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Introduction Introduction –– Left Ventricular HypertrophyLeft Ventricular Hypertrophy

Cardiovascular disease Cardiovascular disease 
accounts for significant accounts for significant 
morbidity and mortality in morbidity and mortality in 
dialysis patients dialysis patients 
Left ventricular Left ventricular 
hypertrophy (LVH) hypertrophy (LVH) 
increases the risk of  increases the risk of  
cardiovascular eventcardiovascular event
End Stage Renal Disease End Stage Renal Disease 
(ESRD) patients (ESRD) patients 
frequently develop LVHfrequently develop LVH

Noted on EKG, Noted on EKG, 
echocardiography, and echocardiography, and 
at autopsy  at autopsy  



Introduction Introduction –– Cardiac ImagingCardiac Imaging

Echocardiography assessment of left ventricular mass Echocardiography assessment of left ventricular mass 
(LVM) and geometry varies with fluctuations in volume (LVM) and geometry varies with fluctuations in volume 
status and limits its usefulness in patients undergoing  status and limits its usefulness in patients undergoing  
hemodialysishemodialysis
Cardiac magnetic resonance images (Cardiac magnetic resonance images (cMRIcMRI) of LVM are ) of LVM are 
detailed, precise, and extremely reproducible.  The detailed, precise, and extremely reproducible.  The 
images are independent of volume status.images are independent of volume status.



Introduction Introduction -- SpironolactoneSpironolactone

SpironolactoneSpironolactone (SPR) therapy has been shown to reduce (SPR) therapy has been shown to reduce 
eccentric LVH (eccentric LVH (eLVHeLVH) in heart failure patients in the ) in heart failure patients in the 
RALES study (NEJM 341: 709RALES study (NEJM 341: 709--717, 1999)717, 1999)

SPR inhibits SPR inhibits aldosteronealdosterone which is thought to play a which is thought to play a 
role in role in myocytemyocyte fibrosis and collagen depositionfibrosis and collagen deposition

SPR effects on LVH in ESRD patients have not been SPR effects on LVH in ESRD patients have not been 
extensively studiedextensively studied
SPR has been studied in patients with concentric LVH SPR has been studied in patients with concentric LVH 
((cLVHcLVH) and has been shown to have an effect on LVH ) and has been shown to have an effect on LVH 
although not as significant of an effect as the RALES trialalthough not as significant of an effect as the RALES trial



MethodsMethods

We performed a prospective, nonWe performed a prospective, non--blinded study blinded study 
obtaining a cardiac MRI on 13 dialysis patients at obtaining a cardiac MRI on 13 dialysis patients at 
baseline and after receiving baseline and after receiving spironolactonespironolactone 25 mg daily 25 mg daily 
for 9 monthsfor 9 months
LV mass (LVM), LV mass index (LV mass (LVM), LV mass index (LVMiLVMi), length, diameter, ), length, diameter, 
ejection fraction, end diastolic and end systolic volumes, ejection fraction, end diastolic and end systolic volumes, 
relative wall thickness (RWT), and relative wall thickness (RWT), and sphericitysphericity index (SI) index (SI) 
were determined using cardiac MRI (FIESTA sequences) were determined using cardiac MRI (FIESTA sequences) 
and were compared to 198 healthy controls (historic and were compared to 198 healthy controls (historic 
data)data)





DefinitionsDefinitions

LV Mass Index = LV Mass / Body Surface AreaLV Mass Index = LV Mass / Body Surface Area

End Diastolic Volume Index = End Diastolic Volume / Body SurfaceEnd Diastolic Volume Index = End Diastolic Volume / Body Surface AreaArea

LV Diameter =  Septum LV Diameter =  Septum ------ Posterior wall distance (short axis view in diastole)Posterior wall distance (short axis view in diastole)

LV Length = Apex  LV Length = Apex  ------ MV Annulus distance (4 chamber view in diastole)MV Annulus distance (4 chamber view in diastole)

LV LV SphericitySphericity Index = LV Length / LV DiameterIndex = LV Length / LV Diameter

Relative Wall Thickness  =      Relative Wall Thickness  =      ((SeptalSeptal Wall Thickness + Lateral Wall Thickness)         Wall Thickness + Lateral Wall Thickness)         
LV DiameterLV Diameter



Table 1.  Demographics   (n=13)     

Age (years) Age (years) 66 (3566 (35--78)78)

Dry Weight (Kg)Dry Weight (Kg) 76 (5476 (54--110)110)

Body surface area (mBody surface area (m22)) 1.9 (1.61.9 (1.6--2.3)2.3)

Body mass indexBody mass index 26 (1826 (18--39)39)

FemaleFemale 44

MaleMale 99

Etiology of ESRDEtiology of ESRD
Diabetes mellitusDiabetes mellitus
HypertensionHypertension
GlomerulonephritisGlomerulonephritis
OtherOther

44
44
33
22

CoCo--morbid conditionsmorbid conditions
Coronary diseaseCoronary disease
Diabetes MellitusDiabetes Mellitus
HypertensionHypertension

44
66

1212

Years on HDYears on HD 6 (16 (1--20)20)

ARBARB 00

ACE InhibitorACE Inhibitor 77



Results
Table 2. Cardiac MRI Results of 13 dialysis patients 

compared to 108 healthy controls

LVM LVM 
(g)(g)

LVMiLVMi
(g/m2)(g/m2)

RWTRWT
Ejection Ejection 
Fraction Fraction 

(%)(%)

End End 
Diastolic Diastolic 
Volume Volume 

((mLmL))

SISI

NormalNormal 112112±±2727 5959±±1111 0.350.35±±0.10.1 6969±±66 150150±±3131 22±±0.20.2

Pre SPRPre SPR 177177±±6060 9797±±3636 0.600.60±±0.20.2 5959±±1010 184184±±5555 2.12.1±±0.30.3

P valueP value 0.0020.002 0.0010.001 0.00040.0004 0.0050.005 0.0720.072 0.330.33

LVM- Left ventricular mass; LVMi- Left ventricular mass index; RWT-Relative wall thickness; SI- Sphericity Index

p value < 0.05 considered statistically significant



ResultsResults
Cardiac imaging demonstrated that the typical Cardiac imaging demonstrated that the typical 
appearance of a dialysis patientappearance of a dialysis patient’’s heart is massive left s heart is massive left 
ventricular hypertrophy with a profoundly thickened LV ventricular hypertrophy with a profoundly thickened LV 
wall around a slightly enlarged left ventricular cavity.wall around a slightly enlarged left ventricular cavity.

Cardiac MRI revealed a left ventricular mass index Cardiac MRI revealed a left ventricular mass index 
and a relative wall thickness of 97 g/mand a relative wall thickness of 97 g/m22 and 0.60 and 0.60 
respectively in the study patients (pre respectively in the study patients (pre spironolactonespironolactone) ) 
while the normal values obtained in 108 healthy while the normal values obtained in 108 healthy 
controls were a controls were a LVMiLVMi of 59 g/mof 59 g/m2 2 and a RWT of 0.35and a RWT of 0.35
End diastolic volume which is a measure of LV cavity End diastolic volume which is a measure of LV cavity 
size was 184 size was 184 mLmL in the study patients (pre in the study patients (pre 
spironolactonespironolactone).  The LV cavity was 150 ).  The LV cavity was 150 mLmL in the  in the  
healthy controls.healthy controls.
Refer to Table 2Refer to Table 2



ResultsResults
Table 3. Cardiac MRI Results before and after spironolactone (n=13)

LVMLVM
(g)(g)

LVMiLVMi
(g/m(g/m22))

RWTRWT
Ejection Ejection 
FractionFraction

(%)(%)

End End 
Diastolic Diastolic 
Volume Volume 

((mLmL))
SISI

Pre SPRPre SPR 177177±±6060 9797±±3636 0.600.60±±0.20.2 5959±±1010 184184±±5555 2.12.1±±0.30.3

Post SPRPost SPR 184184±±6060 101101±±3939 0.560.56±±0.20.2 6060±±1010 170170±±6060 2.12.1±±0.20.2

p valuep value 0.770.77 0.790.79 0.590.59 0.800.80 0.540.54 0.700.70
LVM- Left ventricular mass; LVMi- Left ventricular mass index; RWT-Relative wall thickness; SI- Sphericity Index

p value < 0.05 considered statistically significant





ResultsResults

There was no change in There was no change in LVMiLVMi, RWT, End Diastolic , RWT, End Diastolic 
Volume, and Volume, and sphericitysphericity index in dialysis patients by index in dialysis patients by 
cardiac MRI after receiving 270 days of cardiac MRI after receiving 270 days of spironolactonespironolactone

Refer to Table 3 Refer to Table 3 



Discussion Discussion –– Study LimitationsStudy Limitations
Early Study TerminationEarly Study Termination

The original power analysis indicated that 34 patients The original power analysis indicated that 34 patients 
needed to be enrolled needed to be enrolled 
Recruiting difficulties and subject compliance with Recruiting difficulties and subject compliance with 
the study protocol limited the number of patients the study protocol limited the number of patients 
that completed the studythat completed the study
Interim analysis revealed a lack of study drug effect Interim analysis revealed a lack of study drug effect 
leading to early study terminationleading to early study termination

Medication ComplianceMedication Compliance
Thirteen patients completed the study.Thirteen patients completed the study.
The study medication was taken by these thirteen  The study medication was taken by these thirteen  
patients at home.  There was no direct observation patients at home.  There was no direct observation 
of the study medication being consumed.of the study medication being consumed.



Discussion Discussion -- Cardiac GeometryCardiac Geometry
Heart failure patients with Heart failure patients with 
ischemic dilated ischemic dilated 
cardiomyopathycardiomyopathy ((eLVHeLVH) ) 
have a significantly have a significantly 
enlarged LV cavityenlarged LV cavity

Hypertensive patients Hypertensive patients 
have a thickened LV wall have a thickened LV wall 
and a preserved or and a preserved or 
slightly decreased LV slightly decreased LV 
cavity (cavity (cLVHcLVH))

ESRD patients have a ESRD patients have a 
thickened LV wall with a thickened LV wall with a 
slightly enlarged LV cavityslightly enlarged LV cavity



Discussion Discussion –– Cardiac GeometryCardiac Geometry

The RALES trial demonstrated that The RALES trial demonstrated that spironolactonespironolactone is is 
effective in patients with effective in patients with eLVHeLVH but little data exists but little data exists 
regarding its effect in patients with ESRD regarding its effect in patients with ESRD 
Though the results in this study could be related to other Though the results in this study could be related to other 
issues, it is possible that the lack of response to issues, it is possible that the lack of response to 
spironolactonespironolactone is related to the differences in cardiac is related to the differences in cardiac 
geometry between heart failure (geometry between heart failure (eLVHeLVH) and dialysis ) and dialysis 
patients patients 



Discussion Discussion –– Cardiac HistologyCardiac Histology

The lack of response to The lack of response to 
SPR could also be at the SPR could also be at the 
cellular levelcellular level

Primary histological Primary histological 
changes in patients changes in patients 
with LVH are with LVH are 
intracellular and intracellular and 
involve changes in the involve changes in the 
number and number and 
arrangement of the arrangement of the 
sarcomeressarcomeres. In chronic . In chronic 
cases of LVH cases of LVH 
widespread interstitial widespread interstitial 
fibrosis occurs. The fibrosis occurs. The 
actual number of actual number of 
myocardial cells is myocardial cells is 
unchanged.

Sarcomere arrangement

unchanged.



Discussion Discussion –– Cardiac HistologyCardiac Histology

In ischemic In ischemic cardiomyopathycardiomyopathy ((eLVHeLVH) the LV responds ) the LV responds 
by adding new by adding new sarcomeressarcomeres inin--series to existing series to existing 
sarcomeressarcomeres, which leads to ventricular dilation.  The , which leads to ventricular dilation.  The 
wall thickness normally increases in proportion to the wall thickness normally increases in proportion to the 
increase in chamber radius.  increase in chamber radius.  
In In cLVHcLVH the wall thickness greatly increases as new the wall thickness greatly increases as new 
sarcomeressarcomeres are added inare added in--parallel to existing parallel to existing 
sarcomeressarcomeres.  The chamber radius may not change..  The chamber radius may not change.
The lack of response of SPR in dialysis patients could The lack of response of SPR in dialysis patients could 
be due to the differences in histology between be due to the differences in histology between 
dialysis patients and patients with dialysis patients and patients with eLVHeLVH..



Discussion Discussion –– Other possible causes Other possible causes 
for the lack of response of SPRfor the lack of response of SPR

Calcium phosphorous productCalcium phosphorous product
Hyperparathyroidism Hyperparathyroidism 
UremicUremic environmentenvironment



ConclusionsConclusions

In this study the dialysis patients had a thick left In this study the dialysis patients had a thick left 
ventricular wall with an increased relative wall thickness ventricular wall with an increased relative wall thickness 
and a slightly enlarged left ventricular cavityand a slightly enlarged left ventricular cavity

Nine months of Nine months of spironolactonespironolactone did not have an effect on did not have an effect on 
the geometry of the heart in this study however this the geometry of the heart in this study however this 
study was not adequately poweredstudy was not adequately powered

Compliance of the patients could have played a major Compliance of the patients could have played a major 
role in the results of this studyrole in the results of this study



Future StudiesFuture Studies

Future studies will center around Future studies will center around histopathologicalhistopathological
features of ESRD focusing on the mechanism of  features of ESRD focusing on the mechanism of  
increased wall thickness, increased wall thickness, ieie. hypertrophy . hypertrophy vsvs fibrosisfibrosis
Upon determination of the mechanism of LVH in ESRD Upon determination of the mechanism of LVH in ESRD 
patients, patients, pharmacologicpharmacologic therapy can then be tailored to therapy can then be tailored to 
treat LVH in ESRD patientstreat LVH in ESRD patients
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