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Abstract

Background: Cerebral autoregulation (CA) is impaired in a multitude of neurological
conditions. Increasingly, clinical studies are correlating the nature of this impairment with
prognostic markers. In acute intracerebral haemorrhage (ICH), impairment of CA has been
associated with worsening clinical outcomes including poorer Glasgow Coma Score and
larger haematoma volume. Hypocapnia has been shown to improve CA despite concerns over
hypoperfusion and consequent ischaemic risks, and it is therefore hypothesized that
hypocapnia (via hyperventilation) in acute ICH may improve CA and consequently clinical

outcome.

Aims: To assess the feasibility and acceptability of the first CA-targeted intervention in acute

ICH utilising a simple bed-side hyperventilatory maneouvre.

Methods: Twelve patients with acute ICH within 48 hours of onset were enrolled. The
experimental set-up measured cerebral blood flow velocity (CBFV, transcranial Doppler),
blood pressure (BP, Finometer) and end-tidal CO> (EtCO,, capnography) at baseline, and in
response to hypocapnia (-5mm Hg below baseline) achieved via a 90-second hyperventilatory
maneouvre. CA was evaluated with transfer function analysis and autoregulatory index (ARI)

calculations.

Results: We observed tolerance to the protocol in a cohort of mild (NIHSS 4) supratentorial
ICH patients with small volume haematomas without intraventricular extension. Importantly,
a significant difference was noted between ipsilateral ARI at baseline 4.8 (1.7) and ARI
during hypocapnic intervention 7.0 (0.8) (p=0.0004), reflecting improved CA, though a dose-

dependent effect of EtCO2 on ARI was not observed.
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Conclusions: In this small study, there was no observed effect on 14-day death and disability
in recruited participants. This is the first report of improvement in CA in acute ICH using a
non-invasive interventional ~manoeuvre, through induction of hypocapnia via

hyperventilation. (ClinicalTrials.gov Identifier: NCT03324321)
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Introduction

Spontaneous acute ICH is associated with both high mortality and morbidity.! There is a
relative paucity of management options for acute ICH compared to acute ischaemic stroke
(AIS) with intensive blood pressure (BP) control to a target systolic BP of 140mmHg within
6 hours of ICH onset recommended by current guidelines.” * However, a key limitation of
large-scale randomized controlled trials has been the inability to provide mechanistic insight
into cerebral blood flow velocity (CBFV) during the acute phase of haemorrhagic stroke.>
This is particularly the case if CBF control mechanisms are altered by chronic hypertension

or indeed ICH itself.

Cerebral autoregulation (CA) provides a protective mechanism for possible haematoma
expansion or perihaematomal ischemia, secondary to hypertension/hyperperfusion or
hypotension/hypoperfusion, respectively. Dynamic CA (dCA) is a measure of the response of
CBFV to rapid BP changes, and several key studies have shown impaired dCA post-acute
ICH.>® A recent meta-analysis demonstrated that dCA impairment lasts up to 12 days
following supratentorial ICH, and that CA is bilaterally disturbed.!® Importantly a recent
study showed larger haematoma volume is likely to independently predict poorer CA status

ipsilateral to the haematoma.’

Hypocapnia in healthy volunteers leads to improvements in CA.'" !> Furthermore,
hypocapnia, typically through hyperventilation in intubated patients, has been used in the
management of acute brain injury to reduce intracranial pressure (ICP) and to improve
outcome in specific circumstances.!® * The reduction in ICP may reduce the risk of

4 However,

secondary brain injury from direct pressure or by brainstem herniation.
hypocapnia induces lower ICP by decreasing the CBF via cerebral arterial vasoconstriction,

with CBF decreases of approximately 3% per mmHg change in PaCO> (range, 60 to

3
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20mmHg PaCO») reported in patients with traumatic brain injury (TBI).!> !> This risks

hypoperfusion and subsequent neuronal ischaemia, which could worsen outcome.'®

Therefore, whilst improving dCA by means of hyperventilation in acute ICH offers a novel
non-pharmacological intervention, further evaluation is required to ensure overall beneficial

and not detrimental effects on cerebral haemodynamics in acute ICH.

Aims

To assess the feasibility and acceptability of the first CA-targeted intervention in acute ICH

utilising a simple bed-side hyperventilatory manoeuvre.

Accordingly, the BREATHE-ICH study will assess if: 1) ICH sufferers will tolerate a
hyperventilation manoeuvre; ii) a hyperventilation manoeuvre produces hypocapnia in an
ICH population; and iii) it is feasible to improve dCA (with ‘responders’ demonstrating lower

CBFYV though improved ARI), whilst maintaining safe levels of CBFV.
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Materials and Methods
Ethics statement

The East Midlands — Nottingham 1 Research Ethics Committee (REC) provided ethical
approval for the study (17/EM/0283). Informed consent was obtained from participants in
line with recommendations set out in the E6 (R1) of the International Council for
Harmonization of Technical Requirements or Pharmaceuticals for Human Use (ICH) Good
Clinical Practice Guidelines. All patients provided written informed consent and all study
procedures were completed in accordance with the most recent revision of the Declaration of

Helsinki.!”

Sample Selection

The protocol for the BREATHE-ICH study was prospectively published.'® Acute ICH
patients, able to comply with a respiratory manoeuvre (hyperventilation) were recruited
within 48 hours of onset. Each stroke patient was required to participate for up to 14 days
post stroke symptom onset; a maximum of two cerebral haemodynamic assessments being
made. The first assessment was recorded whilst the participant was an in-patient under the
care of the University Hospitals of Leicester NHS Trust Stroke Service (acute: within 48
hours of symptom onset); the second (sub-acute) assessment being undertaken 10-14 days

post stroke onset.

Patients with acute ICH meeting the inclusion and exclusion criteria were considered for
enrolment between October 2017 and July 2018. Inclusion criteria were a clinical diagnosis
of haemorrhagic stroke within 48 hours of onset (for patients waking with a stroke, time of
onset was taken to be the time when the patient was last asymptomatic), able and willing to
give informed consent and competent to comply with a respiratory manoeuvre, as judged by
the investigator. Exclusion criteria included those with significant previous airways disease

(formal diagnosis of moderate or severe airways disease and having treatment for this
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respiratory condition — via inhalers or specialist input) and co-morbidity with anticipated life

expectancy less than 3 months.

Intervention

dCA measurements were performed during a hyperventilation protocol. This involved
sustained periods of 90-seconds of hyperventilation at -5mmHg below baseline EtCO,,
regulated using a metronome. The patients received a demonstration from the conducting
physician clarifying the expected relationship of their breathing with the metronome beat.
Two-minute washout periods of normal respiration were allowed between successive
measurements. Each incremental reduction in EtCO; was repeated on two occasions during
the same session. Patients underwent repeated assessments of hypocapnia with intervening
periods of washout, i.e. two repetitions of the hypocapnic intervention with interval 5-minute
baselines. This provided the opportunity to refine the compliance with the metronome and
ensure the manoeuvre was successfully achieved on at least one occasion per assessment

period.

Participants were monitored throughout the process and any unexpected physiological
changes were recorded on an adverse event form. In preparation for the study, lower limits of
acceptable EtCO» (29 mmHg) and CBFV (33 cm/s) calculated as within 1 SD from the mean
hypocapnia level for cohort of healthy volunteer values'? and based on previous acceptable
limits in TBI studies.'® This helped protect individuals from risk of ischaemia associated with

hypocapnia-induced vasoconstriction.

Interpretation

The study was designed to test the feasibility of a CA-targeted intervention using
hyperventilation. Therefore the primary outcome of interest was the proportion of recruited

individuals able to comply with the full measurement protocol. Data were assessed for quality
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during the analysis protocol, and rejected data files recorded with associated reasoning.
Percentage change in baseline and in response to a hypocapnic manoeuvre in the acute and
sub-acute phase were recorded alongside ARI (see below). ‘Responders’ were defined as
those individuals for whom lower CBFV and improvement in ARI were demonstrated during
hypocapnic conditions. ‘Non-responders’ were defined as those from whom this expected
physiological response was not demonstrated. In addition, classical end-points associated
with this before and after interventional study, included death and disability at 14 days, were

also recorded.

Assessment of Hemodynamic Function

All assessments were undertaken in the Cerebral Haemodynamics in Ageing and Stroke
Medicine cardiovascular research laboratory at the Leicester Royal Infirmary (LRI), which is
at a controlled temperature (20-24'C) and is free from distraction. Where the patient was
medically unstable and unable to be transferred to the laboratory, assessments were
undertaken in the hyperacute stroke bay. The subject lay supine on an examination couch.
Baseline casual BP was calculated as a mean of three supine brachial BP readings using a
validated UA767 BP monitor. Beat-to-beat non-invasive BP were recorded continuously
using the Finometer (FMS, Netherlands) cuff device attached to the middle finger of the non-
hemiparetic hand. R-R interval was recorded using a 3-lead ECG. Respiratory rate was
recorded, and end-tidal partial pressure of carbon dioxide (EtCOz) monitored using small
nasal cannulae placed at the base of the nose (Salter Labs, ref 4000) attached to a capnograph
(Capnocheck Plus). Simultaneous bilateral insonation of the middle cerebral arteries (MCAs)
was performed with the subject lying supine on a couch using transcranial Doppler
ultrasound (TCD, DWL Dopplerbox 10.5.1 software version) to measure CBFV. Using
2MHz probes, supported by a custom-made frame, the vessel was located via the temporal

bone window, and identified as the MCA by the waveform, its depth, velocity, and the
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direction of flow. All parameters were simultaneously recorded onto a computer data

acquisition system (PHYSIDAS), for subsequent off-line analysis.

Assessment of Haemorrhage Volume, Intraventricular and Subarachnoid Extension

A CT scan within 48 hours was analysed for haematoma size, intraventricular and
subarachnoid extension. The assessment of these imaging parameters was performed, blinded
to any CA data from initial CT or magnetic resonance imaging, according to the ABC criteria
(assess the length, width and depth of haemorrhage in centimetres) associated with the shape
of the haemorrhagic lesion.?’ The ICH volume was calculated from the first CT scan using
the a x b x ¢ x 0.5 (ABC/2) method. The CT imaging underwent adjudication by an

independent neuroradiologist (DS).

Assessment of Clinical Parameters

At admission, demographic, baseline clinical and laboratory parameters including age, sex
and history of hypertension, previous antihypertensive therapy, National Institutes of Health

Scale (NIHSS) score, and BP were recorded.

Data Analysis

Transfer function analysis (TFA) is a widely used and validated technique of examining the
relationship between CBFV and BP, and allows quantification of the close transfer of
spontaneous BP fluctuations to CBFV, providing an objective measure of dCA. Furthermore,
TFA and coherence (linearity between input and output signals) was calculated using
Welch’s method; coherence determining acceptability of good quality data taking into
consideration appropriate number of degrees of freedom.?! The first harmonic method was
used to estimate critical closing pressure (CrCP) and resistance-area product (RAP). Lastly,

L 22

to derive ARI, a time-domain approach was used as described by Tiecks et al.”* from a
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standardized set of curves based on CBFV response to sudden step changes in BP following

thigh cuff deflation.

Statistical Analysis

All normally distributed continuous variables are described as mean (SD) and non-Gaussian
with skewness as median (IQR), where appropriate. Comparison of baseline data in acute
ICH patients was made using the Student t-test for normally distributed data, with
Bonferroni’s correction for multiple comparisons as appropriate, or by appropriate non-
parametric tests. Values of p<0.05 were considered statistically significant. All statistics were

performed using  statistical  software = GraphPad Prism 7 for Windows.



189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

The BREATHE-ICH Study

Results

Altogether 18 acute ICH patients met the inclusion criteria. Five patients were excluded due
to lack of acceptable TCD windows and one further patient was excluded due to CT
confirmation at a later date of haemorrhagic transformation of cerebral infarction, as opposed
to primary acute ICH (Supplemental Material Figure I). Therefore, a total of 12 patients of
mean age 68 (range 30 to 91) years, and mean haemorrhage volume of 5.78 mL (range 0.21
to 14.76) were included in the analysis. No patients had intraventricular extension, though
2/12 (17%) had subarachnoid extension. Detailed demographic, clinical and radiological
characteristics of the study population are reported in Table 1. Follow-up assessments were
performed on 9 patients; 3 patients were resident in local community hospitals and not able to

return for repeat assessments due to ongoing stroke specific rehabilitation needs.

The intervention was tolerated without any adverse clinical consequences including
headache, syncope, worsening of NIHSS/new stroke symptoms or any hypocapnia-related

paresthesia.

Results BREATHE-ICH Intervention and Haemodynamics at <48 hours

The responses pre- and post-hypocapnic interventions are reported in Table 2 and in Figs. 1
and 2. There was no significant difference between baseline EtCO; (35.4 mmHg) and EtCO;
for hypocapnic intervention (32.4 mmHg) (p=0.08, Table 1). However, a significant
improvement was noted, despite the lack of significant reduction in EtCO», between
ipsilateral ARI at baseline 4.8 (1.7) and ARI during hypocapnic intervention 7.0 (0.8)

(p=0.0004, Table 1).

Individualised plots demonstrating variability in response for the 12 patients undergoing

initial assessment (<48 hours) post-acute ICH for ipsilateral and contralateral CBFV and ARI

10
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are shown in Figure 1. In addition, individualised delta (A) EtCO» change, and corresponding
delta (A) CBFV and ARI changes are demonstrated in Figure 2. These provide an overview
of the changes observed in each individual in response to the intervention of EtCO lowering.
Figure 3 demonstrates the significant variability in individual assessments with 11
‘responders’ demonstrating the lower CBFV and improved ARI in response to lower EtCOa.
Both Patient 6 and Patient 11 were ‘non-responders’ for CBFV and Patient 7 for ARI, with

Patient 2 exhibiting no ARI change in response to a -3mmHg EtCO, decrease.

Results BREATHE-ICH Intervention and Haemodynamics at 10-14 days

Follow-up haemodynamic data pre- and post-hypocapnic intervention at 10-14 days post-
acute ICH are reported in Table 3. Furthermore, individualised plots demonstrating
variability in response for the 9 patients followed-up (10-14 days) post-acute ICH for
ipsilateral and contralateral CBFV and ARI are shown in Figure 3. In addition, baseline ARI
was examined relative to haematoma volume, demonstrating visually the relationship

between haematoma size and ARI values (Supplemental Material Figure II).

11
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Discussion
Key Findings
The BREATHE-ICH study demonstrated: i) ICH sufferers tolerate a hyperventilatory

manoeuvre; ii) a hyperventilation manoeuvre produces hypocapnia in an ICH population; and
ii1) it is feasible to improve dCA (with ‘responders’ demonstrating lower CBFV though
improved ARI), whilst maintaining safe levels of CBFV. Overall, the study demonstrated
feasibility of manipulating EtCO, to improve ipsilateral dCA in a cohort of mild (NIHSS 4)
supratentorial ICH patients with small volume haematomas without intraventricular

extension.

Literature Context

A meta-analysis of eight previous cerebral haemodynamic studies (293 ICH patients) in acute
ICH demonstrated impaired CA using different CA indices, including reduced TFA phase,
higher mean flow correlation and correlation of these parameters with poor prognostic
markers of ICH. However, no prior studies had used the CA index ARI or indeed aligned
CO; change with CA status.!® The demonstration of ipsilateral improvement in ARI and the
lack of significant adverse physiological change during individualised assessment of
responses to this interventional protocol is a significant step beyond current understanding.
The careful process of translation from healthy volunteers to ICH patients has involved
several steps in both logistical and scientific understanding as to how PaCO:; change
influences CBFV and autoregulatory function.'® % 18- 2325 The inclusion of individuals with
variable locations of ICH is a strength (cortical and lobar involvement), however, this does
assume that ICH generally occurs through similar pathophysiological mechanisms
irrespective of location. Differences in CA across differing ICH subtypes has yet to be

assessed within the literature.

Intervention Feasibility

12
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The data supports an individualised response by patients suffering an ICH, with ARI at or
below the impaired cut-off of <4, improving towards ARI values in excess of 4.2
Furthermore, this study affirms prior observational physiological measurement stroke studies
that demonstrate the presence of hypocapnia post-stroke. The lack of a clear stepwise drop
between averaged EtCO» values is likely associated with statistical power, though assessment
of individualised responses to the intervention demonstrates the feasibility of lowering EtCO»
in acute ICH (11/12 patients). Importantly, despite a small patient cohort, there was a
significant difference in ARI despite a lack of significant reduction in EtCO> at a whole study
population level. Despite hyperventilation-induced hypocapnia originally being used in

intubated patients with high ICP as an intervention to lower ICP, two further applications

could also be considered for hypocapnia in an ICH patient population. |= fly, chronic

hypertension shifts the autoregulatory curve to the right with less of a plateau and subsequent
ability to respond to changes in cerebral perfusion pressure, hypocapnia could shift the curve
to minimize the effect of chronic hypertension. Secondly, early in ICH, vasoconstriction
induced by hyperventilation associated hypocapnia may provide a means of minimising
haematoma expansion via a vasoconstrictive/vasoparalysis based intervention targeting the

bleeding vessel.

CA and Hypocapnia at <48 hours in the BREATHE-ICH Study

The demographic of patients recruited to the study were comparable to prior dCA in acute
ICH studies with similar age, systolic BP, diastolic BP, and haematoma locations.'
Arguably, the severity was greater (NIHSS >10) in prior studies, however, these studies were
not designed to deliver an intervention to this patient population. Furthermore, haematoma
volumes were smaller than the other dCA studies in ICH for the same reason, though almost
a fifth of the cohort had evidence of subarachnoid extension, a poor prognostic feature in

ICH.”

13


Ronney Panerai
Do not think it makes sense!


277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

The BREATHE-ICH Study

The demonstration of a ‘response’ on individualised assessment (Figure 2) of all participants
except two (83.3%) is encouraging. This supports the translation of the physiologically
expected response from healthy volunteers to those with acute ICH. Furthermore, the lack of
any significant adverse physiological change, aside from a dramatic drop in CBFV for
Patient 2 of 36 cm.s”' with a lack of ARI improvement. This could be explained by the
presence of chronic hypertension (with three prior anti-hypertensive drugs being taken) and
ongoing acute BP lowering therapy being delivered (i.e. Labetolol or Glyceryl Trinitrate
therapy) as anti-hypertensive therapy has been demonstrated to affect both BP variability and

autoregulatory response in both a positive and negative manner.?%3°

CA and Hypocapnia at 10-14 days in the BREATHE-ICH Study

During the follow-up period, the significant difference in EtCO between the baseline

measurement and the intervention suggests | = th protocol was better implemented in less

acutely unwell patients after 10-14 days post stroke. Importantly, though no significant
benefit (but also no harm) was seen in this assessment period (as compared to the acute
period), this is important to explore in a larger group and to consider alternative options to
reduce PaCOz in acutely unwell patients, particularly those with larger haematoma volumes
or a more severe NIHSS.® ? Studies in animal models of subarachnoid haemorrhage (SAH)

have concluded that post haemorrhagic microspasm leads to complete loss of CO; reactivity

for up to 24 hours and therefore | = FV cannot be increased during hypercapnia.®?

Limitations

Firstly, these results alongside those of prior studies in ICH have indicated that the
pathophysiology of dCA in ICH patients is complex. Despite prior work demonstrating
ipsilateral autoregulation is closely correlated with haematoma volume, contralateral
autoregulation of ICH can also provide information about the presence of small vessel

disease and baseline intracranial leukoaraiosis and therefore may not be a reliable marker of

14
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preceding autoregulation status.” Furthermore, if the sample size had been larger and nearer
the second power threshold (n=40), a more accurate assessment of other parameters aside

from ARI may have been obtained.

Secondly, there was evidence of significant selection bias, towards mild to moderate ICH as
dCA monitoring was not considered possible in severe ICH, particularly with the
involvement of a ventilatory maneouvre. The mean haematoma volume of 5.78ml and NIHSS
of 4 are not usual for ICH and given the broad inclusion criteria demonstrate selection bias
during recruitment. Importantly, the included patient population are less likely to experience
haematoma expansion or overall a poorer prognosis post ICH, application of the intervention
to a consecutive cohort of all admitted ICH patients would be necessary to understand the
true feasibility of the intervention. Overall, this limitation prevents generalizability of
findings to those with larger haematomas, higher NIHSS scores and lower level of

consciousness.

Thirdly, we did not directly assess the effects of BP-lowering therapy on dCA, so there will
remain limited data on the impact of intensive BP lowering on cerebral haemodynamics.
Therefore, a mechanistic understanding from a cerebral haemodynamic perspective of
different targets for intensive BP lowering is lacking. Fourthly, use of nasal cannulae for
PaCO; measurement has benefits associated with rapid response time to changes, though
concerns exist over accuracy compared to face mask measurements.?* There are no studies to
date showing MCA diameter change with hypocapnia despite evidence being shown in

extreme hypercapnia.**

Fourthly, the study could be improved using isocapnic clamping during baseline periods to
ensure the exact deviation of EtCO; during hypocapnia is deduced. However, as

demonstrated in prior studies, there is an acceptable level of accuracy using non-invasive

15
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EtCO» assessment with capnography at the bedside 2*. Despite the benefits of repeating the
hypocapnic intervention to ensure compliance and therefore to ensure that the strength of the
response was optimized, there remains the possibility of inadequate washout and hence
ongoing vasoconstrictive processes on a microvascular level with biochemical processes

governing reversibility post hypocapnia.

Dynamic CA can be improved in acute ICH using an interventional manoeuvre, namely
generating hypocapnia via hyperventilation. This was demonstrated to be safe and feasible
with no adverse clinical outcomes. Further studies are required to examine the possibility of
improving clinical outcomes at 30 days, as well as the assessment of alternative methods in a
more severe ICH population that would be less able to comply with a hyperventilatory

manocuvre.

Further exploration beyond haematoma volume in larger clinical cohorts would be useful to
provide further perspectives on associations between CA and poor prognostic markers
demonstrated in prior work.!® The results provide a platform foundation for larger trials,
which can focus on outcomes for ‘responders’ and ‘non-responders’ to the intervention. If
this distinction is made during initial clinical assessment post-acute ICH, it may provide a
basis for offering personalized interventions to specific ICH sufferers in an effort to expand

current treatment options.
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Table 1: Demographic and baseline characteristics.

Subjects (n=12)

Age,y 68 (16)
Sex, male/female 8/4
Time to first assessment, hours 24 (11)
Systolic BP on admission, mmHg 160 (30)
Diastolic BP on admission, mmHg 87 (17)
NIHSS on admission, points 4 (1-13)
NIHSS on assessment, points 4(3)
GCS, n (range) 15 (14-15)
Hematoma side, left/right 7/5
Hematoma location, n (%)

Basal ganglia 2 (17)

Thalamus 3 (25)

Lobar 7 (58)
ICH volume, mL 5.78 (4.96)
Intraventricular haemorrhage, n (%) 0(0)
Subarachnoid haemorrhage, n (%) 2 (17)
Hypertension, n (%) 5(42)
Diabetes mellitus, n (%) 1(8)
Hyperlipidemia, n (%) 1(8)
Smoking, n (%) 1(8)
Excessive drinking, n (%) 0 (0)

Values are mean (SD) unless otherwise stated
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485  Table 2: Haemodynamic characteristics at baseline assessment and during intervention (<48 hours).

Baseline = Hypocapnic Intervention p-value

EtCO; (mmHg) 35.4 (4.0) 324 (4.2) 0.08
CBFYV Ipsilateral (cm.s™) 49.2 (18.7) 44.0 (12.6) 0.44
CBFYV Contralateral (cm.s™) 50.1 (15.8) 45.7 (14.1) 0.54
ARI Ipsilateral 4.8 (1.7) 7.0 (0.8) 0.0004
ARI Contralateral 4.7(2.1) 5.9 (1.7) 0.21
Mean BP (mmHg) 102.9 (15.5) 95.2 (13.0) 0.20
Heart Rate (bpm) 71.9 (13.1) 74.6 (11.2) 0.59
CrCP Ipsilateral (mmHg) 45.8 (21.2) 48.1 (18.6) 0.78
CrCP Contralateral (mmHg) 44.8 (13.1) 45.2 (14.3) 0.95
RAP Ipsilateral (mmHg.s/cm) 1.3 (0.7) 1.1 (0.4) 0.56
RAP Contralateral (mmHg.s/cm) 1.2 (0.6) 1.1 (0.5) 0.92
486 Values are mean (SD). CBFV, cerebral blood velocity; BP, blood pressure; EtCO,, end-tidal arterial
487 pressure of carbon dioxide; CrCP, critical closing pressure; RAP, resistance area product; ARI,
488 Autoregulation Index.
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489  Table 3: Haemodynamic characteristics at 10-14 day follow-up.

Baseline  Hypocapnic Intervention p-value

EtCO; (mmHg) 36.5 (4.9) 29.5(7.3) 0.04
CBFYV Ipsilateral (cm.s™) 41.4 (16.7) 39.5 (15.9) 0.82
CBFV Contralateral (cm.s™) 49.3 (22.3) 41.8 (15.7) 0.48
ARI Ipsilateral 4.7 (1.7) 5.4 (2.7) 0.56
ARI Contralateral 4.5(1.9) 6.1 (2.0) 0.15
Mean BP (mmHg) 115.6 (19.5) 113.7 (12.3) 0.82
Heart Rate (bpm) 64.7 (10.3) 71.4 (8.0) 0.17
CrCP Ipsilateral (mmHg) 50.3 (27.5) 55.5(28.2) 0.71
CrCP Contralateral (mmHg) 52.6 (13.1) 54.0 (23.4) 0.92
RAP Ipsilateral (mmHg.s/cm) 1.6 (0.5) 1.5 (0.3) 0.72
RAP Contralateral (mmHg.s/cm) 1.3 (0.5) 1.4 (0.4) 0.74
490 Values are mean (SD). CBFV, cerebral blood velocity; BP, blood pressure; EtCO,, end-tidal arterial
491 pressure of carbon dioxide; CrCP, critical closing pressure; RAP, resistance area product; ARI,
492 Autoregulation Index.
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Figure Legend

Figure 1 A) CBFV ipsilateral, B) CBFV contralateral, C) ARI ipsilateral and D) ARI
contralateral to end-tidal CO, change from baseline assessment to hypocapnia intervention.
With the exception of patient #10, the lowest value of EtCO; corresponds to hyperventilation.

Figure 2 Delta (A) EtCO> change and corresponding delta (A) CBFV and ARI changes.

Figure 3 A) CBFV ipsilateral, B) CBFV contralateral, C) ARI ipsilateral and D) ARI
contralateral to end-tidal CO, change from baseline assessment to hypocapnia intervention.
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