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 Background: Giant carotid intracavernous aneurysm refers to those lesions larger than 2.5 cm and derived from a cavernous 
segment, accounting for about 30% of all intracranial tumors. Dynamic CT perfusion imaging (PCT) is a com-
mon method recently employed to evaluate cerebral perfusion. This study investigated the efficacy and clini-
cal application of intraoperative CT in the surgery for giant symptomatic carotid intracavernous aneurysm.

 Material/Methods: A retrospective analysis was performed on 23 cases with giant symptomatic carotid intracavernous aneurysm. 
BTO testing was performed before surgery. Differential treatments were performed based on the condition of 
aneurysm, and some patients received intraoperative PCT. Postoperative anti-coagulation was given with DSA 
or CTA follow-up examinations at 3–6 months, 1 year, and 2 years after surgery.

 Results: A total of 17 patients received aneurysm isolation coupled with high-flow bypass surgery. Among those, 9 de-
veloped early-onset neurological function after surgery, with gradual recover within 6 months. One coma pa-
tient died 25 months after discharge. One patient had aneurysm isolation with clapping of anterior commu-
nicating artery, and the other 5 cases received artery clapping only. In those patients, 4 had improvement at 
early phase, while 1 patient had numbness of the oculomotor nerve. Six patients received surgery in the CT 
room, including 5 cases with single proximal ligation of the internal carotid artery plus 1 aneurysm isolation 
combined with high-flow bypass surgery.

 Conclusions: Intraoperative PCT can provide objective evidence and effective evaluation of cerebral perfusion.
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Background

Giant carotid intracavernous aneurysm refers to those lesions 
larger than 2.5 cm, which are derived from the cavernous seg-
ment. They account for about 30% of all giant intracranial tu-
mors [1], with more female patients [2]. Clinically, it is man-
ifested as headache and compression of cranial nerve III to 
VI, with less subarachnoid hemorrhage. Current curative in-
dication mainly includes symptomatic aneurysm, and regular 
follow-ups are required for asymptomatic lesions until man-
ifestation [2–4]. Giant symptomatic internal carotid intracav-
ernous aneurysm can be treated by proximal blockade [5], 
vascular bypass conjunction with proximal blockade or aneu-
rysm isolation [6,7], direct surgical clapping [8], or interven-
tional therapy [9–11]. Due to the wide neck and huge volume 
of these aneurysms, and the protection of the cranial nerve 
inside the cavernous area, direct clapping is very difficult and 
not suitable for all patients. For giant or large intracavernous 
aneurysms, intervention and embolization have unsatisfacto-
ry efficacy [12]. Single proximal blockade can benefit patients 
and vascular bypass in conjunction with proximal blockade 
or aneurysm isolation is also a common treatment strategy. 
In recent years, flow-diverting stents (FDSs) have been devel-
oped and especially designed to reduce the flow velocity vor-
tex within the aneurysm and can improve the laminar flow in 
the main artery and surrounding branches [13]. Computation 
hemodynamics suggests that a stent with an overall poros-
ity of 50% to 70% (30–50% metallic coverage) will signifi-
cantly reduce the inflow rate into an aneurysm [14]. In theo-
ry, FDSs could treat aneurysms no regardless of location and 
could be deployed covering collateral vessels that are not oc-
cluded. Initial clinical experiences with the use of FDSs in the 
treatment of visceral and peripheral aneurysms have yielded 
satisfactory results in technical success, aneurysm thrombo-
sis and shrinkage, and branch vessel patency. Better results 
are achieved 12 months after the procedure rather than at 6 
months in aortic aneurysms. Importantly, there have been no 
aneurysm ruptures reported after treatment with an FDS [13].

It is critical to evaluate the compensation of lateral circulation, 
regardless of the treatment strategy. Balloon test occlusion 
(BTO) is a safe and effective way to evaluate cerebral resis-
tance after tumor-bearing artery blockade [15]. The combina-
tion of BTO assay with semi-quantitative/quantitative eval-
uation for focal cerebral blood flow, such as SPECT [16-18], 
xenon CT [19, 20], and PET scan [21], can further lower the 
false-negative rate. Dynamic CT perfusion imaging (PCT) is a 
common method recently used to evaluate cerebral perfusion. 
The direct application of PCT in surgery can provide objective 
evidence of cerebral blood perfusion, and can work as an ef-
fective monitoring approach [22]. Our group has used PCT in 
aneurysm surgery.

Material and Methods

General information

We recruited a total of 23 patients with giant symptomat-
ic carotid intracavernous aneurysm in the General Hospital 
of the PLA from February 2007 to March 2013, including 3 
males and 20 females, ages 24–68 years (average age=54.7 
years). Major manifestations of aneurysm included headache 
and compression of cranial nerves, including 6 cases with op-
tical nerve affected, 12 cases with oculomotor nerve, 4 cases 
with trigeminal nerve, and 1 patient with abducent nerve in-
jury. There were 8, 1, and 1 patients having headache, dizzi-
ness, and vertigo, respectively. All patients had confirmed di-
agnosis by DSA, showing 12 and 11 lesions at left and right 
hemisphere, respectively. Diameters of all lesions were larger 
than 2.5 cm. This study was approved by the Medical Ethics 
Committee of General Hospital of PLA. Informed consents were 
obtained from all patients prior to the study.

Pre-operative evaluation

BTO assay was performed 30 min before surgery to observe 
compensation of anterior/posterior circulation, coupled with 
neurological function evaluation. If compensation showed no 
symptom, blood pressure was further lowered by 20% to ob-
serve the existence of neurological dysfunction.

Aneurysm isolation coupled with high-flow bypass

Surgical indications included those with unsatisfactory com-
pensation before surgery or those with neurological dysfunc-
tion. Using the great saphenous vein as the transplant ves-
sel, external carotid and M2 segment of cerebral middle brain 
were ligated, followed by isolation of the aneurysm. During 
the surgery, microvascular Doppler was used to quantify blood 
flow velocity of recipient and implanted vessels. Neurological 
function was monitored by electrophysiology approach. Some 
patients further received ICG testing for measuring flow of 
transplanted vessels, while some patients were evaluated for 
perfusion via intraoperative PCT.

Aneurysm isolation or blockade of internal carotid artery 
starting point

Surgical indications included satisfactory compensation be-
fore surgery or with neurological symptoms. We performed 
2–3 weeks of neck compression training before surgery with 
preparation for bypass surgery. The inner carotid artery was 
first exposed during the surgery, along with exposure of the 
external and common carotid arteries. The inner carotid ar-
tery was temporarily clamped for observing neurological-pa-
thology conditions. Some patients underwent intraoperative 
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PCT for monitoring ischemia condition. The absence of isch-
emia manifestation indicated aneurysm isolation or proximal 
blockade; otherwise, the surgery was combined with bypass. 
After finishing isolation or proximal blockade operations, pa-
tients were awakened and underwent intubation for another 
30-min observation to evaluate neurological function. No ab-
normality signalled the end of surgery; otherwise, combined 
bypass surgery was performed.

PCT imaging during surgery

Imaging was performed in the CT room during surgery. CT per-
fusion was first carried out before surgery. Re-scanning of per-
fusion and CTA examination were performed after temporary 
blockade. Areas of interests were the blood supply region from 
the cerebral middle artery and anterior artery closest to the 
basal ganglia layer. Cerebral blood flow (CBF), cerebral blood 
volume (CBV), and time to peak (TTP) were obtained from all 
areas of interests, along with relative perfusion indexes, in-
cluding rCBV, rCBV, and rTTP. Perfusion indexes were com-
pared between surgical and intact hemispheres, and relative 
perfusion indexes were compared before and after surgery.

Postoperative treatment and follow-ups

All patients received heparin as anti-coagulation treatment for 
24 h, followed by oral ingestion of anti-platelet drugs. Bedside 
ultrasound was employed to test the flow of transplanted ves-
sels. CT or MRI was used to observe the occurrence of throm-
bosis or hemorrhage. Before discharge, DSA or CTA was used 
for re-check. Patients were asked to return for re-examina-
tion by DSA or CTA at 3-6 month after discharge. Further fol-
low-ups were performed at 1 year and 2 years. Patients who 
could not attend follow-ups in person were told by telephone 
to go to a nearby hospital for re-examination.

Results

Aneurysm isolation coupled with high-flow bypass surgery

A total of 17 patients (3 males and 14 females) presented im-
provements of symptoms early after surgery, including 1 case 
with oculomotor nerve affected, 1 patient with optic nerve dys-
function, and 1 patient with headache. Newly-formed neuro-
logical dysfunction after surgery included 1 optic nerve injury, 3 
patients with oculomotor nerve injury, 1 headache, and 1 daz-
zle case, plus 1 transient aphasia, 1 patient having tracheoto-
my due to cough and fatigue (patient had choking before sur-
gery, with bilateral spinal artery occlusion on DSA), and 1 coma 
patient due to occlusion of the transplanted artery (Table 1). 
All these cranial nerve symptoms gradually resolved by 2–6 
month after surgery. The middle-to-long-term result showed 

scores of 5 in GOS in 13 patients within 3 months to 6 years 
and at 3-month follow-up. The patient with tracheotomy had 
the tube removed 1 month later, followed by rehabilitation; 
this patient still required daily care at the time of follow-up. 
The coma patient received treatment in a local hospital and 
died 25 months later. Two patients were lost to follow-up.

Aneurysm isolation or blockade of internal carotid artery 
starting point

A total of 6 patients (all females) received such treatment. 
Among these, 1 patient had clapping of the anterior commu-
nicating artery coupled with isolation of the internal carotid 
artery aneurysm. This patient presented transient indifference, 
which was improved after elevating blood pressure and va-
sodilation. All 5 patients received single blockade, and symp-
tom improvements were observed, including 2 cases with op-
tic nerve injury, 1 case with oculomotor nerve affected, and 1 
headache case (Table 1). Newly-formed neurological dysfunc-
tion occurred after surgery, including 1 patient with oculomo-
tor nerve injury, which gradually recovered after 2 months, 
and 1 patient with headache improved by vasodilation. Long-
term, all 6 patients had GOS scores of 5 within the follow-up 
period (9–15 months).

Treatments n

Aneurysm isolation coupled with high flow bypass 
surgery

17

 Optic nerve injury 1

 Oculomotor nerve injury 3

 Headache 1

 Dazzle 1

 Transient aphasia 1

 Tracheotomy 1

 Coma 1

Aneurysm isolation or blockade of internal carotid 
artery starting point

6

  Clapping of anterior communicating artery coupled 
with isolation of internal carotid artery aneurysm

1

 Single blockade 5

 Optic nerve injury 2

 Oculomotor nerve 1

 Headache 1

Table 1. Outcomes of patients after surgery.
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PCT imaging results

Six patients received PCT during the surgery. Among these, 5 
had proximal ligation of the internal carotid artery, and 1 had 
aneurysm isolation coupled with high-flow vessel bypass sur-
gery. One patient had an approximately 50% decrease in so-
matosensory-induced potential after temporary blockade of the 
proximal internal carotid artery, and PCT showed improved per-
fusion after surgery, indicating direct proximal blockade. One 
case showed a minor (less than 50%) decrease in somatosen-
sory-induced potential after temporary blockade of the prox-
imal internal carotid artery, and PCT showed no change in 
perfusion after surgery, indicating direct proximal blockade.

Report of typical cases

Case 1

Female, 65 years old, admitted as “Intermittent headache and 
double vision for 1 year”. Physical exam showed blepharop-
tosis of the right upper eyelid. Head MRI indicated a round-
shaped parasellar lesion on the right hemisphere, and DSA 
suggested a giant aneurysm in the cavernous segment of the 
right internal carotid artery. Isolation of the aneurysm com-
bined with high-flow bypass surgery was performed. During 
the surgery, the internal carotid artery was exposed, along 
with external and common carotid arteries. A front temporal 
approach was used. Using the great saphenous vein as the 
transplant vessel, the external carotid and M2 segment of ce-
rebral middle brain were ligated, followed by isolation of the 
aneurysm. After surgery, headache was improved, along with 

A C

B

Figure 1.  Report of patient A, with isolation of giant intracavernous aneurysm on right side plus high-flow bypass surgery. (A) 
Illustration of aneurysm isolation combined with high-flow bypass surgery. (B) DSA image of giant intracavernous aneurysm 
before surgery. (C) Postoperative DSA results showed no indication of aneurysm, good hemodynamics of transplanted vessel, 
and satisfactory images of right cerebral middle/anterior artery.
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recovered numbness of the oculomotor nerve. No sign of an-
eurysm was found in postoperative DSA, indicating satisfac-
tory hemodynamics of the transplanted vessel. Imagining of 
the right cerebral middle artery and anterior artery showed no 
abnormalities (Figure 1).

Case 2

Female, 63 years old, admitted as “Blepharoptosis of right up-
per eyelid for 3 months”. Physical exam showed blepharoptosis 
of the right upper eyelid. Head CT and MRI indicated a round 

A

C

B

D

Figure 2.  Patient B undergoing blockade at starting point of right giant intracavernous aneurysm of inner carotid artery. (A) Pre-
operative head CT showed high-density round lesion on right parasellar region (red arrow). (B) Head CT showed round 
vacuoles at right parasellar region (red arrow). (C) Pre-operative DSA indicated giant aneurysm of intracavernous segment 
in inner carotid artery (red arrow). (D) After blocking of inner carotid artery initiating point, intraoperative CTA showed no 
imaging of distal end in inner carotid artery, while right cerebral middle artery (red arrow) and anterior artery had good 
imaging.
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A

C

E

B

D

F

Figure 3.  Pseudo-colored image of intraoperative PCT in patient B. (A) Lower rCBF value (0.81) of right temporal lobe before surgery. 
(B) Higher CBF value (1.41) in right temporal lobe during the surgery after temporal blockade of right inner carotid artery. 
(C) Similar rCBV value (1.01) between right and left temporal lobe before surgery. (D) Higher rCBV value (1.31) in right 
temporal lobe during the surgery after temporal blockade of right inner carotid artery. (E) Significantly elongated TTP in right 
temporal lobe compared to left hemisphere before surgery (rTTP value=1.39). (F) Similar TTP (rTTP=1.00) between right and 
left temporal lobe in surgery after temporal blockade of right inner carotid artery.
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parasellar lesion on the right hemisphere, and DSA suggest-
ed a giant aneurysm in the cavernous segment of the right 
internal carotid artery. After 1-week neck compression train-
ing, blockade of the right internal carotid artery was chosen 
for surgery. Pre-operative PCT indicated a large hypo-perfusion 
area in the right temporal lobe. After temporary blocking of 
the right internal carotid artery, intraoperative PCT indicated 
significantly improved right temporal perfusion. Intraoperative 
CTA showed no image of right inner carotid artery from the 
starting points, plus satisfactory imaging of right cerebral mid-
dle/anterior arteries. Blockade of the right inner carotid ar-
tery was thus performed. No postoperative complications oc-
curred, and there was gradual recovery of oculomotor nerve 
numbness (Figures 2, 3).

Case 3

Female, 29 years old, admitted as “Blurred vision in left eye for 
4 years, plus headache for 2 months”. Physical exam showed 
normal right eye vision. Head CT and MRI indicated a round 
lesion in the left parasellar region, accompanied by calcifica-
tion. CTA and DSA suggested a giant aneurysm of the intracav-
ernous segment of the left inner carotid artery. Surgery was 
performed using isolation of the left inner carotid artery in-
tracavernous aneurysm accompanied by high-flow bypass by 
the great saphenous vein. Pre-operative PCT showed worse 
perfusion in the left cerebral hemisphere. Intraoperative PCT 
suggested similar results. Re-examination after bypass sur-
gery via CTA showed good hemodynamics in bridge vessels, 
and imaging of left cerebral middle/anterior artery revealed 
good recovery after surgery (Figure 4).

Figure 4.  Isolation of left inner carotid artery intracavernous aneurysm coupled with high-flow vessel bypass surgery using giant 
saphenous vein. (A) Pre-operative head CT showed a round high-density region in the left parasellar area, accompanied with 
calcification (red arrow). (B) Head MRI indicated a round vacuole in the left parasellar region, accompanied with thrombosis 
formation (red arrow). (C) CTA indicated a giant aneurysm within the intracavernous segment of the left inner carotid artery 
(maximal diameter, 25.9 mm). (D) Pre-operative DSA indicated a giant aneurysm in the intracavernous segment of the left 
inner carotid artery. (E) Intraoperative CTA showed good hemodynamics of bridge vessels (read arrow), and no image at 
initiating point of left inner carotid artery. (F) Intraoperative CTA showed good imaging of left cerebral artery (red arrow) and 
anterior artery after bypass surgery.

A

D

B

E

C

F
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Discussion

Clinical symptoms of intracavernous aneurysm include head-
ache or compression of cranial nerves, and most cases have be-
nign history with few suffering subarachnoid hemorrhage [2,21]. 
Therefore, current indications of surgery mainly refer to large 
or giant symptomatic aneurysm [2–4]. In our department, the 
choice of aneurysm treatment was stipulated by the surgical 
team and intervention clinicians, in consideration of the pa-
tient’s opinion and economic conditions, thus benefiting pa-
tient care via individualized treatment.

BTO assay can be used before treating intracavernous aneu-
rysm of the carotid artery. This assay is an effective and safe 
method for evaluating ischemia resistance of a tumor-bearing 
artery after blockade [15]. Combined treatment with bypass 
surgery is required when BTO assay indicates unsatisfactory he-
modynamic compensation or symptoms. Even in BTO-negative 
patients, there was a 5–20% chance of cerebral infarction af-
ter blocking the artery. Therefore, BTO results alone are not 
completely reliable [23]. Currently, multiple methods, includ-
ing SPECT [14–16], xenon CT [19,20], PET [21], and TCD [24], 
can evaluate focal cerebral blood flow volume quantitative-
ly or semi-quantitatively. The combination of BTO with these 
assays thus can improve accuracy of quantification of cere-
bral tissue ischemia, but requires multiple procedures [7,24]. 
In this study, we used depressurization assay with 15-min ob-
servation for neurological function evaluation and monitoring 
after depressing blood pressure by 20~30%. The combination 
with BOT can help to improve predicative value of the assay. In 
this study, all 17 patients had unsatisfactory blood flow com-
pensation via pre-operative BTO assay, or had good compen-
sation but with symptoms, or the presentation of symptoms 
after managing hypotension. After high-flow bypass surgery, 
most patients had certain levels of improvements.

In recent years, intraoperative PCT has been widely used to 
evaluate resistance to ischemia of brain tissues [22], with sat-
isfactory effects. A total of 6 patients received perfusion PCT 
imaging after surgery. Among those, 2 patients had clear de-
pression of somatosensory-induced potential after blockading 
the proximal inner carotid artery, and PCT showed no change 
in blood supply, leading to the direct blockade of proximal ves-
sels. Therefore, intraoperative PCT is an effective approach.

Most common approaches for treating intracavernous aneu-
rysm include proximal blockade or aneurysm isolation cou-
pled with vascular bypass surgery. In this study, 17 patients 
received aneurysm isolation plus high-flow bypass surgery us-
ing the giant saphenous vein as the bridging vessel, which was 
further ligated onto the descending branch of the external ca-
rotid artery and cerebral middle artery. By this approach, no 
clapping of the inner carotid artery is required when clapping, 

thus reducing the incidence of ischemia. During the prepara-
tion of the subcutaneous tunnel and skull window, it is nec-
essary to keep transplanted vessels from being compressed. 
One patient developed cerebral ischemia and coma due to 
blockade of the transplanted vessel and died 2 years later, 
suggesting that transplanted vessel blockade is a major factor 
causing ischemic stroke after surgery. This is related to mul-
tiple factors, including the selection of transplanted vessels, 
matching of vessels, ligation technique, postoperative blood 
pressure management, and anti-coagulation and anti-plate-
let drugs. One patient had onset of dazzles and choking be-
fore surgery, as supported by blockade of the bilateral spinal 
artery. After surgery, this patient had worse coughing reflex 
and underwent tracheotomy. At 6-year follow-up, the patient 
was still in a wheelchair but has satisfactory results in gen-
eral conditions, further indicating the importance of vascular 
condition before surgery for patient prognosis.

For those patients with satisfactory resistance for proximal 
blockade in BTO assay, isolation of the aneurysm or blockade 
of the proximal inner carotid artery might be effective and safe 
approaches. In all 6 patients with BTO resistance, surgery was 
performed after 2–3 weeks of continuous neck compression 
training. The preparation for bypass surgery was performed be-
fore surgery, in which temporally proximal blockade was first 
performed. One patient only received 30-min electrophysio-
logical monitoring and the other 5 received simultaneous ex-
aminations including electrophysiology and intraoperative PCT, 
both of which had no abnormality. Proximal blockade was then 
performed. Two patients presented headache and dazzle af-
ter surgery, and were all discharged after treatment. Four pa-
tients showed improvement of symptoms. Blockade caused 
by thrombosis detachment is a common complication, with 
5–10% incidence [25]. During this study, all 6 patients had no 
severe complication of thrombosis. Proximal clapping can be 
performed on either the common carotid artery or internal ca-
rotid artery. Some scholars believe that these 2 ischemia-re-
lated complications are different, while others disagree with 
this opinion. We chose blockade of the inner carotid artery, 
which is the tumor-bearing vessel. Therefore, direct blockade 
of the aneurysm accelerates the velocity of thrombosis forma-
tion and can improve symptoms. In this group, only 2 patients 
had headache or dazzle symptoms, and these were improved 
after treatment. Other scholars [5] utilized chronic clapping of 
carotid artery to treat intracavernous aneurysm, which, how-
ever, had relatively higher incidence of thrombosis, and in-
complete blockade of aneurysm. The application of anti-coag-
ulation and anti-platelet treatment can help to decrease the 
incidence of ischemic episodes. A previous report indicated po-
tential decrease of thrombosis events by interventional block-
ade proximal to the tumor neck [6]. Other groups also found 
that proximal blockade of the inner carotid artery generates 
new aneurysms or enlarges original tumors [26]. This study, 
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however, did not find de novo aneurysm, indicating certain 
preventive effects by post-op management of blood pressure.

In addition to blockade of the proximal inner carotid artery 
in the treatment of aneurysm, flow-diverting stents (FDSs) 
are a new alternative treatment approach for aneurysms that 
takes into account their unique characteristics. The largest 
published experience to date comes from use of FDSs in vis-
ceral aneurysms, and the results are very encouraging, with a 
significant incidence of aneurysm thrombosis and shrinkage 
during follow-up and without any branch vessel occlusion. In 
terms of peripheral aneurysms, FDSs have been widely used in 
the treatment of iliac, popliteal, and subclavian aneurysms. In 
these anatomic areas, significant collateral branches have to 
be preserved, including the internal iliac artery, the genicular 
arteries, and the vertebral arteries, respectively [13].

This study has certain limitations. Firstly, it has a relative-
ly smaller sample size and short follow-up periods, in which 
loss to follow-up gradually increased. The outcome of long-
term follow-up has been found to be important for the choice 
between proximal ligation and aneurysm isolation combined 
with bypass procedure [27]. Based on previous studies, the in-
cidence of ischemia episodes is lower in the short term, but 
needs further long-term evaluation in the future. Secondly, the 
method for evaluating hemodynamic compensation needs to 
be elaborated, due to the occurrence of ischemia complica-
tions even after the surgical optimization based on pre-oper-
ative evaluation [28]. In early-phase cases, we preferred the 
aneurysm isolation combined with bypass procedure, which 
is mature technique with fewer complications. However, the 

use of bypass surgery in all cases is just based on safeguard-
ing the blood supply, because some patients actually had sat-
isfactory long-term outcomes without bypass. Therefore, the 
treatment strategy needs to be refined based on evaluation 
before and during surgery. Patients still need to be prepared 
for bypass surgery at the time of proximal ligation. However, 
new symptoms may develop after surgery, and long-term fol-
low-up data are needed to evaluate the efficacy of proximal 
ligation. Intraoperative electrophysiology monitoring also has 
certain limitations, as it cannot reflect the consistency between 
clapping of aneurysm/adjacent vessels and cerebral perfusion, 
in addition to false-positive and false-negative results, which 
can be affected by anesthesia, electrical devices, and surgi-
cal operation, although intraoperative PCT combined with CTA 
provides more information. Factors during the surgery should 
be carefully controlled, including blood pressure, consistency 
between pre- and intraoperative scanning, dosage of imaging 
reagent, and radiation dosage. Moreover, large-cohort clinical 
studies are required to comprehensively analyze results of 
electrophysiology monitoring and PCT imaging.

Conclusions

The use of PCT during surgery can provide objective and time-
ly evidence for cerebral blood perfusion and is an effective 
monitoring method.
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