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Introduction

HEMODIALYSIS

ROLLER PUMP DIALYSER
\
J A USED DIALYSIS FLUID

REMOVES WASTES

A
blood

A jl
N\ = DIALYSIS FLUID

clean blood



The Kidneys

Afferent Efferent
arteriole arteriole

Medulla with
collecting soroxiTatl . (lzoista‘l)I - 1. Filtration
nvolute: nvolute .
tubules tubule tabule Glomerular 2. Reabsorption
capillaries 3. Secretion
4. Excretion
Bowman's
Renal artery A capsule
Renal vein
Vein Peritubular
; capillaries
Renal pelvis p
Collecting
duct
Renal
vein
Ureter
Urinary excretion
Calyx Renal capsule Excretion = Filtration — Reabsorption + Secretion



The Kidneys

Vitamin D metabolism

Blood purification and filtration

/ * Filter 180 litres a day (all blood every

45 mins)

* Removes waste and toxins as urine

* Waste : urea, creatine, acids and
excess sugar

Blood pressure regulation via renin

\
/

Red blood cell production
via erythropoeitin

Electrolyte, acid and sugar balance

Kidney Disease

Evaluate kidney functionality : GFR (Glomerular &

Filtration rate) U.xV (dney
—> Rate blood is filtered C,=———  Failue

- Calculated indirectly using creatine clearance Per 0

GFR



Kidney Physiology

HOW DO YOUR
KIDNEYS WORK?




Kidney pathology

Type

What

Duration

Causes

AKF (Acute Kidney
Failure)

Sudden loss of

Days/Weeks

function (hours/days) | Temporary with treatement

Severe dehydration, infections, medication,
blockage, heart failure

CKD (Chronic
Kidney Disease)

Gradual damage over

time (> 3 months) can be halted, can lead to End

Stage Kindey Failure (ESKF)

Permanent damage, progression | Diabetes, high blood pressure, genetic

conditions ( e.g. PKD), autoimmune
diseases (lupus), long-term blockages

PKD (Polycystic
Kidney Disease)

Fluid like cysts grow | Lifelong condition, can lead to
in kidney, impairing ESKF

function

Genetic condition, PKD1 or PKD2 mutation

MILD MODERATE SEVERE

GFR GFR GFR
44-30 15-29 <15

STAGE1 STAGE2 STAGE 3A STAGE 3B STAGE4 STAGES5

KIDNEY
FAILURE




Kidney pathological symptoms

Kidney failure symptoms

Shortness
of breath

@)

Loss of appetite
7

Headache

D sss
7 3
Swelling of legs, Loss of energy or
ankles and feet tiredness

O

D)

Nausea or vomiting Weight loss

&
=

Itchy skin Bad breath

K

PKD symptoms
Blood in urine

 Side and back pain

 Abdominal swelling

* Highblood pressure

* FrequentUTls

« Headaches

Polycystic Kidney

Normal Kidney

Ureter

-> Toxin buildup,
dialysis or transplant
required



Historical timeline '

01828 01854 01924 01954 01964

i First notion of Fundamentals of First dialysis on First renal transplant Hollow fiber dialyzer

osmosis (Dutrochet) dialysis (Graham) humans (Haas) (Murray) Scribner shunt

¢ Collodion and heparin

(1916) *Teflon loop connecting

artery and vein
*Allowed long term access
for blood filtering

—e ° °
Start of the modern

era of dialysis by Kolf

Discovery of urea and

: First commercially
creatine

available dialyzer,
sold by Baxter Labs
based on Kolf's
design

AV fistula (Appel)

Gold standard for
long term access

Development of the

First dialysis done on first artificial kidney

DeSCﬂptlon of animals (Abel) * Rotating drum with
glomeru lus ¢ Collodion as membrane and cellophane tubingin pool of

(Bowman) hirudin as anticoagulant pool ofrinsing fluid

v ?
O 1840s O 1913 O 1943-45

G}

-—

©

a1

»
O

1966
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Technical presentation — general components

* Blood pump : ~300mUl/min

Venous pressure monitor

7.-% trap and air detector

M4 * Heparin pump : Prevents blood

Zaline solution ——‘I:ﬁ] > /Chaﬂn bbod Clotting
A * Dialyser: filtration membrane
Fresh debysate, 9  Dialysate : regulates gradients
Dialyser hd . .
Used diaysate __| Patient » Air trap + detector : Removes
{ o bubbles and insures safety
I::. ] L S—
et =y | < * Pressure monitors (Pa/Pv) :
]I acces and function monitoring
a | Concentrate Rod

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

11



Technical presentation — Dialyser

Blood

— <«

‘/ Effective length

——

Dialysate inlet

Dialysate outlet

“artificial kidney”
~ 10k hollow tubes/fibres, 10-15 cm in length
Surface area of 0.8-2.1m"2

Synthethics materials
* Chemicallyinert and non-thrombogenic
* Thin but strong

* Sulfones are as good choice (ex. Polyarylethersulfones
(PAES) and polyethersulfones (PES))

Permeability via small holes :

* 1-2nm for low-flux membranes (diffusion, intermittent
dialysis)

* 3-5nm for high flux membranes (convection,
hemofiltration or high flux hemodialysis)

12



Technical presentation — Dialysate

Electrolyte

Normal
plasma
range*

Sodium Na+

Potassium K+

Calcium Ca+

Magnesium
Mg+

Glucose

Chloride Cl-
(acid)

Bicarbonate
(base)

135-145
mmol/L

3.5-55
mmol/L

2.2-2.7
mmol/L

0.7-1.1
mmol/L

1g/L

96-106
mmol/L

24 mmol/L

Typical Key notes * Should be at BT, 37°c

dialysate _

range * Allows convection and

135-145 =, Major determinant of fluid balance diffusion a.CrOSS the membrane
mmol/L and blood pressure -> correct imbalances and

1-4 mmol/L High, low levels can cause arrhythmias remove waste

* Contains :
1-1.75 Low, Diffuses mainly into blood; . Ultrapure water
mmol/L supports myocardial and bone stability )
* Acid concentrate - adapted
0.5-1 High, Helps reduce neuromuscular for the patient’s needs
mmol/L symptoms and supports RBC lifespan. * Base components
0-2g/L Prevents hypoglycemia, especially in
diabetics
100-115 Adjusts inversely with bicarbonate;
mmol/L helps maintain acid-base balance.
30-36 Corrects metabolic acidosis and
mmol/L restores acid-base balance. Main buffer

used today. * Desired range after filtration



Technical presentation — Working principle

Dirty bloed

Clean fluid(dialysate) == [

Dialyzer” ?

¢

Clean blood

HEMODIALYSIS

Blood

Dialysis
fluid

S

rrerra e G
Sieshieip

HEMOFILTRATION

Substitution
_ solution
predilution

Ultrafiltrate

Substitution
[ X solution

postdilution

Blood

HEMODIAFILTRATION

Substitution
K| solution
predilution

[~ 7> Ulteafiltrate

Dialysis
fluid

Substitution
[ solution
postdilution

waste and excess water

Substances that

Ultrafiltration (pressure gradients) to remove only
excess fluids

Diffusion along concentration gradient
Better for small solutes
Long term, intermittent treatement

Hemofiltration (HF)

require replenishment .

Very high ultrafiltration to remove lots of fluids and
larger solutes

No dialysate
Transmemebrane pressure ~ 150 mmHg

Ultrafiltration coefficient (membrane’s
permeability to water) ~10-25 ml/h/mmHg/m~*2

Solutes get “dragged” by fluid : convection
Substitution fluid
Intensive care for acute KF, continuous treatement

Hemodiafiltration (HDF

Relies on convection and diffusion
Substitution fluid

Long term, intermittent treatement
14



Clinical application

Before hemodialysis : surgical creation of vascular acces

a AV fistula b AV graft

Mixed arteriovenous blood Synthetic bridge graft —

From dialysis machine

From dialysis
machine

To dialysis

/
// }
ﬁ/ B\
/ )\
Arterlovenousﬂ ' machine
fistula . Vein Artery

SN

C Central
venous catheter

Catheter

Right
atrium

To dialysis From dialysis

machine machine
[

Lowest infection risk

> Highest infection risk
15



Clinical application

Wait time after surgery before dialysis: Required lifestyle changes
e AVfistula: 6 weeks to 3 months  Diet change

* AV graft: 2-6 weeks
 Central venous catheter : none

* Low potassium and phosphate intake
* Controlled sodium and sugar intake

* Treatment schedule: * Enough protein to counter catabolism
* |Incenter: 3-5h, >3x a week * Limited fluids
* Athome:>3h, 5-7x a week * Exercice
« Life expectancy : average 5-10 years, up to * Blood pressure medication
30 years

Expected outcome : symptoms improve
after weeks

-=> But still not as functional as 24/7 physiological filtering

16



Clinical application- potential complications

* Hematological : anemia, aluminium
toxicity

 Cardiovascular : Low BP, arrythmias

* Long-term : amyloidosis, adynamic
bone disease (ABD), aquired cystic
kidney disease (ACKD), kidney cancer

 Acces-related : infection, stenosis or
thrombosis

Unknown
686(11.3)

Other
185(3.1)

Gastrointestinal
bleeding etc.
208(3.4)
Wasting
309(5.1)
Malignant tumor
500(8.2)
Sudden death

1095(18.1)

Cardiovascular disease
1228(20.2)

Infection
1088(17.9)

Chinese study, 25k patients, 6k died from
2014-2020, annual rate 8%

17



Alternatives

* Kidney transplant
 ESKD (<10% function)
* Better quality of life after

* 3types of donors (living related,
living non-related, cadaveric)

* Riskof rejection

PERITONEAL DIALYSIS

Diseased kidn
* Peritoneal dialysis IS w0

* Uses peritoneum (lining of the kidney
abdomen) as membrane for lﬁi{‘j‘f‘a“ted .
0SMoSsIsS |

 CAPD (continuous ambulatory) or
APD (automated)

* Can be done at home, daily Bladder
* Risk of peritonitis

* Supportive medical management

18



Product aspects

Consult with doctor to
determine care plan

At home is more cost
effective

At home machine costs 26k-
47k USD (owned by hospital)

In switzerland :
* 100K CHF ayearin center
 Covered by basic insurance

Top Leading Companies in the EMERGEN
[ ] [ ] RESENRCH
Hemodialysis Market
BBRAUN ' Baxter | $CANTEL & T @58l | AshikasEl
=™ S | NIKiGso
wiee | SN ©BD | pdita | M

Global Hemodialysis Equipment Market Share, By Product Type, 2024

I Hemodialysis Machines

www fortunebusinessinsights.com

I Hemodialysis Consumables

19



DALYs per 100,000

Current trends

Global CKD rising 2 HD demand increasing
- market growth

Chronic kidney disease
Both sexes, All ages

8007 l African Region
l Eastern Mediterranean Region
l European Region
I Region of the Americas
l South-East Asia Region
Western Pacific Region
600
Global
M
400
200

T T T T T T T T T T T T T T T
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
Year

DALY per 100,000 = number of disability adjusted years lost
CAGR = coumpound annual growth rate

W2008 wW2009 w2010 w2011 w2012 w2013 w2014 w2015 w2016 w2017 w2018 w2019 w2020 = 2021 © 2022

1715

1133

674
506

Pre-dialysis

=}
a
4
®

3270

3222 S
2841 I// — \
\ CAGR /
2270 AN d
—F
1842 -
|_ 962
151! 954
mél 63 0 729
am 440 547 I

Chronic dialysis Transplant

3881

2018 2019 2020 2021

B North America

Source: Polaris Market Research Analysis

Hemodialysis Market Size, By Region, 2018- 2030

(USD Billion)
2022 2023 2024 20235 2020 2027 2028 2029 2030

W Europe M Asia Pacific M Latin America B Middle East & Africa
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Medical significance

* Life saving treatement

* 90% of medical dialysis is HD (otherwise perinatal
dialysis)

* Estimated >2 million patients used HD in 2025
* 10% of those need it have access to HD globally

* Rising prevalence of CKD




Clinical advances

Portable filtration device : e.g. NxStage System One
(Fresenius Medical Care)

* Easy at home, can be taken to travel, weighs 30 kg

* Better quality of life

* 5 sessions, total of 30h aweek

« Company offers 24/7 helpline + supplies delivered
1x/month

e 26 kUSD + supplies

Integration of Al
* Predict dangerous drop in BP
* Adapt prescriptions

22



Decellularization Recellularization 3D culture

Edlhll Eplhll

Clinical advances @4@ L@ @
* Artificial kidneys s g &
* Human nephron using stem cells in 1
mice (2018) e |
» Stem cell-based approaches for '
kidney tissue regeneration @ o < "rete"“”m""'"
* Bioartificial kidney : the kidney meoriostem cel » h ey raaneld
project Tnae';?r’mffnﬁz'c

 Combination of synthetic filters
and a bioreactor with engineered
kidney cells

* Powered by BP
* Potential for 2030




Conclusion and future perspectives

Hemodialisys replicates key kidney functions

Uses pressure gradient, diffusion and convection

Time consuming and high prevalence of side effects

Globalrise in CKD - prevention
* Affordability and accessibility challenge
* Technology improving safety and quality of life

24



Thank you for you
attention

Questions?
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