


Introduction



CAPD introduction in Asia

U Popovich & Moncrief
U Iran (Ghods & Abdi)
U Singapore

U Malaysia

U Hong Kong

U Korea

U Thailand
U Talwan

u Japan

U Philippine
U Iran
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PD The Most Healthy Start
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PD a bridge to kidney transplantation
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PD Exchange

DRAIN

FILL

Does not require
the use of blood

o leave your body

DWELL
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The Normal Peritoneal Membrane

Host defence
Mecophagss
Neutrophils
Mesctheld cells

Membrane Integrity
CA125 Hyaluronic Acid
VEGF

Vascular
Changes

Angopensei

Inflam atinn
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Pressure Gradients

Pressure in peritoneal Pressure in the filled Pressure gradient

capillaries peritoneal cavity

Hydrostatic pressure (mmHg) 17 8 (recumbent) 9
Colloid osmotic pressure (mmHg) 21 0.1 =21
Osmolarity (mosmol/kg H20) 305 347 (1.36% glucose)

486 (3.86% glucose)
Max. crystalloid osmotic 1.36% glucose (347 - 305) x 0.03 x 19.3 =2

pressure gradient (mmHg)

3.86% glucose (486 - 305) x 0.03 x 19.3 =1

Max. net pressure gradient (mmHg) 12 (1.36% glucose)

93% (3.86% glucose)

The reflection coefficient for glucose is 0.03.

"These pressure gradients decrease during the dwell due to glucose absorption (61% per 4 h on avera



Composition of standard peritoneal

dialysis solution

Na 132mmol/l
Ca 1,25mmol/l
Mg 0,5 mmol/l
Cl 100mmol/I
lactate 35 mmol/l ev.

lactate/bicarbonate

glucose 1,36:4,25g/dl

osmolarity  347-486

pH 5,2

GDP (degradation products of glucose)

Ramesh Khanna & Karl D. Nolph



Physiology of Ultrafiltration:
Crystalloid Osmosis

= Normal serum osmolarity = 270 mOsm/L
Dextrose Dialysate mOsm/L

1.36% 345
2.27% 395
3.86% 484

Daugirdas et al: Handbook of Dialysis, Third Editic@892000



Presaure Gradients Across the Peritoneal Nembrane During Peritoneal Dialysis

Pressrein Pressrein
peritoesl  lyte-fillad Presaure
Fillaries  peritoresl cavity qradie

Hydrostatic pressure (mHg) 17 8 Recurbent :
(olloid osmotic pressure (nmHg) 21 0.l -2l
Osmolality (msm/kg H0) 305 347 (Gluoose 1.36%)
486 (Glucnse 3.86%)
Maxximal crystalloid osmotic pressure qradient (mig) Clucose 1.36%  (347-305)x0.03x19.3=2
Glucose 3.86%  (486-305)x0.03x19.3=105
Nef maxinal pressure qradient (m) Glucose 1.36% 12
Glucose 3.86% a3

The reflection coefficiant of Jowmolecular weigitt solutes 15 st at 0.0,
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Physiology of Ultrafiltration:
Net Ultrafiltration

—— Absorption Transcapillary UF Net UF
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Cumulative transport (mL)

Mactier RA, et all Clin Invesfi98780:13111316



Physiology of Ultrafiltration:
Structure of the Peritoneal Membrane
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[ ° mesothelium
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The Normal Peritoneal Membrane

Mesothelial cell monolayer

Interstitium

@ Peritoneal vasculature




The Normal Peritoneal Membrane

Host defence
Mecophagss
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D/DO

Peritoneal Equilibration Test

Glucose — Low
Low ave
1 Ave
0.9 High ave
0.8 High
0.7
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PET

D/D, glucose D/P creatinine
1.0
H
0.8
0.6
0.4
0.2
0.0 0.0
0 1 2 3 4 0 1 2 3 4
Time (hours) Time (hours)

[Twardowski et al: PDI 7: 138-147, 1987]



Peritoneal Dialysis

Membrane transport type.

Baxter




Peritoneal Equilibration Test

/P CREATININE D/DO GLUCOSE
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High & Low Vs Fast & Slow

Appendix 4: the concept of fast, average and slow

transport status Nephrol Dial Transpalnt (2010): Editorial Comments
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Fig. 1. Intraperitoneal dialysate volume vs dwell time. m, high transport
group (n=7) <, high-average transport group (n=20); O, low-average
transport (n=13); A\, low transport group (n=6).

Solute clearance = volume x D/P



Physiology of Ultrafiltration:
Glucose Kinetics by Transport Status
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L: Low Transporter

LA: Low Average Transporter

HA: High Average Transporter
D/P: Dialysate / Plasma H: High Transporter




Physiology of Ultrafiltration:
Net Ultrafiltration: 3.86% Dextrose Dialysate
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Mujais S, Vonesh EKidney Int200262 (suppl81):SL7-2.



Na Balancein APD

Na Urea  Creatinin Urate Na +H,0O

230

Mass
Transt
i

Coefficient

Clearance 16 10 7 7

(ml/min)
m—> Sieving Coefficient
— DialysatePlasmalla)
— 0.7
—
—




Size

Electrostatic
repulsion

Water dipole
reorientation

Intracellular




Model of transport - 3 sorts of pores

Smallest pore - Smallpore Large pore
(Water channel) ~ 4nm > 15nm
< 0.5nm 0
0 o 0 O 0 o ©
od ©° | o Il o
& | ) | ( { )
. 0 ¢ 0 . Peritoneal
0 @ @ ¢ o¢@ membrane
0 0

0 Water O Small solute () Large molecule




| ‘x‘ Utrasma pores
radius 0.5

s 25 s
arge pores smalpores
radis 25 nm radis u
reathe area
CnkoPORCS ¢ relate o rolate ey

ofkrge pores of small e of ultasmall pores
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Na
Mo Mo Ho HO HO KO

* Initially, more H,0 can cross
through Agquaporin

* Dilution effect causes drop
in Na concentration

* Diffusion of Na to
equilibrate Na
concentration

1,2°6 G

D/P Sodium

120

Time (min)



extracellular

water transits the pore in single file

P

Size
Restriction

Figure 3. Functional schematic for water passage
through AQP1. The extracellular vestibule and the intra-
Electrostatic| cellular vestibule of the channel contain water in bulk

solution. They are connected a 20-A span where
b, Rﬂp“'Sion water molec:Iyes pass in single fiI:.y Barriers to the passage
192 of protons are visible. Arginine-195 (R195) and histidine-
180 (H180) provide fixed positive charges to repel pro-

180H~

Water Dipole
Reorientation |

ton passage. A single water molecule forms hydrogen
bonds with the side chains of highly conserved aspara-
gines-76 and -192 (N76 and N192). Partial positive

charges are provided by the orientation of the two a
helices that enter but do not entirely span the bilayer.
Reprinted by permission from Kozono D, Yasui M, King
LS, Agre P. Aquaporin water channels: atomic structure
molecular dynamics meet clinical medicine. | Uin Invest
2002;109:1395-1399.




Transcellular pore _
r<0.8nm with glucose P dominates

Osmotic UF with low N a Sodi .
| Y X ® oailum sieving
MW osmotic agents ® with glucose

and icodextrin

Small pore

r=4-6 nm

Osmotic UF with low and ®

high MW osmotic agents, © @ ®

Small solute clearances 0.& ‘
®* 0

Large pore ‘ ® e o ©
r>20nm @
Protein loss ‘ p?ofan IOSS .

ENDOTHELIUM
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Ultrasmall VS sSmialliGhaanel

U Theresistance in thequaporings muchhigher than in the
small pores due to thdifference betweerthe two inradius.

U Waterchannels require very high osmotic pressgradients

U Thecrystalloid osmotic pressuigradient acrosshe water
channelgs:

X (347¢ 305 x19.3=811 mmHg for al.5% glucose solution
X (486¢ 305 x 19.3=3493mmHg for a4.25% glucose solution



Partitioning of fluid flowsimttieeTPRMdogloitosese
oSMosisvs. |COo3H0sIsIS

Glucose osmosis
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Lo
KIDNEY

Assessement of peritoneal function

1. PET peritoneal equilibration test (type of
transport and ultrafiltration aftérhours)

2. weekly clearance of creatinine and urea
3. daily UF

4. dicrease of Na in dialysis fluid aftép
minutes using,8% G (test of
aguaporines)



Dialysate sodium (mmol/l)
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Black: 1.36%: blue: 2.27%: red: 3.86% glucose solution




Pertitonesll Mialysis
Comglications

Non-Infectious

Ira] Najafi MD.
22.4.1402




Non-Infectious complications

Pathology
dependent

Hemoperitoneum
Chyloperitoneum
Bilousperitoneum

Pressure
dependent

Back pain
GERD
Leak
Pleural effusion
Hernia
Hemorrhoids

Catheter Time
dependent dependent

| n Metabolic
Early catheter UIE [Bati[y 72

malfunctipn EPS
Out flow failure

Cuff extrusion
Intestinal
perforation




Causes Of athalomirialpaiin DR cexeceptpenitonitis

Ischemic bowel
Pancreatitis
Cholecystitis
Pyelonephritis
Nephrolithiasis
Constipation
Incarcerated hernia
Appendicitis
Diverticulitis
Ruptured viscous






Bloodly Dtamage
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Bloodly Dtamnage

Benign Causes: Serious Causes:
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Bilious Dtainage

Can rarely be seen aft@aparoscopicholecystectomy




ChyllousDrainage

Effluent cell count is normdlut triglycerides are high




ChylousDrainage

X Patients should be investigated for underlying
Intra-abdominal pathology

x Can rarely be seen in lymphoma and tuberculosis
X Comes and goes depending on dietary fat intake

X Treatmentshould include diebf small and
medium chairfatty acids



Non-Infectious complications

Pathology
dependent

Hemoperitoneum
Chyloperitoneum
Bilousperitoneum

Pressure
dependent

Back pain
GERD
Leak
Pleural effusion
Hernia
Hemorrhoids

Catheter Time
dependent dependent

| n Metabolic
Early catheter UIE [Bati[y 72

malfunctipn EPS
Out flow failure

Cuff extrusion
Intestinal
perforation




Catheter reelated ppsoblems

| Catheter malposition

. Catheter Malfunction
. 1 Omental wrap
KInk
| Blood clot
Hematoma
_eak
Hernia

. Exit site malposition

. Catheter Extrusion

. Short &malshapetunnel
. Cuff Extrusion

10. Exit site infection

11. Tunnel infection

© O~NOU A WN



Preveftiion «f eahlycaetbeter
malfunction

Appropriate catheter

Optimal surgical technique
Good postoperative care




Preveftiion «f eahlycaetbeter
malfunction

Swan neck catheter with appropriate
length

Laparoscopic insertiotechnique

Liberal use of laxatives




To achieve good
long-term results, implantation

must be performed by a

competent and
experienced
catheter insertion
team



Outflow failure

A Incidence:5-20%

A Causes:

A Constipation (anytime)

A Cathetermalposition(days)

A Intraluminalcatheter occlusion by thrombus

A Extraluminatatheter occlusion bgmentumor adhesions (weeks)
A Kinking (soon after placement, positional)

A Loss oflialysatefrom peritoneal cavity



Malposition of the catiheter

-

o

-
R
Connector o e
: o _y

\ Curled

\ catheter
tip

.

Elsevier iterns and derived tems © 2007 by Mosby, Inc., an affilate of Elsevier inc.



Treaiment of autilow fallure

Depends upon the cause of obstruction

A Conservative

ASurgical intervention
and/or catheter replacement



Treatment

A Constipation
I More than half of the cases are cured wrdlelif of constipation
I Laxatives, stool softeners, suppositories or enema

I Heparin500units/L ofdialysatefor lysis
I Urokinasec instilled in catheter fod hour and then removed
I RecombinantPAc used if obstruction is refractory



Non-Infectious complications

Pathology
dependent

Hemoperitoneum
Chyloperitoneum
Bilousperitoneum

Pressure
dependent

Back pain
GERD
Leak
Pleural effusion
Hernia
Hemorrhoids

Catheter Time
dependent dependent

| n Metabolic
Early catheter UIE [Bati[y 72

malfunctipn EPS
Out flow failure

Cuff extrusion
Intestinal
perforation




Effect of dialysate volume and patient position

on intra-abdominal pressure
Modified from Diaz-Buxo Kidney Int 28 (Suppl 17): 526, 1985
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| ntra Peritoneal \Volume ntra ~eritoneal ~ressure

IPV (1 LItEr) mp

2 lit =——> 3 lit Decubitus—»Upright
UF UF

1.36% Glc UF Lymphatic Absorption

2.21% Glc UF Extralymph. Abs.

3.86Glc UF Transcapil. Ultrafilt




in PD
Adequate level of solute clearance for normal size anephric
patients can be achieved ofly:

1 Hernia provoking
I-'m&(gij I@Gﬁﬁ”ﬁﬁpgr Increasén%ﬂht?ﬁeél volume

of exchanges



Hernias




Hernias







Veniral Ketrita
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Umbilicall ieria

\

Biggest risk for
Incarceration



Hermias
How can a hernia lead to peritonitis?

TransmuralLeakage of Bacteria

|
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Hernmiaperitoneograjhy
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MRI Scanning

61-yr-old man with bilateral scrotal
herniation. On the right side, a small
hernia partially filled with dialysate (red
arrow). On the left side, a large hernia
contains hyperintense dialysate at the
bottom and a loop of the sigmoid colon
(green arrow)

Prischlet al. MRI in PD JASN




Peticatiheterieakage

x Clinical manifestations:
X Fluid in the area surrounding the catheter

X Subtle subcutaneouswelling

x Diminishedoutflow volumesmay precede frank
leakage

x Genital and abdominal wall edema may also
Indicatethe presence of deak
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Diagnosisodi baak
To help confirm the diagnosis and delineate the anatomy of the leak
x Peritonealscintigraphy

X CT scanning after infusion alfialysatecontaining contrast material

X Magnetic resonance imaging usimgalysateas the contrast material may also be
useful.

One-third of leaks occurring late after catheter placement required imaging for
diagnosis.
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CT:-Scanwith’IP Dye-Demonstrating: LLeak
through Catheter insertion: Sit@risch)




opefitone lleeak(|(E/FafFait)re)

Figure 3 — Computed tomographic (CT) peritoneography
for Case 3. Retroperitoneal leakage is marked with an
arrow (A). Repeat CT peritoneography shows disappear-
ance of the leakage (B).



Managementdfleeak:itteinia

Decreasingexertional activity
Decreasingdialysatevolume
Occasionally, APD

Temporary conversion to hemodialysis

X X X X

X Leaks and Herniahat do not respond to
conservativemanagement may require
surgical repair



Pleural effusion

X Possible aetiologies:
X Volume overload, CHF

X  Local pleural process

X  Peritonealdialysateleak

X Suspicion of peritoneatlialysateleak:
IN a nonedematouspt with inadequate UF

X |ncidence:1.6%, more common in females

x ADPKD patients prone to have due to decreased
abdominal capacity



ChesthXRay, Hazinesofikghtupg

. AN
asan Hospital 1344/04/19 |
AGE:
13-88-0
Study Date: 1392/04/1
Image Time: {:31:5’
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Pleural leak

-
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Pleural lleak

x Usually occurs early after starting PD
x Unrelated todialysatevolumes

X Hypotheses:

X Congenital communication between pleura and peritoneum

X Combination of increased intr@abdominal pressure and negative
Intra-thoracic



Defeat i tihe Hemidiiaphtagm
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