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What is Evidence-Based Medicine ?

Sackett DF et al, BMJ 1996;312(7023):71-72



Science-Based EBM Applied to Hemodiafiltration

VIRTUAL MEDICINE

HIGHLY SELECTED POPULATION

RANDOMIZED CONTROLLED STUDIES

REAL MEDICINE

UNSELECTED POPULATION

POPULATION BASED STUDIES

REALITY



Primary Outcome HDF vs HD
Outcome is Improved When Right Dosage Is Delivered



European Pooling Project

Convective Dose Dependency CV Mortality 
Total Ultrafiltered Volume Distribution Per Study

0.91
(0.65-1.29)

HR 
(95%CI)

0.57
(0.38-0.84)

0.84
(0.59-1.20)

Peters SA et al, Nephrol Dial Transplant. 2016;31(6):978–984.



HDF European Pooling Project
Four Randomized Clinical Trials

Pooled individual pa-ent analysis of four prospec-ve trials compared thirds of delivered convec-on volume with hemodialysis. 

Convec-on volumes were either not standardized or standardized to weight, body mass index, body surface area, and total body water. 

Data were analyzed by mul-variable Cox propor-onal hazards modeling from 2793 pa-ents. 

2708 
prevalent
ESKD pts

HD1393

HDF1315

Peters SAE et al, Nephrol Dial Transplant 2016;31(6):978-84.

Individual Patient Data
Meta-Analysis

European Pooling Project



Effects of Pooled Database on HR
HDF is Associated with a Significant Reduction of Mortality Risk 

*Riley RD et al, BMJ 2010;340:c221

A Pooled Meta-Analysis of Individual Participant Data* from four 

randomized controlled trials

Peters SAE et al, Nephrol Dial Transplant 2016;31(6):978-84.

î14%

î23%

Individual Patient Data

Meta-Analysis



HDF is Associated With Better Outcome

with High Volume Convection
Cohort Study

National Registry

Kikuchi K et al, Kidney Int. 2019 Feb 16. pii: S0085-2538(18)30897-4.



HDF is Associated with Better Outcome at Patient Level and 

at Facility Level

Mercadal L et al, Am J Kidney Dis. 2016;68(2):247-255.

Cohort Study
National Registry



HDF is Associated with Better Outcome Over 10 Years Period both 

in Australia & New Zealand

Lee E et al, Nephrol Dial Transplant. 2018; 33 (Sup.1): i332–i333

Cohort Study
National Registry
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Intra Dialytic Hypotension is Reduced in HDF

Locatelli F et al, J Am Soc Nephrol 2010; 21:1798-1807

Total incidence of IDH 7.5% 28950 sessions

9.8 to  8.0%

i 18.4%

10.6 to  5.2%

i 50.9%

7.1  to  7.9%

h 9.9%



Intradialytic Morbidity is Reduced in Elderly Patients with HDF 

Morena M et al, Kidney Int. 2017;91(6):1495-1509. 

Reduced incidence of hypotensive episodes and cramps



A Cause-Specific Analysis of HD/HDF Shows Cardiac Benefit Exclusively

Annualized CVD mortality per 100 patient-years in the HD and 
olHDF groups. The numbers in boxes represent fatal CVD

Nubé MJ et al. HDF Pooling Project investigators. Nephrol Dial Transplant. 2017;32(3):548-555.

Net gain on mortality is 

mainly from cardiac 
origin

Myocardial Infarction, 

Arrhythmia
Congestive Heart Failure

0.8
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Online Hemodiafiltration Has Different Features and Biologic Actions

Art

Ven

Inlet

Outlet

Qd

Qb

Qsub.

Quf

+

Online production of substitution fluid



HDF Provides Significantly Higher ß2M Clearance & Mass Removal

Roumelioti ME et al, Nephrol Dial Transplant 2018; 33: 1025–1039



Inflammation, Oxidative Stress, Nutrition and Anemia Markers Are Improved 

with Ultrapure Dialysate and HDF

Susan&taphong P et al, Nephrol Dial Transplant 2013;28: 438–446 
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Hemodialysis as Heat Exchanger System

Dialysate 

Temperature

Body & Core 

Temperature
EC Blood 

Temperature

Temperature

Control

Inlet

Outlet

Art

Ven

Qd

QbKuf

Thermal Gradient

Energy Transfer Rate

Schneditz D. Semin Dial. 2001;14(5):357-64.



Terminology Used to Define Thermal Balance in HD is Confusing

Schneditz D. Semin Dial. 2001;14(5):357-64.



Thermal Energy Balance in Standard HD Treatment

Pergola et al. Am J Kidney Dis 2004;44:155-165

Mean Predialysis Auricular Temperature is 36.5oC

BLOODDIALYSATE

37.5oC 36.5oC

Heat Gain

Positive Energy Transfer Rate

Standard Dialysate Temperature is Set at 37-37.5oC



Heat Flow Transfer – Instantaneous Energy Transfer Rate

Dialysate 

Temperature

Body & Core 

Temperature
EC Blood 

Temperature

Temperature

Control

Instantaneous Energy

Transfer Rate

Inlet

Outlet

Art

Ven

Qd

QbKuf

Schneditz D. Semin Dial. 2001;14(5):357-64.



Body & Core 

Temperature
Temperature

Control

Instantaneous Energy

Transfer

Art

Ven

Inlet

Outlet

Qd

Qb

Qsub.

Quf

Online HDF has an Additional Component to Heat Flow Transfer Equation
Substitution and Ultrafiltration Flow and Segments

Schneditz D. Semin Dial. 2001;14(5):357-64.



Thermal Energy Balance in HD Patient - Temperature Gradient

Thermal Energy Balance in HD Patient Results Mainly 

from Dialysate-Blood Temperature Gradient 

Hyperthermic

Dialysis

Patient Gain 

Thermal Energy

(kJ/ses. or W/ses.)

Temp. D > B

No Thermal Energy 

Gain/Loss 

(kJ/ses. or W/ses.)

Isothermic 

Dialysis

Temp. D = B

Pa<ent Loss 

Thermal Energy

(kJ/ses. or W/ses.)

Hypothermic

Dialysis

Temp. D < B

Schneditz D. Semin Dial. 2001;14(5):357-64.



Hemodynamic Response to Ultrafiltration and Hyperthermic Dialysis

↑ Vasodilation

↑ ↑ Tachycardia

↓ ↓ Peripheral Vascular Resistance

↓ Stroke Volume

↓ Ejection Fraction

↓ Vascular Refilling Rate

↓ Effective Volemia

↑ INTRADIALYTIC

HYPOTENSION

↑ DIALYTIC

MORBIDITY

Hyperthermic

Dialysis

ULTRAFILTRATION



Hemodynamic Response to Ultrafiltration and Hypothermic Dialysis

PRESERVE

BLOOD PRESSURE

↓DIALYTIC

MORBIDITY

ULTRAFILTRATION

Isothermic 

Dialysis
Hypothermic

Dialysis
↑ ↑ Vasoconstriction

Tachycardia

↑ ↑ Peripheral Vascular Resistance

↓ Stroke Volume

↓ Ejection Fraction

↑ Vascular Refilling Rate

≈ Effective Volemia



Hypothermic Dialysis Reduces Incidence of Intra-Dialytic Hypotensive Episodes

Maggiore Q et al, Am J Kidney Dis.2002;40:280-290

Hypothermi

Hyperthermic 
Thermoneutral 

Hypothermic 



Effect of Thermal Balance Regime on Hemodynamic Behavior (BP & HR)

Maggiore Q et al, Am J Kidney Dis.2002;40:280-290

Hyperthermic

Thermoneutral

Hypothermic 



Hemodynamic Response to Thermal Energy Balance in HD/HDF Patients
Exploring Thermal Balance and Volume Effects: Different Design of Studies

ol-HDF High UF Volume

HDF Low UF Volume

HDF Medium UF Volume

Automated

Thermocontrolled
Blood Temperature Module (BTM)

Substitution Fluid  is Maintained

at Room Temperature

Manual Setting
Dialysate-Blood Temperature Gradient

ol-HDF High UF VolumeHD

Isothermic

Dialysate-Blood Temperature Setting

IsothermicHD

Hyperthermic

Hypothermic
HD

Clinical Studies Exploring Effects of Thermal Balance HD vs. HDF



Hemodynamic Response to HD vs. HDF with Hyperthermic HD
Reduction of Intradialytic Hypotension with HDF  and Hypothermic HD

Donauer et al, Nephrol Dial Transplant 2003;18: 1616–1622
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Hemodynamic Response to HDF vs. HD with Hypothermic HD
Significant Reduction of Intradialytic Hypotension Episodes with Hypothermic HD Matching HDF

Donauer et al, Nephrol Dial Transplant 2003;18: 1616–1622
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Hemodynamic Response to HDF vs. HD and Thermal Balance
Comparable Reduction of Intradialytic Hypotension Episodes with Hypothermic HD and HDF

Donauer et al, Nephrol Dial Transplant 2003;18: 1616–1622

HDF is associated with thermal loss equivalent to hypothermic HD



Intradialytic Hemodynamic HDF vs. HD with Isothermic Conditions
Mean Arterial Pressure Decline in Similar Way

Karamperis N et al, Kidney Int. 2005;67:1601–1608



Intradialytic Hemodynamic of HDF vs. HD with Isothermic Conditions 
Cardiac Performance Decline Follows Blood Volume Reduction

Karamperis N et al, Kidney Int. 2005;67:1601–1608

Cardiac OutputStroke Volume



Intradialytic Hemodynamic HDF vs. HD with Isothermic Conditions
Higher Increase in Total Peripheral Resistance with HDF

Karamperis N et al, Kidney Int. 2005;67:1601–1608

Total Peripheral Vascular Resistance



Thermal Balance and Temperature Change in HD vs. HDF
Cooling Effect of online HDF

Donauer et al, Nephrol Dial Transplant 2003;18: 1616–1622



Effects of Thermal Balance and Substitution Volume on Hemodynamic during HDF vs. HD

Van Der Sande F et al, J Am Soc Nephrol 2001;12:1916 –1920

HD 37.5°
HDF 2.5L/H
(10L/ses.)

HDF 1L/h
(6L/ses.)

HD 35.5°

12 HD pats

Same treatment conditions
4hrs x 3wk – Qb 300 QD 500 

Dialysate Electrolyte Composition
Dialyzer: Polyamide
Same day & Hours – UFR …

Hemodynamic Monitoring: AP, MAP, HR…
Energy Transfer Rate – Blood volume control

*HDF substitution fluid bag, room temperature

2.2 ±0.6                    2.3 ± 0.7                   2.4 ± 0.7                      2.3 ± 0.8 LWL (l/ses.)

2.2 ±0.6                    8.3 ± 1.7                   2.4 ± 0.7                    12.3 ± 1.8 LTVUF (l/ses.)

2 x 2 Factorial Study



Thermal Effects on Hemodynamic during HDF & HD 
Effect of Amount of Replacement Fluid and Dialysate Temperature

Van Der Sande F et al, J Am Soc Nephrol 2001;12:1916 –1920

Total ultrafiltration volume is correlated with negative thermal energy balance 



Intradialytic Hemodynamic under Thermocontrolled Conditions
Imaging by Cardiac MRI – Clinical Setting for in vivo Assessment



Hemodynamic Behavior of HD vs. HDF
No Significant Difference in Isothermic Controlled Conditions

Buchanan Ch et al, J Am Soc Nephrol 2017;28: 1269–1277.

Fits closely with 

intradialytic blood 

volume change
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Non-Thermal Factors Contributing to Hemodynamic Response

•Inflammation – Oxidative Stress

•Endothelial Dysfunction

•Pulse Wave Velocity

•Sympathetic Nerve Activity

•Cardiac Arrhythmogenic Activity



Time Behavior of CRP in Patients Treated with HD and HDF 
CRP Remains stable in HDF and Increases in HD

den Hoedt CH et al, Kidney Int. 2014;86(2):423-32.



Effects of HD/HDF on Endothelial Dysfunction
Correlate with Markers of Oxidative Stress, Inflammation & NO Pathway

Bellien J et al, Nephrol Dial Transplant 2014;29: 414–422

Endothelial dysfunction is reduced with HDF



Effects of HD/HDF on Endothelial Dysfunction
Flow Mediated Dilatation

Bellien J et al, Nephrol Dial Transplant 2014;29: 414–422

Flow mediated dilatation is improved with HDF



Effects of HD/HDF on Endothelial Dysfunction
Carotid Distensibility

Bellien J et al, Nephrol Dial Transplant 2014;29: 414–422

Carotid distensibility is improved with HDF



Effects of HD/HDF (HFR) on Oxidative Stress
HDF Reduced Both Mononuclear Cell mRNA Expression and Protein Level of p22phox

Calò LA et al, Nephrol Dial Transplant. 2007;22(5):1413-9.

p22phox* expression is reduced with HDF

*subunit of NADPH oxidase generating superoxide anion (O2- )



Effects of HD/HDF (HFR) on Inflammatory Cytokines
HDF Reduced both Mononuclear Cell of RNA and Protein Level of Plasminogen Activator Inhibitor (PAI-1)

Calò LA et al, Nephrol Dial Transplant. 2007;22(5):1413-9.

PAI-1, Plasminogen Activator Inhibitor 1* expression is reduced 

Marker of oxidative stress-related response to inflammatory cytokines



Effects of HD/HDF (HFR) on Inflammatory Cytokines 
HDF Increased the Protein Expression of Heme Oxygenase (HO-1)

Calò LA et al. Artif Organs. 2011;35(2):183-7.

HO-1: Antioxidant, anti-inflammatory, anti-proliferative & oxidized LDL 



Effects of HDF vs. HD on Inflammation, OS and ED in ESKD Infants

Ag ̆bas A et al, PLoS ONE 2018;13(6): e0198320.



Effects of HDF vs. HD on Oxidative Stress
Markers of Oxidative Stress Are Significantly Reduced in HDF

Ag ̆bas A et al, PLoS ONE 2018;13(6): e0198320.

Oxidative stress is reduced and total antioxidant capacity improved in HDF 



Effects of HDF vs. HD on Inflammation
Inflammation Markers and B2M Are Reduced with HDF

Ag ̆bas A et al, PLoS ONE 2018;13(6): e0198320.

Inflammation is reduced with HDF



Effects of HDF vs. HD on Endothelial Dysfunction
Endothelial Function is Improved with HDF

Ag ̆bas A et al, PLoS ONE 2018;13(6): e0198320.

ADMA concentrations are reduced in HDF



Effect of HDF vs. HD on Vascular Stiffness
Aortic Pulse Wave Velocity

Charitaki E et al, Nephron Clin Pract 2014;128:185–191



Effect of HDF vs. HD on Vascular Stiffness
Aortic Pulse Wave Velocity

Charitaki E et al, Nephron Clin Pract 2014;128:185–191

PWV: aortic pulse wave velocity

Aortic PWV is stabilized with HDF



Effect of HDF vs. HD on Diastolic Coronary Refilling Capacity

Diastolic Relaxation Area

Charitaki E et al, Nephron Clin Pract 2014;128:185–191

DRA: Diastolic relaxation area
a measure of diastolic refilling of the left coronary artery

DRA is improved with HDF



Effects of HDF vs. HD on Arterial Stiffness
Brachial Pulse Wave Velocity

Ohtake T et al, Ther Apher Dial. 2012; 16(2):181–188



Effects of HD vs. HDF on Autonomic Nervous System Dysfunction

Park KW et al, Kidney Res Clin Pract. 2013;32(3):127-33. 



Effects of HD/HDF on Autonomic Dysfunction
Heart Rate Variability (HRV) is Reduced with HDF

Park KW et al, Kidney Res Clin Pract. 2013;32(3):127-33. 

Frequencies domain measures (VLF, HF & LF) increase significantly with HDF, 

translating an improvement in autonomic nervous system dysfunction



Effects of HD/HDF on Intradialytic Cardiac Arrhythmogenicity
Changes In T Peak-end Interval (Tpe)

Páll A et al, Trauma Emerg Care, 2017;2(5):1-6

HDF is associated with a reduced Tpe value meaning less arrhythmic risk
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HDF is Associated with Negative Thermal Balance 
and Intradialytic Hemodynamic Benefits



Beyond Thermal Balance HDF Has Additional CV Benefits

HEMODIAFILTRATION
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Disaster-WHO Definition
“an act of nature of such magnitude as to create a catastrophic situation in which the 

day-to-day patterns of life are suddenly disrupted and people are plunged into helplessness 

and suffering and as a result need food, clothing, shelter, medical and nursing care and other 

necessities of life, and protection against unfavorable environmental factors and conditions.”

Lameire, et al. Semin Nephrol 40:393−407, 2020



A

B

Centre for Research on the Epidemiology of Disasters (CRED) 



Definitions



Cote et al, J of Anesthesia 

(2020) 34:585–598

Pathogenesis of 

rhabdomyolysis



B. The McMahon Risk Score 

of RRT and/or mortality in 

Rhabdomyolysis

A. Clinical significance of the CPK level

A low risk score predicted a 

favorable outcome: a score of < 5 

identified patients with a 3% risk 

of the primary outcome, while a 

score of > 10 was associated with 

a risk of 59.2%.

McMahon et al, JAMA Intern Med. 

2013;173:1821-1828



The Compartment Syndrome







æIVV

Myoglobinemia

Better and Stein, NEJM 1990,

Zager, KI 1996,
Vanholder et al. JASN 2000 

Renal hypoperfusion/ischemia

Endotoxin/
cytokines

Cast formation

Tubular damage

AKI

A
R
F

Myoglobinuria

Luminal stasis

Uric ac. Lactic ac.
NO 

scavenging

Potassium

Fe 

loading

Hyperphosphatemia

Hypocalcemia

CaPO4 salts

Thromboplastin

DIC

Free 

radicals

Primary importance Secondary  importance Tertiary importance

PATHOGENESIS of RHABDOMYOLYSIS-INDUCED AKI

Primary importance



Crush Syndrome History

First described in the German 

literature in victims of Messina 

earthquake of 1909

WW I Germans noted traumatic 

rhabdomyolysis

A. Hackard “vasomotorische

nephrose”

Minami in 1924 linked 

rhabdomyolysis and renal failure



Virchows Archiv für 

pathologische Anatomie 

und Physiologie und für 

klinische Medizin, Ueber

Nierenveränderungen 

nach Verschüttung, 

Seigo Minami (1923) 

245: 247-267.

Bajema, Rotmans,NDT

(2018) 33: 2113–2114



The Londen Blitz: September 1940- More than one

million houses were destroyed or damaged and

more than 40000 civilians died





1988: The Armenian Earthquake

• Death toll: 25,000 ?
• Crush cases: 600 ?
• Many crush pts. died due to lack of 
dialysis

Need for preplanned logistic organisation

RENAL DISASTER RELIEF TASK FORCE 

No organized international support structure was available

Eknoyan G. Ren Fail 1992; 14: 241



Supplementation of  
MEDICAL MATERIAL and PERSONNEL

International relief ¹ functional help

• Guatemalan e.1976 Þ 90% drugs useless (unsorted) Seaman, Injury, 1990 

• Armenian e.1978 Þ 70% useless (expired or damaged) Auiter, Lancet, 1990

International personnel support Þ useful or harmful

Local / Global integrated responses are mandatory !

No organized international support structure was available

Eknoyan G. Ren Fail 1992; 14: 241

RENAL DISASTER RELIEF TASK FORCE 





ISN Renal Disaster Relief Task Forces

• Creation of a Latin-American Disaster Relief Task Force- MSF, 
The Latin-American Societies of Nephrology, dialysis
industries. Coordinator: Dr. A. Hurtado

• Creation of a North-American Task Force –MSF Canada, ASN, 

ISN. Coordinators: Drs.Peter Blake (Canada), Tom Parker (USA)

• Creation of a European Task Force, ISN, MSF, dialysis
industries. Coordinator: Dr Norbert Lameire (Gent, Belgium)

• Later added ASN Disaster Relief Task Force : Coordinator, Dr D. 
Portilla

• Later added: South East Asia Task Force: Coordinators:Drs
David Harris (Australia), Vivek Jha, (India)



Conditions and advantages of cooperation 
with Médeçins sans Frontières

• MSF has over the years accumulated an enormous experience in 
disaster relief all over the world.

• MSF has permanent links and access to the Ministry of  Foreign
Affairs for quickly obtaining visa, solving a number of  diplomatic
and logistic problems. The organisation is known world-wide for
its strict political neutrality and has therefore access to countries
where other organisations could not have access ( Nobel Prize for
Peace 1999).

• They also dispose of  very sophisticated communication systems 

• In the disaster area, the overall organisational and medical
command is in the hands of  MSF.

• MSF financially supports travel, accomodation, and insurance of  
all volunteers

• MSF finances all medical and dialysis equipment needed for the
acute dialysis of  the victims



“No! It’s not cocaïne, it’s kayexalate! I am 

on a humanitarian mission…!”



The Global and Local Organisation & Coordination

of the RDRTF

Sever, Vanholder , Lameire. N Engl J Med, 354 (2006), 1052-1063 



MEDICAL INTERVENTIONS AT THE DISASTER FIELD
(FOR PROPHYLAXİS OF CRUSH SYNDROME)

EARLY FLUID 

ADMINISTRATION 

IS OF VITAL  

IMPORTANCE !

Better and Stein, NEJM, 1990 Vanholder et al, Kidney Int, 2000



Fluid management in 

crush victims of 

mass disasters 

Gibney et al Kidney Int

(2014)85,1049–1057



Non-dialyzed: AKI 162,mort: 9,3%

Dialyzed AKI: 477, mort: 17,2%

Discharged

Evolution of AKI population

Marmara earthquake
(n: 639, overall mortality: 15,2%)

Deceased

Erek et al, NDT, 2002, 17:33-40 Vanholder et al, KI, 59, 783-791, 2001



Iran, March, 1997: Material support

Macedonia, May, 1999: Evacuation chronic patients

Macedonia/Kosova, July, 1999: Material support

Ø Turkey, August, 1999: Major intervention

Kosova, February, 2000: Educational support

India, January, 2001: Assessment

Turkey, May, 2003: Material support

Algeria, May, 2003: Assessment

Iran, December, 2003: Major intervention

Luisiana, August, 2005: Advisory role

Pakistan, October 2005: Major intervention

Indonesia, May, 2006: Assessment

Lebanon, July, 2006: Material support

Peru, August, 2007: Scouting

China, May 2008, Major intervention

Italy, April 2009, Advice

Indonesia, September 2009, Assessment

Haiti, January 2010, Major intervention

Chile, February 2010, Advice

Turkey, March 2010, Advice

New Zealand 2010 & 2011, Advice

Ivory coast, 2012, Material support

Lybia, May 2012, Material support

Phillipines, December 2013, Material support

Syria, March-April 2014, Material support

Nepal, April-May, 2015, Material support

Interventions of 

the RDRTF





• Nephrological impact of disasters

• Crush injury and AKI, pathogenesis, prevention by

resuscitation, monitoring and dialysis

• Acute compartment syndrome

• Management of chronic dialysis and transplant patients in 
disaster area

• Advance planning

• Post disaster response: logistics, communications,and supplies

• Disengagement and debriefing

• Psychological and mental support of intervention team 

Lessons learned over the years

of activity of the RDRTF 1998-2015





Sever et al CJASN 16: ccc–ccc, 2021

Complex interaction between disasters and HD 

delivery



Achievements and reflections on the future

• There are some NEW OPPORTUNITIES for the RDRTF:

• start up of ISN regional chapters might help and assist in to providing local anchoring of 
RDRTF

• cooperation with industrial partners might expand both logistical and organisational 
support for RDRTF

• some nephrology societies (eg French) willing to be more involved and creating their own 
disaster preparedness renal group

• gradually most regions in the world provide some degree of chronic renal support, 
providing the necessary and indispensable background to the work of RDRTF.

• There are some THREATS for the RDRTF:

• The headquarters are localized in only one single center (Renal division of UH Ghent 
requiring complex organizational activities, necessitating full-time involvement of one 
medical coordinator and at least one secretarial assistant. 

• In addition, keeping the program and volunteers up-to-date is cumbersome because of 
unpredictability of interventions

• escalating number of unsafe and war struck areas on a global level

• growing number of regions where dialysis is provided for the happy few, but not for all, 
creating ethical problems when bringing in acute dialysis opportunities during a short 
lived window. 

Lameire N et al, Semin Nephrol 40:393−407, 2020
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Disaster



A

B



Centre for Research on the Epidemiology of Disasters (CRED)



Definitions



Sever MS et al, Semin Nephrol 40:341−353  2020

Pathophysiology of rhabdomyolysis induced 

by pressure on muscle cells
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Myoglobinemia

Better and Stein, NEJM 1990,

Zager, KI 1996,
Vanholder et al. JASN 2000 

Renal hypoperfusion/ischemia

Endotoxin/
cytokines

Cast formation

Tubular damage

ATN

A
R
F

Myoglobinuria

Luminal stasis

Uric ac. Lactic ac.
NO 

scavenging

Potassium

Fe 
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Primary importance



Grivei et al Free Radical biology and Medicine 160, 2020,690-695

Oxidative stress and inflammasome activation 

in human rhabdomyolysis-induced AKI

https://www.sciencedirect.com/science/journal/08915849/160/supp/C


Boudhabhay I et al, Kidney Int 2020 Oct 30;S0085-2538(20)31244-8.

doi: 10.1016/j.kint.2020.09.033. Online ahead of print.

Complement activation is a crucial driver 

of AKI in rhabdomyolysis



Crush Syndrome History

First described in German literature in 

victims of Messina earthquake of 1909

WW I Germans noted traumatic 

rhabdomyolysis

A. Hackard “vasomotorische

nephrose”

Minami in 1924 linked 

rhabdomyolysis and renal failure



Virchows Archiv für 

pathologische Anatomie 

und Physiologie und für 

klinische Medizin, Ueber

Nierenveränderungen 

nach Verschüttung, 

Seigo Minami (1923) 

245: 247-267.

Bajema, Rotmans,NDT

(2018) 33: 2113–2114



The Londen Blitz: September 1940- More than one

million houses were destroyed or damaged and

more than 40000 civilians died





Kidney of patient who died of uraemia

nine days after release;

gross swelling (weight 192 g) 

and pigmented casts

Bywaters EGJ.  BMJ 1990;301:1412-1415

BMJ 1941; 1(4185):427-432

Rx ?



December 7th, 1988; Richter 6.8

20,-40,000 deaths?

600 crush patients?, 
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1988: The Armenian Earthquake

• Death toll: 25,000 ?
• Crush cases: 600 ?
• Many crush pts. died due to lack of 
dialysis

Need for preplanned logistic organisation

RENAL DISASTER RELIEF TASK FORCE 

No organized international support structure was available

Eknoyan G. Ren Fail 1992; 14: 241



Supplementation of  
MEDICAL MATERIAL and PERSONNEL

International relief ¹ functional help

• Guatemalan e.1976 Þ 90% drugs useless (unsorted) Seaman, Injury, 1990 

• Armenian e.1978 Þ 70% useless (expired or damaged) Auiter, Lancet, 1990

International personnel support Þ useful or harmful

Local / Global integrated responses are mandatory !

No organized international support structure was available

Eknoyan G. Ren Fail 1992; 14: 241

RENAL DISASTER RELIEF TASK FORCE 





ISN Renal Disaster Relief Task Forces

• Creation of a Latin-American Disaster Relief Task Force- MSF, 
The Latin-American Societies of Nephrology, dialysis
industries. Coordinator: Dr. A. Hurtado

• Creation of a North-American Task Force –MSF Canada, ASN, 

ISN. Coordinators: Drs.Peter Blake (Canada), Tom Parker (USA)

• Creation of a European Task Force, ISN, MSF, dialysis
industries. Coordinator: Dr Norbert Lameire (Gent, Belgium)

• Recently added ASN Disaster Relief Task Force : Coordinator, Dr 
D. Portilla

• Recently added: South East Asia Task Force: Coordinators:Drs
David Harris (Australia), Vivek Jha, (India)



Role of MSF 

• MSF has over the years accumulated an enormous
experience in disaster relief all over the world.

• MSF has permanent links and access to the Ministry
of  Foreign Affairs for quickly obtaining visa, solving a 
number of  diplomatic and logistic problems. The 
organisation is known world-wide for its strict
political neutrality and has therefore access to
countries where other organisations could not have 
access ( Nobel Prize for Peace 1999).

• They also dispose of  very sophisticated 
communication systems 



Conditions and advantages of cooperation 
with MSF

• MSF wants to remain an independent partner and does 
not want any interference in its own organization.

• In the disaster area, the overall organisational and 
medical command is in the hands of  MSF.

• MSF insisted on a participation of  the Task Force, 
already in the first hours after the disaster.

• MSF financially supports travel, accomodation, and 
insurance of  all volunteers

• MSF finances all medical and dialysis equipment needed 
for the acute dialysis of  the victims





MEDICAL INTERVENTIONS AT THE DISASTER FIELD
(FOR PROPHYLAXİS OF CRUSH SYNDROME)

EARLY FLUID 

ADMINISTRATION 

IS OF VITAL  

IMPORTANCE !

Better and Stein, NEJM, 1990 Vanholder et al, Kidney Int, 2000



Fluid management in 

crush victims of 

mass disasters 

Gibney et al Kidney Int

(2014)85,1049–1057



Non-dialyzed: AKI 162,mort: 9,3%

Dialyzed AKI: 477, mort: 17,2%

Discharged

Evolution of AKI population

Marmara earthquake
(n: 639, overall mortality: 15,2%)

Deceased

Erek et al, NDT, 2002, 17:33-40 Vanholder et al, KI, 59, 783-791, 2001





Iran, March, 1997: Material support

Macedonia, May, 1999: Evacuation chronic patients

Macedonia/Kosova, July, 1999: Material support

Turkey, August, 1999: Major intervention

Kosova, February, 2000: Educational support

India, January, 2001: Assessment

Turkey, May, 2003: Material support

Algeria, May, 2003: Assessment

Iran, December, 2003: Major intervention

Luisiana, August, 2005: Advisory role

Pakistan, October 2005: Major intervention

Indonesia, May, 2006: Assessment

Lebanon, July, 2006: Material support

Peru, August, 2007: Scouting

China, May 2008, Major intervention

Italy, April 2009, Advice

Indonesia, September 2009, Assessment

Haiti, January 2010, Major intervention

Chile, February 2010, Advice

Turkey, March 2010, Advice

New Zealand 2010 & 2011, Advice

Ivory coast, 2012, Material support

Lybia, May 2012, Material support

Phillipines, December 2013, Material support

Syria, March-April 2014, Material support

Nepal, April-May, 2015, Material support

Interventions of 

the RDRTF



• Nephrological impact of disasters

• Crush injury and AKI, pathogenesis, prevention by

resuscitation, monitoring and dialysis

• Acute compartment syndrome

• Management of chronic dialysis and transplant patients in 
disaster area

• Advance planning

• Post disaster response: logistics, communications,and supplies

• Disengagement and debriefing

• Psychological and mental support of intervention team 

Lessons learned over the years

of activity of the RDRTF 1998-2015





Sever et al CJASN 16: ccc–ccc, 2021

Complex interaction between disasters and HD delivery



“No! It’s not cocaïne, it’s kayexalate! I am 

on a humanitarian mission…!”



Role of burnout in health care provision after mass 

disasters

Sever et al CJASN 16: ccc–ccc, 2021



Achievements and reflections on the future

• There are some OPPORTUNITIES for the RDRTF:

• start up of ISN regional chapters might help and assist to provide local anchoring of 
RDRTF

• cooperation with industrial partners might expand both logistical and organisational 
support for RDRTF

• some nephrology societies (eg French) willing to be more involved and creating their own 
disaster preparedness renal group

• gradually most regions in the world provide some degree of chronic renal support, 
providing the necessary and indispensable background to the work of RDRTF.

• There are some THREATS for the RDRTF:

• The headquarters are localized in only one single center (Renal division of UH Ghent 
requiring complex organizational activities, necessitating full-time involvement of one 
medical coordinator and at least one secretarial assistant. 

• In addition, keeping the program and volunteers up-to-date is cumbersome because of 
unpredictability of interventions

• escalating number of unsafe and war struck areas on a global level

• growing number of regions where dialysis is provided for the happy few, but not for all, 
creating ethical problems when bringing in acute dialysis opportunities during a short 
lived window. 

Lameire N et al, Semin Nephrol 40:393−407, 2020
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UREMIC TOXINS: GUT-KIDNEY 

INTERACTION

R Vanholder
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SUMMARY

CKD: a devastating disease

Role of the intestine in CKD morbidity

Loss of intestinal integrity

Pro-inflammatory effect

Generation of uremic toxins

Potential impact of probiotics

Anti-inflammatory effect

Decrease uremic toxin concentration
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CKD IS A DEVASTATING DISEASE
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CHRONIC KIDNEY DISEASE: THE MORTALITY 

CHALLENGE

modified, Foley et al, AJKD, S3:S112-S119; 1998
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MORTALITY DIALYSIS HIGHER THAN FOR 

CANCER

Based on US data
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IN CKD VIRTUALLY ALL BIOCHEMICAL 

AND ORGANS SYSTEMS ARE AFFEECTED
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YEARLY AGGREGATED COST CKD ≥ CA/DM
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Vanholder et al, unpublished
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MORBIDITY AND MORTALITY ARE DUE 

TO CKD, NOT TO COMORBIDITIES  

Fai Xan et al, JASN, 30, 1991-1999, 2019
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ROLE OF THE INTESTINE IN UREMIC 

MORBIDITY AND MORTALITY
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CKD DISTURBS INTEGRITY OF THE 

INTESTINAL EPITHELIUM

Vaziri et al, NDT, 27, 2686-2693, 2011
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CKD DISTURBS INTEGRITY OF THE 

INTESTINAL EPITHELIUM
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UREA DISRUPTS INTESTINAL WALL 

PROTECTIVE BARRIER

Vaziri et al, Am J Nephrol, 37: 1-6; 2013



13
13© 2008 Universitair Ziekenhuis Gent

UREA DISRUPTS INTESTINAL WALL 

PROTECTIVE BARRIER

Figure 1
Bar graphs depicting the 

TER (transepithelial

electrical resistance) in 
intestinal epithelial T84 cell 

monolayers incubated for 
24 h in regular media and 

those incubated in media 

containing 42 or 72 mg/dl 
urea. *** p < 0.001.

Vaziri et al, Am J Nephrol, 37: 1-6; 2013
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CKD IS ASSOCIATED WITH TRANSLOCATION OF GUT BACTERIAL 

DNA – GUT GENUS DETECTED IN BLOOD (% OF TOTAL GUT GENUS)

Wang et al, Nephrology, 17: 733-738; 2012
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CKD IS ASSOCIATED WITH TRANSLOCATION OF 

GUT BACTERIAL DNA – GUT GENUS DETECTED 

IN BLOOD (% OF TOTAL GUT GENUS)

Controls 
(n=10)

ESRD 
(n=30)

P

Klebsiella spp 0.60 1.93 0.037

Proteus spp 0.12 10.61 0.011

Escherichia spp 0.42 4.33 0.045

Enterobacter spp 0 0.42 0.001

Pseudomonas spp 0.04 0.23 0.014

Wang et al, Nephrology, 17: 733-736; 2012
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tyrosine

p-cresol

p-cresylglucuronide

p-cresylsulfate

intestinal flora intestinal wall

liver

ROLE INTESTINE IN GENERATION CRESOLS

Schepers et al, Blood Purif, 29: 130-136; 2010
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INDOXYLSULFATE AND P-CRESYLSULFATE HAVE 

BEEN LINKED TO A MYRIAD OF TOXIC EFFECTS:

Vanholder et al, JASN, 25, 1897-1907, 2014 



19
19© 2008 Universitair Ziekenhuis Gent Wang et al, Nature, 472: 57-63; 2011

TMAO ENHANCES ATHEROGENESIS
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TMAO ENHANCES ATHEROGENESIS

Role of intestinal microbiota: effect precursors TMAO neutralized by antibiotics

Wang et al, Nature, 472: 57-63; 2011
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INTESTINAL MICROBIOTA CHANGE IN CKD

Gryp et al, Int J Mol Sci, 21, 1986, 2020
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TOXINS STEM FROM DIFFERENT MICROBIOTA

Joostens et al, Gut, 68, 2257-2260, 2019
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NO INCREASE IN INTESTINAL GENERATION IN 

CKD

Gryp et al, KI, 97, 1230-1242, 2020
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NO INCREASE IN INTESTINAL GENERATION IN 

CKD

Gryp et al, KI, 97, 1230-1242, 2020
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NO INCREASE IN INTESTINAL GENERATION IN 

CKD

Gryp et al, KI, 97, 1230-1242, 2020
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NO INCREASE IN INTESTINAL GENERATION IN 

CKD

Gryp et al, KI, 97, 1230-1242, 2020
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THERAPEUTIC OPTIONS
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THERAPEUTIC OPTIONS

Diet

Cave malnutrition

Prebiotics

Non-digestible compounds beneficially modifying

composition and/or function of intestinal flora

Probiotics

Bacteria adminstered as food components or supplements

providing specific benefits themselves

Synbiotics

Prebiotics + probiotics

Sorbents

Schepers et al, Blood Purif, 29: 130-136; 2010
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THERAPEUTIC OPTIONS

Diet

Cave malnutrition

Prebiotics

Non-digestible compounds beneficially modifying

composition and/or function of intestinal flora

Probiotics

Bacteria adminstered as food components or supplements

providing specific benefits themselves

Synbiotics

Prebiotics + probiotics

Sorbents

Schepers et al, Blood Purif, 29: 130-136; 2010



© 2008 Universitair Ziekenhuis Gent

INFLAMMATION
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ANTI-INFLAMMATORY EFFECT PROBIOTICS: 

DECREASE CRP – META-ANALYSIS

Mazidi et al, Nutrients, 9:20; 2017
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ANTI-INFLAMMATORY EFFECT PROBIOTICS: 

DECREASE CRP – META-ANALYSIS

Mazidi et al, Nutrients, 9:20; 2017
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SALT INTAKE, INFLAMMATION AND 

HYPERTENSION

Wilck et al, Nature, 7682: 585-589; 2017 



36
36© 2008 Universitair Ziekenhuis Gent

SALT INTAKE, INFLAMMATION AND 

HYPERTENSION

Wilck et al, Nature, 7682: 585-589; 2017 

NSD: normal salt

diet

HSD: high salt

diet

L. murinus: 

Lactobacillus

murinus
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SALT INTAKE, INFLAMMATION AND 

HYPERTENSION

Wilck et al, Nature, 7682: 585-589; 2017 
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SALT INTAKE, INFLAMMATION AND 

HYPERTENSION

Wilck et al, Nature, 7682: 585-589; 2017 
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UREMIC TOXIN CONCENTRATION
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DECREASE UREMIC TOXINS WITH 

SYNBIOTICS: RCT

Rossi et al, cJASN, 11: 223-231; 2016



41
41© 2008 Universitair Ziekenhuis Gent

DECREASE UREMIC TOXINS WITH 

SYNBIOTICS: RCT

Rossi et al, cJASN, 11: 223-231; 2016

Figure 3. Treatment effect of synbiotics on serum uremic toxins in all completing patients (n=31) and patients who were antibiotic free 

(n=21). aTreatment effect (95% confidence interval) derived from regression modeling accounting for period effect. *P=0.03; **P=0.001. 

IS - AB FREE (N=21)

IS -TOTAL (N=31)

PCS - AB FREE (N=21)

PCS - TOTAL (N=31)
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DECREASE UREMIC TOXINS WITH 

SYNBIOTICS: RCT

Rossi et al, cJASN, 11: 223-231; 2016

Figure 3. Treatment effect of synbiotics on serum uremic toxins in all completing patients (n=31) and patients who were antibiotic free 

(n=21). aTreatment effect (95% confidence interval) derived from regression modeling accounting for period effect. *P=0.03; **P=0.001. 
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DECREASE UREMIC TOXINS WITH 

SYNBIOTICS: RCT

Rossi et al, cJASN, 11: 223-231; 2016

Figure 3. Treatment effect of synbiotics on serum uremic toxins in all completing patients (n=31) and patients who were antibiotic free 

(n=21). aTreatment effect (95% confidence interval) derived from regression modeling accounting for period effect. *P=0.03; **P=0.001. 

IS - AB FREE (N=21)

IS -TOTAL (N=31)

PCS - AB FREE (N=21)

PCS - TOTAL (N=31)
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PROBIOTICS DECREASE UREMIC TOXINS

Author Reference Toxin

Garcia-Arroyo et al Plos One, 13, e0202901, 2018 Uric acid

Dunn et al Int Dairy J, 8, 545-553, 1998 DMA, NDMA

Takayama et al AJKD, 41 (Suppl 1), S142-S145, 2003 Indoxyl sulfate

Guida at al Nutr Metab Cardiovasc Dis, 24, 1043-1049, 2014 P-cresol

Simeoni et al Eur J Nutr, doi: 10.1007/s00394-018-1785-z β2-M, PTH

Thongprayoon et al Digest Dis Sci, doi: 10.1007/s10620-018-5243-9 PBUT

Firouzi et al Nutrition, 51-52, 104-113, 2018 Urea

Saggi et al Int J Probiot Prebiot, 12, 43-54, 2017 Urea

Deghani et al Iran J kidney Dis, 10, 351-357, 2016 Urea

Ranganathan et al Scientif World J, 5, 652-666, 2005 Urea

DMA: dimethylarginine, NDMA: nitrosodimethylarginine, β2-M: β2-

microglobulin, PTH: parathyroid hormone; PBUT: protein bound uremic toxins
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UREA IS NOT INERT 

Vanholder et al, NDT, 33:4-12; 2018
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UREA INDUCES INSULIN RESISTANCE

D’Apolito et al, J Clin Invest, 120:203-213; 2010
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UREA INDUCES INSULIN RESISTANCE

Figure 3
Urea causes decreased 

insulin sensitivity in 

differentiated 3T3L1 

adipocytes. (A) Effect of 

urea on insulin-
stimulated glucose 

uptake in differentiated 

3T3L1 cells.

D’Apolito et al, J Clin Invest, 120:203-213; 2010
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UREA INDUCES INSULIN RESISTANCE

Figure 3
Urea causes decreased 

insulin sensitivity in 

differentiated 3T3L1 

adipocytes. (A) Effect of 

urea on insulin-
stimulated glucose 

uptake in differentiated 

3T3L1 cells.

D’Apolito et al, J Clin Invest, 120:203-213; 2010
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UREA IS RELATED TO THE DEVELOPMENT OF 

DIABETES MELLITUS

Xie et al, KI, 93: 741-752; 2018
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UREA IS RELATED TO THE DEVELOPMENT OF 

DIABETES MELLITUS

Xie et al, KI, 93: 741-752; 2018
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PROGRESSION CKD
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PROBIOTICS REFRAIN PROGRESSION OF CKD

Pavan, Minerva Urol Nephrol, 68:222-226; 2016 
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CONCLUSIONS

CKD is a devastating disease
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The gut plays a patho-physiologic role by inducing inflammation 

and generating uremic toxins

Probiotics may alter this chain of events by:

An anti-inflammatory effect 

Reducing uremic toxins
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CONCLUSIONS

CKD is a devastating disease

The gut plays a patho-physiologic role by inducing inflammation 

and generating uremic toxins

Probiotics may alter this chain of events by:

An anti-inflammatory effect 

Reducing uremic toxins

Evidence on the impact of probiotics could be strengthened
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