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CASE	STUDY:		
How	do	I	effec*vely	diurese	my	pa*ent?		

Anything	new?	
 
 



•  Known	heart	failure	pa-ent	since	2001	(age	39),	
was	diagnosed	as	a	peri-partum	cardiomyopathy	
(EF	33%)	and	secondary	mitral	regurgita-on.	LV	
internal	diastolic	diameter	(LVIDD)	58	mm	

•  Seen	by	a	different	cardiologist	in	June	2013,	
diagnosed	as	Rheuma-c	Mitral	Valve	Disease,	EF	
40%,	atrial	fibrilla-on	and	failed	electrical	
cardioversion,	LVIDD	=	67	mm	

•  Confirmed	RHD	by	another	cardiologist	in	
September	2013,	had	a	mitral	valve	mechanical	
replacement,	tricuspid	valve	repair	and	excision	
of	the	lef	atrial	appendage	

Case	Study	
Mrs	HM,	54	years,	4	children,	nursing	sister,	widow	



•  Seen	on	6	March	2016	by	a	fourth	cardiologist,	
having	had	recurrent	admissions	for	
deteriora-ng	heart	failure	since	late	2015.	

•  Cold	peripheries,	severely	congested,	cachec-c,	
rapid	and	irregular	pulse	90	beats/minute,	BP	
90/60	

•  EF	=	16%,	LVIDD	=	73mm,	Pulmonary	artery	peak	
pressure	=	60	mmHg,	IVC	=	34	mm	and	non	
collapsing	in	inspira-on,	func-oning	mitral	valve	
prosthesis	(	including	valve	X-Ray	screening	)	

•  Admission	(mmol/l)	:Na	=129,	potassium	5.4,	
urea	8.6	and	Creat	99umol/l-	eGFR=56	ml/min.	
INR	=	4.1.	proBNP=4425pg/ml	

Case	Study	
Mrs	HM	



Res*ng	ECG	–	on	admission	



Mohammad Sarraf et al. CJASN 2009;4:2013-2026	



•  She	had	been	on	Furosemide	80	mg	daily,	
Plenish	K	3	daily,	Perindopril	4	mg	daily,	
Spironolactone	25	mg	daily,	Carvedilol	12.5	mg	
bd	and	Warfarin.	

•  Because	of	a	sore	big	toe	she	had	been	taking	
Diclofenac	100	mg	daily.	

•  She	had	no-ced	that	the	furosemide	was	not	
having	its	desired	effect	although	she	was	
drinking	>	3	l	water	/	day!	

Case	Study	
Mrs	HM	



Thirst	



Organic acid 
secretory 
systems	



	

•  As	compared	with	normal	subjects,	pa-ents	with	
NYHA	FC	II	-	III	HF	have	up	to	a	third	of	the	
natriure-c	response	to	maximally	effec-ve	doses	
of	loop	diure-cs,	and	the	response	is	even	smaller	
in	pa-ents	with	more	severe	heart	failure	

•  An	ominous	sign	

HF	pa*ents	less	responsive	to	diure*cs	



	

Clinical Pharmacology 

•  Pharmacokinetics


• Getting drug to the 
target


• Delivery


•  Pharmacodynamics


• Getting target to respond


• Response	



	

RBF


Increase Dose 

OAT and the PCT 

Pharmacokinetics 



	

Case	Study	
Mrs	HM	

•  This	pa-ent	was	assessed	as	being	cold	and	
wet	and	resistant	to	the	current	diure-c	
regimen,	drinking	excess	fluid	orally	and	
taking	NSAID.	

A	

B	



	

Case	Study	
Mrs	HM	

Increase	Frequency	of	Dose	

Braking phenomenon	

Kidney International 1991: 39:336-352	



	

Case	Study	
Mrs	HM	

•  She	received	intravenous	digitalis,	intravenous	
Lasix	at	20	mg	IVI	6	hourly	to	overcome	this	
“braking	phenomenon”,	oral	nitrate	at	20	mg	
bd	and	fluid	restric-on.	

	
•  Her	renal	func-on	deteriorated	although	she	

improved	significantly	symptoma-cally	and	
lost	6	kg	in	3	days.	8/3	urea	was	9.1	Creat	112	
and	on	9/3	urea	was	11.4	and	creat	168.	



	

Poten*al	for	worsening	renal	func*on	

Circ Heart Fail. 2008;1:2-5.	



	

Case	Study	
Mrs	HM	

•  The	intravenous	dobutamine	and	digoxin	were	
con-nued,	the	intravenous	furosemide	reduced	to	20	
mg	IVI	12	hourly	and	bed	rest	con-nued.	

•  She	con-nued	to	improve,	on	11/3	urea	10.5	and	
creat	100,	INR	2.7	

•  She	was	changed	to	oral	furosemide	on	11/3	80	mg	
mane	and	80	mg	at	14H00,	Isosorbide	dinitrate	20	mg	
bd,	Spironolactone	built	up	to	25	mg	bd,	and	digoxin	
0.125	mg	daily	by	14/3.	Dobutamine	had	stopped	on	
11/3	and	carvedilol	started	at	3.125	mg	bd	and	built	
up	to	12,5	mg	bd	by	discharge.	She	became	
profoundly	hypotensive	when	enalapril	2.5	mg	was	
administered	and	that	was	stopped.	On	14/3	urea	9.8	
and	creat	100.	Discharged	home.	



	

Case	Study	
Mrs	HM	

•  She	was	seen	again	29/3	as	an	out-pa-ent	-		urea	4.5	
and	creat	71.	She	had	been	instructed	to	keep	fluid	
intake	at	1.2	l/day,	stay	at	home	and	not	to	return	to	
work		

•  She	was	elec-vely	cardioverted	with	200j	on	31/3	into	
SR	

•  Furosemide	reduced	to	40	mg	twice	daily,	carvedilol	
increased	to	25	mg	bd,	spironolactone	25	mg	bd	and	
isosorbide	mononitrate	at	20	mg	bd	and	digoxin	0.125	
mg	week	days	only,	by	June	2016.	

•  She	was	NYHA	FC	I-II,	in	SR	67/MIN,	BP	now	157/74	so	
enalapril	2.5	mg	bd	started	and	increased	to	5	mg	bd	
and	she	was	allowed	to	return	to	work	in	July.	EF	32%,	
LVIDD	65	mm,	IVC	24	mm/	collapses	to	11mm	on	
inspira-on.	



	

Res*ng	ECG	–	post	cardioversion	



	
	

Mechanism	of	counter-	regula*on	

•  Braking	

•  DCT	hypertrophy	



	
	

Loop	and	DCT	hypertrophy	



	
	

Diure*c	synergy	

Combine	diure*cs	for	DCT	hypertrophy		

Kidney International 1991: 39:336-352	



Loop	diure*cs	





	



	

Closing	the	loop	

•  Loop	diure-cs	most	commonly	
used	drugs	in	heart	failure	

•  Indicated	and	highly	effec-ve	
for	relief	of	fluid	reten-on	

•  No	evidence	of	prognos-c	
benefit,	ac-vate	the	NH	
system,	aggravate	renal	
dysfunc-on		

•  Impaired	natriure-c	and	
diure-c	response	in	heart	
failure	



	

Closing	the	loop	

• Pharmacokine-c		problems	
helped	by	increasing	doses	to	
ceiling	individual	dose	

• Pharmacodynamic	issues	
helped	by	increasing	frequency	
of	dose	and	combining	with	a	
thiazide		

• Salt	restric-on	in	resistant	
pa-ents	

• Beware	of	OAT	system	and	
compe-ng	ca-ons/	drugs	



	

The	End	


