresis 6, 7, 8, and lower  
cranial nerves

None 12

Extent of resection Total Total Total
New deficit after surgery None None None
Follow-up period (mo) 12 52 16
Initial mRS 5 4 3
mRS at follow-up 4 1 2

mRS: modified Rankin Scale.
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transferred to the Department of Rehabilitation without 

a remarkable postoperative course. One year after the 

surgery, the patient became ambulatory with assistance. 

Although dysarthria and dysphagia resolved, grade 3 fa-

cial palsy, and right lateral and left medial gaze palsies 

improved gradually.

2) Case 2

A 68-year-old man presented to the outpatient clinic 

with progressive paresthesia in the left upper and lower 

Fig. 4. Preoperative and postoperative images of the cavernous malformation (CM) resected via the telovelar approach. (A, B) Axial 
and sagittal T1 images of preoperative magnetic resonance imaging reveal that the CM is located in the pons with recurrent bleeding; 
hemorrhage is near the fourth ventricle, which makes the telovelar approach suitable. (C) Postoperatively, CM is completely removed 
without any surgical complication. (D, E) The CM is in the lower pons, close to the floor of the fourth ventricle. (F) The lesion is 
resected via the telovelar approach. (G, H) Axial and sagittal T2 images show that the CM is located mainly in the medulla, and is 
protruded to the fourth ventricle. (I) The lesion is completely removed using the telovelar route.
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extremities and dizziness. Brain MRI findings revealed 

pontine CM with recurrent bleeding (Fig. 4D-4F). The 

patient underwent a suboccipital craniotomy using 

the telovelar approach, and the lesion was completely 

removed. After surgery, the patient developed a focal 

hemorrhage in the cerebellar hemisphere and vermis 

without any newly developed neurological deteriora-

tion. The patient was transferred to the Department of 

Rehabilitation and showed complete remission of neu-

rological symptoms during the last follow-up.

3) Case 3

A 51-year-old woman presented with a sudden onset 

of severe dizziness. Physical examination revealed right 

hypoglossal nerve palsy with dysphagia. Nystagmus was 

observed on upward gaze, and esotropia was observed 

in the right eye. MRI findings revealed a CM in the me-

dulla with bleeding (Fig. 4G-4I). The patient underwent 

a suboccipital craniotomy using the telovelar approach, 

and the lesion was completely removed. No new neu-

rological deficits developed postoperatively. However, 

tongue deviation, esotropia, and nystagmus persisted 

for one year after surgery.

DISCUSSION

This study presented 3 cases of brain stem CM with 

surgical management. All three cases were done by 

suboccipital craniotomy with telovelar approach. The 

lesions of CM were pons and pontomedullary junction. 

For pontine and medullary lesions at the floor of the 

fourth ventricle, suboccipital approach with telovelar 

is a suitable surgical approach.[2] With telovoelar ap-

proach, lesions that involve the inferomedial middle 

cerebellar peduncle can be managed.[1]

The surgical approach for fourth ventricle was con-

ventionally done by transvermian approach and through 

cerebellomedullary fissure was not an option because it 

was not complex or poorly understood.[11] Transverm-

ian approach can improve access to the rostral reaches 

of fourth ventricle and can be a safe approach and pro-

vide surgeon to avoid dentate nucleus, however, verm-

ian incision can cause equilibratory disturbances with 

truncal ataxia, staggering gait, oscillation of the head and 

trunk, and nystagmus on erect position, without ataxia 

on voluntary movement of the extremities.[12,16-18] 

In the telovelar approach, the patient is placed in a 

prone position, and a suboccipital craniotomy is per-

formed, followed by cerebellar hemispheric and tonsil-

lar retraction.[12,19] A delicate and meticulous dissec-

tion of the cerebellomedullary fissure is performed.[12-

14] The cerebellomedullary fissure was opened, and the 

uvulotonsillar and medullotonsillar spaces are dissected. 

Dissection of the cerebellomedullary fissure and open-

ing the tela choroidea and/or inferior medullary velum 

provide surgical corridors to the fourth ventricle by.[19-

21]

Opening the tela and velum can provide adequate 

approach for whole floor of the fourth ventricle. Inci-

sion of tela choroidea can gain access to the lateral 

recesses,[12,13,22] with velar incision, accesses to su-

perolateral recesses and upper half of the fourth ven-

tricular roof and floor can be done.[23,24] The exposure 

of fourth ventricle can be improved with C1 laminec-

tomy,[12] bilateral opening of the telovelum,[13,23,24] 

and tonsilar retraction or resection.[13] Compared to 

tonsilar retraction, tonsilar resection improves exposure 

to the lateral recess and cerebral aqueduct.[13]

If the tela choroidea or inferior medullary velum is 

opened correctly, there are no neurological deficits. 

However, injuries to the dentate nucleus, cerebellar pe-

duncles, cranial nuclei in the fourth ventricle, and PICA, 

which are eloquent structures, can result in neurologi-

cal deficits during fissure dissection, tonsillar dissection, 

or lesional extirpation.[25] Deficits typically result from 

aggressive resection of infiltrating lesions,[26] from the 

lesional infiltration proper, as well as from the surgical 

dissection.

The safety zone with telovelar approach is suprafacial 

and infrafacial entry zone.[27] The midline and lateral 

extensions in middle longitudinal fasciculus and the 

lateral aspect of the central tegmental tract should be 
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avoided for both entry zones. Injury of the structures 

can lead to conjugate gaze palsy, extrapyramidal symp-

toms, or palatal myoclonus.[28,29] The medullary stria 

and lateral recess are the landmarks to avoid facial col-

liculous from cranial nerve VII. Use of the landmarks, 

intraoperative neurophysiological monitoring, and neu-

ronavigation can help avoid the structures.

In telovelar approach, PICA is frequently exposed 

during surgery. Occlusion of the branches of the dis-

tal medullary branch of PICA at the level of the fourth 

ventricle can induce rotatory nausea, vomiting, dizzi-

ness, inability to stand or walk, and nystagmus without 

appendicular dysmetria.[30] The choroidal branches of 

PICA which can be sacrificed while opening the tela, 

however these branches rarely have neural branches.

[22] Liu and Kasper [23] reports 3 cases of ventricle tu-

mor removal with telovelar approach, each patient with 

meningioma, solitary fibrous tumor of the central ner-

vous system, and ependymoma. In all cases PICAs were 

preserved.[23] Eissa [31] reported 40 cases of fourth 

ventricular tumors undergoing telovelar approach with 

early exposure of PICAs and conservation of the artery. 

There has been no reports of neurological deficits after 

telovelar approach.[22] 

Despite the vermian sparing approach, cerebellar 

mutism can occur in cases where the telovelar unit is 

opened bilaterally.[23,24] Intention tremor, dysmetria, 

and decomposition of movement can occur in injuries 

to superior cerebellar peduncle while operating the 

rostral reaches of the fourth ventricle.[22] Ataxia, dys-

metria during voluntary movement, and hypotonia can 

occur in lesions of middle cerebellar peduncle.[17,18]

All three patients had neurological deficits with 

brainstem CM, and the telovelar approach was used for 

its removal. After surgery the patients reported no fur-

ther neurological deficits with the use of intraoperative 

neurophysiological monitoring and neuronavigation. 

Despite our cases were few, the patients had no surgical 

complications after surgery, suggesting that the telove-

lar approach a safe approach for brainstem CM in pos-

terior pons and pontomedullary junction.

This study had some limitations which included small 

sample size and the fact that the surgeries were per-

formed by different surgeons. The lack of a control 

group also made it difficult to compare the advantages 

and disadvantages of the telovelar approach with those 

of other surgical approaches.

In conclusion, the telovelar approach is safe and ef-

fective for the treatment of posterior pons and medul-

lary CMs. Further studies are warranted to validate this 

surgical approach for pons and medullary CMs.
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