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Emergent Double-barrel Bypass Shortly after Intravenous 
Administration of Recombinant Tissue Plasminogen 
Activator for Acute Ischemic Stroke

Joon-Ho Choi, Hyun-Seok Park
Department of Neurosurgery, Busan-Ulsan Regional Cardio-Cerebrovascular Center, Medical Science Research Center, 
College of Medicine, Dong-A University, Busan, Korea

Although intravenous recombinant tissue plasminogen activator (IV rt-PA) 
is effective in many cases of acute ischemic stroke, the neurologic symp-
toms can worsen after IV rt-PA because of sustained vessel occlusion. For 
such cases, several reperfusion modalities are available, including intra-arterial 
thrombolysis (IAT), carotid endarterectomy, and superficial temporal artery-mid-
dle cerebral artery (STA-MCA) bypass. Invasive procedures, such as major 
surgery, should be generally avoided within 24 hours after the admin-
istration of IV rt-PA. A 66-year-old man with no previous medical history 
developed left hemiparesis. A computed tomography scan revealed no 
acute lesion and he received IV rt-PA within 1.5 hours after symptom onset. 
Emergent magnetic resonance imaging showed significant diffusion-perfusion 
mismatch. He received IAT 2 hours after IV rt-PA administration, but IAT 
failed because of total occlusion of the cervical internal carotid artery. We 
initially planned to perform STA-MCA bypass the next morning because 
he had received IV rt-PA, but, 8 hours after IV rt-PA administration, his 
hemiparesis worsened from motor grade 3/4 to motor grade 1/2. Because 
of the large perfusion defect in both MCA divisions, double-barrel STA-MCA 
bypass was performed 10 hours after IV rt-PA administration. His symp-
toms rapidly improved after surgery and his modified Rankin Scale score 
3 months later was grade 0. We suggest that emergent double-barrel by-
pass can be a viable option in patients who have perfusion defects of 
both MCA divisions in acute ischemic stroke after IV rt-PA administration.
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INTRODUCTION

Superficial temporal artery-middle cerebral artery 

(STA-MCA) bypass has been generally used for stroke 

prevention in patients with chronic cerebrovascular 

insufficiency such as in Moyamoya disease and athe-

rosclerotic occlusion.5)19) A recent randomized controlled 

trial, the Carotid Occlusion Surgery Study (COSS), 

concluded that STA-MCA bypass did not provide an 

overall benefit for stroke prevention in patients with 

symptomatic atherosclerotic internal carotid artery 

(ICA) occlusion.14) However, patients in the COSS un-

derwent surgery during the chronic stage, and it re-

mains unknown whether STA-MCA bypass can pro-

vide any beneficial effects in the acute stage of ische-

mic stroke. Emergent STA-MCA bypass is not usually 
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Fig. 1. (A) The initial diffusion-weighted image (DWI) reveals small acute infarcts in the cortex, subcortex and corona radiata of the 
right hemisphere. (B) The magnetic resonance (MR) angiography shows occlusion of the right internal carotid artery (ICA) and mid-
dle cerebral artery (MCA). (C) The MR perfusion (T max map) reveals large perfusion defects in the right MCA whole territory. (D) 
Endovascular treatment was performed 2 hours after the administration of intravenous recombinant tissue plasminogen activator (IV 
rt-PA), but recanalization failed because of complete cervical ICA occlusion. (E) Eight hours after the administration of IV rt-PA, left 
side motor weakness of the patient worsened from motor grade 3/4 to motor grade 1/2, and the immediate follow-up DWI showed 
an increased cerebral infarction.

performed for acute ischemic stroke in most hospitals. 

Intravenous recombinant tissue plasminogen activator 

(IV rt-PA) is effective for acute ischemic stroke in many 

cases, but the clinical symptoms of some patients can 

worsen after the initiation of IV rt-PA because of sus-

tained vessel occlusion. For such cases, several re-

perfusion modalities are available, including mechan-

ical thrombectomy, angioplasty and stenting, carotid 

endarterectomy (CEA), and extracranial to intracranial 

bypass. Invasive procedures, such as major surgery, 

should generally be avoided within 24 hours after the 

administration of IV rt-PA. Here, we report a case in 

which emergent double-barrel STA-MCA bypass was 

performed shortly after the administration of IV rt-PA.

CASE REPORT

A 66-year-old man presented with cerebral in-
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Fig. 2. (A) The diffusion-weighted image (DWI) on postoperative day 7 reveals a slight increase in cerebral infarction. (B) The post-
operative 7-day magnetic resonance (MR) perfusion shows improved perfusion status, but some perfusion defects in the right internal 
border zone are still noted. However, his symptom rapidly improved after surgery. (C) The 1-year follow-up MR perfusion reveals 
more improved perfusion status. (D) The 1-year follow-up MR angiography demonstrates that the right superficial temporal artery is 
much thicker than its contralateral counterpart. At 3-month follow-up, the patient's mRS score was 0, and he remained well at his 
1.5-year follow-up visit. mRS = modified Rankin scale.

farction in the right MCA territory that manifested as 

left hemiparesis and dysarthria. The patient's National 

Institutes of Health Stroke Scale (NIHSS) score was 6 

points at the time of admission. A computed tomog-

raphy (CT) scan was performed immediately and re-

vealed no acute lesion. According to the treatment 

protocol for acute ischemic stroke, the patient received 

emergent IV rt-PA (0.6 mg/kg) from a neurologist at 

our hospital 1 hour and 20 minutes after the onset of 

the event. Diffusion-weighted image (DWI) of mag-

netic resonance imaging (MRI) showed an acute ische-

mic lesion in the cortex, subcortex and corona radiata 

of the right hemisphere (Fig. 1A), and the DWI lesion 

volume was 1.7 mL. MR angiography (MRA) revealed 

occlusion of the right ICA (Fig. 1B). MR perfusion 

demonstrated decreased cerebral blood flow (CBF), 

slightly increased cerebral blood volume (CBV), and a 

large perfusion defect in the right MCA territory on 

the Tmax map (Fig. 1C), and the Perfusion-weighted 

image (Tmax > 6s) lesion volume was 128.6 mL. Because 

of the significant diffusion-perfusion mismatch, the 

patient received endovascular treatment from an in-

terventionist 2 hours after the administration of IV 

rt-PA, but recanalization failed because of total cer-

vical ICA occlusion (Fig. 1D). We initially planned to 

perform STA-MCA bypass the next morning because 

of his mild symptom and because he had received IV 

rt-PA. However, 8 hours after the administration of 

IV rt-PA, his left hemiparesis worsened from motor 

grade 3/4 to motor grade 1/2, and his NIHSS score 

was 14 at that time. The immediate follow-up MRI 

showed an increased cerebral infarction on DWI (Fig. 

1E), and the DWI lesion volume was 6.4 mL. The op-

eration was begun 10 hours after the administration 

of IV rt-PA to prevent further progression of the cere-

bral infarction. A successful double-barrel bypass us-

ing the frontal branch and parietal branch of the STA 

with a small craniotomy was achieved, as demonstrated 

by intraoperative microvascular Doppler sonography. 

Revascularization was accomplished 13.5 hours after 

the administration of IV rt-PA. The operation was un-

eventful without any difficulty associated with hemo-

stasis, and the estimated total blood loss was less than 

50 mL. An immediate postoperative CT revealed no 

hemorrhage and no additional cerebral infarction 

lesions. CT angiography revealed good patency of the 

bypass grafts. Oral administration of the antiplatelet 

and vasodilating agent cilostazol (200 mg/day) was 

started on postoperative day 1 to improve CBF and 

maintain patency of the bypass graft. After surgery, 

his symptom rapidly improved and his NIHSS score 

was 4 on postoperative day 3. MRI was performed on 

postoperative day 7, and revealed a slight increase in 

cerebral infarction (Fig. 2A) and improved perfusion 
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status, but a perfusion defect in the right internal bor-

der zone (Fig. 2B) was still noted. The DWI lesion 

volume was 14.3 mL and the Tmax > 6s lesion vol-

ume was 61.9 mL. The postoperative course was un-

eventful and he fully recovered, his modified Rankin 

scale was grade 0 at the 3-months follow-up. The 

1-year follow-up MRI revealed that his perfusion sta-

tus had improved further (Fig. 2C) and MR angiog-

raphy revealed that the STA diameters had become 

much thicker than the contralateral diameters (Fig. 

2D). He remained well at his 1.5-year follow-up visit 

and continued to take cilostazol (200 mg/day). 

DISCUSSION

Utilization of IV rt-PA has been the standard treat-

ment for acute ischemic stroke. Although IV rt-PA is 

easily administered and is effective in some cases, 

the neurologic symptoms can be worsened after IV 

rt-PA administration if the occluded vessels do not 

respond to it. Bhatia et al. reported that a low rate 

(21.25%) of acute recanalization was observed with IV 

rt-PA administration in acute major vessel occlusion.2) 

Endovascular recanalization has been currently favored 

to treat major vessel occlusions unresponsive to IV 

rt-PA. Although endovascular treatment (EVT) has been 

developing and higher recanalization rates have been 

reported in recent trials, the rates of unsuccessful re-

canalization (TICI, Thrombolysis in Cerebral infarction 

scale ≤ 2a) were reported to be 34.3% in the REVASCAT 

trial16) and 41.3% in the MR CLEAN trial.12) The causes 

of ischemic stroke are heterogenous. An embolus re-

sponds well to thrombectomy devices, but in situ throm-

bosis does not respond well to them. Atherosclerotic 

occlusion may cause EVT failure and require addi-

tional balloon angioplasty or stenting. The natural his-

tory of acute cervical ICA occlusion with serious neu-

rological symptom is unfavorable.1) Cervical ICA occlu-

sion is a difficult lesion to treat in acute ischemic 

stroke, and Choi et al. reported that the successful re-

canalization rate (TICI ≥ 2b) of EVT was 36.4% in 

acute ischemic stroke according to cervical ICA occlu-

sion and the rate of symptomatic intracranial hemor-

rhage (ICH) that resulted in death was 11.8%.3) 

McPherson et al. reported that early CEA can be per-

formed safely in patients after IV rt-PA administration 

for acute ischemic stroke.11) However, in our case, 

digital subtraction angiography (DSA) showed total 

occlusion of the cervical ICA, which cannot be treated 

with CEA. Recent studies have demonstrated the ben-

efits of using emergent STA-MCA bypass in patients 

with acute ischemic stroke.7)8)10)13)15) We suggest that 

STA-MCA bypass should be considered an alternative 

treatment when other reperfusion therapies are ineligible. 

IV rt-PA exerts a prolonged fibrinolytic effect for 

more than 24 hours despite its short circulatory half-life 

(4-5 minutes).18) Therefore, it is recommended that in-

vasive procedures be avoided within 24 hours after 

the administration of IV rt-PA. There have been rare 

reports of emergent STA-MCA bypass performed 

after IV rt-PA administration.9)17) Although a major 

concern was bleeding during or after surgery, it was 

relatively easy to achieve satisfactory hemostasis 

during surgery and a postoperative CT revealed no 

hemorrhage. Furthermore, in previous reports and in 

our case emergent STA-MCA bypass caused no re-

perfusion hemorrhage, likely owing to low-flow bypass. 

In our case, a remnant perfusion defect was found on 

follow-up MRI on postoperative day 7, and cerebral 

infarction had slightly increased. However, the patient 

showed remarkable improvement immediately after 

the bypass surgery. Our case suggests that the addi-

tional low-flow blood supply provided by an STA in 

the ischemic penumbra can minimize the progression 

of ischemia. The amount of flow increases over time 

as the bypass graft vessel matures, which is beneficial 

in acute ischemic stroke because it minimizes the risk 

of cerebral hyperperfusion syndrome. 

Modern procedural descriptions of STA-MCA bypass 

mostly include the use of a single-branch approach. 

The parietal branch of the STA is usually anasto-

mosed to either a superior division or an inferior divi-
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sion M4 branch, based on the gross suitability of the 

recipient. However, each patient develops different 

collateralization, which results in regional differences 

in perfusion. Single-barrel bypass rarely improves the 

perfusion status of both superior and inferior divi-

sions of the MCA because a single branch anasto-

mosis cannot irrigate both divisions of the MCA via 

retrograde filling through M1.4) Hayashi et al. de-

scribed that patients had an ischemic event in the ear-

ly postoperative period as a result of an insufficient 

increase in blood flow following the single-barrel 

STA-MCA bypass surgery.6) We believe that dou-

ble-barrel bypass is a more suitable method for pa-

tients who have perfusion defects of both MCA divi-

sions in acute ischemic stroke because the penumbra 

states are highly unstable in the acute stage of cere-

bral infarction. 

CONCLUSION

This is the first report of emergent double-barrel 

STA-MCA bypass performed 10 hours after IV rt-PA 

administration in acute ischemic stroke. We suggest 

that emergent double-barrel bypass can be a viable 

option in patients who have perfusion defects of both 

MCA divisions in acute ischemic stroke after IV rt-PA 

administration.
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