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Outline 

• Introduction 

• Chronic inflammation in CKD  

• Systemic and local inflammation in PD 

• Role of intestinal flora, diet and dysbiosis 

 

 

 



Elevated s-CRP is a strong 
predictor of increased 

mortality in HD patients 

Bergstrom et al, JASN 6, 1995 

Jonas Bergström, M.D. 

In 1995, Jonas Bergström was the first to report that….  



Stenvinkel et al. Clin J Am Soc Nephrol 2008;3:505-521 



CRP Predicts Poor Outcome in ESRD 
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PD Patients are in a State of Inflammation (but less 
so in Asia) 
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Prevalence inflammation (%) 

Noh et al 

Wang et al 

Qureshi et al 

Ducloux et al N=240; CRP ≥ 3.2 mg/l 

N=36; CRP ≥10 mg/l 

N=246; CRP ≥ 5 mg/l 

N=106  

CRP ≥ 8 mg/l 



CRP Predicts Cardiovascular Events and 
Mortality Also in PD  

Ducloux et al. Kidney Int 2002;62:1417-22 Wang et al. JASN July 2003 

Follow-up time (months) 
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Prevalence of malnutrition, inflammation and atherosclerosis in ESRD 
patients 

22% 

4% 

1% 

Inflammation 

32% 

Malnutrition 

44% 

Carotid plaque 

72% 

Stenvinkel P et al. Kidney Int 1999; 55: 1899–911 



MIA is associated with poor survival 

Stenvinkel et al. Unpublished finding 
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MIA and Increased Peritoneal Transport 

Stenvinkel et al. Perit Dial Int 2001;21[Suppl 3]:S144-S149 
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Causes of Inflammation in the PD Patient 

Related to PD 

 
 Peritonitis 

 Bio-incompatibility of PD solutions 

 Exposure to endotoxins from dialysate 

 GDPs in peritoneal fluid 

 Increased fat mass (?) 

Unrelated to treatment 

 
 Reduced renal function 

–Reduced renal clearance of cytokines 

–Accumulation of AGEs 

–Oxidative stress 

–Volume overload 

 Genetic factors 

 Dietary factors 

 Dysbiosis 

 Sedentary life style 

 Co-morbidity 

–Chronic heart failure 

–Atherosclerosis per se 

–Unrecognized persistent infections 
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            (n = 81)                        (n = 36) 

p = 0.004 

4.5 

3.2 

Association Between Residual Renal Function and Inflammatory 

Markers in Advanced Renal Failure 

Pecoits-Filho et al. Am J Kidney Dis 2003 

Chung et al et al. NDT 2003;18:590-7 



Associations to Outcome in Peritoneal Dialysis 

Increased peritoneal  

transport 

Residual renal  

function 

Volume overload  

and LVH 

Inflammation 

 

Follow-up time (months) 
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Wang et al  

JASN 2003 

Churchill et al: JASN 1998 

Bargman et al  

JASN 2001 

 

Ates et al Kidney Int 2001 

Total fluid removal 

Group I <1265 ml/24h  

Rumpsfeld et al. JASN 2006 

N=3702 



Treatment of Volume Overload may Affect 
Inflammation 
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Systemic inflammation 

Causes   Management 

Uremia per se    Adequate dialysis 

Oxidative stress   Anti-oxidants (vit. E, acetyl-cysteine)  

Heart failure    ACEi, preservation of RFF 

Hypertension   BP control, optimized UF 

AGE accumulation   AGE dietary restriction? 

Cytokine retention   Anti-cytokine therapy? 

Chronic infections   Screening, antibiotics 

Altered gut flora   Synbiotics 
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Peritoneal membrane 
? 

Intraperitoneal inflammation 

Causes    Management 

Peritonitis    Antibiotics 

High glucose   Alternative osmotic agents 

Low pH    Physiological pH 

GDPs    Low GDP solutions 

AGEs    Low glucose solutions 

Osmolarity     Low osmolarity osmotic agents 

Lactate     Low lactate solutions 


 IP

 in
fla

m
m

a
tio

n  P
e
ri

to
n

e
a

l c
a

v
it
y 

Modified from Pecoits-Filho et al. PDI 2003 



Systemic inflammation 



Snaedal S et al: NDT 31:1320-7, 2016 



Snaedal S et al: NDT 31:1320-7, 2016 
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8.7 

4.6 

6.6 

HD PD 



Snaedal S et al: NDT 

31:1320-7, 2016 

0.28 

0.47 

PD vs. HD 

PD vs. HD 



Inflammation Biomarkers Are Risk Predictors in CKD 
Patients 

Zimmermann et al. KI 1999 

N=280  

CRP 

Bologa et al. AJKD 1998 

IL-6 

Suliman et al. QJM 2008 PTX3 

Heine et al. KI 2008 

CD14++CD16- monocytes 





IL-6 is a Stronger Predictor of Outcome in ESRD 

AJKD Jan 2006 

296 patients starting dialysis therapy 



Alves FC et al: PLoSOne 2018 Jan 3;13(1):e0190410  



Local inflammation 



D/P for IL-6 vs. time on PD  

©2013 by American Society of Nephrology 

Lambie M et al. JASN 24: 2071-2080, 2013 



Scatterplot of PSTR 

measured as 4-hour 

dialysate-to-plasma 

creatinine ratio with 

dialysate IL-6 

demonstrating a 

center effect.  

©2013 by American Society of Nephrology 

Lambie M et al. JASN 24:  

2071-2080, 2013 

Intraperitoneal inflammation was the most 
important determinant of peritoneal transport  



GILLEROT et al, Kidney Int 67, 2477-2487, 2005 



The BalANZ Trial – Solute Transport 

Change in D:P Cr 4 h over time in the balance (A) and control (B) groups over 2 years.  

Johnson DW et al., Nephrol. Dial. Transplant. 2012 

16 centers/ 3 countries  

n= 185 incident patients 

balANZ 



The BalANZ Trial - Ultrafiltration 

Change in peritoneal UF over time in the Balance (A) and control (B) groups over 2 years.  

Johnson DW et al., Nephrol. Dial. Transplant. 2012 

16 centers/ 3 countries  

n= 185 incident patients 

balANZ 



Cho Y: BMC Nephrol. 2014 Jan 10;15:8 

Incident participants from the 

balANZ trial  (n=88) who had 

completed 24-months of follow-up. 

  

CONCLUSION: Dialysate IL-6 

concentration increased with 

longer PD duration and was a 

significant, independent predictor 

of PSTR. The use of 

biocompatible PD solutions 

exerted no significant effect on 

dialysate IL-6 levels but did 

abrogate the increase in PSTR 

associated with standard PD 

solutions.  



From: Peritoneal inflammation precedes encapsulating peritoneal sclerosis: results from the GLOBAL Fluid Study 
Nephrol Dial Transplant. 2016;31(3):480-486. doi:10.1093/ndt/gfv440 

Nephrol Dial Transplant | © The Author 2016. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved. 

Lambie M et al: NDT 31: 480-6, 2016 

IL-6 TNF-alfa 



Fielding CA et al: Immunity 40:40-50. 2014 

Il6–/– Mice Are Protected 

from the Development of 

Fibrosis after Repeated 

Inflammation 



Gut microbiota 



Slide courtesy Stig Bengmark 



Slide courtesy Stig Bengmark 



Effects  Mechanism  

1. Reduced intake of dietary fibres  
Prescribed potassium restriction leads to reduced 

intake of fruits and vegetables  

2. Prolonged colonic transit time 

(constipation) 

Multifactorial: dialysis modality, lifestyle, inactivity, 

phosphate binders, dietary restrictions, low fluid 

intake, primary renal disease and comorbidities 

(diabetes, heart failure, malnutrition and 

cerebrovascular disease)  

3. Increased amounts of protein 

available for proteolytic bacterial 

species 

Protein assimilation is impaired in uraemia, with 

increased amounts of intact proteins reaching the 

colon  

4. Changes of the colonic 

microbiota  

Increased blood ammonia concentrations may 

change intestinal lumen pH; 

Drug therapies (antibiotics, phosphate binders, 

antimetabolites, etc.) with local effect in the gut 

lumen  

Effect of CKD on bacterial metabolism 

Sabatino A et al, Nephrol Dial Transplant 30: 924-33, 2013 



Natarajan R et al  

BioMed Research Internationa 2014l 



Anders HJ et al. Kidney Int 83: 1010-6,2013 





Slide courtesy Stig Bengmark 



In conclusion, our meta-analysis 

provided evidence that omega-3 fatty 

acids and vitamin E could improve 

inflammatory outcomes in HD 

patients. Evidence for other groups 

of nutritional interventions was 

inconclusive.  

Khor BH et al. Nutrients 10:397,2018 



How Do We Handle Dialysis Patients with 
Signs of Inflammation? 

Evaluate and treat co-

morbidities that may cause 

inflammation 

• Infectious complications 

• Silent ischemic heart disease 

• Intercurrent clinical events 

• Peridontal disease 

• Failed kidney transplant 

• Volume overload 

• Inflammatory diseases 

• Diet 

• Dysbiosis 

Consider anti-

inflammatory treatment 

strategies 

• Nutritional intervention 

• Synbiotics 

• Physical training 

• Pharmacological  

  Intervention? 

Evaluate and treat 

potential dialysis related 

causes of  inflammation 

• Unpure dialysate 

• Fluid balance 

• Infectious complications of  

  haemodialysis access  

• Thrombosed fistula or graft 

• Bioincompatible membranes 

• Bioincompatible dialysis fluids 

• Peritonitis 

• Hemodiafiltration 



Summary 

• In PD patients significant associations exist between inflammation and residual 
renal function, increased peritoneal transport and volume overload/left 
ventricular hypertrophy.  

 

 Inflammation is a common feature of PD and is associated with cardiovascular 

events, malnutrition and outcome. 

 Local peritoneal inflammation is related to long-term changes in the peritoneal 

membrane 

 Dietary factors and the gut dysbiosis are important modifiable inducers of 
inflammation that need further study 

 

 PD patients seem to be less inflamed compared to HD patients 


