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Ultrafiltration	for	AHF

Diuretic	Therapy	in	AHF



Case

A	65-year-old	man	with	a	history	of	CAD,	HTN,	HFrEF	(EF	35%)	is	admitted	to	the	Cardiac	
ICU	for	progressive	dyspnea	and	a	weight	gain	of	15	lbs over	the	last	1	month.	His	BP	is	
121/56,	PR	14,	RR	59,	T	98.5.	His	home	meds	include	lisinopril	40	mg/day,	furosemide	40	
mg	BID,	and	Metorolol XL	50	mg/day.	CXR	shows	pulmonary	edema.

He	is	started	on	IV	furosemide	80	mg	BID.	The	next	day,	his	urine	output	is	450	ml	and	
the	labs	show	the	following:	Na	136,	K	4.1,	Cl	96,	Bicarb	29,	BUN	22,	Creatinine	1.2

Which	of	the	following	is	the	best	next	step?
1) Check	urine	sodium
2) Add	IV	acetazolamide	500	mg	once	daily	
3) Add	Empagliflozin	10	mg	once	daily
4) Start	HCTZ	25	mg	once	daily	
5)			Start	ultrafiltration
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Congestion	
The	primary	reason	
for	admission	of	
patients	with	HF

Low	Forward	Flow	(arterial)
High	Backward	Pressure	(venous)

Kazory	A.	cJASN 2016;11:1463

Congestion	
The	main	target	of	
therapy	in	Acute	
Heart	Failure	



Natriuresis	Declines	Rapidly	
During	Decongestion		

Verbrugge	FH.	Circ	Heart	Fail	2014;7:766

Urine	volume	does	not	decline	when	adjusted	for	diuretic	dose
Urine	output/mg	 of	bumetanide:	900-1300	ml

Urine	Output	(ml) Urine	Output	(ml)/	
mg	Bumetanide



Natriuresis	Declines	Rapidly	
During	Decongestion		

Natriuresis	does	decline	even	after	adjustment	 for	diuretic	dose	
Urine	sodium/mg	 of	bumetanide:	75-150	mmol

24-hr	Urinary	Na/Cl	Excretion	
(mmol)

24-hr	Urinary	Na/Cl	Excretion	
(mmol)/mg	bumetanide	

Verbrugge	FH.	Circ	Heart	Fail	2014;7:766



Natriuretic	Response	and	Survival

Hodson	DZ.	JACC	HF	2019;	7:	383

A	positive	sodium	balance	is	associated	with	an	increased	risk	
of	death,	even	in	the	presence	of	negative	fluid	balance

2	g/day	sodium	diet



Natriuresis-Guided	Therapy	in	AHF

Tersalvi G.	Eur	Heart	J	2021;	10:	216

urine	output
weight
I/O’s



Name Clinical	 Trial	
Identifier

Expected	
Number	of	
Patients

Design Intervention	
arm Control	arm Primary	Endpoint

PUSH-HF NCT04606927 310 RCT
Natriuresis-
guided	

treatment

Standard	of	
care

Total	natriuresis	after	24	hours,	
first	occurrence	of	all-cause	
mortality	or	heart	failure	

rehospitalization

DECONGEST NCT05411991 104 RCT
Natriuresis-
guided	

treatment

Standard	of	
care

Mortality,	days	in	hospital,	 and	
decongestion

ENACT-HF NR 454
Multi-
national	
Pragmatic

Natriuresis-
guided	

treatment

Standard	of	
care Total	natriuresis	after	24	hours

Collins	S. NCT04481919 484 RCT
Natriuresis-
guided	

treatment

Guideline-
based	care

Days	of	clinical	benefit	(global	
clinical	status,	hospital	days,	 and	

death)

Natriuresis-Guided	Therapy	in	AHF

Kazory	A.	Cardiorenal	Med	2023



PUSH-AHF	Trial	
European Society	of	Cardiology	– Amsterdam	(Aug	28,	2023)

Adapted-Ter	Maaten J.	Nature	Med	2023:29;2625

Urinary	Sodium-based	 treatment	algoritHm in	Acute	Heart	Failure
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Natriuresis	during	 the	first	24	hours	was	significantly	higher	 in	the	
natriuresis	guided	group,	 but	the	combined	endpoint	of	 time	to	all-
cause	mortality	or	first	HF	rehospitalization	at	180	d	was	the	same.
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ENACT-HF	Trial	

Dauw J.	Circulation	HF	2024:17

401	
patients

Natriuresis		and	diuresis	were	significantly	higher	 in	the	natriuresis	
guided	group,	 with	shorter	 length	of	 stay

174	
mmol

282	
mmol



Treatment	Algorithm	for	AHF	
European	Society	of	Cardiology

ESC	Guidelines.	Europ Heart	J.	2021;42:	3599

The	maximal	daily	dose	for	i.v.
loop	diuretics	is	generally	
considered
furosemide	400-600	mg,	
though	up	to	1000	mg	may	be	
considered	in	patients	with	
severely	impaired	kidney	
function.



Furosemide	or	Torsemide?	

Outpatient	Chronic	HFrEF

Adapted-Khan	MS.	Circ	Heart	Fail	2021;14:e008351
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Furosemide	or	Torsemide?	

Potential	Advantages	of	Torsemide	over	Furosemide

Buggey J.	Am	Heart	J	2015;169:323



Furosemide	or	Torsemide?
TRANSFORM-HF	trial	

Mentz	RJ.	JAMA	2023;329:214

Primary	Outcome	of	All-Cause	Mortality 2859		
patients

Patients	discharged	after	HF	hospitalization
Open-label,	pragmatic	RCT
participants	hospitalized	with	HF
60	hospitals	in	US
median	follow-up	of	17.4	months



Furosemide	or	Torsemide?
TRANSFORM-HF	trial	

Mentz	RJ.	JAMA	2023;329:214

2859		
patients



Sodium	Transport	along	the	Nephron
(Healthy	Individuals)

Palmer	LG.	Clin	J	Am	Soc	Nephrol 2015:	676

In	healthy	individuals,	 the	majority	of	sodium	absorption	 takes	place	
within	proximal	tubule	and	thick	ascending	 limb	of	loop	of	Henle



Distal	Nephron	Remodeling
long-term	use	of	loop	diuretics

Ellison	D.	Engl J	Med	2017;377:1964

NCC

ENaC

Pendrin



Diuretic	Resistance	is	Driven	by	DCT

In	humans,	 similar	to	rodents,	distal	tubular	compensatory	sodium	
reabsorption	 is	a	primary	driver	of	DR

Adapted-Rao	VS.	Am	Soc	Nephrol 28:	3414–3424,	2017

compensatory	
DCT	sodium	
reabsorption

inadequate	
diuretic	delivery

diuretic	failure	
at	PCT	and	TAL

79%
15%

6%



What	to	do	when	diuresis/natriuresis	
is	suboptimal?

Nesiritide

Dopamine

Hypertonic	Saline

Extracorporeal	Ultrafiltration

Sequential	Nephron	Blockade

X
X
?
+
+



Sequential	Nephron	
Blockade

LD

Thiazides MRA V2RACAISGLT-2i



Kazory	A.	Clin	J	Am	Soc	Nephrol 2023;18:1372

Sequential	Sodium	Blockade	in	2024	
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Loop	Diuretic Intervention

The	difference	 in	UOP	is	more	pronounced	 for	SGLT-2i	and	V2RA

Kazory	A.	cJASN 2023
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Loop	Diuretic Intervention

The	difference	 in	sodium	 concentration	is	more	pronounced	 for	
Thiazides	and	ultrafiltration

Kazory	A.	cJASN 2023
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ULTRAFILTRATION



“Practice	of	UF	Therapy”:	
What	did	Landmark
Clinical	Trials	Show?



UNLOAD

Flexible	UF	(up	to	500	ml/hr)

ADHF	– 200	patients

Baseline	Creatinine	
1.5	mg/dl	

Randomized	within	24	hours	
of	admission

Primary	Endpoint:	
changes	in	weight

CARRESS-HF

CRS	– 186	patients

Baseline	Creatinine	
2.0	mg/dl	

RSC	90	days	before	to	10	
days	after	admission	

Primary	Endpoint:	changes	in	
weight	and	serum	creatinine

Fixed	UFR	(200	ml/hr)



UNLOAD CARRESS-HF

Decongestion:	UF	>	DR
RSC	(WRF):	UF	=	DR

Decongestion:	UF	=	DR
RSC	(WRF):	UF	>	DR



[Grodin JL,	Europ J	Heart	Fail	2018doi:10.1002/ejhf.1158]

In	contrast	to	the	original	 trial	(intention-to-treat),	UF	was	associated
with	significantly	more	fluid	 loss	and	weight	reduction	

CARRESS-HF

per-protocol	analysis

Decongestion:	UF	>	DR



Endpoints:	1	year	death	or	urgent	transplantation

[Metra	M.	Circ Heart	Fail	2012;	5:	54]

599	
patients WRF	+/	CONG	−

WRF+/CONG	+

Interplay	of	RSC	(WRF)-De(Congestion)



AVOID-HF

Adjustable	UF	

ADHF	– 224	patients

Baseline	Creatinine	
1.5	mg/dl	

Randomized	within	24	hours	
of	admission

Time	to	first	HF	event	within	
90	days:	Primary	Endpoint Fluid	Removal:	UF	>	DR

HF	Event:	UF	<	DR
RSC	(WRF):	UF	=	DR

[Costanzo	MR,	JACC	Heart	Fail	2016;	4:	95-105]



Algorithm	
for	UF	
Therapy

[Costanzo	MR,	JACC	Heart	Fail	2016;	4:	95-105]



[Costanzo	et	al.	J	Am	Coll Cardiol 2017;	69:2428]

Average
UFR: 138 ml/h
For 80 hours



1)	Patients	selection	(recurrent	admissions)
2)	Early	initiation	of	UF
3)	Withhold	Diuretics	during	UF	therapy
4)	Use	low	UFR	
5)	Customize	UF	therapy	on	initiation
6)	Revisit	UFR	frequently	during	therapy	
7)	Objectively	monitor	decongestion	

Optimal	Ultrafiltration	Protocol	for	
ADHF	and	Fluid	Overload	



Adjustable	UF	vs.	
Adjustable	Diuretics

ADHF	– 372	patients

Endpoints:	Time	to	
first	HF	event	(90	d),	
Mortality	(90	d),	
HF	event	(30	d)

In	the	Pipeline:	2024

Ultrafiltration	versus	IV	Diuretics	in	Worsening	Heart	Failure	
(REVERSE-HF)

Multicenter,	Open	
Label,	RCT		USA

6	months	follow	up	Aquadex Smartflow®	
System



In	the	Pipeline:	2024

REVERSE-HF	Subjects	Enrolled



Case

A	65-year-old	man	with	a	history	of	CAD,	HTN,	HFrEF	(EF	35%)	is	admitted	to	the	Cardiac	
ICU	for	progressive	dyspnea	and	a	weight	gain	of	15	lbs over	the	last	1	month.	His	BP	is	
121/56,	PR	14,	RR	59,	T	98.5.	His	home	meds	include	lisinopril	40	mg/day,	furosemide	40	
mg	BID,	and	Metoprolol	XL	50	mg/day.	CXR	shows	pulmonary	edema.

He	is	started	on	IV	furosemide	80	mg	BID.	The	next	day,	his	urine	output	is	450	ml	and	
the	labs	show	the	following:	Na	136,	K	4.1,	Cl	96,	Bicarb	29,	BUN	22,	Creatinine	1.2

Which	of	the	following	is	the	best	next	step?
1) Check	urine	sodium
2) Add	IV	acetazolamide	500	mg	once	daily	
3) Add	Empagliflozin	10	mg	once	daily
4) Start	HCTZ	25	mg	once	daily	
5)			Start	ultrafiltration



Case

A	65-year-old	man	with	a	history	of	CAD,	HTN,	HFrEF	(EF	35%)	is	admitted	to	the	Cardiac	
ICU	for	progressive	dyspnea	and	a	weight	gain	of	15	lbs over	the	last	1	month.	His	BP	is	
121/56,	PR	14,	RR	59,	T	98.5.	His	home	meds	include	lisinopril	40	mg/day,	furosemide	40	
mg	BID,	and	Metoprolol	XL	50	mg/day.	CXR	shows	pulmonary	edema.

He	is	started	on	IV	furosemide	80	mg	BID.	The	next	day,	his	urine	output	is	450	ml	and	
the	labs	show	the	following:	Na	136,	K	4.1,	Cl	96,	Bicarb	29,	BUN	22,	Creatinine	1.2

Which	of	the	following	is	the	best	next	step?
1) Check	urine	sodium	[PUSH-HF]
2) Add	IV	acetazolamide	500	mg	once	daily	[ADVOR]
3) Add	Empagliflozin	10	mg	once	daily	[EMPA-RESPONSE]
4) Start	HCTZ	25	mg	once	daily	[CLOROTIC]	
5)			Start	ultrafiltration	[ADVOR]



Thank	You…

E-mail:	Amir.Kazory@medicine.ufl.edu
X	(Twitter):	@AmirKazory


