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OBJECTIVE Superficial temporal artery—middle cerebral artery (STA-MCA) bypass is a common approach for treating

moyamoya disease (MMD); however, the selection of recipient vessels is still controversial, and its relationship with post-
operative cerebral hyperperfusion (CHP) has not been revealed. The aim of the study was to investigate the relationship
between the hemodynamic sources of the recipient parasylvian cortical arteries (PSCAs) and the occurrence of postop-

erative CHP.

METHODS The authors retrospectively analyzed the clinical data from 68 adult patients (75 hemispheres) with MMD
who underwent STA-MCA bypass. Based on their hemodynamic sources from the MCA and non-MCAs, the PSCAs
were classified as M-PSCAs and non-M-PSCAs, and their distributional characteristics were studied. Moreover, the
patients’ demographics, incidence of postoperative CHP, and post- and preoperative relative cerebral blood flow values
were examined.

RESULTS The digital subtraction angiography analysis demonstrated that 40% (30/75) of the recipient PSCAs had no
hemodynamic relationship with the MCA. The post- and preoperative relative cerebral blood flow values of the M-PSCA
group were significantly higher than those of the non—-M-PSCA group (p < 0.001). Multivariate analysis revealed that the
hemodynamic source of PSCAs from the MCA was significantly associated with the development of focal (p = 0.003) and
symptomatic (p = 0.021) CHP. Twelve (85.7%) of the 14 patients with symptomatic CHP and all 4 (100%) patients with
postoperative hemorrhage were from the M-PSCA group.

CONCLUSIONS This study revealed that direct anastomoses of PSCAs with anterograde hemodynamic sources from
the MCA had a high risk of postoperative CHP during STA-MCA bypass in adult patients with MMD.

https://thejns.org/doi/abs/10.3171/2019.10.JNS191207
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ovyaMoyA disease (MMD) is a chronic, occlu- of the brain.>242¢ Extracranial-intracranial bypass, such as
M sive cerebrovascular disease of unknown etiol- superficial temporal artery—middle cerebral artery (STA-
ogy characterized by bilateral stenotic-occlusive MCA) anastomosis, has a generally favorable long-term
changes at the terminal portion of the internal carotid ar- outcome for patients with ischemic MMD, and has a posi-

tery (ICA) and an abnormal vascular network at the base tive effect on hemorrhagic-onset MMD according to the

ABBREVIATIONS ACA = anterior cerebral artery; CBF = cerebral blood flow; CHP = cerebral hyperperfusion; CTA = CT angiography; CTP = CT perfusion; DSA = digital
subtraction angiography; ECA = external carotid artery; ICA = internal carotid artery; MCA = middle cerebral artery; MMD = moyamoya disease; MTT = mean transit time;
PCA = posterior cerebral artery; PSCA = parasylvian cortical artery; rCBF = relative CBF; STA-MCA = superficial temporal artery-MCA; TND = transient neurological deficit.
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FIG. 1. Different hemodynamic sources of the PSCAs with different Suzuki angiographic stages. As the scores of Suzuki angio-
graphic staging increased, the number of PSCAs with anterograde hemodynamic sources from the MCA decreased. The blood
supplies of the suitable recipient PSCAs (black circle) for anastomosis may come completely from non-MCAs. collateral.br =
collateral branches. Copyright Jiayi Chen and Jianjian Zhang. Published with permission.

Japan Adult Moyamoya (JAM) Trial 102923 However, one
of the common issues with direct bypass surgery is cere-
bral hyperperfusion (CHP), which can cause severe com-
plications, such as transient neurological deficits (TNDs)
and intracranial hemorrhage.>34162728 The occurrence
of postoperative CHP is still not fully understood and is
difficult to accurately predict through diagnosis prior to
surgery.

Direct cerebral bypass surgery can be viewed as a
“battle” between the extracranial and intracranial circula-
tion due to blood flow competition between the donor and
recipient arteries.>'? Preoperative analysis of the hemo-
dynamic characteristics of recipient vessels can provide
an important understanding of the effects of the revas-
cularization procedure. In STA-MCA bypass surgeries,
the recipient vessels are typically the distal branches of
the MCA, such as M,.5710:202324 Howeyver, as Suzuki’s an-
giographic staging increases, the number of parasylvian
cortical arteries (PSCAs) with anterograde hemodynamic
sources from the MCA decreases (Fig. 1). Because col-
lateral blood flow is common in patients with MMD,*25
the cortical branches of the MCA may shrink, and suitable
recipient PSCAs for anastomosis can be the dilated distal
branches of non-MCAs. Furthermore, even though all of
the PSCAs are anatomical branches of the MCA, their ma-
jor source of blood flow is not necessarily from the MCA.

Because the differences between patients with MCA
and non-MCA blood supplies in terms of the incidence
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of CHP may possibly be related to the degree of hemody-
namic failure, we hypothesized that in patients with MCA
supply, proximal severe stenosis with moyamoya-like
changes would lead to a higher degree of hypoperfusion
compared to patients with non-MCA supply with good
collaterals and better perfusion. Previous studies have
suggested that with an increasing degree of MCA steno-
sis arteriolar function becomes more impaired,® and distal
to hemodynamically relevant stenosis the velocity usually
dampens as well.”” Therefore, it has been speculated that
the blood flow velocity, blood pressure, autoregulation
ability, and even arterial quality of recipient cortical arter-
ies with their blood supply from the MCA are much lower
than in those with blood supply from non-MCAs in MMD.

In this study we analyzed the hemodynamic sources of
the PSCAs, which are commonly selected as recipient ves-
sels, in 68 adult patients (75 hemispheres) with MMD. The
objective of the study was to investigate the relationship
between the hemodynamic sources of recipient PSCAs
and postoperative CHP.

Methods

Inclusion Criteria

We retrospectively collected and analyzed the data
from a case series of adult patients with MMD who un-
derwent standard STA-MCA bypass combined with en-
cephaloduromyosynangiosis (EDMS) revascularization
by 2 surgeons (J.J.Z. or J.C.C.) in our hospital between
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January 2017 and November 2018. All patients satis-
fied the diagnostic criteria of the Research Committee
on Spontaneous Occlusion of the Circle of Willis of the
Ministry of Health, Labor, and Welfare, Japan.>?* The in-
clusion criteria of this study were as follows: 1) the diag-
nosis for each patient was established by classic 6-vessel
digital subtraction angiography (DSA) with 3D videos;
2) at least 2 CT perfusion (CTP) scans were performed
before surgery and within 1 week after surgery in each
patient to evaluate the hemodynamic condition of the sur-
gical hemisphere; and 3) the patency of the anastomosis
was confirmed by a postoperative CT angiography (CTA)
scan. All hemispheres that did not match these criteria
were excluded from this study. This study protocol was
approved by the institutional review board at our hospi-
tal and was in accordance with the Declaration of Hel-
sinki as revised in 1983. Written informed consent was
obtained from all patients.

Surgical Indication and Procedure

The indication for surgery included patients with
symptomatic MMD (ischemic or hemorrhagic) with ap-
parent hemodynamic compromise. The craniotomy was
designed to ensure simultaneous exposure of the PSCAs
in the frontal, temporal, and parietal lobes. All the anas-
tomoses were performed on PSCAs responsible for the
hypoperfused brain. Before anastomosis, flow 800 indo-
cyanine green (ICG) videoangiography was performed to
observe the hemodynamic features of the cortical arteries,
such as the blood flow direction, time to maximal fluores-
cence, and dissipation of blood. In most cases, the time
needed for the anastomosis was less than 20 minutes, and
the patency was subsequently confirmed by further flow
800 ICG videoangiography intraoperatively. After anasto-
mosis, the dura mater flaps were turned over and the dural
opening area was covered with the temporal muscle for in-
direct revascularization. Additional steps, such as tempo-
ral muscle dissection and removal of the inner skull layer,
were performed to prevent mechanical compression of the
cortex and graft.

Postoperative Management

All patients gradually recovered from anesthesia in the
neurosurgical intensive care unit with strict blood pressure
monitoring and control, including intermittent intravenous
urapidil infusion, if necessary. Blood pressure control
mainly depended on the basic blood pressure level of the
patients in our study: if the patient had a history of hyper-
tension (= 140/90 mm Hg), the target systolic pressure was
120-140 mm Hg to avoid the risk of ischemia; if not, his
or her systolic pressure was strictly controlled to 120-130
mm Hg. Antiplatelet therapy and a hydration protocol
were routinely administered for all the patients. If a patient
developed a TND, both CTA and CTP were immediately
obtained to analyze the patency of the anastomosis and
to evaluate the perfusion status of the brain. If CHP was
confirmed for the patient, strict blood pressure control and
edaravone administration was scheduled. If there was no
evidence of CHP, an MRI scan was performed to rule out
acute infarction.
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Radiological Examination
DSA Images

The DSA images were blindly investigated by 2 se-
nior neurosurgeons (J.C.C. and J.J.Z.). Suzuki’s angio-
graphic stage was determined first. The anterior-poste-
rior and lateral views of the ICA, external carotid artery
(ECA), and vertebral artery (VA) injections and also the
dynamic 3D DSA images were analyzed, and the ma-
jor feeding artery to the frontal, temporal, and parietal
PSCAs could be clearly identified. In the present study,
5 major hemodynamic sources were found: the MCA,
anterior cerebral artery (ACA), contralateral ACA, pos-
terior cerebral artery (PCA), and ECA—the PSCAs were
correspondingly named M-PSCA, A-PSCA, CA-PSCA,
P-PSCA, and E-PSCA (Fig. 2). If the analyses of the
2 neurosurgeons conflicted, a discussion was held to
reach a consensus. For statistical purposes, the PSCAs
with blood supply from the non-MCAs were collectively
named non—M-PSCAs in this study. Combining the re-
sults of the preoperative dynamic 3D DSA images and
postoperative CTA, the bypass site could be identified,
and the major blood source of the recipient PSCAs from
the MCA or non-MCAs was ultimately established in
each surgical hemisphere.

CTP and CTA Images

Postprocessing of raw CTP source images was com-
pleted centrally on a dedicated workstation (IntelliSpace
Portal, Philips). Perfusion analysis was performed for all
data sets with the vendor-provided “brain perfusion” soft-
ware. Perfusion parameter maps for cerebral blood flow
(CBF), cerebral blood volume, mean transit time (MTT),
and time to peak were generated. We defined prolonged
MTT or reduced CBF as hypoperfusion compared to
the values of the posterior circulation and contralateral
hemisphere.'*?? Standardized elliptical mirrored regions
of interest were drawn manually as a circle with a di-
ameter of 1 cm in the cortical areas at the site of the
anastomosis and the occipital lobes. The corresponding
mirror sites of these regions of interest were automati-
cally defined on the contralateral hemisphere with soft-
ware. All postprocessing of the images and parameter
measurements was performed by 2 experienced neurora-
diologists. If the interpretations of the 2 observers con-
flicted, a discussion was held to reach a consensus. The
relative cerebral blood flow (rCBF) value was defined as
the ratio between the absolute CBF value of the anasto-
mosis site and that of the control region in the occipital
lobe. The blood flow change resulting from the bypass
was demonstrated by the ratio of postoperative/preopera-
tive rCBF. From the qualitative map of CBF, we defined
focal hyperperfusion as including all of the following
items: 1) the presence of a significant focal CBF increase
(from the lowest preoperative rCBF value to the highest
postoperative rCBF value of the supratentorial region of
the bilateral hemispheres) at the site of the anastomosis
(qualitative observation of an intense focal increase in
CBF confined to one major vascular territory); 2) appar-
ent visualization of STA-MCA bypass by CTA; and 3)
the absence of other pathologies such as compression of
the brain surface by the temporal muscle inserted for in-
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FIG. 2. Analysis of the major blood sources of the PSCAs. Representative figures of M-PSCAs and non-M-PSCAs, which are
defined as the PSCAs (white circles and ovals) with blood flow from the MCA and non-MCAs. Panels A1-4 indicate the major
hemodynamic sources of PSCAs originating from the MCA; B1-4 demonstrate those from the ipsilateral ACA; C1-4 show those
from the contralateral ACA; D1-4 indicate those from the PCA; and E1-4 demonstrate those from the ECA.

direct pial synangiosis, and increases in CBF secondary
to seizure.>?

Statistical Analysis

A one-way ANOVA test was used for parametric sta-
tistical analysis. Categorical variables were analyzed in
contingency tables with Pearson’s chi-square test and
Fisher’s exact test. The results with values of p < 0.05 were
considered significant. Multivariate statistical analysis of
the factors related to the development of focal and symp-
tomatic CHP, including age, sex, surgical side, onset, by-
pass site, and the hemodynamic source of the PSCAs, was
performed using a logistic regression model. All analyses
were performed with IBM SPSS Statistics Desktop, ver-
sion 24 (IBM Corp.).

Results
Patient Demographics
A total of 68 consecutive adult patients (75 hemi-
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spheres; patient age range 18—77 years, mean 46 years)
with moyamoya disease met the inclusion criteria in this
study; 26 patients had hemorrhagic onset, and 42 patients
had ischemic onset. Twenty-nine women (42.6%) and 39
men (57.4%) were enrolled.

DSA Findings

Different hemodynamic sources were observed
among the frontal, temporal, and parietal PSCAs in 32
(42.7%) hemispheres (data not shown). The distributional
analysis showed that the majority of the frontal PSCAs
were M-PSCAs (38/75, 50.7%) and A-PSCAs (17/75,
22.7%). Similarly, most of the parietal PSCAs were also
M-PSCAs (37/75, 49.3%) and A-PSCAs (17/75, 22.7%).
In contrast to the frontal and parietal PSCAs, most of
the temporal PSCAs were M-PSCAs (50/75, 66.7%) and
P-PSCAs (19/75, 25.3%) (Fig. 3). In 20 hemispheres
(26.7%) the MCA did not clearly reach the cortex, as
shown on DSA, and the blood flow to the PSCAs came
completely from the non-MCAs (data not shown). In
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FIG. 3. Distribution of the frontal, temporal, and parietal PSCAs of

the hemispheres that underwent operation according to their hemo-
dynamic sources. Different hemodynamic sources among the frontal,
temporal, and parietal PSCAs were observed in the hemispheres that
underwent operation, providing the possibility of recipient artery selec-
tion. M-PSCAs, A-PSCAs, CA-PSCAs, P-PSCAs, and E-PSCAs were
defined as PSCAs with blood flow from the MCA, ACA, contralateral
ACA, PCA, and ECA, respectively. The distributional analysis showed
that the majority of the frontal PSCAs were M-PSCAs (38/75, 50.7%)
and A-PSCAs (17/75, 22.7%). Similarly, most of the parietal PSCAs were
also M-PSCAs (37/75, 49.3%) and A-PSCAs (17/75, 22.7%). In contrast
to the frontal and parietal PSCAs, most of the temporal PSCAs were
M-PSCAs (50/75, 66.7%) and P-PSCAs (19/75, 25.3%).

some cases the frontal PSCAs could even be supplied
by a PCA and the temporal PSCAs by an ACA or even
a contralateral ACA.

Intriguingly, only 60% (45/75) of the selected PSCAs
were derived from the MCA, rather than 100% per the
current conceptual understanding. No significant differ-
ence was observed in terms of age, sex, onset, or surgical
side among the M-PSCA, A-PSCA, CA-PSCA, P-PSCA,
and E-PSCA groups (p > 0.05 for those variables). How-
ever, the Suzuki stages of the CA-PSCA, P-PSCA, and
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E-PSCA groups were significantly greater than those of the
M-PSCA and A-PSCA groups (p < 0.001). In addition, we
found that the most commonly selected recipient vessels in
this study were the temporal PSCAs—with the majority of
the blood supplied from the MCA or PCA (Table 1).

Postoperative CHP and Hemodynamic Evaluation

The representative image of the qualitative analysis
of hemodynamic changes at the anastomosis site (Fig.
4) showed a high incidence of postoperative focal CHP
(32775, 42.7%), including 14 patients with symptomatic
CHP (14/75, 18.7%). The post- and preoperative rCBF
values in the M-PSCA group were significantly higher
than those in the non—-M-PSCA group (p < 0.001). The
results of the multivariate analysis revealed that the he-
modynamic source of the PSCAs from the MCA was sig-
nificantly associated with the development of focal (p =
0.003) and symptomatic (p = 0.021) CHP. Moreover, other
factors such as age, sex, surgical side, onset, and bypass
site were not associated with postoperative CHP (Table
2). The clinical symptoms of the patients with symptom-
atic CHP included small cerebral hematoma in 2 patients,
moderate cerebral hematoma in 1 patient, intraoperative
hemorrhage in 1 patient, motor weakness in 3 patients,
aphasia in 7 patients, and seizure in 5 patients. The onset
time varied from O to 15 days after surgery. Most of the
patients completely recovered, except that 1 patient devel-
oped permanent neurological deficits and 1 patient died.
Three of the 4 patients with perioperative hemorrhage re-
covered well with no residual neurological deficits, and 1
patient became disabled due to the secondary large infarc-
tion. One patient experienced motor aphasia and weakness
of the right upper limb from day 1 to day 10, following an
intractable seizure and secondary large infarction in both
the frontal and parietal lobes despite strict blood pressure
control, and that patient died on day 15 after surgery. Re-
markably, 85.7% (12/14) of the patients with symptomatic
CHP and all 4 (100%) patients with postoperative hemor-
rhage were from the M-PSCA group.

Discussion
The PSCAs, which are commonly selected as the re-

TABLE 1. Basic characteristic analysis between the groups according to the hemodynamic sources of the recipient arteries

Classification of Recipient Arteries According to Their Hemodynamic Sources
Non-M-PSCAs (n = 30)

Characteristic M-PSCAs (n=45) A-PSCAs(n=9) CA-PSCAs(n=4) P-PSCAs(n=15) E-PSCAs(n=2) pValue
Age, yrs 45,98 + 11.48 47.78 +14.33 46.25 +1.89 4487 £ 11.77 46.50 £ 0.71 0.985
Male sex 22 (48.9%) 7 (77.8%) 2 (50%) 12 (80%) 0 0.067
Hemorrhagic/ischemic onset 23/22 217 0/4 6/9 012 0.118
Surgical side (It/rt) 20/25 3/6 13 718 17 0.905
Suzuki stage 3.22+0.85 3.00£0.00 4.75+0.50 473 £0.46 5.00+0.00 <0.001
Postop/preop rCBF 1.459 + 0.334 1.205 £ 0.187 <0.001

M-PSCAs = recipient PSCAs with blood flow from the MCA; A-PSCAs = from the ACA; CA-PSCAs = from the contralateral ACA; P-PSCAs = from the PCA; E-PSCAs =
from the ECA; non—M-PSCAs = all recipient PSCAs with blood not supplied by the MCA.
Numbers for male sex, hemorrhagic/ischemic onset, and surgical side reflect the hemisphere counts, not the number of patients.
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Preoperative CTP

CTP 7 days after bypass

Postoperative CTA

FIG. 4. Qualitative analysis of postoperative focal hyperperfusion. A: Qualitative evaluation of hemodynamic changes at the anas-
tomosis site according to the CTP maps before and 7 days after bypass surgery. A focal increase in CBF was evident at the site of
anastomosis from the postoperative CTP images (white circles). B: A regular postoperative CT scan demonstrated no hemorrhage
or infarction in the hemisphere that underwent operation. C: Postoperative CTA showed a good patency of the anastomosis (yel-

low circle). CBV = cerebral blood volume; TTP = time to peak.

cipient vessels for direct anastomosis in patients with
MMD, have blood supplies mainly from either the MCA
or non-MCAs based on hemodynamic information from
DSA. To the best of our knowledge, our study is the first
in the literature to analyze the relationship between the
hemodynamic sources of recipient PSCAs and postoper-
ative CHP.

Different Hemodynamic Sources of the PSCAs in Patients
With MMD

Our DSA data demonstrated that the distal branches of
numerous MCAs (20/75, 26.7%) clearly did not reach the
cortical surface, and the blood supply to the PSCAs was
completely derived from non-MCAs due to the typical pia
collateral circulation of patients with MMD. In this study,

40% of selected recipient PSCAs had their major hemody-
namic sources from non-MCAs.

Importantly, the distributional analysis of the hemody-
namic origins showed that most of the frontal and parietal
PSCAs were M-PSCAs and A-PSCAs, whereas the major-
ity of the temporal PSCAs were M-PSCAs and P-PSCAs
(Fig. 3). This observation is in accordance with the nor-
mal anatomical features of intracranial arteries, where the
prior collateral source that compensates for decreases in
MCA blood flow is the ACA in the frontal and parietal
lobes and the PCA in the temporal lobe.>!3

Although there were no significant differences in age,
sex, onset, or surgical side among the M-PSCA, A-PSCA,
CA-PSCA, P-PSCA, and E-PSCA groups, the scores of
Suzuki staging in the CA-PSCA, P-PSCA, and E-PSCA

TABLE 2. Multivariate analysis of postoperative cerebral hyperperfusion in STA-MCA bypass for MMD

Focal CHP Symptomatic CHP
Factor Yes(n=32) No(n=43) pValue Yes(n=14) No (n=61) p Value
Age, yrs 4784 £1213 4463+10.57 0.226 42.57+13.07 46.79+10.82 0.186
Male sex 18 (56.3%) 25 (58.1%) 0.752 8 (57.1%) 35 (57.4%) 0.713
Hemorrhagic onset 17 (53.1%) 14 (32.6%) 0.186 9 (64.3%) 22 (36.1%) 0123
Surgical side (It) 11 (34.4%) 21(48.8%) 0479 8 (57.1%) 24 (39.3%)  0.223
Bypass site (frontal/temporal/parietal lobe) 8/21/3 10/27/6 0.955 2/10/2 16/38/7 0.242
M-PSCAs/non-M-PSCAs 26/6 19/24 0.003 1212 33/28 0.021

Numbers for all factors except age reflect the hemisphere counts, not the number of patients.
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groups were substantially higher than those in the M-PSCA
and A-PSCA groups (p < 0.001, Table 1). It is conceivable
that patients with advanced MMD are prone to having a
compromised ICA (MCA and ACA) with relatively strong
non-ICA collaterals (contralateral ACA, PCA, and ECA)
(Fig. 1).4%

Relationship Between the Hemodynamic Sources of
Recipient PSCAs and Postoperative CHP

Postoperative CHP after surgical revascularization
commonly occurs in MMD.?” Its close relationship with
postoperative complications, such as TNDs and intrace-
rebral hemorrhage, has been studied in recent years.>*!416:
2728 In adult patients with MMD with increases in cerebral
blood volume preoperatively, a left-side operation and/or
hemorrhagic onset were demonstrated to be risk factors for
symptomatic postsurgery CHP, but these factors cannot be
used as accurate predictions for the occurrence of CHP.>327

The high incidence of postoperative focal CHP in this
study (42.7%) was in accordance with the results of previ-
ous studies.>*327 Intriguingly, the increase in rCBF in the
M-PSCA group was significantly higher than that in the
non—-M-PSCA group (p < 0.001); moreover, the hemody-
namic source of PSCAs from the MCA was significantly
associated with the development of focal CHP (p = 0.003)
(Table 2). The blood supply of M-PSCAs normally came
from a severe stenotic or moyamoya-like MCA, whereas
most of the non—-M-PSCAs had normal hemodynamic
origins. This discrepancy would generally result in a low
blood flow velocity and pressure in M-PSCAs, which is
in contrast to those in non—-M-PSCAs. It is conceivable
that anastomosis of M-PSCAs can cause greater postoper-
ative hemodynamic changes than that of non—-M-PSCAs.
Furthermore, the network formation of M-PSCAs may be
unstable, and the cerebral cortex perfused by each artery
may be more compartmentalized in M-PSCAs than in
non—-M-PSCAs. These phenomena may cause the post-
operative hemodynamic distribution to be restricted to a
relatively small area immediately after the bypass.? Thus,
anastomosis of M-PSCAss is more likely to be related to fo-
cal CHP. However, the condition of the donor artery, such
as the STA, should also be considered. Ishii et al. reported
a more than 1.5-fold dilatation of the STA in the acute
postoperative stage, and this dilatation was significantly
correlated with TNDs.!" In addition, another study dem-
onstrated that the caliber of the STA largely determined
blood flow immediately after STA-MCA anastomosis.?’
Together, these results suggest that patients who did not
have focal CHP in the M-PSCA group might have a rela-
tively small hemodynamic discrepancy between the STA
and M-PSCAs. Future studies are needed to determine the
significance of this discrepancy for predicting focal CHP.

The analysis of focal CHP is divided into symptomatic
CHP and silent CHP in most reported studies.>*'*1527 In
adult patients with MMD the incidence of postoperative
symptomatic CHP varies considerably, from 16.7% to
38.2%,">13 because of the lack of proper quantitative eval-
uations of postoperative CBF and different study popula-
tions. The incidence of symptomatic CHP (18.7%) based
on the qualitative CTP analysis in our study was similar
to previously reported results.!*!* Although the etiology
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of symptomatic CHP is still unknown, the quality of the
recipient artery and its deep vascular structure may play
a critical role in the occurrence of symptomatic CHP. In
occlusive cerebrovascular diseases, especially in MMD,
cerebrovascular resistance decreases, and distal vascular
diameter maximally dilates.?'?> These changes can cause
the arterial wall to bear strong stress and become thin and
fragile.

According to one of our previous studies, high expres-
sion of hypoxia-inducible COX-2 and mPGES-1 in the
cortical arterial wall may increase vascular permeability,
decrease vascular tone, and inhibit the rapid repair of vas-
cular wall injury.” In the present study, multivariate analy-
sis revealed that the hemodynamic source of PSCAs from
the MCA was significantly associated with the develop-
ment of symptomatic CHP (p = 0.021) (Table 2). More-
over, our data remarkably showed that 12 (85.7%) of the 14
patients with symptomatic CHP and all 4 (100%) patients
with postoperative hemorrhage were from the M-PSCA
group. Together, these findings suggest that the recipi-
ent artery under long-term ischemic and hypoxic condi-
tions, such as PSCAs with hemodynamic sources from the
MCA, is likely to have a weak vascular quality and to be
vulnerable to sudden increases in focal blood flow after
bypass surgery.

Limitations of the Study

Our preliminary study is limited by its retrospective
nature, and it contains a small number of patients with a
rare disease. In addition, it is a single-center study, and the
selection bias of the sample could be an issue. For evaluat-
ing the hemodynamic changes between the pre- and post-
operative hemispheres or the diagnosis of CHP, the CTP
used in this study was not better than the use of SPECT.

Conclusions

Our study demonstrates that direct anastomoses of
PSCAs with anterograde hemodynamic sources from
the MCA have a much higher risk of postoperative CHP
than those from non-MCAs in adult patients with MMD.
Identifying the hemodynamic sources of PSCAs from the
MCA or non-MCAs may help to predict the occurrence of
postoperative CHP.
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