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Case report 

Emergency extra-intracranial bypass surgery in a patient with neurologic 
deficit after an accident in carotid occlusive test: A case report 
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A B S T R A C T   

Objective: BTO is the procedure performed to assess the collateral circulation within the Willis circle in a giant 
ICA aneurysm. An ICA occlusion after BTO is very rare. We present a case of an internal carotid artery occlusion 
as a complication of BTO that required urgent revascularization surgery. 
Case presentation: A 56-year-old female with a history of transient ischemic attacks for one year was diagnosed 
with multiple aneurysms: a giant aneurysm of the left supra-clinoid ICA, two small ones on left MCA and right 
ophthalmic. A BTO was performed to assess collateral supply and determine whether bypass surgery should be 
necessary. During the procedure, the balloon was detached while insufflating, and the patient had a subsequent 
neurological decline consistent with an MCA syndrome. EC-IC bypass surgery was performed with an end-to-side 
anastomosis of STA-MCA by trapping the giant aneurysm and clipping the ipsilateral MCA aneurysm. The patient 
had a reversal of neurological symptoms and made an uneventful recovery. 
Discussion: We discuss the epidemiology of giant ICA aneurysms, the indications for BTO, and its complication. 
Emergency intracranial and extracranial bypass surgery in case of acute ICA injury is also discussed. We also 
highlighted the attributable factors to treatment strategies under restrictive conditions in Vietnam. 
Conclusions: ICA occlusion due to insufflated balloon detachment is an unreported complication in literature. 
Emergency bypass surgery is a potential treatment choice for this unusual iatrogenic complication.   

1. Introduction 

Giant intracranial aneurysms make up roughly 5% of all intracranial 
aneurysms. Treatment of giant aneurysms via open or endovascular 
therapy involves deconstructive or reconstructive techniques [1]. 

To determine the most suitable treatment strategy, a balloon test 
occlusion (BTO) can be utilized to assess the cerebrovascular collateral 
reserve to determine the necessity of bypass surgery [2]. 

We report a case that developed ICA occlusion after BTO with 
neurological deficiency and was resolved by an emergency bypass 

surgery. Approval to conduct the study was obtained from the com-
mittee of the Viet-Duc hospital, Vietnam (Decision no. 818/QĐ-VĐ, May 
4, 2020). 

This case report has been reported in line with the SCARE criteria 
[3]. 

2. Case presentation 

A 56-year-old female presented with a mild subacute headache. 
Work-up at a provincial hospital with an MRA revealed several 

Abbreviations: BTO, balloon test occlusion; ICA, internal carotid artery; MCA, middle cerebral artery; M1, sphenoidal or horizontal segment of middle cerebral 
artery; M2, insular segment; EC-IC, extracranial-intracranial; STA-MCA, superficial temporal artery-middle cerebral artery; MRA, magnetic resonance angiography; 
CTA, computer tomographic angiography; CT, computer tomography; ICU, intensive care unit; DSA, digital subtraction angiography; GOS, Glasgow outcome scale; 
mRS, modified Rankin scale; LMIC, low-middle income country; AComA, anterior communicating artery. 
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intracranial aneurysms. She was transferred to our teaching hospital for 
further management and formal cerebral angiography. Angiography 
showed a right ophthalmic artery aneurysm with a maximum diameter 
of 12 mm. More dangerously, it showed a giant supra-clinoid ICA 
aneurysm (32 mm in maximum diameter) and a small irregularly shaped 
left MCA aneurysm (Fig. 1D and E). 

After a multi-disciplinary discussion, we recommended a BTO under 
local anesthetic [5] and used a detachable balloon (Goldbal4 Balt 
Extrusion, France). The detachable Balt balloon catheter needs 0.7 ml of 
contrast agent to detach. We used 0.2 ml of contrast agent during the 
procedure, and the patient tolerated it without issues. The left hemi-
sphere was cross-filed from the anterior communicating artery segment 
(Fig. 1F). Unfortunately, the balloon was detached during extraction. 

After approximately 1.5 h of temporary ICA occlusion, a second balloon 
was deployed to complete the parent artery occlusion (Fig. 1F and G). 
After 1.5 h of follow-up, she developed a left MCA syndrome, including 
impaired consciousness (Glasgow Coma Scale 11), confusion, aphasia, 
and right hemiparesis. The patient was taken emergently for bypass 
revascularization after confirmation of the left MCA hypoperfusion on a 
CT scan. 

2.1. Operative course 

A standard frontotemporal curvilinear incision was employed with a 
pterional craniotomy with care to harvest the donor graft. After a 
standard Sylvian fissure dissection, the M1 and M2 segments of the MCA 

Fig. 1. A, B: MRI demonstrated a heterogenous lesion at the cavernous ICA with vivid enhancement after gadolinium injection. C: A T2 weighted image demonstrates 
the partially thrombosed aneurysm. 
D, E: DSA before BTO. D, E: AP and lateral view on conventional DSA images of left ICA reveal a giant left supra-clinoid aneurysm (red arrow) and a small left MCA 
aneurysm. The hemisphere appears isolated without an AComA or PComA complex. 
F and G: DSA after left ICA occlusion. F: The right ICA injection showed excellent cross filling of the AComA complex in the left MCA territory. The right ophthalmic 
artery aneurysm (blue arrow) and middle cerebral artery aneurysm (red arrow) are also seen in this view. G: The DSA of posterior circulation from the left lateral 
view illustrated the cerebellum's excellent blood flow. 
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were exposed. A straight clip clipped the M1 aneurysm. The STA-MCA 
bypass (STA to M2-MCA) was then completed after that. 

After the bypass was completed, a clip was placed just distal to the 
aneurysm neck to complete the aneurysm trapping. 

Her ICU management consisted of a low dose heparin drip (10 UI/ 
kg/24 h) for the first three days, followed by Lovenox ® IV 1 ampule/ 
day for three days and aspirin 81 mg oral for the following month. 

2.2. Postoperative course 

Post-operatively, the patient returned to her neurologic baseline, 
with a resolution of her motor symptoms by day five and near-resolution 
of her aphasia by day 18. The immediate post-operative CTA demon-
strated patency of the bypass (Fig. 2A). The delayed DSA at two weeks 
confirmed bypass patency with obliteration of her aneurysms (Fig. 2B 
and C). The perfusion CT after one month showed some small ischemic 
zones at the left temporal lobe (Fig. 2D, E, and F) without any deficient 
neurology. After a six-month follow-up, the patient came to us with 
normal physical health (GOS: 5, mRS: 0); she had no aphasia or hemi-
paresis. The patient refused to have a CTA. 

3. Discussion 

Giant aneurysms are reported to occur at approximately 5% of all 
aneurysms and carry the highest annual risk of rupture rate is as high as 
40% [4]. 

Although endovascular therapy is becoming more widely utilized 
[5,6], in developing countries, the prohibitive cost of endovascular 
therapy results in open cerebrovascular surgery being the primary 
option. 

Surgical approaches for giant aneurysms include reconstructive 
techniques (clip reconstruction, aneurysmorrhaphy, or surgical bypass) 
[7], or deconstructive techniques (parent artery occlusion, trapping, or 

wrapping) [8]. 
Balloon test occlusion (BTO) of the internal carotid artery is a tech-

nique used to evaluate the collateral circulation's efficacy in the circle of 
Willis. Classically, BTO is used to determine if parent artery sacrifice can 
be safely performed. In our institution, we perform a BTO routinely as it 
can help determine the need for low bypass versus high bypass surgery, 
like the report of Nussbaum [9]. Patients whose clinical status and 
neuroimaging are inappropriate indicate high-flow bypass; otherwise, 
the low-flow bypass would be chosen. Others do not have either clinical 
status or neuroimaging appropriately; low-flow bypass could be used 
with the consideration of STA diameter. However, we still prioritize the 
high-flow bypass [2]. Given the initial absence of good collateral supply 
from the left ICA injection (Fig. 2), it can be argued that a BTO should 
not have been attempted, and a high flow bypass should have been the 
first treatment option. 

The figure for BTO-related complications was reported as up to 3.7%, 
including internal carotid artery dissection and permanent neurologic 
deficit [10]. Mathis et al. also described the proportion of carotid 
dissection, embolus, and the permanent neurologic deficit as 1.2, 0.2, 
and 0.4%, respectively [11]. The complication balloon catheter is the 
first reported case to our best knowledge. Not preferential to use a 
detachable balloon; due to financial constraints, no other balloons were 
available. 

In the classical basic BTO technique, the patient was performed 
under local anesthesia, monitored clinically every 5 min, and lasted 30 
min. If there is no change in the patient's neurological symptoms for 30 
min, it is believed that artery occlusion can be performed [12]. How-
ever, it seems that this is not enough. Galego et al. reported a case in 
which Transcranial Color-coded Doppler and electroencephalographic 
change monitored blood flow [13]. MRA was used to predict the 
outcome of [14]. Ikemura et al. recently reported 12 cases using the 
SPECT technique (99mTc-ethyl cysteinate dimer) and FD-CBV to assess 
a patient's condition [15]. Under our limited resources, patients can only 

Fig. 2. The CTA (A) and selected DSA (B, C) series after emergency bypass surgery showed good graft patency (red arrow). 
D, E, F: The CTA and CT perfusion after one month showed good graft patency (F; red arrow), and the color-coded map showed no reduction in the flow on the left as 
compared to the right side (D and E). 
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be performed the BTO with the basic technique. 
Emergent EC-IC bypass is rarely employed nowadays [16–19]. It can 

be categorized into giant ruptured ICA/MCA aneurysms not amenable to 
classic reconstructive techniques or blister aneurysms and those with 
iatrogenic damage to the ICA/MCA (Table 1). Our case is classified as an 
iatrogenic ICA injury, and to our knowledge, this is the first reported 
case in the literature. 

In case of carotid artery damage during surgery, the surgical bypass 
will be performed immediately, either as a high-flow bypass with a 
saphenous graft [20,21] or in the form of STA-MCA bypass [16,22]. The 
sooner the reperfusion time is, the better the outcome is, although Weis- 
Muller has reported this time may be up to one week [23]. However, all 
cases in the Weis-Muller study were caused by intracranial atheroscle-
rotic disease with an acute occlusion. Our patient manifested acute oc-
clusion of ICA, similar to direct injury cases to the carotid artery during 
surgery by Chen Y [20] and Rangel-Castilla [21]. The onset of symptoms 
and performing bypass surgery ranges from 6 to 24 h after the first 
surgery [21]. In our case report, the time from onset to treatment 
initiation was 3.5 h. 

For internal carotid artery damage caused by surgery, both Chen Y 
[20] and Range-Castilla [21] chose high-flow bypass for brain reperfu-
sion. With an ICA giant aneurysm, Ishishita et al. performed high-flow 
bypass surgery without using BTO [8]. All three authors had selected 
a high-flow bypass. In our case, an STA-MCA bypass for the following 
reasons: (1) the patient tolerated a prolonged BTO; (2) due to excellent 
cross-fill from the AComA complex and an MCA syndrome, we felt that 

revascularizing the MCA territory would be sufficiently covered by the 
STA. 

An emergent CTA helped determine if this was a thromboembolic 
injury or hypoperfusion injury. As this resource is not available in our 
setting, the emergent bypass was elected after a trial of raising her blood 
pressure was completed with persistent MCA syndrome. 

4. Conclusions 

Emergency ICA occlusion after BTO with a detachable balloon is an 
uncommon complication, but it can occur in LMIC. STA-MCA surgery 
should be performed for patients whose ICA occlusion with neurological 
deficiency. This is effective and safe produce. 
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Table 1 
Literature review for urgent EC-IC bypass.  

Authors No of 
reference 

No. 
patients 

Type of injury Location Type of 
bypass 

Lee, C.Y [16]  1 Acute cerebral 
ischemia 

MCA 
occlusion 

STA- 
MCA 
bypass 

Mracek [17]  1 Acute cerebral 
ischemia 

ICA stenosis STA- 
MCA 
bypass 

Krayenbuhl [18]  16 Heterogenesis   

- During 
clipping: 11  

- Refractory 
vasospasm: 
5 

ICA: 5 
PComA: 1 
AComA: 1 
A2: 2 
M2: 1 

STA- 
MCA 
bypass 

Nussbaum [19]  13 Acute cerebral 
ischemia 

ICA 
dissection: 5 
ICA 
dissection 
extending 
into M1: 4 
M1 
dissection: 2 
M1 stenosis: 
1 
ICA stenosis: 
1 

STA- 
MCA 
bypass 

Chen Y [20]  1 Iatrogenic ICA High 
flow 

Range- 
Castilla 

[21]  8 Iatrogenic ICA High 
flow 

Kimura [24]  35 Progressive 
stroke 

No 
definition 

STA- 
MCA 
bypass 

MCA: middle cerebral artery. 
STA: superficial temporal artery. 
ICA: internal cerebral artery. 
PcomA: posterior communicating artery. 
AComA: anterior communication artery. 
M1: first segment of middle cerebral artery. 
M2: second segment of middle cerebral artery. 
A2: second segment of anterior cerebral artery. 

1 Exempt: not a first-man-case report. 
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