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Overview

* What are we trying to achieve?
* What does bioimpedance tell us?
 (Can we use bioimpedance to improve management?



What is sufficient control of volume status?

Avoidance of fluid-
overload related
deaths

Blood pressure

LVH
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Effect on all-cause mortality (RR)

Doe

in LVM translate into survival benefit?
Meta-analysis 32 trials, 5044 participants

Number of - Number of

o = Intervention Control trials participants  Events
All-cause mortality
ah High Ho target Low Hb target 7 1994 102
. RAAS inhibitor Placebofstandard treatment 5 409 18
RAAS inhibitor Anather BP lowering medication 2 292 9
A C Oﬂ'elaﬂ on = 0.28 Convective HD Diffusive HD 3 802 276
Frequent HD Three times/week HD 3 383 18
95% Credible interval = [ -0.13 3 0.59 ] Fluid management on HD  No utrafitration/dry weight management 2 185 7
oy L Low BP Usual BP 1 75 2
Growth hormone Placebo 2 168 13
Brachio-basilic AVF Brachio-antecubital AVG 1 27 1
N - HD plus HP HD 1 100 20
Early dialysis start Late dialysis start 1 182 3
Nurse-led care Usual care 1 65 2
I e e e Allopurinol Placebo 1 67 1
Individually cooled dialysate 37 degree C dialysate 1 73 3
. Levocarnitine No treatment 1 222 12
c —
| | | | I
-2 -1 0 1 2

Effect on LVM (standardized mean difference))

ESA, 7 trials n=1994
RAAS, 7 trials n=701

Volume interventions (pooled by intervention
type), no significant effect

Badve S, Am J Kid Dis, 2016
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Relative

Risk (95% C))

088 (048, 151)
066 (025, 1.74)
085 (0.24, 2.98)
0.94(0.78, 1.13)
080(0.28,2.24)
065 (0.15, 2.84)
083 (0.05, 12.78)
0.77(0.26, 2.24)
041 (0.02, 9.25)
041(0.17,1.00)
200(0.18, 2167)
485(0.24,97.31)
036 (0.02,852)
2.06(0.20, 21.69)
073(0.24,2.22)



Effect of lowering blood pressure on cardiovascular events and
mortality in patients on dialysis: a systematic review and meta-
analysis of randomised controlled trials

Hiddo J Lambers Heerspink?:°, Toshiharu Ninomiya?, Sophia Zoungas?-9, Dick de Zeeuw®,
Diederick E Grobbee? ¢, Meg J Jardine?, Martin Gallagher®, Matthew A Roberts®:f Alan
Cass?, Bruce Neal@, and Vlado Perkovic@:

MNumbers of events/patients Risk ratio Risk ratio
(95% CI) (95% CI1)

Active treatrment Control

All-cause mortality : I . .
Li et al (2003) 3/30 2/30 ; 140 (030-6-55) n te rV e n t I O n .
Takahashi et al (2006)** 043 FI37 H 0-06 (0-00-0-97)
Tepel et al (2008)% 15/123 20/128 — i1 0-72 (0-39-1-30)
Cice et al {2003)** 30/58 41/56 + 0-71 (0-53-0-95) B P
Suzuki et al (2008)™ 25/183 38/M183 —-— 0-66 (0-41-1-04)
Makao et al (2007 MR MR . . .
Zanmnad et al (2006)™ 82/196 49/201 —-—— 1-09 (0-78-1-52) m ed I C atl O n -
Cice et al (2006)8 88151 111/152 —-— 0-80 (0-68-0-94)
Owverall 213/784 268/787 —_— 0-B0 (0-66-0-96) .
Test for heterogeneity: F=30.0%, Q=8-57, p=0-20 n O t f I u I d
Cardiovascular mortality E
Li et al (2003)" 2/30 2/30 1.00 (0-15-6-64) r e m O V al
Takahashi et al (2006)** MR MR .-
Tepel et al (2008)% MR MR ' "
Cice et al (2003)™ 17/58 38/56 —- 0-43 (0-28-0-67)
Suzuki et al (2008)™ 12/183 20/183 - 0-60 (0-30-1-19)
Makao et al (2007 )2 MR MR .
Zannad et al (2006)* 3I1/196 30/201 — 1-05 (0-67-1-68)
Cice et al (2006)8 59/151 75/152 i 0-80 (0-61-1-02)
Owerall 121/618 165/622 —_— 071 (0-50-0-99)
Test for heter ity: F=54. =8

mmdn e Con Lo , The Lancet,

0-3 o5 1.0 240

Fanvounrs actinee Fanvounrs
treatrment control



What is best control of volume status?

* Does all these things (survival, BP, LVH), plus
* Helps to manage symptoms (breathlessness, oedema)
 Without compromising residual kidney function



SCIENTIFIC REP{%}RTS

Bioimpedance-defined
overhydration predicts survival in
end stage kidney failure (ESKF):

RS systematic review and subgroup
meta-analysis

Published online: 13 March 2018
Matthew Tabinor({®, Emma Elphick, Michael Dudson, Chun Shing Kwok(, Mark Lambie &

Simon J. Davies



ESRF COHORTS

Co-morbidity matrix for covariates included in multivariate analyses

Author(s) Year  MVAType Mortality Censorc Age  Ethn  Gen  BMI  Modalit Vintage Hospita DM CVD  Comorb Chol -6 HIV  CKD NHYA HF  BP  LVEF AyEChcBNP  Trop HbA  Ktv/Cr Alb  Phos D/PCr NonBIA RRF  Prev/Ac BIA Marker
Abad 2011 | cox analysis N [ ] [ ] [ ] PA

Avram 2006 | coxanalysis |89 N [ ] PA
Avram/Fein 2010 Jcoxanalysis 21 Y [ ] [ ] [ ]

Beberashvili 2014 Jcoxanalysis |38 N [ ] [ ] 1 | PA
Beberashvili 2014 |coxanalysis |64 Y [ ] [ ] [ ] PA
Caetano 2016 | Cox analysis |66 Y OH Index
Chazot 2012 | coxanalysis  Junclear |y -. [ ] [ ] OH Index
Chen 2007 | coxanalysis |58 Y [ ] [ ] ECW Ratio
de Araujo 2013 |coxanalysis 13 Y [ ] [ ] PA + ECW Ratio
Di lorio 2004 | coxanalysis |75 N [ ] PA

Fein 2002 | insufficient data ] 4 N/A PA

Fiedler 2009 | cox analysis Y [ ] [ ] [ ] PA
Guo/Guo 2015 | Cox analysis Y - - - - ECW/TBW
Hoppe 2015 |MLR N [ ] OH Index
Jim 2015 | Cox analysis Y [ ] [ ] OH Index
Koh 2011 | Cox analysis N [ ] [ ] [ ] PA
Maggiore 1996 | Cox analysis N PA
[Mathew 2015 | MLR Y [ ] OH Index
0O'Lone 2014 | cox analysis N 1 | [ ] [ ] [ ] ECW Ratio + OH Index
Onofriescu 2014 | cox analysis Y 1 | [ ] 1 | OH Index
Onofriescu 2015 | cox analysis Y [ ] [ ] 1 | OH Index
Paniagua 2010 | cox analysis N [ ] [ ] [ ] ECW/TBW
Paudel 2015 | Cox analysis N OH Index
pillon/Chertow | 2004 Junclear MvA Y [ ] [ ] [ ] BIVA / PA
Pupim 2004 | cox analysis Y [ ] PA

Rhee 2015 | cox analysis N [ ] [ ] ECW/TBW
Segall/Segall | 2014 ] Cox analysis N [ ] [ ] [ ] [ ] PA
Siriopol/Siriopol | 2015 | Cox analysis Y [ ] [ ] [ | ] [ ] OH Index
Wizemann 2009 | cox analysis Y [ ] [ ] 1 | [ ] | 1 ] OH Index
HF COHORTS Co-morbidity matrix for covariates included in multivariate analyses

Paper number  Year  MVAType Endpoint Censor Age  Ethn  Gen  BMI  Modalit Vintage Hospita DM CVD  Comorb Chol 16 HIV  CKD  NHYA HF  BP  LVEF  Alt/EchcBNP  Trop HbA  Ktv/Cr Alb  Phos D/PCr NonBIA RRF  Prev/Ac BIA Marker
Castilo-Martinez | 2007 Jn/a N/A N/A

Colin-Ramirez [2012 Jcoxanalysis  J66 N PA

Doesch 2010 [ /A 8 N/A PA
Sakaguchi 2015 | coxanalysis 37 N ECW Ratio

Multivariate analyses matrix for covariates included in patient cohorts

28 out of 29 cohorts had multivariate analyses, with adjustment for age (86%), gender (72%), diabetes

mellitus (69%), dialysis vintage (59%), albumin (51%), nutritional markers (31%), dialysis adequacy (31%)
and inflammation (CRP/IL6 — 24%)).

In cohorts with a MVA, 26 demonstrated BlIA-defined overhydration independently predicted mortality.



Hazard Ratio
Study or Subgroup  Weight IV, Random, 95% CI

Hazard Ratio
IV, Random, 95% ClI

3.1.1 Phase Angle (PA) - For every 1 degree decrease in PA
Beherashwilli 2014a 4.2 6% 1.64[1.42, 1.90]

Belbherashwilli 2014k 20.2% 1.22 [0.96, 1.85]

Foh 2011 27.2% 256 [1.76, 2.72]

Subtotal (95% CI) 100.0% 1.74 [1.29, 2.34]

Heterogeneity, Tau® = 0.05: Chi* = 6.98, df = 2 (P = 0.032); I = 71%
Test for overall effect; 2 = 2.62 (P = 0.0003)

3.1.2 Overhydration Index - cut off of OH >15%

Caetano 2016 23.6% 2.22[1.20, 3.80]
Jim 2015 10.7% 2.58[1.16, 5.74]
Onofriescu 2015 25 8% 1.87[1.12, 3.13]
Wizemann 2009 39.9% 2.10[1.39, 5.18]

Subtotal (95% CI) 100.0% 2.11 [1.63, 2.74]
Heterogeneity, Tau® = 0.00: Chi* = 0.49, df = 3 (P = 0.92) I? = 0%
Test for overall effect; £ = 5. 60 (P < 0.00001)
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Cumulative chronic fluid
overload and BP in 39,566 HD
patients from 26 countries

1 year cumulative systolic BP-based

analysis
HE Tor Movisty 1 year cumulative FO-based analysis
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Fluid overload and inflammation
in 8883 European HD patients
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Zocalli et al, JASN, 2017

Dekker et al, KI, 2017



Body composition in chronic undernutrition

NUTRITIONAL COMPROMISE
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Hypoalbuminaemia and
Overhydration in PD patients
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Biju J., cJASN, 2010



Multiple frequency bioimpedance devices to guide
fluid management in people with chronic kidney
dlsease haVIHg d|a|y5|s* NIC National Institute for

Health and Care Excellence

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Tota Weight IV, Random, 95% CI IV, Random, 95% CI
Huan-Sheng 2016 136 23 148 136 22 1580 20.6% 0.00[5.11, 5.11]
Hur 2013 120 19 64 125 19 62 129% -5.00 [-11.64, 1.64]
Luo 2011 132,89 1847 T8 13907 224 82 134% -6.08 [12.57, 0.41] =
Onofriescu 2012 1354 178 7 1428 13 B4 198% -7.40[1262 -2.18] =
Onofriescu 2014 1389 147 62 1405 11.4 69  252% -1.60 [-6.14, 2.94] — 1
Fonce 2014 1346 3113 101 1365 2816 a8 8.2% -1.90 [-10.35, 6.59]
Total {95% CI) 524 515 100.0% -3.48 [-5.96, -1.00] —~oaliiine--
Heterogeneity: Tau®= 0.97; Chi*= 855, df = 5 (F = 0.25); 7= 10% t t t

-10 -5 0 5 10

Test for overall effect 2= 2.75 (P = 0.006) Favours [experimental]  Favours [control]

Figure 6 Meta-analysis for systolic blood pressure

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Huan-Sheng 2016 -0.1625189 05525749 39.4% 0.851[0.29, 2.51]
Onofriescu 2014 -2.189286  1.067128 19.4% 0.11[0.01, 0.91] =
Fonce 2014 02829804 05204165 41.2% 1.33[0.48, 3.69]
Total (95% CI) 100.0% 0.69[0.23, 2.08]

it 2— - ChiE= = = e } } | } }
Heterogeneity: Tau*= 0.50; Chi*= 434 df =2 (P=0.11); I*= 54% 002 01 i 10 20

Test for averall effect: Z=0.66 F = 0.51) Favours [experimental] Favours [control

Figure 8 Meta-analysis for mortality



http://www.kidney-international.org clinical trial

ciety of Nephrology

Longitudinal bioimpedance vector plots add little
value to fluid management of peritoneal dialysis
patients

Does Bl monitoring add value?
ClinicalTrials.gov NO: NCT00801112
Vector plots to show direction of change — NOT
target driven
4 nested studies in an overarching RCT using a
PROBE design
308 patients
Follow-up 1 year — primary endpoint calculated
fluid status from Bl
Tan, BK, Yu Z, et al. KI 2015



1: Data Entry

Visit number 7

7

Date 7

28/12/2011

Systolic BP (mmHg) 7

135

Diastolic BP (mmHg) 7

77

Target weight (kg) 7

51

Clinical weight (kg) 7

51

Clin. examination:

Raised JVP? 7

Chest crackles? 7

Oedema? 7

Bioimpedance data:

Resistance,R (ohm) 7

Reactance,Xc (ohm) 7

New Target weight (kg) 7

4. Record interventions

Do you need to intervene to achieve target weight?
If the patient is overhydrated,

what are the new intervention(s) used to optimize fluid status?
Reduce fluid intake 2-Yes

Start diuretics/increase dose

Use 'stronger PD solution 2-Yes

Start Icodextrin

Clinical decision 7

2: Serial Plot Bl Data (not done in controls)

(Height)? /Reactance (m?/Ohm) - increasing tissue oedema

BP7

Fluid status by clin.exam j}

3-Not done Others (enter text)
3-Not done
1-No If the patient is underhydrated, 500
what are the new intervention(s) used to optimize fluid status? (450
400
517.7|Increase fluid intake 350
56.2|5top diuretics/decrease dose 300
Use 'weaker' PD solution 250
Stop Icodextrin
200
Others (enter text)
50' 150
TARGET WEIGHT DECREASED 180
. 50
1-Optimum " - e
- 3: Combine Bl Data with Clinical to
1-Optimum 0
2-Overhydrated inform decision

Fluid status by BIA 7

] Study end

| Visit7 ——

| Study start
0 10 20 30 40

50

(Height)? /Resistance (m’/Ohm) — increasing total body water




UK Centres (3 sites)
Pool of eligible patients = 217

Screened = 202; 29 declined; 24 failed criteria*

Fulfilled criteria and
agreed to
randomization

Chinese Centre (Shanghai)
Pool of eligible patients = 319

Screened = 173; 8 declined; 7 failed criteriat

Fulfilled criteria and
agreed to
randomization

N=149 N=159
4 ) 4 1 h 4
Non-anuric Anuric Non-anuric Anuric
N=131 N=84 N=75
v
Randomization 1:1 Randomization 1:1 Randomization 1:1 Randomization 1:1
L L 2 2 v 2 v v
Active Control Active Control Active Control Active Control
Total =58 Total =73 Total =11 Total =7 Total =42 Total = 42 Total =38 Total =37
Completed Completed Completed Completed Completed Completed Completed Completed
Follow-up = 40 Follow-up =54 Follow-up = 5 Follow-up =1 Follow-up = 39 Follow-up = 36 Follow-up = 29 Follow-up =25
Transfer to Transfer to Transfer to Transfer to Transfer to Transfer to Transfer to Transfer to
HD=7 HD =6 HD=0 HD=1 HD =2 HD=1 HD =4 HD=3
Transplant =6 Transplant = 5 Transplant =1 Transplant =5 Transplant =0 Transplant = 0 Transplant =3 Transplant = 1
Died =4 Died=4 Died =4 Died =0 Died =0 Died =1 Died =2 Died =6
Lost to follow Lost to follow Lost to follow Lost to follow Lost to follow Lost to follow Lost to follow Lost to follow
up =1 up=4 up =1 up=0 up=1 up =4 up=0 up=2




Target Actual
Weight Weight

TBW

ECW

ECW/TBW

0.001

Target Actual
Weight Weight

0.05

TBW

ECW

Ll

e 1

ECW/TBW

i
[
n

L

UK — NON-ANURIC PATIENTS
n=131

CONTROLS - stable
INTERVENTION - target weight
reduced, no change in ECW or
ECW/RATIO, relative
preservation of urine volume

SHANGHAI — NON-ANURIC
PATIENTS n=84

BOTH GROUPS — NO CHANGE



Target Actual
Weight  Weight TBW ECW  ECW/TBW
30 A
20 A
0,013
10 - T
DD-‘ﬂJ'-]—‘|I T 1 |¥_I—||
_1|:| -
20 - 1
_3|:| -
0.001
-4.0 -
H?/Reactance (m?/Q)
700 -
12 months
600 - J .
o < haseline
oy
500 - ¢

400 -

300 -

200 -

100 -

0

H?/Resistance (m?/Q)

SHANGHAI - ANURIC
PATIENTS n=75

CONTROLS - Fluid status
worsened with an increase in the
phase angle, drop in TBW without
a concomitant change in
ECW/TBW ratio

INTERVENTION - Fluid status
stable, with a stable Bl vector.
This was associated with an
increase in the glucose
prescription



TBW

(Litres)

ECW/
TBW

(%0)

34

32

30

28

26

54

50
48
46
44
42

Change from baseline
All patients, data adjusted for age, comorbidity, gender and clinic visit

S — 4*

CONTROLS

Bl Intervention

BASELINE 12 MONTHS

]

i

BASELINE 12 MONTHS

NON-ANURIC

34

32

30

28

26

54
52
50
48
46
a4
42

[ —

*<0.01
BASELINE 12 MONTHS + < Q.05

1

BASELINE 12 MONTHS

ANURIC



COMPASS Trial

e RCT 137 subjects (non-anuric, urine volume >500 ml/day)

* Multi-centre, Open design

* Endpoint RKF decline

* Clinical information v BIS guided (BCM OH index. ECW/TBW)
* Target — within 1 L of the ‘dry’ weight, i.e. -1 to +1 L OH index.
e Control group BIS measure start and end of study

e Active group — 2 monthly

Oh, K-H et al, PDI, 2018
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In both groups, <50% of subjects were within the target range (-1 to +1 L at the

start and end of the study

Oh, K-H et al, PDI, 2018



OH/ECW (%)
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B BIS OControl

INTERVENTIONS

Mostly dietary (same in both groups)

Most were prescribed diuretics (70%)

Slightly more likely to increase or reduce diuretics in the BIS group
No substantive changes in the dialysis prescription

Oh, K-H et al, PDI, 2018



What are my conclusions?

* No established strategy to reduce excess volume associated mortality

* BIA adds new information, confirms overhydration is a strong indicator of
worse outcomes, but also reflects several aspects of ill-health (muscle
wasting, malnutrition, inflammation, comorbidity, hypoalbuminaemia): this
suggests a ‘risk-stratification approach’ will be needed

* In non-anuric PD patients volume is stable — so maybe don’t rock the boat

* Anuria exacerbates this picture; longitudinal studies suggest this is mainly
through progressive muscle wasting

* BIA directed/observed interventions can reduce BP, LVH — does this
translate into patient benefit? Medication also important.

e Assessing and managing volume status is a complex intervention: we still
need to understand more about how this is best achieved
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