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RRT	options	

Continuous	extracorporeal	RRT	
CVVHF,	CVVHDF,	CVVHD,		(	CAVH	)	
	
Intermittent	RRT		
standard	intermittent	HD	
sustained	low	efficiency	dialysis	(SLED)		
prolonged	intermittent	RRT	(using	standard	HD	or	CRRT	machine)	
	
Peritoneal	dialysis	
CAPD	
automated	PD		



IHD	 SLED	
PIRRT	 PD	 CRRT	

intermittent	
continuous	

Clearance													+++																														++																																						+					
per	hour		
	
Fluid	status	
	
Fluctuations	in	
urea/NH3/Na+	
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								RRT	options	in	COVID-19	patients	

Ideal	situation	 Reality	

CRRT	 limited	resources	

initiation	before	onset	of	life	
threatening	complications	

need	for	rationing	and	
application	of	stricter	criteria	

prescription	of	dose	compensates	
for	unplanned	‘downtime’	

limited	fluids		

optimal	anticoagulation	to	
maintain	filter	patency	

high	risk	of	filter	clogging	/	
clotting	

highly	qualified	staff	 less	qualified	staff	/	surge	staff		

ICU	environment	 non-critical	care	area	
provision	according	to	high	
standards	and	benchmarks		

need	to	lower	standards	
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								RRT	options	in	COVID-19	patients	

Alternative:		Intermittent	
RRT		Standard	haemodialysis										
(4hr)	

prolonged	intermittent	RRT										
(6-8hr)	

need	for	HD	machine	 standard	HD	or	CRRT	machine	

requires	sufficient	water	and	
drain	resources	and	RO	system	
to	generate	dialysate		
or	fluids	in	bags	(mobile	unit)	

water	via	RO	system	(HD)	
or	fluids	in	bags	(mobile	carts,	
CRRT)	

no	absolute	need	for	
anticoagulation	

usually	need	for	anticoagulation	

trained	staff	/	extra	staff	 trained	staff	/	extra	staff	

potential	to	treat	4-5	pts	/	day	 potential	to	treat	up	to	3	pts	/	day	
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	Principle:		Use	of	peritoneal	membrane	to	remove	solutes	and	water	
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Alternative:		acute	peritoneal	dialysis		



	
	

peritoneal		
cavity	

hyperosmolar		
fluid		

water		
small	molecules		
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PD exchange 
 

								PD	in	COVID-19	patients	



	
	

PD exchange 
 

								PD	in	COVID-19	patients	



	
	

Vou	

CAPD		
Volume:							2	–	2.5L	
Dwell	time:		4	–	6	hrs	

	
Clearance	can	be	
increased	by	using	fluid	
with	higher	glucose	
concentration	or	addition	
of	other	osmotically	
active	substances	

								PD	in	COVID-19	patients	



	
	

CAPD	 	continuous	ambulatory	peritoneal	dialysis: 	
	 	4	manual	exchanges	a	day	with	fluid	left	in	 	
	 	peritoneal	cavity	inbetween	

		
APD 	 	automated	peritoneal	dialysis:	

	 	using	a	machine	that	moves	fluid	in	and	out		
	 	of	the	abdomen	whilst	patient	is	asleep	

								PD	in	COVID-19	patients	



								PD	in	COVID-19	patients	

Acute	peritoneal	dialysis		

Advantages	 Disadvantages	

continuous	RRT		 need	for	peritoneal	catheter	

no	need	for	HD	/	CRRT	machine	 need	for	’kit’		
no	need	for	anticoagulation	 limited	control	of	fluid	removal	

established	technique	in	critically	
ill	patients	in	some	countries	(ie	
protocols	available)	

need	for	training	/	education	
	

no	need	for	vascular	access	 risk	of	acute	leak		(esp	in	prone	
position)	
risk	of	peritonitis	
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RRT	during	COVID-19	pandemic	

Challenges	
	
•  Challenges	related	to	acute	COVID-19	disease	(hyperinflammation,	

pro-coagulant	state)	

•  Limited	resources		-->		potential	need	to	adapt	RRT	plans	
(environment,	machines,	consumables,	staff)		

	
•  Adoption	of	unfamiliar	techniques	
	
•  Urgent	need	for	continuous	education	/	audit	/	research	during	busy	

times	
	
•  Increased	level	of	‘stress’	at	the	bedside	(physical,	emotional,	moral,	

PPE,	less	experienced	staff)	
	
•  Preparedness	to	change	plans	quickly	
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RRT	during	COVID-19	pandemic	

Challenges	
	
•  Challenges	related	to	acute	COVID-19	disease	(hyperinflammation,	

pro-coagulant	state)	

•  Limited	resources		-->		potential	need	to	adapt	RRT	plans	
(environment,	machines,	consumables,	staff)		

	
•  Adoption	of	unfamiliar	techniques	
	
•  Increased	level	of	‘stress’	at	the	bedside	(physical,	emotional,	moral,	

PPE,	less	experienced	staff)	
	
•  Preparedness	to	change	plans	quickly	
	
•  Urgent	need	for	rapid	education	/	audit	/	research	during	busy	times	

	



								RRT	during	COVID-19	pandemic	

Teamwork	
identification	of	skill	mix	

collaboration	with	other	teams	(renal,	paeds)	

Equipment	/	consumables	
•  machines	(CRRT,	mobile	HD,	PD	machines)	

•  consumables	

•  compatibility	of	kit	

•  access	to	RO	units	/	mobile	RO	units	

•  alternatives	to	commercial	fluids	

	



								RRT	during	COVID-19	pandemic	

Patient	selection	
•  absolute	criteria	for	initiation	of	RRT	
•  identification	of	patients	suitable	for	intermittent	RRT		(HD,	PIRRT)	

Preservation	of	equipment	/	consumables	/	staff	
•  intermittent	therapies	versus	CRRT		

•  HD	via	“plumbed	water	system”	or	mobile	RO	

•  use	of	“home-made”	dialysis	fluid		(usual	practice	in	many	countries)	

•  optimisation	of	techniques	to	maintain	filter	patency	

•  criteria	for	weaning	/	discontinuation	of	RRT	
•  identification	of	patients	suitable	for	transfer	to	renal	unit		



Filter	patency	

190-215µ
m		

35-50
µm	

A	human	hair	has	
a	thickness	of	
about	
0.09	mm	=	90µm	



Blood		

ultrafiltrate	

Hkt	

Filter	patency	



	
Inner	surface	of	dialyzer	
membrane	during	hemodialysis	
therapy:	
		
dense	fibrin	network	with	large	
amounts	of	aggregated	
erythrocytes	despite	heparin	

Hofbauer	R	et	al,	KI	1999;	56,	1578–1583	
Effect	of	anticoagulation	on	blood	membrane	interactions	

Filter	patency	-	clotting	
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																																																																																																																											Hyperinflammation	and	clotting	



Protein		

Filter	patency	-	clogging	



Protein		

Filter	patency	-	clogging	

protein	“cake”	



Blood	components	
accumulate	inside	the	
pores	of	the	membrane	
and	block	the	pores		
	

					Permeability	and					
					ultrafiltration	are				
					impaired	

Membrane	clogging	 	
Clots	form	and	block	the	
lumen	of	the	filter	

	
	
	

						Flow	is	impaired	

Membrane	clotting	

						Filter	patency	–	clogging	vs	clotting	

High	prevalence	of	clogging	and	clotting	in	COVID-19		
Prevention:		anticoagulation		

	 	reduction	of	UF	rate	
	 	switch	from	HF	to	HD	



						Strategies	to	keep	filter	patent	
	
•  Haemodilution		(pre-dilution	/	regular	saline	flushes)	
	
•  Anticoagulation		

	Heparin			(systemic	vs	via	circuit,	unfractionated	vs	LMWH)	

	 	Epoprostenol		

	 	Regional	anticoagulation			(citrate)	

		 	Others		(argatroban,	hirudin,	fondaparinux)			

	Combinations:		citrate	&	heparin	
	 	 								heparin	&	epoprostenol	

	 	 		•  Good	vascular	access!	



			Vascular	access	



CVVHD	
Lower	blood	flow	rate		(100	-	150	ml/min):							12	Fr			

		
CVVHF	
Higher	blood	flow	rates		(~200	-	250	ml/min):			12	Fr	

	 		
Intermittent	HD	
High	blood	flow	rate		(≥	200-350	ml/min):			 					12-14	Fr			
	

Mrozek et al. Annals of Intensive Care 2012 

			Vascular	access	



Other	strategies	to	prevent	RRT	



Other	strategies	to	prevent	RRT	

•  prevention	of	AKI	

•  loop	diuretics	for	fluid	overload	

•  minimisation	of	fluid	intake	inbetween	RRT	sessions	

•  low	K	feed		

•  K-binders	

•  NaHCO3	for	metabolic	acidosis	



																																																																																																																											
Role	of	blood	purification	
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Role	of	blood	purification	
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Other	essentials	

Most	important	weapons:		
	team	work		
	knowledge	
	resilience	

There	is	no	universal	plan!		
	
Circumstances	change	
quickly	
	
Preparedness	and	
flexibility	are	essential	
	



Conclusions	

•  Official	guidelines	suggest	”standard	RRT”	

•  Challenges	due	to:	 	frequent	clotting	/	clogging	
	 	 	 	limited	resources		
	 	 	 	adoption	of	alternative	methods	
	 		

•  Role	of	blood	purification	unknown	



Thank	you	


