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Findings of Perfusion MR Imaging in
Acute Middle Cerebral Artery Territory Ischemic Stroke

Nack-Cheon Choi, Jae Hyoung Kim*, Ki-Jong Park, Tae-You Kim, Sung-Chul Jeon,
Jun-Hyeok Kwak, Joon-Ky Hong, Oh-Y oung Kwon, Byeong Hoon Lim

Department of Neurology & Radiology*, Gyeongsang National University College of Medicine
Gyeongsang I nstitute for Neuroscience, Gyeongsang National University

Background : Although a magnetic resonance imaging (MRI) is highly sensitive for changes associated with
ischemic stroke, the detection of an acute ischemic lesion is usually impossible within 6 hours of the stroke onset on a
conventional MRI. The perfusion MRI is a new imaging technique for diagnosing acute ischemic stroke. We evaluate
the clinical usefulness of the perfusion MRI in predicting the final infarct extent in 18 patients with acute middle cere-
bral artery (MCA) territory ischemic stroke. Methods : The perfusion MRI was performed within 6 hours after the
stroke onset in all patients with a single-section dynamic contrast-enhanced T2*-weighted imaging in conjunction with
a conventional routine MRI and MR angiography. Time-concentration curves and cerebral blood volume (CBV) maps
were calculated from the dynamic MR imaging data by using numerical integration techniques. We compared findings
of CBV maps with infarction on afollow-up CT or MRI. Results: In 14 of 18 patients, the CBV in the occluded MCA
territory were decreased. In the remaining 4 patients with a reversible ischemic neurologic deficit (RIND) or transient
ischemic attack (TIA), the CBV were increased in 3 and normal in 1. Out of 14 patients with a decreased CBV, two had
focal regions of increased CBV within the affected territory, indicating reperfusion hyperemia. The regions of
increased or decreased CBV were eventually converted to infarction on follow-up images in all 14 patients. Out of 4
patients with RIND or TIA, one showed focal infarction in centrum semiovale on a follow-up image. Conclusions :
The perfusion MRI was useful for the assessment of hemodynamic change about cerebral perfusion and may predict
the extent of final infarction in acute MCA territory ischemic stroke. These results suggest that the perfusion MRI may
play an important role in the diagnosis and management of acute ischemic stroke.
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No Age/Sex Risk Factors Symptoms Management NIHSS
1 M/45 HC, S Rt. HP, Aphasia Heparin 17-17-10
2 F/55 Af, CAD, MVP Lt. HP Heparin 22-21-22
3 M/55 Af Rt. HP, Aphasia IA-UK 25-25-20
4 F/49 Af, LA thrombus, VHD Lt. HP IA-UK 17-16-15
5 M/65 Af, CAD,HT, S Rt. HP, Aphasia Heparin 27-27-22
6 F/81 Af, HT, S Lt. HP Heparin 14-09-03
7 M/49 ) Lt. HP Heparin 12-11-10
8 FI77 HT, S Lt. HP IA-UK 17-20-?
9 FI75 Af, HT, DM Lt. HP Heparin 24-23-21
10 F/26 HC Lt. HP IA-UK 15-13-40
11 Fi67 Af, HT Rt. HP, Aphasia IA-UK 22-02-02
12 M/78 CAD, HT, S Lt. HP IV rtPA 26-26-35
13 M/65 VHD, HT, S Rt. HP, Aphasia Heparin 20-17-12
14 M/71 Af, HT Rt. HP, Aphasia Heparin 24-23-25
15 M/67 DM Rt. HP, Aphasia Heparin 4-0-0

16 M/61 HT, S Rt. HP Heparin 5-4-0

17 F/61 CAD Rt. HP, Aphasia Heparin 10-0-0
18 F/75 DM, HC, HT Rt. HP Heparin 7-0-0

Af: atrial fibrillation, CAD: coronary artery disease, DM: diabetes mellitus, HC: hypercholesterolemia, HT: hypertension,
LA: left atrium, MVP: mitral valve prolapse, S: smoking, VHD: valvular heart disease.

Rt. HP: Right hemiplegia, Lt. HP: Left hemiplegia
IA-UK: Intra-arterial urokinase

1V rtPA: Intravenous recombinant plasminogen activator
NIHSS: National Institutes of Health Stroke Scale
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Table 2. Findings of imagings.

. Timeto High Singal on Occlusion . Infarction on F/U
No Sex/Age Early CT signs* MRI To-W[** on MRI rCBV ratio image
1 M/45 ALN, HSE 4.8 FTP cortex M2 1.37(A+) Lt. MCA
0.19(PH)
2 F/55 ALN, LIR 32 BG, FTP cortex poor quality 1.64(A+) Rt. MCA
0.03(P#)

3 M/55 ALN, LIR, HMCAS 4 BG, FTP cortex ICA-MI 0.31 Lt. MCA

4 F/49 ALN 55 BG, FT cortex M1 0.21 Rt. MCA

5 M/65 ALN, HMCAS 4 BG ICA-MI 0.08 Lt. MCA

6 F/81 ALN, LIR 5 BG M1 0.36 Rt. MCA

7 M/49 LIR,HMCAS 4 BG, FTP cortex ICA-MI 0.15 Rt. MCA

8 Fr77 normal 5 BG M1 0.17 Rt. MCA

9 F/75 LIR 5.6 normal M1 0.29 Rt. MCA

10 F/26 ALR, LIR 35 BG, FT cortex M1 0.19 Lt. MCA
11 F/67 normal 4 BG M1 0.22 Lt. MCA

12 M/78 ALR, LIR, HSE 3 BG, FTP cortex ICA-M1 0.13 Lt. MCA
13 M/65 normal 4 FTP cortex ICA-M1 0.08 Lt. MCA

14 M/71 LIR, HSE 6 FTP cortex ICA-M1 0.04 Lt. MCA
15 M/67 normal 4 normal ICA-M1 1.17 normal

16 M/61 normal 6 Centrum ovale ICA-M1 1.28 Lt. Centrum ovale
17 F/61 ND 1 normal normal 1.38 normal

18 F/75 normal 5 normal normal 0.97 normal

*: ALN, attenuation of lentiform nucleus; HMCAS, hyperdense middle cerebral artery sign; HSE, hemispheric sulcus effacement;

LIR, loss of insular ribbon; ND, not done

** : BG, basal ganglia; FP, frontoparietal; FT, frontotemporal; FTP, frontotemporoparietal
M1: Stem of middle cerebral artery, M2: Insular segment of middle cerabral artery, ICA: Internal carotid artery

A+ : anterior territory of middle cerebral artery
P# : posterior territory of middle cerebral artery
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Figure 1. Patient 8. Acute (5-hour-old) infarction in
77-year-old woman. A. T2-weighted image shows
subtle high signal intensity in Rt. basal ganglia. B.

MR angiogram reveals occlusion at M1 segment of

Rt. middle cerebral artery (MCA). C. Cerebral blood
volume (CBV) map shows the area of decreased CBV
(arrows) in Rt. MCA territory. D. Time-signal inten -
sity curves measured over the region of decreased

CBV and contralateral corresponding region during

passage of contrast material show no signal change
in Rt. MCA territory compared with normal signal

reduction in left MCA territory. E. Follow-up CT

obtained 3 days after stroke onset shows a well-

defined infarction in right MCA territory, which is
correlated with the region of decreased CBV.
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Figure 2. Patient 7. Acute (4-hour-old) infarction in
49-year-old man. A. T2-weighted image shows subtle
high signal intensity in Rt. basal ganglia and perisyl -
vian cortex. B. MR angiogram reveals occlusion of
Rt. internal carotid artery through M1 segment of Rt.
middle cerebral artery (MCA) and well developed
leptomeningeal collateral channel via Rt. PCA. C.
Cerebral blood volume (CBV) map shows the area of
decreased CBV in Rt. MCA territory. However, poste -
rior distribution of MCA (small arrows) has less
decreased CBV (rCBV ratio: 0.71) than does anterior
distribution (large arrows, rCBV ratio: 0.15). D.
Time-signal intensity curves measured over the
regions of more decreased CBV, less decreased CBV,
and left MCA territory show no signal changein Rt.

anterior distribution of MCA, a delayed bolus passage, reduced peak, and increased width (means
delayed arrival and delayed washout of contrast material) in Rt. posterior distribution of MCA com -
pared with normal signal reduction in left MCA territory. E. Follow-up T2-weighted image obtained 3
days later stroke onset shows an infarction with well-defined high signal intensity in Rt. anterior distri -
bution of MCA, which iswell correlated with the region of more decreased CBV on CBV map.
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Figure 3. Patient 2. Acute (3.2-hour-old) infarction in 55-year-old woman. A. T2-weighted image
shows subtle high signal intensity in Rt. basal ganglia & perisylvian cortex. B. Cerebral blood volume
(CBV) map shows the area of decreased CBV in Rt. posterior distribution of middle cerebral artery
(MCA) (large arrows) and increased CBV in anterior distribution (small arrows), which meansreper -
fusion hyperemia. C. Time-signal intensity curves measured over both anterior distributions of MCA
show more remarkable reduction of signal intensity in Rt. anterior distribution than in Lt. anterior dis -
tribution. D. Follow-up CT obtained 7 days later stroke onset shows a well-defined infarction in Rt.
MCA territory including both regions of increased CBV and decreased CBV on CBV map.
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