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Observation	1



Hyponatremia:	a	powerful	determinant	of	
mortality	in	HF	regardless	of	ejection	fraction.

Hyponatremia	and	Mortality	in	HF
(MAGGIC)

[RosinaruD.	Eur J	Heart	Fail	2012;14:1139]

14,766	
patients

3-year	Mortality



V2RA	does	not	improve	outcomes	 in	HF
(tolvaptan	vs.	placebo	in	ADHF)

Correction	of	Hyponatremia
(EVEREST)

[KonstamMA.	JAMA	2007;297:1319]

4133	
patients

Survival

?



In	the	hyponatremic subgroup,	 despite	increase	in	serum	sodium,	
outcomes	were	not	affected	by	V2RA	(tolvaptan).

Correction	of	Hyponatremia
(EVEREST)

[KonstamMA.	JAMA	2007;297:1319]



Observation	2



“Dietary	Sodium	Restriction”:	
the	most	frequent	self-care	behavior	 recommended	 to	patients	with	HF	

Dietary	Sodium	Restriction	



Sodium	Restriction	in	HF;
Persistence	of	Uncertainty

Out	of	>2600	studies

The	great	majority	
did	not	find	

improvement	with	
sodium	restriction

(2-3	g/day)

All	studies:	less	than	
100	patients



[Doukky	R.	JACC	Heart	Fail.	2016;4:24]

Sodium	Restriction	May	Be	Harmful	in	HF
(HART)

260	
patients

HF	class	II	or	III



Observation	3



No	increase	in	O2	requirement	or	over-correction	of	serum	sodium

Treating	ADHF	with	Hypertonic	Saline

58	administrations	
40	patients

150	ml	of
3%	NaCl over	30	min	
(300	ml/h),	
simultaneously	 with	
high	doses	 of	loop	
diuretics

[Griffin	M..	JACC	Heart	Fail	2020;8:199]



↑	in	Urine	output	and	↓	in	weight

Treating	ADHF	with	Hypertonic	Saline

[Griffin	M..	JACC	Heart	Fail	2020;8:199]

58	administrations	
40	patients



Salt	≠	Sodium

2015



Tertiles	of	Admission	 Chloride	– Cleveland	Clinic Cohort	 	

First	Studies	on	Chloride-HF	
(ADHF-2015)

[Grodin JL.	JACC	HF	2015;66:659]

1318	
patients

2261	person-years	
of	follow	up



Admission	 chloride	levels;	possibly	a	stronger	
prognostic	 role	than	serum	sodium	 levels

First	Studies	on	Chloride-HF	
(ADHF-2015)

[Grodin JL.	JACC	HF	2015;66:659]

Low	Chloride

1318	
patients

2261	person-years	
of	follow	up



6772	person-years

[Grodin Circ	Heart	Fail	2016;9:e002453]

Follow	Up	Studies	on	Chloride-HF	
(CHF-2016)

Mortality

Chloride



6772	person-years

For	every	standard	deviation	(4.1	mEq/L)	decrement	in	
Chloride	 level;	26-29%	increase	in	5-year	mortality	risk

[Grodin Circ	Heart	Fail	2016;9:e002453]

Follow	Up	Studies	on	Chloride-HF	
(CHF-2016)

5-year	Mortality



[Grodin Circ	Heart	Fail	2016;9:e002453]

Follow	Up	Studies	on	Chloride-HF	
(CHF-2016)

1673	
patients

Low	
Chloride

5-year	Mortality



[Grodin Circ	Heart	Fail	2016;9:e002453]

Follow	Up	Studies	on	Chloride-HF	
(CHF-2016)

Predicted	5-Year	Mortality	of	Sodium	 Level	
with	and	without	Adjustment	 for	Chloride

1673	
patients



[Cuthbert	JJ.	Eur J	Heart	Fail	2018;20:1426]

Follow	Up	Studies	on	Chloride-HF	
(CHF-2018)	Europe

Normal Na, Normal Cl

Low Na, Normal Cl

Normal Na, Low Cl
Low Na, Low Cl

Low	
Chloride
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HFrEF	and	HFpEF 5613	
patients



[Zhang	Y.	Clinica Chimica Acta 2018;483:112]

Follow	Up	Studies	on	Chloride-HF	
(CHF-2018)	China

905	
patients

Low Na, Normal Cl

Normal Na, Normal Cl

Normal Na, Low Cl

Low Na, Low Cl

Low	
Chloride



Serum	Chloride	Level	and	Mortality	in	HF
Systematic	Review	and	Meta-Analysis

[Jain	A,	Kazory	A.	Unpublished]

Low	serum	chloride	level	is	a	strong	 independent	
predictor	of	mortality	in	various	phenotypes	 of	HF

9	studies

15,979	
patients	



[Doukky	R.	JACC	Heart	Fail.	2016;4:24]

Cardio-Renal	Connections	of	Chloride	in	HF

Impact	on	Targets	of	Diuretic	Therapy	
(NKCC	and	NCC)

Chloride	and	the	Kidney

Neurohormonal	Activation	
(renin	secretion)	1

2



[Doukky	R.	JACC	Heart	Fail.	2016;4:24]

Low	Chloride	and	
Neurohormonal	Activation

↓Chloride	 ↑Renin	Secretion

Macula	
Densa



[Gimenez	I.	Curr OpinNephrol Hypertens 2006;15:517]
[Gamba	G.	Physiol Rev	2005;85:423]

[Shekarabi	M.	Cell	Metab 2017;25:285]

Intracellular	Chloride	and	
Cation-Chloride	Cotransporters	

Low	Intracellular	chloride
increases	NKCC	activity	in	TAL

Low	Intracellular	chloride	
increases	NCC	activity	in	DCT



Hypochloremia	and	Adverse	Outcomes:	
Association	or	Causality?

Studying	the	Effects	of	
Increasing	Serum	Chloride	Levels	

Sodium-Free	Chloride	
Supplementation

Pharmacologic	Increase	in	
Serum	Chloride



[Hanberg	JS	et	al.	Circ	Heart	Fail.	2016;9:e0031802016]

Sodium-Free	Chloride	Supplementation

10	
patients

Primary	Endpoints

Lysine	Chloride	
500	mg	capsule	or	7	g	powder,	
TID	for	3	days	while	on	a	low	
salt	(<2	g/day)	diet.	

↔

↑



[Hanberg	JS	et	al.	Circ	Heart	Fail.	2016;9:e0031802016]

Sodium-Free	Chloride	Supplementation

10	
patients

Markers	of	Volume	 Status

The	available	metrics	suggested	 intravascular	
depletion	after	Chloride	supplementation

p=0.11

p=?

p=0.036

p=0.007

↑

↑

↓

↓



Pharmacological	Increase	in	Serum	
Chloride	Level	- Acetazolamide

Acetazolamide

Metabolic	Acidosis
Hyperchloremia
Hypokalemia



Acetazolamide	in	Decompensated	Heart	Failure	with	Volume	Overload	

More	patients	in	the	acetazolamide	arm	achieved	successful	
decongestion	and	it	persisted	until	discharge

The	primary	end	point
(successful	
decongestion):
no	edema,	and
no	ascites,	and	
no	pleural	effusion	

519	
patients

ADVOR

Mullens	W.	N	Engl J	Med	2022;387:1185



Mullens	W.	N	Engl J	Med	2022;387:1185

Cumulative	Urine	Volume Cumulative	Urine	Sodium

ADVOR
519	

patients

Increased	diuresis	and	natriuresis	with	acetazolamide
(0.5	liters	and	98	mmol	on	day-2)	



Acetazolamide;	higher	urine	volume	and	urine	sodium	concentration

Kazory	A.	CJASN	2023
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What	is	in	the	Pipeline?

- Acute	and	Chronic	Heart	Failure
- Single-Center	(Yale),	randomized,	double-blind,	placebo-controlled	trial
- patients	are	randomized	to	7	days	of	therapy	with	either	115	
mmol/day	of	lysine	chloride	or	placebo.

- Primary	Endpoint:	Change	in	Blood	Volume	(Volumex)

Mechanism	and	Effects	of	Manipulating	
Chloride	Homeostasis	in	Acute	Heart	Failure	

(NCT03446651)



CONCLUSION

- The	current	discrepancies/confusion	regarding	the	sodium-centric	
approach	to	HF	could	be	in	part	due	to	ignoring	chloride.

- Chloride	may	be	a	stronger	prognostic	marker	in	all	HF	syndromes	
compared	with	sodium	(CHF,	ADHF,	HFrEF,	HFpEF)

[utility	in	risk	prediction	models	of	HF]

- Lingering	congestion,	low	urine	sodium,	diuretic	resistance,	and	low	
serum	chloride	levels;	why	not	a	touch	of	acetazolamide?	



Thank	You…

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


