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Abstract
Background: The incidence of cavernous carotid aneurysms (CCAs) of intracranial aneurysms is 
low. Majority of cases presented as incidental findings with benign natural progression. The most 
common presenting symptoms are multiple cranial neuropathies among symptomatic patients. The 
treatment modalities for symptomatic patients include direct surgical clipping, endovascular coil 
embolization, or placement of flow diverter, or indirect procedures such as occlusion of parent artery 
with and without revascularization techniques. The advancement in the microsurgical treatments 
and endovascular devices have enable a high success rate in the treatment of patients with CCAs 
with low morbidity and mortality rates. Objective: To study the surgical outcomes of patients with 
cavernous aneurysm who underwent high‑flow bypass between 2015 and 2020 in our institution. 
Materials and Methods: A total of six patients in a single institution presented with CCAs who were 
treated with high‑flow bypass surgery were included in this case‑series. A single‑case illustration was 
presented focusing on the details of surgical case management of CCA. The intraoperative middle 
cerebral artery (MCA) pressure monitoring during bypass surgery was also described. Results: All 
five female patients and one male patient who were diagnosed with cavernous carotid aneurysms 
were studied. The mean age was 68.8 years old (range: 24‑84 years old) and the mean size of 
the aneurysm was 19.6mm (range:  9.7 – 30mm). There were successfully treated with high flow 
bypasses using radial artery graft without any neurological sequelae. Conclusion: The surgical 
treatments of cavernous carotid aneurysms should be limited to experienced neurosurgeons in view 
of significant risk of morbidity and mortality. Endovascular procedures may be the main stay of 
treatments. The success shown in this case series with parent artery occlusion and bypass surgery 
may provide an safe alternative to the endovascular treatment.
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Introduction
Cavernous carotid aneurysms (CCAs) 
account for 2%–9% of all intracranial (IC) 
aneurysms.[1,2] Bilateral CCAs are even 
more rare.[3,4] It has a relatively benign 
natural history and most patients are 
often asymptomatic.[5] However, there are 
those patients presented with multiple 
cranial neuropathies due to the mass 
effect. CCAs can rupture and resulting 
in direct cavernous‑carotid fistula (CCF). 
This classified as Type A, direct high‑flow 
CCF.[5] They may also rupture into the 
subarachnoid space, which is considered 
one of the transitional variant causes of 
subarachnoid hemorrhage. It may also 
ruptures into the sphenoid air sinuses.[5] 
Thromboembolic event from CCAs may be 
indication to treat small CCAs.[6]

In the literature, the risk of 5‑year rupture 
rates for CCAs is depending on their sizes. 
For CCA <13 mm, the risk of 5‑year 
rupture rate is 0%, between 13 and 24 mm 
is 3% while those above 25 mm is 6.4%.[7] 
The incidence of CCAs is higher in females 
than males.[8] The possible etiologies 
include traumatic (the most common), 
infectious, or idiopathic.[5,8] The risk factors 
for idiopathic CCAs include hypertension, 
cigarette smoking, genetics, and connective 
tissue diseases.[5]

Non‑contrasted computed 
tomography (CT) scan of the brain allows 
detecting of hemorrhage from CCA.[5] The 
preferred neuroimaging in CCAs include 
three‑dimensional (3D) reconstruction 
CT angiogram (CTA). The advantages 
of this imaging are measuring aneurysm 
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dome dimensions, ostium size, and its relationship with 
the surrounding bony structures to look for any bone 
erosion.[5] Magnetic resonance angiography (MRA) 
reduces the imaging artifacts from surrounding osseous 
structures. Hence, a higher accurate 3D images of the 
aneurysm can be reconstructed.[5] The gold standard 
remains at digital subtraction angiogram (DSA) with 
temporal acquisition, and some with advanced rotational 
or 3D‑DSA.[5]

Treatment is indicated in all symptomatic CCAs. Treatments 
are also warranted in asymptomatic patients who presented 
with transitional variant with intradural component, 
extension into sphenoid sinus, origin from anterior genu 
of cavernous internal carotid artery (ICA) or if serial 
radiographic studies showing evidence of enlargement of 
the CCA on follow‑up.[8] The treatment options are shown 
in Table 1. The objective of this study is to evaluate the 
surgical outcomes of patients with cavernous aneurysm 
who underwent high‑flow bypass between 2015 and 2020 
in our institutionn.

Anatomical considerations

The cavernous segment of ICA giving rise to few 
arterial branches namely meningohypophyseal trunk, the 
inferolateral trunk, and capsular arteries of Mc Connell. 
The meningohypophyseal trunk consisting of inferior 
hypophyseal artery, tentorial artery (Bernasconi‑Cassinari), 
and clival branches. The inferolateral trunk consisting 
arteries branches that supply the cranial nerves (CN) of 
the cavernous sinus (CN VI in the sinus proper, and CN 
II and IV, ophthalmic [V1], and maxillary [V2] divisions 
of CN V in the lateral dural wall of cavernous sinus), the 
gasserian ganglion, and cavernous sinus dura. The capsular 
arteries of Mc Connell supply pituitary gland.[5] Hence, 
consideration to the branches from cavernous segment of 
ICA when decided for the treatment of CCA.

Extracranial‑IC (EC‑IC) bypass surgery was first 
reported by Yasargil in 1969.[9] High‑flow EC‑IC cerebral 
revascularization may be needed in the management of 
complex IC aneurysms.[10] High‑flow bypass followed by 
ICA ligation can achieve good clinical outcomes.[11] The 
choice either to use a low‑flow or high‑flow bypass is 
determined by the availability of a supply source from the 
collateral supply and the anticipated cerebral blood flow 
needed.[10]

Subjects and Methods
The surgical outcomes of six patients with cavernous 
aneurysm who underwent high‑flow bypass since the past 
5 years in our institution were presented in this case series. 
We have one case illustration describing in details of 
surgical steps in bypass surgery and trapping of the CCA. 
The intraoperative middle cerebral artery (MCA) pressure 
monitoring during bypass surgery was also described in 
details as an illustrative case.

Results
Case illustration

An 83‑year‑old  female presented to the Fujita Health 
University Bantane Hospital, Nagoya, Japan, with the past 
medical history of chronic hypertension. She first presented 
in January 2020 with gradual worsening of double vision for 
the past few months. She did not suffer from any headache 
or blurring of vision. CTA was performed and left cavernous 
carotid aneurysm measuring 11.7 mm was detected. The 
decision was made for the surgical intervention due to its 
proximity to the anterior genu of the cavernous ICA.

She underwent left carotid‑MCA high‑flow bypass with 
radial artery graft (RAG) and trapping of the left ICA in 
March 2020. Postoperative follow‑up in 3 months found 
that her double vision has improved. Postoperative MRA 
revealed complete resolution of the CCA and good flow 
within the bypass and left MCA circulation.

Below are the preoperative 3D‑CT angiogram of cerebral 
circulation [Figure 1].

Table 1: Treatment option for cavernous carotid aneurysms
Surgical Endovascular
Parent vessel ligation
Parent vessel ligation with bypass
Clipping
Trapping

Endovascular occlusion of 
parent vessel
Coiling with or without stenting
Flow diverters

Figure 1: Preoperative three‑dimensional computed tomography angiogram 
of the left internal carotid artery with cavernous carotid aneurysms (a: 
Anterior view; b: Left lateral view; c: Posterior view; d: Head view with 
bone window)
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The surgical plans include the M3 segment of left MCA 
to superficial temporal artery (STA) end‑side bypass, M2 
segment of left MCA to left common carotid artery bypass 
using RAG; and trapping of the left CCA.

Surgical techniques

Positioning and incision, the patient was positioned in 
supine with the head rotated to the right about 45° with 
the head fixed with 3‑pin head clamp and sandbag below 
the left shoulder. Minimal hair shaving along the intended 
incision site of the left frontotemporal skin flap [Figure 2].

Surgical steps: (i) superficial temporal artery‑middle 
cerebral artery anastomosis (low‑flow bypass)

The skin flap was elevated with careful separation of 
the anterior branch of the left STA from the scalp. The 
temporary clip was applied near the proximal end of 
STA (near the bifurcation of the main trunk) and the 
distal end of STA was cut and flushed with heparin saline. 
The dissection of the sylvian fissure with exposing the 
M3 segment of the left MCA. The preparation of the 
donor end of the STA with “fish mouth” incision was 
performed. The left MCA M3 arteriotomy done for the 
recipient site. STA‑MCA anastomosis was performed with 
10‑0 monofilament nylon. The patency of the bypass was 
checked with indocyanine green (ICG) angiography and 
Doppler sonography [Figure 3].

Surgical steps: (ii) External carotid artery‑middle cerebral 
artery anastomosis (high‑flow bypass)

The neck linear skin incision along the skin crest across the 
junction of the left common carotid artery was performed. 
The distal left common carotid artery with proximal 
left external and internal carotid arteries were exposed. 
Skin incision along the ventral aspect of the left forearm 
exposing the left radial artery. DSA study was carried out 
earlier to check the adequate collateral blood supply by the 
ulnar artery. The harvested RAG with length at least 18 cm 
was flushed then with heparin saline [Figure 4].

A silicon tube was tunneled from the periauricular position 
through a passage of posterior part of the zygoma created 
by a drill toward the apex of cervical skin incision. The 
harvested radial artery was tunneled in the opposite 
direction within the silicon tube (for protection of the 
graft) toward cranial part. The preparation of the donor 

site of the RAG on both ends with “fish mouth” incision 
was performed. The M2 segment of MCA was identified 
and M2 arteriotomy was performed. End to side RAG‑M2 
anastomosis was then performed with 10‑0 monofilament 
nylon. The left external carotid arteriotomy was done 
for the recipient site. End to side RAG‑external carotid 
artery (ECA) anastomosis was performed [Figure 4]. The 
patency of both bypasses was checked using ICG and 
Doppler sonography [Figure 5].

Surgical steps (iii) Intraoperative middle cerebral artery 
pressure monitoring

The assessment of intraoperative MCA pressure is 
important to ensure adequate brain perfusion especially in 
the MCA territory after the bypasses and occlusion of the 
ICA.

Table 2 shows illustrative case with the comparison of 
the systolic, diastolic, and mean arterial pressure between 
peripheral readings with the readings from the pressure 
transducer placed at the branch STA near to the M3. 
Ligation of proximal ICA with two 1.0 silk threads when 
the surgeon was satisfied with the patency of both bypasses 
and the MCA pressure at the baseline readings following 
temporary occlusion of ICA [Figure 6].

Intraoperative and postoperatively were uneventful. 
The patient was subsequently extubated without any 
immediate neurological deficits. Although the parent 
vessel was not ligated distally, the postoperative MRA 
showed disappearance of the thrombosed aneurysm and 
the proximal Left ICA with patency of STA‑M3 and 
ECA‑RA‑M2 bypasses [Figure 7]. On follow‑up on 3 and 
6 months, no delayed neurological deficits or ischemic 
changes from the follow‑up magnetic resonance imaging.

The illustrated case above was one of the six cases of 
cavernous aneurysm with high‑flow bypass since the past 
5 years in our institution [Table 3].

Discussion
The treatment options of CCAs are varies. These include 
direct treatment of the CCA itself, or indirect treatment 
options.[12] The direct treatments include clipping of the 
aneurysm or endovascular coil embolization. Careful patient 
selection is crucial for optimal outcome with acceptable 
rates of morbidity. The indirect treatment options include 

Figure 2: Illustration showing the positioning and skin markings (a) Minimal hair shaving with marking of the left frontotemporal scalp marking; (b) Skin 
marking of the neck skin incision along the skin crest and marking of the angle of the left mandible; (c) Skin marking on the left forearm of the underneath 
location of the radial artery localized by ultrasound Doppler
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Hunterian strategies (parent artery occlusion) with or 
without revascularization procedures.[5] Asymptomatic 

CCAs may be follow‑up with expectant management unless 
sufficient evidence to suggest growth of the aneurysm.

Figure 3: Superficial  temporal artery‑M3 anastomosis  (a) Scalp  incision;  (b) Harvesting superficial  temporal artery;  (c) Harvested anterior branch of 
the superficial  temporal artery with the main trunk;  (d) Sylvian fissure dissection;  (e) Preparation of donor end of  the superficial  temporal artery for 
anastomosis; (f) Left middle cerebral artery M3 arteriotomy; (g and h) superficial temporal artery‑M3 end to side anastomosis; (i) Checking flow using 
micro‑Doppler; (j) indocyanide green showing good superficial temporal artery‑M3 blood flow; (k) Postsuperficial temporal artery‑M3 bypass FLOW 800 
analysis demonstrates yellow color indicating good artery blood flow
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Figure 4: External carotid artery‑radial artery graft‑M2 bypass (a) harvesting left radial artery graft; (b) Exposing the distal left cavernous carotid aneurysms, 
proximal left external carotid artery and internal carotid artery; (c) and (d) Tunneling of the radial artery graft from cranial to neck; (e) Preparation of donor 
site of the radial artery graft; (f) Marking of M2 for arteriotomy; (g) Left middle cerebral artery M2 arteriotomy; (h) radial artery graft‑M2 anastomosis; (i) 
Left external carotid arteriotomy; (j) End to side radial artery graft‑external carotid artery anastomosis; (k) Checking the blood flow from radial artery 
graft to M2 using micro Doppler; (l) indocyanine green showing good flow from radial artery graft to the M2; (m and n) Double ligations of the proximal 
internal carotid artery; (o) indocyanine green showing blood flow within external carotid artery and external carotid artery ‑ radial artery graft bypass with 
no flow in the internal carotid artery
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Endovascular procedure with ICA trapping using 
detachable coils or stent‑assisted coil embolization are an 
effective treatment modality in patients with CCAs.[12,13] 
However, those with extremely tortuous course of ICA and 
the diameter of perianeurysmal ICA is more than 5.25 mm, 
then surgical option may be preferred.[12] Endovascular 
treatment with pipeline embolization device (PED) is 
used for complex and broad‑based CCAs.[12] The main 
disadvantage of PED is the need to maintain antiplatelet 
and anticoagulation daily. The compliance and financial 
burden may be the hindrance for such procedure. Those 
patients with a history of idiopathic thrombocytopenic 
purpura, aspirin allergy, or a hypercoagulable state are 
contraindicated for PED.[12]

Open surgery with clipping of the aneurysm is also usually 
performed if endovascular procedures failed. However, 
due to its proximity to CN, microsurgical reconstructive 
strategies for CCAs become difficult.[5] The Hunterian 
strategies involving occlusion of ICA.[5,14] This strategy is 
chosen when CAAs cannot be treated simply by direct neck 
clipping or endovascular coiling.[15] The decision to utilize 
a low‑flow or high‑flow bypass or both is decided based on 
the anticipated degree of reduction of cerebral blood flow 
following ICA occlusion.[16]

Balloon occlusion test (BOT) is needed to determine 
the adequacy of contralateral ICA (collateral cerebral 
circulation) without revascularization. Revascularization is 
needed if failed BOT.[15,17] Those with incomplete Circle 
of Willis have higher chance of failure in BOT. Failure in 
BOT can be determined by xenon blood flow tomography 
when cerebral blood flow <30 ml/100 g/min, or when 
the patient develops neurological deficit during a 20‑min 
parent artery occlusion.[17] Balloon test occlusion should be 
performed with hypotensive challenge and acetazolamide 
challenge.[18,19] Those surgical cases in this series have 
been selected for bypass surgery after failed BOT. The 
revascularization may be limited to only low‑flow bypass 
or with high‑flow bypass. Only low flow STA‑MCA 
bypass is performed with successful BOT. The flow rate of 

STA‑MCA bypass is limited to <50 ml/min. Those failed 
BOT, high‑flow bypass is necessary.[19]

These deconstructive strategies are deployed when 
reconstructive or endovascular procedures are not feasible. 
The high‑flow bypass is performed using RAG. In cases, 
where RAG cannot be used due to the poor collateral blood 
supply in the upper limbs or the caliber of RAG is too 
small, great saphenous vein (GSV) can be used. However, 
the use of GSV is not preferred than radial artery due to 
high flow rate in GSV which may cause flow disturbance 
when anastomosed to the branch of MCA with is <2 mm 
in diameter.[17] In patients with connective tissue disorder 
such as Ehlers–Danlos syndrome may have abnormal radial 
artery which may not be suitable as a vascular graft.[4] 
Propofol or pentobarbital is used as brain protection during 
temporary arterial occlusion.[19] Vasospasm of the RAG 
which may lead to total occlusion can be prevented using 
pressure distention technique.[16] The STA‑M3 anastomosis 
is performed prior to ECA‑RA‑M2 anastomosis to reduce 
the risk of ischemic complications during the temporary 
occlusion.[8] Intraoperative use of 4000–5000 units of 
heparin is administered intravenously is limited to high 
flow.[19]

The occlusion of the ICA can be done by clipping or 
endovascular occlusion. The ICA occlusion rate with 

Figure  5:  Intraoperative  imaging of  indocyanine green using Flow 800 
showing radial artery graft‑M2 blood flow in red color indicating good flow

Figure 6: Illustrative case showing the comparison between peripheral 
arterial  blood pressure with middle  cerebral  artery  pressure. Without 
bypass. (a) Before internal carotid artery occlusion; (b) After internal 
carotid artery occlusion. (c) With superficial temporal artery‑M3 flow but 
external carotid artery ‑ radial artery graft‑M2 occlusion; (d) with superficial 
temporal artery‑M3 and external carotid artery ‑ radial artery graft‑M2 flow 
AND internal carotid artery occlusion
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endovascular treatment is ranging from 17% to 47%.[20] 
Endovascular internal trapping is performed in cases with 
retrograde dome filling from collateral flow observed during 
BOT or if the aneurysm is extended to the bifurcation 
of the ophthalmic artery. In other cases, proximal ICA 
ligation is preferred.[3] The pressure within the aneurysm 
sac is diminished which promotes thrombosis following 
Hunterian ligation or balloon occlusion of the proximal 
vessel.[19]

The EC‑IC bypass surgery is also a great option for 
giant IC aneurysm when surgical clipping may not be 
feasible and higher risk of failure with endovascular 
procedures.[17] Endovascular stenting of giant aneurysm 
often leads to treatment failure due to recanalization.[17] ICG 
video angiography, motor‑evoked potentials, and Doppler 

are used to check the patency before ligation of ICA.[18] 
Symptomatic bilateral CCAs can also be treated successfully 
with high‑flow bypass and parent artery occlusion. The 
treatment for the contralateral CCA can be considered 
when symptomatic during follow‑up period after the first 
treatment.[3]

A direct aneurysmal CCF was successfully treated by 
high‑flow bypass using a RAG and ICA trapping in one 
case report.[20] Another study also found that high‑flow 
bypass with aneurysm trapping is the appropriate surgical 
treatment to obliterate the fistula immediately in cases of 
CCA presented with direct CCF.[21]

Complications to be expected from both endovascular 
procedures, microsurgical clipping and bypass procedure 
include CN deficits, intracerebral bleed, and ischemic 
strokes. Stent migration and gastrointestinal bleedings due 
to the use of anticoagulant may occur in endovascular 
procedures.[12] Meticulous dissection and tissue handlings 
with importance to maintain hemostasis during surgery 
help to reduce to immediate postoperative complications.[19] 
All except one patients in this surgical cohort were elderly. 
The high success rate in high‑flow bypass surgery 
among elderly patients with CCAs also been reported.[18] 
Successful high‑flow bypass using RAG with insurance 
STA‑MCA bypass prior to ICA ligation does not adversely 
affect postoperative cognitive function in a study of 
eight cavernous segment aneurysm cases.[11] Another 
rare complication from a high‑flow bypass surgery was 
anastomotic aneurysms as reported by a case report. It 
was due to possible intraoperative intimal damage during 
handling of RAG and postoperative hemodynamic stress to 
the RAG.[22]

Table 3: Demographic data of the case series
Age Sex Diagnosis Size (mm) Types of bypass Vascular graft Neurological sequalae
79 Male IC Giant An 22 High‑flow bypass Radial artery None
77 Female IC‑Cavernous An 24.4 High‑flow bypass Radial artery None
84 Female IC‑Cavernous An 20 High‑flow bypass Radial artery None
66 Female IC‑Cavernous An 9.7 High‑flow bypass Radial artery None
24 Female IC‑Cavernous An 30 High‑flow bypass Radial artery None
83 Female IC‑Cavernous An 11.7 High‑flow bypass Radial artery None
IC – Internal carotid; An – Aneurysm

Figure 7: Postoperative magnetic resonance angiography showing arterial 
blood flow from external carotid artery ‑ radial artery graft‑M2 and superficial 
temporal artery‑M3 bypasses

Table 2: Illustrative case showing the comparison between peripheral arterial blood pressure and middle cerebral 
artery pressure at different intraoperative intervals

Steps Peripheral Arterial blood 
pressure (mmHg) (MAP)

Middle cerebral artery 
pressure (mmHg) (MAP)

Before ICA occlusion 103/57 (75) 72/40 (54)
After ICA occlusion 96/54 (70) 24/20 (22)
Supply from low‑flow bypass (STA‑M3) 95/53 (70) 58/54 (55)
Supplies from both high‑flow and low‑flow bypasses (ECA‑RA‑M2 and STA‑M3) 96/54 (71) 72/38 (48)
MAP – Mean arterial pressure; ICA – Internal carotid artery; MAP – Mean arterial pressure; ICA – Internal carotid artery; STA‑M3 ‑ Superficial 
Temporal Artery to the M3 segment of Middle Cerebral Artery end‑side bypass;  ECA‑RA‑M2 ‑ External carotid artery to radial artery graft 
to M2 segment of Middle Cerebral Artery end‑side bypasses
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Conclusion
Despite the natural history of most CCAs is quite benign 
and majority are asymptomatic, those with growing 
aneurysm, thrombus formation, or causing significant bony 
erosion may require treatments. The surgical treatments 
should be limited to experienced neurosurgeons in view of 
significant risk of morbidity and mortality. Endovascular 
procedures may be the main stay of treatments, however, 
the success shown in this case series with parent artery 
occlusion and bypass surgery and many other reports 
may provide alternative to endovascular treatments. 
Endovascular procedures may not be the choice if there 
are limitations in the vascular anatomical architectures, 
poor medication compliance, young patients, and patient’s 
preference for immediate obliteration. Follow‑up with 
expectant management may be good treatment strategies in 
some of the asymptomatic group with minimal risk of the 
growth or CCAs.
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