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Background: Chronic hypertension is an independent risk factor for ischemic stroke and worsens prognosis. However, the level of
blood pressure control in hypertensive patients with severe intracranial stenosis is controversial.

Purpose: To investigate the effect of different levels of blood pressure on cerebral perfusion in patients with middle cerebral artery
severe stenosis or occlusion.

Materials and methods: A total of 105 patients with isolated steno-occlusive middle cerebral artery (MCA) diagnosed by digital
subtraction angiography (DSA) were enrolled, and PWI was compulsory. Relative risk factors were obtained by intergroup analysis in
both hypertensive and non-hypertensive groups, and multivariable logistic regression was performed to determine whether hyperten-
sion was independently associated with PWI values. Next, the effects of different levels of blood pressure levels on cerebral perfusion
as a whole and subgroup were further compared.

Results: The hypertension (HT) group (Am 1.04+0.05, Lm 1.07+0.06, Pm 1.07+0.05) demonstrated lower cerebral perfusion pressure
at a larger tMTT (p=0.0001, 0.004, 0.006) than the nonhypertension (NHT) group (Am 1.01+0.21, Lm 1.04+0.04, Pm 1.04+0.04).
After adjustment for age, diabetes, and fibrinogen (FIB), HT was independently associated with the tMTT of Am, Lm, and Pm
(P=0.015, 0.001, 0.022). Significant differences were observed with HT+SBP<140 (p=0.035, 0.048, 0.049) and HT+DBP<80
(p=0.034, 0.045, 0.055) in tMTT compared with NHT.

Conclusion: Chronic hypertension might damage cerebral perfusion. Strictly control of blood pressure (<140/80mmHg) in hyper-
tensive patients with intracranial artery stenosis will further reduce ipsilateral cerebral perfusion.
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Introduction

Hypertension is an important risk factor for atherosclerosis and ischemic brain disease. Strict control of blood pressure
has a preventive effect on ischemic brain disease." Multiple relevant research results domestically and internationally
recommend that for stable stroke patients, lowering blood pressure to below 140/90mmHg can effectively reduce the
recurrence rate of stroke.” * But should hypertensive patients with cerebral artery stenosis control their blood pressure
strictly? How to reduce blood pressure? What is the target for lowering blood pressure? It has always been a focus of
clinical attention and controversy. Rothwell’s study found that in patients with bilateral internal carotid artery stenosis,
lower blood pressure levels are associated with an increased risk of stroke.* But for patients with unilateral internal
carotid artery stenosis, Turan’s study found that elevated blood pressure is positively correlated with increased risk of
stroke.” A multicentre, open-label, randomised controlled trial fund that intensive blood pressure lowering after
endovascular therapy in acute ischaemic stroke is safe. Another study showed that blood pressure lowering may
increase stroke risk in patients with symptomatic major cerebral artery disease and impaired perfusion.” Jong Moon
Park’s research found that strict blood pressure control may not be safe in subacute ischemic stroke caused by intracranial
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atherosclerosis.® Hwa Kyoung Shin et al also found that mild hypertension can improve blood flow and oxygen
metabolism in transient focal cerebral ischemia.” While there is no high-quality evidence to suggest that maintaining
slightly higher systolic blood pressure (140-159mmHg) can prevent stroke recurrence currently. In turn, hypertension
will further lead to systemic atherosclerosis, leading to progressive stenosis of blood vessels. Hong Qi Li found that there
was a dose-response relationship between systolic blood pressure, diastolic blood pressure and pulse pressure and the risk
of intracranial atherosclerosis. Higher systolic and pulse pressures may lead to a higher burden of intracranial athero-
sclerosis (ICAS).'® At present, research on blood pressure management in patients with intracranial artery stenosis is
mainly conducted in patients after acute ischemic events and endovascular treatment. There is no research on hyperten-
sion management in populations with severe stenosis or occlusion of the middle cerebral artery and no cerebrovascular
events. This study conducted a retrospective study on the blood pressure and cerebral perfusion of this population, which
has clinical significance in reducing the occurrence of acute cerebral ischemia events through appropriate blood pressure
management with clear risk factors for cerebral ischemia.

Perfusion is emerging as a key variable in the outcome of acute ischemic stroke.'" Collateral status has been shown to
be the strongest predictor for prognosis.'®> Cerebral autoregulation refers to the ability of cerebral blood vessels to
maintain stable cerebral blood flow through the adjustment of their own caliber under different peripheral blood pressure
levels.'*'* This is the self-compensation ability possessed by the brain. Hypertension impairs cerebral microcirculation
by causing cerebral microvascular disease, and ultimately damaging the brain tissue. Under the long-term effects of
hypertension, this self-compensation ability will be impaired.'®> Therefore, maintaining stable cerebral perfusion is very
important for patients with hypertension. Too low will lead to cerebral infarction, and too high will lead to cerebral
hemorrhage.'®

The aim of our study was to investigate the association of hypertension, intracranial perfusion and collateral flow
compensation in a representative population of isolated severe steno-occlusive MCA patients. The findings of the
research will be utilized to further guide the management of blood pressure levels in specific populations for the
prevention of acute cerebrovascular events.

Methods
Study Subjects

Clinical and imaging data were collected from hospitalized patients between May 2018 and December 2019, which was
approved by the institutional committee of the Affiliated Drum Tower Hospital of Nanjing University Medical School
(No. 2016-169-01). Patients or their relatives gave oral informed consent for follow-up. Inclusion criteria: (1) severe
stenosis or occlusion in the MCA was vital diagnosed by DSA (>70%); (2) without acute ischemic stroke (AIS) or with
AIS >1 week when DSA and High-resolution Magnetic Resonance Imaging (HR-MRI) was performed, while mechanical
thrombectomy of AIS was not included in this study, regardless of whether it was induced by embolism or intracranial
stenosis; (3) HR-MRI and Perfusion Weighted Imaging (PWI) was compulsory; and (4) complete clinical information
and relatively complete blood detection. Additionally, exclusion criteria were defined as follows: (1) moyamoya disease
diagnosed by DSA; (2) other significant stenosis (>70%) in the cervical or intracranial arteries diagnosed by DSA except
for the target vessel; (3) evidence of cardioembolism in the area of the target vessel; and (4) vasculitis or arterial
dissection suspected by clinical information, laboratory and imaging results. A flow chart of the study was offered is
shown in Figure 1.

Image Processing and Interpretation

All MRI measurements were performed on a 3.0T Magnetom Avanto Scanner (Philips, Netherlands). PWI studies were
performed using a previously described protocol, with parametric maps of time to peak (TTP), mean transit time (MTT),
cerebral blood flow (CBF) and cerebral blood volume (CBV). The region of interest (ROI) of this study was selected
according to the ASPECT study, whose territory of the middle cerebral artery was allotted 10 points, represented as
C (caudate), L (lentiform), IC (internal capsule), I (insular ribbon), M1 (anterior MCA cortex), M2 (MCA cortex lateral
to insular ribbon), M3 (posterior MCA cortex) and M4, M5, M6 (anterior, lateral, and posterior MCA territories
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Severe steno-occlusive MCA (n=170)

Moyamoya disease (n=6)

other significant stenosis
(>70%) in the cervical or
intracranial arteries (n=29)

Excluded No MRP(n=25)

Poor imaging quality of
MRP(n=5)

Isolated severe steno-occlusive MCA (n=105)

NHT (n=28) HT(n=77)

Figure | Patients inclusion flow diagram and study groups.
Abbreviations: MCA, middle cerebral artery; MRP, magnetic resonance perfusion; NHT, no hypertension; HT, hypertension.

immediately superior to M1, M2, and M3, rostral to basal ganglia). According to the territory selection of M4, M5, and
M6, relative territories of lentiform immediately superior to L were named L1. Data were generated from these eight
ROIs including M1, M2, M3, M4, M5, M6, L and L1, which represent the perfusion of four territories named Am
(anterior cortex of MCA), Lm (lateral cortex of MCA), Pm (posterior cortex of MCA) and Bm (basal ganglia of MCA).
The value was calculated as follows: Am=(M1+M4)/2, Lm=(M2+M5)/2, Pm=(M3+M6)/2, Bm=(L+L1)/2.

Definition of Hypertension

Hypertension was defined as a history of hypertension or a new diagnosis according to the China hypertension standard
(>140/90 mmHg).'” New hypertension was defined as systolic blood pressure measured at least 3 times on different days
after admission >140 mmHg and/or diastolic blood pressure >90 mmHg.

Definition of Mean Systolic Blood Pressure (MSBP) and Mean Diastolic Blood Pressure
(MDBP)

The blood pressure values were collected after admission at these time-points (9:00—15:00-21:00) and then taken as the
average. If one of the first two points is missing, we take the blood pressure of the previous day or next day as
a substitute.

Definition of rMTT

tMTT was defined as the ipsilateral/contralateral MTT.'® It showed poor collateral circulation in ipsilateral intracranial
artery stenosis when rMTT was more than 1.

Statistical Analysis

Mean imputation was used for handling incomplete variables. Statistical analysis was performed with SPSS 17.0
software. The results are expressed as constituent ratios for categorical variables, and were analyzed with the y2 test.
Continuous variables were described as the mean + SD or median (IQR); and analysed with ¢ test and ANOVA or Mann—
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Whitney U-test. Logistic regression was used to determine the relative risk level of hypertension and MRP values, which
was expressed as an OR and a corresponding 95% CI. The level of significance for statistical purposes was stated at
p<0.05.

Results

Baseline Characteristics

Of 170 patients with severe steno-occlusive MCA in our registry, 105 patients were finally included in the trial according
to the exclusion criteria (6 with Moyamoya disease, 29 combined with cervical or intracranial artery stenosis, 25 with no
MRP, 5 with poor imaging quality), which was divided into a no hypertension group (NHT, n=28) and a hypertension
group (HT, n=77) (Figure 1). The two groups differed significantly in age (p=0.014), diabetes (y2=4.724, p=0.030) and
FIB (p=0.012). There were no other risk factors for vascular stenosis that differed significantly between them. These
results are summarized in Table 1.

HT Was Independently Associated with rMTT

The MTT of the HT group was lower than that of the NHT group in both the ipsilateral and contralateral sides, but the
difference was not significant. Significant differences were observed between the two groups in the rtMTT of Am, Lm,
and Pm (Table 2). In multivariate logistic regression, we tested the association of HT and rMTT after adjustment for age,
diabetes, and FIB. HT was independently associated with the tMTT of Am, Lm, Pm (P=0.015, 0.001, 0.022) (Table 3).

The rMTT Values at Different Blood Pressure Levels Were Not Significantly Different
All patients with severe steno-occlusive MCA were divided into three groups by different SBP/DBP levels. To study the
effect of hypertension on rMTT values in our research population, which had been proven to be different in the NHT and
HT groups, we compared the levels of Am-rMTT, Lm-rMTT and Pm-rMTT between different subgroups and found no
significant difference (Table 4).

Table | Comparison of Risk Factors Between the Groups of

NHT and HT

Variable NHT (n=28) | HT (n=77) | y2 P

Male (%) 60.7 (17/28) | 59.7 (46/77) | 0.008 | 0.928
Age (vears) 54.4£11.3 602£103 | - 0.014
Statin use (%) | 28.6 (8/28) 16.9 (13/77) | 1.753 | 0.185
Diabetes (%) 14.3(4/28) 36.4 (28/77) | 4.724 | 0.030
Smoking (%) 393 (11/28) | 33.8 (26/77) | 0.274 | 0.601
Alcohol (%) 17.9 (5/28) 247 (19/77) | 0.541 | 0.462
DBIL (umol/l) 2.49£1.10 235£1.17 | - 0.587
TBIL (umol/l) 10.61+4.45 9724360 | - 0.345
FBG (mmol/l) 5.20%1.70 544150 | - 0.486
UA (umolll) 312.3£75.7 32061917 | - 0.671
TG (mmol/l) 1.30+0.66 1554077 | - 0.127
TC (mmolfl) 3.76:091 3.48:070 | - 0.095
HDL-C (mmol/ly | 1.09£0.29 100£027 | - 0.145
LDL-C (mmolfly | 2.16£0.79 190060 | - 0.070
CRP (mgl) 4484255 506363 | - 0.432
FIB (g/l) 2.52+0.59 2.89+068 | — 0.012
D-D (mg/l) 0.26+0.20 052109 | - 0213
Stenosis (%) 93.5:9.8 94.9+7.3 - 0.472
ASITN/SIR 3 (2, 3.75) 3(23) - 0.166
NVF (%) 357 (10/28) | 26.0 (20/77) | 0.955 | 0.329
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Table 2 Comparison of MRP Values Between Groups of NHT and HT
Contralateral Ipsilateral Ipsilateral/Contralateral
NHT(n=28) | HT(n=77) | P NHT(n=28) | HT(n=77) | P NHT(n=28) | HT(n=77) | P
CBF(mL/100g ‘min) | Am 12.34£5.6 13.2+5.4 0.467 12.2+4.7 13.1£5.6 0.408 1.08+0.37 1.05+0.35 0.712
Lm 12.6+5.6 14.2+6.5 0.240 12.1%6.1 13.77.1 0.279 1.02+0.39 1.01+0.38 0.936
Pm 11.845.5 13.4£5.7 0.208 11.845.6 12.7£5.7 0.465 1.06+0.38 1.01+0.34 0.545
Bm 7.7+32 7.9+2.9 0.786 | 7.5%3.3 8.2+4.0 0.465 1.01+0.26 1.05+0.31 0.534
CBV(mL/100g) Am | 285.5%91.0 298.3+102.6 | 0563 | 294.1+94.7 310.9£114.0 | 0.488 1.09+£0.37 1.110+£0.36 | 0.960
Lm 286.9+97.6 321.0£125.1 0.195 | 288.3%122.8 325.8+139.7 | 0.212 1.08+0.49 1.08+0.41 0.981
Pm 274.6+98.8 305.8£109.9 | 0.189 | 287.4+109.5 312.9£1254 | 0.344 1.09+£0.37 1.07+0.36 0.791
Bm 179.3+53.6 182.4+62.1 0815 181.9+£52.4 196.4+83.6 0.392 1.04+0.25 1.10+0.32 0.379
MTT(s) Am | 25.5+6.8 24.0+5.3 0.253 | 25.846.8 24.9%5.3 0.490 1.01£0.21 1.04+0.05 0.000
Lm 25.5+6.9 23.8+5.5 0.204 | 26.3+6.8 25.3%5.5 0418 1.04+0.04 1.07+0.06 0.004
Pm 25.6%7.0 24,153 0.229 | 26.6+6.8 25.6%5.3 0.446 1.04+0.04 1.07+0.05 0.006
Bm 25.5+6.9 24.1+£53 0274 | 26.1+7.4 25.4+55 0.605 1.02+0.10 1.06+0.08 0.052
TTP(s) Am | 23.6%55 23.2%6.1 0.765 | 24.4+7.5 24.4%59 0.992 1.03+0.16 1.06+0.08 0.233
Lm 23.6+5.4 23.0+5.8 0.636 | 25.5+7.0 25.0+6.2 0.713 1.08+0.12 1.09£0.11 0.585
Pm 243174 23.5+6.9 0.605 | 25.9+7.1 25.3+6.0 0.652 1.07+0.08 1.09+0.14 0.537
Bm 244172 23.3+6.2 0462 | 25.8+7.2 25.3+6.4 0.748 1.06+0.08 1.09+0.13 0.239
Table 3 Relative Risk of HT versus MRP Values
Variable | Beta estimate | Odds ratio | 95% CI P value
Am-rMTT | 28.068 1.548E+12 216.943-1.104E+22 | 0.015
Lm-rMTT | 15.819 7411E+6 39.599-1.387E+12 | 0.011
Pm-rMTT | 14.664 2.337E+6 8.037-6.796E+1 | 0.022

Notes: Multivariable logistic regression, Adjust for Age, Diabetes, FIB.

Table 4 Comparison of MRP Values Among the Different Blood Pressure Groups

SBP<I120 (n=29) | 120=<SBP<I40 (n=43) | SBP=140 (n=33) | F P
Am-rMTT | 1.0270.042 1.03620.048 1.040+0.055 0.520 | 0.5%
Lm-rMTT | 1.051+0.048 1.063+0.054 1.060+0.072 0363 | 0.69%
Pm-rMTT | 1.057+0.045 1.061+0.049 1.060+0.052 0.058 | 0.944
DBP<70 (n=33) | 70=<DBP<80 (n=43) | DBP>80 (n=29) | F P
Am-rMTT | 1.0310.052 1.035+0.050 1.039+0.045 0.220 | 0.803
Lm-rMTT | 1.059+0.056 .060+0.058 1.056+0.064 0.043 | 0.958
Pm-rMTT | 1.054+0.046 1.063+0.053 1.062+0.046 0363 | 0.697

The Blood Pressure Control Level of Hypertensive Patients Was Related to the rMTT

Values

Populations with hypertension were divided into good and poor blood pressure control according to SBP and DBP. Then,
we compared the levels of Am-rMTT, Lm-rMTT and Pm-rMTT between NHT, HT+SBP<140 mmHg, HT
+SBP>140 mmHg and NHT, HT+DBP<80 mmHg, HT+DBP>80 mmHg and found significant differences in Am-
tMTT, Lm-rMTT, Pm-rMTT between theNHT and HT+SBP<140 mmHg groups. Additionally, we found differences
between the NHT and HT+DBP<80 mmHg groups in Am-rMTT and Lm-rMTT (Table 5).
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Table 5 Comparison of MRP Values Among the NHT and Different Blood Pressure HT

Groups

NHT (n=28) | HT+SBP<140 (n=45) | HT+SBP=140 (n=32) | F P
Am-rMTT | 1.014+0.021 1.043+0.053* 1.041+0.056* 3.478 | 0.035
Lm-rMTT | 1.036+0.039 1.071£0.055* 1.061+0.073 3.121 | 0.048
Pm-rMTT | 1.041£0.035 1.070£0.051* 1.061+0.052 3.099 | 0.049

NHT (n=28) | HT+DBP<80 (n=51) | HT+DBP>80 (n=26) | F P
Am-rMTT | 1.014+0.021 1.043+0.058* 1.040+0.046 3.496 | 0.034
Lm-rMTT | 1.036+0.039 1.071£0.061* 1.059+0.066 3.198 | 0.045
Pm-rMTT | 1.041+0.035 1.068+0.053 1.062+0.048 2.986 | 0.055

Note: *P<0.05 vs NHT.

Discussion

Our study revealed novel knowledge about hypertension, cerebral perfusion, collateral flow compensation and ICAS by
analysing a representative population. Using PWI, significant differences were observed in HT+SBP<140 (p=0.035,
0.048, 0.049) and HT+DBP<80 (p=0.034, 0.045, 0.055) in tMTT compared with NHT. The differences in rtMTT in the
HT and NHT groups with different blood pressure levels suggested that strict blood pressure control in hypertensive
patients with isolated severe steno-occlusive MCA would decrease perfusion.

We first confirmed that only the relative MTT values were significantly different between the NHT and HT groups.
Previous studies have shown that MTT is a sensitive indicator of perfusion pressure in cerebral ischemia patients.'**°
The increase in MTT indicated a decrease in perfusion pressure. Another study also found that MTT was the most
significant indicator of collateral circulation.”’ Good collateral circulation can reduce the number and volume of cerebral
infarction lesions by improving the perfusion area of stenosis-occlusion MCA,?* which is an important factor affecting
the prognosis of patients with intracranial artery stenosis or occlusion.”® We found that hypertension was correlated with
hypoperfusion in patients with severe steno-occlusive MCA, which was in accordance with Song Liu’s.** An unusual
result was that the MTT of the HT group was lower than that of the NHT group on both the ipsilateral and contralateral
sides, although the difference was not significant. This phenomenon may be due to changes in the dynamics of cerebral
blood vessel reactivity in patients with chronic hypertension.*® In addition, this may be related to the small sample size in
our two groups, and we still expand the sample size in the future.

Considering that the baseline data of the HT and NHT groups had certain differences in age, diabetes and FIB, we
next performed multivariable logistic regression adjusted for age, diabetes, and FIB. Statistical results further confirmed
that Am-rMTT, Lm-rMTT and Pm-rMTT were correlated with HT. Similar views have been demonstrated in
a community-based sample of Japanese individuals,”® which showed that hypertension was associated with a higher
prevalence of severe-intracranial artery stenosis (ICAS).

We divided all patients into 3 subgroups according to blood pressure levels. No significant difference in rtMTT was
observed among the 3 subgroups. Does strict blood pressure control affect intracranial perfusion in patients with severe
stenosis or chronic occlusive MCA? To answer this question, we divided the patients with hypertension into different
groups and compared the MRP values. When the systolic blood pressure was set as 140 mmHg and diastolic blood
pressure as 80 mmHg,”’ statistically significant differences were found between subgroups. The results showed that
rMTT was larger in patients with hypertension whose blood pressure was lower than 140/80 mmHg, and there was
a significant difference compared with those without hypertension. MTT was defined as measuring the time between
arterial inflow and venous outflow.”® A longer MTT indicates insufficient perfusion and poor microcirculation.”” rMTT
was defined as the ratio of MTT ipsilateral to the contralateral side. The result showed poor collateral circulation when
rMTT was greater than 1, and the larger the rMTT was, the worse the microcirculation. Our study showed that patients
with hypertension whose blood pressure was strictly controlled to lower than 140/80 mmHg had worse collateral
circulation than others. Hypertension was an independent factor associated with the occurrence of hypoperfusion after
adjustment for other risk factors.”* In clinical work, we do not strictly control the blood pressure of patients with acute
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cerebrovascular disease to protect them from hypoperfusion injury. However, there were no guidelines to explain how to
manage blood pressure in patients with severe intracranial vascular stenosis without acute cerebrovascular events, and
doctors made the choice according to their own clinical experience. One retrospective study showed that a history of
hypertension is a protective factor in patients with atherosclerotic middle cerebral artery stenosis/occlusion.’® Contrary to
our research, a study found that hypertension impaired leptomeningeal collateral, and this impairment might be restored
by antihypertensive treatment.>' However, this study was performed in mice, and the vascular occlusion injury was acute
by surgery, which caused differences in the pathophysiological mechanism. The Carotid Occlusion Surgery Study
(COSS) proved that Class III evidence that control of hypertension <130/85 mmHg is associated with a reduced risk
of subsequent ipsilateral ischemic stroke in patients with recently symptomatic carotid occlusion.®? This difference may
be caused by the fact that they selected patients with emerging symptomatic carotid artery occlusion, similar to the mouse
study, while our study included patients with chronic large artery occlusion. Our study provided valid evidence that MCA
severe stenosis of occlusion patients with hypertension should not strictly control their blood pressure because it would
prolong the MTT value in the related blood supply area suggesting hypoperfusion.

This study had several limitations. First, it was a retrospective study, which would create a potential risk of selection
bias. Second, we only investigated patients with severe stenosis of occlusion MCA. The results we obtained were not
applicable to those with other intracranial or extracranial artery stenosis. Third, we did not introduce a direct assessment
of the degree of collateral circulation, which might affect the outcome. We require further larger and multicenter studies
to expand the applicability of this research.

Conclusion

This investigation was a retrospective study of patients with severe steno-occlusive MCA in which the correlation
between intracranial perfusion and hypertension was evaluated. Relative MTT values were significantly different
between the NHT and HT groups, showing that chronic hypertension might damage cerebral perfusion. The blood
pressure control level of hypertensive patients is related to the rMTT value, which suggested that strict control of blood
pressure in hypertensive patients with intracranial artery stenosis will further reduce ipsilateral cerebral perfusion. In
conclusion, hypertensive patients with severe stenosis or occlusion of asymptomatic middle cerebral arteries should not
be subjected to intensive blood pressure lowering (SBP<140 mmHg, DBP<80 mmHg). We need to individually evaluate
the patient’s basical conditions before formulating a reasonable level of blood pressure to reduce the occurrence of acute

cerebrovascular events.
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