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Objective : Cerebral hyperperfusion syndrome (CHS) manifests as a collection of symptoms brought on by heightened focal 
cerebral blood flow (CBF), afflicting nearly 30% of patients who have undergone superficial temporal artery (STA)-middle cerebral 
artery (MCA) anastomosis. The aim of this study was to investigate whether the amalgamation of magnetic resonance imaging 
(MRI) fluid-attenuated inversion recovery (FLAIR) and apparent diffusion coefficient (ADC) imaging via MRI can discern cerebral 
hyperemia after STA-MCA anastomosis surgery.
Methods : A retrospective study was performed of patients who underwent STA-MCA anastomosis due to Moyamoya disease 
or atherosclerotic steno-occlusive disease. A protocol aimed at preventing CHS was instituted, leveraging the use of MRI FLAIR. 
Patients underwent MRI diffusion with FLAIR imaging 24 hours after STA-MCA anastomosis. A high signal on FLAIR images signified 
the presence of hyperemia at the bypass site, triggering a protocol of hyperemia care. All patients underwent hemodynamic 
evaluations, including perfusion MRI, single-photon emission computed tomography (SPECT), and digital subtraction angiography, 
both before and after the surgery. If a high signal intensity is observed on MRI FLAIR within 24 hours of the surgery, a repeat MRI is 
performed to confirm the presence of hyperemia. Patients with confirmed hyperemia are managed according to a protocol aimed 
at preventing further progression.
Results : Out of a total of 162 patients, 24 individuals (comprising 16 women and 8 men) exhibited hyperemia on their MRI FLAIR 
scans following the procedure. SPECT was conducted on 23 patients, and 11 of them yielded positive results. All 24 patients 
underwent perfusion MRI, but nine of them showed no significant findings. Among the patients, 10 displayed elevations in both 
CBF and cerebral blood volume (CBV), three only showed elevation in CBF, and two only showed elevation in CBV. Follow-up MRI 
FLAIR scans conducted 6 months later on these patients revealed complete normalization of the previously observed high signal 
intensity, with no evidence of ischemic injury. 
Conclusion : The study determined that the use of MRI FLAIR and ADC mapping is a competent means of early detection of 
hyperemia after STA-MCA anastomosis surgery. The protocol established can be adopted by other neurosurgical institutions to 
enhance patient outcomes and mitigate the hazard of permanent cerebral injury caused by cerebral hyperemia. 
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INTRODUCTION

Cerebral hyperperfusion syndrome (CHS) is a condition 

characterized by symptoms such as headache, aphasia, hemi-

paresis, and seizure that occurs after revascularization sur-

gery. This is due to an increase in focal cerebral blood f low 

(CBF), which can lead to vasogenic edema and further neuro-

logical deterioration1,3,6,20,27). The incidence of symptomatic 

CHS after superficial temporal artery (STA)-middle cerebral 

artery (MCA) anastomosis is around 20–30%5,12,18). Based on 

this, it is likely there are more patients suffering from cerebral 

hyperemia after anastomosis, including those who are asymp-

tomatic. Therefore, a routine protocol for early and accurate 

diagnosis, along with proper management of cerebral hyper-

emia after STA-MCA anastomosis, is necessary to prevent 

permanent neurologic sequelae.

The diagnosis of CHS is made using symptoms and single-

photon emission computed tomography (SPECT), perfusion 

computed tomography (CT), or magnetic resonance imaging 

(MRI). SPECT is considered the standard modality3,11,26,27); 

however, it may not be available in emergency situations2). If 

SPECT couldn’t be performed at the exact moment of a hy-

peremic state, hypoperfusion could paradoxically be detect-

ed11,14,23). We aimed to establish a quicker diagnostic process 

for detecting cerebral hyperemia immediately. The objective 

of this study was to assess the efficacy of utilizing MRI fluid-

attenuated inversion recovery (FLAIR) in conjunction with 

apparent diffusion coefficient (ADC) imaging as an early di-

agnostic tool for the detection of cerebral hyperemia after 

STA-MCA anastomosis and to propose a management proto-

col based on MRI results.

MATERIALS AND METHODS

This research was approved by the Institutional Review 

Board of the Catholic University of Korea (IRB No. HC21RI-

SI0092) and was conducted in accordance with the Declara-

tion of Helsinki.

A retrospective study was conducted on patients who had 

undergone bypass surgery among those with perfusion defect 

due to Moyamoya disease (MMD) or intracranial atheroscle-

rotic steno-occlusive disease, where the Tmax6 volume on the 

time to peak map was greater than 60 mL. The study involved 

investigating medical records and images. Patients who did 

not have as follow-up of at least 6 months after surgery or 

lacked medical records were excluded.

From October 2016 to November 2021, a protocol for pre-

venting CHS incorporating MRI FLAIR was introduced at 

our institution. Before surgery, digital subtraction angiogra-

phy, SPECT, and MRI exams, which included T1-/T2-weight-

ed imaging, enhanced T1-weighted imaging, FLAIR imaging, 

diffusion-weighted imaging, time of f light (TOF), magnetic 

resonance angiography (MRA), were performed. The surgical 

method for each patient was determined based on preopera-

tive digital subtraction angiography, SPECT, and perfusion 

MRI. The donor STA was anastomosed to cortical MCA (M4) 

in an end-to-side manner with 10-0 nylon. If the post-anasto-

mosis flow was confirmed to be <50% of the cut flow, based 

on the microvascular ultrasonic f lowmeter (Charbel micro-

flow probe; Transonics Systems, Inc., Ithaca, NY, USA), addi-

tional anastomosis with the remaining donor vessel was per-

formed. Bypass patency in every anastomosis case was 

confirmed with intraoperative micro-Doppler measurement 

(Nicolet Biomedical, Madison, WI, USA) and indocyanine 

green angiography.

Protocol for preventing CHS after STA-MCA 
anastomosis

Following the STA-MCA anastomosis procedure, CT angi-

ography was performed 6 hours postoperatively, and an MRI 

diffusion with FLAIR imaging was taken 24 hours postopera-

tively. If a high signal on the FLAIR image, indicative of hy-

peremia at the bypass site, was present, a pre-determined pro-

tocol was implemented, encompassing absolute bed rest, 

systolic blood pressure regulation to <120 mmHg, and ad-

ministration of anticonvulsant and steroids, all with the aim 

of averting neurologic impairment. If there were no signifi-

cant findings on the FLAIR image, patients were permitted to 

ambulate and subjected to routine postoperative care. On 

postoperative day 7, they underwent perfusion MRI and 

SPECT prior to discharge. The reason for performing images 

studies is to confirm the improvement of preoperative perfu-

sion defects. If any neurologic symptoms arose during hospi-

talization, MRI diffusion with FLAIR and perfusion MRI was 

performed, and, in the event of hyperemia being detected, the 

protocol of absolute bed rest, blood pressure control, anticon-

vulsant administration, and steroid treatment was imple-
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mented for symptom mitigation. Upon alleviation of neuro-

logic symptoms, the patient was then discharged (Fig. 1).

The diagnosis of cerebral vasogenic edema was established 

through the evaluation of certain radiologic indications by 

two neuroradiologists with over 10 years of experience in the 

field, which included : 1) the emergence of new high signal in-

tensity as indicated by FLAIR and ADC mapping of the hemi-

sphere that underwent surgical treatment; 2) the preservation 

of anastomosis vessel patency; and 3) the lack of postoperative 

complications such as ischemic lesions, infections, or subdural 

hemorrhage (as depicted in Fig. 2). In cases where two neuro-

radiologists agree with the three findings above, the final di-

agnosis is determined to be as cerebral vasogenic edema.

Statistical method
The statistical analysis was performed using R version 4.2.2 

(IR Foundation for Statistical Computing, Vienna, Austria). 

Descriptive statistics were calculated using median and inter-

quartile range values. Fisher’s exact test was used to analyze 

the differences between symptomatic and asymptomatic pa-

tients. p-values were two-sided, with a confidence level of 0.95. 

RESULTS

Of the 162 patients who underwent STA-MCA anastomosis, 

24 were found to exhibit hyperemia on MRI FLAIR images. 

The subset of patients with hyperemia had a median age of 

59.5 years, with a sex distribution of 16 female patients and 

eight male patients. Many of the operations, 16 in total, were 

performed on the left side, while the remaining eight were 

Fig. 2. Postoperative MRI FLAIR (A) and ADC (B) images. At postoperative 
day 1, a high signal intensity area was observed on the right frontal lobe 
(arrow in A) indicating vasogenic edema on FLAIR. A high signal intensity 
area was observed on the ADC image (arrow in B) in the same area 
indicating interstitial edema not cerebral infarction. MRI : magnetic 
resonance imaging, FLAIR : fluid-attenuated inversion recovery, ADC : 
apparent diffusion coefficient.

A B

Fig. 1. Protocol. STA : superficial temporal artery, MCA : middle cerebral artery, CT : computed tomography, MRI : magnetic resonance imaging, FLAIR : 
fluid-attenuated inversion recovery, POD : post operative day.
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performed on the right side. A double-barrel procedure using 

two STA branches was performed on 10 patients, with three of 

these cases also featuring combined encephalo-duro-syangio-

sis (EDAS). The remaining 14 patients underwent a single-

barrel procedure using one STA branch, and seven of these 

patients also underwent combined EDAS. The median cut 

flow of STAs of patients was 49.00 mL/min (23.50–54.00), and 

the anastomosis flow after surgery was 21.00 mL/min (16.75–

33.25). Symptomatic patients had a median onset time of 1.5 

days (1–3). Six patients reported verbal abnormalities, such as 

dysarthria or aphasia. Three patients reported transient hemi-

paresis, and two patients were diagnosed with CHS after sei-

zure-like movements. One patient showed facial palsy, and 

another reported severe dizziness. In the asymptomatic group, 

there were 10 female patients and one male patient, while, in 

the symptomatic group, there were six female patients and 

seven male patients (p=0.033). Five asymptomatic individuals 

underwent left-side procedures and six underwent right-side 

procedures, while 11 symptomatic patients underwent left-

side procedures and two underwent right-side procedures 

(p=0.082). Seven patients in the asymptomatic group under-

went double-barrel operations, including three treated with 

EDAS, and four asymptomatic cases underwent single-barrel 

operations, including one treated with EDAS. Among the 

symptomatic patients, three underwent double-barrel opera-

tions, while 10 underwent single-barrel bypass operations, in-

cluding six treated with EDAS (p=0.086) (Table 1).

SPECT was performed on 23 patients, with 11 presenting 

positive findings. Perfusion MRI was completed on all 24 pa-

tients, but nine showed no specific findings. Ten patients 

showed an increase in both CBF and CBV, while others 

showed an elevation of only CBF or CBV. However, all patients 

who underwent follow-up FLAIR MRI at 6 months showed 

full recovery of the hyperemia observed on the initial MRI 

FLAIR image. SPECT imaging was performed on 10 asymp-

tomatic patients and all symptomatic patients, with five as-

ymptomatic patients and six symptomatic patients demon-

strating positive results. All patients underwent perfusion 

MRI, with negative findings identified in three asymptomatic 

patients and six symptomatic patients, respectively (as dis-

played in Table 2). 

The study compared the effectiveness of different diagnostic 

Table 1. Baseline characteristics of patients with hyperemia

All (n=24) Asymptomatic patients (n=11) Symptomatic patients (n=13) p-value

Age (years) 59.5 (53.75–64) 60.00 (51.50–64.00) 59.00 (57.00–64.00) 0.913

Sex 0.033

Male 8 1 (9.09) 7 (53.85)

Female 16 10 (90.91) 6 (46.15)

Diagnosis 1.000

ICAD 13 6 (54.55) 7 (53.85)

MMD 11 5 (45.45) 6 (46.15)

Operation side 0.082

Left 16 5 (45.45) 11 (84.62)

Right 8 6 (54.55) 2 (15.38)

Operation method 0.086

Double-barrel 10 7 3

Including EDAS 3 3 0

Single-barrel 14 4 10

Including EDAS 7 1 6

Cut flow 49.00 (23.50–54.00) 50.00 (33.50–55.50) 40.00 (19.00–50.00) 0.851

After anastomosis flow 21.00 (16.75–33.25) 20.00 (15.50–28.00) 21.00 (16.75–38.00) 0.718

Values are presented as median (interquartile range) or number (%). ICAD : intracranial atherosclerotic steno-occlusive disease, MMD : Moyamoya disease, EDAS : 
encephalo-duro-arterio-synangiosis
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tools, including perfusion MRI, SPECT, and FLAIR. The re-

sults showed that FLAIR had 100% sensitivity in diagnosing 

cerebral hyperemia, while SPECT showed 47.83% sensitivity 

and perfusion MRI showed 59.09% sensitivity (Table 3).

DISCUSSION

Carotid endarterectomy (CEA) is where CHS was first rec-

ognized as a significant postoperative complication. Standard 

protocols are employed post-surgery to avoid CHS, including 

keeping systolic blood pressure to <150 mmHg. Unlike CEA, 

STA-MCA anastomosis is a low-flow bypass that results in re-

duced CBF. In 1998, Uno et al.24) reported CHS results among 

MMD patients who underwent STA-MCA anastomosis, lead-

ing to numerous studies on CHS after such procedures. A me-

ta-analysis of 26 cohort studies conducted by Yu et al.26) re-

corded a CHS incidence of 16.5% (range, 11.3–22.3%) after 

STA-MCA anastomosis for MMD, which is higher than rates 

of other postoperative complications such as infarction, occlu-

sion, hypoperfusion, infection, and other rare occurrences. 

Other studies have recorded a symptomatic CHS incidence 

after low-flow bypass in the range of 20–30%5,12,18). Although 

CHS has a high incidence rate, it usually proves temporary, 

and complete neurologic recovery can be achieved within 14 

postoperative days with proper management6,9,11,23,26). On the 

other hand, if CHS is not detected and treated promptly, brain 

parenchymal damage may occur, leading to permanent neu-

rologic consequences1,6,20,26). As previous studies mostly en-

rolled symptomatic patients, the actual hyperemia incidence 

after STA-MCA anastomosis is likely greater than what is re-

ported.

The origin of CHS remains enigmatic, with multiple hy-

potheses positing contributing elements such as disrupted ce-

Table 2. Comparison of hyperemia patients according to the presence of symptoms

All Asymptomatic patients Symptomatic patients

FLAIR+ADC

Yes 24 (100.00) 11 (100.00) 13 (100.00)

No 0 (0.00) 0 (0.00) 0 (0.00)

SPECT

Yes 11 5 (50.00) 6 (46.15)

No 12 5 (50.00) 7 (53.85)

Not performed 1 1

Perfusion MRI

CBF+CBV 10 4 6

CBF-only 3 2 1

CBV-only 2 2 0

Negative 9 3 6

Values are presented as number (%). FLAIR : fluid-attenuated inversion recovery, ADC : apparent diffusion coefficient, SPECT : single-photon emission computed 
tomography, MRI : magnetic resonance imaging, CBF : cerebral blood flow, CBV : cerebral blood volume

Table 3. Comparison of diagnostic tools for cerebral hyperperfusion syndrome

Total Positive Negative Sensitivity (%)

FLAIR 24 24 0 100.00

ADC 24 24 0 100.00

SPECT 23 11 12 47.83

Perfusion MRI 24 13 9 59.09

FLAIR : fluid-attenuated inversion recovery, ADC : apparent diffusion coefficient, SPECT : single-photon emission computed tomography, MRI : magnetic resonance 
imaging
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rebral autoregulation, augmented CBF post-revascularization, 

and hemodynamic stress. Chronic stenotic occlusive disease 

and MMD may give rise to dilated and hypertrophied vessels, 

which exhaust cerebrovascular reactivity in turn and interfere 

with cerebral autoregulation3,8,13,25,27). The liberation of oxygen-

free radicals during reperfusion may also trigger vasodilation 

and increased vascular permeability10,15,17,25,27). Postoperative 

hypertension can worsen CHS1). In the normal population, 

when blood pressure rises, cerebral blood vessels constrict, re-

ducing CBF to preserve the brain. However, in those with 

chronic ischemia, cerebral blood vessels, whose autoregulation 

is disrupted, do not exhibit a normal response to reduce the 

blood f low even when the blood pressure rises. In addition, 

since CBF is increased by bypass surgery, the risk of brain 

damage increases due to increased CBF. As a result, hyperten-

sion can lead to an increase in focal CBF with vasogenic ede-

ma3,6). Vasogenic edema occurs when increased pressure in the 

blood vessels leads to the accumulation of f luid in the brain 

tissue, causing the tissue to swell. In such cases, medical atten-

tion should be sought as it can be a sign of severe brain inju-

ry3,6). STA-MCA anastomosis is a low-flow bypass procedure 

with a lower risk of hyperemia compared to CEA. In addition, 

if the blood pressure is too low, there is a risk of additional 

ischemic brain damage after surgery. Therefore, it is not rec-

ommended to lower the blood pressure in a uniform manner 

of a patients who has undergone surgery, even if it is slightly 

high. However, when hyperemia occurs, blood pressure must 

be lowered as soon as possible to reduce brain damage. There-

fore, we sought to establish an early detection method for 

CHS in STA-MCA anastomosis patients.

In our hospital before our protocol was established, there 

were six patients with CHS after STA-MCA anastomosis. All 

patients showed vasogenic edema in the subcortical white 

matter, characterized by high signal intensity on both the 

FLAIR and ADC maps. Five of fix patients underwent SPECT, 

Fig. 4. A case illustration of MRI FLAIR, SPECT, and perfusion MRI. A : 
An MRI FLAIR image showed a high signal intensity area in the right 
frontal lobe (arrows), indicating vasogenic edema. The same perfusion 
MRI showed increased cerebral blood flow at the site of the operation.  
B : SPECT showed increased flow on operation site (arrows). C : The 
postoperative MRI FLAIR taken 2 months after surgery showed that the 
previously observed lesion had normalized (arrow). FLAIR : fluid-
attenuated inversion recovery, CBF : cerebral blood flow, TTP : time-to-
peak, SPECT : single-photon emission computed tomography, f/u : 
follow-up, MRI : magnetic resonance imaging.

A

B

C

FLAIR CBF TTP

f/u FLAIR

SPECT

Fig. 3. A case illustrations of postoperative MRI FLAIR, perfusion MRI, 
and SPECT image. A : A high signal intensity area was observed on the 
left frontal lobe (arrows) indicating vasogenic edema on FLAIR. B : A 
perfusion MRI of the same patients revealed a slight decrease in cerebral 
blood volume and postoperative SPECT showed a decrease in blood 
flow at the bypass site. C : A follow up MRI taken 6 months later showed 
complete recovery of hyperemia in FLAIR image (arrow), indicating that 
the vasogenic edema had resolved. FLAIR : fluid-attenuated inversion 
recovery, ADC : apparent diffusion coefficient, DWI : diffusion weighted 
imaging, CBF : cerebral blood flow, TTP : time-to-peak, SPECT : single-
photon emission computed tomography, MRI : magnetic resonance 
imaging.
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but all showed negative results. One patient showed elevated 

levels of both CBV and CBF on perfusion MRI, one patient 

showed only elevation of CBF, and two patients showed no 

hyperemia at all. Neurologic symptoms occurred at a median 

of 5 days (1–10) postoperatively. Patients reported dysarthria, 

seizure, and side weakness. One of the severe cases, there was 

a patient admitted with a modified Rankin scale of 1, devel-

oped CHS after the anastomosis and discharged with a modi-

fied Rankin scale of 3 after more than 3 months of hospital-

ization. The operation was performed on the left side in three 

patients and on the right side in three patients. When compar-

ing symptomatic patients to asymptomatic patients in our 

study, there was a borderline significant difference in the 

number of patients with operations on the left side. Because 

the left hemisphere is usually the dominant hemisphere for 

most patients7,22), the operator should inform patients and be 

cautious about the possibility of CHS before planning an STA-

MCA anastomosis on the left side.

CHS has been defined in several studies as an increase of 

CBF of >100% compared to the preoperative baseline CBF in 

CEA and carotid artery stenting3,8,16,20,25). However, there is 

currently no consensus on the exact definition of CHS follow-

ing STA-MCA anastomosis. Many studies use different imag-

ing tools to detect increases in CBF for CHS diagnosis. SPECT 

is widely used as a standard modality for evaluating CBF and 

for differentiating CHS from ischemia3,11,26,27). However, 

SPECT has limitations as it is time-consuming, requires a ra-

dioactive tracer, and cannot be used in many hospitals for 

emergency diagnosis. Additionally, cerebral hyperemia can be 

transient and intermittent, so imaging to evaluate CBF must 

be performed at the exact time of hyperemia or serially to 

compare states11,14,23). The results of SPECT in several studies 

have varied based on when the imaging was performed serial-

ly to evaluate CBF23). In this study, both SPECT and perfusion 

MRI showed variable results. Also, one report described CHS 

diagnosis with RAPID perfusion CT. RAPID perfusion CT 

was used to diagnose CHS by showing a relationship between 

perfusion CT and CHS on postoperative day 419). Other imag-

ing modalities that do not directly measure CBF for CHS di-

agnosis have been reported, such as TOF-MRA suggested by 

Sato et al.21). The change ratio of signal intensity on TOF-MRA 

can be useful for screening CHS because the signal intensity 

of the anastomosis vessel is increased in CHS patients. Many 

studies have emphasized the importance of early detection 

and management of CHS to prevent permanent parenchymal 

damage1,3,6,20,26). In this study, the focus is on identifying the 

most rapid and convenient method for diagnosing vasogenic 

edema caused by hyperemia, which is MRI FLAIR. When 

combined with diffusion-weighted imaging, it can differentiate 

cerebral edema caused by ischemia. Our study found that all 

patients diagnosed with CHS showed high signal intensity in 

the subcortical white matter on both FLAIR and ADC maps, 

and every patient except one with dysarthria recovered fully 

with appropriate treatment. The study also compared the effec-

tiveness of different diagnostic tools. In the patient example in 

Fig. 3, significant hyperemia was observed in the left frontal 

lobe, but there were unclear reductions in CBV and CBF de-

tected by perfusion MRI. Additionally, SPECT was unable to 

detect hyperemia. On the other hand, in Fig. 4, another patient 

showed an elevation of CBF, which could be detected by perfu-

sion MRI. Overall, the study highlights the effectiveness of 

MRI FLAIR in diagnosing bypass-related hyperemia and sug-

gests that it is a useful diagnostic tool for CHS. One of impor-

tant points of this analysis is that patients who underwent fol-

low-up MRI FLAIR 6 months later showed no high signal 

intensity at all and also no ischemic injury. It means that high 

signal intensity on MRI FLAIR after STA-MCA anastomosis 

can be interpreted as reversible change of cerebral edema.

Many studies have shown that careful monitoring and low-

ering of blood pressure are critical for managing CHS3,4,25,26). 

However, there is a lack of consensus about the target of blood 

pressure and the duration of anti-hypertensive treatment. In 

this study, systolic blood pressure was carefully lowered to 

<120 mmHg using intravenous labetalol or nicardipine dur-

ing the symptomatic period. Anti-epileptic drugs, corticoste-

roids, and mannitol were used in selected patients. Edaravone, 

a free radical scavenger that has been reported to be effective 

against CHS in some studies15) was not used in this study due 

to a lack of availability. 

Limitation
Because this analysis is based on the selection of patients ac-

cording to a specific protocol, it has limitations in terms of 

statistical proof. Therefore, further research on a larger popu-

lation is needed. 
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CONCLUSION

Cerebral hyperemia refers to an increase in blood f low to 

the brain. MRI FLAIR imaging can be used to diagnose cere-

bral hyperemia immediately, regardless of timing, and, when 

performed with ADC mapping, it can differentiate cerebral 

hyperemia from ischemia. MRI can detect even minimal va-

sogenic edema areas, allowing for early and accurate diagnosis 

of cerebral hyperemia. The use of MRI FLAIR combined with 

ADC mapping is a convenient and effective way to diagnose 

focal hyperemia after STA-MCA anastomosis. This has al-

lowed for early detection and management of CHS, reducing 

the risk of permanent damage to the brain. 
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