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Abstract

Cerebral autoregulation (CA) is crucial for stable blood perfusion pressure and is
challenged during acute ischemic stroke. CA’s efficacy and collateral arteries may play a
key role in penumbral region perfusion during acute phase of ischemia. We aimed to
investigate CA parameters in collateral arteries over the first 48 hours post-stroke and
compare them between cerebral hemispheres.

We enrolled 46 patients with acute ischemic stroke of the middle cerebral artery
territory and monitored cerebral blood flow velocity (CBFV) of the main cerebral arteries
with transcranial Doppler. We assessed dynamic CA by projection pursuit regression
(PPR) from the spontaneous oscillations of blood pressure and CBFV from within 6 hours
until 48 hours of symptom onset.

No differences were detected throughout time. Affected middle cerebral artery
showed steeper autoregulatory gain (worse dynamic CA) than its contralateral after 48
hours of onset (0.42+0.37 vs 0.37+£0.30 cm/s/mmHg, p<0.05). Slight asymmetries were
found in CA mostly outside autoregulatory regions.

Our findings advance on the knowledge of global CA impairment during acute
phase of stroke. Understanding collateral arteries role and physiological mechanisms
regarding their CA efficacy can be useful to personalize stroke hemodynamic

management and predict stroke clinical outcomes.

Keywords: Cerebral autoregulation; Collateral arteries; Projection Pursuit Regression;

Stroke; Transcranial Doppler.



1. Introduction

Cerebral vasculature has the ability to buffer blood pressure swings or other
hemodynamic challenges through counterregulatory adjustments in arteriolar diameter
and resistance, which refers to the so-called cerebral autoregulation (CA)™. It’s fairly
known that this mechanism is crucial for neural tissue health and when dysfunctional may
have a role in various pathological conditions, such as vascular dementia?, hemorrhagic
and ischemic stroke® *.

Despite its clinical significance, the full understanding of CA is still incomplete.
Several physiological mechanisms have been pointed as possible intervenients in healthy
individuals, such as the autonomous nervous system, myogenic, endothelial and
metabolic vascular responses®, but they fail to comprehensively explain cerebral
perfusion pressure-flow relationship®.

Transcranial Doppler sonography (TCD) has been used to assess dynamic CA
non-invasively’, by measuring real-time and dynamic changes in cerebral blood flow
(based on its surrogate, cerebral blood flow velocity (CBFV)) in response to changes in
cerebral perfusion pressure, either induced by certain maneuvers (such as body tilt,
handgrip, squat-stand and others®) or taking advantage of spontaneous blood pressure
fluctuations. In the acutely ill patient setting, it is preferable to determine CBFV in
response to spontaneous fluctuations of arterial blood pressure!, which is an innocuous
and feasible way to evaluate dynamic cerebral autoregulation.

Pressure-flow relationship usually entails three different regions of CA
effectiveness, one intermediate autoregulatory region wherein arterial pressure
fluctuations are effectively counter-regulated, and two outer, more passive regions, each

represented by a different slope. The lower the slope, the more active CA is, meaning that



autoregulatory mechanisms can better buffer blood pressure swings and keep cerebral
blood flow constant for neural perfusion.

This non-linear relationship is observed when the CA is effective® and presumably
during the acute stage of acute ischemic stroke (AlS). Unlike previous methodologies of
CA assessment (transfer function analysis, for instance) that assume linearity between
signals®, projection pursuit regression (PPR) is a novel statistical model that was
developed to overcome such linearity assumption. PPR analytic approach has
demonstrated ability to reliably quantify cerebral blood pressure-flow relationship and
measure cerebral autoregulation effectiveness®. Additionally, PPR represents pressure-
flow relationship in a more physiological manner granting the possibility of inferring
pathophysiological mechanisms involved in CA derangements. PPR has not yet been used
to assess CA in AlS patients, though.

CA’s efficacy during ischemic stroke is critical for the maintenance of stable
blood flow in the ischemic penumbra and for avoidance of excessive hyperperfusion with
the inherent risk of hemorrhagic transformation'®. Additionally, in case of acute cerebral
artery occlusion, collateral arteries are recruited and provide immediate diversion of
blood flow, enabling blood perfusion to penumbral regions, through existing
anastomoses. Thus, collateral blood flow through circle of Willis have also shown to play
a role in attenuating severity of ischemic injury in AIS!. Collateral arteries pose as
protective vascular pathways and previous research showed that CA is a crucial facilitator
of collateral flow!!. In fact, routine collateral flow evaluation has been advanced as a
potential factor for risk stratification and guidance of therapeutic intervention in cerebral
ischemia®?.

Cerebral autoregulation status and variation is still fairly unknown within the first

hours after onset because most of previous studies on CA start monitoring blood flow at



later stages®. Moreover, they focus on middle cerebral artery (MCA) measurements of
both hemispheres to assess CA, while collateral circulation and autoregulation remains
largely unappreciated.

Current evidence suggests that a comprehensive understanding of CA
effectiveness, which is increasingly more accessible at bed side of acutely ill patients. CA
assessment may be a valuable tool in guiding hemodynamic management and predicting
secondary complications of various cerebrovascular conditions, such as AIS® 10 13 14
opening the door towards individualized medicine.

The present study aims to describe time trends of CA in collateral arteries during
acute phase of AlS, using PPR analysis. Additionally, we aim to compare autoregulation
parameters between arteries of both affected and unaffected hemispheres and characterize

global CA response to stroke derangements.

2. Material and methods

2.1. Population studied

Our cohort includes patients admitted at Centro Hospitalar Universitario de Séo
Jodo (CHUSJ) stroke unit with AIS in anterior circulation from August 2012 until October
2013. They were consecutively selected if they were able to be monitored within 6 hours
of symptoms onset. This cohort has been used before and is further detailed in previous
research®*,

We used the following exclusion criteria: hemodynamic instability requiring
vasoactive agents, other central neurological co-morbidities (e.g. tumor), acute kidney

injury, myocardial infarction (either clinically suspected, or based on



electrocardiographic or serial myocardial injury markers findings) and insufficient
temporal acoustic window.

CT brain scan (Siemens Somaton Emotion Duo, Erlangen, Germany), with 3 to 6
mm slices, was used at admission and repeated at 24 hours.

All the AIS patients primarily enrolled underwent cervical and transcranial duplex
scan (Vivid e; GE) before evaluation, to exclude significant extra or intracranial stenosis.
At presentation and on subsequent daily evaluations, all patients were clinically examined
and ranked according to the National Institutes of Health Stroke Scale (NIHSS) score.

This study’s protocol was approved by the local institutional ethical committee
and performed in accordance with the Declaration of Helsinki ethical principles. All
participants or their proxy gave written and informed consent prior to the inclusion in this

study.

2.2. Monitoring protocol

Recording of the cerebrovascular measures was carried out in the stroke unit, with
the patients’ head at 0°, for 10 minutes. For cerebral blood flow velocity (CBFV)
recording, we used a transcranial Doppler ultrasonograph with 2-MHz monitoring probes
secured with a standard headband (Doppler BoxX, DWL, Singen, Germany) on both sides
to obtain information of the three main cerebral arteries — A1 segment of anterior cerebral
artery (ACA), M1 segment of middle cerebral artery (MCA — depth of 50-55 mm) and P2
segment of posterior cerebral artery (PCA). Finometer MIDI (FMS, Amsterdam,
Netherlands) was used to continuously monitor arterial blood pressure (BP), estimated
with a finger cuff on the asymptomatic side. Furthermore, BP was hourly assessed by as
oscillometric cuff (Dash 2500, GE, UK). End-tidal carbon dioxide (CO2) was

continuously recorded with nasal cannula attached to Respsense capnograph (Nonin,



Amsterdam, Netherlands). We used a DIl lead of a standard 3-lead electrocardiogram to
determine heart rate. All data was then synchronized at 400 Hz with Powerlab (AD
Instruments, Oxford, UK), computerized and stored for further analysis. Data collection
was repeated at various time points for later comparison and analysis. Time points
selected were within the first 6 hours, then at 12 hours, 24 hours and 48 hours after the

onset of symptoms.

2.3. Data analysis

All signals were reviewed, and artifacts removed. Ten minutes of normalized data
were interpolated at 100 Hz.

Projection pursuit regression analysis was used to assess dynamic CA based on
spontaneous CBFV and blood pressure oscillations. PPR identifies three regions wherein
pressure-flow relationship changes and subsequent parametrization allows definition of
five autoregulation markers of the pressure-flow curve that, together, describe the typical
nonlinear pressure-flow relationship: falling and rising slopes (outside autoregulatory
region), autoregulatory gain, and lower and upper limits of the autoregulatory region. We
then computed another variable (autoregulatory range - ARR), which is the difference
between the upper and lower limits of the autoregulatory region. This method was
repeated for all major cerebral arteries of every patient at all selected time points. We
excluded results referring to the occluded artery in each patient, and those in which a
correct physiological interpretation of the obtained pressure-flow relationship was
unachievable. The gain (i.e. slope) of each region provides a measure of CA
effectiveness®.

Data was analysed using Matlab (version 9.4; Mathworks, Natick, MA), and R-

Language.



To better ascertain autoregulation, we divided our analysis in two subsets of
patients, those without MCA occlusion (n=29) and those with MCA occlusion (n=17).
We then observed autoregulatory markers variability over time on each of the collateral
arteries (Figure 1) and compared them to the contralateral side, to see if there was a
differential change in any hemodynamic marker of autoregulation. In the subset of
patients without occlusion, all 6 arteries were taken into consideration, while for patients
with MCA occluded we’ve focused our attention on the arteries that can be potential
primary collaterals for the occlusion (both anterior cerebral arteries and ipsilateral
posterior cerebral artery) and on the contralateral MCA to infer global cerebral

autoregulation.

2.4. Statistical analysis

Normality was determined by Shapiro-Wilk test.

Comparison of all variables was made via Repeated-measures ANOVA to find
significant differences in hemodynamic variables over time and between groups with
multiple comparisons corrected by Bonferonni's post-hoc test. Spearman’s rho correlation
analysis was performed to evaluate the relationship between PPR parameters and
continuous baseline variables. Although nonparametric tests have been used, for reasons
of clearness, all continuous variables are expressed as mean (standard deviation (SD)).

Statistical analysis was conducted using SPSS statistics version 26 (IBM,
Armonk, NY, USA). A p-value of <0.05 (two-sided) was considered statistically

significant.



3. Results

From 50 patients, 4 were excluded because they had posterior cerebral artery
(PCA\) infarcts. The 46-patient cohort had a mean age of 73 + 12 years and was composed
by 25 (54%) male patients, 35 (76%) underwent intravenous thrombolysis and 17 (37%)
had MCA occlusion within 6 hours post-stroke. Median NIHSS was 14 points (inter-
quartile range of 9-22). None had hemodynamic significant stenosis at ICA or MCA.
Further demographic and clinical characteristics are detailed in our previous study4.

Overall, there were no major significant changes in autoregulation parameters
throughout the time series when considering each artery at an individual level. The only
exceptions among patients without MCA occlusion (Table 1) were noticed in the
ipsilateral anterior cerebral artery falling slope at 12 hours (0.57 £ 0.43 vs 0.52 + 0.39
cm/s/mm Hg at 6 hours, p < 0.05) and in contralateral anterior and posterior cerebral
arteries ARR at 24 hours (with lower and higher ARR compared to 6 hours, respectively).

When looking for differences between affected and non-affected hemispheres, we
observed that MCA’s falling slope was significantly steeper on the contralateral side
within 6 hours after stroke (0.79 £ 0.66 vs 0.70 = 0.54 cm/s/mm Hg, p < 0.05). The
tendency for steeper falling slopes was also noticed on contralateral side throughout all
measurements and for ACA. We found a similar pattern of steeper rising slopes on
anterior cerebral circulation’s contralateral side, only significant for anterior cerebral
artery at 12 hours (0.77 = 0.43 vs 0.64 + 0.58 cm/s/mm Hg) and 48 hours measurements
(0.72 £ 0.41 vs 0.54 + 0.30 cm/s/mm Hg). Autoregulatory gain was overall similar
between both sides in all arteries, but was significantly higher at affected MCA compared
to contralateral side at 48 hours (0.42 £ 0.37 vs 0.37 £ 0.30 cm/s/mmHg, p < 0.05).

In comparison to the ipsilateral anterior and posterior cerebral arteries, the

recanalized MCA showed higher slopes in all autoregulatory regions - falling slope



(significant at 24 hours), autoregulatory gain (significant at 12 and 48 hours
measurements) and rising slope (significant from 12 to 48 hours when compared to
posterior artery). On the contralateral side, our results suggest that the posterior vascular
compartment had generally lower slopes in all regions of autoregulation, than anterior
and middle cerebral arteries. In comparison to unaffected MCA, contralateral ACA had
similar autoregulatory markers, while contralateral PCA showed significantly lower
falling slopes (0.42 = 0.35 vs 0.75 = 0.40 cm/s/mmHg at 12 hours; 0.43 £ 0.41vs 0.81 +
0.55 cm/s/mmHg at 24 hours; 0.43 £ 0.35 vs 0.76 + 0.36 cm/s/mmHg at 48 hours).

Posterior arteries also showed a wider ARR at all time points in comparison with
arteries from anterior circulation of the same side (significant at 48 hours between
posterior and middle ipsilateral arteries [6.06 + 3.74 vs 4.49 + 4.24 mmHg]).

Similarly, in the subset of patients with middle cerebral artery occlusion (Table
2), those who didn’t recanalize at the affected MCA, we didn’t find any particular or
sustained temporal trend for any of the autoregulation markers of each artery.

But when comparing each artery to the opposite side, we’ve noticed some different
patterns mostly on the anterior cerebral artery, outside of autoregulatory region: falling
slope tends to be higher on the contralateral side (although p values > 0.10) and rising
slope also appears to be steeper on the contralateral side, only significant at 48 hours (0.70
+0.43 vs 0.42 + 0.38 cm/s/mmHg). Autoregulatory gain seems to be markedly increased
on the contralateral artery, although not statistically significant (0.29 + 0.20 vs 0.16 +
0.18 cm/s/mmHg at 12 hours, p < 0.10; 0.30 £ 0.43 vs 0.06 £ 0.31 cm/s/mmHg at 48
hours, p < 0.10), which could imply a more efficient autoregulation on ipsilateral anterior

artery.
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Despite some occasional statistically significant difference between sides for
upper and lower limits of autoregulation, autoregulatory region (ARR) is overall similar
in both sides.

In consonance to our findings for the subset of patients without MCA occlusion,
in this subgroup there seems to exist a different pattern between posterior and anterior
cerebral circulations. When compared to the unaffected MCA (contralateral), posterior
cerebral artery of the same side had lower slopes in all regions of autoregulation, and with
distinguishably significance in almost every measurement, while differences with anterior

cerebral artery were not found.

4. Discussion

In this study, we performed serial bilateral measurements of cerebral
autoregulation from within 6 hours until 48 hours of symptom onset of 46 patients with
MCA ischemic stroke at affected territory and neighbor arterial territories and found that
there was no overall change in autoregulatory parameters throughout this critical time
period. However, when compared to contralateral side, affected MCA showed steeper
cerebral blood flow in response to fast reductions in blood pressure within autoregulatory
region, which might aggravate ischemic lesion. A tendency for steeper slopes was noted
outside autoregulatory region at the contralateral anterior cerebral circulation (anterior
and middle cerebral arteries), independently of MCA’s occlusion status, in comparison
with ipsilateral arteries.

Additionally, we’ve noticed significant distinct patterns within arteries of the same
side irrespective of occlusion status. Middle cerebral arteries showed worse global
autoregulation with steeper slopes within all autoregulatory regions, while posterior
cerebral arteries had lower slopes and wider ARR (only for patients without MCA

occlusion), thus better autoregulatory markers.
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Notably, slopes of anterior cerebral arteries had a more similar pattern to posterior
cerebral arteries if there wasn’t MCA occlusion, while in the subset of patients with MCA
occlusion, contralateral ACA had closer slopes to those of unaffected MCA.

In AIS major changes occur in local perfusion pressure and vascular integrity, thus
CA is particularly challenged. It has been well-stablished by previous research that
autoregulation is impaired in AIS**®. This weakened ability is not only pronounced in
the occluded artery territory but may also be diminished in its collaterals of the same and
contralateral hemispheres®.

We didn’t find any robust and sustained time trend of any of the autoregulatory
markers, from 6 to 48 hours interval. It is important to notice that the present study first
measurements took place at earlier phases (within 6 hours of onset - hyperacute phase) of
AIS than most previous studies on CA that start monitoring cerebrovascular parameters
and report CA impairment from 24 hours onward'’-1°. This being said, our results’
apparent homogeneity from 6 to 48 hours, in all arteries of both subset of patients, may
be interpreted as one of following two manners: either that CA impairment reported by
previous studies, is as well present in the hyperacute phase, particularly outside of
autoregulatory region (i.e. for more extreme blood pressure values); or that CA
differences over time, in the autoregulatory region, would only be evidenced after 48
post-stroke.

Some controversy remains in whether dynamic CA impairment is global or
predominates on the ipsilateral side to the occlusion. On one hand previous studies, using
different methodologies regarding MCA autoregulation assessment, indicate a global
impairment of CA involving not only the infarcted, but also the unaffected side,
independent of stroke type!® 71820 On the other hand, there is evidence suggesting that

the territory of dynamic CA loss is dependent on AIS subtype showing that large vessel
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occlusion mainly affects the ipsilateral hemisphere, while lacunar stroke impairs CA
bilaterally?' 22, Therefore, this global effect doesn’t seem directly caused by the type of
infarct, but rather the reflection of pre-existing endothelial dysfunction associated with
hypertension and other cerebrovascular risk factors, that may be exacerbated as a response
to an ischemic event, mediated by inflammatory and autonomic changes?2.

To be noticed, most of previous research take only MCA’s measures into
consideration to obtain information on hemispheric CA. Oppositely, besides MCA, we
took a closer look at anterior and posterior cerebral arteries of both hemispheres,
attempting to further investigate pressure-flow relationship asymmetry. Our results don’t
suggest sustained differences between affected and unaffected sides regarding
autoregulatory gain in collateral arteries. However, in patients without occlusion, we
found that contralateral MCA had lower autoregulatory gain than ipsilateral side only
after 48 hours of onset, which implies a less effective CA on affected MCA at this time.
This tendency for symmetry in autoregulatory gain of collateral arteries favors the
concept of global CA impairment.

Our results suggest slight asymmetry outside of autoregulatory region, especially
regarding rising and falling slopes of anterior and middle cerebral arteries. Although not
always significant, there’s a tendency for steeper slopes on the contralateral side, which
is consistent with a substantial variation in flow in response to transient fluctuations
towards extreme blood pressure values.

Reinhard et al showed that dysautoregulation tends to worsen and spread to
contralateral side over the first days after AIS?*. This study included two measurements:
the first took place within 48 hours and the second between 5-7 days post-stroke and was
based on bilateral MCA’s dynamic autoregulation assessment through time correlation

and transfer function analysis, that defines CA efficacy by global parameters (Mx and
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phase shift, respectively). Our PPR approach allowed us to decompose blood pressure-
flow relationship in 3 different regions of autoregulation and to draw conclusions to each
one of them. Having this previous study’s results in mind, after comparing both MCA’s
of the non-occluded subset of patients, we can suggest that spreading of CA impairment
to the contralateral side may start sooner than 48 hours post-stroke, and that steeper slopes
outside of autoregulatory region may underpin the global autoregulatory dysfunction
Reinhard et al also described.

An interesting approach to address how different physiological systems work in
concert to shape the pressure-flow relationship in healthy individuals, conducted by
Hammer et al, suggests that myogenic response is the most important contributor behind
it 2. In fact, myogenic effects appeared to be the most prominent determinant of
cerebrovascular response outside of the more active autoregulatory region (i.e. falling and
rising slopes of flow-pressure curve). These were exactly the same autoregulatory
markers in which we found pattern differences between infarcted and contralateral side
(on ACA and MCA), making it plausible to admit that differential impairment in
myogenic mechanisms may justify this asymmetry.

Furthermore, our findings also suggest that these seemingly more passive regions
of autoregulation, are not as passive as commonly conceived and can indeed buffer rapid
changes in perfusion pressure. The apparent steeper falling and rising slopes on
contralateral ACA and MCA could imply a higher risk for ischemia or hemorrhage in
their territories®. However, this conclusion is clearly limited since pathophysiologic
alterations in stroke patients may differ from those induced by pharmacologic blockades
in healthy individuals, conducted in that study. Further research using PPR methodology

in CA assessment of stroke patients would be needed to consolidate these correlations.
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Nonetheless, in consonance with this theoretical disturbed myogenic
autoregulatory capacity, previous research in animal models showed myogenic
disfunction bilaterally after MCA occlusion that tended to decline only after longer
periods of reperfusion®®. However, it remains unclear why only contralateral arteries
show apparent CA impairment outside of autoregulatory region.

The fact that posterior cerebral arteries displayed better autoregulatory markers,
in general, than those of the anterior cerebral circulation (mostly in the subset of patients
with MCA occluded) may be interpreted considering previously reported differences in
regional sympathetic innervation?’, that observed denser sympathetic nerve fibers in the
anterior circulation than those in the posterior circulation. Additionally, it has been
demonstrated that impaired autonomic function secondary to sympathetic hyperactivity,
is common in patients with AIS?. Hence, differential sympathetic activity could justify
the apparent regional heterogeneity we observed in cerebral vasomotor control, in favor
of the posterior vascular compartment.

Despite inexistence of gold standard method to measure dynamic CA and the
considerable heterogeneity between previous studies on CA assessment in AlS in terms
of methodology and time points of measurements®®, we believe PPR is a tool that can
provide unique perception of integrated cerebrovascular control by drawing various
autoregulatory markers of the pressure-flow relationship. These allow diagnosis of
pathophysiological alterations underlying cerebral autoregulation impairment in acutely
ill patients and have already shown ability to predict clinical outcomes in subarachnoid
hemorrhage setting®.

The main limitation of this study is the small cohort. Our approach would also
benefit from the use of controls that would allow establishment of basal autoregulatory

markers to compare with those from patients and better understand the grade of CA
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impairment. Finally, we cannot rule out the influence of size of infarct which have been
associated to CA impairment?*; the use of chronic medications, such as beta-blockers that
may affect dynamic CA through autonomic modulation and decreased sympathetic
activity3!; nor the history of chronic hypertension, which has been linked to impaired
autoregulation, especially its lower and upper limits*2. Our study was mainly explorative,
thus some of the associations here suggested should be interpreted with caution and better

confirmed in larger cohorts.

Conclusions

Autoregulation parameters were overall stable over acute stroke phase in collateral
arteries. Recanalized MCA showed less effective CA than contralateral MCA and
asymmetry in collaterals was found mainly outside of autoregulatory region. Future
research on collateral and infarcted arteries using PPR is warranted to understand the
physiological mechanisms altered during acute ischemia, that can be useful to identify

potential therapeutic strategies that might prolong the ischemic penumbra survival.
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Figure 1. Regions in which cerebral blood flow velocity was assessed with Transcranial
Doppler in A: patients without occlusion at 6 hours post-stroke. B: patients with occlusion
at 6 hours post-stroke on the affected medial cerebral artery. Filled arrows represent flow
direction. Wider arrows represent main collateral pathways upon MCA occlusion.

Abbreviations: Al - Al segment of Anterior cerebral artery; M1 — M1 segment of Middle
cerebral artery; P2 — P2 segment of Posterior cerebral artery; ACoA — anterior

communicating artery; PCoA — Posterior communicating artery.
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Tables

Table 1 — Cerebral autoregulation markers in patients without occlusion of MCA
(n=29). Values are represented as mean (SD).

Time Al M1 P2
(h) ipsilateral contralateral ipsilateral contralateral ipsilateral contralateral
06 0.52 (0.39) 0.55 (0.39) 0.70 (0.54)  0.79 (0.66)* 0.46 (0.29) 0.48 (0.41)
Falling Slope 12 | 057 (0.43)" 0.84 (1.52) 0.68(0.43)  0.75 (0.40) 0.48 (0.35) 0.42 (0.35)
(ems™mm Hg") 24 | 042 (0.49)° 0.62 (0.36) 0.67 (0.42) 0.81 (0.55) 0.45 (0.37) ¢ 0.43(0.41) ¢
48 | 0.50(0.46) 0.63 (0.48) 0.69(0.33)  0.76 (0.36) 0.48 (0.40) 0.43 (0.35)
06 | -1.07 (2.47) -2.01 (3.27) -1.75(2.89)  -1.16 (2.75) -1.87 (3.31) -2.15 (2.66)

Lowerlimitof 15 | 235(367) -1.47(365)° -141(266) -1.95(2.83)  -3.28 (3.18) -2.41 (3.75)
autoregulation
(mm Ho) 24 | -2.24(315)  -1.63(3.14)  -2.00 (256) -2.31(2.48)  -2.07 (3.26) -2.38 (3.31)

48 | -139(355)  -0.73(3.92)  -1.64(3.68) -144(347)  -1.98 (3.67) -1.58 (2.84)
06 | 0.29(0.42) 027(0.38)  032(0.34)  033(0.33)  0.25(0.21) 0.19 (0.18)
Autoregulatory 12 | 022(027)°  029(0.32)  041(025)  0.35(0.29)  0.15(0.19)° 0.11 (0.11)
(cm.s-lg.f,':an-l) 24 | 049 (1.71) 021(0.28)  0.19(0.33)  0.31(0.38)  0.19(0.28) 0.11 (0.19)
48 | 012(023)°  025(0.33)  042(0.37) 0.37(0.30)*  0.16 (0.20)° 0.17 (0.21)
06 | 3.47(245) 3.08(3.80)  3.02(3.10) 295(2.94)  3.78(3.64) 2.54 (2.97)
Upper limitof 15 | 341 (2.70) 3.65(3.78)  3.46(227)  3.21(255)  2.06(3.99) 3.99 (3.81)°
autoregulation
(mm Hg) 24 | 2.38(351) 292(3.63)  210(2.83)  171(2.98)  3.68(3.55) 2.82 (4.07)
48 | 258(3.92) 338(382)  284(421)  262(397)  4.09(4.13) 3.85 (3.04)
06 | 0.58(0.44) 064(054)  069(0.39)  0.80(0.36)  0.48(0.29) 0.42 (0.24)
Rising Slope 12 | 064(058)  077(043)° 076(0.35)  0.87(056)  0.42(0.25)° 0.38 (0.23)
(ems™mmHg?) 24 | 057(0.33) 073(046)  075(0.44)  0.89(054) 053 (0.41)° 0.48 (0.33)
48 | 054(030) 072(041)*  081(049)  0.84(0.39)  0.48(0.30)° 0.47 (0.30)
06 | 453(249) 508(3.28)  477(3.68) 411(258)  5.64(3.87) 4.69 (2.84) °
12 | 5.76(4.16) 513(449)  487(341) 515(3.84)  5.34(4.35) 6.39 (4.73)
24 | 462(370)  455(4.06)°  410(221)  4.02(219)  575(4.34)  5.21(4.29)%P
48 | 3.96(3.48) 411(361) 449 (424)  406(4.24)  6.06(3.74)° 5.43 (3.95)

ARR (mm Hg)

Abbreviations: Autoregulatory range (ARR), Middle cerebral artery (MCA),
standard deviation (SD), Al segment of Anterior cerebral artery (Al), M1 segment of
Middle cerebral artery (M1), P2 segment of Posterior cerebral artery (P2).

& Pairwise comparison p < 0.05 vs ipsilateral artery

b Pairwise comparison p < 0.05 vs baseline (6 hours)

¢ Pairwise comparison p < 0.05 vs MCA of the same side
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Table 2 — Cerebral autoregulation markers in patients with ACM occlusion
(n=17). Values are represented as mean (SD).

Time Al M1 P2
(h) ipsilateral contralateral ipsilateral contralateral ipsilateral contralateral
06 0.36 (0.33) 0.49 (0.28) - 0.71(0.38) 0.41(0.19) 0.44 (0.34)
Falling slope 12 0.33 (0.36)" 1.28 (2.55) - 0.63 (0.29) 057 (0.38)  0.49(0.43)¢
(emsmm hg') 24 0.37 (0.35) 0.68 (0.30) - 0.77 (0.61) 054 (057)  0.45(0.32)¢
48 0.26 (0.24) 0.46 (0.46) - 0.83 (0.48) 046 (042)  0.38(0.18)¢
06 -2.63 (2.50) -3.31 (3.90) - -0.92(321)  -254(3.96)  -2.23(3.03)
Lower limit of 12 -3.36 (2.77) -3.27 (3.20) @ - 243 (3.48)  -3.69(3.36)  -3.12(4.21)

autoregulation 24
(mm Hg) -4.43 (3.30) -2.41 (4.20) - -3.13 (2.74) -2.26 (3.6) -2.63 (4.29)
48 -1.89 (4.90) -1.18 (4.76) - -211(3.98)  -1.76 (4.06)  -1.89 (3.07)
06 0.19 (0.14) 0.23 (0.22) - 0.39 (0.30) 0.22(0.14)  0.20(0.19)¢
Autoregulatory 12 0.16 (0.18) 0.29 (0.20) - 0.27 (0.20) 0.18(0.19)  0.11(0.09) ¢
(cm.s-g?,'l?n hgt) 24 0.17 (0.23) 0.28 (0.32) - 0.39 (0.38) 0.28 (0.32) 0.10 (0.25)
48 0.06 (0.31) 0.30 (0.43) - 0.44 (0.30) 0.16 (0.22) 0.20 (0.24)
06 3.48 (2.64) 2.68 (3.88) - 3.64 (2.20) 416(343) 2.77(3.17)°
Upper limit of 12 3.28 (3.07) 3.50 (3.72) - 3.82 (2.63) 3.60 (4.35) 4.05 (3.82)
autoregulation 24 .

(mm Hg) 2.19 (3.74) 4.37 (4.51) - 0.50 (3.33) 545 (3.42) 2,54 (5.39)
48 3.21(5.28) 3.54 (4.54) - 2.55 (4.67) 3.53(3.56)  3.90(3.80)"
06 0.43 (0.39) 0.72 (0.66) - 0.78 (0.37) 0.44(0.32)  0.37(0.16)¢
Rising slope 12 0.34 (0.33) 0.70 (0.44) - 0.97 (0.87) 0.53(0.30)  0.36(0.19)¢
(ems™mmhg?) 24 0.45 (0.40) 0.91 (0.66) - 0.81 (0.46) 0.66 (0.47)  0.55(0.37)¢
48 0.42 (0.38) 0.70 (0.43) @ - 1.01 (0.44) 0.40(0.39)  0.51(0.34)¢
06 6.11 (2.92) 5.99 (3.52) - 456 (2.81) 6.70 (4.66) 5.00 (2.61)
12 6.64 (4.47) 6.78 (5.44) - 6.26 (4.98) 7.29 (5.35) 7.17 (5.25)
ARR (mm Hg)

24 6.62 (5.30) 6.78 (5.31) - 3.63 (1.94) 7.71 (4.81) 5.17 (4.75)
48 5.10 (4.06) 4.71 (5.02) - 4.65 (5.56) 5.29 (3.99) 5.79 (4.51)

Abbreviations: Autoregulatory range (ARR), Middle cerebral artery (MCA),
standard deviation (SD), Al segment of Anterior cerebral artery (Al), M1 segment of
Middle cerebral artery (M1), P2 segment of Posterior cerebral artery (P2).

2 Pairwise comparison p < 0.05 vs ipsilateral artery.

b Pairwise comparison p < 0.05 vs baseline (6 hours).

¢ Pairwise comparison p < 0.05 vs MCA of the contralateral side.

© 2020 by the authors. Submitted for possible open access publication under the
@ ® terms and conditions of the Creative Commons Attribution (CC BY) license

(http://creativecommons.org/licenses/by/4.0/).
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