SUPPLEMANTARY APPENDIX SB - Detailed Summary of the Systematic Review

Table of Contents

Table B1: Summary of articles for healthy human subjects with time-series analysis techniques

Table B2: Summary of articles for healthy human subjects with time-series models..........ccccvveeriiieiiieeciiieeieeceeeees

Table B3: Summary of articles for healthy human subjects with model comparison.............ccceeeviieeriieeciieeiieeciee e

Table B4: Summary of articles for patient population with time-series analysis teChniques ...........ccccevceeverienernenieneenne.

Table B5: Summary of articles for patient population with time-series models.........c.ccoeeeviriiniiiiniinineeceee,

Table B6: Summary of articles for patient population with machine learning models ............cccoeeeviieiiiieiiieeiiecceeces

Table B7: Summary of articles for patient population with model compariSOn ...........ccceeeevieriiiieriiiieciie e

Table B8: Summary of studies for animal SUDJECTS ..........oeioiiiiiiiiiiiie et e e e et e e e raeesseeesaneeees



Table B1: Summary of articles for healthy human subjects with time-series analysis techniques

Article Aim of the | Demographics & Experimental | Physiological Data | Data Method(s) Study Results and Conclusions Regarding
Study Conditions & Measurement | Resolution | of Cerebral Physiologic Signal Modelling
Methods Time-Series
Modelling
Frequency-Domain Analysis Studies
Brown et | The effects of | Subject Characteristics: Cerebral 1.25 Hz, Cross- o It was observed that during LF oscillatory
al., 2004 | periodical Healthy subjects Physiology: LF: 0.03- spectral LBNP, there was no difference in the phase
[1] gravitational Number of subjects: 16 CBFv was recorded | 0.14 Hz, analysis (for shift of MABP-CBFv compared to steady-
stress on the Subject demographics: 8 male/8 via TCD HF: 0.15- comparison state LBNP indicating no change in the
CBFv female ultrasonography. 0.40 Hz of autoregulatory response despite reduced
regulations via | Age range: 25-30 years ECG oscillating buffering ability of cerebral vessels (p-value
application of Mean age: 27 years signal pairs) <0.01).
LBNP were Other: e MABP-CBFV oscillations were
assessed. Experimental conditions: BP was recorded approximately in phase, with a phase relation
The subjects refrained from caffeine | with non-invasive close to zero, whereas gain was lower during
and food 3 hours prior to the study. radial arterial oscillatory LBNP but not significantly
The subjects did not have any history | tonometry. EtCO, different in the HF range.
of neurological or cardiovascular was recorded with e Significant coherence between MABP and
disorders. The data was recorded infrared absorption CBFv oscillations were observed in majority
during steady state LBNP at -15 and | via nasal cannula. of the subjects at both LF and HF ranges,
-40 mmHg as well as during MABP while the MABP-CBFv gain was
oscillating 0.1 (0 to -15 mmHg, LF) significantly higher (p-value<0.01) for HF
and 0.2 Hz (0 to -40 mmHg, HF) oscillatory LBNP suggesting further
LBNP at supine position. impairment of buffering ability of the
cerebral vessels during high frequency
fluctuations in BP.
o It was concluded that the regulatory effect of
cerebral vessels to reduce physiological LF
BP fluctuations during steady state was
diminished with increasing orthostatic stress
oscillations.
Katsogrid | The effect of Subject Characteristics: Cerebral 5 Hz, Welch e Statistically significant increase in power
akis et al., | multivariate Healthy subjects Physiology: VLF: 0.02- | method (for | spectral densities was observed in the VLF
2016 [2] | representation | Number of subjects: 30 CBFv was recorded | 0.07 Hz, estimating with CO, administration (p-value<10).
of dynamic CA | Subject demographics: NA with TCD from the | HF: >0.07 | power and e Correlation between ABP and CBFv
modelling on MCA. CrCP and Hz cross-power | estimated by first- and second- partial
the changes of | Experimental conditions: RAP were spectral
CBFv The subjects did not have a history estimated from densities),
oscillations was | of any known cardiovascular and CBFv and ABP multiple




analyzed in the | neurological disorders. The testing using the first coherence coherence was observed to be weak in the VLF
VLF range. was performed at a supine position. | harmonic method. estimation range and strong above that.
The thigh cuff method combined ECG with matrix | e First- and second- partial coherence estimates
with administration of 5% CO, was approach between EtCO, and CBFv showed a strong
followed. The subjects wore face Other: (for input- correlation only in the VLF range indicating
masks for CO, administration. ABP was recorded to-output strong frequency dependent characteristics
pseudorandom binary sequence with a finger signal between the two variables referred to CVR.
fluctuations method was employed photoplethysmogra quantificatio | e [t was concluded that CVR should be treated
to increase ABP and EtCO; phy device. EtCO; n) as a frequency dependent phenomenon similar
variability during simultaneous was measured with to dynamic CA.
administration of COs. a capnograph
connected to the
face mask. HR was
estimated from
ECG signal.
Kuo et The Subject Characteristics: Cerebral 2 Hz, Cross- e Slow fluctuations of CBFv were classified
al., 1998 | spontaneous Healthy subjects Physiology: VLF: spectral into three groups with cross-spectral analysis
[3] fluctuations in | Number of subjects: 33 CBFv was recorded | 0.016-0.04 | analysis, and TFA.
the CBFv were | Subject demographics: 14 male/19 with TCD from the | Hz, TFA (for e Cross-spectral analysis showed high
analyzed for female MCA. LF: 0.04- justiﬁcation coherence in the HF and LF ranges suggesting
classification, Age range: 22-59 years 0.15 Hz, of CBFv co-linearity between ABP and CBFv
and the Mean age: 36.7+9.7 years Other: HF: 0.15- classificatio | fluctuations in these two ranges.
underlying ABP was 0.40 Hz n in the o The transfer phase in the HF range was found
mechanism was | Experimental conditions: monitored with frequency to be significantly less than LF range (p-
examined. The subjects did not have a history finger domain) value<0.001).
of diabetes or cardiovascular plethysmography. e It was concluded that phase shift difference
diseases. The data was collected in between LF and HF ranges suggested that CA
supine position at rest. would operate more efficiently in the LF range
than in HF range.
Peng et The effects of Subject Characteristics: Cerebral 1 Hz Multiple e The three multiple coherences were observed
al., 2008 | beat-to-beat Healthy subjects Physiology: LF: <0.05 | coherence to be significantly higher than the values
[4] ABP Number of subjects: 13 CBFv was recorded | Hz, function obtained for univariate coherence of ABP-input
fluctuations and | Subject demographics: NA with TCD from the | HF: >0.05 in the low frequency whereas no significant
breath-by- MCA. Hz difference was observed between multiple and
breath EtCO, Experimental conditions: ECG univariate coherences at higher frequencies.
and EtO; on The subjects did not have any e It was concluded that at low frequencies,
beat-to-beat cardiovascular, respiratory, or Other: EtCO; and EtO; fluctuations on CBFv
CBFv cerebrovascular diseases. The data EtCO; and EtO, variability could be responsible from the low
variations were | was recorded in supine position at were acquired with values of univariate coherence.
assessed. rest with normal breathing. a mass

spectrometer. ABP
was recorded




noninvasively with

finger
photoplethysmogra
phy.
TFA Studies
Ainslie et | The effects of Subject Characteristics: Cerebral 2 Hz, TFA (for e CBFv was observed to be at a higher level
al., 2007 | acute hypoxia Healthy subjects Physiology: VLF: 0.02- | identifying | than expected for the given hypocapnia level
[5] on CBF Number of subjects: 14 A[HbO], A[Hb] and | 0.07 Hz, dynamic during exercise suggesting increased CBF
dynamics as Subject demographics: 6 male/8 A[HbTot] were LF: 0.07- CA), FFT demand for a cerebral neurogenic activity (p-
well as the female measured by a 0.20 Hz, (for value<0.05).
responses of Mean age: 25 years NIRS system. HF: 0.20- | calculating | e No relationship was observed between CBFv
integrative CBFv was 0.30 Hz frequency- | and EtCO, during hypoxic exercise indicating
cardiorespirator | Experimental conditions: measured with domain less sensitive CA to hypocapnia during hypoxic
y and The subjects refrained from exercise | TCD ultrasound. transforms) | exercise (p-value<0.05).
cerebrovascular | and alcohol 12 hours prior and from | (CVRi= e HbO was decreased during rest and exercise
to acute consuming caffeine 4 hours prior to MBP/CBFv) with hypoxia, while muscle oxygenation was
hypoxia at rest | the study. The subjects were rested maintained (p-value<0.05).
and during in supine positions during normoxia e The CA was maintained during hypoxic rest
exercise were and hypoxia breathing through a Other: but not during hypoxic exercise (p-
examined. leak-free respiratory mask. ABP was recorded value<0.05).
Following the resting state, the with a finger e Phase shift was decreased in the LF range
subjects exercised with and without | photoplethysmogra during hypoxic exercise (p-value<0.05).
induced hypoxia which was followed | phy. EtCO; and o A strong relationship between the changes in
with a resting state with hypoxia and | EtO, were recorded CBFv and A[HbO] was detected during
NOTMOXIC recovery. with a gas analyzer. hypoxic rest whereas during hypoxic exercise,
Sa0, was measured A[HbO] was reduced and CBFv was
at the finger with maintained.
pulse oximetry. HR e The results indicated CA and oxygenation
was calculated could be compromised by the hypoxic exercise
from ABP. as it would outbalance the hypocapnia-induced
CBFv lowering.
Claassen | The dynamic Subject Characteristics: Cerebral 2 Hz, TFA e Repeated squat-stand maneuvers had larger
etal., relation Healthy subjects Physiology: VLF: 0.02- coherence between ABP and CBFv than
2009 [6] | between ABP Number of subjects: 8 CBFv was recorded | 0.07 Hz, spontaneous oscillations for all subjects.
and CBFv was | Subject demographics: 4 male/4 via TCD LF: 0.07- e Large changes in ABP and CBFv oscillations
quantified by female ultrasonography in | 0.20 Hz, were observed in all frequency ranges during
analyzing the Mean age: 30+4 years the MCA. HF: 0.20- the repeated squat-stand maneuvers allowing a
oscillations in | Mean weight: 72+18 kg ECG 0.35Hz comparison of dynamic CA between low and
ABP and CBFv high frequencies.
resulting from | Experimental conditions: Other:

e [t was concluded that the addition of squat-
stand maneuvers to spontaneous oscillation




squat-stand 12 hours prior to the study, the ABP was recorded analysis could improve the information
maneuvers. subjects refrained from consuming with a finger obtained from TFA to assess dynamic CA at
alcohol or caffeine. Data was photoplethysmogra VLF interval.
recorded during rest in sitting phy device.
position and repeated squat-stand Intermittent BP was
maneuvers at various frequencies recorded with
while maintaining normal breathing. | electrosphygmoma
nometry. EtCO,
was measured with
a capnography.
Iwasaki et | The hypoxia- Subject Characteristics: Cerebral 2 Hz, TFA e CBFv variability didn’t change at LF but
al., 2007 | induced Healthy subjects Physiology: VLF: 0.02- increased significantly at VLF (p-value=0.002)
[7] changes in CBF | Number of subjects: 15 CBFv was recorded | 0.07 Hz, and HF (p-value=0.006) with hypoxia at 15%
oscillations and | Mean age: 2242 years with TCD from the | LF: 0.07- 0,.
the dynamic Mean height: 17245 cm MCA. 0.20 Hz, e MABP Variability increased at LF and HF (p-
relationship of | Mean weight: 52+5 kg ECG HF: 0.20- value=0.049) and increased significantly at
ABP and CBFv 0.35 Hz VLF (p-value=0.008).
oscillations Experimental conditions: Other: e Coherence (p-value=0.028) and transfer
were analyzed. | A day prior to study, the subjects EtCO; and Sa0; function gain (p-value=0.035) increased

refrained from caffeinated or
alcoholic beverages and heavy
exercise. Doppler ultrasonography
transducer was placed on the
temporal window.

Data were collected in three
protocols:

Stepwise protocol: O, concentration
was decreased from 21% to 19%,
17% and then to 15% while the CO,
concentration was kept constant in
each level. Each O, concentration
levels were maintained for 10 mins
by hypoxic generator, and data were
collected in the last 5 mins.
Time-control protocol: Stepwise
protocol was repeated without
changing the O, concentration levels
and using 21% O air instead of
hypoxic air.

Single-dose protocol: O,
concentration decreased from 21% to

were recorded by a
pulse oximeter.
Intermittent BP was
measured by
oscillometer
determination using
sphygmomanomete
r. ABP was
measured by
tonometry at the
right radial artery.
HR was measured
by ECG.

MABP

significantly in the VLF range but did not
change in the LF and HF ranges with hypoxia
at 15% O..

e It was concluded that ABP oscillations and
the CBF oscillation dependence on the ABP
oscillation were affected by the normobaric
hypoxia.

e [t was also concluded that the CBF
fluctuations increased in the VLF range while
the changes were significant only with hypoxia
at 15% O, indicating a possibility of threshold
for such changes.




15% directly and data were
measured for 9 of the 15 subjects.

Oudegees | The effects of Subject Characteristics: Cerebral 2 Hz, TFA e Decreased CBFv and increased CVR were
t-Sander | ABP and EtCO» | Young (Y), elderly (E), and older Physiology: VLF: 0.02- observed with age (p-value<0.05 for both).
etal,, changes in elderly (OE) subjects CBFv was recorded | 0.07 Hz, e In hypocapnia and hypercapnia, significant
2014 [8] | different age Number of subjects: 20 (Y), 20 (E), | with TCD from the | LF: 0.07- changes of EtCO, were observed in all groups
groups on 18 (OE) MCA. [HbO] was 0.20 Hz, (p-value<0.01) causing significant changes in
dynamic CBFv | Subject demographics: 9 male/11 recorded with HF: 0.20- MABP, CBFv, CVRi and HbO.
and cortical female (Y), 13 male/7 female (E), 15 | NIRS. 0.35Hz e Percentage changes in CBFv, CVRi and HbO
oxygenation male/3 female (OE) (CVRi= were similar in all age groups whereas absolute
responses were | Age range: 21-28 years (Y), 65-69 MABP/CBFv) changes CBFv and CVRi were higher in the
assessed. years (E), 74-86 years (OE) ECG young group during measurements.
Mean age: 24+2 years (Y), 66+1 e No differences were observed between
years (E), 78+3 years (OE) Other: different age groups for phase and coherence,
EtCO; was while the gain and normalized gain observed
Experimental conditions: acquired by a higher in elderly compared to older elderly, and
The subjects refrained from exercise, | capnograph via for normalized gain compared to young (p-
caffeine, and alcohol 24 hours prior | nasal cannula. ABP value=0.05) in the VLF range.
to the study. The data was recorded | was measured e For the elderly group, phase shift between
in baseline at sitting position at rest, | noninvasively with CBFv and HbO was found to be lower
during repeated sit-squad maneuvers, | finger compared to young elderly (p-value=0.003).
during. hypocapnia indqced by heavy | plethysmography. o For the older elderly group, the normalized
breathing and 5% CO, induced MABP gain was slightly higher compared to the
hypercapnia. elderly group young (p-value=0.05).
o It was concluded that dynamic CA and CVR
retained normal function while CBFv and HbO
were not compromised in the older elderly
group.

Panerai et | The effects of | Subject Characteristics: Cerebral 5Hz TFA e A decrease in ARI was observed with

al., 2021 dynamic CA Healthy subjects Physiology: increasing age in men but not in women.

[9] and subject Number of subjects: 194 CBFv was recorded e ARI had a strong influence (p-value<0.0001)
demographics Subject demographics: 104 male/90 | with TCD from the on the temporal patterns of step responses of
on step female MCA. CrCP and ABP-CBFv, ABP-CrCP, and ABP-RAP which
responses of Age range: 20-82 years RAP were were not influenced by sex.

CrCP and RAP | Mean age: 51.7+15.2 years estimated from BP- e Step responses of CBFv and RAP were also
were examined. CBFYv relationship influenced by age.
Experimental conditions: for each cardiac e It was concluded that the age affected
Data was extracted retrospectively cycle. dynamic ARI with men but not with women
from a database. The subjects did not | ECG while the dynamic responses of RAP and CrCP
have any cardiovascular, respiratory, to a step change in MABP were strongly
or neurological diseases. The Other:

influenced by ARI but not by gender.




subjects were asked to refrain from
heavy exercise and consuming
alcohol caffeine, or nicotine 4 hours
prior to the study. The data was
recorded in supine position at rest
with normal breathing.

ABP was measured
by arterial volume
clamping of the left
middle finger. HR
was derived from
ECG. EtCO; was
measured via nasal
prongs with
capnography. SBP

and DBP were
obtained by
sphygmomanomete
I.
Smirl et The dynamic Subject Characteristics: Cerebral 4 Hz, Linear TFA, | e LF gain was significantly higher for donor
al., 2014 | relationship Healthy group (control), heart Physiology: VLF: 0.02— | power group compared to HTR (p-value<0.01) and
[10] between CBF transplant recipients (HTR), donor CBFv was recorded | 0.07 Hz, spectrum control (p-value<0.01) groups.
and ABP were | controls (donor) with TCD from the | LF: 0.07— | analysis (for | ¢« MABP and CBFv power spectrum were not
assessed for Number of subjects: 9 (control), 8 MCA. 0.20 Hz the cross- different between the groups whereas
heart transplant | (HTR), 10 (donor) (CVRi= spectrum significantly increased power spectrum density
recipients under | Subject demographics: all male MABP/CBFv) between of MABP and CBFv was observed for all
spontaneous Mean age: 63£8 years (control), ECG MABP and | groups.
conditions and | 62+8 years (HTR), 2745 years CBFv) e In both squat-stand frequencies, there was no
during squat- (donor) Other: significant difference in TFA phase and
stand HR was obtained normalized gain of any groups.
maneuvers and | Experimental conditions: from ECG. ABP o It was concluded that there was no relation
compared with | The data was recorded in baseline in | was recorded with a between cerebrovascular complications and
healthy and a seated position during resting state, | finger cerebral pressure-flow dynamics after heart
donor control and during repeated squat-stand plethysmography. transplant.
groups. maneuver performance at 0.05 Hz EtCO; was
and 0.10 Hz frequencies. measured with an
online gas analyzer.
MABP
Zhang et | The effect of Subject Characteristics: Cerebral 1 Hz, TFA e Substantial increase in gain and gradual
al., 1998 | ABP on the Healthy subjects Physiology: VLF: 0.02— decrease in phase was observed with increasing
[11] spontaneous Number of subjects: 10 CBFv was recorded | 0.07 Hz, frequency from LF to HF.
changes in CBF | Subject demographics: 4 male/6 with TCD from the | LF: 0.07— e Similar measured and predicted CBFv was
and the female MCA. 0.20 Hz, observed during thigh cuff deflation implying a
frequency- Mean age: 33+7 years ECG HF: 0.20- strong relation between the changes in CBFv
dependency of | Mean height: 171£12 cm 0.30 Hz and ABP in the 0.07-0.30 Hz frequency range.
CA were Mean weight: 69+14 kg Other: o It was concluded that the TFA could model
assessed. ABP was recorded

Experimental conditions:

with a finger

the short-term regulation of CBF as a result of




The subjects did not have any
cardiovascular, pulmonary, and
cerebrovascular diseases. The
subjects refrained from consuming
caffeine or alcohol 12 hours prior to
the study. The data was recorded in
supine position during spontaneous
uncontrolled breathing, and during
two inflated and deflated thigh
pressure cuffs. Only three subjects
were given 5% CO; to induce
hypercapnia during steady-state data
collection.

plethysmography.
Intermittent blood
pressure was
collected with
electrosphygmoma
nometry. EtCO,
was monitored with
a mass
spectrometer.

changes in ABP in the 0.07-0.30 Hz frequency
range.

Wavelet Analysis Studies

Addison, | The stable Subject Characteristics: Cerebral 0.0033 Hz | Synchro- e Relatively constant phase difference between
2015 [12] | phase coupling | Healthy subject Physiology: squeezed ABP and rSO; signals were indicated in the
behavior of Number of subjects: 1 rSO; was recorded Ccross- synchro-CWT plot.
ABP and rSO, | Subject demographics: NA with NIRS system. wavelet e It was concluded that the proposed wavelet
was analyzed in COx transform model could be utilized in analyzing
the time- Experimental conditions: (CWT) relationships of complex signals to illustrate
frequency No information was given regarding | Other: method (for | the strength of correlation between them.
domain. the experimental conditions. ABP was recorded obtaining
with a finger energy
photoplethysmogra related to
phy device. phase term),
wavelet
analysis
(Morlet, for
obtaining
phase
difference
map)
Buetal.,, | The effect of Subject Characteristics. Cerebral 2 Hz, Wavelet e The results showed that the sailors had
2016 [13] | long-term Healthy sailors and control group Physiology: I: 0.6-2 Hz, | analysis (for | significantly lower wavelet amplitude in the I
offshore work | Number of subjects: 30 (sailor), 30 A[HbO] was II: 0.145- evaluation (p-value=0.004) and III (p-value=0.034)
on the cerebral | (control) recorded by NIRS | 0.6 Hz, of the frequency intervals compared to control group.
oxygenation Mean age: 26.3+6.8 years (sailors), system. III: 0.052- | correlation e The WPCO values in the III (p-value=0.039),
oscillations 26.1+6.4 years (control) 0.145 Hz, | of asignal IV (p-value=0.036) and V (p-value=0.03)
were assessed. | Mean height: 174.5+8.5 cm (sailor), IV: 0.021- | pairs),
172.1+6.1 cm (control) 0.052 Hz, | amplitude-

adjusted




Mean weight: 71.6£9.9 kg (sailor), V:0.0095- | Fourier frequency intervals were significantly lower for
70.3+£10.2 kg (control) 0.021 Hz, | transform sailors.
VI: 0.005- | (AAFT) (for | e It was concluded that the sailor fatigue could
Experimental conditions: 0.0095 Hz | calculation | be caused by long-term offshore work leading
24 hours prior to study, the subjects of mean to the insufficient oxygen supply to the brain.
refrained from consuming alcohol. surrogate
The subjects were free of WPCO
hypertension, diabetes, subarachnoid value)
hemorrhage and other symptoms of
stroke and any disease of heart,
kidney, liver, lung, etc. The fatigue
level of the subjects was assessed
with a short questionnaire. The data
was collected in sitting position at
rest.

Buetal., | The effects of | Subject Characteristics: Cerebral 2 Hz, Wavelet e WPCO was lower in Group B in III (p-

2017 [14] | sleep Healthy subjects Physiology: I: 0.6-2 Hz, | analysis (for | value=0.02) and V (p-value=0.037) intervals in
deprivation on | Number of subjects: 20 A[HbO] was II: 0.145- evaluation the rest period, in III (p-value=0.029) and IV
the phase Subject demographics: 10 male/ 10 recorded by NIRS | 0.6 Hz, of the (p-value=0.039) intervals in the task period and
synchronization | female system. III: 0.052- | correlation | in III (p-value=0.02) interval in the post-task
were examined | Mean age: 25.543.5 years 0.145 Hz, | of asignal recovery period.
to assess the Mean height: 167.8+7.2 cm IV: 0.021- | pairs), e Within the vigilance task stage, the longer the
physiological Mean WCightI 58.7+11.2 kg 0.052 Hz, AAFT (fOI‘ reaction time and a lower accuracy rate was
mechanism Right-handed V:0.0095- | calculation observed.
behind the 0.021 Hz, of mean e A decline in the phase synchronization
decline in the Experimental conditions: VI: 0.005- | surrogate between left and right prefrontal
cognitive The subjects did not have any history 0.0095 Hz | WPCO oxyhemoglobin oscillations was observed after
function. of neurological or psychiatric value) sleep deprivation indicating diminished

diseases and were not currently on
any drug treatments. 24 hours prior
to the study, the subjects refrained
from consuming caffeine or alcohol.
Data was collected at resting, task
and post-task periods for each
subject as group A (without sleep
deprivation) and group B (24 hours
sleep deprivation). A week was
allocated between the two test
sessions. The subjects kept their eyes
closed and relaxed during the resting
state recordings. Following the task
period, the subjects performed a

cognitive function.




vigilance task in the task stage. In
the post-task recovery stage, the
subjects again kept their eyes closed
and remained relaxed.

Buetal., | The phase Subject Characteristics: Cerebral 0.08 Hz, Wavelet e PSQ group had significantly lower WPCO of
2018 [15] | synchronization | Elderly group with poor sleep quality | Physiology: 0.01-0.08 analysis LPFC-RPFC (p-value=0.002), LMC-RMC (p-
in the resting (PSQ) and elderly healthy control A[HbO] was Hz (Morlet) value=0.024), LPFC-RMC (p-value=0.017),
and task states | group recorded by NIRS LPFC-LOL (p-value=0.012), RPFC-LOL (p-
was examined | Number of subjects: 15 (PSQ), 14 system. value=0.018), LMC-LOL (p-value=0.045) and
with A[HbO] (control) RMC-LOL (p-value=0.022) in the resting state
data analyzing | Subject demographics: 6 male and LPFC-RPFC (p-value<0.001), LPFC-RMC
the effects of (PSQ), 7 male (control) (p-value=0.022), LPFC-ROL (p-value=0.04),
poor sleep Mean age: 64.67+1.72 years (PSQ), RPFC-LMC (p-value=0.009), RPFC-RMC (p-
quality. 63.36£1.74 years (control) value=0.003) and RPFC-ROL (p-value=0.018)
in the task state.
Experimental conditions: e In the PSQ group, the wavelet amplitude of
The subjects did not have any LPFC (p-value=0.033), RPFC (p-value=0.005)
neurological or psychiatric diseases. and LOL (p-value=0.005) were significantly
The subjects were seated higher in the resting state. Similarly, the
comfortably with eyes closed and wavelet amplitude of LPFC (p-value=0.028),
relaxed during the resting state LOL (p-value=0.001) and LMC (p-value=0.01)
recordings. Following the resting were significantly higher in the PSQ group in
state recordings, 1-back task the task state.
performances were recorded. e The study findings indicated that the reduced
phase synchronization resulting in diminished
cognitive function of the subject group was
caused by poor sleep quality.
Cui etal., | The effects of | Subject Characteristics: Cerebral 2 Hz, Wavelet e The study results identified significant
2014 [16] | aging on the Healthy elderly and young subjects Physiology: 1(0.4-2 analysis WCPO in the I frequency interval for the
dynamic Number of subjects: 33 (elderly), 27 | A[HbO] was Hz), elderly group (p-value=0.015).
changes in (young) recorded with 11 (0.15-0.4 e The WCO was significantly different
A[HbO] and Subject demographics: 27 male/7 NIRS at the frontal | Hz), between the elderly and young subjects in the
ABP female (elderly), 20 male/7 female lobe. 111 (0.05- frequency intervals I and V.
oscillations (young) 0.15 Hz), e The WPCO of ABP and A[HbO] was
were analyzed. | Mean age: 70.7+7.9 years (elderly), | Other: IV (0.02- significant in the I, IT and IV frequency
25.243.7 years (young) ABP was recorded | 0.05 Hz), intervals for the elderly subjects and in the III
by a transducer V (0.0095- and VI intervals for the young subjects. It was
Experimental conditions: attached to the 0.02 Hz), significantly different between the two subject
The subjects did not have any heart | wrist. VI (0.005-
diseases or smoking and drinking 0.0095 Hz)

habits. The data were recorded in
sitting position.




groups in the IV frequency interval (p-
value=0.028).

o [t was concluded that the difference in
WPCO between the young and elderly subjects
indicated an altered CA resulted by aging.

Lietal., The coherence | Subject Characteristics: Cerebral 2 Hz, Wavelet e Significantly high WCO of A[HbO]

2014 [17] | between Normotensive control group, elderly | Physiology: :04-2 analysis oscillations were found in intervals I (p-
A[HbO] signals | group with hypertension A[HbO] and A[Hb] | Hz, value=0.000) and III (p-value=0.014) for the
of healthy and | Number of subjects: 26 (control), 24 | were calculated II: 0.15 - control group, and significant variations in
elderly subjects | (elder) from Beer-Lambert | 0.4 Hz, WCO were observed between control and elder
with Subject demographics: 20 male/6 law using signals III: 0.05 - groups in interval III (p-value=0.014).
hypertension female (control), 17 male/7 female from NIRS. 0.15 Hz, e WPCO of A[HbO] oscillations were
was analyzed (elder) IV:0.02 - significant for control group in intervals from I
during resting Mean age: 70.6+7.9 years (control), 0.05 Hz to IV, and significant difference was observed
state. 70.7+8.4 years (elder) between the subject groups in interval IIT (p-

value=0.007).
Experimental conditions: e It was concluded that the lower WCO values
The data was collected in in interval III implied a decreased neural
comfortable sitting position. control synchronization between left and right
PFC implying weakened brain functional
connectivity in the elderly group with
hypertension.

Saleem et | The role of Subject Characteristics: Cerebral 2 Hz, Wavelet e A significant increase was observed with

al.,, 2016 | sympathetic Healthy subjects Physiology: VLF: 0.02- | phase admission of sympathetic blockade in gain in

[18] neurovascular | Number of subjects: 18 CBFv was recorded | 0.07 Hz, synchronizat | the VLF range (p-value<0.05), and in
control on Subject demographics: 7 male/11 with TCD from the | LF: 0.07- ion analysis, | coherence in the VLF and LF ranges (p-
cerebral female MCA. 0.20 Hz, TFA (to value<0.05) whereas there was no significant
autoregulatory | Age range: 21-26 years ECG HF: 0.2-0.4 | characterize | change between pre- and post-sympathetic
dynamics was Hz cerebral BP- | blockade for phase and power spectral
identified by Experimental conditions: Other: CBF densities.
assessing The subjects advised to refrain from | HR was obtained dynamic), e Wavelet phase synchronization index values
cerebral caffeine and heavy exercise 12 hours | from ECG. ABP multiple were increased with sympathetic blockade at
pressure-flow | prior to the study. The subjects were | was recorded coherence VLF range (p-value<0.05) for both single- and
relations. randomly divided into two groups: noninvasively with function dual-input systems whereas no change was

control group with an oral placebo

pill or active treatment group with

oral 0.05 mg/kg Prazosin. The data
was collected in supine position.

a finger
plethysmography.
EtCO, was
acquired from a
nasal line.

observed with placebo administration.
Additionally, it was observed that treatment
responses dependent on frequency and EtCO,
corrected phase synchronization index values.
e It was concluded that fluctuations in CBF
was altered strongly at VLF by sympathetic
activity.
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Tan et al., | The phase Subject Characteristics: Cerebral 2 Hz, Wavelet e The wavelet amplitude of the elderly was
2016 [19] | synchronization | Healthy elderly and young subjects Physiology: [:0.6-2 analysis significantly lower in intervals III (p-
of A[HbO] Number of subjects: 43 (elderly), 40 | The left and right Hz, value=0.001) and V (p-value=0.023) in the left
signals in the (young) prefrontal A(HbO] | II: 0.145 - prefrontal cortex, and interval III (p-
left and right Subject demographics: 22 male/21 signals were 0.6 Hz, value=0.028) in the right prefrontal cortex.
prefrontal female (elderly), 27 male/13 female | recorded through II: 0.052 - e The results showed that WPCO of the
tissues were (youth) NIRS. 0.145 Hz, A[HbO] oscillations were significantly lower in
analyzed. Mean age: 69.6+8.4 years (elderly), IV: 0.021 - the left and right prefrontal regions in the
24.5+1.7 years (youth) 0.052 Hz, intervals 1-IV in both subject groups. In
V:0.0095 - intervals I (p-value=0.010) and III (p-
Experimental conditions: 0.021 Hz, value=0.016), the WPCO in the elderly group
Subjects did not have smoking or VI: 0.005 - was significantly lower.
drinking habits. Subjects were seated 0.0095 Hz e It was concluded that a declined cognitive
in a comfortable position that performance could be induced by the weakened
minimized the head and wrist prefrontal functional connectivity as a result of
movements during data normal aging.
measurements. Sensors were placed
on the participants’ forehead.
Wang et | The changes in | Subject Characteristics: Cerebral 2 Hz, Wavelet e Significant relation between posture change
al., 2016 | brain functional | Young subjects (control), elderly Physiology: 1. 0.6-2 analysis and age with PFC and LMC connectivity in V
[20] connectivity as | subjects (elderly) A[HbO] was Hz, frequency interval (p-value=0.028).
a result of Number of subjects: 22 (control), 39 | measured by a II: 0.145— e Significant variation was observed between
posture change | (elderly NIRS system. 0.6 Hz, left and RPFC in I frequency range, LMC and
was assessed in | Subject demographics: 14 male/8 III: 0.052— RMC connectivity in IV frequency ranges, and
elderly female (young), 13 male/16 female 0.145 Hz, connectivity between RPFC and RMC, LPFC
subjects. (elderly) IV: 0.021- and LMC, RPFC and LMC in the V frequency
Mean age: 24.4+1.6 years (young), 0.052 Hz, range for elderly subjects (p-value<0.05) as a
70.5+7.7 years (elderly) V:0.0095- result of posture change.
0.021 Hz o [t was concluded that the results could be
Experimental conditions: useful in examining the risk of postural
The data was collected in sitting instability in elderly people.
position with subjects’ eyes closed at
rest and at standing position.

AAFT, amplitude-adjusted Fourier transform; ABP, arterial blood pressure; ARI, autoregulation index; BP, blood pressure; CA, cerebral autoregulation; CBF, cerebral
blood flow; CBFv, cerebral blood flow velocity; CrCP, critical closing pressure; COx, cerebral oximetry, CVR, cerebrovascular reactivity;, CVRI, cerebrovascular reactivity
index; CWT, cross-wavelet transform; DBP, diastolic blood pressure; E, elderly ; ECG, electrocardiography, EtCQO., end-tidal carbon dioxide,; EtO;, end-tidal oxygen; FFT,
fast Fourier transform; HbO, oxyhemoglobin concentration; HF, high frequency, HR, heart rate; HIR, heart transplant recipients; Hz, Hertz; LBNP, lower body negative
pressure; LF, low frequency, LMC, left sensorimotor cortical;, LOL, left occipital lobe; LPFC, left prefrontal cortex; MABP, mean arterial blood pressure; MCA, middle
cerebral arterial; NA, not available; NIRS, near-infrared spectroscopy; O, older; OE, older elderly; PSQ, poor sleep quality; RAP, resistance-area product; RMC, right
sensorimotor cortical; RPFC, right prefrontal cortex; ROL, right occipital lobe; rSO:, regional cerebral oxygenation, SaQ., arterial oxygen saturation; SBP, systolic blood
pressure;, TCD, transcranial Doppler; TFA, transfer function analysis;, VLF, very low frequency;, WCO, wavelet coherence; WPCO, wavelet phase coherence, Y, young;
A[Hb], change in deoxyhemoglobin concentration;, A[HbO], change in oxyhemoglobin concentration; A[HbTot], change in total hemoglobin
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Table B2: Summary of articles for healthy human subjects with time-series models

Article Aim of the | Demographics & Experimental | Physiological Data & | Data Method(s) | Study Results and Conclusions Regarding
Study Conditions Measurement Resolution | of Cerebral Physiologic Signal Modelling
Methods Time-
Series
Modelling
ARMA Studies
Clough et | The changes in | Subject Characteristics: Cerebral Physiology: | 5 Hz ARMA e There was a change in CBFv, EtCO,, HR
al.,, 2022 | CBF and Healthy subjects CBFv was recorded and RAP with PHPV (p-value<0.01 for all)
[21] dynamic CA Number of subjects: 75 via TCD but MABP, CrCP and SBP and DBP were not
were analyzed Subject demographics: 39 male/36 | ultrasonography in affected.
with respect to female bilateral MCA. CrCP e Time-varying ARI was significantly
step responses Age range: 21-82 years and RAP were different in PHPV compared to poikilocapnia
of CrCP and Mean age: 52.3+17.2 years estimated from the (p-value<0.0001).
RAP during first harmonic method o Step-responses of percent changes of RAP
PHPV. Experimental conditions: via BP-CBFv (SRVrap) greatly increased during PHPV
The data was collected following | relationship. compared to poikilocapnia (p-value=0.0026).
two protocols. For one of the ECG The change in SRV c,cp was not significant
protocols, the recordings included between the PHPV and poikilocapnia (p-
baseline and PHPV. In the second | Other: value=0.6).
protocol, the recordings were EtCO; was recorded e The study results showed that the dynamics
applied only for baseline and with an infrared of RAP controlled the changes in CBFv and
hypocapnia phases. capnography. BP was dynamic CA during hypocapnia.
recorded with a finger
photoplethysmograph
y device.
Edwards | The Subject Characteristics: Cerebral Physiology: | 1.25 Hz ARMA e A reduction in magnitude of EtCO»-CVRi
et al., simultaneous Healthy subjects CBFv was recorded response as well as a slowed CVRi response to
2004 [22] | effects of BPmca | Number of subjects: 8 with TCD from the BPwmca were observed from hypocapnia to
and EtCO; on Subject demographics: 4 male/4 MCA. BPuca was hypercapnia.
the dynamic CA | female estimated from ABP e It was found that a small reduction in EtCO,
and CO Age range: 21-24 years signal. resulted in a more rapid response of CVRIi to
responsiveness (CVRi = change in BPuca.
were analyzed. | Experimental conditions: BPumca/CBFv) o It was concluded that the two-breath method
24 hours prior to study, the ECG with ARMA was able to detect small but
subjects refrained from caffeine, important changes in CA.
alcohol, and heavy exercises. The | Other:
data was collected at baseline HR was determined
state, and during hypocapnia, from ECG. ABP was
normocapnia and hypercapnia recorded with an
arterial tonometry
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maintained with a computerized non-invasively. EtCO,
dynamic end-tidal forcing system. | was continuously
recorded with a mass
spectrometry from a
face mask.
Panerai et | The effect of Subject Characteristics. Cerebral Physiology: | 5 Hz ARMA ¢ ABP and EtCO; had similar variance
al.,, 2012 | ABP and PaCO; | Healthy subjects CBFv was recorded contribution on CBFv responses in ipsi- (p-
[23] on CBFv Number of subjects: 10 with TCD from the valueagr=0.007 and p-valuerico,=0.008) and
response to Subject demographics: 9 male/1 MCA. contralateral hemispheres (p-valueagr=0.01
motor female ECG and p-valuegico,=0.03). It was concluded from
stimulation was | Age range: >45 years the synchronized population averages that the
examined. Mean age: 62.7+7.8 years Other: ABP was ABP resulted in the initial sudden change in
Right-handed measured by arterial CBFv whereas influence of EtCO, was
volume clamping of irregular.
Experimental conditions: the left middle finger. e CBFv step responses to ABP were similar in
The subjects did not have any EtCO2 was measured data obtained during motor stimulation and
cardiovascular or neurological by an infrared baseline.
diseases. The subjects refrained capnography. e The possibility of detecting and removing
from consuming alcohol, caffeine, ABP and PaCO; from response of CBFv to
or nicotine 12 hours prior to the motor stimulation was shown in the study in
study. The data was recorded in order to improve non-invasive assessment of
supine position during rest and NVC.
during two active motor
stimulation of repetitive elbow
flexion and extension.
ARX Studies
Gehalot et | The Subject Characteristics: Cerebral Physiology: | 2 Hz ARX e Mean square error values for each subject
al., 2005 | effectiveness of | Healthy subjects CBFv was recorded were same regardless of the data duration that
[24] utilizing beat-to- | Number of subjects: 11 with TCD from the were 0.0200 for 6 min, 0.0235, 0.0263, 0.0278
beat blood Subject demographics: 9 male/2 MCA. and 0.0255 for all four 1.5-min datasets in all
pressure time female ECG three ARX models created where CBFv was
sequences as Mean age: 29+6 years output, and inputs were either MABP or
input stimuli for Other: pseudo random binary input.
deriving linear | Experimental conditions: MABP was measured e P-values between 6-min and 1.5-min data
model estimates | The subjects were non-smokers with photo- were 0.2767 (6-min and 1% 1.5-min), 0.1790
of CA. and did not have any known plethysmography. (6-min and 2", 0.1486 (6-min and 3™) and
medical problems. The data was 0.2459 (6-min and 4™).
collected from the subjects in e P-values between the 1.5-min datasets were
supine position at rest. 0.5459 (1 and 2"%), 0.4178 (1% and 3"),
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0.6742 (15" and 4™), 0.8069 (2" and 3™),
0.8829 (2" and 4™) and 0.7060 (3™ and 4™).
e It was concluded that MABP would be as
effective as binary input signal an input
stimulus indicating its significance in
estimation of linear models of CA.

Experimental conditions:

The subjects did not have any
cerebrovascular and
cardiovascular diseases. The data
was recorded at rest, thigh cuff
and LBNP tests in supine position.
Hypercapnia was induced by 5%
COs.

ABP was measured
nonOinvasively with
finger
plethysmography.
EtCO; was acquired
with an infrared
capnograph connected
to a face mask.

Liu and CA was Subject Characteristics. Cerebral Physiology: | 1 Hz ARX e The study findings showed that the ARX
Allen, assessed by Healthy subjects CBFv was recorded model predicted the step response successfully
2002 [25] | analyzing the Number of subjects: 11 with TCD from the in the noise-free condition with high variation
relationship Subject demographics: NA MCA. in ABP (R5%=92) and with low variation of
between ABP (R5%=98) as well as in a noisy condition
variations in Experimental conditions: Other: with high variation in ABP (R5%=97+8)
ABP and noise | The subjects were free of ABP was monitored condition for normal CA.
in recordings. cerebrovascular disorders. The with finger e It was suggested that under noisy conditions,
thigh cuff technique where plethysmography the accuracy and the reliability of the model
(negative) step change in ABP predictions could be improved by
was stimulated was used in the manipulation of higher ABP variations.
study.
Liu et al., | The effect of Subject Characteristics: Cerebral Physiology: | 1 Hz ARX e Significantly different gradient of the step
2003 [26] | manipulated Healthy subjects CBFv was recorded responses was observed between normocapnia
spontaneous Number of subjects: 8 with TCD from the and hypercapnia (p-value<0.001) in each and
ABP changes on | Subject demographics: 6 male/2 MCA. across different experiments (p-value=0.003).
CBFv was female e Between gradient and EtCO; and between
examined. Other:

EtCO; and phase shift there were strong linear
relationships (p-value<0.0001 for both)
suggesting that ARX model fitted to ABP and
CBFv data could be used to assess CA.

e [t was concluded that ARX model showed a
strong relationship between CBFv and ABP in
healthy subjects proving useful for assessment
of dynamic CA status.

ABP, arterial blood pressure; ARI, autoregulation index; ARMA, autoregressive moving average;, ARX, autoregressive with exogenous input;, BP, blood pressure; BPycu,
blood pressure corrected at the middle cerebral artery; CA, cerebral autoregulation; CBF, cerebral blood flow;, CBFv, cerebral blood flow velocity;, CrCP, critical closing
pressure; CVRI, cerebrovascular reactivity index; DBP, diastolic blood pressure; ECG, electrocardiography; EtCO;, end-tidal carbon dioxide; HR, heart rate; Hz, Hertz;
LBNP, lower body negative pressure; MABP, mean arterial blood pressure; MCA, middle cerebral arterial; NA, not available; NVC, neurovascular coupling; PaCQ, arterial
oxygen partial pressure; PHPV, paced hyperventilation;, RAP, resistance-area product; SBP, systolic blood pressure; SRVcycp, percent changes of CrCP; SRVyr4p, percent
changes of RAP; TCD, transcranial Doppler

14



Table B3: Summary of articles for healthy human subjects with model comparison

conditions.:

artery non-invasively.
EtCO, was measured

Article Aim of the | Demographics & | Physiological Data & | Data Method(s) | Model Study Results and Conclusions
Study Experimental Measurement Resolution | of comparison Regarding Cerebral Physiologic
Conditions Methods Time- Signal Modelling
Series
Modelling
Chacon et | The Subject Cerebral Physiology: | 0.6-sec Linearand | AR SVM o The linear models performed well in
al., 2011 simultaneous Characteristics: CBFv was recorded via non-linear models the baseline state (FIR p-value=0.044,
[27] effect of ABP Healthy subjects TCD ultrasonography. AR SVM performed AR p-value=0.040) while better
and arterial CO, | Number of subjects: and FIR better in performances were observed with non-
fluctuationson | 16 Other: SVM describing the linear models (FIR p-value=0.234, AR
CBFv was Mean age: 31.848.5 | ABP was recorded by models dynamic CA p-value=0.030) during 5% CO;
modelled to years arterial volume both during breathing state.
assess CVR. clamping of the digital baseline and at e The results showed that in overall,
Experimental artery non-invasively. hypoxia than the AR SVM models performed better
conditions: EtCO; was measured FIR models. than the FIR SVR models describing
12 hours prior to the | by an infrared the dynamic CA (AR baseline linear p-
study, the subjects capnography with a value=0.0022 and non-linear p-
refrained from face mask. value=0.0027, AR 5% CO:; linear p-
consuming caffeine value=0.00098 and non-linear p-
or alcohol. The value=0.00042).
subjects were in
supine position with
a head elevation of
30°. The recordings
included baseline
measurements and
measurements of
breathing 5% CO; in
air.
Chacon et | The effect of Subject Cerebral Physiology: | 2 Hz, TFA, NAR | Non-linear e The NAR and NFIR SVM models
al., 2018 | step change in Characteristics: CBFv was recorded via | VLF: 0.02- | SVM and SVM models (p-value<0.001) showed significantly
[28] BP on CBFv Healthy subjects TCD ultrasonography. | 0.07 Hz, NFIR SVM | showed higher | better ability to detect the hypercapnia-
response was Number of subjects: | ECG LF: 0.07- models performance in | induced changes in dynamic CA.
modelled with 45 0.2 Hz detecting the e Model-free ARI with NAR models
linear and non- | Mean age: 31+12 Other: deterioration of | (p-value=0.022) detected the
linear models to | years BP was recorded by dynamic CA hypercapnia-induced changes in
assess the arterial volume than the linear dynamic CA significantly better than
dynamic CA Experimental clamping of the digital TFA models.
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12 hours prior to the

by an infrared

ARI but not with NFIR models (p-

study, the subjects capnography with a value=0.431).
refrained from face mask. HR was o Although NFIR models were faster
consuming caffeine | estimated from ECG. between the non-linear models, the
or alcohol. The best performance was achieved with
subjects were free of model-free ARI extracted with NAR
any neurological or SVM models.
cardiovascular
diseases. The
recordings included
rest state, baseline
measurements and
hypercapnia state
induced by breathing
5% CO; all in supine
position.
Chacoén et | The dynamic Subject Cerebral Physiology: | 0.4 Hz FIR SVM, In all models, o The study results showed no
al., 2022 | CA was Characteristics: CBFv was recorded via NFIR SVM, | there was no significant difference between the
[29] modelled via the | Healthy subjects TCD ultrasonography NARX significant models in any of the three positions.
responses of Number of subjects: | in both hemispheres. SVM and difference in e The p-values of the models were
CBFv to 18 ARX SVM | performances in | found as FIR ARI=0.2522, NFIR
variations in Age range: 22-44 Other: any positions. ARI=0.3201, ARX ARI=0.9683 and
ABP to describe | years ABP was measured NARX ARI=0.6991.
the changes in Mean age: 27.0+6.3 | with a finger o The study results showed that body
cerebral years photoplethysmography postures had an effect on the cerebral
hemodynamics non-invasively. hemodynamics system beyond ABP-
with body Experimental CBFv relationship while the CBF
posture changes. | conditions.: autoregulation was not affected by
The subjects were different postures.
free of any
cardiovascular and
neurological
diseases. The data
were recorded in
standing, sitting, and
laying positions.
Edwards | The independent | Subject Cerebral Physiology: | 0.3 Hz, Cross- The ARMAX e Within the HF range, CPP and mean
et al., effects of Characteristics: CBFv was recorded via | LF: <0.07 spectral model allowed | CBFv were observed to have strong
2001 [30] | breath-by-breath | Healthy subjects TCD ultrasonography | Hz, analysis for a
changes in Number of subjects: | in bilateral MCA. CPP | HF: 0.07- (one-input simultaneous
EtCO; and beat- | 8 was determined with 0.3 Hz and one- solution of two
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by-beat changes
during breathing
at rest on CBF
were assessed.

Subject
demographics: 6
male/2 female

arterial tonometry non-
invasively.
(CVRi = CPP/CBFv)

output) and
ARMAX
model (two-
input and

inputs, whereas
cross-spectral
analysis could
not discriminate

coherence which was poorer in the LF
range.

o Negative phase shift was observed
suggesting that the changes in CPP

Experimental Other: EtCO, was one-output) | between affected CVRIi.
conditions: measured with a mass multiple input- | e Cross-spectral analysis showed
24 hours prior to spectrometry. output correlation between CPP and EtCO; in
study, the subjects relationships. three subjects at the LF and in all
refrained from subjects at the HF ranges.
caffeine, alcohol, and o ARMAX illustrated that the
heavy exercises. The magnitude of EtCO, to CBFv gain was
d?t? was cp!lected in significantly smaller than that of CPP
sitting position. to CBFv.
o A high coherence between EtCO,
and CPP was observed suggesting the
significance of their interaction in CBF
regulation.
Kostoglou | Nonstationary Subject Cerebral Physiology: | 1 Hz, One-input One-input e EtCO; kernel gain showed an
etal., characteristics Characteristics. CBFv was recorded VLF: <0.04 | and two- (MABP) model | increase during hypercapnia with two-
2014 [31] | of CA and Healthy subjects with TCD from the Hz, input was shown to input model.
cerebral Number of subjects: | MCA. LF: 0.04- discrete- exhibit more o It was shown that the addition of
hemodynamics | 8 0.15 Hz, time time varying EtCO; as input resulted in reduced
during step Subject Other: HF: 0.15- | Laguerre characteristics non-stationarity of the single-input
hypercapnic demographics: 0 ABP was measured by | 0.30 Hz function and had smaller | model estimation indicating the
stimulus were male/8 female finger model forgetting significance of EtCO, as an input in
investigated. Mean age: 27+7.1 photoplethysmography. factors than the assessment of dynamic CA.
years EtCO,, MABP two-input
(MABP and
Experimental EtCO;) model.

conditions:

The subjects did not
have any history of
cardiovascular,
cerebrovascular, or
respiratory diseases.
The subjects were
tested in the
follicular phase of
their menstrual cycle.
The subjects were
positioned in semi-
supine position. Data
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was recorded in three
periods; when EtO»
was held at 88
mmHg and EtCO2 at
1.0 mmHg above
subject’s natural
resting value,
followed by
hypercapnia when
EtCO; was 8 mmHg
above resting levels,
and lastly, when
EtCO, was held at its
pre-hypercapnic
value.

Marmarel | The effect of Subject Cerebral Physiology: | 2 Hz Nonlinear Nonlinear two- | e Significantly lower prediction error
isetal., changes in Characteristics: CBFv was recorded and linear input PDM was obtained with nonlinear two-input
2012 [32] | perfusion Healthy subjects with TCD from the one-input model achieved | PDM model (NMSE=40.4% over all
pressure on the | Number of subjects: | MCA. and two- lower prediction | subject cohort) compared to nonlinear
dynamic CFA 12 ECG input PDM- | error. single-input PDM model
was examined Mean age: 37+9 based (NMSE=53.8%), linear single-input
via nonlinear years Other: model, PDM model (NMSE=64.94%), TFA
modelling. ABP was recorded non- linear (NMSE=63.94%), and linear Laguerre-
Experimental invasively with a finger Laguerre- based model (NMSE=55.47%).
conditions: plethysmography. based e The PDM-based models
The data was EtCO, was acquired by model, demonstrated the ability to predict the
collected in supine a mass spectrometer via linear mean CBFV as output for any given
position at rest. nasal cannula. HR was single-input set of inputs consisting of MABP and
obtained from ECG. TFA EtCO, within the scope of this study.
MABP o [t was concluded that robustness and
physiological interpretation of
nonlinear models were improved with
PDMs. The importance of inclusion of
EtCO; as an input for dynamic CFA
analysis and utilization of nonlinear
models was also highlighted.
Marmarel | The effect of Subject Cerebral Physiology: | 2 Hz PDMs Nonlinear three- | e Statistically significant output
isetal., inclusion of HR | Characteristics: CBFv was recorded (three-input | input models prediction error reduction was
2016 [33] | changes as an Healthy subjects with TCD from the and two- achieved lower | observed with inclusion of HR to
additional input | Number of subjects: | MCA. input linear | prediction error. | MABP and EtCO> as an input in linear
to cerebral 18 ECG and (p-value=0.005) and nonlinear (p-

hemodynamics
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model in Subject Other: nonlinear) value=0.00012) models compared to
addition to ABP | demographics: 9 ABP was recorded non- models two-input models.
and EtCO; on male/9 female invasively with a finger e Similarly, inclusion of nonlinearities
CA was Mean age: 66.8+7.4 | plethysmography. resulted in further statistically
examined. years EtCO; was acquired by significant reduction error of output
a capnograph via nasal prediction for both two-input (p-
Experimental cannula. HR was value=0.00016) and three-input (p-
conditions: obtained from ECG. value=0.00002) models implying
The data was functional connection between HR
collected in supine changes and CBFv.
position at rest. o It was concluded that the proposed
models could produce subject-specific
measures quantitively and therefore
could serve in personalized diagnostic
purposes.
Mitsis et | The effect of Subject Cerebral Physiology: | 1 Hz LVN (one- | Two-input e Output prediction error reduced by
al., 2004 | ABP and Characteristics: CBFv was recorded input and nonlinear third | 6% with inclusion of EtCO; as an
[34] mPEtCO; on Healthy subjects with TCD from the two-input order LVN input in addition to MABP.
CBFv variations | Number of subjects: | MCA. linear and model achieved | o Additionally, significant reduction
was analyzed 10 non-linear the lowest was observed in output prediction error
with multiple Mean age: 30.4+£20.1 | Other: first, second | output when nonlinear models were used by
input-LVN years EtCO, was recorded and third prediction error. | 16% with one-input models and 18%
methodology. Mean height: with a nasal catheter. order with two-input models.
179.6+8.9 cm ABP was recorded models) e The third order had smaller outcome
Mean weight: noninvasively with a prediction error compared to the first
76.6+14.0 kg finger and second order models.
plethysmography. e The lowest output prediction error
Experimental MABP was obtained with the 3rd order two-
conditions: input model
The subjects (NMSE(+s.d%.)=20.2+5.4%).
refrained from e It was concluded that EtCO;
consuming food and fluctuations and nonlinear interactions
caffeine 4 hours prior between MABP and EtCO; had
to the study. significant effect on the CBFv
variations mainly in the LF range
(<0.04 Hz).
Mitsis et | The effects of Subject Cerebral Physiology: | 1 Hz, LVN model | Two-input o A significant reduction was observed
al., 2006 | nonlinear Characteristics: CBFv was recorded VLF: <0.04 | (one-input nonlinear LVN | in output prediction error with
[35] interactions in Healthy subjects with TCD from the Hz, LF: and two- model achieved | nonlinear models by 15%-20%
MABP and Number of subjects: | MCA. 0.04 —0.15 | input linear | the lowest
EtCO, 10 ECG Hz, HF: and non- output
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variations on Subject 0.15-0.30 | linear prediction errors | especially at VLF range for both
mean CBFv demographics: 5 Other: Hz models) at baseline and | baseline and during LBNP.
variations in male/5 female HR was obtained from during LBNP. e Output prediction error was further
different Age range: years ECG. ABP was reduced by 12% to 30% with inclusion
frequency Mean age: 32.1+7.3 | recorded noninvasively of EtCO; as an input in addition to
ranges were years with a finger MABP in nonlinear models.
examined. Mean height: plethysmography. o The lowest prediction error was
169.6£11.1 cm EtCO; was acquired by achieved with nonlinear, two-input
Mean weight: a mass spectrometer via model at baseline (NMSE=17.3) and in
68.9+13.9 kg nasal cannula. different LBNP (NMSE.is5mmrg=32.6,
MABP NMSE 30mmig=21.1, NMSE.
Experimental sommig=23.2 and NMSE _sommug=23.7).
conditions: e Significant increase of linear and
The subjects did not nonlinear magnitude of Volterra
have any kernels of MABP and mean CBFv was
cardiovascular, observed above -30 mmHg LBNP in
cerebrovascular, or the VLF range implying an impaired
pulmonary diseases. dynamic CA whereas reduction in the
The data were magnitude of EtCO; and mean CBFv
recorded at baseline kernels was observed in all frequencies
and during LBNP at - during LBNP indicating a weakened
15,-30 and -10 CVR during dynamic conditions.
me{Hg in supine o [t was concluded that the orthostatic
position. stress resulted in impaired dynamic
CA of VLF MABP variations and
reduced vasomotor reactivity.
Panerai et | The limitations | Subject Cerebral Physiology: | 5 Hz Linear and | Among the o In training set, nonlinear Volterra-
al., 1999 | of linear Characteristics: CBFv was recorded non-linear linear models, Wiener method had better performance
[36] assumptions in | Healthy subjects with TCD from the Laguerre- Volterra-Wiener | than linear Volterra-Wiener, FFT and
modelling Number of subjects: | MCA. Wiener model had the Aaslid-Tiecks methods (p-value<10)
dynamic 47 ECG method, best results. while linear Volterra-Wiener method
relationship Subject FFT and was superior to FTT and Aaslid-Tiecks
between ABP demographics: 27 Other: Aaslid- model (p-value<107°).
and CBFv was | male/20 female ABP was measured Tiecks e During the thigh cuff test, nonlinear
analyzed, and Age range: 44-80 noninvasively with model Volterra-Wiener model had the worst

performances of
different
modelling
options were
compared.

years
Mean age: 66.9+£9.2
years

Experimental
conditions:

finger
plethysmography.

performance while linear Volterra-
Wiener model was slightly better than
FFT and Aaslid-Tiecks models.

e [t was concluded that the poor
performance of nonlinear model could
be related to temporal pattern of
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The subjects
refrained from
consuming alcohol
and caffeine 12 hours
prior to the study.
The subjects did not
have any
cardiovascular
diseases. The data
was recorded during
normal breathing rest

fluctuations of MABP, and the
significance of linear models in routine
applications was pointed out.

and during thigh cuff
test.
Panerai et | The dynamic Subject Cerebral Physiology: | 2 Hz TLRN, TLRN had the o TLRN (0.64) had slightly lower
al., 2004 | relationship Characteristics: CBFv was recorded Aaslid- lowest validation error than Volterra-Wiener
[37] between ABP Healthy subjects with TCD from the Tiecks validation error. | (0.66) and Aaslid-Tiecks models
and CBFv were | Number of subjects: | MCA. model, (0.65) and significantly lower
modelled with 15 Laguerre- validation error than TFA (0.69) and
TLRN, and the | Age range: 23-47 Other: Wiener simple linear regression (0.81) models.
performances of | years ABP was measured method, e It was found that step responses of
different models | Mean age: 30+7 noninvasively with TFA and CBFv from TLRN showed nonlinear
were compared. | years blood pressure monitor. simple behavior in ABP-CBFv relationship
linear involving both amplitude factor and
Experimental regression possible directional effect.
conditions:
The subjects did not
have any
cardiovascular,
neurological, or
autonomic nervous
system diseases. The
data was recorded in
supine position with
30° elevated head at
rest and during
repeated thigh cuff
maneuvers.
Placek et | Non-stationarity | Subject Cerebral Physiology: | 5 Hz, ZAMD, The ARMA e The stationarity hypothesis of the
al.,, 2017 | of CA and phase | Characteristics: CBFv was recorded VLF: 0.02- | TFA and model offered signals ABP, CBFv and phase shift
[38] shift between Healthy subjects with TCD from the 0.07 Hz, ARMA superior between them was rejected in both
ABP and CBFv | Number of subjects: | MCA. LF: 0.07- temporal normocapnia and hypercapnia for most
oscillations were | 50 ECG 0.20 Hz, resolution of the cases. However, rejection rate
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analyzed in the
time-frequency
domain.

Subject
demographics: 21
male/29 female
Age range: 18-31
years

Mean age: 23 years

Experimental
conditions.:

12 hours prior to the
study, the subjects
refrained from
consuming alcohol or
caffeine. Subjects
wore a face mask for
EtCO, concentration
increase to achieve
hypercapnia. Data
were recorded at
normocapnia and
hypercapnia.

Other:

ABP was monitored by
a cuff placed around
the left middle finger at
heart level. EtCO, and
continuous respiratory
rate were measured
with the face mask
connected to a standard
capnograph.

HF: 0.20-
0.35 Hz

compared to the
ZAMD-based
approach.

was lower during hypercapnia
suggesting the relation between ABP
and CBFv to become more stationary
with disturbed CA.

e There was a significant increase of
time frequency coherence particularly
in the LF (p-value<107) and HF (p-
value<107) and decrease of phase shift
in the VLF (p-value=0.0005) and LF
(p-value<107) and unchanged phase
shift in HF (p-value=0.22) with
hypercapnia.

o Spectral phase shift derived by TFA
was significantly lower in the VLF (p-
value<107) and LF (p-value<10®) and
was higher in the HF (p-value=0.017)
during hypercapnia.

e Compared to spectral estimates,
phase shift estimates with ZAMD were
significantly lower in the VLF (p-
value=0.009) during normocapnia and
in the HF (p-value=0.0012) during
hypercapnia while it was higher in the
LF (p-value=0.007) during
hypercapnia.

o [t was concluded that ZAMD did not
perform as intended possibly due to
exclusion of the nonlinear properties of
CA.

ABP, arterial blood pressure; AR, autoregressive; ARI, autoregulation index; ARMAX, autoregressive moving average with exogenous input; ARX, autoregressive with
exogenous input; BP, blood pressure; CA, cerebral autoregulation, CBF, cerebral blood flow; CBFv, cerebral blood flow velocity;, CFA, cerebral flow autoregulation; CPP,
cerebral perfusion pressure; CVR, cerebrovascular reactivity; CVRI, cerebrovascular reactivity index;, ECG, electrocardiography; EtCO;, end-tidal carbon dioxide; FFT,
fast Fourier transform; FIR, finite impulse response; HF, high frequency; HR, heart rate; Hz, Hertz; LBNP, lower body negative pressure; LF, low frequency, LVN; Laguerre-
Volterra network; MABP, mean arterial blood pressure; NA, not available; NAR, non-linear autoregressive;, NARX, non-linear autoregressive with exogenous input; NFIR,
non-linear finite impulse response; NMSE, normalized mean square error;, PDM, principal dynamic mode; SVM, support vector machine; TCD, transcranial Doppler; TFA,
transfer function analysis;, TLRN, time lagged recurrent neural network; VLF, very low frequency, ZAMD, Zhao-Atlas-Marks distribution
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Table B4: Summary of articles for patient population with time-series analysis techniques

Article Aim of the | Demographics & Experimental | Physiological Data & | Data Method(s) | Study Results and Conclusions Regarding
Study Conditions Measurement Resolution | of Cerebral Physiologic Signal Modelling
Methods Time-
Series
Modelling
Dynamic/ Frequency Domain Analysis Studies
Czosnyka | The time- Subject Characteristics: Cerebral Physiology: | 1-min Moving e A clear correlation between the amplitude and
etal., dependent Severe TBI patients ICP was monitored correlation | mean ICP relationship and the correlation
1996 [39] | relationship Number of subjects: 56 either with a fiber-optic coefficient | between amplitude and pressure coefficient for
between Subject demographics: 40 male/16 | transducer or a severe head injury patients was observed.
amplitude of | female subdural catheter. e The study results showed that the high ICP and
the ICP pulse | Age range: 6-75 years CPP low mean CPP as well as impaired tolerance to
wave, mean Mean age: 36 years intracranial hypertension determined poor
values of ICP Other: ABP was outcome.
and CPP was | Experimental conditions: measured from the
analyzed. All subjects were mechanically radial or dorsalis pedis
ventilated. artery.
HR
Elixmann | Patient state Subject Characteristics: Cerebral Physiology: | 5.12-sec Single e The model was able to identify 5 different
etal., determination | Idiopathic normal pressure ICP was recorded with pulse waveforms from increasing pressure and
2012 [40] | was modelled | hydrocephalus patients a tip catheter. analysis decreasing compliance.
through Number of subjects: 13 o It was concluded that the algorithm could be
extracting and | Subject demographics: NA suitable for future hydrocephalus implant as it did
categorizing not depend on the pressure drift.
ICP signals Experimental conditions:
into No information was given
predefined regarding the experimental
waveforms. conditions.
Giller and | To assess the | Subject Characteristics: Cerebral Physiology: | 1 Hz FFT e Overall, it was observed that the random error
Gerardo CA, SAH patients, healthy group CBFv was recorded was determined by the coherence magnitude. The
lacopino, | coherence Number of subjects: 8 (patients), 6 | with TCD from the random error was high for low coherence values
1997 [41] | between (healthy) MCA. and low for high coherence.
CBFv and BP | Subject demographics: NA e High coherence was observed in some of the
was Other: data segments in SAH patients as well as two
examined. Experimental conditions: BP was recorded either healthy subjects suggesting a small amounts of
The healthy group did not have with an arterial catheter correlation in the autoregulatory mechanisms.
any history of cardiovascular or with a non-invasive
diseases. EtCO2 monitoring was plethysmography
available for one patient and one device.
normal subject.
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Lietal, | Thechanges | Subject Characteristics: Cerebral Physiology: | 2 Hz, DBI (for e HS group had significantly higher coupling
2021 [42] | in the Healthy volunteers (control), A[HbO] and A[HDb] [: 0.6-2 investigati | strength from ABP to A[HbO] in interval I in
coupling hypertensive individuals (HS) were measured with Hz, ng LMC (p-value=0. 0007), RMC (p-value=0.0008),
interaction Number of subjects: 30 (control), | multi-channel fNIRS II: 0.145— | coupling LOL (p-value=0.00001), and ROL (p-
between ABP | 32 (HS) device in the PFC, 0.6 Hz, interaction | value=0.00004) indicating a more direct response
and Subject demographics: 16 male/14 | motor cortex and III: 0.01- s between | of cardiac activity in cerebral hemoglobin
oxyhemoglob | female (control), 18 male/14 occipital lobe. 0.08 Hz ABP and | oscillations to the changes in systemic ABP in
in female (HS) oxyhemog | hypertensive individuals.
concentration | Age range: years Other: lobin e Similarly, HS group had significantly higher
oscillations Mean age: 55.1£10.6 years ABP was recorded non- concentrat | coupling strength from ABP to A[HbO] in
was (control), 58.948.7 years (HS) invasive blood pressure ion), interval III in LPFC (p-value=0.016), RPFC (p-
investigated | Right-handed device. wavelet value=0.003), LMC (p-value=0.00008), RMC (p-
in transform. | value=0.0008), LOL (p-value=0.0007), and ROL
hypertensive | Experimental conditions: (p-value=0.001) indicating the susceptibility of
subjects with | The subjects refrained from the cerebral hemoglobin oscillations to ABP
DBI. excessive exercise and alcohol 12 changes in hypertensive subjects.
hours prior to the study. The e No significant difference in the coupling
subjects overall cognitive function strength from ABP to A[Hb] was found between
was unimpaired, and they did not the two groups in interval I while it was
experience subjective memory significantly higher for HS group in interval Il in
problems. fNIRS and ABP data LMC (p-value=0.012) and RMC (p-value=0.008).
recordings took place in resting o HS group had coupling strength from ABP to
state. A[HbO] negatively related to DBP in LMC
(interval II and III: p-value=0.007) and RMC
(interval II: p-value=0.015; interval III: p-
value=0.012) and positively related to pulse
pressure n LMC (interval II: p-value=0.007) and
RMC (interval II and III: p-value=0.012).
o The study results illustrated that hypertension
caused impairment of dynamic CA.
Liu et al., | The effective | Subject Characteristics: Cerebral Physiology: | 2 Hz, DBI (for e The main coupling direction was altered
2018 [43] | connectivity healthy subjects (control), cerebral | A{lHbO] and A[Hb] 1: 0.6-2 investigati | significantly in interval II from the direction of
in CI patients | infarction patients (CI) were calculated from Hz, ng RPFC to LMC (p-value=0.0036) and RMC (p-
were Number of subjects: 11 (control), | Beer-Lambert law II: 0.145— | coupling value=0.0017) and from direction of LPFC to
analyzed in 11 (CD using signals from 0.6 Hz, strength), | LMC (p-value=0.0017) and RMC (p-
various Subject demographics: 6 male/5 NIRS. II: 0.052— | wavelet value=0.0025), in interval IV from the direction
frequency female (control), 5 male/6 female 0.145Hz, | transform | of RPFC to LMC (p-value=0.0047) and RMC (p-
ranges (ChH Iv: 0.021- value=0.0041), in interval VI in between LMC
through NIRS | Mean age: 7247.6 years (control), 0.052 Hz, and RMC (p-value=0.032).
method. 65+6.3 years (CI) V:0.0095- e A significant decreased coupling strength of the
0.021 Hz,

Experimental conditions:

effective connectivity was observed in CI group
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The patients had CI for more than VI: 0.005- which was the most significant in intervals IV (p-
12 months and no other serious 0.0095 Hz value=0.0006) and VI (p-value=0.0028).
physiological diseases. o A greatly decreased coupling strength in CI
group as well as a shift in the coupling direction
of motor section were suggested with the results
of the study.
Martinez- | The causal Subject Characteristics: Cerebral Physiology: | 1 Hz, Granger e From baseline to infusion stage, the power of
Tejada et | relationship CSF infusion patients CBFv was monitored IMFs: causality slow waves was observed to be increasing.
al., 2021 between Number of subjects: 45 with TCD. 0.095- method e Between the IMFs, no causalities were recorded
[44] oscillatory Subject demographics: 28 male/17 | ICP 0.155 Hz, | with during baseline phase.
modes of female IMF7: EEMD o The most significant connection was found
ICP, ABP and | Age range: 25-78 years Other: 0.052- from CBFv to ICP in IMFs as 0.038 during
CBFv was Mean age: 54 years ABP was recorded with | 0.094 Hz, infusion study indicating the influence of slow
examined in a finger IMFs: waves of CBFv on ICP.
hydrocephalu | Experimental conditions: plethysmography. 0.027- e It was concluded that EEMD could be use in
s patients. Data was extracted retrospectively 0.054 Hz, assessment of cerebral and systemic signal
from a database. After a baseline IMFo: nonlinearity and non-stationarity.
recording, the infusion was started 0.013-
and terminated once a ICP plateau 0.030 Hz
was observed, or the pressure
exceeded 40 mmHg.
TFA Studies
Caldas et | The cerebral | Subject Characteristics: Cerebral Physiology: | 5 Hz TFA e CBFv step-response plots illustrated that the
al.,, 2017 | hemodynamic | Coronary artery bypass graft CBFv was recorded ARI values in IABP ON and OFF was not
[45] s of post- surgery patients with TCD from the significantly different from each other (p-value =
surgery Number of subjects: 14 MCA. CrCP and RAP 0.42) indicating a relatively stable transition from
patients with | Subject demographics: 10 male/4 | for each cardiac cycle IABP ON to OFF.
IABP, during | female were obtained from the e During removal of IABP, the dynamic CA
its removal Mean age: 63.9+7.9 years first harmonic method. altered slightly, with p-value of 0.052.
and post- o The findings of the study suggested that the
removal were | Experimental conditions: Other: cerebral hemodynamics of post-surgica] patients
assessed The data recordings were BP was recorded with with IABP operating at 1:3 mode assessed with
through performed after the surgery while | invasive intra-arterial TCD resulted in similar CBFv, ARI, CrCP and
continuous the subjects were resting in a line. EtCO, was RAP values to the values obtained at baseline
estimates of supine position. Measurements recorded with an recordings after removal of the balloon.
dynamic CA | included IABP operating at one infrared capnograph.
and TFA. inflation every three cardiac cycle | MABP and HR were
(1:3 ratio) and for IABP ON and detected from the BP
through removal of IABP without | signals.
pumping assistance (IABP OFF).
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Haubrich | The Subject Characteristics: Cerebral Physiology: | 10-sec TFA ¢ Diminishing R-waves transfer function gains
etal., interaction TBI patients ICP was measured with were observed while the ICP were increasing in
2016 [46] | between Number of subjects: 22 ICP transducer. CBFv every patient while no correlation between R-
increasing Subject demographics: NA was recorded with TCD waves and CA, CPP, and ABP was found.
ICP and R- from the MCA. RAP e It was found that for RAP higher than 0.85, ICP
waves in CBF | Experimental conditions: was calculated from had higher impact on transmission of R-waves to
in brain The patients had subsequently ICP data. CBF.
injury increasing ICP by at least 5 o The study results showed a direct correlation
patients were | mmHg and CPP above 70 mmHg | Other: between vascular and perivascular intracranial
examined. with normocapnia. PaCO, was monitored compartments indicating impact of increasing ICP
with a blood gas on the CBFv before the alterations in
analyzer. cerebrovascular pulsatility or CA.
ABP
Panerai et | The CA of Subject Characteristics: Cerebral Physiology: | 0.2-sec TFA e Impaired CA group had significantly higher
al., 1998 | term and Neonates with normal or impaired | CBFv was measured coherences between CBFv and ABP in 0.02-0.10
[47] premature CA with a TCD probe. Hz and 0.33-0.49 Hz frequency ranges (p-
neonates was | Number of subjects: 83 value<10).
characterized | Subject demographics: NA Other: e Group with the normal CA had significantly
by analyzing ABP was measured more positive phase coherence between CBFv
the dynamic | Experimental conditions: through either a and ABP than impaired CA group.
relationship The infants were not included in peripheral or umbilical e Impaired CA group had significantly higher
between the study if they were admitted to | arterial catheter. frequency response between CBFv and ABP in
spontaneous neonatal ICU more than 12 hours 0.02-0.50 Hz frequency range (p-value=0.0009).
ABP after birth or had lethal e It was concluded that different components of
fluctuations malformation. The neonates were CA could be identified by TFA.
and resulting | grouped into normal or impaired
changes in CA groups by linear regression
CBFv. and the coherent average
method.5
Sammons | Non-invasive | Subject Characteristics: Cerebral Physiology: | 5 Hz, TFA e There was no significant difference between
etal., and invasive | Coronary intervention patients CBFv was measured VLF: 0.00 total mean ABP power of non-invasive ABP and
2007 [48] | recordings of | Number of subjects: 27 with TCD probe. —0.10 Hz, invasive ABP whereas non-invasive ABP power
ABP Subject demographics: 26 male/1 | ECG LF: 0.10- was significantly higher in VLF range (p-
estimates of | female 0.25 Hz, value=0.014) and significantly lower in LF range
dynamic CA | Mean age: 61.4+11.2 years Other: HF: 0.25- (p-value=0.02).
were Mean height: 174£5 cm ABP was recorded both | 0.40 Hz e Significantly greater non-invasive estimates of
compared. noninvasively with ARI index and CBFv step-response was observed.
Experimental conditions: finger plethysmography e Non-invasive estimates had significantly

The patients were scheduled for
routine elective percutaneous
coronary interventions.

and invasively with a
catheter-tip pressure
transducer from aorta.

smaller gain at frequencies <0.1 Hz and
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significantly greater phase frequency response
only at frequencies >0.1 Hz.

¢ It was concluded that finger plethysmography
resulted in higher values for the dynamic CA
efficiency compared to aortic ABP. However, the
small amplitude of the biases of gain, phase,
CBFv step-response and ARI index were
concluded to imply a good level agreement
between the indexes of CA.

Wavelet Analysis Studies

Hanetal., | The Subject Characteristics: Cerebral Physiology: | 2 Hz, Wavelet e P-values for WCO in the left and right PFC
2014 [49] | prefrontal Elderly people with cerebral A[HbO] and A[Hb] 1(0.6— analysis were 0.290 (I), 0.081 (II), 0.003 (IIT) and 0.375
functional infarction (CI), healthy control were calculated from 2Hz), I av).
connectivity | Number of subjects: 28 (10 Beer-Lambert law (0.145-0.6 e P-values for WPCO in the left and right PFC
in the elderly | elderly, 18 healthy) using signals from Hz), 0.114 (1), 0.205 (II), 0.003 (III) and 0.171 (IV).
subjects with | Subject demographics: 7 male/3 NIRS. III (0.052— o A[HbO] signals illustrated high coherence in the
CI during female (elderly), 7 male/11 female 0.145 Hz) intervals I and III in the left and right PFC for the
resting state (healthy) IV (0.021- healthy subjects indicating a significant linear
was assessed | Mean age: 74.449.0 years 0.052 Hz) relationship.
by analyzing | (elderly), 69.9+7.3 years (healthy) e WCO and WPCO was significantly lower in
A[HbO] data. | Age range: 59-83 years (elderly) interval IIT (p-value=0.003) for the elderly
. N subjects with CI.
Experimental conditions: e It was concluded that the lower WCO and
The subjects were made up of 10 WPCO suggested disruption of the NVC and
elderly people with CI and 28 weakening of the resting state connectivity of the
healthy people. The healthy left and right PFC in the elderly subjects with CI.
subjects did not have any history
of neurological and vascular
diseases. Elderly subjects did not
have diabetes mellitus,
insufficiency of the heart, lungs,
kidneys, and liver, smoking or
drinking habits, subarachnoid
hemorrhage, hypertension, and
additional medications usage. The
data was collected in supine
position with NIRS system.
Kvandal | The wavelet | Subject Characteristics: Cerebral Physiology: | 2 Hz Wavelet o A phase shift was observed in the patients with
etal., spectral Acute TBI patients ICP was recorded with analysis positive PRx in the 0.006-0.14 Hz frequency
2013 [50] | energy of ICP | Number of subjects: 22 strain gauge transducer (Morlet) range in which CVR was found altered from
signal in the right frontal lobe.
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oscillations
were
evaluated by
analyzing ICP
and ABP
signals for
evaluation of

Subject demographics: 14 male/8
female
Mean age: 41.6+9.9 years

Experimental conditions:
The data recordings were
performed in the supine position

PRx was calculated
from ABP and ICP.
ECG

Other:
ABP was recorded with
a radial arterial line

0.006 to 0.07 Hz and normal from 0.07 to 0.14
Hz.

e In the 0.006-2 Hz frequency interval,
statistically significant WPCO was found between
ICP and ABP signals (p-value<0.05).

e In the 0.14-1.0 Hz frequency interval, high
WPCO and no phase shift was found between the

CA in TBI with elevated upper body between | connected to a pressure ICP and ABP signals indicating the effect of
patients. 20° and 30°. The recordings were | transducer. heartbeat and respiration on the hydrostatic
taken on 4.3+3.7 days post-injury. | MABP transmission to the ICP.
e For all patients, three district peaks were
observed in 0.06-0.14 Hz frequency range as
frequency peak (0.03 Hz), and in 0.14-2.0 Hz
frequency range as cardiac peak (1.0 Hz) and
respiratory peak (0.25 Hz).
o It was concluded that the spectral peaks at the
cardiac, respiratory and 0.03 Hz frequencies were
observed with wavelet transform of the ICP
signals.
Tian et CA of Subject Characteristics: Cerebral Physiology: | 30-sec Wavelet o Newborns with abnormal outcomes showed
al.,, 2016 | newborns Neonates SctO, was recorded via analysis either higher in-phase coherence (p-value=0.15)
[51] suffering Number of subjects: 9 an oximetry on the or higher anti-phase coherence (p-value=0.27),
from Age range: >36 weeks frontoparietal side of and either higher in-phase gain (p-value=0.03) or
moderate to Mean age: 39+2 weeks the head. anti-phase gain (p-value=0.39) than the newborns
severe with normal outcomes.
hypoxic Experimental conditions: Other: e It was concluded that both in- and anti-phase
ischemic The newborn infants had moderate | MABP was coherence was related to worse clinical outcomes.
encephalopat | to severe hypoxic ischemic continuously recorded o The results showed that for assessment of
hy was encephalopathy (HIE). with an indwelling dynamic CA of newborns with HIE during
assessed. umbilical arterial hypothermia, the wavelet coherence analysis
catheter. could be used clinically.
Turalska | The nature of | Subject Characteristics: Cerebral Physiology: | 2 Hz, Wavelet e Significantly smaller variability of ICP was
etal., CBF at very | Healthy control, TBI patients CBFv was recorded VLF: 0.02- | analysis observed in VLF for TBI patients (p-
2009 [52] | low Number of subjects: 17 (control), | with a TCD probe. 0.07 Hz value<0.0001).
frequency 38 (patient) ICP e CBFv variability was found comparable for
was Subject demographics: 7 male/10 both cohorts (p-value=0.11).
examined. female (control) Other: e Spontaneous generation of VLF oscillations
Mean age: 2443 years (control) ABP was monitored within intracranial volume to compensate for
either by finger reduction in ABP variability was suggested for
Experimental conditions: photoplethysmography TBI patients without cerebral hypertension.

(control) or by radial
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The control group did not have
any cardiovascular,
cerebrovascular, or pulmonary
diseases.

artery cannulation
(patients).

ABP, arterial blood pressure;

ARI, autoregulation index,; BP, blood pressure; CA, cerebral autoregulation; CBF, cerebral blood flow, CBFv, cerebral blood flow velocity,

CI, cerebral infarction; CPP, cerebral perfusion pressure; CrCP, critical closing pressure; CVR, cerebrovascular reactivity; DBI, dynamical Bayesian inference; ECG,
electrocardiography;, EEMD, ensemble empirical mode decomposition; EtCO,, end-tidal carbon dioxide; fNIRS, functional near-infrared spectroscopy, HF, high frequency;
HIE, hypoxic ischemic encephalopathy, HR, heart rate; HS, hypertensive, Hz, Hertz; IABP, intra-aortic balloon pump,; ICP, intracranial pressure; ICU, intensive care unit;
IMF, intrinsic mode functions; LF, low frequency; LPFC, left prefrontal cortex; LMC, left sensorimotor cortical; LOL, left occipital lobe; MABP, mean arterial blood pressure;
MCA, middle cerebral arterial; NA, not available; NVC, neurovascular coupling; PaCQO,, arterial oxygen partial pressure; PFC, prefrontal cortex; RAP, resistance-area
product; RMC, right sensorimotor cortical; ROL, right occipital lobe; RPFC, right prefrontal cortex; SAH, subarachnoid hemorrhage; SctO;, cerebral tissue oxygen
saturation, TBI, traumatic brain injury, TCD, transcranial Doppler; TFA, transfer function analysis, VLF, very low frequency, WCQO, wavelet coherence; WPCO, wavelet

phase coherence; A[Hb], change in deoxyhemoglobin concentration; A[HbO], change in oxyhemoglobin concentration
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Table B5: Summary of articles for patient population with time-series models

Article | Aim of the | Demographics & Experimental | Physiological Data & | Data Method(s) | Study Results and Conclusions Regarding
Study Conditions Measurement Resolution | of Cerebral Physiologic Signal Modelling
Methods Time-
Series
Modelling
Daley et | The effect of | Subject Characteristics: Cerebral Physiology: | 2 Hz ARMA o It was found that the highest modal frequency
al., 2006 | ABP and ICP | Severe TBI patients who showed a | ICP was measured values of Group A decreased with increasing CPP
[53] on the plateau wave (Group A) and who with an whereas for Group B, HMF and CPP showed direct
changes on had intracranial hypertension and | intraparenchymal relationship.
the hypoperfusion (Group B) probe. e According to the study findings, pressure
cerebrovascul | Number of subjects: 4 (Group A), | CPP regulation of CBF would be intact when highest
ar pressure 5 (Group B) modal frequency varied opposite to CPP, and CBF
transmission | Subject demographics: NA Other: would be impaired when HMF varied directly with
was ABP was recorded CPP.
examined. Experimental conditions: invasively from the
No information was given radial or dorsalis
regarding the experimental pedis artery.
conditions.
Pinto et | Multivariate Subject Characteristics. Cerebral Physiology: | 10-sec VARFI e It was shown that baseline R-R could provide
al., 2022 | and Severe TBI patients ICP, CPP, ECG model information regarding an arising plateau wave
[54] simultaneous | Number of subjects: 18 possibility.
analysis of Subject demographics: 16 male/2 Other: ABP, MABP, e All recorded phases illustrated positive values
cardiocerebro | female EtCO, indicating the simultaneous interaction between
vascular Mean age: 42 years MABP and amplitude of ICP.
oscillations of e Long-term correlations illustrated the synergistic
R-R intervals, | Experimental conditions: relation of MABP and pulse amplitude of ICP as
MABP and Propofol and/or midazolam and well as giving better heart rate variability during
pulse fentanyl were used to sedate the plateau wave.
amplitude of | patients who were e It was concluded that the estimation of Transfer
ICP were normoventilated. Entropy through VARFI model was effective in
modelled to assessing the global role of long-term correlations
uﬁlderstand and working reliably on short-time series.
the
interconnecti
on between
these signals.
Thelin et | Statistical Subject Characteristics.: Cerebral Physiology: | 10-sec and | ARIMA, e The ARIMA model showed that ICP and MABP
al., 2020 | time-series Mild to severe TBI patients ICP was recorded I-min VARIMA, | varied among patients whereas no significant
[55] relationship Number of subjects: 31 with either an univariate | variances were observed between 10-sec and 1-min
between ICP, intraparenchymal logistic intervals implying similar time-series behavior.
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MABP and Subject demographics: 23 male/8 strain gauge probe, regression | Similarly, PRx and L-PRx were observed to be
PRx of adult | female parenchymal fiber analysis, patient dependent whereas ARIMA structure of
TBI patients | Age range: 30-55 years optic pressure sensor Granger both indices were similar in individual patients.
was Mean age: 41.7+13.6 years or external ventricular causality e Granger causality method revealed that the
examined. drain. Long-PRx (L- MABP impacting ICP was favored by the
Experimental conditions: PRx), which was a directional nature of the relationship regardless of
Data was extracted retrospectively | low frequency PRx, the time interval for most patients.
from a database. was derived from ICP e Similar absolute ICP standard error changes were
and MABP data. observed with VARIMA in overall with minute
interval indicating the loss of some information on
Other: slow-wave relationships between ICP and MABP
ABP was recorded and preservation of overall shape of ICP response
with pressure to MABP changes implying the retention of some
transducers from information regarding CVR by the mean minute
either radial or data.
femoral arterial lines. o Univariate logistic regression analysis illustrated
that there was no statistical difference between
AUC of all PRx and L-PRx indices implying
statistically significant relation between mortality at
6 months and L-PRx and PRx indices.
Zeiler et | The effect of | Subject Characteristics: Cerebral Physiology: | 10-sec VARIMA | e Time-series analysis and VARIMA IRF plots
al., 2020 | craniectomy | Moderate to severe TBI patients ICP was monitored with IRF showed that there was no variation in the PRx time-
[56] on PRx as Number of subjects: 10 with an plots, series structure between pre- and post-DC,
well as the Subject demographics: 8 male/2 intraparenchymal Granger suggesting that secondary DC did not affect CVR.
relationship female strain gauge probe, causality | e Granger causality revealed that there was no
between Mean age: 34.0+18.0 years parenchymal fiber significant change in F-test value for MABP and
vasogenic optic pressure sensor, ICP between pre- and post-DC (p-value=0.280
slow waves Experimental conditions: or external ventricular within the first 48-hours after DC and p-
of ICP and Data was extracted retrospectively | drain. value=0.248 for beyond 48-hours after DC)
MABP were from a database. The data were (CPP =MABP - ICP) indicating the minimal effect of DC on the slow-
assessed. included from patients who waves of ICP and MABP.
underwent secondary Other: o It was concluded that DC did not significantly
decompressive craniectomy (DC) ABP was recorded affect the PRx metrics and statistical behavior of
with high-frequency data with pressure time-series, and the change in the ICP and MABP
recordings. transducers through slow-waves were also small.
either radial or
femoral arterial lines.
MABP
Zeiler et | The Subject Characteristics. Cerebral Physiology: | 10-sec ARIMA, ¢ ICP and MABP slow waves were observed to
al., 2021 | relationship Moderate to severe TBI patients ICP was monitored VARIMA | have similar ARIMA structure whereas PbtO,
[57] between slow | Number of subjects: 47 with an intra- with IRF, | displayed different optimal model structure

wave

Mean age: 45 years

parenchymal strain
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fluctuations gauge probe or Granger implying that PbtO2 slow waves had very different

in ICP, Experimental conditions: parenchymal fiber causality behavior than that of MABP and ICP.

MABP and Data was extracted retrospectively | optic pressure sensor. o VARIMA generated IRF plots showed that the

PbtO, were from a database. PbtO, was monitored directional relation between MABP and ICP was

investigated with an invasive strong suggesting definite ICP response to MABP

for derivation parenchymal probe. and limited response of PbtO; response to slow

of CVR wave fluctuations of MABP or ICP.

metrics for Other: e It was concluded that the ICP and MABP slow

TBI patients. ABP was recorded wave fluctuations were reproducible whereas there
with pressure was no reliable PbtO; response to slow wave
transducers through fluctuations in MABP implying that PbtO, would
arterial lines. not be useful for deriving CVR metrics in TBI.
MABP

ABP, arterial blood pressure; ARIMA, autoregressive integrative moving average;, ARMA, autoregressive moving average; AUC, area under the curve; CBFv, cerebral blood
flow velocity;, CPP, cerebral perfusion pressure; CVR, cerebrovascular reactivity; DC, decompressive craniectomy; ECG, electrocardiography; EtCO,, end-tidal carbon
dioxide; HMF, highest modal frequency; Hz, Hertz, ICP, intracranial pressure; IRF, impulse response function, L-PRx, long pressure reactivity index; MABP, mean arterial
blood pressure; MCA, middle cerebral arterial; NA, not available; PbtO;, cerebral tissue oxygen, PRx, pressure reactivity index; TBI, traumatic brain injury;, TCD,
transcranial Doppler; VARFI, vector autoregressive fractionally integrated; VARIMA, vector autoregressive integrative moving average
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Table B6: Summary of articles for patient population with machine learning models

supine and tilt-up positions.

Article | Aim of the | Demographics & Experimental | Physiologic | Data Method(s) | Study Results and Conclusions Regarding Cerebral
Study Conditions al Data & | Resolution | of Physiologic Signal Modelling
Measureme Time-
nt Methods Series
Modelling
Asgari et | Cerebral Subject Characteristics: Cerebral 1-h HMM e The model predicted that lower ICP, higher CPP, intact
al., 2019 | dynamic states | TBI adult patients Physiology: autoregulation and preserved compensatory reserve were
[58] were Number of subjects: 379 ICP, CPP, associated with ‘good’ state, while higher ICP, lower
determined Subject demographics: 299 male/80 PRx, RAP CPP, loss of autoregulation and reduced compensatory
from female reserve were associated with ‘poor’ state and
combined Mean age: 39+17 years Other: ABP ‘intermediate’ state was associated with values between
ICP, CPP, the two states (p-values<(0.0001).
PRx and RAP. | Experimental conditions: e It was observed that the HMM model the CPP values for
Data was extracted retrospectively the ‘poor’ state was within the published CPP
from a database. management guidance despite the unsupervised learning.
o The results showed that the HMM model could identify
the clinically relevant states unsupervised as well as its
ability to identify clinically meaningful critical thresholds.
Chiuet | Dynamic CA | Subject Characteristics: Cerebral 2 Hz, Linear o CFF results illustrated that the correlation values for
al., 2010 | was assessed | Diabetics with severe autonomic Physiology: | VLF: CCF- control group was generally higher than the subjects with
[59] through the neuropathy (DSN), diabetics with CBFv was 0.015-0.07 | SVM, diabetics.
linear and mild autonomic neuropathy (DMN), recorded Hz, nonlinear e For DWN, DMN and control groups, the CD values of
non-linear diabetics without autonomic with TCD LF: 0.07- CD-SVM | mean CBFv and MABP were significantly different in
features neuropathy (DWN), healthy control from the 0.15 Hz, supine position compared to tilt-up position. For DSN, CD
extracted from | group (control) MCA. HF: 0.15- values of mean CBFv was not significantly different
mean CBFv Number of subjects: 18 (DSN), 25 0.40 Hz between the two positions.
and MABP to | (DMN), 15 (DWN), 14 (control) Other: e The SVM classification results showed that it was able
classify the Subject demographics: 12 male/6 ABP was to distinguish between the control, DSN, DMN and DWN
degrees of female (DSN), 15 male/10 female measured groups with high accuracy.
autonomic (DMN), 10 male/5 female (DWN), 4 | with a finger e The overall results suggested that using SVM classifier
neuropathy in | male/10 female (control) photoplethys with linear CCF features and nonlinear CD features would
diabetic Mean age: 61.6+10.9 years (DSN), mography provide a simple, easy and non-invasive method to
patients. 67.5+8.8 years (DMN), 52.6+16.27 device from classify dynamic CA in diabetic patients with autonomic
years (DWN), 30.3£8 years (control) | the right neuropathy.
middle
Experimental conditions: finger.
The control group did not suffer from | MABP was
any neurological or cerebrovascular calculated
diseases. The data were recorded in from ABP.
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Mariak Automatic Subject Characteristics: Cerebral 10-sec ANN e Unambiguous classifications were observed for some
et al., classification | Intracerebral hemorrhage patients Physiology: parts of the ICP signals with online classification.
2000 of the ICP Number of subjects: >60 ICP was e With classification of global properties of ICP signals, it
[60] waveforms in | Subject demographics: NA recorded was concluded that the uneven represented classes made
certain scale before and the ANN classification ineffective.
of risk classes | Experimental conditions: after the e Classification based on global parameter extraction from
was modelled. | Data was extracted retrospectively surgical ICP signals was found to be more promising than the on-
from a database. removal of Line classification of ICP signals.
intraparepch o The authors assumed their model as not fully developed
ymal brain and stressed the need for further training with sufficient
hematoma. number of ICP samples.
Megjhan | The prediction | Subject Characteristics: Cerebral 60-min TSAM e The presented model achieved 67.3% balanced
ietal., of DCI using Aneurysmal SAH patients Physiology: algorithm | accuracy.
2022 continuously | Number of subjects: 131 ICP, CPP, e Performance of the model was over 60% consistently
[61] updated Subject demographics: 37 male/94 PbtO,, PRx after 105 hours since bleed date.
multimodal female (ACPP = o [t was concluded the TSAM algorithm showed potential
neuromonitori | Mean age: 54 years CPP-CPPoy) for DCI classification using multimodal neuromonitoring
ng and CA and CA calculations.
analyses were | Experimental conditions: Other: ABP,
examined. Data was extracted retrospectively MABP
from a database. 64 of the patients
had delayed cerebral ischemia (DCI).
Naraei et | Normal ICP Subject Characteristics: Cerebral 1 Hz Wavelet- | e Each sample has been divided into 3 sections as normal
al., 2017 | levels were TBI patients Physiology: based k- status, intracranial hypertension onset and intracranial
[62] predicted and | Number of subjects: 20 ICP means hypertension each in 90 second time frames. This method
distinguished | Subject demographics: NA clustering | allowed the model to be able to differentiate the normal
from higher status from intracranial hypertension onset and
level ICP Experimental conditions: intracranial hypertension.
levels, i.e., The data was collected from the TBI e The study showed that hybrid approach of wavelet
hypertension | patients during the first 24 hours of analysis and k-means clustering could effectively find
onset and their hospitalization. intracranial hypertension without invasive measurements
intracranial using.
hypertension.
Portaet | Spectral and Subject Characteristics: Cerebral 0.5 Hz, k-NN e Vagal autonomic and baroreflex controls were found to
al., 2020 | complexity Patients undergoing surgical aortic Physiology: | LF: 0.04- be depressed pre-surgery and impaired post-surgery
[63] analysis of valve replacement (SAVR) CBFv was 0.15 Hz,
characterizatio | Number of subjects: 11 measured HF: 0.15-
n of Subject demographics: 7 male/4 with TCD 0.4 Hz
cardiovascular | female device.
and Mean age: 76+5 years ECG
cerebrovascul
ar controls as | Experimental conditions: Other:
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well as the The patients did not have atrial ABP was whereas cerebrovascular variability and CA were found to

presence of fibrillation, cerebrovascular diseases, | monitored be less affected by the SAVR.
nonlinear or overt autonomic nervous system with e Complexities of SBP, DBP and MABP variabilities and
patterns in pathologies. The data was recorded a | volume- nonlinear dynamics of SBP after surgery were increased
pre- and post- | day prior to the surgery and 7 days clamp as a result of autonomic control impairment.
surgical aortic | after, in supine position and during photoplethys e Observation of nonlinear dynamics decreased in stand
valve active standing. mography. position.
replacement e Neither surgery nor orthostatic challenge caused a
were change in respiratory rate.
examined.
Shaw et | Prediction of | Subject Characteristics: Cerebral 1-min FASSTER | e The model had an overall median absolute error of 2.98
al., 2021 | ICP time- TBI patients Physiology: time mmHg with 95% confidence intervals.
[64] series data Number of subjects: 106 (+155 for ICP varying e An adequate accuracy was achieved with FASSTER
was examined | training) DLM time varying DLM illustrating its potential for ICP
with a novel Subject demographics: 80 male/26 Other: ABP forecasting.
time-varying female o Further optimizations were suggested for clinical
DLM. Age range: 17.9-54.7 years usability of the model.

Mean age: 32 years

Experimental conditions:
Data was extracted retrospectively
from a database.

Sourina | For prediction | Subject Characteristics: Cerebral 5-sec (for 3 | Fractal e Significant variability was observed in FD values of the
et al., of changes in | Severe TBI patients Physiology: | patients), analysis ICP using the box-counting algorithm, both before and
2010 health status Number of subjects: 9 ICP 10-sec (for | with box- | after decompressive craniectomy signaling the need for
[65] of a patient, Subject demographics: NA 6 patients) | counting more aggressive clinical interventions.
ICP time- and e It was determined that critical FD values could predict
series data of | Experimental conditions: Higuchi changes in the clinical management stage which was
before and The data measurement methods were algorithms | validated with real-world stepwise clinical protocols in
after surgery not mentioned. The data was severe TBI patients.
was analyzpd recorded pre- and post-surgery. o [t was concluded that changes in fractal dimension
via dynamic values could serve as early warnings for future changes in
fractal-based patients' conditions, potentially aiding surgical decisions.
method.

ABP, arterial blood pressure; ANN, artificial neural network; CA, cerebral autoregulation; CBFv, cerebral blood flow velocity, CFF, cross correlation function, CP,
correlation dimension; CPP, cerebral perfusion pressure; CPPop, optimal cerebral perfusion pressure; DBP, diastolic blood pressure; DCI, delayed cerebral ischemia; DLM,
dynamic linear model; DMN, diabetics with mild autonomic neuropathy; DSN, diabetics with severe autonomic neuropathy; DWN, diabetics without autonomic neuropathy,
ECG, electrocardiography; FASSTER, forecasting with additive switching of seasonality, trend and exogenous regressors; FD, fractal dimension; HF, high frequency; HMM;
hidden Markov model; Hz, Hertz, ICP, intracranial pressure; k-NN, k-nearest neighbor,; LF, low frequency;, MABP, mean arterial blood pressure; MCA, middle cerebral
arterial; NA, not available; PbtO;, cerebral tissue oxygen; PRx, pressure reactivity index;, RAP, resistance-area product; SAVR, surgical aortic valve replacement; SBP,
systolic blood pressure; SVM, support vector machine, TBI, traumatic brain injury;, TCD, transcranial Doppler;, TSAM, time-varying temporal signal angle measurement;
VLF, very low frequency
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Table B7: Summary of articles for patient population with model comparison

Article Aim of the | Demographics & | Physiological Data | Data Method(s) of | Model Study Results and Conclusions
Study Experimental & Measurement | Resolution | Time-Series | Evaluation | Regarding Cerebral Physiologic Signal
Conditions Methods Modelling Modelling
Farhadi et | ICP episodes Subject Characteristics: | Cerebral 1-min ARIMA, Overall, e The results showed that the linear
al., 2019 | based on Pediatric ICU patients Physiology: ICP, ETS model, | random regression performed the worst
[66] dynamic features | Number of subjects: 78 | CPP linear forest had (NMSE=4.13), the Lasso regression was
of ICP, vitals and | Subject demographics: | Transducers were regression, the highest | the most accurate (NMSE=2.76) model
medications 42 male/36 female implanted in the brain Lasso accuracy. by selecting and estimating the effects of
were forecasted | Age range: 0-18 years parenchyma. regression, relevant variables.
with data-driven SVM and e ARIMA and ETS models performed
models. Experimental Other: MABP, HR, random poorly due to irregular ICP fluctuations.
conditions: BP forest e Random forest had the highest
Data was extracted accuracy for forecasting ICP achieving
retrospectively from a 0.99 correlation between predicted and
database. experimental ICP values (NMSE=0.89,
and RRSE=5.7%).
Giiizaet | Prediction of Subject Characteristics: | Cerebral 1-min GP algorithm | For e The models using dynamic information
al., 2013 | increased ICP TBI patients Physiology: ICP, and logistic prediction of | outperformed the static predictors, i.e.,
[67] episodes and Number of subjects: CPP regression ICP corticosteroid randomization after
early prediction | 264 episodes, significant head injury (CRASH) and
of unfavorable Subject demographics: | Other: MABP GP model international mission for prognosis and
neurological 211 male/53 female had the best | clinical trial IMPACT), in early
outcome in TBI | Age range: 19-48 years overall neurological outcome prediction.
patients was Mean age: 31 years performance | e The GP model achieved an overall
assessed using compared to | good model performance in both
dynamic Experimental logistic development cohort and validation
characteristics of | conditions: regression cohort (classification accuracy=77%,
ICP and MABP. | The patients were ICP- which sensitivity=82%, and specificity=75%)
monitored. performed | for prediction of ICP episodes. The p-
poorly. value of development and validation
cohorts were 0.175 and 0.12,
respectively.
Huetal., | The relationship | Subject Characteristics: | Cerebral 50 Hz IMPFA, IMPFA e The results showed that compared to
2012 [68] | between CBFv Stroke patients and non- | Physiology: MMPF and | model more | non-stroke group, the CBFv-BP phase
and spontaneous | stroke subjects CBFv was recorded TFA accurately shift was consistently smaller for the
BP fluctuations | Number of subjects: 79 | with TCD from the presented stroke group (p-value<0.0001).
in old adults (39 stroke, 40 non- MCA. the e The results of IMPFA suggested an
were established | stroke) relationship | active CBF regulation at multiple time
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at multiple time | Subject demographics: | Other: between BP | scales by presenting the CBFv
scales. 20 male/19 female Beat-to-beat BP and CBFv oscillation phase being advanced
(stroke), 17 male/23 waveforms were oscillations | compared to BP oscillation at 0.02-0.38
female (non-stroke) measured with the and Hz.
Age range: 50-80 years | finger accounted o It was discovered that the multiscale
(stroke), 51-80 years photoplethysmograph better for the | regulation was affected by ischemic
(non-stroke) y device. EtCO; was non- stroke in a long-term altering the CBF
Mean age: 64.6+1.4 recorded via a face stationarities | regulation in infracted and non-fracted
years (stroke), 68.0+£1.0 | mask. and noise in | hemispheres.
years (non-stroke) the data e The results of this study pointed out
recordings | that the importance of a reliable and non-
Experimental compared to | invasive CBF regulation monitoring for
conditions: MMPF and | management and daily care of stroke
Subjects were studied in TFA. patients due to the long-term effect of
a supine position during stroke.
the data collection. A
finger
photoplethysmography
device was placed on
the subjects’ finger.
Doppler probes were
placed in the left and
right middle cerebral
arteries.
Jachan et | The dynamic CA | Subject Characteristics: | Cerebral 2.5Hz ARMAX No e In set 1, there was no significant
al., 2009 | assessment using | Unilateral (set 1) and Physiology: model, VAR | difference difference between the ARMAX, VAR
[69] parametric bilateral (set 2) CBFv was recorded model, and between and nonparametric models in the mean
transfer function | impaired patients with TCD from the non- performance | phase estimates for healthy (p-
estimation with | Number of subjects: 91 | MCA. parametric s of the three | value=0.279) and impaired (p-
non-invasively (set 1), 44 (set 2) transfer methods value=0.450) sides. The healthy side had
recorded Subject demographics: | Other: function were significantly higher phase parameter in
spontaneous 77 male/14 female (set | ABP was recorded estimator observed all methods than impaired side (p-
oscillations was | 1), 38 male/6 female with finger while value<0.0002).
examined. (set2) plethysmograph. ARMAX e Significant correlations between first
Age range: 35-85 years model and second half measurements in set 2
(set 1), 43-84 years (set showed the | were found in all three methods (p-
2) lowest value<.0016). A very low variability
Mean age: 65+10 years complexity | between the measurements were found
(set 1), 7110 years (set on average. | for set 1, while the higher variability was

2)
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Experimental
conditions:

The patients had severe
unilateral or bilateral
internal carotid artery
stenosis or occlusion.
The data recordings
were performed in the
supine position with 50°
inclination of the upper
body.

present for set 2 similar for coefficients
of variation.

o It was concluded that the proposed
parametric approaches could be
alternative to the nonparametric method
to assess CA automatically with lower
model complexity.

Kostoglo | CA of the young | Subject Characteristics: | Cerebral 1 Hz, ARX, and Significantly | ¢ Two models had consistent gain and

uetal., athletes who Players who Physiology: VLF: impulse higher phase of MABP indicating more

2016 [70] | experienced experienced concussion | CBFv was monitored | 0.005-0.04 | response predictive accurate estimation compared to those
concussion was | Number of subjects: 7 with TCD. Hz, model based | performance | from EtCO, and visual stimulation.
examined Subject demographics: | PCAv, ECG LF: 0.04- on LET was e ARX (NMSE=0.077) and LET
through 7 male/0 female 0.15 Hz, observed (NMSE=0.090) showed similar
modeling the Other: HF: 0.15- with LET performance when their output was
relationship Experimental EtCO, was recorded | 0.30 Hz models with | PCAv as visual cortex was affected
between MABP, | conditions: with a mouthpiece. infinite-step | directly by PCA.

EtCO,, CBFv The subjects were tested | BP was recorded with ahead e Statistically significant changes were
and visual on tasks involving two finger prediction observed between the testing in 72 hours
stimulation. separate visuals photoplethysmograph whereas and 1-month (p-value<0.0358)
paradigms which were | y. with one- indicating a recovery in the CA function
reading an article MABP step ahead for most of the subjects.
relevant to the subject prediction, e The study results illustrated that
cohort and on-screen performance changes in CA of young athletes who
subject search. MCA s of both experienced concussion was successfully
and PCA were models were | detected with features from the LET and
insonated on the right comparable. | ARX models.
side and left sides of the
brain, respectively. The
testing was repeated at
72 hours, 2 weeks, and
1-month post-injury.

Miller et | Joint time- Subject Characteristics: | Cerebral 0.15 Hz. TFA, GHW | The GHW e In the healthy group, both GHW and

al., 2020 | frequency Healthy group, Physiology: and wavelet | model TFA showed similar outcomes.

[71] domain analysis | unilateral impaired CBFv was monitored transform achieved e In patient group, GHW achieved much
was examined to | patients with a TCD probe. (Morlet) higher higher sensitives as 74% in coherence
quantify Number of subjects: 55 sensitivity threshold approach (p-value=0.0027)
dynamic CA (healthy), 35 (patients) Other: compared to | and 71.4% in coherence-weighted
performance. other models | approach (p-value=0.0009) compared to
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Subject demographics: | ABP was recorded for impaired | TFA and wavelet-based models in
NA with a finger dynamic CA | identifying expected side-to-side
plethysmography. identificatio | differences.
Experimental n. e [t was concluded that the GHW
conditions: analysis had better performance in terms
The patients had of identifying asymmetry of dynamic
unilateral internal CA in two cerebral hemispheres with
carotid artery stenosis unilateral carotid stenosis patients.
or occlusion. The data
recordings took place in
supine position.
Myers et | Predictions of Subject Characteristics: | Cerebral 36-sec GP, logistic | The best e [CP and changes in ICP were found to
al., 2016 | intracranial Severe TBI patients Physiology: regression, performance | be the most associated signals for
[72] hypoxia and Number of subjects: ICP was recorded and AR-OR | s were elevated ICP prediction (AUC=0.85),
tissue hypoxia 817 (ICP prediction), with either an extra- model achieved by | whereas on their own CPP, EtCO2, and
crises were 242 (brain hypoxia ventricular drain or two-state MABP were the least associated signals
assessed for prediction) an intraparenchymal AR-OR (AUC = 0.49, 0.57, and 0.58,
development of | Subject demographics: | fiberoptic probe. model in respectively).
early warning 694 male/123 female PbtO, was measured both ICP e Similarly, PbtO, and changes in PbtO,
algorithm in (ICP prediction), 206 using Licox. and PbtO, were the most associated signals in
cases of male/36 female (brain crisis depressed PbtO; prediction (AUC=0.91)
impending crises | hypoxia prediction) Other: predictions. | while the SaO, and CPP, in isolation,
in TBI patients Age range: 22-42 years | MABP, EtCO,, SaO; were the least associated signals
on 30-min (ICP prediction), 23-44 (AUC=0.53).
interval. years (brain hypoxia e The two-state AR-OR model achieved
prediction) AUC of 0.85 and 0.91 for ICP and PbtO>
Mean age: 30 years crisis predictions, respectively, with 30-
min advance warning.
Experimental o It was concluded that the presented
conditions: algorithms could provide predictions of
Data was extracted intracranial hypertension and tissue
retrospectively from a hypoxia crises accurately and timely
database. using the relevant signal and the time
since last crisis.
Petrov et | Prediction of Subject Characteristics: | Cerebral 1-sec Random The highest | e The study results showed that the
al., 2023 | onset ICP crises | Severe TBI patients Physiology: forest, performance | random forest achieved the highest
[73] based on time- Number of subjects: 36 | ICP was monitored XGBoost was performance on all data sets with
series data of Subject demographics: | invasively. and LGBM achieved by | accuracy range of 0.82 to 0.88.
ICP signals was | NA the random | ¢ Validation test also showed that
modelled to be forest model | random forest had high precision (0.76)
applied in Experimental on both and overall strong predictive
preventative conditions:
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therapies using
machine learning
algorithms in 10-
min and 20-min

Data was extracted
retrospectively from a
database.

training and
testing sets.

performance (F1-score=0.57,
accuracy=0.86).

e [t was concluded that an accurate and
precise prediction of ICP crisis events

intervals. from ICP time-series data was achieved.
Scalzo et | The Subject Characteristics: | Cerebral 40 Hz Multiple The best e ExtraTrees showed improved results
al., 2012 | effectiveness of | Patients with ICP Physiology: linear performance | with increased input length (AUC;.
[74] ensemble related conditions ECG, ICP regression, was min=0.96, AUC3.min=0.91, AUCg.min=0.87)
classifiers in Number of subjects: 30 AdaBoost achieved by | followed by AdaBoost (AUC.min=0.93,
temporal Subject demographics: and ExtraTrees AUC3.1min=0.84, AUCs.min=0.80) and
prediction of NA ExtraTrees followed by | linear classifier (AUC;.min=0.87, AUCs.
intracranial AdaBoost min=0.78, AUCs.min=0.71). ExtraTrees
hypertension Experimental and also had the highest sensitivities for
were tested on 1- | conditions: multilinear time-to-onset of 1-min (0.93), 3-min
min to 10-min Data was extracted classifier. (0.83) and 6-min (0.75).
intervals. retrospectively from a e The sensitivity and specificity results
database. The patients obtained by linear model were
were treated for various significantly improved with ensemble
ICP related conditions classifiers.
Schick et | A new method Subject Characteristics: | Cerebral 0.1 Hz Robust time- | DEKF and e The proposed model was shown to
al., 2018 | was proposed for | TBI patients Physiology: varying the proposed | simultaneously detect linear and
[75] nonlinear Number of subjects: 10 | ICP, PbtO, generalized | model had nonlinear causality between time-series
causality Subject demographics: partial similar signals.
analysis of NA Other: directed accuracy, e Although both models had similar
multivariate MABP coherence however, accuracy, the proposed model had far
time-series of Experimental with Kalman | proposed less computation time compared to
physiological conditions: filter and model had DEKEF.
data. Data was extracted DEKF shorter e The proposed model shown robustness
retrospectively from a computation | against artifacts and outliers while
database. time. reconstructing causality spectrum
patterns in TBI data.
Semenyut | State of CA was | Subject Characteristics: | Cerebral 0.01-sec CWT and CWT e CWT method was found more
in et al., aimed to be Healthy group (control), | Physiology: STFT achieved sensitive according to the sensitivity
2022 [76] | determined in patients with brain CBFv was recorded higher analysis of the changes of phase shift.
real-time with arteriovenous in both MCAs with a sensitivity to | e A greater relative decrease of phase
CWT and STFT | malformations (AVM), | TCD probe. changes in shift was observed on the left (p-
models. patients with arterial CA and value=0.0222) and the right (p-
stenosis (AS) Other: localized the | value=0.014) for CWT in hypercapnia.
Number of subjects: 9 ABP was monitored time and e A greater relative increase of phase
(control), 6 (AVM), 6 with a finger frequency shift was observed on the left (p-
(AS) plethysmography. changes
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Age range: 19-35 years

better than

value=0.035) and the right (p-

(control), 41-63 years SFTF. value=0.041) for CWT in hypocapnia.
(AVM), 52-72 years o It was concluded that the CWT model
(AS) enabled enhancing non-invasiveness in
real time, assessing state of a patient in
Experimental the norm and identifying CA disorders in
conditions: group of patients.
The patients either had
brain with arteriovenous
malformations or
brachiocephalic artery
stenosis. The data
measurements took
place in supine position
under normocapnia (5%
CO,) and hypocapnia.
Swiercz Prediction of ICP | Subject Characteristics: | Cerebral 10-sec ANN, ARX | ANN was e ANN was proved to be a good tool for
etal., trends and Patients with Physiology: and Kalman | observed to | modelling nonlinear and non-stationary
1998 [77] | detection of intracerebral ICP filtering have better | processes generating the ICP signal.
unfavorable hemorrhage or brain prediction e It was suggested that the accuracy of
symptom tumor accuracy the ANN predictor could be improved
configuration in | Number of subjects: than with further ICP recordings.
neurosurgical >60 traditional
patients was Subject demographics: ARX
assessed. NA predictors
and Kalman
Experimental filtering.
conditions:
Data was extracted
retrospectively from a
database.
Swiercz The efficiency of | Subject Characteristics: | Cerebral 10-sec ANN with ANN e ANN had better performance (arv
et al., the neural Patients with Physiology: wavelet combined coefficient of 0.62, MAE=3.21%) than
2000 [78] | models intracerebral ICP decompositio | with wavelet | AR with Kalman filtering (arv
combined with hemorrhage or TBI n and AR decompositi | coefficient of 0.75, MAE=3.72%).
newer signal Subject demographics: with Kalman | on to pre- e The results showed that the ANN
processing NA filtering process the | model was able to predict changes in
algorithms was ICP data ICP quite well except for the rapid

assessed in
prediction of on-
line ICP values

Experimental
conditions:

achieved the
best
prediction
accuracy.

changes in ICP.
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on 10-sec

Data was extracted

intervals. retrospectively from a
database.
Tsui et ICP was Subject Characteristics: | Cerebral 2-sec MDP and ICP e MDP model predicted ICP dynamics
al., 1995 | predicted in both | TBI patients Physiology: RNN prediction and trained in 20 minutes with 32-sec
[79] long term and Number of subjects: NA | ICP by MDP and 64-sec resolutions compared to the
short term in 32- | Subject demographics: provided RNN model which couldn’t capture the
sec, 64-sec and NA better natural dynamics in ICP data and
5-min intervals. prediction completed training with 5-min data
Experimental performance | resolution approximately in a day.
conditions: and
Data was extracted prediction
retrospectively from a accuracy
database. than RNN.
Wijayatu | For prediction of | Subject Characteristics: | Cerebral I-min Probabilistic | Probabilistic | ¢ The model was able to predict future
nga et al., | individual ICU Severe TBI patients Physiology: Markov model and ICP values of 20 mmHg or more with
2022 [80] | patient’s future | Number of subjects: 29 | ICP model and AR models | high specificity (0.94-0.95) and good to
ICP levels within | Subject demographics: six different | had similar | high sensitivity (0.73-0.87).
each 10-min 22 male/7 female AR models | performance | o Similar specificity (0.90-0.95) and
interval of the Age range: 20-80 years to an extent, | sensitivity (0.73-0.89) values were
past hour, a Mean age: 56 years however, obtained when leave-one-out cross-
probabilistic probabilistic | validation was applied, and the model
model was Experimental model had was evaluated with individual patient
developed. conditions: better data.
The patients who had performance | o Six different AR models were applied
pre-existing at predicting | to six different intervals and achieved
neurological disorders dangerously | 0.84-0.98 specificity and 0.65-0.81
were excluded from the high ICP sensitivity, achieving similar
study. The patients were values. performance as the probabilistic model
sedated and to an extent.
mechanically ventilated.
Zeiler et For estimation of | Subject Characteristics: | Cerebral 10-sec LME with PRx~Sx a e Best correlation between estimated and
al.,, 2018 | PRx using TCD | Mild to severe TBI Physiology: ARIMA for | and observed PRx values were obtained by
[81] based indices patients ICP was monitored Sx_a, Mx_a, | PRx~Sx_at+ | PRx~Sx a LME model with a
over a minute- Number of subjects: with an and Dx a Mx_aLME | correlation of 0.794 (p-value<0.0001,
by-minute 347 intraparenchymal models models had | CInt=0.788 to 0.799) and
interval, it was Subject demographics: | strain gauge probe. the best PRx~Sx_a+Mx a LME model with a
aimed to derive | 250 male/97 female CBFv was monitored performance | correlation of 0.814 (p-value<0.0001,
ARIMA based Mean age: 33.7+16.4 with a TCD probe. among all Clint=0.809 to 0.819).
LME models years DFv and MFv were generated o It was concluded that PRx could be
generated for calculated from ARIMA estimated by ARIMA based LME
CBFv. SFv was models models using TCD based indices.
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each patient and | Experimental determined from embedded in
for entire cohort. | conditions: maximum flow LME.
Data was extracted velocity.
retrospectively from a (CPP =MABP - ICP)
database.
Other:
ABP was recorded
with pressure
transducers through
either radial or
femoral arterial lines.
Zeileret | PRx was aimed | Subject Characteristics: | Cerebral 10-sec LME with PRx~Sx_a e Strong correlation between the
al., 2019 | to be predicted Moderate to severe TBI | Physiology: ARIMA and estimated and observed values of PRx
[82] using TCD based | patients ICP was monitored model PRx~Sx at+ | was found with the LME models of
indices over a Number of subjects: 10 | with an Mx_aLME | PRx~Sx a with a value of 0.998 (95%
minute-by- Subject demographics: | intraparenchymal models had | CInt =0.990 — 0.999; p-value<0.0001)
minute interval 8 male/2 female strain gauge probe. the best and PRx~Sx_a+Mx_a with a value of
with separate Mean age: 34.5+17.0 CBFv was monitored performance | 0.997 (95% Clnt = 0.988 — 0.999; p-
ARIMA based years with a TCD probe. among 16 value<0.0001) in the training set.
LME models SFv and MFv were generated e Moderate correlation between the
generated for Experimental calculated from ARIMA predicted and observed PRx values was
each patient. conditions: CBFv. PRx was models also found with the PRx~Sx_a with a
Data was extracted calculated from embedded in | value of 0.797 (95% ClInt = 0.336 —
retrospectively from a MABP and ICP. LME. 0.949; p-value=0.006) and
database. The patients Mx_a was correlated PRx~Sx_a+Mx_a with a value of 0.763
depending on the from MFv and (95% Clnt = 0.258 — 0.941; p-
severity of their TBI MABP. Sx_a was value=0.011) LME models with testing
were intubated and correlated from SFv set.
sedated. and MABP. e It was concluded that PRx prediction
(CPP =MABP — using TCD derived indices was
ICP) attainable using ARIMA and LME
modelling.
Other:
ABP was recorded
with pressure
transducers through
either radial or
femoral arterial lines.
Zhang et | Prediction of ICP | Subject Characteristics: | Cerebral 100 Hz ANNnNarX- ANNnNarX- e It was observed that ANNnarx-MFA
al., 2011 on 15-min, 30- Severe TBI patients Physiology: MFA, MFA showed the best performance in all
[83] min and 45-min | Number of subjects: 53 | ICP was measured ANNnar and | outperforme | future prediction intervals (R%; Tis.
future intervals with a fibre-optic ARMA d ANNnNar min=0.93, T30-min=0.81, T45.min=0.56)
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were examined Subject demographics: | intraparenchymal consistently | compared to ANNnar (R?; T15.min=0.88,
with a proposed | 42 male/11 female gauge in T30-min=0.73, T45.min=0.43) and ARMA
ANNnarx-MFA performance | (R?; Ti5.min=0.76, T30.min=0.61, Tas.
model and Experimental min=0.28).
compared to conditions:
ANNnNar and Data was extracted
ARMA models. | retrospectively from a
database.
Zhang et | For continuous Subject Characteristics: | Cerebral 1-sec ARIMA Order e The accuracy of ARIMA based on
al.,, 2012 | trend prediction | TBI patients Physiology: based on selection PACF and ACF was higher (mean
[84] of ICP, an Number of subjects: 27 | ICP was measured PACF and predicted on | R?=0.898) than ANN (mean R?=0.804)
ARIMA method | Subject demographics: | with a fiber-optic ACF, PACF and and ARIMA based on AIC (mean
with orders NA intraparenchymal ARIMA ACF R2=0.712). ARIMA based on PACF and
selection gauge. based on significantly | ACF also had shorter processing time for
predicted on Experimental AIC, and improved ICP forecasting.
PACF and ACF | conditions: ANN the accuracy
were examined Data was extracted of ARIMA
and compared retrospectively from a model with
with ARIMA database. shorter
based on AIC prediction
and ANN. processing
time
compared to
other two
models.

ABP, arterial blood pressure; ACF, autocorrelation function, AdaBoost, adaptive boosting, AIC, Akaike information criterion; ANN, artificial neural network; ANNyrx,
nonlinear autoregressive with exogenous input artificial neural network, ANNyarx-MFA, nonlinear autoregressive with exogenous input artificial neural network based mean
forecast algorithm; AR, autoregressive; ARIMA, autoregressive integrative moving average; ARMA, autoregressive moving average, ARMAX, autoregressive moving average
with exogenous input; AR-OR, autoregressive ordinal-regression, ARX, autoregressive with exogenous input; AS, arterial stenosis, AUC, area under the curve, AVM,
arteriovenous malformations, BP, blood pressure; CA, cerebral autoregulation; CBFv, cerebral blood flow velocity, Cint, confidence interval; CPP, cerebral perfusion
pressure; CRASH, corticosteroid randomisation after significant head injury;, CWT, cross-wavelet transform, DEKF, dual extended Kalman filter; DFv, diastolic flow velocity,
Dx_a, diastolic flow index; ECG, electrocardiography, EtCO2, end-tidal carbon dioxide; ETS, exponential smoothing; ExtraTrees, extremely randomized decision trees;
GHW, generalized harmonic wavelets;, GP, Gaussian processes; HF, high frequency; HR, heart rate; Hz, Hertz, ICP, intracranial pressure; ICU, intensive care unit; IMPACT,
international mission for prognosis and clinical trial; IMPFA, intrinsic multiscale pressure-flow analysis; LET, Laguerre expansion technique; LF, low frequency;, LGBM,
light gradient boosting model; LME, linear mixed effects;, MABP, mean arterial blood pressure; MCA, middle cerebral arterial; MDP, multiresolution dynamic predictor;
MFv, mean flow velocity, MMPF, multimodal pressure-flow analysis; Mx_a, mean flow index;, NA, not available; NMSE, normalized mean square error;, PACF, partial
autocorrelation function, PbtO;, cerebral tissue oxygen;, PCA, posterior cerebral artery; PCAv, posterior cerebral artery velocity, PRx, pressure reactivity index; R
coefficient of determination;, RNN, recurrent neural network; RRSE, root relative squared error; SaO., arterial oxygen saturation; SFv, systolic flow velocity;, STFT, short-
time Fourier transform, SVM, support vector machine; Sx_a, systolic flow index, T, time; TBI, traumatic brain injury, TCD, transcranial Doppler; TFA, transfer function
analysis; VLF, very low frequency, VAR, vector autoregressive; XGBoost, extreme gradient boosting
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Table B8: Summary of studies for animal subjects

was analyzed
with Fourier
analysis.

sodium and pancuronium
bromide, respectively, and
intubated using endotracheal
tubes.

The applied stimuli frequencies
ranged between 0.001 to 0.05
Hz.

maxillary artery.

Other:

Sa0, was
measured by
dual flow
cuvette oximeter
placed in

Article Aim of the | Demographics & | Physiological Data Method(s) | Model Study Results and Conclusions Regarding
Study Experimental Conditions Data & | Resolution | of Evaluation | Cerebral Physiologic Signal Modelling
Measurement Time-
Methods Series
Modelling
Alexandr | The Subject Characteristics: Cerebral 600-sec Wavelet No model o [t was observed the arterioles diameter
in, 2010 | myogenic Albino mature outbred male Physiology: analysis performance | significantly increased with drop in BP
[85] response of | rats CBF were was whereas a significant change in the relative
pial Weight: 260-300 g measured with a evaluated. tension of the vessel walls were observed
arterioles in | Number of subjects: NA laser Doppler only after systemic BP drop to 38 mmHg
situ was flowmetry which resulted in failure of autoregulation of
examined Experimental conditions: before and after CBF.
during CBF | The rats were narcotized with | blood loss. e No change in myogenic component while
autoregulatio | chloral hydrate, the CBF oscillation increased with respect to
n. intraperitoneally. Both femoral | Other: decrease in the systemic BP with blood loss
arteries of the rats are isolated | SBP, blood loss proved the effect of reduced perfusion
and catheterized after pressure on the vessel wall tension.
administration of heparin. e Wavelet analysis of CBF oscillation
Negative images were used to revealed an augmentation in oscillation
measure the inner diameter of amplitude while the myogenic response in
the arterioles. Pial arteries autoregulation remained unaltered.
through the dura matter were e The study results suggested that the
monitored. myogenic reaction plays an important role in
autoregulation of CBF.
Doblar et | The impact Subject Characteristics: Cerebral 0.05 Hz Fourier No model e The findings suggested a possibility for
al., 1979 | of hypoxia Goats Physiology: analysis performance | some relation between phasic changes in
[86] on the Weight: 25-40 kg CBF was was blood pressure and phasic CBF response to
dynamic Number of subjects: 3 measured by an evaluated. hypoxia in mid-frequencies and no relation at
characteristic electromagnetic lower and higher frequencies.
s of the Experimental conditions: flow probe e Using normalized data, it was suggested
cerebrovascu | The goats were anesthetized placed on the that the cerebrovascular response to hypoxia
lar response | and paralyzed with thiopental internal could be considered a first-order function

considering the limitations of the analysis.

o Results of the harmonic analysis suggested
that at low and high frequencies, observed
sinusoidal responses in CBF were unlikely to
be result of the changes in blood pressure.

o [t was concluded the main cause of the
CBF response to sinusoidal hypoxia to be
unrelated to the changes in blood pressure.
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arteriovenous
shunt.
Issamet | The Subject Characteristics: Cerebral 20 Hz Cross- No model e The study results showed that the air jet
al., 2019 | influence of | Wistar male rats Physiology: spectral performance | causing high-intensity emotional stress
[87] the Weight: 230-250 g CBFv was analysis was significantly resulted in rising blood pressure
psychosomat | Number of subjects: 15 recorded with a evaluated. and vasoconstriction of brain circulation.
ic factor on TCD probe. ¢ An increase in the variability of carotid
the Experimental conditions: blood flow and carotid vascular conductance
regulation of | The rats were anesthetized with | Other: during stress was observed with cross-
CBFvin isoflurane for the catheter BP was spectral analysis compared to baseline state.
response to implantation. A total of three measured by the e It was concluded that the air-jet stress could
emotional catheters were implanted: one | arterial catheter. cause hypertensive overload in the case of a
stress was in the distal abdominal aorta HR was failure in the baroreflex mechanism
analyzed. and two in the inferior vena calculated with compromising the brain circulation
cava. Air stream was sent to FFT. mechanism and could consequently result in
the cage to generate emotional a stroke.
stress in the rats.
Zheng The CBF- Subject Characteristics: Cerebral 7.5Hz VW model | The VW e The variation of the difference between
and CBV Female hooded Lister rats Physiology: and EW model time-series of CBF and CBV were captured
Mayhew, | coupling Weight: 250-400 g CBF was model outperforme | by the values of the two compliance
2009 [88] | with respect | Number of subjects: 5 measured by the d the EW parameters in VW model.
to visco- laser Doppler model at e The VW model was shown to successfully
elastic Experimental conditions: flowmeter. CBV predicting simulate the relationship between the CBF
properties of | The rats were anesthetized with | was obtained via the CBV and CBYV time-series via a first order
the blood urethane and atropine. A slit optical imaging time-series. | nonlinear time-invariant dynamic system.
vessels was spectrograph mounted camera | spectroscopy.
modelled. and a laser-Doppler flowmeter
probe were placed over the
whisker barrel of a rat.

BP, blood pressure; CBF, cerebral blood flow;, CBV, cerebral blood volume; EW, elastic windkessel;, FFT, fast Fourier transform; HR, heart rate; Hz, Hertz; NA, not
available; SaO;, arterial oxygen saturation, SBP, systemic blood pressure; TCD, transcranial Doppler; VW, visco-elastic windkessel
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