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Prevalence	of	LV	Dysfunc<on	at	Referral/Transplanta<on	
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N=4214	evaluated	and	listed	for	Transplant	
N=2,718	had	gated-SPECT	if:	age	>50,	history	of	CV	disease,	DM	

Even	with	the	Selec<on	Bias	that	
Exists	with	Transplant	Referral	

24.9%	had	LVEF	≤50%		
10.5%	had	LVEF	≤40%	

LVEF	≤	30%:	Median	Survival	~36	months	
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LVEF	≤30%	had	strongest	associa<on	with	mortality		
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For	each	percent	increment	in	LVEF	-	adjusted	mortality	risk	decreased	by	2.5%		

In	a	Highly	Selected	Wait-List	Popula<on	LV	Func<on	Strongly	Associated	with	Mortality		
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>50%	

30-40%	

40-50%	

<30%	

LVEF	

N=739	had	an	echo	and	were	assessed	for	transplanta<on		

LV	Func<on	
Normal,	n=613	(85.5%)	

Mildly	impaired,	n=57	(7.9%)	

Moderately	impaired,	n=30	(4.2%)	

Severely	impaired,	n=17	(2.4%)	

LVEF	≤	30%:	Median	Survival	~1	year		

14.5%	had	LVEF	≤50%		
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Regional	Wall	Mo<on	Abnormali<es	
Associated	with	Survival		
Median	Survival	~3	years		KDIGO
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EF	<	45%:	18.2%	at	<me	
of	transplanta<on		

Mean	EF	in	this	Group:	
36.7	±	6.7%	

Mean	Time	to	Cardiac-Related	Death:	1.5	±	1.7	years	
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LV	Systolic	Dysfunc<on	in	those	who	Survived	Long	Enough	to	be	
Transplanted	was	also	Associated	with	Mortality				
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What	is	the	Effect	of	Kidney	Transplanta<on	
on	LV	Func<on?	

KDIGO



KDIGO



Uremic	Cardiomyopathy	–	Common	Features	
1.  All	Pa<ents	had	Symptoma<c	CHF	(NYHA	Class	III/IV)	
2.  Normal	Coronary	Arteries	on	Angiogram	
3.  Diffuse	Hypokinesis	with	low	EF	
4.  LV	Dilata<on	
5.  Symptoms	Completely	Resolved	Post-Transplant	
6.  Post-Tx	LV	showed	normal	wall	mo<on	or	minimal	hypokinesis	

with	significant	improvement	in	EF	
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Parfrey	et	al,	Transplanta/on,	60:908,	1995	

N=102	Dialysis	Pa<ents	who	Underwent	Kidney	Transplanta<on		

Systolic	Dysfunc<on:	12%	Pre-Transplant	-	0%	Post-Transplant	
Normal	Echo:	17%	Pre-Transplant	-	36%	Post-Transplant	
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Pa<ents	with	Systolic	Dysfunc<on	
Showed	Significant	Improvement		

Are	the	Improvements	Just	From:		
Improved	BP	control?	

Normaliza<on	of	the	Hgb?	
Correc<on	of	Volume	Overload?	
Thrombosis/Closure	of	AVF?	
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N=103	Pa<ents	with	LVEF	<	40%	
Mean	EF	31.6	±	6.7%		
~Half	had	LVEF	<	30%	

Median	of	2	hospitaliza<ons	for	CHF	
before	Tx	Evalua<on	

51%	had	CAD	–	Most	Revascularized	Pre-Tx	
and	None	had	Inducible	Ischemia	at	Time	

of	Transplanta<on	

N=72	(70%)	Improved	with	LVEF	≥	50%	by	One	Year	
Mean	EF	58.8	±	6.8%		

N=16	(15%)	Improved	with	LVEF	40-50%		
Mean	EF	42.1	±	2.4%		

N=16	(15%)	Did	Not	Improve	(LVEF	<	40%)	
Mean	EF	31.6	±	4.9%		

Overall,	86%	had	Increase	in	LVEF	of	at	Least	5%	(by	MUGA)	
Pre-Tx	LVEF	<30%:	68%	had	Post-Tx	LVEF	>	50%	
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Time	on	Dialysis	Pre-Transplant	only	Factor	
Associated	with	Failure	to	Improve	LV	Func<on		

Every	One	Month	Increase	in	Dialysis	Time	Decreased	Likelihood	of	Normalizing	LV	Func<on	by	18%		
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Failure	to	Improve	LV	was	Associated	
with	Reduced	Survival	

Group	2/3	Median	Survival	~1.5-2.5	yrs	KDIGO
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Mul<ple	Studies	have	Shown	Improvement	
in	LV	Func<on	with	Kidney	Transplanta<on		
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No	Significant	Difference	in	any	of	the	Cardiac	Parameters	Measured		
Propor<on	with	LVH	in	both	Groups	was	68%	and	did	not	Change	in	Follow-up		

Mean	Change	in	Ejec<on	Frac<on	Per	Year	

2.1%	per	year	 -0.4%	per	year	

Mean	Change	in	LVMI	Per	Year	

-3.6%	per	year	 2.8%	per	year	
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Effect	of	Transplanta<on	on	LV	Func<on	

• Most	Reports	have	Demonstrated	Improvement	in	LV	Func<on	
Post	Kidney	Transplanta<on	
•  Publica<on	Bias?	Pa<ent	Selec<on	Bias?		

•  Key	is	to	select	those	who	will	most	likely	improve:	
•  Pure	“uremic”	cardiomyopathy	

•  Diffuse	hypokinesis	with	normal	coronaries	

•  An<cipated	short	dialysis	dura<on	
•  	Living	donor;	Deceased	donor	(local	alloca<on	rules/donor	rate)	

•  Absence	of	RWMA	and	ischemia	
•  Ques<onable	role	of	correc<ng	ischemia	in	asymptoma<c	pa<ents	

•  Overall	burden	of	disease	‘low’	
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What	is	the	Incidence	and	Outcome	of	de	novo	CHF	
Following	Kidney	Transplanta<on?	
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N=638	Transplant	Pa<ents	free	from	CV	Disease	at	1-Year	Post-Transplanta<on	

3.6%	at	5-Years	
12.1%	at	10-Years	
21.6%	at	20-Years		

Incident	Rate	of	CHF:	2-5x	higher	than	General	Popula<on	(Framingham)	
Incident	Rate	of	IHD:	Similar	to	the	General	Popula<on	(Framingham)	
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Hemoglobin	and	BP	strongly	
Associated	with	de	novo	CHF	

Risk	of	CHF	Increased	as	Hemoglobin	Declined			 Risk	of	CHF	Increased	as	BP	Increased	
DBP	>>>	SBP			
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De	novo	CHF	Associated	with	Worse	Survival		
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Excluded	Pa<ents	with	a	History	of	CHF		

32.3%		

18.3%	

CHF	Incidence	at	36-months	
Age	>	60	-	28.8%		
BMI	>	30	-	25.4%	
Diabetes	-	25.1%	
Angina	-	30.7%	
MI	-	37.7%	
DGF	-	25.7%	
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Independent	Correlates	of	de	novo	CHF	
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Mortality	aqer	CHF	Diagnosis	
14.5%	at	1-year	
21.2%	at	2-Years		

KDIGO



CHF	Most	Common	CV	Diagnosis	
16%	of	all	Post-Transplant	Admissions	and	Increasing	since	2005		
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Treatment	of	CHF:	ACE-Inhibitors	and	ARBs	in	the	
Kidney	Transplant	Popula<on	
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Observa<onal	Data	is	Conflic<ng	
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N=70	Pa<ents	with	Persistent	LVH	6-12	Months	Post-Transplant	
Randomized	to	Lisinopril	or	No	Therapy	
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N=70	Pa<ents	with	Persistent	LVH	6-12	Months	Post-Transplant	
Randomized	to	Lisinopril	or	No	Therapy	
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Effect	Modifica<on	Present	
Lisinopril	Appeared	to	Only	Work	in	Pa<ents	Receiving	Cyclosporine		
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Largest	ACE/ARB	RCT	in	Kidney	Transplant	Recipients	
Stopped	Early	for	‘Fu<lity’	
Mean	Follow-up	20-months	

Rela<vely	Low-Risk:	Diabetes	11%,	CVD	15%,	Mean	Proteinuria	130	mg/day				
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Knoll	et	al,	The	Lancet	Diabetes	&	Endocrinology;	4(4):	318-326,	2016		

N=212	Kidney	Transplant	Recipients	Randomized	to	Ramipril	or	Placebo	(Blinded)	
Mean	Follow-up	48-months	(Longest	Follow-Up	7	Years)	

Fairly	High-Risk:	Diabetes	43%,	Hypertension	93%,	Hyperlipidemia	67%,	CVD	25%,	Age	>60	yrs	34%,	Pr	>0.5	g/day	43%	
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Knoll	et	al,	The	Lancet	Diabetes	&	Endocrinology;	4(4):	318-326,	2016		

No	Difference	in	Overall	Survival		
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Knoll	et	al,	The	Lancet	Diabetes	&	Endocrinology;	4(4):	318-326,	2016		

No	Difference	in	CV	Events		

		 17/103=16.5%	17/109=15.6%	
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Knoll	et	al,	The	Lancet	Diabetes	&	Endocrinology;	4(4):	318-326,	2016		

Significant	Decline	in	Hgb	Over	Time	in	Ramipril	Group			

ACE-Inhibitors	are	not	Benign	in	this	Popula<on	

Mean	Difference	at	End	of	Trial:	
-14	g/L	(-22	to	-7	g/L)	
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Adverse	Events	More	Common	on	Ramipril	

Blinded	Study	Drug	Stopped	Because	of	Adverse	Event	
Ramipril	-	9%	
Placebo	-	2%	

P=0.03	

Knoll	et	al,	The	Lancet	Diabetes	&	Endocrinology;	4(4):	318-326,	2016		
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Study	Inclusion	Criteria	
-	RCT	

-	ACE	or	ARB	
-	≥	1-Year	of	Follow-up	
-	Reported	Clinically	

Important	Outcome	(e.g.	
Death,	Graq	loss	etc)	

N=	8	Trials	Involving	n=1,502	Pa<ents	
Except	for	Paolez	Study,	None	Targeted	CHF	or	LV	Func<on		
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Mortality	Nearly	Iden<cal	in	ACE/ARB	vs	Control	
	ACE/ARB:	35/754	=	4.6%	
Control:	36/748	=	4.8%	
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Summary	
1.  Approximately	15	to	25%	of	pa<ents	referred	for	kidney	transplant	evalua<on	

have	evidence	of	LV	dysfunc<on.		

2.  Many	reports	have	shown	improvements	in	cardiac	func<on	parameters	as	
well	as	resolu<on	of	symptoma<c	CHF	following	kidney	transplanta<on		

3.  LV	dysfunc<on	at	the	<me	of	transplanta<on	and	‘failure	to	normalize’	LV	
func<on	are	both	important	risk	factors	for	poor	outcomes.	Selec<ng	
appropriate	candidates	who	will	ul<mately	improve	is	not	straigh{orward	and	
will	require	further	study.		

4.  de	novo	CHF	is	common	post-transplant	and	is	associated	with	inferior	graq	
and	pa<ent	outcomes	

5.  With	respect	to	treatment,	there	remains	insufficient	evidence	whether	ACE/
ARBs	improve	clinical	outcomes	in	kidney	transplant	recipients.	Further	RCTs	
using	ACE/ARB	will	be	challenging	if	not	impossible	to	conduct	given	known	
benefits	in	the	non-CKD	popula<on,	‘perceived’	benefit	in	transplant	pa<ents	
and	their	common	use	as	an<-hypertensives	in	this	popula<on.					
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