Peritoneal dialysis: Current limitations and future prospects
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Annual Increase in Predicted Deaths due to CKD 1990 - 2040

Adult CKD:
850 million, ~10% of Europeans

Pediatric CKD2-5:
2 million (out of 2 billion)
~T1DM and 10x Cystic fibrosis

Annual change in
deaths due to CKD (%)

2 3 4

Francis et al, Nat Rev Neph 2024

= Dialysis accounts for 1-2% of national healthcare budgets in Europe
= In 2030 ESKD will be the fifth leading cause of death



Peritoneal dialysis meets critical needs

* Home-based PD with better health-related quality of life
« Clinical outcomes and early survival superior to HD

* PD requires low number of health care professionals per patient
(addresses work force crisis!)

* Lower costs

=> PD suited to cope with the increasing dialysis need



Resource-poor regions: Doctors per 1,000 population (WHO 2022)

https://ourworldindata.org/grapher/physicians-per-1000-people
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Addressing the crisis in paediatric dialysis: a
call for urgent action

Rukshana Shroff°& | Johan Vande Walle ®, Bruno Ranchin €, Claus Peter Schmitt @
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European Union's Medical Devices Regulation (2017/745) pediatric PD catheters



PD - first choice dialysis, but unmet needs!

No “intensified PD” option as in HD (>15 hours HD/week)
Deterioration of long term PD membrane function
Peritoneal infections

NaCl and fluid overload
(except for polyuric and formula fed children)

Phosphate overload
=> CKD-MBD
=>CVD
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Peritoneal Membrane Transformation with Chronic PD (low GDP PDF)

Healthy peritoneum

Vessels Vessels Lymphatics Nerves
(CD31) (AQP1) (Podoplanin) (S 100)
= . o Blood vessel density

Lymphatic vessel density

Vasculopathy

Inflammatory cells

Peritoneum in PD

EMT
-
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Driving force: dialysate glucose (1500-4200 mg/dl)

Bartosova M & Schmitt CP, Front in Physiol 2019
Schaefer B et al, Kidney Int 2018 Schaefer B et al. Sci Rep. 2016



Reasons for PD Discontinuation

(other than transplantation, death, & loss of follow-up; n=323)

Renal
Family Rec%very; |
Wish; 6% 8% Infection;

! 31%

Other
Technical
Problems;
24%
4867 PD patients in IPPN,
3200 terminated
Tx: 65%
Death: 9%
Loss to f/u & others 15 %,
_ UF Failure; Rest: 11%
Adhesions;

21%
10%

International Pediatric Peritoneal Dialysis Network



Peritonitis Rate in IPPN registry (2007-2024)

2538 peritonitis episodes
in 1301 patients
(incl. 187 relapses)
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International Pediatric Peritoneal Dialysis Network
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Guideline Impact in PD Peritonitis

Full functional recovery

UF failure

Adhesions

Uncontrolled infection
Secondary fungal peritonitis

Permanent treatment failure

Guideline concordant
treatment (78%)

1377 (84%)
67 (4%)
14 (1%)
32 (2%)
9 (0.5%)
128 (8%)
8 (0.5%)

Guideline discordant
treatment (22%)

332 (72%) <0.0001
27 (6%) 0.107
5 (1%) 0.648
18 (4%) 0.01
7 (1.5%) 0.03

67 (14.5%) <0.0001
5 (1%) 0.150

International Pediatric Peritoneal Dialysis Network



Body Sodium Overload and Consequences in Dialysis Patients

Na* dependent hypertension

@ Systemic inflammation, monocyte macrophage activation

4 Direct endothelial toxicity

Osmotically active Na* =——> Fluid overload =2 Hypertension

Tissue Na*

Bone Na*

Skin Gut

Paglialonga F, Schmitt CP. Ped Neph 2023



IPPN: Hypertension/uncontrolled hypertension in 37 % of children on PD (without icodextrin)

Early-Start vs. Late-Start Icodextrin for Children Receiving -
Chronic Peritoneal Dialysis: Findings from the International CJ AS N
Pediatric Peritoneal Dialysis Network

Chwical dnavwd of the Arsericen Socwty of Nepbrelogy

International Pediatric Peritoneal % Early-start icodextrin vs. matched glucose-users
Dialysis Network Registry (IPPN)

- Exposure:
[rﬁ"‘ :a Icodextrin - users (n=724) median
= age 10 years IQR" [4 -14]
Glucose - users (n=2849) median
AgY P Xee R e = 19 n Late-start lcodextrin vs. matched glucose-users
O Exposure: Early-start icodextrin L <2 ' s * asidy
Qe

(LR E L RCR AL More uncontrolled hypertension (38% vs 20%; P<0.001)
late-start icodextrin start (>1 year)

el e Significantly increased risk of technique failure/death
Outcome: Hypertension (HR 5.16, 95% CI 1.57 to 17.0, P=0.007)

Outcomes: Residual Kidney Function
g (RKF), Combined technique

Significant decline in diastolic BP (mmHg) (B= -1.31, P<0.001)

Slower decline in RKF (ml/m?/day) (8= 0.11, P=0.002)

failure/death
* PO=P Glalis IOR nge

Conclusions: icodextrin use improves ultrafiltration, but only earfy Rukshana Shrolf, Privanks Khandetwsl, Dagmarns BorzychDuzaka el al,
compared 1o delayed intiation conforrod a 5-401d higher keihood of [kt iy Ssemie msumpbbia el LAy e serd
techniqua sunival, batter blood pressure control and presacvation of AKF RO S BT R 2 LeN b e <ta

VA by Srikanth Bathini MD, DM

International Pediatric Peritoneal Dialysis Network



Better UF, diastolic RR and preservation of RKF with early Icodextrin use
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> Perit Dial Int. 2021 Feb 10;896860820982218. doi: 10.1177/0896860820982218.
Online ahead of print.

Global use of Icodextrin in Pediatric PD

ISPD recommendations for the evaluation of
peritoneal membrane dysfunction in adults:
Classification, measurement, interpretation and
rationale for intervention

Johann Morelle ', Joanna Stachowska-Pietka 2, Carl Oberg 2, Liliana Gadola *, Vincenzo La Milia 5,
Zanzhe Yu ®, Mark Lambie 7, Rajnish Mehrotra &, Javier de Arteaga *, Simon Davies 7

Guideline 2b: Clinical implications and mitigation of fast
solute transfer: A faster PSTR is associated with lower
survival on PD. (GRADE 1A) This risk is in part due to the
lower ultrafiltration (UF) and increased net fluid
reabsorption that occurs when the PSTR is above the
average value. The resulting lower net UF can be avoided J
by shortening glucose-based exchanges, using a
polyglucose solution (icodextrin), and/or prescribing

Proportion of patients prescribed Icodextrin

higher glucose concentrations. (GRADE 1A) Compared to

glucose, use of icodextrin can translate into improved _
fluid status and fewer episodes of fluid overload. 0% 20% 40% 60% 80%
(GRADE 1A)

International Pediatric Peritoneal Dialysis Network



CKD-MBD in Pediatric Dialysis: Key Performance Indicator Serum Phosphate
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Composite Key Performance Indicator — Serum Ca, Phos and PTH

IPDN
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We have to do better!

— Understand the peritoneum
= Optimize peritoneal transport function
—> Limit PD associated risks




Factors affecting Peritoneal Membrane Function in PD

y (/ mwmz)
8

]
N
=}

Py
<)

Peritoneal microvessel density (=perfusion; independently predicts
solute transport; reduced in critical AKI, increases early with low GDP-PD) G e 5 s or o5 o1 o5 o5 o7
Peritoneal fibrosis (reduces PD efficiency) P o

Microvessel density (/mm?2)
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LR Analysis 2 hours DiP creatinine.

Hereditary factors

Peritoneal transporter function

Schaefer B et al Kidney Int., 2018

Peritoneal surface in contact with PD fluid
(30-60%, depending on dwell volume)

Intraperitoneal pressure



Interstitium Capillary

f Ultrasmall pores
‘ ) (AQP1 channels)

Bt

Fluid reabsorption into:

- e Na*
——
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reabsorption »
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- interstitial space
- lymphatics / capillaries
(1.2 ml/min)

AN

>

Large pores

Mesothelial layer PD fluid

Selective water transport with glucose induced osmotic pressure
= Na*sieving
= 40-50% of UF

Solute (Na*) and water transport with glucose and
icodextrin-induced osmotic pressure and hydrostatic
pressure

=> Diffusion and UF associated convection

=>99% of solute removal

=>50-60% of total UF

Large molecule transfer, protein leakage

Paglialonga F, Schmitt CP, Ped Neph, 2023



> N EnglJ Med. 2021 Oct 21;385(17):1570-1580. doi: 10.1056/NEJMoa2034279.

AQPi1Promoter Variant, Water Transport, and
Outcomes in Peritoneal Dialysis
Johann Morelle T, Céline Marechal 1, Zanzhe Yu ', Huguette Debaix !, Tanguy Corre 7,

Mark Lambie ', Marion Verduijn 1, Friedo Dekker ', Philippe Bovy ', Pieter Evenepoel !,
Bert Bammens |, Rafael Selgas 1 Maria A Bajo T Annemieke M Coester |, Amadou Sow ',

Nicolas Hautem ', Dirk G Struijk 1, Raymond T Krediet 1, Jean-Luc Balligand ', Eric Goffin 7,

Ralph Crott ', Pierre Ripache 1, Simon Davies ', Olivier Devuyst !

A common variant in AQP1 associated with decreased UF and
increased risk of death or technique failure

Carriers of the TT genotype at rs2075574 (10 to 16% of patients) had lower UF than
carriers of the CC genotype (35 to 47% of patients):

- 506+237 ml vs. 626+283 ml (discovery phase; P = 0.007)

- 368+603 ml vs. 563641 ml (validation phase; P = 0.003)

TT carriers had:
- a higher risk of death/technique failure than CC carriers
- a higher risk of death from any cause (24% vs. 15%, P = 0.03).

A Risk of Compaesite Outcome According to AQP1

Curmnulative Incidence of Death
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Genetic Variation and Ultrafiltration with Peritoneal J AS N
Dialysis (PD): A Genome-Wide Association Study

Journal of the American Society of Nephrology
Basic Research

2723 participants in the o In single nucleotide variant (SNV)-wise multi-ancestry GWAS using
international Bio-PD study 4 TRACTOR e, one SNV reached g ide significance in

ﬁ!ﬂ participants with European local ancestry (rs72631501, CRK intron,
CA

p=2.6x10%) and one in participants with South Asian local ancestry

Peritoneal equilibration test L
~ (rs1416265, intergenic, p=4.2x10%)

(PET)
e} Q Median 61 days [IQR 31-118]
ﬁ@ from PD initiation

Median 4-hour ultrafiltration

volume 250 mL [IQR 25-465]

G i I h d significant association of 21 genes at false
discovery rates (FDRs) <0.05 in Europeans, notably SLC24A3 (FDR=0.0003),
CRK (FDR=0.04), and MYO1C, TOMM6, and PTGES (FDR=0.05). SLC24A3
remained significant (FDR=0.02) in meta-analysis of the four ancestry strata.
Using scRNAseq, PTGES localized in peritoneal adipocytes

G ide and g
studies for ultrafiltration

_‘Z_,' 2 Adjusted for peritoneal solute
S transfer rate (PSTR)
. In a mouse PD model, phar logical julation of the PTGES gene
Hleritfability of peritoneal Itered dialysate prostagl. E2 (PGEZ) levels with changes in
ultrafiltration
adipocyte volume, peritoneal small solute transfer rate, and
estimated to be 50% Bocy? o Bex
6° p=0.001 ultrafiltration volume

Conclusions: Common genetic variants accounted for a substantial proportion of the IandBUEta'n;i'wa'y Ines;' ’F;’ D. Cosla Slmon J. Dawes etal. Gene!lc Variation
variability in peritoneal ultrafiltration with potential associations with 21 genes, including [ rafiltration wi
PTGES and SLC24A3. Functional studies substantiated a potential role for E?"d!;w‘gi\:i"é D%CQEWB‘/ASN 0000000803 Visual Abstract by Michelle
PTGES/PGE2 in regulating peritoneal ultrafiltration. o}y g

Hereditary of highly variable UF: 50%
SLC24A3: Transport of inorganic cations/anions and amino acids/oligopeptides
Prostaglandin E2 synthase
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Vascular Claudin-2 abundance predicts peritoneal small solute transport
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Multivariable Analysis

D/P creatinine

Coeff. (95% CI) p-value
Microvessel density (/ mm?) 0.000 (-0.001, 0.001) 0.413
Age (years) -0.007 (-0.018, 0.004) 0.218
Arteriolar CLDN2 (% pos. area) 0.006 (-0.001, 0.013) 0.086

Multivariable Analysis

D/D, glucose

Coeff. (95% CI) p-value
Microvessel density (/ mm?) 0.000 (-0.001, 0.001) 0.664
Age (years) 0.004 (-0.011, 0.018) 0.600
Arteriolar CLDN2 (% pos. area) -0.010 (-0.018, -0.001) 0.036

Levai E et al., Sci Rep 2023



Ried! Khursigara et al

Table |. Current Evidence and Ongoing Trials With SGLT-2 Inhibitors in Peritoneal Dialysis in Humans.

Study Design Participants Intervention Primary outcome
Hamdan et al® Prospective Prevalent PD patients Dapaglifiozin 10 mg daity Changes in PET
interventional cohort (N = 20) for 30 days parameters
study (pre-post)
PRESERVE Prospective PD patients (N = 10) Dapaglifiozin 10 mg daily D4/D0 ratio
(MNCTO5250752) interventional cohort for 3 days
study (pre-post)
EMPA-PD Crossover randomized  PD patients with residual Empagliflozin 25 mg Total glucose absorption

(NCTOS671991)

EMPOWERED?
(RCTs051230081)

CANARY
(NCTO5715814)

RENAL LIFECYCLE
(NCT05374291)

study®

Crossover randomized
study

Single-arm, open-label
study

Randomized controlled
trial

urine output =400 mL24

h (N = 30)

PD patients with heart
failure (N = 36)

PD patients with residual
renal function®

PD patients with residual

urine output =500 mL24

h (N = 100)

(single dose) or
placebo
Empagliflozin 10 mg or
placebo for 8 weeks
Empagliflozin 25 mg daily
for 2 weeks
Dapaglifiozin 10 mg daily
or placebo

Change in daily UF
volume from baseline
Change in measured GFR

from baseline
Mortality or heart failure
hospitalization

Mote. SGLT-2 = sodium-glucose co-transporter 2; PD' = peritoneal dialysis; M = number of participants; PET = peritoneal equilibration test;
D4/D0 = ratio of 4 hours to 0 hours dialysate glucose; UF = uktrafiltration; GFR = glomerular filtration rate.
“This study will be followed by an open-label extension phase with empagliflozin 10 mg once daily for 8 weeks for all participants.
*Defined as a urine output of at least 250 mL/24 b and a measured glomerular filtration rate of at least 2 mL/min/1.73 m®.
*Substudy of the main trial {which will include participants with an estimated GFR. = 25 mLUimin/1.73 m*).



Molecular mechanisms of peritoneal phosphate transport

Mesothelial / endothelial cells
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Apical
Compartment

S, Mesothelial cells - Inhibition of mesothelial P transport
a barrier to P transport

Zhiwei Du
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Nanoparticles increase phosphate transport across mesothelial/endothelial co-barrier

HEIDELBERG
UNIVERSITY
HOSPITAL

Le; Hépitqu,\'
MeT5A MeT5A + HUVEC Universitaires

de STRASBOURG

1mM Phosphate in apical side
Co-culture - 8h&24h

Nanoparticles

1mM Phosphate in apical side

Il Control
MeT5A - 8h&24h vs. control .
—_ Nanoparticles = EE 100ug/ml
& 150 =
H mm 100ug/ml £ B 500ug/ml
£ 140 S
5 B 500ug/ml £ m 1mg/ml
© 130 =
g m 1mg/ml g 2mg/ml
E 120 B 2mg/ml b 3mg/ml
£ 110 = 3mg/ml b
E 100 .::%
g o
E 20 s
e ®
g 8o 2
e 70 |
]
2 60
8h 24h ;
sh 24h All medium LDH < 30(U/L)

Du Z, Zalosczyc A et al in prep.


https://icpees.unistra.fr/

Human data
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The mesothelium — an ignored barrier to solute transport
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Fig 3 Single 20-1 molecules are more abundant and custered in the cell membrane of
mesothelal cells then endothelial cells
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Factors affecting Peritoneal Membrane Function in PD

v Peritoneal microvessel density (=perfusion; independently predicts
solute transport; reduced in critical AKIl, increases early with low GDP-PD)

Peritoneal fibrosis (reduces PD efficiency)
v' Hereditary factors
v Peritoneal transporter function

. Peritoneal surface in contact with PD fluid
(30-60%, depending on dwell volume)

. Intraperitoneal pressure



Optimize Dwell Volume by Intraperitoneal Pressure Measurement (IPPM)

. Individual, optimized recruitment of peritoneal surface area (transporters)
in growing children

. Low pressure: - suboptimal clearance/UF
High pressure: - back filtration (UF loss, toxin reabsorption)
- risk of hernia and leaks, GER
- dyspneae / | ventilation (in AKI)

. Patients do not estimate IPP correctly, facts needed

Borzych B, Schmitt CP,
Ped Neph, 2008

Dufek S et al,
Ped Neph, 2015



IPP-Measurement

“Simple” procedure
Introduced in the 90’s by Durand PY (adults) and Fischbach M (children) in France

Description in Fischbach M et al, Ped Nephrol 2003

20 4
18
16
14
12 4

10 -

8 4
1 < 2years: <8-10 cm H,0
] > 2 years: <14 cm H,0O

German SOP, GPN, 2024

IPP (ml H;O, mean /SD)

o N A O

400 600 800 1000 1200 1400 1600

Dwell volume (mI/m2BSA)



Factors influencing IPP

Intraperitoneal dialysate volume per BSA (linear increase)

Age: IPP/m?2 lower in neonates and infants (greater elasticity of the fragile abdominal wall?).
BMI: higher intra-abdominal fat. BMI predicts IPP with good accuracy
Sex: IPP in male > females (higher abdominal wall tone?), inconsistent data

Organ size: hepato-splenomegaly, polycystic kidneys...
In adults height normalized kidney mass correlates with IPP

Posture: IPP > in upright than supine position, highest when sitting
PD vintage: IPP declines with time after PD catheter insertion and further over months to years
PD fluid composition: Higher IPP/dwell volume with acidic, high GDP PD fluids

Pain, constipation...

=> Complex, multifactorial setting

Zaloszyc A et al, submitted



Scientific evidence on impact of
IPPM on patient outcome?




IPP - Predictor of PD Outcome (HD-Switch/Death)?

54 adult patients on APD
IPP: 18.8 + 5.2cm H,O
PD: 5.5 (2-19) months

3 Hydrothoraces
11 AW-Hernia
4 x GE reflux

HR= 5.264 (1.117.24.803), p=0.036
F 2 4 1

Age - ®  HR=0992 (0.965-1020). p=0.578
UF volume - A HR=0999 (0.997-1.000), p=0.103
BMI - M4 HR= 1.090 (0.955-1 244), p=0.203
Diabetes - p————— HR= 1.995 (0.800-4.972). p=0.138
Time on PD - @ HR= 0999 (0.998-1.000), p=0.108
N o

Hazard ratio (Cl 95%)

Figure 1 — Multivariate analysis of predictors of death or switch
to hemodialysis. IPP =intraperitoneal pressure; UF = ultrafil-
tration; BMI=body mass index; PD = peritoneal dialysis; HR =
hazard ratio; CI = confidence interval.

Outerelo et al PDI 2014



Mephrol Dial Transplant (2007) 22: 14371444

Intraperitoneal pressure in PD patients: relationship to
intraperitoneal volume, body size and PD-related complications

Agnés Dejardin!, Annie Robert® and Eric Goffin'

61 adult patients on PD

* Linear increase of IPP with dwell volume

 Large interindividual variability in absolute IPP
(IPP at 2000 ml: 5 - 22.5 cm H,0)

* 41% of patients with night IPP > 14 cm H,O had enteric

peritonitis, 15% with night IPP <14 cm (p=0.04).
Dwell volumes (absolute and per BSA) similar
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Lower UF with high IPP?

3 studies with 49, 8 and 23 adult PD patients
suggest a negative correlation of IPP with UF rate.

Castellanos LB et al. Clinical Relevance of Intraperitoneal Pressure in Peritoneal Dialysis Patients. Perit Dial Int 2017
Durand PY et al. Intraperitoneal pressure, peritoneal permeability and volume of ultrafiltration in CAPD. Adv Perit Dial 1992
Imholz AL et al. Effect of an increased intraperitoneal pressure on fluid and solute transport during CAPD. Kidney Int 1993



ISPD Practice Recommendations for Prescribing High-
Quality Goal-Directed PD: IPPM not mentioned.
Brown EA et al, PDI 2020 49

Commentary on ISPD CPR: IPPM in pediatric PD is a
possible tool to guide adjustment in dwell volume but

unclear how this is practiced in pediatric dialysis units.
Teitelbaum | et al, AJKD 2021
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EDITORIAL COMMENT
Intraperitoneal pressure in peritoneal dialysis

patients: a need for treatment individualization
Ana Carina Ferreira @

Nephrology Department — Centro Hospitalar e Universitario de Lisboa Central, Lisbon, Portugal; NOVA Medical
School, Lisbon, Portugal

Correspondence to: Ana Carina Ferreira; E-mail: carina. ferreira@fem.unl.pt

ABSTRACT

High-quality and goal-directed peritoneal dialysis (PD) prescription should be provided to all PD patients. Prioritizing
patients’ goals is necessary for their quality of life, as it is assessment of volume and nutritional status, anemia and
mineral and bone management, or small-solute removal. To optimize the removal of small solutes, and depending on
membrane characteristics, the increase in concentration gradient difference or the increase in volume (recruitment of all
peritoneal capacities) can be performed. Nevertheless, intraperitoneal volume should be tailored by measuring the
intraperitoneal pressure (IPP) to avoid PD associated mechanical complications. In this editorial, a brief review on how
IPP can be measured, and its implications are noted.

Keywords: intraperitoneal pressure, intraperitoneal volume, PD prescription, peritoneal dialysis
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IPPM in clinical practice

There are enthusiasts:  “great help”

and non-believer: “no evidence of benefit on clinical outcome”

To Believe or Not to Believe

That is not the question...



European Survey on IPPM in clinical practice Jf

» Pediatric nephrology centers of ERKNet, ESPN dialysis WG group, EPDWG and
SNP invited to reply to 28 online questions

» 47 European pediatric centers from 16 countries analysed
14 French centers (30%)

» Median patient number per center 3, range 0-30

> Experience in pediatric dialysis:

< 5 years: 8
6 - <10 years 9
11-20 years 12
> 20 years 16
no reply 2

Zaloszyc A et al, submitted



Implementation of IPPM in European centers

H yes m no

If the answer is no, why (multiple answers)?

SHOULD/WILL DO IT

LACK OF TIME AND EXPERIENCE
LACK OF TIME

LACK OF EXPERIENCE AMD EVIDENCE
LACK OF EVIDENCE

LACK OF EXPERIENCE



Do you measure IPPM routinely?

Routine IPPM measurement intervals

®yes W NO

If no routine IPPM, when?

min case of poor dwell volume
tolerance
min case of PD related complications
min case of low PD efficiency
at start of PD

m before increasing dwell volume



IPPM technique / PD fluid / dwell

» 12 centers use a specifically manufactured visual scale system
» 20 centers other systems (self-made scales, central venous pressure systems ...)

PD fluid type

N (%)

Double chamber PD fluid, bicarbonate

26 (81.1%)

Double chamber PD fluid, lactate 2 (6.2%)
Double chamber PD fluid, mixed buffer 6 (18.7%)
Icodextrin 3 (9.4%)

Glucose concentration: low

15 (46.8%)

Glucose concentration: medium 7 (21.9%)
Glucose concentration: high 2 (6.2%)
Other: patients own usual prescription/other |2 (6.2%)
Single chamber acidic PD fluid 0

53 % of centers perform single volume IPPM (mostly actual volume)
47% perform serial measurements (e.g. 600 /1000 /1400 ml/m?),
but variable volumes applied

31% combine dwells with other measurement (mostly with PET)
50% specifically measure IPP
16% do both

53% measure IPP within 10 min after infusion
22% at the end of the dwell
25% at both time points



Do you adapt dwell volume to IPP? Age/body size related upper limit of IPP?

® Yes

® No

No reply: 5/32 IPPM centers

No reply; 5/32 IPPM centers HYes
m No

Adaptation of PD dwell according to IPP

No change based on IPP

Change only based on 2
independent |IPPM

Increase volume if IPP

< upper limit _
> upper limit - local written protocol in 26 centres
o z 4 [ 1 10 1z 14

. - national standards in Spain and Germany



Number of responders

16

12

Upper limit of acceptable IPPM

M <2 years [ 2to 7 years M >7 years

7 8 10 11 12 13 14 15 16

Upper limited of acceptable IPP by age groups (cm H20)

18



Impact of IPPM on patient outcome?

HYes HNo
N =32 (%)

It improves PD efficiency 23 (72%)

It reduces PD related complications 11(34%)

(hernia...)

It improves compliance 5(16%)

It improves confidence of caregivers/family |5 (16%)

No impact 3(10%)




IPPM — various methods, implementation and conclusions

Routine IPPM IPPM interval IPPM technique
@ month — Different devices used
® Yes @ 3 months — All type of dialysate fluids
8 ® No ©® 6 months — 53% perform single volume IPPM, with actual dwell volumes
@ 12 months 7% serial measurements, variable volumes
25% / @ 4 months — 31% combined with PET
@ at start and every therapy change — 53% measure shortly after infusion
39,1% % @ once per 3-6 month and additional me... 22% at the end of the dwell
' @ Frequently in infant (3-6 month). In yo... 25 at both time points
@ several measurements at initiantion of
dialysis, later every 3-6 months

@ frequency by age, need in pathology

@ a few weeks after standart dwell volume
reached and therafter if we we go
beyond the usual limits of dwell volume

Upper IPP limit Adaptation of PD dwell according to IPP Impact on outcome

W <2years M 2107 years W >7years
No change based on IPP
16

Change only based on 2

2 independent IPPM N =32 (%)

Increase volume if IPP It improves PD efficiency, 23 (72%)

< L
upper limit It reduces PD related complications (hernia...) |11(34%)

Number of responders
@

‘ ooy -
P 15
>
I upper limit Itimproves confidence of caregivers/family |5 (16%)
a 2 a 6 s 10 n 1 1

)
7 8 0 1 12 13 14 15 16 18 No impact 3(10%)

Upper limited of acceptable IPP by age groups (cm Hz0)






Dwell volume Intraperitoneal Patients
(x 50 ml/m? BSA) pressure (n per volume)
(cm H,0)
Neonates (3-6 weeks) 600 3.0+20 3
451PPM 800 40+20 3
Fischbach et al. (Adv in PD 1996) 1000 70+15 3
1200 8020 3
1400 11.0+4.0 3
Infants (<2 years) 600 56+1.9 "
1331PPM 800 58+1.8 10
Cochbach ottt 70 100 1000 10
1200 6.0+3.0 8
1400 14.0+4.0 8
Children (2-18 years) 400 95+19 9
427 IPPM 600 96+17 25
Coctbacnatal v nPD 1000, 800 101225 29
Zaloszyc et al. (Ped.Nephrol in press) 1000 1M12+28 25
1200 122+20 18
1400 149+26 14

e 605 IPPMin 51 children, 3 studies
Means of individual patients were used and in case only mean/SD were available, these were weighted

for patient number.

» Dwell volumes per m2 BSA used varied between studies.

* IPP was measured within 10 minutes of infusion and at the end of dwells, considering ultrafiltration. In
children above 2 years IPP/m? BSA did not differ systematically when measured initially or at the end of

the dwell.

Zaloszyc A et al, submitted

Intraperitoneal pressure (cm H20)

Intraperitoneal Pressure

© MemisD

Dwell volume (ml/m?)



How to proceed?

e Clinical practice points to standardize IPPM
(based on limited evidence and good clinical experience)

Three point measurements:
- to detect outliers
- to characterize abdominal elasticity / volume compliance

Above 2 years: 600, 1000, 1400 ml/m? BSA
Infants: 300, 600, 900 ml/m2 BSA

Upper PP limit £ 14 cm H20, infants < 8-10 cm H20
* Enter data in registry (IPPN)!
* Prospective multi-center studies

* Automated (continuous) IPP measurement (cycler integrated)

Zaloszyc A et al, submitted
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Future Prospects in IPPM
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Relationship between intraperitoneal volume and
intraperitoneal pressure during peritoneal dialysis—a pilot
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Abstract

Monitoring intraperitoneal pressure (IPP) offers valuable insights into changes
of intraperitoneal volume (IPV) during peritoneal dialysis (PD). This study aims
to investigate the relationship between IPV and IPP during a PD dwell. Thirteen
patients were studied during a 2-h dwell using 2L of dialysate containing 2.5%

dextrose. IPP was measured using a pressure sensor integrated into an automated

PD cycler. IPV was monitored concurrently by segmental bioimpedance (Hydra

4200). The density (p) of the PD dialysate was measured using a meter, and the
creatinine and glucose concentrations in both dialysate (D) and serum (P) were
measured pre- and post-PD dwell. A physical model (IPP=pxgxh), was used
to describe the relationship between IPP and IPV, where h is the apparent di-
alysate height and g is the gravitational acceleration. The change in IPP (AIPP,
—21.2+ 18%) was mainly determined by the change of h (Ah, —20.9+18.5%),
while the change p (Ap, —0.34 +0.06%), was minor. The study demonstrated an

association between AIPP and the ratio of D/P creatinine and D/D, glucose, sug-

gesting that AIPP may reflect membrane transport characteristics. Due to its non-
invasive and seamless nature, the clinical utility of PD cycler-based measurement
of IPP warrants further exploration.




International Peritoneal Biobank: Future prospects

446 biopsy samples
(peritoneum omentum,

i~ el

' Toulouse |

Children 364 ped. patients)
Previous PD treatment
(18)
Peritonitis within
> 4 weeks (16)
Inadequate quality

> (26)

r 4 »1« »l«
Non-CKD CKD5 Low GDP PD High GDP PD
(72) (151) l, (158) (38)
45 follow-up samples REEELE S
psamp (30 low/20 high GDP PD)
Adults

30 non CKD

128 CKD5

27 Low GDP PD




Tissue analyses with advanced technologies

Arteriolar transcriptome and proteome from patients with
- normal kidney function
- CKD5
- PD (with different fluids)
- Post KTx

Arteriolar Endothelial Micro-Proteome (healthy vs CKD5)

Arteriolar single nuclei RNAseq (healthy vs CKD5), coop. with Nice
Arteriolar and fat tissue lipidome (CKD5, PD, KTx)

Peritoneal spatial transcriptome (ongoing)

Fat tissue untargeted metabolomics (healthy, CKD5, PD) => spatial metabolomics

High content Imaging

Cell models:
RNA seq:  polarized endothelial (HUVEC, HCMEC) and
polarized mesothelial cell lines (MeT5A, HPMC)

OPEN TO YOUR RESEARCH QUESTIONS!

Tissue (laser) microdissection



Novel, LPS rich peritoneal mesothelial-macrophage cell phenotype

= In CKD5 and PD mesothelial cells tissues positive for LPS express macrophage markers
= New mesothelial phenotype in humans (Mes-Mac)

PD

Mesothelin
LPS

DAPI



Peritoneal Mes-Mac Cell Molecular Expression Pattern (low-GDP PD patients)

ncells ncells
celltype 20000

CDh14

CDGa 5000

aSMA celltype

CD31 CD45 non monocyte leukocyte

LPS Blood vessel endothelial cell
Lymphatic endothelial cell

Cytokeratin

Non-transformed mesothelial cell

D2_40 Mes-Mac cell

PROX M2 macrophage
Smooth muscle cell

CcD163 M1

FSP1 HQE‘PQHﬁige

M1/M2 macrophage

CD16 unclassified
CcD45 Non-mesothelial M1/M2 macrophage

= Mes-Mac cells with highest LPS signal, followed by M1/M2 macrophages
= Mes-Mac cells positive for immune cell markers CD16, CD68, CD163, CD45, CD14

CD14: strongly on the surface of monocytes and weakly on the surface of granulocytes; also expressed by most tissue macrophages, co-receptor for LPS; CD68: macrophage marker; aSMA: activated
fibroblasts, smooth muscle cells; CD31: endothelial cell; LPS: endotoxin; Cytokeratin: marker for mesothelial cells; D2-40: podoplanin; PROX1: lymphatic endothelium; CD163: monocytes and mature
macrophages;

FSP1: fibroblasts; CD16: macrophage marker — natural killer cells, macrophages, subpopulation of T-cells, immature thymocytes and placental trophoblasts; CD45: human leukocytes
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Single endothelial glycocalyx molecule imaging, of a barrier in PD
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= PD fluid reduces hyaluronan clustering independently of higher molecule count



FUDOPD Understanding the Peritoneal-

Engaging Unresolved Immunometabolic- Liver-Metaflammation- CVD axis
Peritoncal Dialyals to develop next generation PD fluids
Peritoneal EXPOSURE LIVER ,,Missing“ LINK? Systemic EFFECTS

(Meta)-
flammation

]

other
N/
\
CKD/ESKD
Immuno-

, L~ Metabolism
Peritoneal
other = (Dys)-
Metabolism

Medical Condition Pathomechanistic Concepts Clinical Outcome

Morbidity &
Mortality
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