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The Serial Change of Cerebral Hemodynamics by Vascular Territory after
Extracranial-Intracranial Bypass Surgery in Patients with Atherosclerosis
of Cerebral Arteries

Il Ki Hong, MD.", Jae Seung Kim, MD.", Jae Sung Ahn, MDZ Sun Uck Kwon, M.D.,
Ki Chun Im, MD." Jai Hyuen Lee, MD.", and Dae Hyuk Moon, MD.'

'Department of Nuclear Medicine, zDepartment of Neurosurgery, *Neurology, Asan Medial Center, Ulsan University
School of Medicine, Seoul, Korea

Purpose: To assess the effect of extracranial-intracranial (EC-IC) bypass surgery on hemodynamic improvement, we
evaluated serial regional cerebral hemodynamic change of the middle cerebral artery (MCA) in symptomatic
patients with atherosclerotic occlusion of the internal carotid artety (CA) or MCA using FTCECD acetazolamide
stress brain perfusion SPECT (Acetazolamide SPECT). Materials and Methods: The patients who had suffered a
recent stroke with atherosclerotic ICA or MCA occlusion underwent EC-IC bypass surgery and Acetazolamide
SPECT at 1 week before and three to six months after surgery. For image analysis, attenuation corrected images
were spatially normalized to SPECT templates with SPM2. Anatomical automated labeling was applied to calculate
mean counts of each Volume-Of-Interest (VOI. Seven VOlIs of bilateral frontal, parietal, temporal regions of the
MCA territory and the ipsilateral cerebellum were defined. Using mean counts of 7 VOIs, cerebral perfusion index
and perfusion reserve index were calculated. Results: Seventeen patients (M:F=125, mean age: 532yr) were
finally included in the analysis. The cerebral blood flow of the parietal region increased at 1 week (p=0003) and
decreased to the preoperative level at 3-6 months (p=0.003). The cerebrovascular reserve of the frontal and
parietal regions increased significantly at 1 week after surgery (p<0.01) and improved further at 3-6 months.
Conclusion: Cerebrovascular reserve of the MCA territory was significantly improved at early postoperative period
after EC-IC bypass and kept improved state during long-term follow-up, although cerebral blood flow did not
significantly improved. Therefore, cerebrovascular reserve may be a good indicator of postoperative hemodynamic
improvement resulted from bypass effect. (Nucl Med Mol Imaging 2008,42(1):8-16)

Key Words: internal carotid artery occlusion, EC-IC arterial bypass, SPECT, cerebral blood flow, cerebrovascular
reserve capacity, acetazolamide
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Table 1. The Characteristics of Patients

No Sex Age(yr) Occlusive vessel Location of infarction on MR Image
1 M 61 ICA (L), MCA (L) PVYWM (old). no acute lesion

2 F 49 ICA (L PVWM

3 F 50 MCA (L) No lesion

4 M 72 ICA (L) frontal, subcortical

5 M 44 ICA (R multifocal subcortical WM

6 M 47 ICA (L) multifocal subcortical WM

7 M 56 MCA multifocal subcortical WM

8 M 47 ICA (RL) frontal, temporal (R)

9 F 56 ICA (R) No lesion

10 M 48 ICA (R), MCA () small focal subcortical

11 F 62 MCA R.L) subcorfical WM (R)

12 M 53 ICA (L PVWM

13 M 56 ICA (L PVWM, subcortical

14 F 64 MCA (L) PVYWM (old), no acute lesion

15 M 48 MCA (L) PVWM

16 M 47 ICA RL) subcortical WM (R), occipital (L)
17 M 39 ICA (L) subcortical WM

ICA: internal carotid artery, MCA: middle cerebral artery, PV: periventricular, WM: white matter, R: right, L left

Table 2. The Serial Change of Perfusion Index and Perfusion Asymmetry Index of Middle Cerebral Artery Territory (mean+SD)

Preoperative 1 week 3-6 months o) value®
Ipsilateral 1.01+0.09* 1.06+0.09* 1.02+0.10* 0.005
Perfusion index (n=17)
Contralateral 1.10+0.07 1.10£0.05 1.0910.06 ns.
Asymmetry index (n=13) - -6.2+5,3%" 2.1260%" -4.945.6% 0.018

*: significant change of ipsilateral perfusion index between preoperative period and 1 week affer surgery and between 1 week and
3-6 months affer surgery (p=0.005, 0.003). ' significant change of asymmetry index between preoperative period and 1 week after
surgery (p=0.009), * Friedman test among three follow-up SPECT.

1.40 1.40 - 1.40
1.30 L3 L2
1.2 L& L&
110 110 110
1.00 Lo Lo
0.90 0.50 0.90
0.80 0.40 0.80
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Pre-op. 1wk 36 mo Pre-op, 1wk 36 mo Pre-op. 1wk 26 mo

Figure 1. The serial changes of cerebral blood flow after extracraniakintracranial bypass surgery according fo cerebral region. Note
that cerebral blood flow of ipsilateral parietal cortex increase significantly 1 week after the surgery and then decrease (A: frontal, B:
parietal, Citemporal region; *,*: p<0.005).
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Table 3. The Serial Change of Asymmetric Perfusion Index according o Preoperative status (mean+SD)

Region Preoperative status Preoperative (%) 1 week (%) 3-6 months (%) p value®
Preserved (n=7) -3.6£3.3 02423 -2.8+4.7 ns.
Frontal
Reduced (n=6) -14.6£5.9 -8.8+8.7 -12.2+7.4 0.03
Preserved (n=11) -4.0+3.2 1.6+5.6 -3.7+4.0 0.035
Parietal
Reduced (n=2) -13.5+0.2 -5.0+0.7 -4.8+1.5 ns.
Preserved (n=11) -2.523.7 -14+7.3 -3.316.5 ns.
Temporal
Reduced (n=2) -15.1+5.9 -9.220.1 -6.0£2.5 ns.
* Friedman fest among three follow-up SPECT
Table 4. The Serial Change of Reserve Index and Reserve Asymmetry Index of Middie Cerebral Artery Territory (mean+SD)
Preoperative 1 week 3-6 months p value§
Ipsilateral 0.14+0.05*" -007:0.04* -0.05+0.05" 0.004
Reserve index (n=17)
Contralateral -0.01£0.06 -0.03+0.06 -0.0420.06 ns.
Asymmetry index (n=13) -15.027.3%" 5.6+59%" 2.3+7.6% 0.001

*: Significant change of ipsilateral reserve index between preoperative period and 1 week after surgery (p=0.002), ": significant change

of asymmetry index between preoperative period and 3-6 months after surgery (p=0.002),
index between preoperative period and 1 week after surgery (p=0.009),
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Figure 2. The serial chonges of cerebrovascular reserve after extracranial-intracranial bypass surgery according to cerebral region.
Frontal and parietal reglons of |p$||oTeroI side show increased cerebrovascular reserve at 1 week after the surgery (A: frontal, B: parietal,

C: temporal region; *; p<001, ': p<0.005).

Table 5. The Serial Change of Reserve Asymmetry Index according to Preoperative Status (mean=SD)

Region Preoperative status Preoperative (%) 1 week (%) 3-6 months (%) p value®
) Preserved (n=4) -6.6:£14 -7.6+9.2 -2.9:94 nas.
Frontal

Reduced (n=9) -19.824.5* -5.0+2.9* -2.7+7.4 0.004

Preserved (n=4) -5.3+1.7 £15.3 -0.8+11.4 n.s.
Parietal

Reduced (n=9) 20.1+0.8" 61607 27489 0.005

Preserved (n=5) -1.743.7 -4.0£6.9 -0.8+4.8 ns.
Temporal

Reduced (n=8) -18.0£6.8 -4.4+6.2 -3.9+6.9 0.002

*. significant change of reserve asymmetry index between preoperative period and 1
change of reserve asymmetry index between preoperative period and 1 week after surgery (p=0.008),

follow-up SPECT.
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