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CAPD 
Introduction



CAPD introduction in Asia

üPopovich & Moncrief 1975

ü Iran  (Ghods & Abdi)           1978

üSingapore                              1979

üMalaysia                                1980

üHong Kong                            1980

üKorea                                     1980

üThailand                                 1982

üTaiwan                                   1984

üJapan                                      1984

üPhilippine                               1984

üIran                                         1995
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PD The Most Healthy Start

ИмϼІ ͻϜϼϠ ͼжϝвϼϸ Ємϼ дтϼϦвЮϝЂ ͼЦϝУЊ ϾтЮϝтϸ



PD a bridge to kidney transplantation

ͭ ϸжмт͟ ͻϜϼϠ ͼЯ͟ ͼЦϝУЊ ϾтЮϝтϸйтЯ

Iraj Najafi

PD congress Kish 

Jan 2015
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The Normal Peritoneal Membrane



Starling forces in peritoneal capillaries in PD

P= 17 mm Hg

8mm Hg



Starling forces in peritoneal capillaries in PD

P= 17-20 mm Hg

7 -8mm Hg

21mmHg

0.1

peritoneal space



Pressure Gradients 



Ramesh Khanna & Karl D. Nolph

Na 132 mmol/l

Ca  1,25mmol/l

Mg  0,5 mmol/l

Cl  100 mmol/l

lactate 35 mmol/l           ev. 

lactate/bicarbonate

glucose 1,36-4,25 g/dl

osmolarity       347-486

pH 5,2

GDP (degradation products of glucose)

Composition of standard peritoneal 

dialysis solution



Physiology of Ultrafiltration:
Crystalloid Osmosis

Daugirdas et al: Handbook of Dialysis, Third Edition, p 299, 2000
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Physiology of Ultrafiltration:
Net Ultrafiltration

Mactier RA, et al. J Clin Invest. 1987;80:1311-1316.





Peritoneal vasculature

The Normal Peritoneal Membrane

Mesothelial cell monolayer

Interstitium



The Normal Peritoneal Membrane



Peritoneal Equilibration Test

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

Membrane transport type.
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Peritoneal Equilibration Test

ÅFast transporters

ÅAverage transporters

ÅSlow transporters



High & Low Vs Fast & Slow 

Solute clearance = volume  x  D/P



Physiology of Ultrafiltration:
Glucose Kinetics by Transport Status



Physiology of Ultrafiltration:
Net Ultrafiltration: 3.86% Dextrose Dialysate

Mujais S, Vonesh E. Kidney Int. 2002;62 (suppl 81):S17-S22.



60 113 168

Na Urea Creatinin Urate Na + H2O

23

Peritoneal

Membrane

Mass
Transfer

Area
Coefficient

Clearance
(ml/min)

7 16 10 7 7

Sieving Coefficient
Dialysate/Plasma (Na)

0.7

Na Balance in APD



Aquaporin-1



Ramesh Khanna & Karl D. Nolph

Model of transport - 3 sorts of pores 





(initial drop due to transcellular UF of water 

through aquaporins)

1,27% G

3,86% G 

Na Seiving





Transcellular pore
r < 0.8 nm
Osmotic UF with low
MW osmotic agents

Small pore
r = 4-6 nm
Osmotic UF with low and 
high MW osmotic agents,
Small solute clearances

Large pore
r > 20 nm
Protein loss

Forces

Pdominates

P dominates

P and P

INTERSTITIUM CAPILLARY LUMEN

UF
with glucose

UF with glucose

Na

Na

and icodextrin

Sodium sieving

ENDOTHELIUM

Protein loss



Ultrasmall VS    Small Channel

üThe resistance in the aquaporinsis much higher than in the 
small pores due to the difference between the two in radius.

üWater channels require very high osmotic pressure gradients

üThe crystalloid osmotic pressure gradient across the water 
channels is: 

×(347 ς305) × 19.3 = 811    mmHg for a 1.5%  glucose solution

×(486 ς305) × 19.3 = 3493 mmHg for a 4.25% glucose solution



Partitioning of fluid flows in the TPM for glucose 
osmosis vs. ICO osmosis

45% AQP-1

small pores

r = 45Å
55%

<1%
large pores

r = 250Å

Glucose osmosis

a)

Icodextrin osmosis

b)

4%

~90%

6%



1. PET- peritoneal equilibration test (type of 

transport and ultrafiltration after 4 hours)

2. weekly clearance of creatinine and urea 

3. daily UF

4. dicrease of Na in dialysis fluid after 60 

minutes using 3,8% G (test of 

aquaporines)

Assessement of peritoneal function



Na   Dip



Peritoneal Dialysis 
Complications

Non-Infectious

Iraj Najafi MD.
22 . 4 . 1402



Non-Infectious complications

Pressure 
dependent

Back pain
GERD
Leak

Pleural effusion
Hernia

Hemorrhoids

Catheter 
dependent

Early catheter 
malfunction

Out flow failure
Cuff  extrusion 

Intestinal 
perforation

Time 
dependent

Metabolic 
UF Failure

EPS 

Pathology
dependent

Hemoperitoneum
Chyloperitoneum
Bilousperitoneum



Causes of abdominal pain in PD except peritonitis



Different colors : Different etiologies 



Bloody Drainage
ά.ŜƴƛƎƴέ ŀƴŘ ά{ŜǊƛƻǳǎέ



Bloody Drainage

Benign Causes:

ω ƳŜƴǎǘǊǳŀǘƛƻƴ

ω ƻǾǳƭŀǘƛƻƴ

ω ǘǊŀǳƳŀ

ω ŎƻŀƎǳƭƻǇŀǘƘȅ

ω ǊǳǇǘǳǊŜŘ ǊŜƴŀƭ ƻǊ ƻǾŀǊƛŀƴ Ŏȅǎǘǎ

Serious Causes:

ω ƛǎŎƘŜƳƛŎ ōƻǿŜƭ

ω Ŏƻƭƻƴ ŎŀƴŎŜǊ

ω ǇŀƴŎǊŜŀǘƛǘƛǎ

ω ǳǊƻƭƻƎƛŎ ŎŀƴŎŜǊ

ω ŜƴŎŀǇǎǳƭŀǘƛƴƎ ǇŜǊƛǘƻƴŜŀƭ ǎŎƭŜǊƻǎƛǎ



Bilious Drainage
Can rarely be seen after laparoscopic cholecystectomy



ChylousDrainage
Effluent cell count is normal but triglycerides are high



ChylousDrainage

×Patients should be investigated for underlying

intra-abdominal pathology

×Can rarely be seen in lymphoma and tuberculosis

×Comes and goes depending on dietary fat intake

×Treatmentshould include diet of small and 
medium chain fatty acids



Non-Infectious complications

Pressure 
dependent

Back pain
GERD
Leak

Pleural effusion
Hernia

Hemorrhoids

Catheter 
dependent

Early catheter 
malfunction

Out flow failure
Cuff  extrusion 

Intestinal 
perforation

Time 
dependent

Metabolic 
UF Failure

EPS 

Pathology
dependent

Hemoperitoneum
Chyloperitoneum
Bilousperitoneum



Catheter  related  problems

1. Catheter Malfunction 
2.  Kink 
3.  Hematoma
4.  Leak
5.  Hernia
6.  Exit site  malposition
7. Catheter  Extrusion
8.  Short & malshapetunnel
9.  Cuff  Extrusion 
10. Exit site infection
11. Tunnel infection

Catheter  malposition
Omental wrap 
Blood  clot   



Prevention of early catheter
malfunction

Appropriate catheter

Optimal surgical technique

Good postoperative care

Nephrologist& Surgeon or radiologist 
communication



Prevention of early catheter
malfunction

Swan neck catheter with appropriate 
length 

techniqueLaparoscopic  insertion

Liberal use of laxatives

No way for insertion of catheter by 
unsupervised trainees



To achieve good 

long-term results, implantation 

must be performed by a

competent and 

experienced 

catheter insertion 

team



Outflow failure

ÅIncidence: 5-20%

ÅCauses:
ÅConstipation (anytime)

ÅCatheter malposition(days)

Å Intraluminalcatheter occlusion by thrombus

ÅExtraluminalcatheter occlusion by omentumor adhesions (weeks)

ÅKinking (soon after placement, positional)

ÅLoss of dialysatefrom peritoneal cavity



Malposition of the catheter



Treatment of outflow failure

Depends upon the cause of obstruction

ÅConservative

ÅSurgical intervention
and/or catheter replacement 



Treatment

ÅConstipation

ïMore than half of the cases are cured with releif of constipation

ïLaxatives, stool softeners, suppositories or enema

ÅFibrin clot

ïHeparin 500 units/L of dialysatefor lysis

ïUrokinaseςinstilled in catheter for 1 hour and then removed

ïRecombinant tPAςused if obstruction is refractory



Non-Infectious complications

Pressure 
dependent

Back pain
GERD
Leak

Pleural effusion
Hernia

Hemorrhoids

Catheter 
dependent

Early catheter 
malfunction

Out flow failure
Cuff  extrusion 

Intestinal 
perforation

Time 
dependent

Metabolic 
UF Failure

EPS 

Pathology
dependent

Hemoperitoneum
Chyloperitoneum
Bilousperitoneum





Intra Peritoneal Volume VS Intra Peritoneal Pressure

IPP (2.2 cmH2O)
Decubitus Upright

MTAC 24%

UF

Capillary Compression  

Vascularization

Surface Area

Lymphatic Absorption 

Extralymph. Abs.

Transcapil. Ultrafilt.

2 lit  at rest decub= 5mmHg,            rest lat. Decub = 15mmHg,

at  rest upright = 20mmHg,          active upright =  200mmHg

IPV (1 Liter)
2 lit 3 lit
MTAC 40%

UF

Drain Volume

UF Volume

Surface Area

1.36% Glc UF

2.27% Glc UF

3.86 Glc UF



in  PD
Adequate level of solute clearance for normal size anephric 

patients can be achieved only by:

OR

Inordinate number

of exchanges

Hernia  provoking 

intraperitoneal volumePoor Compliance Increase Volume



Hernias



Hernias



Hernia



Ventral Hernia



Ct Scan of abdominal wall hernia



Umbilical Hernia



Hernias 
How can a hernia lead to peritonitis?

Hernia

Bowel Incarceration and Strangulation

TransmuralLeakage of Bacteria

Peritonitis



Hernia and Leak (CT Scan with IP Dye)



Hernia peritoneography



Genital Edema (ŎƻƴǘΩŘύ

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



Pericatheterleakage

×Clinical manifestations:
×Fluid in the area surrounding the catheter

×Subtle subcutaneous swelling

×Diminished outflow volumes may precede frank 
leakage

×Genital and abdominal wall edema may also 
indicate the presence of a leak



Abdominal Edema with Right Flank Bulging



Diagnosis of Leak
To help confirm the diagnosis and delineate the anatomy of the leak

×Peritoneal scintigraphy

×CT scanning after infusion of dialysatecontaining contrast material 

×Magnetic resonance imaging using dialysateas the contrast material may also be 
useful.

One-third of leaks occurring late after catheter placement required imaging for 
diagnosis.



Isotopic scan of peritoneum



PericatheterLeak - CT Cannulogram



CT Scan with IP Dye Demonstrating Leak 
through Catheter Insertion Site (Prischl)



Retroperitoneal Leak  (UF  Failure) 



Management of Leak, Hernia

× Decreasing exertionalactivity

× Decreasing  dialysatevolume

× Occasionally, APD

× Temporary  conversion to hemodialysis

× Leaks and Hernias that do not respond to 
conservative management may require 
surgical repair 



Pleural effusion

× Possible aetiologies:
× Volume overload, CHF
× Local pleural process
× Peritoneal dialysateleak

×Suspicion of peritoneal dialysateleak:
in a non edematouspt with inadequate UF

×Incidence: 1.6%, more common in females
×ADPKD patients prone to have due to decreased 

abdominal capacity



Chest X-Ray, Haziness of right lung



Chest CT, Pleural effusion and normal lung



Pleural leak



Pleural leak

× Usually occurs early after starting PD

× Unrelated to dialysatevolumes

×Hypotheses:

×Congenital communication between pleura and peritoneum
×Combination of increased intra-abdominal pressure and negative 

intra-thoracic



Defect in the Hemidiaphragm
(Lieberman et al)


