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Abstract

Background

During dialysis, higher beatio-beat blbod pressure (BP) variation, measured by
extrema point (EP) frequencyanalysis of continuous BP monitoring, is associated with
elevated cardiac damage markers and white matter ischaemic changes in the brain,
thus suggesting its relevance to end-organ perfusion. We therefore utilised EP
analysis to study intra-dialytic BP variation with an aim of improving individualised

description of the haemod ynamic response to haemodialysis (HD).
Methods

We recruited 50 participants receiving inrcentre HD and performed continuous nor
imva sive haemodynamic monitoring during dialysis. EP mean arterial pressure (MAP)
frequencies were extracted. Participants were divided into those with a greater
proportion of lbw frequency (LF) (n=21)and high frequency (HF) EP values (n=22).

Clinical and haemodynamic data were compared between groups.
Results

Median EP MAP frequencies of mid-week HD sessions were 0.54 Hz (IQR 0.18)and
correlated with dialysis vintage (r=0.32, p=0.039), NT pre-BNP levels (r=0.32,
p=0.038), and average real variability (ARV) of systolic BP (r=0.33, P=0.029), ARV
diastolic BP (r=0.46, p=0.002)anrd ARV MAP (r=0.57, P<0.001).

In LF group, MAP positively correlated with Cardiac Power Index (CPI1) in each hour
of dialysis, but not with total peripheral resistance index (TPRI). In contrast, in HF
group, MAP correlated with TPRI ineach hour of dialysis but only with CP1in first hour.

Conclusions

EP frequency analysis of continuous BP monitoring during dialysis allows a ssessment

of BP wvariation, and categorisation of individuals into lbw or high frequency groups,






Key points

Whatisalready known about this subject:

Extremna point (EP) frequency analysis isa method that has been used to study beat
to beat BP wvariation during haemodialysis. Higher EP variation in mean arterial
pressure is associated with elevated cardiac biomarkers and ischaemic changes in
the brains of HD patients, and so could be considered as surrogate measure of

hae modyna mic stress.

Whatthis study adds:

We develbped EP analysis method further by proposing a ratio of high EP frequency
to lbw EP frequency changes (HFC/LFC )to categorise dialysis patients based on their
predominant pattern of BP variation.

We have demonstrated that lower versus higher HFC/LFC ratios were associated with
different bassline characteristics, differing haemodynamic responses and diverging
trends of HFC/LFC ratios during the course of HD treatments. Hence may provide
information on individuals physiclogical responses to HD induced haemodyna mic

stress,

What impact this may have on practice or policy:

Our findings might be helpful to provide personalised treatments based on the
individual haemodynamic responses to stress induced by haemodialysis. Further
prospective studies are required to determine if these groups respond differently to
differening strategies for prevention or treatment of intrad ialytic hypotension. If proven
to be beneficial then will have major impact in add ressing significant clinical problem

of haemodyna mic instability in dialysis population and its consequences.



Introduction:

Intradialytic hypotension (IDH) is a commonly encountered problem during
hasmodialysis (HD) with a reported incidence of 10-40% (1-3). It is assocated with
ischaemic end-organ damage (4, 5) and mortality (6, 7). However, arbitrary blood
pressure (BP) thresholds do not reliably predict end organ ischaemia (8), and
asymptomatic IDH may result in reduced organ perfusion (9). Furthermore, subclinical
myocardial ischaemia has also been demonstrated during continuous renal
replacement therapies with apparently stable haemodynamics and low ultrafiltration
rates (10). These observations imply that factors other than the absolute drop in BP
playa key rok in inducing ischaemic organ damage, one of which may be the degree

and frequency at which BP varies.

Higher wvariation in systolic BP (SBP) has been linked to cardiovascular events,
cerebrovascular events and increased mortality in the general population (11, 12)and
in those with CKD (13, 14). In HD populations, higher variability in predialysis SBP is
associated with a 15% increase in the risk of morality (15, 16). Likewise, greater
interdialytic SBP wvariabilty assessed using average real variability (derived from
ambulatory BP monitoring during the 44-hour interdialytic period) is independently
assoclated with cardiovascular mortality (17). In addition, the HD population face
uniqgue haemodynamic stresses related to dialysis treatment and are often subject to
acute BP variations during dialysis. Many studies reporting intradialytic BP changes
relied on intermittert, infrequent (every 15-60 minutes) BP readings from an arm cuff,
which do not provide detailed resolution of more rapid BP variations that may oceour
during HD (18). Detailed study of intradialytic beat-to-beat BP wariation using
continuous monitoring is lacking. In patients with Transient Ischaemic Attacks or non
dizabling stroke, higher beat to beat BP variability is a better predictor of recurrent

strokes and cardiovascular events than day-to-day variations (11).

Extrema point (EP ) frequency analysis, a method of measuring BP variation, utilises
peaks and troughsofa continuously recorded BP waveform to calculate the frequency
of variation (19). In a previous study, the EP frequencies of mean arerial pressure
(MAP) during HD were reported to rise during HD and reached peak during the 3™



associated with higher values, and to describe how EP frequencies relate to changes
in central haemodynamics during dialysis. To do so, we propose a new method of

categorising patients based on their individual intradialytic EP frequency data.



Methods:

Patients and Data Collection

We performed a prospective obsarvational study at University Hospitals of Derby and
Burton NHS Foundation Trust, United Kingdom between January 2018 to August
2019, The study was approved by the West Midlands Ethics Committee and written

informed consent was obtained from all participants.

Participants were aged 218 years and had been receiving HD for more than 3 months.
Baseline characteristics, details of the dialysis prescription, medication history and
laboratory parameters were collected. HD wa s performed thrice weekly using Gambro
Artis machires with participants’ usual dialysis prescription. Net ultrafiltration was
based on the individ ual's prescribed dry weig ht and anticoagulation wa s provided with

urfractionated heparin.

Continous blood pressure monitoring

Continuous norrinvasive monitoring of blood pressure and hasmodynamics was
performed using pulse wave analysis (Finapres NOWVA, FM3, Netherlands) for the
entirety ofthree consscutive dialysis treatments. This method of continuous menitoring
has been valdated in HD populations previously (21, 22).The Finopres uses a digital
artery finger cuffand infrared plethysmography o detect digital artery diameter, which
iz then kept constant by an ultra-fast pressure servo controller that rapidly adjusts the
cuff pressure. The pressure changes in the finger cuff are therefore representative of
the intra-arterial pressure changes. The measured pulse waveform is used to calculate
a full range of haemodynamic variablesona continuous basis for each heart beat (23);
these include beart rate (HR), blood pressure (BP), stroke volume index (SV), cardiac
index (Cl) and total peripheral resistance index (TPRI). The device was fitted to the
non-fistula arm (in participants with aferiovenous fistula as HD access)at the startof

the investigatory HD session and keft in place throug hout.

Signal processing and identification of extrema points

The haemodynamic data generated by the Finapres were analysed by first identifying

the frequency and amplitude of lbcal extrema points (maxima and minima; EP) for



MAP as previously described (19), summarsad in Figure 1. A madified Short-time
Fourier Transform method was thenapplied asa moving asynchronous filterto extra ct
the sinusoidal frequency and phase contentof time-varying MAP signals (24). Thesse
spectra were then decomposed into constituent frequency events using the
Freedman-Diaconis rule (25), and plotted as histograms for each individual patient

(example shown in Figure 2).

Categorisation of participants based on EP MAP frequencies

As higher EP frequencies have been shown previously to associate with ischaemic
brain injury, we hypothesised that patients could be characterised using the ratio of
high to low EP frequency values during dialysis. To calculate ratios of high to lbw EP
frequency values, we plotted histograms of EP frequencies for each individ ual (Figure
3) from processed data from a mid-week HD session (48-hour interdialytic gap) and
defined:

« HFC (high frequency changes)as EP frequencies that were occurring within
the same frequency range asthe mean intradialytic heart rate £ two standard
deviations, representing beat-to-beat variation in BP.

= LFC {lbw frequency changes)were defined as those occurring in the frequency

range of three or more cardiac cycle s, corresponding to those with a frequency

range below one third of mean heart rate + two standard deviations.

Based on median HFG/LFC ratio the study population was divided into two groups:
Low frequency (LF) group with HFC/LFC ratio =0.5 and High frequency (HF) group

group with HFC/LFC ratio =0.5. Haemodynamic trend s and clinical variableswere then

compared between these groups.

Haemodynamic data processing and definitions:

In addition to the haemodynamic data gererated by the Finapres, we calculated
« Cardiac power index (CPI=MAP x Cl x 0.0022 w/m? normal range = 0.45 to
0.85 w/m?® which ha s been shown to be indeperdently associted with adverse
outcomes in cardiogenic shock (26)and hasbeen utilised o categorise patients

with differing intradialytic hae modyna mic response s to fluid removal (27 ).
« Average real variability (ARV = = IiZix lerg,, -#rgl; where K ranges from 1 to

N-1; N is the number of intradialytic BP readings (28)). Whilst EP analysis



evaluates frequency of BP change, ARV describes the magnitude of BP
variation. Higher ARV (24-hour BP monitoring) has been shown to be
associated with increased all cause mortality, cardiova scular mortality and non-
fatal strokes (17, 29, 30), but has not been used to describe continuous BP
record ing s during dialysis.
» Baroreflex sensitivity (BRS)asa mea sure of cardiovascular a utonomic integrity
was derived as a regression of pulse interval against systolic bleod pressure.
Using Matlab (R2011a, MathWorks®, Matik, MA, USA) interbeat intervals and
corresponding systolic blood pressures were computed from Finapres data.
The geometric mean for the whole dialysis session was then used to assess
BRS during HD for each individ ual.
Haemodynamic measures during the intradialytic period were averaged over 10
minute blocks to study the trends in BP and other haemedynamic measures during
HD {apart from BRS).

Traditional definitons of IDH are difficult to apply to continuous BP data, bence we
assessad |[DH by recording:
1. Proportion of the SBP readings below 90mmHg from the total of intra-dia lytic
BP measurements,
2. Proportion of the SBP readings 20mmHyg below the pre-dialysis brachial SBP

from the total of intra-dialytic BP measurements.

Statistical analysis:

Continuous variables are expressed as mean + 3D for normally distributed variables,
median and interquartile range for non-parametric data. Categorical variables are
expressed as percentages. Spearman’s correlation was used where the data were
non-parametric. Friedman’'s nonparametric analysis of variance was used to test
variations between time points and Kruskal Wallis test was used o test variance
between groups. Matlab (R2018a) was used for extraction of EP frequencies.
Statistical analysis was performed using I1BM SPSS (Version 24). A p< 0.05 was

considered significant.



Results:

A total of 50 participants wa s recruited, from which 43 participants completed at least
one monitored mid-week HD session (48-hour interdialytic gap) (Figure 4).
Characteristics of the study population are presented in Table 1a. Mean age was
B61.5216.6 yre, 26 (60.5% )were male and 19(44.2%) had diabetes. Median time since
dialysis initiation was 24 months (IQR 75), and aterdovenous fistula was the
predominant vascularaceess (83.7%). Median charlson comorbidity score (CCl) was

4 (IR 2).

Haemodynamic parameters for the study population are described in Tablk 1b.
Intradialytic trends of BP and other haemodynamics are illustrated in Figure 5: on
average aninitial brief rise was follbwed bygradualdecline in SBP, MAP, DBP, Cland

CPI. TPRI increased during dialysis.

The median proportion of recorded BP measures per paricipant that were <90mmHg
was 0.79% (IGR 3.03%). The median proportion of SBP readings 20mmHg below the

pre-dialysis brachial SBP was 9% (IQR 27.5%).

EP MAP frequencies and association with clinical variables:

The median of EP MAP frequencies was 0.54 (|QR 0.18) Hz across all participants.
Whike BP declined during HD, EP MAP frequencies showed a tendency to increase
with peak values in the third hour (Figure ), although this did not reach statistical

significance (p=0.671}.

Dialysis vintage (r=0.32, p=0.039), NT-pro BNP kevels (r=0.32, p=0.038), average real
variability (ARV) of SBP (r=0.33, p=0.029), ARV of DBP (r=0.46, p=0.002) and ARV
of MAP (r=0.57, p=0.0001) were correlated with higher irtradialytic median EP MAP
frequencies. Variables that were not associated with median EP frequency included
age (r=02, p=0.2), CCI (r=0.07, p=08B59) diabetic status (z=1.48, p=0.139),
prescription of beta-blockers (z=-1.84, p=0.278), ultrafiltration weolumes (r=0.1,



p=0.542), barorelex sensitivity (r=-0.27, p=0.08)and the blood volume change during
HD (r=-0.27, p=0.096).

HFC/LFC ratio and association with clinical variables:

Median intradialytic HFCG/LFC ratio was 0.517 (IQR 0.42) for the study population.
There was no significant difference in the median intradialytic HFC/LFC ratios of
consacutively monitored HD sessions of each participant on repeated measures non

parametricanova (p=0.697), indicating intra-individual repeatability of this measure.

The demographics, clinical and biochemical variables across the groups defined by
MAP frequency pattems are shown in Table 2. There were no differences in age,

proportion with diabetes, CCl or dialysis vintage between the groups.

In the HF group, there was a higher proportion of participants on antkhypertensive
therapy including beta-blockers (HF group 45.5% vs LF group 14.3%, p=0.026). This
group also had higher NT-pro BNP levels (HF group 6285.5 [IQR 20217] vs LF group
1948 [38941], p=0.045). ARV of BP during HD was higher in HF group (Table 2).
Howewver there was no difference in BRS between the groups (HF group B.23 [IQR
3.54] ve LF group 9.55 [IQR 6.29]) (p=0.903).

In the entire study population, average hourly HFC/LFC ratiosdid not demonstrate any
specific direction of change (Figure 7). However there was a decline in HFC/LFC ratio
in the LF group during HD (reaching nadir in 3™ hour) and no change in HF group
(Figure:8). The HFC/LFC ratios differed significantly between the groups during every
hour of HD (Figure 8).

Intradialytic haemodynamic responses in LF and HF groups:
We examined the associations between intrad ialytic hae modyna mic variables within
the groups to assess if haemodynamic responses to dialysis differed depending on

HFC/LFC ratio. To do so we calculbated the mean intradia lytic haemod ynamics for the

entire HD s2ssion (4 hours)and also means for each hour of HD.



In the LF group, mean intrad ialytic MAP corre lated with mean intradialytic CPI ({r=0.64,
p=0.002) but not with mean intradialytic TPRI (Figure 9). The opposite was observed

in HF group, with correlation of mean intradialytic MAP with mean intradialytic TPRI
(r=0.66, p=0.001) but not with mean intradialytic CPI (Figure 9).

Comparisons between the hourly means of haemodynamics demonstrate two
findings. Firstly, the bourly means of MAP, CPl and TPRI were not different between
LF and HF groups (Tabke 3). Secondly, the association between various
hasmodynamic variables changed differentially in the two groups. In the LF group,
MAP was positively correlated with CPI in each hour of dialysis, but not with TPRI
(Table 4, Figure 10a and 10b). In contrast in the HF group, MAP correlated with CPI
in the first hour of dialysis only; but MAP did correlate with TPRI in each hour of
dialysis (Table 4, Figure 10cand 10d ).

We performed a sensitivity analysis using intradialytic SBP instead of intradialytic
MAP. Correlations between intradialytic SBP, CPl and TPRI| were similar to that of
intradialytic MAP. In the LF group there was a strong positive correlation of SBP with
CPI (r=0.592, P=0.005) but not TPRI, and in the HF group SBP correlated with TPRI
(r=0.713, P=<0.001]) but not CPI (Figure 9}.

Intradialytic Hypotension:

The average proportion of BP measurementswith SBP <90mmHg in the LF group was
0.74% (IQR 3.6%) vs 0.91% (IQR 2.35%) in HF group (p=0.145). The proportion of
measured BP values 20mmHG below initial predialysis SBP was 6.81% (IQR 15.17)
and 14.56% (IQR 32.77%) inLFand HF groups respectively (p=0.884).



Discussion:

We have utilised Extrema Points frequency analysis to analyse continuous BP
measurements during HD, and have further developed the method by proposing a
ratio of highto lbw EP frequency changes to categorizse dialysis patients based on the
proportion of BP variation that occurs on a beat-to-beat ba sis, versus variation which
happens more slowly over several cardiac cycles. We have demonstrated that lbwer
versus higher HFC/LFC ratios were associated with differing haemodynamic
responsesand diverging trend s of HFC/LFC ratiosd uring the course of HD treatments.

BP variability has beendescribed using severaldifferent method s and has been linked
to adverse outcome s, including in HD populations. Shafi et aldemonstrated thateach
standard deviation increa se in BP variability was as=ociated with increased risk of all
cauze mortality (HR 1.18; 95% Cl 1.13-1 .22), cardiovascular mortality (HR 1.18; 95%
Cl 1.12-1.24) and first cardiovascular event (HR 1.11; 85% Cl| 1.07-1.15) (15).
Similarly, Wang et al reported that every 1% increase in the coefficient of variation of
predialysis BP wasassociated with increased cardiovascular (HR 1.71; 95% CI 1.01-
2.90) and all cause mortality (HR 1.80; 95% CI 1.11-2.92) (31). In a study involving
103 HD patients with interdialytic ABPM (ambulatory BP monitoring jand average real
variability (ARV) assessment, Feng et al reported that higher ARV was independently
associated with higher cardiova scular mortality after adjustment for demographicsand
clinical factors (HR: 1.143; 95% C| 1.022-1.279) (17). However, a comparable study
by Sarafidis et al involving 227 HD patients, after adjusting for other clinical and
demographic factors, reported no significant association of higher ARV of inte rdia lytic
SBP with composite endpoint of all cause mortality, norrfatal Ml or nonfatal stroke
(30). To our knowledge there are a limited number of studies examining intradia lytic
BP wvariability. Flythe et al (32) studied intradialytic BP using absolute SBP spline
curves (i.e. curve fitting as opposed to assuming a linear change in SBP) and
demonstrated that greater ultrafiltration velume (UFV), oderage and shorter dialysis
vintage were associated with increased SBP variability. They also reported high SBP
variability (more than the observed median in their study population) was associated
with greater risk of all cause mortality with HR 1.26, 95% C| 1.08-1.47, when compared
to the patients with lower SBP variability (less than observed median) (18).
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insignificant intra-individual variability of median EP frequencies between the three
monitored HD sessions. In addition, we demonstrated a strong correlation between
EP MAP frequencies (frequency of variability)and ARV (magnitude of variation) of BP,
suggesting greater frequency of variation is associted with greater magnitude of
variation. Thus interventions that reduce EP frequencies may help to address the

magnitude of variabilty and we can speculate as to whether this will in turn lead to

clinical be refit.

We have confirmed the intradialytic trends of EP MAP frequencies (reaching peak
during the third hour of HD) and their assochations with higher cardiac biomarkers
(positive correlation with NT-pro BMNP kevels) as decribed in previous studies (20).
Althoughthere isongoing debate about the appropriate cuff off values for BMP/NT-pro
BMP in HD population, published literature supports their prog nostic value at least at
population level. A meta-analysis by Cheng et al (33) involving 27 studies with 8566
patients with ESRD reported that elevated BMNP/NT-pro BNP were significantly
associated with increased all cause mortality [OR: 3.85 { 95% CI: 311 o 4.75]),
cardiovascular mortality [OR: 4.05 (85% Cl: 253 to 6.84)] and cardiovascular events
[OR: 7.02 {95% CI, 2.21 to 22.33)]. Thus, we may conclude that patients with cardiac
dizease (known or subclinicalj tend to have higher frequency of BP variability.

We also demonstrate for the first time that there are distinct patterns in the
hemodynamic responses to HD in those with low vs high HFC/LFC ratio. In the LF
group, MAP appeared to be more dependent on cardiac function (stronger
associations with CPI), without significant dependency on TPRI. This suggests that
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both CPI + TPRI (34). Demonstration of these different patterns of haemodyna mic
response to dialysis inour study suggests that EP frequency analysis mayallow better
assessment of an individual's physioclogical behaviour. This may ultimately lead to

maore ind ivid ualised approaches to prevent or manage |DH.

Although we have demonstrated novel interesting relationships and difference s in the
intrad ialytic haemodynamic behaviours of the individuals, there are some limitations
of our study. Firstly, the categorisation of the participants in our study was based on 4
hours of intradia lytic haemodynamic data that is not feasible in the standard clinical
satting. Given that HFC/LFC ratios adopted diverging patterns as dialysis progressad
(figure 9), there isa potential to categorise based on a shorter period of haemodyna mic
maonitoring during HD and this should be evaluated in future. Secondly, we included
patients with a low incidence of IDH and were therefore unable to adequately assess
possible associhtions between BP frequency patterns and IDH. Further studies that
include more hypotension-prone patientsare required to explore a ssociations with IDH
and other clinical outcomes. Finally, our study also highlights an important
techrmological gap in the haemodynamic monitoring adopted for HD patients.
Intermittent BP measures, the current standard of practice, are not sufficient to allow
EP analysis, whilst the currently avaibbl non-invasive continuous BP monitoring
method s are not practical for HD patients outside of a research setting. Method s to
achieve less burdensome continuous intradialytic BP monitoring are in development
(35).
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Flgure 1: lllustration of dentificaton of extrema peints (minima and maxima dentified by amose)on a 20 seond
trace of MAP measurements. Once kBenlifled, frequensy B cakulaed ®=ing the ollewing fermuta:

=1
F="frime dif Ference between 2 consecuilie exdrema po inis
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Elgure 2 Hetograme of EF MAPF frequencles of 2 partle ipank (8, b) acoss three osneecuthe monitonrsd HD
gessong (4 hour duratien).. These demonstrae  bimedal dietributien of EP MAP frequencies and are s imikar
acfoes the 3aessiane In easch partkipant. d-axk represents freguency vales, Yok repesenk number of
Tresque nsks
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Flgure 3: Schematle disgram demonstrating the categoreation of the EF MAP frequencies ine low freoue ney
champes (LFCH amnd high frequensy changes (HFC) =ad o calkulate the HFC/LFC ratle, X-axk represens
freque ney valwes, Yook deneity of equen: les.

Eligible participants
approached 79

s Wl wilng 1o parlicpate

Participants consented 50

Participants had minimum one

mionitorned sassion 44

Elgure 4: Coneart disgram lllutrating partie ipant flow threogh the e fudy
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Elgure §: Intradiabtl: populaton trends in Swe ol BF (SBF), Dibeklls BF (DEF), Meanarerial pressure (MAF),
Cardbae Imdax (S0, Candbe: Power Indax (S P and totsl periphs ml ee ktance indax (TRRI. The total menibored
dialvele duration (4 hour)was divided ine 10minutes blocks and the average of each block B reprezentedas a
data paint. An intkal brief ree was olowed by gradual decline In SEF, MAF, DEP, Cland C Pl but TRRI Insreased

as the dialyel progressed.
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Elgure §: A graphisal repressmation of populatken
trend of EF MAP frequenskes during 4 houe of
Hasmodialek (HD). Each clek mepresens the
median EF MAP frequen: ke of the cohert orevery
heur with 5% confidence Inkervak as emer bae.
There k& trend wards e bw rege upte the thing bowr
and drep in the urth beor (06T 1).
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Flgure T: A graphieal representtien of popubston
trend of HFC/LRC ratle durimg 4 houre  of
Hasmodialeke (HO). Each clrel represene the
median HFZ/LFC rate of the cohor for everny houwr
wilth B5% oo nifide nee inervak ae emer ban, There B
me & kgnificant directien of change In HFC/ILFC  as
dialyel progressead,
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Flgure 8: A graphlsal representation of HFC/LFC ratle patterns n the ow regqueency (LF) goop (represened n
blue) and high frequensy (HF) greup (represened inorangs ) during hae modisbe k. Mediane ane e prese nted with
the sirekes for each hour of HD and the 85% oonfidenss inerak s armor bae. Fredmans tesl was wed o
compare batvean varbus time polne and was e ignificant In LF greup (pvalee: 00365 and not elgnificant in HF
greup (pyalee: 0532). Kruskal Waillk test was ued o compare both groups atesc b tme peint and was e gniicant
acroes all 4 howe with povalues of <0.001.
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Elgure 8: Corre batken maitrk: for ke modyrambe: varables inthe e freguency (LF) and high frequee ney (HF )
greups. The aoloune ane representative of the values of rhe fereach cameaten. |nLF group, MAP pos tively
cemelaes wih CPI (=064, p=0.002) however In HF greup, MAP posithe ly corme lakes with TRR (=069,

e 0001 and TRRI (=066, p=00o1). * MAP- Mean arerial press ure, SEP- Syetolle bood pressune, DBP-



Dlastele blood presaune, SW-Stroke Volumes, SW- Stroke Volume Indes, Cl-candbse index, CPI- Cardbae Power
Imdex, TFR- Total peripharal resktance, TRRE Total peripheral resknse index

*HF greup- partk: ipank with higher prepertion el high frequensy extrema peint (EP) MAP s anges, LF greup-
parthsipane with highar proporien of lbw requee ney EF MAP ¢ hangas.
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Flgure 10: Cormelations betwesn average intradiahtie varables in hour 1 and hour 4 of dialyek inthe bw
frequensy (LF)greup (a, bjand hkgh frequensy greup (e d). The selbue are representathe of the values of rhe
foreas hoomelation. (nthe LF greup, MAP was posithe ly corme aed with C P ineash hour of diahe B, but not with
TERI (Table 4). Inconiragt inthe HF greup, MAF oo mebated with SFin the fiet ourof dialvele onby; MAF then
comeled with TRRI In each subsequent hourof dialvek (Table 4). MAP- Mean arerial press ure, SBP- Syetoli:
blood press ure, DBP- Dies bl blood press une, SY- Strele Volume, Cloandias Index, CPF Candiss Power |ndex,
TPR- Total peripheral resitance, TRPRF Total paripheral reskanse index

*HF group- parte lpant with higher preportionof high frequensy extrema poeint (EF) MAP changes, LF group-
partklpans with higher preperien of e eguensy EF MAP & hanges,



Tables:

Table 1: Characteristics of the Participants and intradialytic haemodyramic findings

(a) Demographice of etudy populbatiken (M=43 Ins luded)

ige [yeas] G15 = 15653
Gender {4 male) 26 (51 5%)
Ethnicity (¥&] White AT (B
Ciolbeies 19 (44 2%)
Charkson Comorbid ity Scom 4 (2]

‘Weight T1lg (31 5]
Body Mass Index 267 kg LLE)
hean Interdiabtc weightgain over 4 weels pror o scnidment in Kiograms 151 & 068

Mumber of ppricpants with Intradiobyfic ypoemsion spsodes in d weebs pror o

4 [9.3%)

= Coruiment 8
Mumbe rof participams on A hypere eres 25 (58 9%)

s Angictersin Comerting enzyme Inhibios 8 [20.5%)

W B oy Bl dom s 13 (30 2%)

s Cakium Channel bockens 12 (27 8%)
Mumberof particiems eoining Do lsable anti-hymetenms e therapy EX |
Dalss vnisge n months 2d 75
Arcess type

W Areriovenous fetula A6 (BT

& Arieriove nous gaift 4 [9.3%)

«  THL ER O
Sccess fiow [Ga) mifmin T B

(b | mirasc b byl Has mady ramkes of study population

Systolc Blood Pessune 140 mmMg 25

Dosolc Bbod Pressum 75 mmig (18]

Mean fSrteia | Blood P essure a9 mmig (18]

Cardizc Power|ndex 0E7 wim® 022

Cardiac Index 344 & 103 Limin'm*

Stroke Volume Index 4636 & 1467 mim®

Cardizc Power|ndex 0E7 wim® 022

Total Perpheral Resbtance Index 0.3 dynes seclom im” (0L28)

Medbn and heguadle range (OS] are reporied for mon-pammeric dab, Means # sondad devbfon (S0} br normaly
dis ihuisd dab; numbss | perosn Bges ) e reporisd B calsgofoal dafa



B R R B LT T T =

Pamcimms on ACE

Pre-dialsis- Toponin t{ngfL)

Pre-dimbsis NT Pm BMP jnglL)

Initia| Brachiml Systolc BP (mmHG)

Mean Systolic BP {ZBP n mmiig)

Mean Diestolic BP (DEP n mmHG)

hean Mean Arernl Pressum (MAP in mmig)

Strode Vo lume Indea {mf )

Cardies Index|Limin'ne)
Cardine Powerindex [wim)

Total Pedpheral Resstanoe Index (dynes seclom®im®)
Ba o ecepior Semifvity [milsec! mmHG)
FReinde rval [millseconds |

Hearl mie jbeatsimin |

ARV SBP jmmHG)

ARV MAP [mmHG)

ARV DEP (mmHG)

et UF (Uhefilte tion | in litres

Difference between prescribed and adhewesd LF
K

Paicimnts on Dlysale = mperatune of <37°C

Wi dimn Frequency of MAP n Hertz (Hz)

iniial bachial SBP
Proportion of 20mmMg dnop n SBP ()

Proportion of <90mmig dojpin SBP ()

Max prremage drop in SBPF durng HD compared 1o

B

o 5%
54(52)

1648 [341)
120 A2)

132 45 (16.52)
B151{18.44)
aan (25 24)

423581879

162112
065 {0.30)

0425 [0.20)
£ 55 {B.20)
B45 57413223
7A1121373
408 {1.26)

2 406 (1.05)

2381 (1.61)
15820 550
0.4 {035
1257 0245
1571 4%)
0 ABES {0.18)

=188 % [19.7)

G.B1 [15.17)

076 (3.6)

11 8%
74 (64)

B85 & [ 20217
154.5 23 5)
14018 [(37.9)
7247 (1824)
GRAE (15 46)

SO1Be14. 76

252380 082
0.6 {0.A0)

0372 (0.%)
B .23 [154)
44 B0417781
BEAB17.8

5 65 [456)
2304 (331
24042 @ 085)

1 5621.07

0.4 {0.53)
12638 0.271
13{59.1%)
06126 [0 36)

=25 4l 2747)

1455 (12.77)

0814 {2.55)

o

oorz

0.15

05

oote
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0.1Et

0004

0004

000

0855

051

ooz
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ooz

0913
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HF growp- parfoipant with Wgher proporfon of high freguency extema pont (EP} W&P changes, LF gouwp- parfoipant with

Higherproposon of bw freg uso oy EF WAP chanpges.



LF gmup 0763 {045 0 B57 1035 0751 (0.4) 0EZI {025 0026
& HE group 0784 {0.37) 0 705 0.25) 0 B33 {0.41) 0E4d {0.35) ooe
pvakie 052 0 BE2 085 0772
LF gmup 0.4 164 (0,53 0 4402 {0:24) DT 0ad) 0447200 o4
E HF group 03803 (0,31 0 A8 (0.35) 04210 04Z) 02637 0E2) 002
pvakie 018 0437 0ETE 0473
LF gmup 77 06 {2057 TT.EE @2044) B2AS (1641} E203 [2018) 0468
& HE group B 21 [17.65) B2 (1563) BRS3(1556) 67 43 (226) 0564
pvakie 002 0 048 006 0013

HF growp- parfoipant with Wgher proporfon of high freguency extema pont (EP} W&P changes, LF gouwp- parfoipant with
Higherproposon of bw freg uso oy EF WAP chanpges.

MAR-Rsan afdern) preccure 0 mmHG: ORI Cardiac Power Index i wior. TRRE Ton! pesoheral recistinoe index in
dyrizs st oram: H-Heas Rae inbea sdmin

Medbn and inerguarik range JORlae repored ©r mon-parameric dak.

Tablke 4. Correlations between MAP vs CPland MAP vs TPRI-

Grougs Hour 1 Hour2 Hour 3 Hour 4
| %E LF group 0.50 0 .0:21) 043 0 053) 058 (0005) 074 (=00001)
B HF goup 0.53 001Z) 0,33 0.135) 027 (02486) 017 (047 1)
_ | LFgroup 0.09 0 BEF) 020 402 -0.04 0 AT 1) 0.5 [0.153)
- E EE HF goup L3 0 002) CLE0 0 00d) 058 (0005) 053 (001 4)

MAP: Leon arkefal pressue, P Candila o Power Index, TPRL To ! peripheral resis bnoe indes

HF growp- parfopant with higher proporfon of high freguency exkema poiaf (ER) WAP changes; LF growp - parfopans with
hgherproporfon of bw freg uen oy EP AP changes

Correlaton mefident §| values am provided with p-values o brocke &)



