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Distribution of estimated glomerular filtration rate (eGFR) amongst 1 216 patients with chronic stable 
heart failure. Data from Eur Heart J 2006;27:569-81 

de Silva R, Nikitin NP, Witte KK, Rigby AS, Goode K, Bhandari S, Clark AL, Cleland JG. Incidence of renal dysfunction 
over 6 months in patients with chronic heart failure due to left ventricular systolic dysfunction: contributing factors and 
relationship to prognosis. Eur Heart J 2006;27:569-81





Figure 5. Postulated mechanisms underlying the relationship between HF and renal 
dysfunction.

Bock J S , Gottlieb S S Circulation 2010;121:2592-2600
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USRDS 2012 ADR

Causes of death in prevalent 
dialysis patients, 2008–2010

Figure 4.1 (Volume 2)

Incident & prevalent dialysis patients, 2008–2010.



• Older age
• Hypertension
• Hyperlipidaemia
• Diabetes
• Physical inactivity
• Previous 

MI/CAD/PVD/CVD
• Smoking
• LVH/LVSD

• Haemodynamic and metabolic 
factors of CKD

• Proteinuria
• ↑extracellular fluid (ECF) volume
• Electrolyte imbalance
• Anaemia
• Oxidative stress
• Homocysteine
• Arterial calcification
• Phosphate/PTH/Vit D
• Inflammation

Risk Factors for CVD – CKD and/orESRD

gen population 



CKD specific mechanisms

• Accelerated atherosclerosis

• Calcification (arteries/valves)

• Vascular stiffening (may be related to calcification)

• Left ventricular hypertrophy (+/- risk of sudden death)
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Zimmerli, Mark et al Kidney Intentional 2007



Clinical Kidney Journal, Volume 11, Issue 6, December 2018, Pages 864–873, https://doi.org/10.1093/ckj/sfy042
The content of this slide may be subject to copyright: please see the slide notes for details.

FIGURE 1: Assessment of aPWV and AD using two-dimensional phase-contrast CMR. 

https://doi.org/10.1093/ckj/sfy042
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Mark et al J Hum Hypertension 2014Moody et al. Heart 2013



Higher prevalence of eccentric and concentric left ventricular 
hypertrophy (LVH) in patients with lower eGFR. 

Ernesto Paoletti et al. CJASN 2016;11:271-279

©2016 by American Society of Nephrology



68 kidney donors
56 controls
Difference in 
LVM 9.8g

F/U GFR
63ml/min
89ml/min





Fibrosis in the CKD/ESRD heart

• Heart in animal models of experimental renal failure 
shows that LVH is associated with an increase in 
cardiomyocyte volumeèoxygen diffusion distance and 
cardiomyocyte ischaemia

• Post mortem specimens of patients with ESRD. It is likely 
that apoptosis is triggered and increased fibrosis follows 
progressive myocyte death

• Amann K KI 2003, JASN 1998







1. Mark PB, Johnston N et al KI 2006

2. Schietinger BJ, Brammer GM, Wang H et al. JACC CV Imaging 2008;1:450-6





Nephrogenic systemic fibrosis

• First described 1997

• Only GFR<15ml/min

• 10% never on RRT

• Symmetrical brawny plaques

• Skin thickened, ‘woody’

• Painful, contractures

• No clear aetiology



CMR Native T1 Times

• Longitudinal recovery time of hydrogen atoms 
following their excitation by a magnetic field

• Surrogate marker of myocardial fibrosis in other 
populations

• CKD 2-4  – Edwards et al AJC 2015
– Contrast administration



Box plots comparing left ventricular mass index (a) and 
left atrial volume (b) in CKD5HD and controls 



Hypothesis

• T1 times will be higher in dialysis patients when 
compared to controls

• T1 times may also be a marker of fibrosis in this 
population



Methods

• 28 volunteers v 33 dialysis patients 
• 3.0 Tesla MRI  
• HD participants all scanned on post dialysis day
• Cardiac function – LV mass
• Global Longitudinal Strain
• T1 maps throughout myocardium

– American Heart Association model
– Global, Septal and Mid-septal T1 times calculated



Typically 
Segmented T1 Map 
in a HD Participant



Box plots comparing septal T1 time obtained from 5 septal 
segments (a) and 2 septal segments (b) in CKD5HD and 
controls



Am J 
Cardiology2015 
May 1;115(9):1311-
7. 



Global Longitudinal Strain







Results

Variable Healthy 
Volunteer

s
(n=28)

HD Patients
(n=33)

P value

Age (years) 60 (19.5) 56 (21.5) 0.562

Male (%) 57.1 57.6 0.973
LVMI (g/m2) 55.0 (12.0) 69.8 (28.3) 0.001
LVH (%) 3.6 42.4 0.001
Ejection Fraction 
(%)

63.3 ± 5.2 63.2 ± 9.3 0.963

Global 
Longitudinal 
Strain (%)

-21.8 ± 6.2 -17.7 ± 5.3 0.007



Results

Variable Healthy 
Volunteers

(n=28)

HD Patients
(n=33)

P value

Global T1 
(ms)

1154 ± 32 1171± 27 0.025

Septal T1 
(ms)

1163 ± 30 1184 ± 29 0.007

Mid-septal 
T1 (ms)

1161 ± 29 1184 ± 34 0.006



Results

Global T1 
R = 0.452  p = 0.008

Septal T1 
R = 0.449  p = 0.009 

Mid-Septal T1
R = 0.498  p =  0.003

Left ventricular mass indices 
correlated with T1 times



• T1 times are prolonged in HD

• In the HD population T1 times correlate with LV mass

• Global Longitudinal Strain is reduced in the HD 
population

• Prolonged T1 times may be representative of 
myocardial fibrosis known to be found in this 
population



Acquisition of 31P MRS spectra
from apex of left ventricle.

Patel R K, Mark PB et al. Nephrol. Dial. Transplant. 2012;27:2446-2451
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Comparison of mean PCr:ATP (±SD) between ESRD, LVH-only and 
normal patients.

Patel R K et al. Nephrol. Dial. Transplant. 2012;27:2446-
2451

© The Author 2012. Published by Oxford University Press on behalf of ERA-EDTA. All rights 
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LVH as a CVD risk factor in CKD

• The big CV problem in advanced CKD is NON-
atherosclerotic cardiac death

• Arrhythmia focus

• Heart failure with preserved ejection fraction

• Myocyte/capillary mismatch leads to 
demand/subendocardial ischaemia

• Viscous circle





Imaging as an end point in trials at reduction of 
CVD risk specific to CKD

• LV mass
• GLS
• T1 at MRI – tissue fibrosis
• Myocardial energetics – fuel
• Myocardial strain- function
• Calcification scoring (CT)
• Vascular distensibility 

• BUT change surrogate biomarker needs to translate into 
reduction in actual risk of cardiac events/dying 





Final thoughts on CKD and CVD
• CKD alone is bad for the heart
• The heart is big and fibrotic
• The vessels are stiff and may be calcified
• T1/LVH/vessel stiffness is a potential surrogate for trials
• More evidence/therapies needed and coming
• Meanwhile kidney transplant still most cardiovascular 

benefit in the right people 


