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Cardiovascular Mortality in the General Population
and in Dialysis Patients
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A 30yr old on dialysis
has similar life

expectancy to 80yr old
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not on dialysis

Age (years)

Risk factor (early onset)

Intradialytic hypotension

Patient-related factors
* Being prone to IDH

* Increasing age

* Female sex

* Lower BMI

Treatment-related factors
¢ Lower IDWG

* Lower pre-SBP

¢ Lower UFR*

IDH strongly
associates with

mortality
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Intradialytic Cardiac Magnetic Resonance Imaging to
Assess Cardiovascular Responses in a Short-Term Trial

of Hemodiafiltration and Hemodialysis
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SENSORS IN HD MACHINE VS. PATIENT MONITORING
(lots!) (very little!)
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AIMS OF ITREND PROJECT:
Develop and evaluate technology to continuously monitor blood pressure during
dialysis and predict IDH
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An Analysis of Frequency of Continuous

iati i N BLOOD PRESSURE
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Assessed for eligibility
(n=79)

.| Not willing to participate or not eligible
| (n=29)
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Participants consented (n = 50)

Participants withdrew consent (n = 4)
Participants withdrawn by research team
(n=2)

Participants had minimum one
monitored session (n = 44)

| Excluded as the monitored session was
i after long interdialytic gap (n = 1)

A 4

Participants with atleast one monitored
dialysis session after short interdialytic
gap were included in analysis (n = 43)
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Fig. 1. Tllustration of identification of EPs (minima and maxima identified by arrows) on a 20-s trace of MAP
(labelled as BP) measurements. Once identified, frequency is calculated using the following formula f = 1/time
difference between 2 consecutive EPs. EPs, extreme points; MAP, mean arterial pressure; BP, blood pressure.
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Low frequency changes:
BP changes occuring

over three or more heart

P changes occuring
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Systolic blood pressure

= Continuous BP measurement %12:
during HD allows assessment of € 150
beat-to-beat BP variability £ 140

= BP frequency correlates with ey
NTpro-BNP

= Patterns of BP variability

(frequency and magnitude)
categorise patients according to
haemodynamic response to

dialysis

Low frequency (LF) group
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30 60 90 120 150 180 210 240
Time into dialysis, min

intradialytic haemodynamic parameters for the entire haemodialysis session

High frequency (HF) group

- le Itatl ons Of Flnapres Gullapudi VRL et al. Blood Purif, 2022; 51 (5): 435-449.



Improving on Finapres

* Finapres derives aortic

pressure wave by applying a

plethysmograph

Inflatable Cuff pressure needed to keep
— finger cuff arterial blood volume constant

mathematical model to
peripheral pulse wave form

% Control system

J

= Calibrated against brachial
blood pressure cuff

Continuous noninvasive

P 1 blood ent [\\/\\/\\/\\/\\
= Hypothesis: arterial pressure SRS

can be measured from
pressure wave in AV fistula



2 additional pressure sensors:
= 1 close to arterial needle in AVF
= 2 In venous bubble trap

Challenges:

1. Pressure wave form in
extracorporeal circuit
dominated by peristaltic
blood pump

2. Complex relationship
between A-line pressure and
brachial BP

| Venous air trap pressure sensor ‘

National Instruments
NI-USB-6210
Multifunction 1/O

L Venous pressure monitor
Air trap and air detector

Saline solution Clean blood
Fresh dialysate \
5 V4 v
< Patient
Used dialysate ___/
i BP cuff

Inflow pressure —
monitor /

Blood pump
Heparin pump Arterial pressure  Removed blood
(to prevent clotting) monitor for cleaning

Arterial line pressure sensor




Schematic of experimental setup

Arterial/Venous line sensors Venous line pump speed calculation
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Venous air trap
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Patient real-time
physiological data
repository

Control Computer v
* LabView | External real-time
* Matlab interface
* Simulink z

Pump control

- Systolic/Diastolic phase

* Stroke Volume

*  Pump frequency
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First clinical study: testing feasibility

= 11 patients
* 58.3% male, median age 65 (IQR 48-78)

* Finapres as well as arterial pressure monitoring during single
dialysis treatment

= Derived pump flow, arterial and venous line pressures, and brachial
cuff pressure measurements calculated/recorded with synchronous
time stamps

= Comparisons at each brachial BP reading against arterial line
pressure
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Arterial line pressure correlated with brachial BP

Uncorrected

Arterial Line Pressure (mmHg)
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Need for model to update with cuff BP measurements

Arterial/Venous line sensors Venous line pump speed calculation
“
l ‘.
DAQ Device in Sensor calibration and zero | Conversion to mmHg Data stream storage
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Cuff measurement Update estimator model? BP Continuous | _ B e
manual input Y/N estimator model . |
4
Display

Standalone app
checks

for unreliable cuff
measurement

&

BP Continuous
estimator model

Initial model updated to include last
brachial cuff measurement using Kalman
filtering



Second clinical study (DIAMONDS)

AimsS:

= obtain non-invasive continuous intradialytic blood pressure
recordings in a cohort of haemodialysis patients

= develop an algorithm for real-time prediction of intradialytic
hypotension

* Prospective observational study

* Prevalent HD patients, including those prone to IDH, studied over
three consecutive treatments

= Comparison of moving average (5-sec period) estimated BP
Immediately prior to systolic BP from cuff measurement



Participant characteristics

42 study sessions in 21 participants

Age (years) 71+11

Male [n (%0)] 12 (57)
Diabetes [n (%0)] 7 (33)
Cardiovascular disease [n (%)] 11 (52)
Dialysis vintage (months) 20.0 (IQR 12.5to 63.5)
Antihypertensive medication

Angiotensin converting enzyme inhibitors [n (%)] 3 (14)

Calcium channel blockers [n (%)] 3 (14)

Beta blockers 7 (33)
Fistula blood flow (QA) 598 (390 to 1096)
Vascular access type

Brachiocephalic arteriovenous fistula [n (%)] 10 (48)

Radiocephalic arteriovenous fistula [n (%0)] 10 (48)

Radio/brachiocephalic arteriovenous fistula [n (%)] 1(4)

Needle gauge
2x14qg [n (%)] 15 (71)
2x15g [n (%)] 6 (29)



Results: population

Scatter Plot of Brachial cuff BP (mmHg) by BP estimate
R2 Linear = 0.681

= 42 treatments, 525 data
comparison points

2000

150.0

Brachial cuff BP (mmHg)

= Good correlation between cuff BP
and BP estimator (r=0.83, p<0.001)
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u M e a n a b S O I u t e d iﬁe re n C e : Bland-Altman plot of cuff BP and real-time BP estimator
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example 1
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Individual treatment data: example 2
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Next steps: build wireless prototype

Wireless connection
between self-powered
pressure sensors on A
and V lines

———————————————————————————————————————————————————————————

A A
|
_____________________________ > ¢_____________________________: Wireless connection
between self-powered
_____________________________ > - blood pressure cuff

(bidirectional)

______________________________________________________________




Conclusions

= Demonstrated that real-time continuous
BP can be estimated using additional
pressure sensors in the dialysis circuit,
and without additional sensors on patient

= Case studies of benefit with earlier
detection of IDH

= Foundation for individualised, real-time

pred |Ct| on Of I D H nicholas.selby@nottingham.ac.uk
www.nottingham.ac.uk/research/groups/renal
Next steps: develop hardware s

validate prediction model
test targeted interventions for IDH
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