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Background and purpose: Patients with acute ischemic stroke (AIS) may display pro-
longed neurological deficits and conscious disturbance even after successful endovas-
cular thrombectomy. We hypothesized that hemodynamic change after reperfusion
might influence outcomes. This study investigated the factors causing hyperperfusion
and outcomes. Methods: We retrospectively analyzed 27 patients with AIS who under-
went successful acute revascularization (TICI: Thrombolysis in Cerebral Infarction
2b +3). Changes of the neurological status were precisely assessed by using the
National Institutes of Health Stroke Scale (NIHSS). Ischemic lesions were scored by
MRI with diffusion-weighted imaging (DWI), and blood flow in the middle cerebral
artery territory was assessed by MRI with arterial spin labeling. Univariate analysis
was performed to investigate correlations between hyperperfusion and demographic
factors or the functional prognosis. Results: Thirteen of the 27 (48%) patients developed
hyperperfusion after reperfusion. A significant correlation was seen between hyper-
perfusion and the improvement of NIHSS at 24 hours (P < .0001), the duration of dis-
turbance of consciousness (days) (P < .0001), DWI-ASPECTS (P = .001), hemorrhagic
transformation (P = .007), and mRS less than or equal to 2 at 90 days
(P = .007). Conclusions: The present findings suggested that some patients with AIS
will develop hyperperfusion after successful acute revascularization. The status of
hyperperfusion could prolong conscious disturbance and affect outcomes. Since the
mechanism of hyperperfusion after revascularization depends on stroke etiology,
diagnosing the type of ischemic stroke in the acute stage is important for managing
postoperative treatment.
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has led to marked improvement of endovascular throm-
bectomy for acute ischemic stroke (AIS). Current large-
scale studies have suggested that endovascular thrombec-
tomy can achieve a good outcome (mRS < 2) in selected
patients if performed in less than 16 or less than 24 hours
after the onset of stroke.' Goyal et al reviewed large
cohort studies of patients with AIS® and suggested that
about 50% of patients may achieve a good outcome (mRS
< 2). However current study showed that ischemic reper-
fusion injury could be considered.” Actually some AIS
patients clinically show prolonged conscious disturbance
after successful acute revascularization, despite having a
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HYPERPERFUSION AFTER AIS

small lesion of permanent brain damage on imaging, but
the pathophysiology underlying this discrepancy remains
unclear. Interestingly, recent hemodynamic studies have
demonstrated that hyperperfusion can cause impairment
of cognitive function after vascular reconstruction sur-
gery." One possible mechanism to explain this clinical dis-
crepancy might be differences of blood flow recovery
after revascularization. In patients with carotid artery ste-
nosis undergoing carotid endarterectomy or carotid artery
stenting, cerebral hyperperfusion syndrome is a well-
known phenomenon,” as a result of cerebral hyperpefu-
sion. Cerebral hyperperfusion syndrome is defined as an
increase of cerebral blood flow (CBF) that exceeds the
brain tissue demand and causes a neurological deficit. We
hypothesized that some patients with AIS might develop
similar reperfusion problems. Therefore, we retrospec-
tively investigated hemodynamic changes in AIS patients
together with detailed consecutive assessment of their
neurological findings.

Methods

The authorized local ethical committee approved this ret-
rospective study and the requirement for informed consent
was waived. Between April 2016 and March 2018, 70
patients with AIS were treated at our hospital and 50 patients
successfully achieved Thrombolysis in Cererbral Infarction
(TICI) 2b +3. Of these 50 patients, 27 patients underwent
MRI before and after treatment. Postoperative MRI under-
went within 24 hours after treatment. A total of these 27
patients were included in this retrospective study. The neuro-
logical status was evaluated by the NIHSS (preoperatively
and 24 hours postoperatively), and an early dramatic
response to treatment was defined as a decrease of the
NIHSS score by greater than or equal to 8 from baseline or
an NIHSS score of 0-2 at 24 hours. Stroke etiology was classi-
fied according to the Trial of Org 10172 in Acute Stroke
Treatment criteria’ as large artery atherosclerosis (LAA) or
cardioembolism (CE). Disturbance of consciousness was
defined as somnolence, stupor, lethargy, or coma. The dura-
tion of disturbance of consciousness (in days) was evaluated.

The extent of cerebral infarction before and after treat-
ment was assessed by using diffusion-weighted imaging-
ASPECTS (DWI-ASPECTS) MRI. Small lesion was
defined as DWI-ASPECTS greater than over equal to 7,
and we analyzed the correlation between small lesion and
the duration of consciousness, outcome especially in cere-
bral hyperperfusion group.

In addition, MRI with arterial spin labeling (ASL) was
performed just before treatment and within 24 hours after
it. Postoperative hyperperfusion was defined as patchy
areas with visually perceivable increased CBF on ASL
maps either within or around the corresponding lesion
observed on DWI images when compared with the
homologous contralateral hemisphere.® Serial imaging
studies were performed until neurological recovery.
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Hemorrhagic transformation were assessed by T2*-
weighted image, according to the Second European-Aus-
tralasian Acute Stroke Study (ECASS II) criteria.”

Imaging Protocol

All patients underwent consecutive imaging by using a
1.5 TMR scanner (Signa Explorer; GE Healthcare Ltd.,
Tokyo, Japan) equipped with an 8-channel head coil. The
protocol included DWI, TOF-MRA, T2* and ASL with the
post-labeling delay set at 1.525 ms. The total scanning
time was 8 minutes per examination.

Statistical Analysis

Mean values were determined and the standard error of
the mean (SE, 0//1) was calculated as an estimate of the
population mean. To compare differences between 2
groups, Fisher's exact test was employed for categorical
variables and the Mann-Whitney U-test was used for
quantitative variables. The level of significance was set at
o < .05. Statistical analyses were carried out with the J]MP
statistical package (JMP version 13, SAS Institute, Inc.,
Cary, North Carolina).

Results
Patient Demographic Profile

The 27 patients included 14 men and 13 women (mean
age: 78 years, range: 68-91 years). Their demographic pro-
file is summarized in Table 1. All patients received endo-
vascular recanalization was successful (TICI=2b in 3
patients and TICI =3 in 24 patients). The site of occlusion
was the internal carotid artery (ICA) in 12 patients and
the middle cerebral artery (MCA) in 15 patients. The
mean preoperative DWI-ASPECTS score was 7.7 points
(range: 3-11). The 21 patients (78%) observed small lesion
(DWI-ASPECTS = 7). The mean time from onset to reper-
fusion was 363 minutes (range: 116-1740 minutes). Hem-
orrhagic transformation was observed in 8 patients (30%).

Thirteen patients developed hyperperfusion after revascu-
larization and all patients showed no improvement of
NIHSS at 24 hours after therapy. There was a significant cor-
relation between hyperperfusion and the following parame-
ters (hyperperfusion group versus nonhyperperfusion
group): improvement of NIHSS at 24 hours (0 versus 11
P < .0001), the duration of disturbance of consciousness
(mean: 7.7 versus 0.6 P < .0001), DWI-ASPECTS (mean: 6.5
versus 8.9; P = .001), hemorrhagic transformation (7 versus
1; P = .007) and mRS less than or equal to 2 at 90 days (2 ver-
sus 9; P = .007). There was a positive association between
hyperperfusion and the time from onset to reperfusion
(mean: 502 versus 235; P = .08). In patients with hyperperfu-
sion, 8 of 13 patients (62%) had small lesion. The correlation
with the duration of disturbance of consciousness was sig-
nificantly short in small lesion (mean 4.9 days versus 10.3
days; P = .01). However, there were no relationship between
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Table 1. Summary of hyperperfusion after acute revascularization

K. SHIMONAGA ET AL.

Total Hyperperfuion (+)  Hyperperfusion (—) P value
(n=27) (n=1348%) (n=1452%)

Age, mean + SE 78+ 14 78 +2.3 79+ 1.6 .69
Female, n (%) 13 (48) 6 (46) 7 (50) .84
NIHSS, mean 4+ SE 19+£1.5 18+ 1.8 21+23 .55
Improve of NIHSS at 24 h 11 (55) 0(0) 11 (85) <.0001
DWI-ASPECTS, mean + SE 77+ 4 65+ .5 89+ 4 .001
ICA, n (%) 12 (44) 7 (54) 5 (36) .34
Duration of disturbance of consciousness, mean =+ SE (d) 40+ .9 7.7+1.0 6£.7 <.0001
O2R, mean + SE (min) 363 £ 72 502 £ 141 235+ 15 .08
Hemorrhagic trasnformation, n (%) 8 (30) 7 (54) 1(13) .007
mRS (90 d) <2,n (%) 11 (41) 2 (15) 9 (64) .007

Abbreviations: ICA, internal cerebral artery; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; O2R, onset

to reperfusion.

lesion and outcome: mRS less than or equal to 2 at 90 days.
Two patients with small lesion achieved mRS less than or
equal to 2 at 90 days.

Etiology
Large Artery Atherosclerosis

Six of the 27 patients had AIS due to large artery occlu-
sion (ICA or MCA) and hyperperfusion was detected in 4
of these 6 patients (67%). Their demographic profile is sum-
marized in Table 2. Among the patients with hyperperfu-
sion, none showed improvement of NIHSS at 24 hours and
only one had a good outcome at 90 days. The mean DWI-
ASPECTS score was 1 point lower in the patients with
hyperperfusion than in those without hyperperfusion (7
versus 8 points), and the time from onset to reperfusion
was longer in patients with hyperperfusion than in those
without hyperperfusion (1045 versus 275 minutes).

Cardioembolism

Twenty-one of the 27 patients had AIS due to CE and
hyperperfusion was detected in 9 of these 21 patients

(43%). Their demographic profile is summarized in
Table 3. Among the patients with hyperperfusion, none
showed improvement of NIHSS after 24 hours and only 1
patient showed good outcome at 90 days. The mean DWI-
ASPECTS score was 5.9 points lower in the patients with
hyperperfusion than in those without hyperperfusion (P =
.001), but the time from onset to reperfusion was almost
the same in the patients with and without hyperperfusion
(260 versus 227 minutes).

Representative Cases
Case 1

An 82-year-old man with a history of atrial fibrillation
developed right hemiparesis, aphasia. His NIHSS was 27
on admission (onset-to-door time: 51 minutes). MRI
revealed a hyperdense area in the left MCA territory
(DWI-ASPECTS 5) (Fig 1). Thrombectomy using a stent
retriever achieved recanalization (TICI=3) at about 207
minutes after the onset. Neurological findings showed no
improvement at 24 hours after reperfusion (NIHSS 27).
ASL revealed hyperperfusion in the ischemic area from
the day after surgery to 7 days after (Fig 2). Following the

Table 2. Summary of hyperperfusion after acute revascularization (large artery atherosclerosis)

Total Hyperperfuion (+) Hyperperfuion (—)

(n=6) (n=467%) (n=233%)
Age, mean £+ SE 74+£2.0 73+2.6 8+.5
Female, n (%) 1(17) 1(25) 0(0)
NIHSS, mean + SE 16 £ 3.1 15+4.8 19+1.0
Improve of NIHSS at 24 h 2 (33) 0(0) 2 (100)
DWI-ASPECTS, mean + SE 7.5 7+.8 8+ .5
ICA, n (%) 5(83) 3(75) 2 (100)
Duration of disturbance of consciousness, mean =+ SE (d) 42+ 1.5 6.0+ 1.6 S5+.5
O2R, mean + SE (min) 788 £+ 265 1045 + 332 275+£3.5
Hemorrhagic trasnformation, n (%) 0(0) 0(0) 0(0)
mRS (90 d) <2, n (%) 3 (50) 1 (25) 2 (100)

Abbreviations: ICA, internal cerebral artery; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; O2R, onset

to reperfusion.
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Table 3. Summary of hyperperfusion after acute revascularization (cardioembolic)
Total Hyperperfuion (+)  Hyperperfuion (—) P value
(n=21) (n=943%) n=1257%)

Age, mean + SE 79+ 1.6 80 £2.8 79+ 1.9 8
Female, n (%) 12 (57) 5 (56) 7 (58) 8
NIHSS, mean + SE 21+£1.7 20+ 1.6 21+£2.7 .69
Improve of NIHSS at 24 h 9 (42) 0(0) 9 (75) .0006
DWI-ASPECTS, mean + SE 77+ 5 50+ .6 9.1+ 4 .001
ICA, n (%) 7 (33) 4 (44) 3(25) 35
Duration of disturbance of consciousness, mean + SE (d) 44+1.0 84413 6+ .2 <.0001
O2R, mean £ SE (min) 241+ 15 260 + 28 227+ 17 49
Hemorrhagic trasnformation, n (%) 8 (38) 7 (88) 1(13) .001
mRS (90d) =2,n (%) 8 (38) 1(11) 7 (58) .02

Abbreviations: ICA, internal cerebral artery; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; O2R, onset

to reperfusion.

resolution of hyperperfusion, his level of consciousness
improved. Right hemiparesis improved, but motor apha-
sia persisted at 90 days after the onset (mRS 3).

Case 2

An 80-year-old man with a history of hypertension
experienced apraxia on the day before AIS, followed
by the sudden onset of conjugate deviation and right-
sided paralysis with motor aphasia. His NIHSS was 24
on admission (onset-to-door time: 1105 minutes). MRI
revealed left ICA occlusion and a hyperdense area in
the left MCA territory (DWI-ASPECTS 7). Digital

Figure 1. An 82-year-old man with cardioembolic stroke in the left middle
cerebral artery territory (A). DWI shows a high intensity area in the left
middle cerebral artery territory (B). Postoperative magnetic resonance angi-
ography demonstrates complete revascularization of the left middle cerebral
artery territory (C). Postoperative DWI shows disappearance of the high sig-
nal intensity area in the left frontal lobe (arrow) (D). DWI, diffusion-
weighted imaging.

subtraction angiography (DSA) showed occlusion of
the ipsilateral ICA by atherosclerotic plaque was diag-
nosed (Fig 3). Transluminal balloon plasty was per-
formed with proximal protection and a stent was
deployed, resulting in complete recanalization
(TICI=3) about 1459 minutes after the onset. Neuro-
logical findings showed no improvement at 24 hours
after reperfusion. (NIHSS 29). ASL demonstrated
hyperperfusion of the ischemic area from the day after
therapy to 7 days afterwards (Fig 4). After hyperperfu-
sion resolved, his level of consciousness improved.
Right-sided paralysis and motor aphasia were
improved at 90 days after the onset of stroke (mRS 1).

Figure 2. Postoperative ASL shows hyperperfusion in the left middle cere-
bral artery territory (A). One week later, the area of hyperperfusion has
expanded in the left middle cerebral artery territory (arrow) (B). Two weeks
after surgery, the hyperperfusion has disappeared (arrow) (C, D). ASL, arte-
rial spin labeling.
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Figure 3. An 80-year-old man with AIS due to left ICA occlusion. Preoper-
ative DSA demonstrates ICA occlusion with calcification at the bifurcation
(arrow) (A). DWI shows scattered high intensity areas in the left middle
cerebral artery territory (B). Postoperative DSA displays complete revascu-
larization of the left ICA with stenting (C). Postoperative DWI demonstrates
additional high signal intensity areas in the left frontal lobe (arrow) (D).
AIS, acute ischemic stroke; DSA, digital subtraction angiography; DWI, dif-
fusion-weighted imaging; ICA, internal carotid artery.

Discussion

The present study revealed that postoperative hyper-
perfusion even after successful revascularization was
associated with prolonged conscious disturbance. None

Figure 4. Postoperative ASL shows hyperperfusion in the left middle cere-
bral artery territory (A and B). One week later, the area of hyperperfusion in
the left middle cerebral artery territory has disappeared, and low perfusion
consistent with the site of cerebral infarction is observed (C and D). ASL,
arterial spin labeling.

K. SHIMONAGA ET AL.

of the patients with hyperperfusion achieved acute neuro-
logical recovery (in 24 hours after reperfusion) and the
duration of disturbance of consciousness was approxi-
mately 7 days longer. Actually some patients who pre-
sented prolonged conscious disturbance suffered from
numerous complications such as pneumonia, which
might associate with worse outcomes. The outcome at
90 days was not good as expected after successful
reperfusion.

The incidence of hyperperfusion after mechanical
thrombectomy was relatively high accounting 28% of
patients who achieved TICI greater than over equal to 2b
reperfusion in the presented study. Currently a few stud-
ies including case series revealed this new concept in
reperfusion therapy for AIS,”'" therefore the actual inci-
dence of hyperperfusion after mechanical thrombectomy
remains unclear. In addition, there were 2 stroke etiolo-
gies associated with hyperperfusion. The majority of AIS
in the present series was due to CE, while the minor etiol-
ogy was LAA and hyperperfusion tended to occur in the
latter group. The hemodynamics of these 2 stroke etiolo-
gies may differ, therefore the mechanism of hyperperfu-
sion should be discussed separately.

Large Artery Atherosclerosis

LAA was classified as AIS with atherosclerotic proxi-
mal ICA stenosis or occlusion. Chronic stenosis of a large
vessel promotes the development of collateral circulation,
which could be the main reason for the significant differ-
ence of DWI-ASPECTS between the patients with and
without hyperperfusion. Chronic severe stenosis is associ-
ated with a high risk of hyperperfusion after revasculari-
zation, which is considered to be due to poor
cerebrovascular reserve and decreased autoregulation.''
This may explain the high frequency of hyperperfusion in
patients with LAA.

Acute treatment is suggested to be a risk factor for
hyperperfusion depending on the procedure in ICA steno-
sis,’” and gradual expansion should be considered to
avoid postoperative hyperperfusion.'” Actually, the 2
LAA patients without hyperperfusion after the procedure
were treated by percutaneous transluminal angioplasty
alone. On the other hand, even if reperfusion is achieved
by thrombectomy, immediate reocclusion frequently
occurs in this type of acute stroke.'* We also experienced
a patient without hyperperfusion, who developed occlu-
sion of ICA one day after treatment by percutaneous
transluminal angioplasty. There is clearly no unanimity in
the literature regarding the optimal strategy for the tech-
nical approach to patients with such lesions.'” Currently,
the combination of angioplasty and stent placement for
proximal stenosis or occlusion is not considered useful
according to the most recent American Heart Association
guidelines on management of AIS.'® Therefore, treatment
of LAA patients with AIS should be performed carefully
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to obtain effective outcomes and the appropriate treat-
ment strategy will contribute to avoiding hyperperfusion.

Cardioembolism

In the group with CE, 9 out of 21 patients (43%) demon-
strated hyperperfusion. Although the mean DWI-
ASPECTS value was low in the patients with hyperperfu-
sion, there was no difference of the time from onset to
reperfusion between the patients with or without hyper-
perfusion. ASPECTS was proposed as a method for semi-
quantitatively assessing early ischemic changes, with
DWI-ASPECTS adding acute ischemic lesions in the cere-
bral white matter.'”'® Thus, our findings suggested that
the extent of acute ischemia and the absence of collateral
circulation, rather than the reperfusion time, might con-
tribute to hyperperfusion. A previous study suggested
that “luxury perfusion” may indicate metabolic failure
and correspond to hyperperfusion.” Previous physiologi-
cal studies have suggested that changes of blood-brain
barrier permeability occur when brain tissue is damaged
by ischemia, which may increase the risk of hyperperfu-
sion after reperfusion.” Liu suggested that sudden occlu-
sion of the culprit artery and lack of collateral circulation
may be the major reasons for an increase of blood-brain
barrier permeability after CE."” The present study sug-
gested that poor collateral circulation was associated with
hyperperfusion after reperfusion therapy in CE, as was
the area of early brain ischemia showing a low DWI-
ASPECTS value.

Relationship between Hyperperfusion and
Outcomes

Hyperperfusion after reperfusion is associated with
hemorrhagic transformation and poor prognosis as
well.5?°  After bleeding occurs, the mortality rate is
reported to exceed 50%.”' Our study showed that hyper-
perfusion had an effect on the hemorrhagic transforma-
tion and outcome. Perioperative management centered on
blood pressure control is important for preventing hyper-
perfusion.”’ Once patients were diagnosed harboring
hyperperfusion, strict management of blood pressure
under 120/80 mmHg was recommended.”” Lower blood
pressure could reduce the incidence of cerebral hyperper-
fusion after reperfusion therapy. Moreover to prevent
hyperperfusion, propofol was recommended in the treat-
ment hyperperfusion result to normalize CBF.”

It is of interest that even patients with small brain
infarction (DWI-ASPECT = 7) could show hyperperfu-
sion in a short period. In the presented study, 6 of 8
patients had prolonged neurological deficits presumably
due to initial brain damage, whereas the rest 2 patients
could show full recovery returning to community mobil-
ity. We believe that intensive care after reperfusion ther-
apy would be necessary to obtain better clinical result,
otherwise these patients with small brain infarction might
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suffer from reperfusion brain damage including hemor-
rhagic transformation.” To clarify risk factors of hyperper-
fusion and establish better clinical management, further
study would be warranted.

Limitations

This study had several limitations. First, it was a retro-
spective case series, so the number of patients was too
small for statistical evaluation. Further studies are needed
to clarify the factors associated with hyperperfusion after
reperfusion.

Secondly, the definition of hyperperfusion after reper-
fusion was evaluated qualitatively using ASL. Quantita-
tive assessment of ASL would be preferable to find a cut-
off value for hyperperfusion.

Finally, previous study suggested that CBF assessment
by ASL and that by other modality (eg, SPECT or CT per-
fusion) had excellent correlation.””> ASL could be per-
formed repeatedly less invasively, therefore expected as
first line examination to evaluate hemodynamic change
after acute reperfusion therapy. However ASL tended to
overestimate CBF compared with other modalities.”” The
evaluation using ASL may be related to high frequency of
hyperperfusion in this study.

Conclusion

In AIS patients, CBF can change dramatically after
revascularization. Hyperperfusion might be a possible
pathophysiologic mechanism of prolonged conscious dis-
turbance after reperfusion therapy, and could affect on
patient outcomes. To diagnose the etiology of stroke and
to detect hyperperfusion after reperfusion therapy would
help postoperative management of AIS patients.
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