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LE SYNDROME CARDIORÉNAL
Définition
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La maladie cardiovasculaire et rénale chronique
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La cardiopathie urémique

Le dialysé avec insuffisance cardiaque

Cardiopathie 
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LA CARDIOPATHIE URÉMIQUE
Définition

•Définition : Cardiopathie associée à l'insuffisance rénale 
chronique et terminale, caractérisée par une 
hypertrophie ventriculaire gauche, une dysfonction 
diastolique, et une fibrose myocardique.

•Prévalence : Fréquente chez les patients avec maladie 
rénale chronique, en particulier ceux au stade terminal.

•Impact : Risque élevé de morbidité et de mortalité 
cardiovasculaires, incluant les arythmies, l'insuffisance 
cardiaque et la mort cardiaque subite.
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PHYSIOPATHOLOGIE
Définition

•Facteurs de Pathogenèse : Implique l'hypertension, 
l'hyperlipidémie, et le diabète; spécifiques à la CKD 
sont les toxines urémiques, l'anémie, l'hypervolémie, le 
stress oxydatif, l'inflammation, et la résistance à 
l'insuline.

•Dysfonctionnement Cardiaque : La cardiopathie 
urémique provoque une hypertrophie ventriculaire 
gauche, une dysfonction diastolique, une fibrose 
interstitielle diffuse et des dysfonctionnements 
systoliques et diastoliques.

•Métabolisme et Toxines Urémiques : Modifications du 
métabolisme cardiaque, impact des toxines urémiques, 
et déséquilibre du métabolisme minéral.
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population. Conventional haemodialysis is the most 
common treatment option for patients with ESRD. 
However, uraemic cardiomyopathy tends to persist and 
even worsen once haemodialysis is initiated.

Renin–angiotensin system
Targeting the RAAS is an effective antihypertensive 
strategy287, and treatment with either an ACE inhibi-
tor or an angiotensin receptor blocker (ARB) reduces 
the risk of heart failure in patients with proteinuria and 

diabetic nephropathy288. Several clinical studies have 
attempted to delineate the potential cardiovascular ben-
efits of targeting the RAAS in patients with CKD. The 
PROGRESS study reported that treatment with the ACE 
inhibitor perindopril reduced the risk of major cardio-
vascular events by 30% in patients with CKD (n = 1,757) 
during 4 years of follow- up289. Similarly, the HOPE ran-
domized trial, which enrolled 980 patients with CKD, 
reported that treatment with the ACE inhibitor rami-
pril reduced the incidence of cardiovascular death and 
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reduction of stroke volume in both models (table S1A). Corre-
sponding genes involved in cardiomyocyte contraction seem to be
more altered after IRI, especially a decrease in Myh6 and Mybp3,
which also relate to dilative cardiomyopathies (fig. S1) (4).

To gain unbiased insight into cardiac remodeling following
kidney injury, we performed snRNA-seq from the left ventricular
tissue of both mouse models as compared to sham. We profiled
overall 33,039 nuclei with high qualitative data from 12 mice (n =

2 libraries per model with two pooled mice per library) that were
included in the downstream analysis (fig. S2). In the integrated
dataset of all mice and models, we identified a total of 21 different
cell clusters representing the vast majority of expectedmajor cardiac
cell types including cardiomyocytes (Ryr2 and Dmd), endothelial
cells (Vwf and Cgnl1), fibroblasts (Pdgfra and Egfr), lymphocytes
(Ptprc and Fyb), lymphatic endothelial cells (Flt4 and Prox1), mac-
rophages (Mrc1 and Lyz2), mesothelial cells (Msln and Upk3b),

Fig. 1. Mapping cardiac remodeling in CKD. (A) Mice underwent sham surgery, STNx, or IRI and were sacrificed at 70 or 147 days after surgery. (B) Serum urea, serum
creatinine (S-creatinine), heart weight, normalized to tibia length, and ejection fraction at the time point of sacrifice in sham (SH), STNx, and IRI mice. (C) Representative
trichrome-stained images of kidney and heart. Scale bars, 50 μm. (D) UMAP embedding of nuclei isolated from left ventricle of all mice. n = 33,039 nuclei from n = 12mice.
(E) Expression of marker genes per cluster (cardiomyocytes: Ryr2, Dmd, Myh6, Fhl2, and Ttn; endothelial cells: Vwf, Cgnl1, Smoc1, Bmx, Pecam1, Flt1, Adgrl1, and Prprb;
fibroblasts: Pdgra, Egfr, Dcn, Gsn, Col3a1, and Col8a1; lymphatic endothelial cells: Flt4, Prox1, Lyve1, and Pdpn; lymphocytes: Btla, Cd2, Bcl11b, and Sell; macrophages:Mrc1,
Lyz2, Cd86, Cd68, and Cd80; mesothelial cells: Muc16, Msln, and Upk3b; monocytes: Cd45, Csfr1r; RBC: Lock2, and Cd36; pericytes: Pdgfrb, Notch3, Mcam, and Rgs5; and
VSMC: Myh11, Myl9, and Lmod). (F) PROGENGY pathway analysis in all cell types, STNx versus sham and IRI versus sham. (G) Predicted receptor-ligand interactions per
group, sham, STNx, and IRI. *P < 0.05; **P < 0.001. CM, cardiomyocytes; EC, endothelial cells; Fib, fibroblasts; Lym, lymphocytes; LEC, lymphatic endothelial cells; Mac,
macrophages; Mes, mesothelial cells; Mon, monocytes; Per, pericytes; RBC, red blood cells; VSMC, vascular smooth muscle cells.
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Mapping cardiac remodeling in chronic kidney disease
Nadine Kaesler1,2�, Mingbo Cheng3�, James Nagai3, James O«Sullivan4, Fabian Peisker2,
Eric M. J. Bindels5, Anne Babler2, Julia Moellmann6, Patrick Droste1,7, Giulia Franciosa8,
Aurelien Dugourd9, Julio Saez-Rodriguez9, Sabine Neuss7,10, Michael Lehrke6, Peter Boor1,7,
Claudia Goettsch6, Jesper V. Olsen8, Thimoteus Speer11, Tzong-Shi Lu12, Kenneth Lim13,
Jürgen Floege1, Laura Denby4, Ivan Costa3³, Rafael Kramann1,2,14³*
Patients with advanced chronic kidney disease (CKD) mostly die from sudden cardiac death and recurrent heart
failure. The mechanisms of cardiac remodeling are largely unclear. To dissect molecular and cellular mecha-
nisms of cardiac remodeling in CKD in an unbiased fashion, we performed left ventricular single-nuclear RNA
sequencing in two mouse models of CKD. Our data showed a hypertrophic response trajectory of cardiomyo-
cytes with stress signaling and metabolic changes driven by soluble uremia-related factors. We mapped fibro-
blast to myofibroblast differentiation in this process and identified notable changes in the cardiac vasculature,
suggesting inflammation and dysfunction. An integrated analysis of cardiac cellular responses to uremic toxins
pointed toward endothelin-1 and methylglyoxal being involved in capillary dysfunction and TNFα driving car-
diomyocyte hypertrophy in CKD, which was validated in vitro and in vivo. TNFα inhibition in vivo ameliorated
the cardiac phenotype in CKD. Thus, interventional approaches directed against uremic toxins, such as TNFα,
hold promise to ameliorate cardiac remodeling in CKD.

Copyright © 2023 The
Authors, some
rights reserved;
exclusive licensee
American Association
for the Advancement
of Science. No claim to
original U.S. Government
Works. Distributed
under a Creative
Commons Attribution
NonCommercial
License 4.0 (CC BY-NC).

INTRODUCTION
The global prevalence of chronic kidney disease (CKD) has reached
over 10% in the developed world and is still increasing at a rate of up
to 8% annually (1). CKD is an increasingly urgent public health
concern, and patients with CKD suffer from tremendously in-
creased cardiovascular morbidity and mortality, with recurrent
heart failure and sudden cardiac death being the leading causes of
death in end-stage kidney disease (ESKD) (2). In ESKD, adverse
cardiac remodeling occurs, which describes morphological
changes in the left ventricle with cardiomyocyte hypertrophy,
cardiac fibrosis, and capillary dysfunction and loss of capillaries
(3). While the proinflammatory uremic milieu and vascular stiffen-
ing with increased afterload as well as hypertension are known to be
involved, we lack a complete and integrative understanding of cel-
lular and molecular mechanisms of this remodeling process, which
results in systolic and diastolic left ventricular dysfunction with the

development of heart failure and sudden cardiac death (2). The
process is in part reversible after kidney transplantation, suggesting
that the identification of uremia-associated factors might potential-
ly result in novel therapeutic approaches.

To untangle the complex cellular and molecular mechanisms in
cardiac remodeling in CKD in an unbiased fashion, we here per-
formed single-nucleus RNA sequencing (snRNA-seq) from the
left ventricle of mice subjected to two different models of CKD
with cardiac remodeling. We identified all major cell types of the
mammalian heart and identified distinct transcriptional changes
that drive pathophysiology including cardiomyocyte hypertrophy,
cardiac fibrosis, and capillary dysfunction. We performed inducible
genetic fate tracing of cardiac fibroblasts combined with single-cell
RNA sequencing (scRNA-seq) to increase resolution on transcrip-
tional changes in fibroblast to myofibroblast differentiation driving
cardiac fibrosis in uremic cardiomyopathy. In particular, we ad-
dressed tumor necrosis factor α (TNFα) inhibition on cardiomyo-
cytes in vitro and in vivo. Our data provide evidence for roles of
three uremic toxins (UTs) in cardiac remodeling in CKD, namely,
endothelin-1 (Edn1), methylglyoxal (MGO), and TNFα.

RESULTS
Modeling uremic cardiomyopathy in mice
To induce cardiac remodeling in CKD, we used two distinct mouse
models: (i) subtotal nephrectomy (STNx) and (ii) ischemia reperfu-
sion injury (IRI) with contralateral nephrectomy (Fig. 1A). Both
models resulted in kidney damage with cardiac alterations (Fig. 1,
B and C). We noticed an increased heart weight (corrected for tibia
length) in bothmodels as compared to sham (Fig. 1B). Kidney func-
tional parameters and also the left ventricular ejection fraction at the
time point of sacrifice were significantly reduced in both models
(Fig. 1, B and C). Trends were found for prolongation in ejection
time and increase in the peak velocity flow of the early diastole to
velocity flow of the late diastole (E/A) in IRI mice, as well as

1Clinic for Renal and Hypertensive Disorders, Rheumatological and Immunological
Disease, University Hospital of the RWTH Aachen, Aachen, Germany. 2Institute of
Experimental Medicine and Systems Biology, University Hospital of the RWTH
Aachen, Aachen, Germany. 3Institute for Computational Genomics, University Hos-
pital of the RWTH Aachen, Aachen, Germany. 4Centre for Cardiovascular Science,
University of Edinburgh, Edinburgh, UK. 5Department of Hematology, Erasmus
Medical Center, Rotterdam, Netherlands. 6Department of Internal Medicine I, Uni-
versity Hospital of the RWTH Aachen, Aachen, Germany. 7Institute of Pathology,
University Hospital of the RWTH Aachen, Aachen, Germany. 8Novo Nordisk Foun-
dation Center for Protein Research, University of Copenhagen, Copenhagen,
Denmark. 9Heidelberg University, Faculty of Medicine, and Heidelberg University
Hospital, Institute for Computational Biomedicine, Bioquant, Heidelberg,
Germany. 10Helmholtz Institute for Biomedical Engineering, Biointerface Laborato-
ry, RWTH Aachen University, Aachen, Germany. 11Department of Medicine (Ne-
phrology), Goethe University Frankfurt, Frankfurt, Germany. 12Brigham and
Women«s Hospital, Renal Division, Boston, MA, USA. 13Division of Nephrology
and Hypertension, Indiana University School of Medicine, Indianapolis, IN, USA.
14Department of Internal Medicine, Nephrology and Transplantation, Erasmus
Medical Center, Rotterdam, Netherlands.
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ARTICLE

Alteration of circadian machinery in monocytes
underlies chronic kidney disease-associated cardiac
inflammation and fibrosis
Yuya Yoshida 1,6, Naoya Matsunaga 1,2,6, Takaharu Nakao1, Kengo Hamamura 1, Hideaki Kondo3,
Tomomi Ide4, Hiroyuki Tsutsui4, Akito Tsuruta1, Masayuki Kurogi1, Michio Nakaya5, Hitoshi Kurose5,
Satoru Koyanagi 1,2 & Shigehiro Ohdo 1,6✉

Dysfunction of the circadian clock has been implicated in the pathogenesis of cardiovascular

disease. The CLOCK protein is a core molecular component of the circadian oscillator, so that

mice with a mutated Clock gene (Clk/Clk) exhibit abnormal rhythms in numerous physiolo-

gical processes. However, here we report that chronic kidney disease (CKD)-induced cardiac

inflammation and fibrosis are attenuated in Clk/Clk mice even though they have high blood

pressure and increased serum angiotensin II levels. A search for the underlying cause of the

attenuation of heart disorder in Clk/Clk mice with 5/6 nephrectomy (5/6Nx) led to identi-

fication of the monocytic expression of G protein-coupled receptor 68 (GPR68) as a risk

factor of CKD-induced inflammation and fibrosis of heart. 5/6Nx induces the expression of

GPR68 in circulating monocytes via altered CLOCK activation by increasing serum levels of

retinol and its binding protein (RBP4). The high-GPR68-expressing monocytes have

increased potential for producing inflammatory cytokines, and their cardiac infiltration under

CKD conditions exacerbates inflammation and fibrosis of heart. Serum retinol and RBP4

levels in CKD patients are also sufficient to induce the expression of GPR68 in human

monocytes. Our present study reveals an uncovered role of monocytic clock genes in

CKD-induced heart failure.

https://doi.org/10.1038/s41467-021-23050-x OPEN

1 Department of Pharmaceutics, Faculty of Pharmaceutical Sciences, Kyushu University, Fukuoka, Japan. 2 Department of Glocal Healthcare Science, Faculty
of Pharmaceutical Sciences, Kyushu University, Fukuoka, Japan. 3 Center for Sleep Medicine, Saiseikai Nagasaki Hospital, Katafuchi, Nagasaki, Japan.
4Department of Cardiovascular Medicine, Faculty of Medical Sciences, Kyushu University, Fukuoka, Japan. 5 Department of Pharmacology and Toxicology,
Facility of Pharmaceutical Sciences, Kyushu University, Fukuoka, Japan. 6These authors contributed equally: Yuya Yoshida, Naoya Matsunaga,
Shigehiro Ohdo. ✉email: ohdo@phar.kyushu-u.ac.jp
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CLOCK protein may promote the CKD-induced inflammatory
response. The difference between previous studies and ours
suggests that maintenance of normal Clock gene function is
important to prevent the onset of heart failure. In addition, 5/6Nx
mice exhibited increased serum BNP levels and cardiac fibrosis
without reduced ejection fraction. These symptoms are similar to
heart failure with preserved ejection fraction (HFpEF), which may
represent up to half of the heart failure population57,58. When
compared with heart failure with reduced ejection fraction, out-
comes in HFpEF have not improved, highlighting the need for
effective therapies for this condition. The hallmark of HFpEF is
left atrial dilation, which is often accompanied by left ventricular
hypertrophy and increased stiffness59. Recent studies reported the
roles of cardiac inflammation and fibrosis in the exacerbation of
HFpEF60,61. We observed monocytic expression of GPR68 and
cardiac fibrosis in mice within 8 weeks after the 5/6Nx operation
due to the decrease in their survival rate associated with uremia,
decline in the glomerular filtration rate, and high urea nitrogen
levels62,63. Longer observation of cardiac functions in 5/6Nx mice
may make it possible to clarify the role of monocytic clock genes
in the pathogenesis of CKD-induced inflammation and fibrosis in

the heart. This may also help in understanding the pathology of
HFpEF and aid in the development of therapeutic strategies.

Monocytes are not homogenous and comprise subsets with
distinct phenotypes64,65. In the present study, we found that
~90% of cardiac-infiltrated monocytes in 5/6Nx mice expressed
GPR68. This G protein-coupled receptor functions as a proton
sensor that is activated by an acidic extracellular pH through the
protonation of histidine residues of the receptors and induces
several downstream G protein pathways37,66. Under natural
conditions, high-GPR68-expressing GPR68 monocytes released
TNFα and IL-6 in response to LPS stimuli, but the LPS-
stimulated release of inflammatory cytokines was further
increased under acidic conditions. During acute myocardial
ischemia, a decreasing pH is observed in the infarcted area, which
is thought to facilitate the inflammatory responses67,68. However,
the cardiac-infiltrated high-GPR68-expressing monocytes in
5/6Nx mice may have been activated by factors rather than the
decrease in pH, because it is unlikely to cause myocardial ische-
mia and local acidosis during chronic renal failure. GPR68 is also
expressed in mammalian small-diameter blood vessels, which
sense shear stress69. Increased blood flow leads to acute

Fig. 9 Schematic diagram indicating the retinol/RBP4-induced expression of GPR68 in circulating monocytes and their pathological role in the CKD-
induced cardiac inflammation and fibrosis. Serum levels of retinol and RBP4 were increased during chronic renal failure. The retinol-bound RBP4 activates
JAK2/STAT5 signaling in circulating monocytes through STRA6 and induces the expression of GPR68 via activation of CLOCK/ARNTL. The high-GPR68-
expressing monocytes infiltrate into the heart potential for producing inflammatory cytokines and their cardiac infiltration exacerbates inflammation and
fibrosis.
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DIAGNOSTIC
Définition

•Techniques d'Imagerie : Utilisation de 
l'échocardiographie, et de la résonance magnétique 
pour évaluer la structure et la fonction cardiaques.

•Biomarqueurs : Détection de biomarqueurs spécifiques 
pour évaluer le risque et la progression de la 
cardiopathie.

•Évaluation Clinique : Importance de l'évaluation 
clinique pour détecter les symptômes précoces et suivre 
la progression de la maladie.
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Electrocardiographic parameters of left ventricular hypertrophy 
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Abstract
Background In hemodialysis patients, left ventricular hypertrophy (LVH) contributes to high cardiovascular mortality. We 
examined cardiovascular mortality prediction by the recently proposed Peguero-Lo Presti voltage since it identifies more 
patients with electrocardiographic (ECG) LVH than Cornell or Sokolow-Lyon voltages.
Methods A total of 308 patients on hemodialysis underwent 24 h ECG recordings. LVH parameters were measured before 
and after dialysis. The primary endpoint of cardiovascular mortality was recorded during a median 3-year follow up. Risk 
prediction was assessed by Cox regression, both unadjusted and adjusted for the Charlson Comorbidity Index and the Car-
diovascular Mortality Risk Score.
Results The Peguero-Lo Presti voltage identified with 21% the most patients with positive LVH criteria. All voltages sig-
nificantly increased during dialysis. Factors such as ultrafiltration rate, Kt/V, body mass index, sex, and phosphate were 
the most relevant for these changes. During follow-up, 26 cardiovascular deaths occurred. Post-dialysis Peguero-Lo Presti 
cut-off as well as the Peguero-Lo Presti and Cornell voltages were independently associated with cardiovascular mortality 
in unadjusted and adjusted analysis. The Sokolow-Lyon voltage was not significantly associated with mortality. An optimal 
cut-off for the prediction of cardiovascular mortality was estimated at 1.38 mV for the Peguero-Lo Presti.
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with other studies in dialysis as well as in non-dialysis 
patients [17, 29] and documents their known low sensitiv-
ity [11, 30] although echocardiography is known to over-
estimate left ventricular mass in comparison to magnetic 
resonance imaging in dialysis patients [31].

All voltage measurements increased over the course of 
dialysis. Changes in ECG amplitude have been suggested 
to reflect changes in impedance, most likely due to volume 
overload, rather than actual electrophysiological altera-
tions [10, 32]. Augmented ECG amplitudes have been 
previously reported at the end of a hemodialysis session 
and ECG interpretation in the context of the recording 
time with regard to dialysis treatment has been emphasized 
[12, 32]. Regression analysis suggests that dialysis-asso-
ciated factors such as ultrafiltration, Kt/V and phosphate 
are determinants of voltage changes. Other factors such as 
the presence of a central venous catheter as dialysis access, 
lower body mass index, and female sex might influence the 

voltage parameters more generally and independently of 
the dialysis procedures [30, 33, 34].

The risk predictive performance of voltage measure-
ments was not different when using the pre- or post-dialysis 
ECGs. Post-dialysis measurements might however be more 
suitable for standardized interpretation because the influ-
ence of volume overload is removed by the procedure. Due 
to higher voltages after dialysis, we chose these measure-
ments for survival analysis. In addition to identifying a 
greater number of positive patients (in agreement with the 
echocardiographic incidence data [16]), we found that the 
classification according to the Peguero-Lo Presti prospective 
cut-off was associated with cardiovascular mortality in the 
unadjusted and adjusted models, while the prospective clas-
sification with regard to cut-offs of the other criteria were 
not. Furthermore, we identified associations of the Peguero-
Lo Presti and Cornell voltages with cardiovascular mortality 
after adjustment for the Charlson Comorbidity Index and the 

Fig. 4  Cumulative cardiovascular mortality curves stratified by post-
dialysis A Peguero-Lo Presti, B Cornell, and C Sokolow-Lyon cut-
offs. Hazard ratio after adjustment for the Charlson Comorbidity 

Index and the Cardiovascular Mortality Risk Score. Abbreviations: 
CI confidence interval; HR hazard ratio; NA not applicable since there 
were no mortality events in the positive group

Table 4  Association of left 
ventricular hypertrophy 
electrocardiogram parameters 
with all-cause mortality in 
unadjusted and adjusted analysis

Each row represents one unadjusted and one adjusted model. Adjusted model for Charlson Comorbidity 
Index and Cardiovascular Mortality Risk Score. Abbreviations: CI confidence interval; NA not applicable 
since there were no mortality events in the positive group

Variable Unit Unadjusted Adjusted
HR (95% CI) p HR (95% CI) p

Peguero-Lo Presti (categorial) Present 1.29 (0.77–2.17) 0.33 1.21 (0.72–2.04) 0.47
Peguero-Lo Presti 1 mV 1.14 (0.93–1.39) 0.21 1.13 (0.93–1.39) 0.22
Cornell voltage (categorial) Present 1.61 (0.83–3.13) 0.16 1.64 (0.84–3.20) 0.15
Cornell voltage 1 mV 1.18 (0.90–1.54) 0.23 1.16 (0.89–1.51) 0.28
Sokolow-Lyon voltage (categorial) Present NA NA
Sokolow-Lyon voltage 1 mV 0.80 (0.62–1.04) 0.10 1.10 (0.85–1.41) 0.48
Charlson Comorbidity Index 1 point 1.28 (1.21–1.36)  < 0.001 – –
Cardiovascular Mortality Risk Score 1 point 1.14 (1.10–1.18)  < 0.001 – –
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DéfinitionElectrocardiographic Predictors of Mortality and Sudden Cardiac 

Death in Patients with End Stage Renal Disease on Hemodialysis

Jonathan W. Waks, MD1, Larisa G. Tereshchenko, MD, PhD2, and Rulan S. Parekh, MD, MS3

1Division of Cardiovascular Medicine, Beth Israel Deaconess Medical Center, Harvard Medical 
School, Boston, MA, USA
2Knight Cardiovascular Institute, Oregon Health & Science University, Portland, OR, USA
3Division of Nephrology, Hospital for Sick Children, University Health Network and University of 
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Abstract
Patients with end stage renal disease (ESRD) on hemodialysis experience a high incidence of 
cardiovascular mortality, and sudden cardiac death (SCD) accounts for approximately 25% of all 
deaths in this patient population. Despite this high risk of SCD, many non-invasive SCD risk 
stratification tools that are frequently applied to other patient populations (such as those with prior 
myocardial infarction and reduced left ventricular systolic function) may be less useful markers of 
increased SCD risk in ESRD. Improved SCD risk stratification tools for use specifically in patients 
on hemodialysis are therefore necessary to optimally target use of primary prevention 
interventions aimed at decreasing SCD incidence. Electrocardiography is an effective, non-
invasive SCD risk stratification tool in hemodialysis patients. This article reviews data supporting 
the association between various ECG parameters (QT interval, spatial QRS-T angle, signal 
averaged ECG, heart rate variability, and T-wave alternans) and mortality/SCD in the dialysis 
population. Despite the association between abnormal ECG parameters and SCD, it remains 
unclear if these abnormal parameters (such as prolonged QT interval) are mechanistically related 
to SCD and/or ventricular arrhythmias, or if they are simply markers for more severe cardiac 
disease, such as left ventricular hypertrophy, that may independently predispose to SCD. Current 
obstacles that impair widespread implementation of ECG risk stratification in the hemodialysis 
population are also discussed..

Sudden cardiac death (SCD) accounts for approximately 25% of deaths in patients with end 
stage renal disease (ESRD), with an incidence of approximately 50 events per 1,000 person-
years [1]. Although chronic kidney disease is an independent risk factor for cardiovascular 

Submitting Author: Rulan S. Parekh, MD, MS, Hospital for Sick Children, 555 University Ave., Toronto, ON M5G 1X8, Canada, 
Phone: 416–813–7654 ext. 306459, Fax: 416–813–7654 ext. 205979, rulan.parekh@sickkids.ca.
Presenting Author: Jonathan Waks, MD, Beth Israel Deaconess Medical Center, Harvard Medical School, 185 Pilgrim Rd, Baker 4, 
Boston, MA 02215, Phone: 617-667-8800, Fax: 617-632-7620
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.
Disclosures: None

HHS Public Access
Author manuscript
J Electrocardiol. Author manuscript; available in PMC 2017 November 01.

Published in final edited form as:
J Electrocardiol. 2016 ; 49(6): 848–854. doi:10.1016/j.jelectrocard.2016.07.020.

Author M
anuscript

Author M
anuscript

Author M
anuscript

Author M
anuscript

Intervalle QT Prolongé 
• Risque accru de Mort Subite Cardiaque (MSC) et de 

mortalité.
• Indicateur possible de pathologies cardiaques graves 

(ex : hypertrophie ventriculaire gauche).

Angle QRS-T Spatial
• Corrélation avec le risque cardiovasculaire.

Limites
• Incertitude sur le lien direct entre ces 

anomalies ECG et la MSC.
• Difficultés dans l'application de la 

stratification du risque ECG en hémodialyse.

ECG Moyenné par Signal (SAECG)
• Détection des anomalies subtiles du signal ECG.
• Lié aux risques d'arythmies.

Variabilité de la Fréquence Cardiaque (VFC)
• Réduction de la VFC associée à une mortalité plus élevée.
• Alternance de l'Onde T (TWA)
• Marqueur des arythmies ventriculaires et risque de MSC.
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ECG ET ETT
DéfinitionCardiac Disease in Chronic Uremia: 

Clinical Outcome and Risk Factors 
Robert N. Foley and Patrick S. Parfrey 

Cardiac disease is common and is the major killer in end·stage renal disease (ESRD). Cardiac failure is a 

highly malignant condition in ESRD patients. Cardiac failure mediates most of the adverse prognostic 

impact of ischemic heart disease. Left ventricular (LV) abnormalities are already present at initiation of 

dialysis therapy in approximately 80% of patients. These abnormalities (ie. systolic dysfunction in 

approximately 15%. LV dilatation with preserved systolic function in 30%. concentric LV hypertrophy 

[LVH] in 40%) independently predict ischemic heart disease and cardiac failure. and are the largest 

baseline predictor of mortality after 2 years on dialysis therapy. The associations between classical risk 

factors (eg. hyperlipidemia. smoking. hypertension) and cardiac outcomes in ESRD are inconsistent. 

"Uremic" risk factors represent a nascent. but potentially important field. In our prospective 10-year 

study of 433 patients starting renal replacement therapy. we identified the following as major 

independent risk factors for cardiac disease: (1) hypertension (concentric LVH. LV dilatation. ischemic 

heart disease. cardiac failure, inverse relationship with mortality); (2) anemia (LV dilatation, cardiac 

failure, death); and (3) hypoalbuminemia (ischemic heart disease, cardiac failure. death). Transplanta-

tion dramatically improved LV abnormalities. suggesting that a uremic environment is cardiotoxic. 

Multiple risk factors act in concert to produce cardiac disease in ESRD; many of these are avoidable. 

suggesting that the enormous burden of disease can be reduced considerably. 

© 1997 by the National Kidney Foundation. Inc. 
Index Words: Cardiac failure; left ventricular disorders; outcome, risk factors; chronic uremia. 

B
efore dialysis therapy became widely avail-
able, pericarditis frequently heralded death 

in patients with end-stage renal disease 
(ESRD).I In this era, cardiomyopathy was also 
seen, although less prominently, and was attrib-
uted to hypertension and underlying vascular 
disease, although the existence of a specific 
uremic cardiomyopathy was postulated by 
some authors.I In the early days of chronic 
dialysis, it became apparent that perhaps 30% 
to 40% of all deaths were attributable to 
cardiac disease2-4; this was a notably high 
burden of disease, when one considers that in 
this era patients selected for maintenance dialy-
sis therapy were young and largely free of 
other co-morbid illnesses. The pioneering Se-
attle group reported in 1974 that 60% of deaths 
in their dialysis program were attributable to 
cardiovascular disease; they suggested that 
uremia led to accelerated atherosclerosis,s a 
notion that has been hotly disputed ever since. 

Even in the current era, half of all deaths in 
dialysis patients are caused by cardiovascular 

From the Division of Nephrology, the Health Sciences 
Centre, Memorial University, St John 's, Newfoundland, Canada. 
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disease, irrespective of age, gender, ethnicity, 
nationality, primary renal disease, or the time 
when dialysis therapy began.6•11 Cardiac mor-
bidity is also very common in end-stage renal 
disease; in the Canadian Hemodialysis Morbid-
ity Study, for example, the probability of admis-
sion for ischemic heart disease and cardiac 
failure was of the order of 10% per year for 
each condition.12 Many patients beginning re-
nal replacement therapy have preestablished 
cardiac disease. I3 Subclinical cardiac disease 
was the rule in our patient cohort at the time of 
first dialysis: on baseline echocardiography, 
left ventricular (LV) hypertrophy was present 
in 74%, LV dilatation in 32%, and systolic 
dysfunction in 15%.14 Several cross-sectional 
studies have shown a very high prevalence of 
echocardiographic abnormalities in ESRD pa-
tients. IS·IS It would be convenient for dialysis 
physicians to attribute the burden of cardiac 
disease in their patients to already established 
conditions, about which little or nothing could 
be done. This is not the case, however. In our 
studies, over an average duration of 41 months, 
12% of 336 patients without symptomatic isch-
emic heart disease on initiation of dialysis 
therapy went on to develop new ischemic 
heart disease,19 whereas 25% of 299 dialysis 
patients without heart failure on starting ESRD 
went on to have a first episode of heart 

234 Advances in Renal Replacement Therapy, Vol 4, No 3 (July), 1997: pp 234-248 
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Figure 3. Time to first onset of cardiac failure in patients with normal LV (-), concentric LV hypertrophy (---), 
LV dilatation ( ... ), and systolic dysfunction (_._) at baseline. Data from Parfrey et al. l 60 

ciated normally with advancing age include 
atheroma deposition, increased intimal hetero-
geneity, and subendothelial hardening.23,24 Age 
has been associated with arteriographic coro-
nary artery disease in the ESRD population as 
a whole27 and in diabetic patients without 
symptoms of ischemic heart disease.28 

Diabetes Mellitus 

Diabetic nephropathy is the most common 
cause of ESRD. It is widely recognized that 
this patient group is at a very high risk of 
cardiovascular disease. As such, they should 
be targeted for epidemiological study. In our 
study, diabetes was independently associated 
with concentric LV hypertrophy on baseline 
echocardiography (odds ratio, 2.4),21 the devel-
opment of de novo ischemic heart disease 

(relative risk, 4.0),19 overall mortality (relative 
risk, 2.0), and mortality after 2 years (relative 
risk, 1.9).14 

There is considerable evidence for a specific 
diabetic cardiomyopathy in patients without 
ESRD, manifested by LV diastolic dysfunction, 
which is believed to be associated with micro-
vascular coronary disease.29-37 LV hypertrophy 
is found more frequently in hypertensive dia-
betics than hypertensive nondiabetics.36 In a 
postmortem study hypertensive-diabetic hearts 
were heavier and had more fibrosis than dia-
betic nonhypertensive and hypertensive non-
diabetic hearts.37 Greaves et aP8 found an 
association with the presence of diabetic ne-
phropathy and LV hypertrophy. IS 

Diabetes mellitus is an independent risk 
factor for the development of coronary artery 
disease in the general population, quite apart 
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from the excessive burden of other risk factors, 
such as hypertension and dyslipoprotein-
emia.38,39 Our study defined ischemic heart 
disease on the basis of clinical symptoms, 
almost certainly underestimating the degree of 
coronary artery disease in diabetic patients, in 

Table 1. Risk Factors for Cardiac Disease in ESRD 

A. Framingham-type risk factors 
Age 
Diabetes mellitus 
Smoking 
Hypertension 
Dyslipdemia 

B. Uremic risk factors 
Anemia 
Hyperparathyroidism 
Uremia 
Malnutrition 
Mode of renal replacement therapy 

whom there is a very marked prevalence of 
silent ischemic heart disease. It has been esti-
mated that about a third of asymptomatic 
diabetic patients on renal replacement therapy 
have 50% or more stenosis of at least one 
coronary artery.28,40-42 This prevalence rises 
markedly with age. Manske et aF8 found that 
88% of asymptomatic diabetics undergoing 
pretransplantation screening coronary angiog-
raphy had significant arterial stenosis. In pa-
tients younger than 45 years of age, only those 
with each of the following characteristics: 
diabetes less than 5 years, normal ST segments 
on electrocardiography, and a smoking history 
less than 5 pack-years, could be predicted not 
to have angiographic coronary artery disease 
with any degree of confidence (sensitivity, 
97%; and negative predictive accuracy, 96% ).28 
These latter studies are likely subject to selec-
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FEVG
DéfinitionPrognostic Value of Reduced Left Ventricular Ejection

Fraction at Start of Hemodialysis Therapy on Cardiovascular
and All-Cause Mortality in End-Stage Renal Disease Patients

Shigeki Yamada,* Hideki Ishii,† Hiroshi Takahashi,‡ Toru Aoyama,‡ Yasuhiro Morita,†

Hirotake Kasuga,* Keiko Kimura,* Yutaka Ito,* Ryo Takahashi,* Takanobu Toriyama,‡

Yoshinari Yasuda,§ Mutsuharu Hayashi,§ Hideki Kamiya,§ Yukio Yuzawa,!

Shoichi Maruyama,! Seiichi Matsuo,! Tatsuaki Matsubara,¶ and Toyoaki Murohara†

*Nephrology and ‡Cardiology, Nagoya Kyoritsu Hospital, Nagoya, Japan; †Departments of Cardiology, §CKD Initiatives
Internal Medicine, and !Clinical Immunology, Nagoya University Graduate School of Medicine, Nagoya, Japan;
and ¶Department of Internal Medicine, School of Dentistry, Aichi-Gakuin University, Nagoya, Japan

Background and objectives: Cardiac failure is directly affected by left ventricular (LV) dysfunction, and particularly LV
systolic dysfunction is strongly associated with survival in ESRD patients. The aim of this study was to determine the
prognostic value of reduced LV ejection fraction (LVEF) measured at the time of initiation of hemodialysis (HD) in incident
HD patients.

Design, setting, participants, & measurements: 1254 consecutive ESRD patients who electively started HD therapy were
screened by echocardiography within 1 month after its inception. They were divided into five groups according to LVEF levels
with a decrease of 0.1 each and were followed up for up to 7 years. Survival was examined with the Kaplan-Meier method and
compared using the log-rank test.

Results: Among the 1254 patients, LVEF levels >0.6, 0.5 to 0.6, 0.4 to 0.5, 0.3 to 0.4, and <0.3 were seen in 842 (67.1%), 247
(19.7%), 107 (8.5%), 41 (3.3%), and 17 (1.4%) patients, respectively. On Kaplan-Meier analysis, 7-year event-free rates from
cardiovascular death were 84.2, 83.7, 73.6, 59.4, and 30.9% in order of groups with decreasing LVEF of 0.1 each, respectively.
Seven-year event-free rates from all-cause death were 69.2, 61.7, 57.1, 45.9, and 23.1% in the respective groups. Even after
adjustment for other risk factors, decreasing LVEF was a strong independent predictor for cardiovascular death.

Conclusions: Reduced LVEF on starting HD therapy could stratify risk of cardiovascular and all-cause mortality in ESRD
patients. Screening by echocardiography at start of HD therapy might be recommended to predict prognosis in patients with ESRD.

Clin J Am Soc Nephrol 5: 1793–1798, 2010. doi: 10.2215/CJN.00050110

C ardiovascular disease is a major complication in pa-
tients on maintenance hemodialysis (HD) and ac-
counts for one half of the causes of their deaths (1–5).

Moreover, in this population, cardiac dysfunction is common
(6) and is related to a higher incidence of mortality and hospi-
talization (7). Left ventricular (LV) dysfunction directly affects
cardiac failure, particularly, and is strongly associated with a
poor survival in patients with ESRD with constant body-fluid
overload status (8).

Routine assessment of LV ejection fraction (EF) has been
recommended in patients with heart failure (9). Curtis and
co-workers showed that lower LVEF was associated with a
linear increase in mortality in nearly 8000 non-HD patients with
stable heart failure (10). Analysis of patients on maintenance
HD by ultrasonic-echocardiography (UCG) has been recom-

mended for risk stratification (11). Zoccali et al. revealed an
association between reduced LVEF and increased adverse
events in 254 asymptomatic HD patients in their cohort study
(12). However, the association between LV systolic dysfunction
at the beginning of HD therapy and the prognosis remains
unclear in such patients. We hypothesized that LVEF might
predict their prognosis after initiating HD therapy. Thus, we
assessed the potential prognostic value of reduced LVEF de-
tected by UCG at the beginning of HD therapy in ESRD pa-
tients in this study.

Materials and Methods
Study Population

This study consisted of 1254 consecutive ESRD patients who began
HD therapy between November 2000 and August 2007. UCG was
prospectively performed on a nondialysis day within 1 month after
beginning HD therapy. The patients were followed up for up to 7 years.

Blood data were analyzed from fasting blood samples obtained be-
tween 7:00 and 8:00 a.m. on the next day of HD when UCG was
performed. The primary endpoint was cardiovascular death caused by
heart failure, myocardial infarction, arrhythmia, sudden death, and
other cardiac deaths. The secondary endpoint was all-cause death. Data
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death were 69.2, 61.7, 57.1, 45.9, and 23.1% in groups 1, 2, 3, 4, and
5, respectively (Figure 2).

Table 2 shows the proportion of cause of death among the
groups according to LVEF levels. The lower the LVEF, the more
frequent the cardiovascular deaths. Especially, in group 5, cardio-
vascular death accounted for 70% of total deaths.

Table 3 and Table 4 show the results of Cox hazard analysis to
determine the predictive value for cardiovascular mortality and
all-cause mortality. As LVEF decreased, the risks of cardiovascular
death and all-cause death increased, even after multivariate anal-
ysis. These data suggested that LV systolic dysfunction was a
strong and independent predictor of cardiovascular death and
all-cause death. For cardiovascular mortality, the age, diabetes,
and serum CRP levels were also independent predictors (age: HR
1.03, 95% CI 1.01 to 1.05, P ! 0.0041; diabetes: HR 2.36, 95% CI 1.45
to 3.87, P ! 0.0006; serum CRP levels: HR 1.01, 95% CI 1.01 to 1.02,
P ! 0.0002). As to all-cause mortality, other independent predic-
tors were age, male gender, diabetes, BMI, serum albumin levels,
and serum CRP levels (age: HR 1.05, 95% CI 1.03 to 1.06, P "
0.0001; male: HR 1.60, 95% CI 1.08 to 2.38, P ! 0.019; diabetes: HR
1.85, 95% CI 1.30 to 2.64, P ! 0.0007; BMI: HR 0.86, 95% CI 0.80 to
0.92, P " 0.0001; serum albumin levels: HR 0.62, 95% CI 0.43 to
0.90, P ! 0.012; serum CRP levels: HR 1.01, 95% CI 1.01 to 1.02,
P " 0.0001).

Table 5 shows the results of the Harrell C index calculations
for Cox regression analysis predicting cardiovascular mortality
and all-cause mortality in a baseline model with established
risk factors and a model with established risk factors plus
LVEF. The Harrell C index increased significantly when LVEF
was added to a model with established risk factors in predic-
tion of both cardiovascular mortality and all-cause mortality
(0.789 versus 0.750, P ! 0.0049; 0.768 versus 0.751, P ! 0.001,
respectively).

When we divided patients into quartiles according to
LVEF, the first quartile (Q1), second quartile (Q2), third
quartile (Q3), and fourth quartile (Q4) included patients with
LVEF "0.559, 0.559 to 0.614, 0.614 to 0.653, and !0.653,
respectively. The 7-year event-free rates from cardiovascular
death were 81.7% in Q1, 92.0% in Q2, 93.8% in Q3, and 87.6%
in Q4 by Kaplan-Meier survival rate (P ! 0.0004). As to
all-cause death, the 7-year event-free rates were 57.0% in Q1,
71.8% in Q2, 75.8% in Q3, and 67.7% in Q4 (P ! 0.0015).

We performed logistic regression analysis to assess the asso-
ciation of clinical characteristics and other UCG variables with
LVEF "0.5. Diabetes, asynergic wall motion, and mitral regur-
gitation were independently associated with LVEF "0.5 (dia-
betes: OR 1.48, 95% CI 1.02 to 2.13, P ! 0.038; asynergic wall

Figure 1. Kaplan-Meier estimates: Event-free survival from car-
diovascular death.

Figure 2. Kaplan-Meier estimates: Event-free survival from all-
cause death.

Table 2. Proportion of mortality among the groups according to LVEF levels

!0.6
(n ! 842)

0.6 to 0.5
(n ! 247)

0.5 to 0.4
(n ! 107)

0.4 to 0.3
(n ! 41)

"0.3
(n ! 17)

Overall death, N (%) 186 (22.1) 70 (28.3) 33 (30.8) 16 (39.0) 12 (70.6)
Cardiovascular death, N (%) 48 (5.7) 21 (8.5) 13 (12.1) 9 (21.9) 8 (47.1)
Noncardiovascular death, N (%) 138 (16.4) 49 (19.8) 20 (18.7) 7 (17.1) 4 (23.5)

Proportion of cause of death
Cardiovascular (%) 25.8 30.0 39.3 56.2 66.7

heart failure (%) 9.7 14.3 24.2 18.8 41.7
myocardial infarction (%) 7.5 4.3 3.0 12.5 8.3
sudden death (%) 4.8 2.9 6.1 6.3 8.3
arrhythmia (%) 1.1 7.1 3.0 12.5 8.3
other cardiovascular (%) 2.7 1.4 3.0 6.3 0.0

Noncardiovascular (%) 74.2 70.0 60.7 43.8 33.3

Clin J Am Soc Nephrol 5: 1793–1798, 2010 LVEF at Start of HD and Prognosis 1795
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Changes in Left Ventricular Diastolic Function During
Hemodialysis Sessions

Solmaz Assa, MD,1 Yoran M. Hummel, BSc,2 Adriaan A. Voors, MD, PhD,2

Johanna Kuipers,3 Henk Groen, MD, PhD,4 Paul E. de Jong, MD, PhD,1

Ralf Westerhuis, MD, PhD,1,3 and Casper F.M. Franssen, MD, PhD1

Background: Left ventricular diastolic dysfunction is common in hemodialysis patients and is associated
with worse outcome. Previous studies have shown that diastolic function worsens from pre– to post–dialysis
session, but this has not been studied during hemodialysis. We studied the evolution of diastolic function
parameters early and late during hemodialysis.

Study Design: Observational study.
Setting & Participants: 109 hemodialysis patients on a thrice-weekly dialysis schedule with a mean age of

62.5 ! 15.6 (SD) years were studied between March 2009 and March 2010.
Predictor: Hemodialysis with constant ultrafiltration rate and dialysate conductivity.
Outcomes: Changes in diastolic function parameters.
Measurements: Mitral early inflow (E) and tissue Doppler early diastolic velocity (mean e=) were evaluated

by echocardiography predialysis, at 60 and 180 minutes intradialysis, and postdialysis. Relative blood volume
changes were calculated from changes in hematocrit.

Results: Predialysis E and mean e= were 0.93 ! 0.24 m/s and 6.6 ! 2.1 cm/s, respectively. E and mean e=
values decreased significantly during hemodialysis (P " 0.001). The steepest change occurred at 60 minutes
intradialysis (E, #21.4% ! 17.6% and #30.5% ! 19.2% at 60 and 180 minutes, respectively; mean e=, #16.0% !
18.6% and #19.5% ! 21.8% at 60 and 180 minutes, respectively). At 60 minutes intradialysis, changes in
relative blood volume and brain natriuretic peptide level were associated significantly with the change in E but
not with the change in mean e=.

Limitations: Changes in relative blood volume may not fully reflect central blood volume changes and do not
capture the effect of blood loss to the extracorporal circuit. Left atrial volume was not measured.

Conclusions: Left ventricular diastolic function worsens early during a hemodialysis session. The decrease
in mean e= at 60 minutes intradialysis was unrelated to changes in relative blood volume. Although this finding
does not exclude a role of hypovolemia because of the limitations of the measurement of relative blood volume,
it raises the possibility that non–volume-related mechanisms are involved in the early decrease in mean e=
during hemodialysis.
Am J Kidney Dis. 62(3):549-556. © 2013 by the National Kidney Foundation, Inc.

INDEX WORDS: Blood volume; cardiovascular disease; diastolic function; hemodialysis.

Editorial, p. 442

Cardiac mortality and morbidity rates are strongly
elevated in hemodialysis patients compared with

the general population.1,2 Left ventricular (LV) hypertro-
phy (LVH), cardiac arrhythmias, and systolic and dia-
stolic LV dysfunction frequently are present and contrib-
ute to the high cardiovascular event rate.3 A variety of
traditional and nontraditional risk factors have been
identified, but these factors can only partly explain the
high incidence of cardiac dysfunction and cardiac events.2

It is increasingly recognized that the hemodialysis proce-
dure itself may contribute to the high rate of cardiac
mortality and morbidity.4,5 Various studies have shown
that the hemodialysis procedure is associated with elec-
trocardiographic signs of ischemia,6 increases in cardiac
troponin levels,7,8 acute decreases in myocardial perfu-
sion,9,10 development of regional LV systolic dysfunc-
tion,4,11 and sudden cardiac death.12

Diastolic LV dysfunction is a frequent finding in
hemodialysis patients. The reported prevalence varies
from 25%-87%, depending on the definition used and
the patient population studied.13,14 It generally is
accepted that subclinical diastolic dysfunction is asso-
ciated with increased risk of the development of overt
heart failure.15 As in the population without decreased
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sis, E had partially recovered and was just 20.0% !
17.0% lower than predialysis, although this difference
was still statistically significant (P " 0.001). The E:A
ratio decreased and deceleration time and isovolemic
relaxation time increased significantly during hemodi-
alysis (all P " 0.001), with the most prominent
changes occurring within the first 60 minutes of
dialysis.

Tissue Doppler-derived mean e= decreased early
during dialysis (Table 3). At 60 minutes intradialysis,
mean e= had decreased 16.0% ! 18.6% compared
with predialysis (P " 0.001). At 180 minutes intradi-
alysis, mean e= had decreased further 19.5% ! 21.8%
compared with predialysis. At 30 minutes postdialy-
sis, mean e= had partially recovered but was still
12.3% ! 21.1% lower than the predialysis value (P "
0.001). E:e= decreased significantly at 60 minutes
intradialysis (P " 0.001) and was stable during the
rest of the dialysis session (Table 3). There was no
difference in the course of E and mean e= values

between patients with and without significant mitral
valve disease (data not shown).

Figure 2 shows changes in E and mean e= in
relation to the change in blood volume. The steepest
decreases in E and mean e= values occurred from
predialysis to 60 minutes intradialysis, whereas the
most prominent decline in blood volume occurred at
180 minutes intradialysis and at the end of the dialysis
session.

AssociationBetweenVolumeParameters andChange
inDiastolic FunctionParameters

Both change in blood volume and BNP level were
associated significantly with change in E at 60 and
180 minutes intradialysis (Table 4). This association
remained significant after adjustment for age, sex,
LVMi, and heart rate. Ultrafiltration volume and rate
were not associated significantly with change in E
values at any time during dialysis in unadjusted analy-
ses. After adjustment for age, sex, LVMi, and heart

Table 2. Measured Parameters Before, During, and After Hemodialysis

Predialysis
60-min

Intradialysis
180-min

Intradialysis
30-min

Postdialysis Pa

Ultrafiltration volume (L) — 0.64 ! 0.19b 1.92 ! 0.58b 2.55 ! 0.78b

Ultrafiltration rate (mL/kg/h) — 8.5 ! 2.6 8.5 ! 2.6 8.5 ! 2.6
Blood volume change (%) — #1.1 ! 3.8b #3.8 ! 4.6c #4.3 ! 5.2c 0.01
Systolic BP (mm Hg) 140.3 ! 24.9 132.6 ! 23.6b 124.0 ! 28.8c 131.9 ! 25.6c "0.001
Diastolic BP (mm Hg) 80.5 ! 16.7 73.4 ! 13.2c 70.6 ! 19.8b 73.4 ! 14.2c "0.001
Heart rate (beats/min) 73 [63-82] 74 [66-85] 76.5 [69-87]b 79 [68-87]c 0.05
Hematocrit 34.9 ! 3.8 35.5 ! 3.7b 36.3 ! 4.1c 36.5 ! 4.2c 0.01
Ionized calcium (mmol/L) 1.21 ! 0.09 1.24 ! 0.06c 1.24 ! 0.05c 1.25 ! 0.05c "0.001
Magnesium (mmol/L) 1.07 ! 0.18 0.93 ! 0.12c 0.89 ! 0.08c 0.87 ! 0.07c "0.001
BNP (ng/L) 337 [161-736] 293 [162-677]b 277 [145-630]c 278 [148-626]c 0.6

Note: N $ 109. Values are given as mean ! standard deviation or median [interquartile range].
Abbreviations: BNP, brain natriuretic peptide; BP, blood pressure.
aP value for the overall change (generalized estimating equations).
bP " 0.01, cP " 0.001.

Table 3. Echocardiographic Parameters Before, During, and After Hemodialysis

Predialysis 60-min Intradialysis 180-min Intradialysis 30-min Postdialysis Pa

E (m/s) 0.93 ! 0.24 0.71 ! 0.22b 0.63 ! 0.20b 0.73 ! 0.23b "0.001
A (m/s) 0.86 ! 0.24 0.82 ! 0.21c 0.80 ! 0.2b 0.84 ! 0.23 0.001
E:A 1.11 ! 0.34 0.88 ! 0.28b 0.82 ! 0.37b 0.88 ! 0.28b "0.001
DT (s) 224 ! 83 258 ! 86b 282 ! 94b 253 ! 70b "0.001
IVRT (s) 94 ! 25 115 ! 33b 112 ! 35b 107 ! 31b "0.001
Mean e= (cm/s) 6.6 ! 2.1 5.6 ! 2.2b 5.3 ! 2.0b 5.8 ! 2.0b "0.001
E:e= 15.1 ! 5.6 14.3 ! 7.1d 13.6 ! 7.3b 14.0 ! 6.9b "0.001

Note: N $ 109. Values are given as mean ! standard deviation.
Abbreviations: A, mitral late inflow velocity; DT, deceleration time; E, mitral early inflow velocity; e=, tissue Doppler early diastolic flow;

IVRT, isovolemic relaxation time.
aP value for the overall change (generalized estimating equations).
bP " 0.001, cP " 0.05, dP " 0.01 in comparison with predialysis.
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rate, ultrafiltration volume was associated signifi-
cantly with change in E values at 180 minutes intradi-
alysis (Table 4).

The change in tissue Doppler-derived mean e= was
not associated with any volume parameters at either

60 or 180 minutes intradialysis (Table 5) in unad-
justed analyses. Adjustment for age, sex, LVMi, and
heart rate did not change these associations, except for
BNP level, which was associated significantly with
change in mean e= at 180 minutes intradialysis.

DISCUSSION

In this study, we evaluated the acute effects of
hemodialysis on LV diastolic function. The main
finding is that diastolic function worsened signifi-
cantly even early (at 60 minutes) in the hemodialysis
session.

Previous studies have exclusively assessed dia-
stolic function before and after hemodialysis.19-22 The
present study confirms the results of these studies and
additionally shows that the worsening of diastolic
function during hemodialysis is even worse than is
captured when only pre- and postdialysis echocardiog-
raphy are being performed. The early studies used
conventional mitral valve inflow diastolic parameters
such as E and E:A to evaluate the effect of hemodialy-
sis on diastolic function.19,20 Subsequent studies dem-
onstrated that the less preload-dependent diastolic
function parameter tissue Doppler velocity (mean e=)
also decreases from pre- to posthemodialysis.21-23

The present study shows that hemodialysis acutely
affects both mitral valve inflow and tissue Doppler
velocities. These 2 parameters follow a similar time

Figure 2. Changes in blood volume, mitral early inflow (E),
and mean tissue Doppler early diastolic velocity (e=) in compari-
son to predialysis values. The lines and error bars depict mean
and standard deviation for the 109 patients. Duration of hemodi-
alysis was 240 minutes; !30 indicates the 30-minute postdialy-
sis echocardiography. *P " 0.05 and **P " 0.01 in comparison to
predialysis values.

Table 4. Multivariate Longitudinal Analysis of Associations Between Change in Mitral Early Inflow Velocity (E) and Change in
Measured Parameters

60-min Intradialysis 180-min Intradialysis

! (95% CI) P ! (95% CI) P

Blood volume change (%)
Model 1a 0.006 (0.001 to 0.011) 0.02 0.007 (0.003 to 0.01) "0.001
Model 2b 0.006 (0.001 to 0.011) 0.02 0.007 (0.003 to 0.01) "0.001
Model 3c 0.007 (0.001 to 0.012) 0.01 0.007 (0.003 to 0.01) 0.001

Ultrafiltration volume (L)
Model 1a #0.04 (#0.13 to 0.05) 0.4 #0.02 (#0.06 to 0.01) 0.2
Model 2b #0.06 (#0.15 to 0.04) 0.2 #0.03 (#0.06 to 0.01) 0.1
Model 3c #0.07 (#0.18 to 0.05) 0.2 #0.01 (#0.06 to 0.03) 0.6

Ultrafiltration rate (mL/kg/h)
Model 1a #0.007 (#0.039 to 0.025) 0.7 #0.006 (#0.02 to 0.006) 0.3
Model 2b #0.01 (#0.04 to 0.02) 0.6 #0.007 (#0.02 to 0.005) 0.3
Model 3c #0.01 (#0.05 to 0.03) 0.5 #0.01 (#0.03 to 0.00) 0.06

Log BNP level
Model 1a 0.02 (#0.001 to 0.03) 0.06 0.03 (0.005 to 0.05) 0.02
Model 2b 0.02 (0.002 to 0.04) 0.03 0.03 (0.008 to 0.06) 0.009
Model 3c 0.02 (0.002 to 0.04) 0.03 0.03 (0.003 to 0.06) 0.03

Abbreviations: BNP, brain natriuretic peptide; CI, confidence interval.
aNo adjustment.
bAdjusted for age and sex.
cAdjusted for age, sex, left ventricular mass index, and heart rate.
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Diastolic Dysfunction During Hemodialysis

Clinical Presentation and Consequences

As described in the previous sections, DD (the
pathophysiological substrate for DHF) is a common
echocardiographic finding in patients with CKD, and is
highly associated with arterial hypertension and LVH
(30). Indeed, DD is characterized by alterations in LV
relaxation and compliance, often evolving into compen-
satory elevation of end-diastolic pressure in advanced
stages. In a milieu of increased stiffness (secondary to
fibrosis), the LV pressure–volume curve shifts to the left,
thereby leading to the exacerbation of the effects of
blood volume changes on LV filling (31) Hence, a small
increase in LV volume could cause pulmonary conges-
tion in patients with adequate fluid control, while vol-
ume depletion might elicit a decrease in chamber filling,
with hypotension and hemodynamic instability (32).

The potential clinical consequences of this process
are an increased risk of hospitalization due to decom-
pensated HF with preserved LV systolic function
(33), as well as increased risks of intradialytic hypo-
tension (34) and death (32). In fact, patients with
DHF have a very narrow volume (weight) range, pre-
senting with symptoms of fluid overload on the high
side, and hypotension on the low side. This may jus-
tify, at least in part, the highly common presentation
of sudden pulmonary edema and intradialytic hypo-
tension, when even a slight variation in fluid status
occurs. Therefore, DHF in patients with CKD should
be promptly identified and treated to improve their
morbidity and mortality. It is likely that minimizing
fluid status shifts will improve outcomes in the
patients with DHF, even in its early stages.

Diagnosis: From Gold Standard to Practical
Application

Elevation of LV filling pressure is the main
physiological finding of DHF and represents a key
feature associated with the onset of symptoms (35).
LV filling pressures are regulated primarily by filling
and passive properties of the LV walls, but may also
be affected by alterations in myocardial relaxation and
diastolic myocardial tone. Increased afterload can
delay myocardial relaxation, particularly when com-
bined with high preload, thereby contributing to filling
pressure elevation (36).

According to the European Society of Cardiology,
the diagnosis of DHF requires (i) signs or symptoms
of HF; (ii) normal or mildly abnormal systolic LV
function (ejection fraction > 50%); (iii) and evidence
of DD (35). Ideally, gold standard measurement of
diastolic function should be invasively obtained with
cardiac catheterization. Filling pressure is considered
elevated when the mean pulmonary capillary wedge
pressure is >12 mmHg or when the LV end-diastolic
pressure is >16 mmHg (37). However, for practical
and ethical reasons, diastolic indices determined by
cardiac catheterization cannot be directly applied in
the clinical routine.

Therefore, noninvasive Doppler echocardiographic
assessment of diastolic function becomes essential in

practice, and all efforts should be directed to the achieve-
ment of reliable estimates of LV filling pressure.
Conventionally, Doppler mitral flow velocities (E, A,
andE ⁄A ratio) have been used in clinical practice for the
investigation of diastolic function. However, they are
strongly load-dependent (38), and may exhibit pseudo-
normalization of LV filling pattern (mitral flow
apparently normal despite the presence of chronic DD)
(5). This phenomenon is particularly challenging in
patients on HD for whom the relatively high preload
before the dialysis session often masks abnormal LV
relaxation (39).

Alternative methods have been successfully used to
overcome the limitations of Doppler mitral flow veloci-
ties, and include assessment of pulmonary venous flow,
tissueDoppler ofmitral annulus velocity, and left atrium
volume index (LAVi). The ratio of early mitral flow
velocity (E) to earlymitral annulus velocity (e¢), called the
E ⁄e¢ ratio, was themost reliable noninvasive predictor of
elevated LV filling pressure in a study with renal trans-
plant candidates (40). Likewise, left atrium enlargement,
expressed by LAVi, has been recognized as a surro-
gatemarker for chronically augmentedLVdiastolic pres-
sure in HD subjects (5). In addition, LAVi > 32 ml ⁄m2

was a predictor of mortality in a study with patients
on chronic HD, above and beyond clinical data, ejection
fraction,E ⁄e¢ ratio andLVventricularmass (5).

As displayed in Table 1, recent guidelines (37) recom-
mend a grading scheme of DD, which integrates infor-
mation from multiple indices. This approach
significantly predicts all-cause mortality in the general
(41) andHDpopulation (32).

In patients with DD grade I (impaired relaxation), the
mitral E ⁄A ratio is <0.8, e¢ is <8 cm ⁄ second, the E ⁄e¢
ratio is <8 (average septal and lateral), and LAVi can
be normal or mildly increased. Nonetheless, it should
not be assumed that a decreased mitral E ⁄A ratio in the
presence of normal annular tissue Doppler velocity is a
manifestation of DD, but rather presents subjacent vol-
ume depletion. In general, LV diastolic pressure is not
high in patients with DD grade I, with the exception of
some cases of long-lasting arterial hypertension or
hypertrophic cardiomyopathy.

With further disease progression, LV compliance
declines and LV filling pressure begins to increase.
Hence, the pattern of DD grade II (pseudonormaliza-
tion) is observed, with an E ⁄A ratio between 0.8 and 2

TABLE 1. Echocardiographic parameters utilized in the
classification of diastolic dysfunction (DD)

Normal
DD
grade I

DD
grade II

DD
grade III

E ⁄A ratio 0.8–2 <0.8 0.8–2 ‡2
e¢ (cm ⁄ second) >8 <8 <8 <8
AverageE ⁄ e¢ <8 £8 9–12 ‡13
LAVi (ml ⁄m2) <28 <34 ‡34 >34
Ar – A (ms) <30 <30 ‡30 >30

E, early mitral flow velocity; A, atrial mitral flow velocity; e¢, early
mitral annulus velocity; LAVi, left atrium volume index; Ar – A, time
difference between duration of pulmonary venous atrial reversal wave
and duration ofAwave.
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Associations between Kidney Function and Subclinical
Cardiac Abnormalities in CKD
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ABSTRACT
Heart failure is a common consequence of CKD, and it portends high risk for mortality. However, among
patients without known heart failure, the associations of different stages of estimated GFR (eGFR) with
changes in cardiac structure and function are not well described. Here, we performed a cross-sectional
analysis to study these associations among 3487 participants of the Chronic Renal Insufficiency Cohort
Study. We estimated GFR using cystatin C. The prevalence of left ventricular hypertrophy (LVH) assessed
by echocardiography was 32%, 48%, 57%, and 75% for eGFR categories$60, 45–59, 30–44, and,30 ml/
min per 1.73m2, respectively. In fully adjustedmultivariable analyses, subjects with eGFR levels of,30ml/
min per 1.73 m2 had twofold higher odds of LVH (OR=2.20, 95% CI=1.40–3.40; P,0.001) relative to
subjects with eGFR$60 ml/min per 1.73 m2. This reduction in kidney function also significantly associated
with abnormal LV geometry but not diastolic or systolic dysfunction. An eGFR of 30–44ml/min per 1.73m2

also significantly associated with LVH and abnormal LV geometry compared with eGFR$60 ml/min per
1.73 m2. In summary, in this large CKD cohort, reduced kidney function associated with abnormal cardiac
structure. We did not detect significant associations between kidney function and systolic or diastolic
function after adjusting for potential confounding variables.

J Am Soc Nephrol 23: 1725–1734, 2012. doi: 10.1681/ASN.2012020145

CKD is associated with increased cardiovascular risk
and mortality1 and increased incidence of heart fail-
ure (HF).2 Even a small reduction in kidney function
is associated with higher risk of cardiovascular
events, and the strongest association is typically
with HF.3 Recent studies have shown an association
between kidney function and HF risk across a wide
spectrum of disease stages from preclinical kidney
disease to advancedCKD.4,5 To evaluate kidney func-
tion, these studies used cystatin C, an alternative
marker of kidney function that is not affected by
muscle mass.6

The pathogenesis of HF in persons with CKD
has not been well characterized but likely relates to
a combination of cardiac abnormalities and volume
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was 41615 ml/min per 1.73 m2. Compared with participants
with eGFRcys$60 ml/min per 1.73 m2, participants with the
lowest level of kidney function by cystatin Cweremore likely to
have diabetes and hypertension and be smokers. They also had,
on average, higher body mass index (BMI), systolic BP, trigly-
cerides, and albuminuria and lower HDL cholesterol and he-
moglobin levels.

Kidney Function and Structural Heart Abnormalities
We observed a linear association between categories of pro-
gressively worse kidney function and higher LVmass. Mean6
SD LV mass in the lowest category of kidney function (eGFR-
cys,30 ml/min per 1.73 m2) was 57.8614.0 g/m2.7 compared
with 46.1611.4 g/m2.7 in the groupwith eGFRcys$60ml/min
per 1.73 m2, an average difference of 12 g/m2.7 (Figure 1 and
Supplemental Figure 1). Demographically adjusted linear
regression models revealed a strong association of all catego-
ries of eGFR and LV mass (Table 2). After adjusting for con-
founders, the association was attenuated by approximately
33% in the eGFRcys,30 category, 44% in the eGFRcys=30–44
category, and lost significance in the eGFRcys=45–59 category
(Table 2). After full adjustment, including mediators such
as anemia and hypertension and markers of mineral metabo-
lism, there remained a significant strong association between
eGFRcys,30 ml/min per 1.73 m2 and LV mass/height2.7.

Overall, there was a high prevalence of LVH (50% for total
cohort, with 32%, 49%, 57%, and 75% in each category from
highest to lowest kidney function). In a demographically
adjusted model, associations of eGFRcys with LVH were
significant at all levels of kidney function, with fivefold odds
for the lowest eGFR group (Table 2). After multivariable ad-

justment, all categories of eGFRcys remained strongly associ-
ated with LVH. After full multivariable adjustment, eGFRcys
categories=30–44 and,30 remained associated with LVH. Ad-
ditional adjustment by mediators, including hypertension and
hemoglobin, slightly attenuated the association for eGFR-
cys,30 ml/min per 1.73 m2 with LVH, but a significant three-
fold odds remained after full adjustment. Adjustment for
markers of mineral metabolism, including fibroblast growth
factor (FGF)-23, resulted in minimal additional attenuation
(Table 2). These relationships were similar for whites (odds
ratio [OR]=1.80, 95% confidence interval [CI]=0.90–3.60;
P=0.08) and blacks (OR=2.20, 95% CI=1.10–4.50; P=0.03).

In this cohort, 21% of patients had normal LV geometry,
30% of patients had concentric remodeling, 13% of patients
had eccentric hypertrophy, and 36%of patients had concentric
hypertrophy. The lowest category of eGFR had the most
concentric hypertrophy (Figure 2). Similar to the LVH find-
ings, there was a significant association of all levels of kidney
function with abnormal LV geometry after demographic ad-
justment (Table 2). After multivariable analysis, associations
of all eGFRcys categories with abnormal LV geometry were
significant, and after full adjustment, eGFRcys=30–44 and
,30 ml/min per 1.73 m2 remained associated with a 1.4-
fold and 2.2-fold odds of abnormal LV geometry, respectively.

Kidney Function and Functional Heart Abnormalities
Diastolic function was normal in only 29% of the total cohort
(withadistributionof38%,25%,26%, and23%ofparticipants
with eGFR$60, 45–59, 30–44, and ,30 ml/min per 1.73 m2,
respectively) (Figure 3). The majority of the cohort had mildly
abnormal diastolic relaxation (62%), with a minority catego-

rized as moderately (8%) or severely ab-
normal (1%). LVH was correlated with
diastolic dysfunction and systolic dysfunc-
tion, but diastolic dysfunction and systolic
dysfunction were not correlated. Because
the Brant test (postordinal logit model
test) showed that the proportional odds as-
sumption was violated, we examined the
association between eGFR and dichoto-
mized diastolic dysfunction. All levels of
eGFR were associated with LV diastolic
dysfunction after demographic adjustment
(Table 3). After multivariable adjustment,
there was a significant association in the
category of 45–59 only. After full adjust-
ment, we found significantly increased
odds (1.5-fold) of diastolic dysfunction in
the lowest category of eGFR that was atten-
uated by adjustment for parathyroid hor-
mone (PTH), whichwas the only marker of
mineral metabolism to enter into the
model. A sensitivity analysis comparing
the overall cohort to those patients ex-
cluded from the cohort because of missing

Figure 1. Mean LV mass (g/m2.7) increases across categories of declining eGFR by
cystatin C.
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81–86% after dialysis [3]. In contrast to the above findings,
Farkouh et al. found that a single HD treatment produced
no significant change in the cTnI level’s diagnostic classi-
fication [5]. We found that 94% of patients had stable
cTnI levels without change in classification after dialysis
with a high-flux membrane. Clinically, this is evidence that
one does not need to be concerned with the timing of blood
sampling in relation to HD when following TnI levels for a
patient suspected of having an ACS.

Conclusion

In conclusion, in asymptomatic ESRD patients, most pa-
tients have a normal TnI level but many do have slight eleva-
tions in TnI using a new-generation assay. Levels remained
stable over a 3-month period in most patients. Very few pa-
tients had elevations in the AMI range. HD treatment does
not appear to affect the level. The significance of the low-
level elevations seen in this study will remain unclear until
further outcome studies are performed.

Conflict of interest statement. None declared.
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Ernesto Paoletti1, Diego Bellino1, Anna Maria Gallina2, Marco Amidone1, Paolo Cassottana3

and Giuseppe Cannella1

1Divisione di Nefrologia, Dialisi e Trapianto, 2Dipartimento di Scienze della Salute dell’Università and 3Divisione di Cardiologia,
Azienda Ospedaliera Universitaria San Martino, Genova, Italy

Correspondence and offprint requests to: Ernesto Paoletti; E-mail: ernesto.paoletti@hsanmartino.it

Abstract
Background. The role of cardiovascular factors in predict-
ing renal outcome has not been extensively elucidated.
Herein, we report a prospective evaluation of the impact

of left ventricular hypertrophy (LVH) on outcome in non-
diabetic patients with chronic kidney disease (CKD).
Methods. We studied 144 patients (99 men; age 62 ±
14 years) with stage 3–4 CKD, with baseline assessment
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CI 1.09–1.31) proved to be the only significant predictor
of the combined end point in patients with stage 4 CKD
(data adjusted for age, pulse pressure, eGFR and protein-
uria) (Table 4). Figure 1 shows Kaplan–Meier curves for
combined end point-free survival in the 144 stage 3–4
CKD patients subdivided according to the presence or ab-
sence of LVH at baseline (Figure 1).

When evaluating the role of the various baseline LV
geometric patterns in predicting the combined end point-

Fig. 1. Kaplan–Meier analysis of combined end point-free survival in
patients with LVH and in those with normal LVMi at baseline (log-rank
P < 0.001).

Table 5. Cox proportional hazard analysis of progression to dialysis in 83
stage 3 CKD patients

Variable HR (95% CI) P

Univariate analysis
Age, 1-year increase 1.005 (0.971–1.041) 0.77
Proteinuria, 1-g/24 h increase 1.063 (0.75–1.507) 0.73
24-h PP, 1-mmHg increase 1.025 (0.935–1.063) 0.22
eGFR, 1-mL/min increase 0.961 (0.905–1.02) 0.19
LVMi, 10-g/m2 increase 1.285 (1.147–1.438) <0.0001

Multivariate analysis
Age, 1-year increase 1.027 (0.989–1.067) 0.16
Proteinuria, 1-g/24 h increase 1.292 (0.848–1.969) 0.23
24-hr PP, 1-mmHg increase 1.061 (0.966–1.167) 0.22
eGFR, 1-mL/min increase 0.96 (0.90–1.02) 0.26
LVMi, 10-g/m2 increase 1.42 (1.23–1.64) <0.0001

For abbreviations, see Table 1.

Table 6. Cox proportional hazard analysis of progression to dialysis in 61
stage 4 CKD patients

Variable HR (95% CI) P

Univariate analysis
Age, 1-year increase 1.007 (0.973–1.013) 0.48
Proteinuria, 1-g/24 h increase 0.925 (0.77–1.113) 0.41
24-h PP, 1-mmHg increase 1.003 (0.973–1.021) 0.78
eGFR, 1-mL/min increase 0.867 (0.783–0.962) 0.006
LVMi, 10-g/m2 increase 1.194 (1.093–1.304) <0.0001

Multivariate analysis
Age, 1-year increase 1.02 (0.948–1.052) 0.23
Proteinuria, 1-g/24 h increase 1.07 (0.835–1.37) 0.6
24-h PP, 1-mmHg increase 1.009 (0.954–1.03) 0.66
eGFR, 1-mL/min increase 0.902 (0.812–1.008) 0.046
LVMi, 10-g/m2 increase 1.196 (1.073–1.33) 0.001

For abbreviations, see Table 1.

Fig. 2. Kaplan–Meier analysis of dialysis-free survival in patients with
LVH and in those with normal LVMi at baseline (log-rank P < 0.001).

Fig. 3. The AUC-ROC curves for combined end point (A) and the end
point of progression to dialysis (B) as predicted by a model including
LVMi alone, eGFR alone or both. Clinical predictors in both models
included age, 24-h proteinuria and 24-h pulse pressure.
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The Prognostic Value of Electrocardiographic Estimation
of Left Ventricular Hypertrophy in Dialysis Patients
Adrian C. Covic, M.D., Ph.D., F.R.C.P. (London), F.E.R.A.,∗†
Laura-Dumitriţa Buimistriuc, M.D.,† Darren Green, M.D.,‡§ Alina Stefan, M.D.,†
Silvia Badarau , M.D.,† and Philip A. Kalra, M.D., F.R.C.P‡§
From the ∗“Gr. T. Popa” University of Medicine and Pharmacy, Iasi, Romania; †Nephrology Clinic at “C. I.
Parhon” University Hospital; ‡Vascular Research group, Renal Department, Salford Royal NHS Foundation Trust,
Salford, United Kingdom; and §Manchester Academic Health Sciences Centre, University of Manchester, United
Kingdom

Background: Left ventricular hypertrophy (LVH) is associated with poor cardiovascular outcome in
CKD. Electrocardiogram (ECG) is low-cost but infrequently used to assess presence of LVH in dialysis
patients. The aim of this study was to establish which ECG-determined LVH method is most sensitive
in dialysis patients, and also most predictive of death.

Methods: This was a longitudinal observational study in dialysis patients from a single center,
undergoing interval ECGs. Fourteen methods of ECG LVH assessment were compared. Survival was
also compared between four LVH evolutionary categories: persistent LVH; new LVH; LVH regression;
and no LVH.

Results: The study included 418 dialysis patients (46.3% women, mean age 51 years, mean follow
up 67 months, 76 deaths, 37 cardiovascular deaths). LVH prevalence varied according to method
(range 13.4–41.9%). No measurement predicted all-cause mortality. After Cox regression, there was
an independent association between LVH and cardiovascular mortality using Novacode (HR = 3.04;
95% [CI] = 1.11–8.28, P < 0.05), but not with other methods. Patients with persistent ECG changes
of LVH had increased risk of cardiovascular mortality compared to other LVH evolutionary categories
(P < 0.044).

Conclusions: ECG scoring of LVH can be predictive of cardiovascular mortality. The Novacode
method, based on repolarization abnormalities, is a better predictor than standard ECG techniques
that are based on voltage criteria. Novacode LVH estimation at dialysis initiation may prove to be a
noninvasive and cost-effective bedside tool for cardiovascular risk stratification in patients receiving
dialysis.

Ann Noninvasive Electrocardiol 2013;18(2):188–198

dialysis; left ventricular hypertrophy; cardiovascular; survival; ECG

Cardiovascular disease is the leading cause of
mortality in patients with end-stage renal disease
(ESRD). It is mostly attributed to the very high
prevalence of left ventricular (LV) abnormalities
including LV hypertrophy, systolic dysfunction,
and heart failure.1,2 LVH prevalence increases as
renal function declines, and is highest in dialysis
patients. Echocardiographic estimates of LVH
prevalence in dialysis patients range between 50%
and 97%.3 The Kidney Disease Outcome Quality
Initiative (KDOQI) recommends that electrocar-

Address for correspondence: Philip A. Kalra, M.D., F.R.C.P., Professor of Renal Medicine, Salford Royal Foundation Trust, Stott Lane,
Salford M6 8HD, United Kingdom, Tel: +44-161-206-0509; E-mail: philip.kalra@srft.nhs.uk

Financial disclosure: There was no external funding for this study and no conflicts to declare.

diogram (ECG) should be performed on all patients
at dialysis initiation, and every 3 years thereafter.
This recommendation emphasizes the importance
of LVH evaluation as part of an algorithm of
patient monitoring. It also acknowledges the
cost of performing more frequent investigations,
though there are potential clinical benefits to be
gained by more frequent monitoring.

Cardiac magnetic resonance imaging (MRI)
provides the most sensitive measurement of LV
mass, whereas ECG is the imaging technique most

C⃝2012, Wiley Periodicals, Inc.
DOI:10.1111/anec.12007
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Figure 1. Survival plots with Novacode analysis for cardiovascular mortality.

of LVH in dialysis patients, in contrast with the
general population. Nevertheless, the prevalence of
LVH identified through Novacode increased with
patient time on dialysis and at the end of the
study 64% of patients had Novacode ECG evidence
of LVH, a figure which is comparable with
echocardiographic studies of LVH prevalence.3

Our study demonstrates low-sensitivity values
for detection of LVH and overall higher scores
for specificity. A systematic review of 21 studies,
published in 2007, found that all of the ECG
methodologies were less sensitive than they were
specific, for example: median sensitivity of 15%,
median specificity 96% for Cornell voltage; 19.5%
with 91% for Cornell product and 21% with
89% for Sokolow-Lyon in LVH detection. Ranges
of published values were extremely broad, from
2% to 41% for Cornell voltage and from 4% to
51% for the Sokolow-Lyon index.24 As our study
largely included Caucasian patients, it is important
to mention that the performance of ECG for
LVH detection varies by ethnicity, with higher

sensitivity and overall performance observed in
African Americans compared with other ethnic
groups.

We showed that in patients with ESRD, LBBB is
strongly associated with all cause mortality. It is
known that LBBB is correlated with the presence
of cardiovascular disease, being reported to affect
approximately 25% of subjects with heart failure,25

but it was not noted to be an independent predictor
specifically for cardiovascular death. There is
some complication in using LBBB and ECG-
derived LVH as separate variables in a survival
model. Both will cause conduction delay and it
is difficult to determine the presence of LVH
from an ECG which shows complete LBBB.26 For
this reason, we do not know if those patients
who exhibited LBBB also had LVH, with this
coexistence being responsible for the very poor
survival seen in Figure 2. With this in mind, it
should only be with caution that LBBB is seen
as an independent predictor of death. Kaplan-
Meier survival analysis identified that two ECG
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 Left Ventricular Mass Index as an 
Outcome Measure in Clinical Trials in 
Dialysis Patients: A Word of Caution 
 Carmine Zoccali  

 Nephrology, Dialysis and Transplantation Unit, and CNR-IBIM, Clinical Epidemiology and Pathophysiology of
Renal Diseases and Hypertension,  Reggio Calabria , Italy 

sent an adaptation of the heart to accommodate an in-
creased burden of pumping  [3, 4] .

  LVH is common in patients with end-stage renal dis-
ease (ESRD) (prevalence 70–80%) and entails an omi-
nous prognosis  [5, 6] . Partial regression of LVH may oc-
cur after long-term control of arterial hypertension and/
or very severe anemia and after kidney transplantation. 
Because it is sensitive to ongoing clinical interventions 
and for its strong prognostic power, measurement of LV 
mass is now increasingly adopted as a main outcome 
measure in intervention studies in ESRD  [7, 8] . The two 
geometric patterns (concentric and eccentric) of LVH are 
almost equally frequent in this population  [6]  and con-
centric and eccentric LVH carry a similar risk excess for 
death in this population.

  In this issue, Rajiv Agarwal and colleagues  [9]  report 
on the short-term evolution of LVH in patients who took 
part in the Dry-Weight Reduction in Dialysis Patients 
(DRIP) trial  [10] , a remarkable study documenting that 
ultrafiltration (UF) intensification allows better control 
of hypertension in this high-risk population. LV mass did 
not change over time in control patients but showed
a clear-cut decrease (7.4 g/m 2 , 5.4%) in those who un-

 Left ventricular hypertrophy (LVH) represents one of 
the strongest risk factors of death and major cardiovas-
cular (CV) events both in the general population and in 
patients with cardiac diseases. This biomarker is a power-
ful integrator of the long-term exposure of the myocar-
dium to environmental risk factors like pressure and vol-
ume/salt overload, metabolic derangements including 
 insulin resistance and hyperinsulinemia, sympathetic 
overactivity and genetic factors  [1] . Importantly, the pres-
ence of LVH predicts not only the risk for cardiac events 
like myocardial infarction or heart failure, but also the 
risk of cerebrovascular events. LVH is endowed with 
an important characteristic required by prognostic bio-
markers, that is, sensitivity to therapeutic interventions 
which reduce CV risk  [2] . It is indeed well demonstrated 
that regression of LVH brought about by optimal blood 
pressure control, weight loss and low salt intake is accom-
panied by a parallel decrease in the risk for CV complica-
tions, thus making LVH a valid instrument for risk mon-
itoring.

  Increases in LV mass are associated with higher CV 
risk. They are commonly associated with pathological 
conditions such as obesity and hypertension, and repre-

 Published online: March 30, 2011 NephrologyAmerican    Journal of

 Carmine Zoccali 
 Nefrologia e CNR, Ospedali Riuniti 
 IT–89124 Reggio Calabria (Italy) 
 Tel. +39 0965 39 70 10
  E-Mail carmine.zoccali   @   tin.it 

 © 2011 S. Karger AG, Basel
0250–8095/11/0334–0370$38.00/0 

 Accessible online at:
www.karger.com/ajn 

 LVMI as an Outcome Measure in Clinical 
Trials in Dialysis Patients 

Am J Nephrol 2011;33:370–372 371

derwent UF intensification. Furthermore, patients who 
started the study with a LV mass greater than the median 
value in the same population manifested a substantially 
greater reduction in interdialysis ambulatory BP (–16 mm 
Hg) than those with baseline LV mass below the median 
(–2.5 mm Hg), suggesting that the degree of volume ex-
pansion predicts the magnitude of the BP response to UF 
in dialysis patients.

  Given the high predictive power of LV mass for death 
and CV events, prima facie, the parallel decline in BP and 
in LV mass may suggest that UF intensification – a pure-
ly technical, easily implementable intervention – may 
translate into better clinical outcomes in ESRD patients. 
If this is the case, UF intensification could represent a 
clinically important, cheaper and much less demanding 
alternative to frequent dialysis to improve the ominous 
prognosis of these patients. Indeed, LVH regression in 
DRIP was of the same order as that registered in the Fre-
quent Hemodialysis study  [8] , a long-term clinical trial 
where volume removal was diluted over a much longer 
dialysis time. However, interpreting the decrease in LV 
mass observed in DRIP as a favorable prognostic sign is 
problematic both because the time frame of the study was 
too short (just 2 months) and because the peculiar type 
of geometric rearrangement of the LV underlining the 
decrease in LV mass observed in this study. Actually, the 
reduction in LV mass mainly depended on a decrease in 

the LV end-diastolic diameter (cavitary component). Vol-
ume removal has a relevant influence on the measure-
ment’s LV mass which shows a substantial fall across a 
single dialysis session, an effect entirely attributable to 
the decrease of the end-diastolic diameter ( fig.  1 ). Pre-
dictably, UF intensification in the DRIP study reduced 
blood volume and the cavitary component of LV mass but 
failed to modify the muscular component. LV mass as an 
outcome measure in clinical trials in hemodialysis pa-
tients should be interpreted with caution. In context of 
the present trial, short-term improvements in BP and in 
LVH achieved by UF intensification should not necessar-
ily be seen as a guarantee of better clinical outcomes. In 
a recent secondary analysis of the Hemodialysis Study 
 [11] , patients with the highest UF rates had higher all-
cause and CV mortality, particularly patients with heart 
failure, i.e. a substantial proportion (about 20%) of today’s 
dialysis population.

  Achievement and maintenance of dry-weight by UF 
and adherence to low salt diet induced a remarkable de-
cline (–23%) in the muscular component (posterior wall 
thickness) of the LV along with a reduction in LV end-
diastolic diameter in a small, uncontrolled study with a 
1.5-year follow-up  [12] . The Frequent Hemodialysis trial 
 [8]  and the Canadian study of nocturnal dialysis  [7]  have 
convincingly demonstrated that augmenting dialysis
duration, an intervention which dilutes volume removal 

1.73

1.73

Pre‐HD

Post‐HD

LVEDD

Devereux’s formula:

LVMI (g/m2) =

LVMI (g/m2) =

LVMI (g/m2) = = 182 g/m2

= 206 g/m2

1.04 [(IVST + LVEDD + PWT)3 – LVEDD3] – 14 g

Body surface area

1.04 [(1.2 + 5.8 + 1.2)3 – 5.83] – 14 g

1.04 [(1.2 + 5.4 + 1.2)3 – 5.43] – 14 g

 Fig. 1.  Effect of volume removal during di-
alysis on the estimate of the left ventricular 
mass index (LVMI) by the Devereux for-
mula. A 0.4-cm decrease in the left ven-
tricular end-diastolic diameter (LVEDD: 
from 5.8 to 5.4 cm) is the sort of reduction 
in LVEDD commonly observed in a pa-
tient with a normal BSA (1.73 m2) after a 
volume removal of about 3 liters. IVST = 
Interventricular septum thickness (cm); 
PWT = posterior wall thickness (cm).
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Original Investigation

The Validity of Left Ventricular Mass as a Surrogate End Point for
All-Cause and Cardiovascular Mortality Outcomes in People With

CKD: A Systematic Review and Meta-analysis

Sunil V. Badve, MD,1,2,3,4 Suetonia C. Palmer, PhD,1,5 Giovanni F.M. Strippoli, PhD,6,7,8

Matthew A. Roberts, PhD,1,9 Armando Teixeira-Pinto, PhD,6

Neil Boudville, M Med Sci,1,10 Alan Cass, PhD,1,11 Carmel M. Hawley, M Med Sci,1,2,12

Swapnil S. Hiremath, MD, MPH,13,14 Elaine M. Pascoe, M Biostat,1,2

Vlado Perkovic, PhD,1,4 Gillian A. Whalley, PhD,15 Jonathan C. Craig, PhD,1,6,16 and
David W. Johnson, MD, PhD1,2,12

Background: Left ventricular mass (LVM) is a widely used surrogate end point in randomized trials
involving people with chronic kidney disease (CKD) because treatment-induced LVM reductions are assumed
to lower cardiovascular risk. The aim of this study was to assess the validity of LVM as a surrogate end point
for all-cause and cardiovascular mortality in CKD.
Study Design: Systematic review and meta-analysis.
Setting & Population: Participants with any stages of CKD.
Selection Criteria for Studies: Randomized controlled trials with 3 or more months’ follow-up that reported

LVM data.
Intervention: Any pharmacologic or nonpharmacologic intervention.
Outcomes: The surrogate outcome of interest was LVM change from baseline to last measurement, and

clinical outcomes of interest were all-cause and cardiovascular mortality. Standardized mean differences
(SMDs) of LVM change and relative risk for mortality were estimated using pairwise random-effects meta-
analysis. Correlations between surrogate and clinical outcomes were summarized across all interventions
combined using bivariate random-effects Bayesian models, and 95% credible intervals were computed.
Results: 73 trials (6,732 participants) covering 25 intervention classes were included in the meta-analysis.

Overall, risk of bias was uncertain or high. Only 3 interventions reduced LVM: erythropoiesis-stimulating
agents (9 trials; SMD, 20.13; 95% CI, 20.23 to 20.03), renin-angiotensin-aldosterone system inhibitors (13
trials; SMD, 20.28; 95% CI, 20.45 to 20.12), and isosorbide mononitrate (2 trials; SMD, 20.43; 95%
CI, 20.72 to 20.14). All interventions had uncertain effects on all-cause and cardiovascular mortality.
There were weak and imprecise associations between the effects of interventions on LVM change and all-
cause (32 trials; 5,044 participants; correlation coefficient, 0.28; 95% credible interval, 20.13 to 0.59) and
cardiovascular mortality (13 trials; 2,327 participants; correlation coefficient, 0.30; 95% credible
interval, 20.54 to 0.76).
Limitations: Limited long-term data, suboptimal quality of included studies.
Conclusions: There was no clear and consistent association between intervention-induced LVM change

and mortality. Evidence for LVM as a valid surrogate end point in CKD is currently lacking.
Am J Kidney Dis. 68(4):554-563. Crown Copyright ª 2016 Published by Elsevier Inc. on behalf of the National
Kidney Foundation, Inc. All rights reserved.

INDEX WORDS: Left ventricular mass (LVM); LVM regression; cardiovascular mortality; chronic kidney
disease (CKD); left ventricular hypertrophy; surrogate endpoint; surrogate outcome; cardioprotection;
erythropoiesis-stimulating agent (ESA); renin-angiotensin-aldosterone system (RAAS) inhibitor; nitrate;
meta-analysis.
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function, high hemoglobin concentration, or other
unknown toxic effects.41 Yet, LVH is probably not on
the causal pathway between these drug effects and
mortality. Second, the experimental intervention may
modify only one of multiple biological pathways
leading to cardiovascular mortality in CKD.42 Third,
the experimental intervention may have unfavorable
“off-target” effects, reducing the validity of the sur-
rogate end point. For example, despite normalization
of hemoglobin levels with ESA therapy in people
with CKD, trials showed increased risks for all-cause
mortality, stroke, thrombosis, and cancer-related
deaths.43 Fourth, despite the total sample size of the
mortality analysis of 5,044 participants, this meta-
analysis was underpowered to show evidence of a
modest correlation between treatment effect on LVM
and mortality. Mortality events in these trials were
uncommon due to shorter follow-up (median, 12
[range, 3-84] months) and exclusion of patients with
pre-existing significant heart disease.

A meta-analysis of 12 randomized controlled trials
involving 12,809 hypertensive participants did not
show a statistically significant correlation between
change in LVM and all-cause death, stroke, myocar-
dial infarction, and heart failure.44 Therefore, the
existing randomized controlled trial evidence does not
support the use of LVM as a predictor of treatment
effects on all-cause and cardiovascular mortality in
essential hypertension, CKD, or any other patient
population.
Because use of LVM as a surrogate end point in

randomized trials in CKD is widespread, the findings
of this study are important not only to clinicians and
researchers, but also to regulatory authorities. First,
clinicians and policy makers need to exercise caution
before incorporating results of trials using LVM as a
surrogate end point into their practice or guidelines.
Second, the current study does not support the use of
LVM as a primary end point either alone or as a
component of a composite end point. Third, further

Figure 4. Correlation between change in left ventricular mass (LVM) and (A) all-cause and (B) cardiovascular mortality. Each point
represents the association between treatment effects on mortality (vertical axis) and the corresponding treatment effect on LVM (hor-
izontal axis). The area of the point estimate is proportional to the sample size. Point estimates in the left lower quadrant indicate treat-
ment effects on both outcomes (lower mortality and reduced LVM). A 95% credible interval that includes 0 is consistent with no
statistical significance. Abbreviation: RR, relative risk.
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negative value of GLS, the better the LV function is. Com-
pared with LVEF, GLS is a more sensitive, objective, and
reproducible modality for assessing cardiac functions, even
among HF patients with preserved LVEF and CKD patients
(11–14). In the general population, GLS has proven to be a
prognostic predictor (13,14). Reports suggest that subclinical
LV systolic dysfunction, as indicated by GLS, is present in
CKD and ESRD patients (8,12,15). However, there are few
data on the prognostic role of GLS in hemodialysis patients.
Thus, we conducted a prospective observational study to
assess the prognostic role of GLS in stable hemodialysis pa-
tients with preserved LVEF.

Materials and Methods
ESRD patients receiving a maintenance hemodialysis pro-

gram, thrice weekly over 3 months, were prospectively
screened from two community hospitals in Yun-Lin, Taiwan
(National Cheng Kung University Hospital Dou-Liou Branch
and Catholic Fu-An Hospital) (16). Patients who were aged
$18 years and willing to participate in this study were en-
rolled from December 2008 to January 2009. The exclusion
criteria were as follows: (1) age .80 years, (2) LVEF ,50%,
(3) HF that was diagnosed by the HF guideline criteria from
the European Society of Cardiology (17) presenting with
pulmonary edema in the past 6 months, (4) acute coronary
syndrome in the past 6 months, (5) chronic atrial fibrillation,
(6) moderate or severe valvular heart disease (including mi-
tral/aortic regurgitation or stenosis), and (7) inadequate
echocardiography imaging quality. The study adhered to
the Declaration of Helsinki and received approval from the
Human Research and Ethics Committee of National Cheng
Kung University Hospital (institutional review board

numbers: ER-97-183 and ER-98-073). All enrolled patients
provided written informed consent.
Clinical information on comorbidities, medical history, and

current cardiovascular medication was obtained by careful
review of each patient’s medical record and a self-reported
questionnaire. Patient compliance with prescribed medica-
tion regimens was reliably ascertained. The enrolled pa-
tients’ medical records during the follow-up period
(December 2008 to June 2011) were carefully reviewed,
and all participants were assured to receive adequate clear-
ance by dialysis. The primary outcome was all-cause mor-
tality. The secondary outcomes were major adverse
cardiovascular events (MACEs), such as cardiovascular
death; ischemic events, including admission due to angina
and coronary revascularization; and HF hospitalization. The
definition of MACEs is presented in Supplemental Table 1.
Blood was collected immediately before the midweek

dialysis session. Sera were stored at 280°C until analysis
and then thawed to measure the levels of cardiac troponin
T (cTnT) (fourth-generation Troponin T STAT immunoas-
say, ElecSys 2010 System; Roche Diagnostics, Indianapolis,
IN), high-sensitivity C-reactive protein (BN II analyzer;
Dade Behring, Glasgow, DE), IL-6 (chemiluminescent
sandwich ELISA, Quantikine Human IL-6; R&D Systems
Inc., Minneapolis, MN), and plasminogen-activator inhib-
itor type 1 (PAI-1) (Human PAI-1 ELISA Kit; Assaypro, St.
Charles, MO). Serum calcium, phosphate, and albumin
levels were measured using routine methods.

Echocardiography Measurements
All of the patients were examined in the left lateral

decubitus position by one well trained cardiologist (Y.W.L.),
using an ultrasound system with a 3.5-MHz probe (Vivid-i;

Figure 1. | Processing and presentation of GLS. Values of the peak systolic longitudinal strain from the apical long-axis, apical 4-chamber, and
apical 2-chamber views were obtained from automated function imaging software. (A) Tracking quality approval screen: segments with adequate
tracking are shownwith a Vmark. (B) The average value of peak systolic longitudinal strain in each segment calculated from three apical viewswas
used to generate a parametric display, named GLS. GLS, left ventricular global peak systolic longitudinal strain; basSept, basal septum; midSept,
midseptum; apSept, apical septum; apLat, apical lateral wall; midLat, midlateral wall; basLat, basal lateral wall; ANT_SEPT, anterior septum; ANT,
anterior; LAT, lateral; POST, posterior; INF, inferior; SEPT, septum;GLPSS, global longitudinal peak systolic strain; LAX, apical long-axis; A4C, apical
4-chamber; A2C, apical 2-chamber; Avg, average; HR_ApLAX, heart rate apical long-axis; AVC_MEAS, measured aortic valve closure timing.
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ABSTRACT

Background. Left ventricular (LV) systolic dysfunction is an
important predictor of cardiovascular death. Global longitu-
dinal strain (GLS) is a widely available echocardiographic
technique proven to be more sensitive than conventional ejec-
tion fraction (EF) in detecting subtle changes in LV function.
However, the prognostic value of GLS in patients with chronic
kidney disease (CKD) is unknown.
Methods. We studied 447 patients from a single center who
were stratified according to estimated glomerular filtration rate
(eGFR). GLS was calculated using two-dimensional speckle
tracking and EF was measured using Simpson’s biplane. Cox
proportional hazard model was used to identify independent
predictors of survival and measures of discrimination and re-
classification were used to assess the predictive value of GLS.
Multivariable regression models were used to evaluate clinical
and laboratory factors associated with GLS.
Results. The mean EF was 58 ± 11% and GLS was
−16.6 ± 4.2%. eGFR correlated negatively with GLS (r =−0.14,
P = 0.004). Factors that were independently associated with
GLS include gender, previous myocardial infarction, eGFR
and phosphate (R2 = 0.16, P < 0.001). Sixty-four patients died

in a follow-up of 5.2 ± 1.4 years. GLS remained a significant
predictor of all-cause mortality [hazard ratio (HR) 1.08, 95%
confidence interval (CI) 1.01–1.15] following adjustment for
age, diabetes mellitus, hypertension, eGFR and left ventricular
mass index (LVMI). The strength of association between
demographic data, eGFR, LVMI and mortality increased fol-
lowing addition of GLS [c-statistic 0.68 (95% CI 0.61–0.74) to
0.71 (95% CI 0.64–0.77), P = 0.04]. Addition of GLS also de-
monstrated a 21% net reclassification improvement in risk pre-
diction for all-cause mortality over clinical factors.
Conclusions. GLS is an important predictor of all-cause mor-
tality in CKD patients. Traditional and non-traditional risk
factors such as phosphate are important determinants of GLS.
Strain assessment in CKD patients may provide greater cardio-
vascular risk stratification.

Keywords: all-cause mortality, chronic kidney disease, ejec-
tion fraction, global longitudinal strain

INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death in
patients with chronic kidney disease (CKD) [1]. There is a
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hypercholesterolemia, serum urate level and negatively corre-
lated with eGFR. Using stepwise regression; male gender, previ-
ous myocardial infarction, phosphate and eGFR remained the
independent predictors of GLS (n = 411, R2 = 0.16, P < 0.001)
(Table 3). There was no association between measured systolic
or diastolic blood pressure and GLS.

Predictors of all-cause mortality
There were 64 deaths (14.3%) over 5.2 ± 1.4 years of follow-

up. Unadjusted predictors of all-cause mortality were age
[hazard ratio (HR) 1.05, 95% confidence interval (CI) 1.02–
1.07], diabetes (HR 2.03, 95% CI 1.20–3.44), serum albumin
(HR 0.93, 95% CI 0.89–0.98), eGFR (HR 0.98, 95% CI 0.97–
0.99), eGFR < 60 mL/min/1.73 m2 (HR 2.14, 95% CI 1.30–
3.51), GLS (HR 1.10, 95% CI 1.04–1.16), MwFS (HR 0.98 95%
CI 0.93–0.99) and LVMI (HR 1.03, 95% CI 1.01–1.04). In this

cohort, neither EF (as a continuous variable) nor impaired EF
(<45%) were significant predictors of patient survival. As de-
picted in the Kaplan–Meier survival curve, the unadjusted
overall survival estimate was the lowest in patients with eGFR
< 60 mL/min/1.73 m2 and impaired strain (GLS greater than
−16%) (log rank P = 0.006) (Figure 2).

Cox proportionate hazard models were used to correct for
potential confounders of all-cause mortality. GLS remained an
independent predictor of all-cause mortality after adjustment
for relevant clinical and echocardiographic variables including
age, diabetes mellitus, hypertension, eGFR and LVMI
(Table 4). A 1% reduction in GLS was associated with an ad-
justed HR (AHR) of 1.08 (95% CI 1.01–1.15).

Separate nested Cox models were used to assess incremen-
tal values of several measures of LV function over relevant
clinical characteristics (Figure 3). The addition of GLS (model
χ2 from 21.6 to 29.6, P = 0.005) or MwFS (model χ2 from 21.6
to 28.0, P = 0.01) each, respectively, resulted in a significant in-
crease of the model performance. However, EF or wall motion
abnormalities did not significantly change the predictive
values of the models.

Table 1. Clinical characteristics of 447 patients stratified according to
eGFR

Characteristic Group 1
(eGFR≥ 60 mL/
min/1.73 m2)
(n = 326)

Group 2
(eGFR < 60 mL/
min/1.73 m2)
(n = 121)

P

Demographic characteristic
Age (years) 60.0 (±11) 67.6 (±9.4) <0.001
Male (%) 224 (69) 68 (56) 0.02
History of angina (%) 157 (48) 56 (46) 0.8
Current or previous
smoker (%)

86 (26) 22 (18) 0.08

History of HF (%) 11 (3) 10 (8) 0.04
Previous MI (%) 116 (37) 48 (42) 0.3
Diabetes mellitus (%) 60 (18) 29 (24) 0.2
Hypercholesterolemia (%) 175 (54) 65 (53) 0.9
Hypertension (%) 149 (46) 75 (62) 0.003
Systolic BP (mm/Hg) 138 (±23) 143 (±25) 0.04
Diastolic BP (mm/Hg) 77 (±11) 77 (±13) 0.8

Laboratory parameters
Urate (mmol/L) 0.36 (±0.1) 0.45 (±0.1) <0.001
Albumin (g/L) 40.1 (±4.4) 39.6 (±4.5) 0.3
Calcium (mmol/L) 2.39 (±0.1) 2.43 (±0.1) 0.008
Phosphate (mmol/L) 1.07 (±0.21) 1.12 (±0.29) 0.01
Hemoglobin (g/L) 139 (±17) 131 (±18) 0.002
Fasting glucose (mmol/L) 6.4 (±2.2) 6.4 (±2.2) 0.9
eGFR(mL/min/1.73m2) 84 (±14) 43 (±14) <0.001

LV parameters
GLS (%) −16.9 (±4.1) −15.9 (±4.5) 0.03
Impaired GLS (greater

than −16%)
115 (35) 54 (45) 0.08

EF (%) 58 (±12) 57 (±13) 0.3
Impaired EF (<45%) 42 (13) 18 (15) 0.6
MwFS (%) 19.7 (±8.7) 18.7 (±8.1) 0.3
LVMI (g/m2.7)a 49 (±14) 51 (±14) 0.1
LVHa (%) 112 (40) 50 (51) 0.06

Eccentric 49 (44) 23 (46)
Concentric 63 (56) 27 (54)

Wall motion
abnormalities
(WMSI > 1)

152 (47) 56 (47) 0.9

Data are mean (±SD) or number (%). HF: heart failure; MI, myocardial
infarction; BP, blood pressure; eGFR, estimated glomerular filtration rate; GLS,
global longitudinal strain; EF, ejection fraction; MwFS, mid-wall fractional
shortening; LV, left ventricular; LVMI, left ventricular mass index; LVH, left
ventricular hypertrophy(≥51 g/m2.7); WMSI, wall motion score index.
aLVH and LVMI—missing data for 67 patients.

Table 2. Association of GLS and echocardiographic parameters

GLS less than or equal
to −16% (n = 278)

GLS greater than
−16% (n = 169)

P

LVEDV (mL) 88.4 (±28.2) 122.9 (±47.7) <0.001
LVESV (mL) 34.5 (±15.8) 67.1 (±38.0) <0.001
EF (%) 63.3 (±8.0) 48.6 (±11.9) <0.001
MwFS (%) 21.7 (±7.9) 15.7 (±8.2) <0.001
LVMI (g/m2.7)a 47.3 (±12.7) 53.1 (±15.3) <0.001
RWT (cm) 0.45 (±0.12) 0.43 (±0.12) 0.1
LVHa 89 (36.7) 73 (52.9) 0.002
Eccentric 29 (32.6) 43 (58.9)
Concentric 60 (67.4) 30 (41.1)

Wall motion
abnormalities

76 (27.4) 132 (78.1) <0.001

Data are mean (±SD) or number (%). GLS, global longitudinal strain; LVEDV, left
ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; EF,
ejection fraction; MwFS, mid-wall fractional shortening; LVMI, left ventricular mass
index; RWT, relative wall thickness; LVH, left ventricular hypertrophy (≥51 g/m2.7).
aLVH and LVMI was calculated based on 242 patients with GLS less than or equal to
−16% and 138 patients with GLS greater than −16%.

F IGURE 1 : Correlations between eGFR (mL/min/1.732) and
GLS (%).
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Additional analyses: predictive accuracy of GLS over
different risk factors for all- cause mortality
The incremental predictive value of GLS over significant

risk factors was further evaluated with C-statistic and R2
D stat-

istic, NRI and IDI. Patients with complete data were included
in this analysis (n = 380). Addition of GLS to demographic risk
factors, eGFR and LVMI improved predictive accuracy of all-
cause mortality from 0.68 (95% CI 0.61–0.74) to 0.71 (95% CI

0.64–0.77) (P = 0.04) and 0.20 (95% CI 0.07–0.34) to 0.24 (95%
CI 0.10–0.38) using C-statistic and R2

D statistic, respectively
(Table 5). Continuous NRI and IDI also indicate improvement
in risk classification (21%) and discrimination (0.0118) after in-
clusion of GLS in the multivariable prediction model.

Reproducibility of GLS and EF
GLS outperformed EF for both within and across observer

variability. Inter-observer variability; correlation coefficients
were 0.80 for EF and 0.92 for GLS (Z score, 2.37; P = 0.03).
Intra-observer variability correlation coefficients were 0.67 for
EF and 0.92 for GLS (Z score, 4.11; P = 0.01).

DISCUSSION

This study demonstrates that GLS is an important independ-
ent predictor of survival in an unselected cohort of patients
with a wide spectrum of renal function. To our knowledge,

Table 3. Univariate and multivariable regression models for predictors of GLS

Variable Univariate analysis (n = 447) Model: demographic + biochemical
(n = 411, R2 = 0.16, P < 0.001)

Coefficient P β Coefficient 95% CI P

Age 0.09 0.06
Male 0.2 <0.001 1.5 0.7, 2.4 0.001
Diabetes mellitus 0.07 0.2
Hypertension 0.12 0.01
Hypercholesterolemia 0.12 0.01 0.8 0.01, 1.5 0.05
Previous MI 0.3 <0.001 1.9 1.1, 2.7 <0.001
Angina −0.01 0.8
History of HF 0.12 0.01 1.64 −0.1, 3.4 0.07
Smoking −0.03 0.6
Urate (mmol/L) 0.22 <0.001 3.7 0.4, 7.3 0.05
Albumin (g/L) −0.06 0.18
Calcium (mmol/L) 0.01 0.8
Phosphate (mmol/L) 0.07 0.1 1.7 0.01, −3.3 0.04
Hemoglobin (g/L) 0.04 0.3
eGFR (mL/min/1.73m2) −0.14 0.004 −0.02 −0.04, −0.002 0.03

MI, myocardial infarction; HF, heart failure; eGFR, estimated glomerular filtration rate.

F IGURE 2 : Cumulative survival analysis according to eGFR (mL/
min/1.73m2) and GLS(%).

F IGURE 3 : Predictive power of nested Cox models for the total
population (447 patients); comparing incremental value of EF, wall
motion abnormalities, MwFS and GLS to baseline model (age, dia-
betes mellitus and eGFR).

Table 4. GLS as a predictor of all-cause mortality: crude and adjusted
models

Model Covariates All-cause mortality

HR (95% CI) P

1 Crude (GLS) 1.1 (1.04–1.16) 0.002
2 1 + Age + DM+HTN 1.09 (1.02–1.17) 0.007
3 2 + eGFR < 60 mL/min/1.73m2 1.09 (1.02–1.15) 0.01
4 4 + LVMI 1.08 (1.01–1.15) 0.03

GLS, global longitudinal strain; DM, diabetes mellitus; HTN, hypertension; eGFR,
estimated glomerular filtration rate; LVMI, left ventricular mass index.
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Association of Left Ventricular Longitudinal Strain with
Mortality among Stable Hemodialysis Patients with
Preserved Left Ventricular Ejection Fraction
Yen-Wen Liu,* Chi-Ting Su,† Junne-Ming Sung,‡ Saprina P.H. Wang,§ Yu-Ru Su,| Chun-Shin Yang,¶ Liang-Miin Tsai,*
Jyh-Hong Chen,* and Wei-Chuan Tsai*

Summary
Background and objectives Little is known about the optimal echocardiographic parameters for risk stratification
in stable dialysis patients with preserved left ventricular ejection fraction (LVEF) (ejection fraction $50%). Left
ventricular (LV) global peak systolic longitudinal strain (GLS) is the ratio of the maximal change in myocardial
longitudinal length in systole to the original length and reliably and accurately assesses LV function. During
systole, LV myocardium in the longitudinal direction shortens and GLS is represented by a negative value. The
more negative value of GLS, the better the LV function is. This study hypothesized that subtle abnormalities of
GLS are associated with an adverse prognosis.

Design, setting, participants, & measurements This prospective study collected clinical and echocardiographic
data (including GLS) from 88 stable hemodialysis patients (mean age 67.0611.2 years; 35%men) with preserved
LVEF. These patients were enrolled from December 2008 to January 2009 and were followed-up for 25.669.9
months. The primary outcome was all-cause mortality. Multivariate Cox regression analysis was used to in-
vestigate risk factors for mortality.

Results The mortality group (n=24) had lower albumin levels, less negative GLS, and higher prevalence of
coronary artery disease and diabetes mellitus than the survival group. Using aGLS cutoff value of215%, the less
negative GLS group (GLS $215%) had a higher mortality rate. Cox regression analyses revealed that lower
albumin level (hazard ratio, 0.16; 95% confidence interval, 0.05 to 0.53; P=0.003) and less negative GLS (hazard
ratio, 3.57; 95% confidence interval, 1.41 to 9.04; P=0.01) were independent predictors of all-cause mortality.
Furthermore, less negative GLS was associated with a higher cardiovascular death rate.

Conclusions Less negative GLS is predictive of poor prognosis among stable hemodialysis patients with
preserved LVEF.

Clin J Am Soc Nephrol 8: 1564–1574, 2013. doi: 10.2215/CJN.10671012

Introduction
Despite significant advances in dialysis, the high mor-
tality of ESRD patients is an important and unresolved
issue. Identifying the high-risk patients could allow
physicians to optimize therapeutic interventions, which
may lower morbidity and mortality (1). Heart failure
(HF) is one of the most frequent cardiac complications
in ESRD patients. Left ventricular (LV) systolic dys-
function, defined by low LV ejection fraction (LVEF),
is associated with poor prognosis (2–4). However, ab-
normal LV functions, as recognized by conventional
echocardiography, may identify only dialysis patients
with established cardiovascular disease (5–7). Neither
aggressive medical treatment nor multiple interven-
tion strategies are proved to improve prognosis in
ESRD patients (6,7). This lack of documented efficacy
may be attributable to the fact that interventions are
studied at disease stages at which severe structural
and functional changes have been established.

Cardiac functions in ESRD patients have been
studied extensively by conventional echocardiogra-
phy, which merely provides semiquantitative evalu-
ation and cannot detect subclinical cardiac
dysfunction (8). Although LV hypertrophy (LVH)
and reduced LVEF are recognized as prognostic pre-
dictors in dialysis patients, most ESRD patients have
LVH and preserved LVEF (ejection fraction $50%)
(1,9,10). Therefore, a more promising method to eval-
uate cardiac functions is critical.
Deformation (strain) is the fractional change in an

object’s dimension compared with the object’s original
dimension. LV global peak systolic longitudinal strain
(GLS), obtained from two-dimensional speckle-tracking
echocardiography with strain analysis (Figure 1), is the
ratio of the maximal change in myocardial longitudinal
length in systole to the original length. During systole,
LV myocardium in the longitudinal direction shortens
and GLS is represented by a negative value. The more
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negative value of GLS, the better the LV function is. Com-
pared with LVEF, GLS is a more sensitive, objective, and
reproducible modality for assessing cardiac functions, even
among HF patients with preserved LVEF and CKD patients
(11–14). In the general population, GLS has proven to be a
prognostic predictor (13,14). Reports suggest that subclinical
LV systolic dysfunction, as indicated by GLS, is present in
CKD and ESRD patients (8,12,15). However, there are few
data on the prognostic role of GLS in hemodialysis patients.
Thus, we conducted a prospective observational study to
assess the prognostic role of GLS in stable hemodialysis pa-
tients with preserved LVEF.

Materials and Methods
ESRD patients receiving a maintenance hemodialysis pro-

gram, thrice weekly over 3 months, were prospectively
screened from two community hospitals in Yun-Lin, Taiwan
(National Cheng Kung University Hospital Dou-Liou Branch
and Catholic Fu-An Hospital) (16). Patients who were aged
$18 years and willing to participate in this study were en-
rolled from December 2008 to January 2009. The exclusion
criteria were as follows: (1) age .80 years, (2) LVEF ,50%,
(3) HF that was diagnosed by the HF guideline criteria from
the European Society of Cardiology (17) presenting with
pulmonary edema in the past 6 months, (4) acute coronary
syndrome in the past 6 months, (5) chronic atrial fibrillation,
(6) moderate or severe valvular heart disease (including mi-
tral/aortic regurgitation or stenosis), and (7) inadequate
echocardiography imaging quality. The study adhered to
the Declaration of Helsinki and received approval from the
Human Research and Ethics Committee of National Cheng
Kung University Hospital (institutional review board

numbers: ER-97-183 and ER-98-073). All enrolled patients
provided written informed consent.
Clinical information on comorbidities, medical history, and

current cardiovascular medication was obtained by careful
review of each patient’s medical record and a self-reported
questionnaire. Patient compliance with prescribed medica-
tion regimens was reliably ascertained. The enrolled pa-
tients’ medical records during the follow-up period
(December 2008 to June 2011) were carefully reviewed,
and all participants were assured to receive adequate clear-
ance by dialysis. The primary outcome was all-cause mor-
tality. The secondary outcomes were major adverse
cardiovascular events (MACEs), such as cardiovascular
death; ischemic events, including admission due to angina
and coronary revascularization; and HF hospitalization. The
definition of MACEs is presented in Supplemental Table 1.
Blood was collected immediately before the midweek

dialysis session. Sera were stored at 280°C until analysis
and then thawed to measure the levels of cardiac troponin
T (cTnT) (fourth-generation Troponin T STAT immunoas-
say, ElecSys 2010 System; Roche Diagnostics, Indianapolis,
IN), high-sensitivity C-reactive protein (BN II analyzer;
Dade Behring, Glasgow, DE), IL-6 (chemiluminescent
sandwich ELISA, Quantikine Human IL-6; R&D Systems
Inc., Minneapolis, MN), and plasminogen-activator inhib-
itor type 1 (PAI-1) (Human PAI-1 ELISA Kit; Assaypro, St.
Charles, MO). Serum calcium, phosphate, and albumin
levels were measured using routine methods.

Echocardiography Measurements
All of the patients were examined in the left lateral

decubitus position by one well trained cardiologist (Y.W.L.),
using an ultrasound system with a 3.5-MHz probe (Vivid-i;

Figure 1. | Processing and presentation of GLS. Values of the peak systolic longitudinal strain from the apical long-axis, apical 4-chamber, and
apical 2-chamber views were obtained from automated function imaging software. (A) Tracking quality approval screen: segments with adequate
tracking are shownwith a Vmark. (B) The average value of peak systolic longitudinal strain in each segment calculated from three apical viewswas
used to generate a parametric display, named GLS. GLS, left ventricular global peak systolic longitudinal strain; basSept, basal septum; midSept,
midseptum; apSept, apical septum; apLat, apical lateral wall; midLat, midlateral wall; basLat, basal lateral wall; ANT_SEPT, anterior septum; ANT,
anterior; LAT, lateral; POST, posterior; INF, inferior; SEPT, septum;GLPSS, global longitudinal peak systolic strain; LAX, apical long-axis; A4C, apical
4-chamber; A2C, apical 2-chamber; Avg, average; HR_ApLAX, heart rate apical long-axis; AVC_MEAS, measured aortic valve closure timing.
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amyloidosis (28–30). In these cardiomyopathies, only GLS
precedes any clinical evidence of overt systolic dysfunction,
suggesting that abnormal GLS may represent an early stage
of abnormal LV geometry and function. It is feasible that
abnormal GLS is the precursor of overt uremic cardiomyop-
athy in dialysis patients. The mechanisms of abnormal GLS
in ESRD are not fully clear, but may reflect interstitial fibro-
sis with myocyte hypertrophy (31). Furthermore, less nega-
tive GLS may be also associated with microvascular

ischemia caused by the reduction in the density of myocar-
dial capillaries, myocardial fibrosis, or hemodialysis-related
myocardial stunning (32–35). Nevertheless, GLS is a reliable
and early parameter to detect myocardial abnormalities such
as fibrosis or ischemia, which often precede overt systolic
dysfunction (9,19,20). Because myocardial abnormalities in
ESRD patients may lead to poor prognosis, this might ex-
plain the predictive value of GLS for long-term prognosis in
stable hemodialysis patients with preserved LVEF.

Figure 3. | Increased cardiac troponin T (cTnT) level and less negative left ventricular global peak systolic longitudinal strain (GLS) were
associated with increased all-cause moratlity rate in asymptomatic hemodialysis patients (A and B). Only less negative GLS, but not cTnT, was
associated with higher cardiovascular (CV) death rate (C and D).

Table 3. Prognosis of asymptomatic hemodialysis patients with preserved LVEF

Less Negative GLS group
(GLS $215%, n=15)

More Negative GLS group
(GLS ,215%, n=73) P

Primary outcome
All-cause mortality 9 (60) 15 (21) 0.004

Secondary outcomes
Cardiovascular death 4 (27) 5 (7) 0.04
Revascularization 1 (7) 5 (7) .0.99
Admission due to heart failure 2 (13) 3 (4) 0.20
Admission due to angina pectoris 4 (27) 9 (12) 0.22
Major adverse cardiovascular eventa 5 (33) 9 (12) 0.05

Data are presented as n (%). LVEF, left ventricular ejection fraction; GLS, global left ventricular peak systolic longitudinal strain.
aMajor adverse cardiovascular events include cardiovascular death, revascularization, and admission due to heart failure or angina.

Clin J Am Soc Nephrol 8: 1564–1574, September, 2013 GLS and Prognosis in Hemodialysis, Liu et al. 1571
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ABSTRACT
Background Hemodialysis (HD) induces left ventricular (LV) transient myocardial dysfunction. A complex
interplay between linear deformations and torsional mechanics underlies LV myocardial performance.
Although intradialytic exercise (IDE) induces favorable effects on central hemodynamics, its effect on
myocardial mechanics has never been comprehensively documented.

Methods To evaluate the effects of IDE on LV myocardial mechanics, assessed by speckle-tracking echo-
cardiography, we conducted a prospective, open-label, two-center randomized crossover trial.Weenrolled 60
individuals with ESKD receiving HD, who were assigned to participate in two sessions performed in a
randomized order: standard HD and HD incorporating 30 minutes of aerobic exercise (HDEX). We measured
global longitudinal strain (GLS) at baseline (T0), 90 minutes after HD onset (T1), and 30 minutes before ending
HD (T2). At T0 and T2, we also measured circumferential strain and twist, calculated as the net difference
between apical and basal rotations. Central hemodynamic data (BP, cardiac output) also were collected.

Results The decline in GLS observed during the HD procedure was attenuated in the HDEX sessions
(estimated difference, 21.16%; 95% confidence interval [95% CI], 20.31 to 22.02; P 5 0.008). Compared
with HD, HDEX also demonstrated greater improvements from T0 to T2 in twist, an important component
of LV myocardial function (estimated difference, 2.48°; 95% CI, 0.30 to 4.65; P 5 0.02). Differences in
changes from T0 to T2 for cardiac loading and intradialytic hemodynamics did not account for the beneficial
effects of IDE on LV myocardial mechanics kinetics.

Conclusions IDE applied acutely during HD improves regional myocardial mechanics and might warrant
consideration in the therapeutic approach for patients on HD.

JASN 00: 1–11, 2023. doi: https://doi.org/10.1681/ASN.0000000000000149

INTRODUCTION

ESKD is a global public health issue, with nearly 2.6
million people worldwide on hemodialysis (HD).1

Individuals with ESKD have a substantially increased
incidence of cardiovascular events andmortality.2 LV
geometry and structure (e.g., fibrosis) abnormalities
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Table 4. Myocardial mechanics and loading conditions during hemodialysis

Variable Linear Mixed-Effects Model

HD HDEX Condition3
Sequence

Condition3Time

T0 T1 T2 T0 T1 T2 P Value
Estimated
Differencea

95% CI P Value

Primary outcome
GLS (%) 218.263.1 216.263.3 215.263.7 218.163.0 216.863.5 216.363.4 0.94 21.16 20.31 to 22.02 0.008

,0.001 ,0.001
P valueb ,0.001 0.007

,0.001 ,0.001
Secondary outcomes T0 T2 T0 T2

Myocardial mechanics
CS (%) 215.763.7 213.063.9 215.663.8 214.963.2 0.65 21.68 23.21 to 20.15 0.03
P valueb ,0.001 0.07
Basal rotation (°) 27.863.5 28.563.9 27.462.9 29.063.4 0.13 20.94 22.39 to 0.51 0.20
P valueb 0.11 ,0.001
Apical rotation (°) 9.464.4 7.963.9 9.264.0 9.663.9 0.99 1.82 0.32 to 3.33 0.01
P valueb 0.02 0.44
Twist (°) 14.765.7 14.665.2 14.265.7 16.365.4 0.12 2.48 0.30 to 4.65 0.02
P valueb 0.72 0.01
Twisting rate (°/s) 94629 107643 89628 120644 0.26 16.0 0.03 to 31.9 0.04
P valueb 0.03 ,0.001
Untwisting rate (°/s) 2104637 2106642 2106645 2123649 0.73 214.1 232.6 to 4.4 0.13
P valueb 0.65 0.03
Loading conditions
EDV (ml) 106627 91624 108628 92622 0.84 0.32 27.8 to 8.4 0.93
P valueb ,0.001 ,0.001
ses (g/cm2) 91642 76638 90642 78639 0.98 3.3 212.9 to 19.5 0.68
P valueb 0.03 0.03

HD, hemodialysis; 95% CI, 95% confidence interval; CS, circumferential strain; EDV, end-diastolic volume; GLS, global longitudinal strain; ses, meridional wall stress.
aEstimated difference of change from T0 to T2 between standard hemodialysis and HDEX generated by the linear mixed-effects regression model, with standard hemodialysis and T0 as reference factors. Negative
estimated differences for negative data, such as global longitudinal strain, circumferential strain, basal rotation, or untwisting rate, and positive estimated differences for positive data, such as apical rotation, twist, or
twisting rate, indicate the superiority and cardioprotective effect of HDEX. The parameters were estimated by maximum likelihood and P values generated by Wald tests.
bP value for change from T0 to T2 within the same condition, analyzed using the one-sample t test.
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Echocardiography
Transthoracic echocardiography was performed using a Vivid
Q system (GE Healthcare, Horten, Norway) with a 3.5-MHz
transducer. Cine loops in apical 4, 2, and 3-chamber views
were recorded at T0, T1, and T2, respectively, while loops in
parasternal long- and short-axis (basal, papillary muscle and
apical levels) views were only obtained at T0 and T2, re-
spectively. The apical plane was acquired with the trans-
ductor in a caudal position (i.e., below the papillary muscles)
to improve LV apical rotation measurement.19 Images were
analyzed in cine loops triggered by the QRS complex and
saved for blinded offline analysis, which was performed using
dedicated software (EchoPAC 203TM—GE Healthcare, Chi-
cago). Three cycles with the best image quality were used
for analysis.

Standard Echocardiography
Standard acquisitions were recorded before the first session in
accordance with the guidelines from the American Society of
Echocardiography.20 LV internal diameters and wall thicknesses
were measured from the parasternal long-axis view. LV mass
was calculated by the Devereux formula and indexed to body
surface area. LV volume and ejection fraction were measured
using the Simpson biplane method. LV diastolic function was
assessed using early (E) and atrial transmitral flow velocities,
recorded in the apical 4-chamber view. Myocardial systolic,
early diastolic (e’), and atrial velocities were measured with a
color-coded Doppler Tissue Imaging at the mitral annular level
in the apical 4-chamber view. Peak e’ (i.e., average recorded on
the LV septal and lateral wall) and the E/e’ ratio were used as
indexes of LV relaxation and filling pressure, respectively.21

Figure 1. Study consort diagram. Study screening, consent, echo window, participation, and dropout.

Figure 2. Schematic for HD and HDEX sessions. Dotted lines (⋮) indicate BP and CO measurements. Arrows (↓) indicate transthoracic
echocardiography. Gray box indicates IDE during HDEX.

JASN 00: 1–11, 2023 Exercise Cardioprotection in ESKD, Josse et al. 3
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Hemodialysis-Induced Cardiac Dysfunction Is Associated
with an Acute Reduction in Global and Segmental
Myocardial Blood Flow
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Background and objectives: Hemodialysis is associated with hemodynamic instability, acute cardiac ischemia, and the
development of regional wall motion abnormalities (RWMAs). This study used serial intradialytic H2

15O positron emission
tomography scanning to confirm that the development of dialysis-induced RWMAs was associated with reduction in
myocardial blood flow (MBF).

Design, setting, participants, & measurements: Four prevalent hemodialysis patients without angiographically significant
coronary artery disease had measurements of MBF during standard hemodialysis and biofeedback dialysis. All patients
underwent serial measurements of MBF using positron emission tomography. Concurrent echocardiography was used to
assess left ventricular function and the development of RWMAs. Hemodynamic variables were measured using continuous
pulse wave analysis.

Results: Mean prehemodialysis MBF was within the normal range. Global MBF was acutely reduced during hemodialysis.
Segmental MBF was reduced to a significantly greater extent in areas that developed RWMAs compared with those that did
not. Not all regions with reduced MBF were functionally affected, but a reduction in myocardial blood flow of >30% from
baseline was significantly associated with the development of RWMAs. No significant differences in hemodynamic tolera-
bility, RWMA development, or MBF between dialysis modalities were observed.

Conclusions: Hemodialysis is associated with repetitive myocardial ischemia, which, in the absence of coronary artery
disease, may be due to coronary microvascular dysfunction. Stress-induced segmental left ventricular dysfunction correlates
with matched reduction in MBF. Functional poststress recovery is consistent with myocardial stunning induced by hemodi-
alysis. This process may be important in the development of heart failure in long-term hemodialysis patients.

Clin J Am Soc Nephrol 3: 19–26, 2008. doi: 10.2215/CJN.03170707

D ialysis patients display hugely elevated rates of car-
diac mortality (1), and it is becoming appreciated that
this rate of cardiovascular attrition is not driven by

the same variety of risk factors or pathophysiologic processes
that are important in the general population (2). Classical com-
plicated atherosclerotic disease seems not to be the predomi-
nant mode of death in hemodialysis (HD) patients. Cardiac
failure develops in as many as 25 to 50% of HD patients and
confers a dramatic reduction in probability of survival (3). In
addition, a significant percentage of cardiac mortality is due to
sudden death (4), which seems to be temporarily related to the
dialysis procedure (5).

Myocardial ischemia may be precipitated by HD; a variety
studies have confirmed dialysis-induced myocardial ischemia

(6). Short intermittent HD treatments exert significant hemody-
namic effects, and 20 to 30% of treatments are complicated by
intradialytic hypotension (7,8). In conjunction with this, HD
patients are particularly susceptible to myocardial ischemia. In
addition to the high prevalence of coronary artery atheroma (9),
diabetic dialysis patients have been shown to have a reduced
coronary flow reserve (CFR) in the absence of coronary vessel
stenoses (10). CFR determines the ability to increase blood flow
to the myocardium during increased demand, and there is
preliminary evidence that the same reduction of CFR is also
seen in dialysis patients without diabetes (11). HD patients
characteristically also exhibit left ventricular (LV) hypertrophy,
reduced peripheral arterial compliance, impaired microcircula-
tion (12), and ineffective vasoregulation (in response to HD
with ultrafiltration). All of these factors also predispose to
demand ischemia.

In patients with coronary artery disease (CAD) but without
chronic kidney disease, transient myocardial ischemia may lead
to LV dysfunction that can persist after the return of normal
perfusion. This prolonged dysfunction is known as myocardial
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test or Wilcoxon rank sum test was used depending on normality of the
distribution. An ! error at P ! 0.05 was judged to be significant.

Results
Echocardiographic Data
Throughout the study, all patients were in sinus rhythm, and
none had significant valvular disease or pulmonary hyperten-
sion. At 2 and 4 h, a total of 39 RWMA developed during both
types of dialysis. There was no significant difference in the
number of RWMA that developed between 2 and 4 h. At 30 min
after dialysis (recovery period) compared with 4 h, 81% of
RWMA had improved and 23% had regained normal function,
confirming the presence of myocardial stunning in this group.
There was no significant difference in either the number of
RWMA or their severity in terms of SF between HD and BFD
during dialysis or after the recovery period (P " 0.05 by
ANOVA).

PET Data
All results were corrected for RPP; however, no significant
difference was observed between corrected and noncorrected
values at given time points. Previous studies have shown re-
duced baroreflex sensitivity and heart rate variability in this
group (30); results shown are therefore noncorrected unless
otherwise stated.

Global, mean predialysis MBF for both modalities was within
the normal range. Global MBF was acutely reduced during
dialysis and became progressively worse over time. There was
some restoration of flow (but not complete) after the 30-min
recovery period (see Figure 1).

Segmental MBF was reduced in 67 and 90% of regions at 2
and at 4 h, respectively. Three of the four patients had universal
(100%) involvement with reduction of MBF in all segments
during both dialysis modalities.

Between dialysis modalities (HD and BFD), baseline MBF
was compared on an individual basis for each. There were no

significant differences in three of the four patients (P " 0.05);
however, one patient showed a significant improvement in
resting MBF after the 2 wk of BFD. There were also no signif-
icant differences in MBF between dialysis modalities at 2 or 4 h,
although when observing individual patients, one had a signif-
icant improvement in MBF at 4 h during BFD (P ! 0.001)
without any significant difference in MBF at baseline.

After the recovery period, there was an improvement in MBF
in 85% of segments demonstrating partial but not complete
restoration of blood flow after 30 min. There was a greater
overall restoration of MBF after BFD compared with HD (P !
0.001; Figure 2).

The development of RWMA demonstrated by echocardiog-
raphy was significantly associated with a greater percentage
reduction in MBF (#30 $ 27.7 versus #12.3 $ 12.3%; P % 0.001;
Figure 3). Not all regions with reduced MBF were functionally
affected; however, a reduction in MBF "30% from baseline
(mean reduction of MBF in all regions 29%) was significantly
associated with the development of RWMA (P ! 0.01). Also, in
areas where reduction in MBF was !30%, there was actually a
mean overall increase in percentage wall motion (Figure 4).

Hemodynamic Data
Hemodynamic data are summarized in Figure 5. Mean systolic
BP was maintained slightly higher during BFD (127 $ 10
mmHg) than HD (124 $ 12 mmHg; P ! 0.05). There were no
significant differences between diastolic BP and mean arterial
pressure between HD and BFD. None of the patients had
episodes of symptomatic or asymptomatic intradialytic hypo-
tension. Heart rate increased throughout both modalities to a
similar degree, with means of 6 $ 2% during HD and 6 $ 3%
during BFD (NS).

Laboratory Data
There were no differences in any of the biochemical parameters
when the two types of dialysis were compared. Cardiac tropo-
nin-I levels were similar between the two modalities and did

Figure 1. Mean global myocardial blood flow (MBF) reduced
significantly during dialysis from baseline with partial restora-
tion in the recovery period.

Figure 2. Mean MBF during hemodialysis (HD) and biofeed-
back dialysis (BFD). No significant benefit was seen between
dialysis modalities during treatment (†P " 0.05); however, there
was an improvement in MBF in the recovery period after BFD
(*P ! 0.001).

22 Clinical Journal of the American Society of Nephrology Clin J Am Soc Nephrol 3: 19–26, 2008
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not change significantly after dialysis. Three of the four patients
had normal cardiac troponin-I levels of !0.032 (Table 2).

Discussion
This study demonstrates for the first time that HD is associated
with significant reductions in MBF and that HD stress–induced
myocardial ischemia results in the development of RWMA.
Furthermore, dialysis-induced myocardial stunning occurs in
the absence of large-vessel epicardial coronary disease.

All of the patients in all of the HD treatments studied devel-
oped RWMA during HD. Both the pattern of abnormalities and
the subsequent partial resolution after dialysis are in keeping
with previous reports. We reported this phenomenon in two
previous studies (19,20). In an additional cross-sectional study
of 75 unselected HD patients, we also found significant dialy-
sis-induced RWMA in 63% of patients who were undergoing
conventional thrice-weekly HD (31).

Cardiac PET scanning using H2
15O revealed significant dial-

ysis-induced changes in global and segmental MBF. Resting
values in these patients were broadly in keeping with pub-
lished values in patients without CAD or uremia (32). This is
expected because ischemic potential of myocardium is deter-
mined by reduced CFR rather than resting perfusion. The val-
ues were also consistent within an individual between two
study sessions. All patients experienced global reduction of
MBF, which increased during the HD session and was partially
restored to normality 30 min after HD. This observed pattern of
change is mirrored in the development of RWMA during HD,
both within this study and in others (19,20). The magnitude of
the reduction in MBF at peak stress during HD is also broadly
comparable with that observed in studies of pharmacologically
stressed myocardial ischemia in patients with known signifi-
cant CAD (14).

The reduction of MBF was significantly more marked in
segments of myocardium that also displayed significant dialy-
sis-induced reduction in contractile function. Regional suben-
docardial and transmural MBF has been well correlated to
reduction in segmental ventricular function in studies in con-
scious dogs that were subjected to graded coronary restriction
(33). We observed a similar scale of response in our patients
who were subjected to HD.

Although these patients did not have angiographic evidence

Figure 3. The development of regional ventricular dysfunction
as measured by regional wall motion abnormalities (RWMA;
abnormal regions) was associated with a greater reduction in
MBF from baseline than areas that maintained normal move-
ment (normal regions; P " 0.001).

Figure 4. An MBF reduction of !30% was associated with a
mean reduction in wall motion of #15.2%; however, an MBF
reduction of !30% was associated with a mean increase in wall
motion of 5% (P ! 0.01).

Figure 5. (A) Overall mean BP between HD and BFD. BP was
maintained higher on BFD (P ! 0.05). (B) Heart rate increased
similarly during both HD and BFD.
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not change significantly after dialysis. Three of the four patients
had normal cardiac troponin-I levels of !0.032 (Table 2).

Discussion
This study demonstrates for the first time that HD is associated
with significant reductions in MBF and that HD stress–induced
myocardial ischemia results in the development of RWMA.
Furthermore, dialysis-induced myocardial stunning occurs in
the absence of large-vessel epicardial coronary disease.

All of the patients in all of the HD treatments studied devel-
oped RWMA during HD. Both the pattern of abnormalities and
the subsequent partial resolution after dialysis are in keeping
with previous reports. We reported this phenomenon in two
previous studies (19,20). In an additional cross-sectional study
of 75 unselected HD patients, we also found significant dialy-
sis-induced RWMA in 63% of patients who were undergoing
conventional thrice-weekly HD (31).

Cardiac PET scanning using H2
15O revealed significant dial-

ysis-induced changes in global and segmental MBF. Resting
values in these patients were broadly in keeping with pub-
lished values in patients without CAD or uremia (32). This is
expected because ischemic potential of myocardium is deter-
mined by reduced CFR rather than resting perfusion. The val-
ues were also consistent within an individual between two
study sessions. All patients experienced global reduction of
MBF, which increased during the HD session and was partially
restored to normality 30 min after HD. This observed pattern of
change is mirrored in the development of RWMA during HD,
both within this study and in others (19,20). The magnitude of
the reduction in MBF at peak stress during HD is also broadly
comparable with that observed in studies of pharmacologically
stressed myocardial ischemia in patients with known signifi-
cant CAD (14).

The reduction of MBF was significantly more marked in
segments of myocardium that also displayed significant dialy-
sis-induced reduction in contractile function. Regional suben-
docardial and transmural MBF has been well correlated to
reduction in segmental ventricular function in studies in con-
scious dogs that were subjected to graded coronary restriction
(33). We observed a similar scale of response in our patients
who were subjected to HD.

Although these patients did not have angiographic evidence

Figure 3. The development of regional ventricular dysfunction
as measured by regional wall motion abnormalities (RWMA;
abnormal regions) was associated with a greater reduction in
MBF from baseline than areas that maintained normal move-
ment (normal regions; P " 0.001).

Figure 4. An MBF reduction of !30% was associated with a
mean reduction in wall motion of #15.2%; however, an MBF
reduction of !30% was associated with a mean increase in wall
motion of 5% (P ! 0.01).

Figure 5. (A) Overall mean BP between HD and BFD. BP was
maintained higher on BFD (P ! 0.05). (B) Heart rate increased
similarly during both HD and BFD.
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 Abstract 
 We discuss the current state of knowledge related to the pathogenesis of myocardial stunning 
as well as the potential mechanisms responsible for the clinical presentation of myocardial stun-
ning in hemodialysis patients. We suggest future research areas for this critical and clinically 
important condition in this high-risk patient population. In consideration of acute and chronic 
changes secondary to dialysis, especially in patients with risk for coronary artery disease, the 
prevalence of myocardial stunning and its role in the natural history of these patients’ disease 
progression is considered. We propose a paradigm: that the majority of the pathophysiologic 
mechanisms by which hemodialysis may induce myocardial stunning falls into two categories 
with (1) vascular and/or (2) metabolic contributions. In order to prevent eventual myocardial hi-
bernation, myocardial remodeling, scarring, and loss of contractile function with aberrant elec-
trical conductivity that could lead to sudden death, it is imperative to identify the risk factors 
associated with myocardial stunning during hemodialysis. Further understanding of these 
mechanisms may lead to novel clinical interventions and pharmacologic therapeutic agents. 

 Copyright © 2012 S. Karger AG, Basel 

 Published online: March 30, 2012 

 Kevin C. Dellsperger, MD, PhD  Center for Healthcare Quality, University of Missouri 
 One Hospital Drive, CE549, DC 375.00 
 Columbia, MO 65212 (USA) 
 Tel. +1 573 882 7423, E-Mail dellspergerk   @   health.missouri.edu 

www.karger.com/crm

 DOI: 10.1159/000337476 

D
ow

nloaded from
 http://karger.com

/crm
/article-pdf/2/2/125/2512169/000337476.pdf by guest on 10 January 2024

127

Cardiorenal Med 2012;2:125–133

 DOI: 10.1159/000337476 
 Published online: March 30, 2012 

 Zuidema et al.: Myocardial Stunning with Dialysis 

www.karger.com/crm
© 2012 S. Karger AG, Basel

verting enzyme inhibition and the subsequent increase of bradykinin can modulate and pro-
tect against the severity of stunning.

  Metabolic and cellular contributions from ROS and calcium homeostasis also have some 
overlap with the vascular dysfunction that is likely to occur with myocardial stunning. More 
specifically, the vascular elements that contribute to myocardial stunning are likely depen-
dent on the endothelium and lead to microvascular dysfunction. Extravascular influences 
also include compressive forces from edema. These factors can impair blood flow regulation 
and directly affect contractile function. In addition, vascular dysfunction can negatively im-
pact myocardial ventricular wall energetics and mechanics. Wall stress likely increases myo-
cardial energy expenditure and then introduces a load that negatively influences myocar-
dial mechanics. Certainly, it is the interplay of metabolic demand and myogenic supply and 
function that is of central importance in the development of stunning, particularly in the 
HD population.

  Cardiac Physiology of HD 

 HD exerts hemodynamic changes, with the most deleterious effect of hypotension dur-
ing dialysis. Hypotension during dialysis in patients with an already increased risk for CAD 
has been shown to precipitate myocardial ischemia  [17] . Interestingly, the development of 
ST-segment depression during HD is independent of angiographic evidence of CAD  [18] . 
Cardiac troponin T levels are often elevated in dialysis patients, and these elevated levels pre-
dict increased mortality  [6, 19, 20] . Indeed, chronic kidney disease (CKD) is an independent 
risk factor for acute myocardial infarction and stable angina in patients with CAD  [21] . Myo-
cardial stunning can occur in the HD population even in the absence of CAD. In  figure 1 , a 
schematic of contributing factors is illustrated, with a specific focus to the known patho-
physiology of myocardial stunning and the potential hemodynamics of HD that may con-
tribute to the increased prevalence of myocardial stunning in this population.

  With intravascular volume shifts, it is perceivable that the LV volume, pressure, shape, and 
morphology are in a load-dependent state, increasing myocardial energy demand and nega-
tively impacting myocardial mechanics. These alterations might contribute to the increased 
peak systolic and diastolic wall stress, similar to the wall stress seen in patients with severe 

Regional Coronary Ischemia

Impaired Metabolic 
Regulation of Blood Flow

Impaired Vascular 
Regulation of Blood Flow

Decreased Coronary 
Flow Reserve

Microvascular 
Dysfunction

Increased Reactive 
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  Fig. 1.  Hemodialysis-induced 
myocardial stunning: our para-
digm of myocardial stunning in 
the HD population proposes sev-
eral metabolic/cellular factors as 
well as vascular factors that lead 
to impaired calcium signaling, 
oxidative stress and myocardial 
inflammation, predisposing to 
regional coronary ischemia and 
myocardial stunning. 
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Hemodialysis-Induced Regional Left Ventricular Systolic
Dysfunction and Inflammation: A Cross-sectional Study

Solmaz Assa, MD,1 Yoran M. Hummel, BSc,2 Adriaan A. Voors, MD, PhD,2

Johanna Kuipers,3 Ralf Westerhuis, MD, PhD,1,3 Henk Groen, MD, PhD,4

Stephan J.L. Bakker, MD, PhD,1 Anneke C. Muller Kobold, PhD,5

Wim van Oeveren, PhD,6,7 Joachim Struck, PhD,8 Paul E. de Jong, MD, PhD,1 and
Casper F.M. Franssen, MD, PhD1

Background: Hemodialysis may acutely induce regional left ventricular (LV) systolic dysfunction, which is
associated with increased mortality and progressive heart failure. We tested the hypothesis that hemodialysis-
induced regional LV systolic dysfunction is associated with inflammation and endothelial injury. Additionally,
we studied whether hemodialysis-induced LV systolic dysfunction is associated with an exaggerated
bioincompatibility reaction to hemodialysis.
Study Design: Cross-sectional study.
Setting & Participants: 105 hemodialysis patients on a thrice-weekly dialysis schedule were studied

between March 2009 and March 2010.
Predictors: Plasma indexes of inflammation (high-sensitivity C-reactive protein, pentraxin 3 [PTX3],

interleukin 6 [IL-6], and IL-6:IL-10 ratio), bioincompatibility (leukocytes, neutrophils, complement C3, and
myeloperoxidase), and endothelial function (soluble intercellular adhesion molecule 1 [ICAM-1], von
Willebrand factor, proendothelin, and endothelin) were measured just before dialysis and at 60, 180, and
240 minutes intradialysis.
Outcomes: Hemodialysis-induced regional LV systolic function. Wall motion score was measured by

echocardiography at 30 minutes predialysis, 60 and 180 minutes intradialysis, and 30 minutes postdialysis. We
defined hemodialysis-induced regional LV systolic dysfunction as an increase in wall motion score in 2 or more
segments.
Results: Patients with hemodialysis-induced regional LV systolic dysfunction (n 5 29 [27%]) had

significantly higher predialysis high-sensitivity C-reactive protein, PTX3, IL-6, and lL-6:IL-10 ratio values.
Predialysis levels of bioincompatibility and endothelial markers did not differ between groups. Intradialysis
courses of markers of inflammation, bioincompatibility, and endothelial function did not differ in patients with
versus without hemodialysis-induced regional LV systolic dysfunction.
Limitations: Coronary angiography or computed tomography for quantification of coronary calcifications in

our patients was not performed; therefore, we could not relate markers of inflammation to the extent of
atherosclerosis.
Conclusions: Patients with hemodialysis-induced regional LV systolic dysfunction have a proinflammatory

cytokine profile. There was no indication of an association with an exaggerated bioincompatibility reaction to
hemodialysis.
Am J Kidney Dis. 64(2):265-273. ª 2014 by the National Kidney Foundation, Inc.

INDEX WORDS: Cardiac stunning; hemodialysis; left ventricular systolic dysfunction; proinflammatory
cytokine; biomarker; high-sensitivity C-reactive protein (hs-CRP); interleukin 6 (IL-6); pentraxin 3 (PTX3);
progressive heart failure; hemodynamic instability; echocardiography.

Hemodialysis is life-saving in patients requiring
replacement of kidney function, but the

adverse effects of the hemodialysis procedure may
contribute to the high cardiovascular risk observed in
these patients. The hemodialysis procedure clearly is
stressful for the cardiovascular system because it

often is accompanied by hemodynamic instability.1

We and other investigators have shown that regular
hemodialysis sessions can induce reversible re-
ductions in myocardial blood flow, with such severity
as to lead to transient left ventricular (LV) systolic
dysfunction.2,3 Subsequent studies have shown that
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P . 0.05). Predialysis levels of myeloperoxidase, C3,
and endothelial markers also were not significantly
different between the 2 groups (all P . 0.05). von
Willebrand factor levels tended to be significantly
higher in patients with hemodialysis-induced regional
LV dysfunction (P 5 0.07).
Patients with abnormal WMSI (WMSI . 1) had

significantly higher predialysis hs-CRP levels and
tended to have higher IL-6 levels. Patients with
abnormal LVEF (LVEF , 50%) had significantly
higher predialysis PTX3 and IL-6 levels and lower
IL-10 levels and tended to have higher hs-CRP
levels. There was no significant difference in
levels of bioincompatibility and endothelial markers
between patients with normal and abnormal WMSI
and between patients with normal and abnormal LVEF
(Table S1, available as online supplementary material).
In univariate regression analysis, higher predialysis

hs-CRP and PTX3 levels and higher IL-6:IL-10
ratios were associated significantly with the occur-
rence of hemodialysis-induced regional LV systolic
dysfunction (Table 3). Higher IL-6 and lower IL-10
levels did not have statistically significant associa-
tions, but P values were 0.08 and 0.09, respectively.
In multivariate analysis, higher hs-CRP, lower IL-10,
and higher IL-6/IL-10 ratio values remained inde-
pendently associated significantly with hemodialysis-
induced regional LV systolic dysfunction after
adjustment for age, sex, dialysis vintage, and pre-
dialysis WMSI (Table 3). For bioincompatibility and
endothelial markers, none of the tests for association
with hemodialysis-induced regional LV systolic
dysfunction in multivariate analysis gave statistically
significant results, although the P value for higher
predialysis C3 levels was borderline (P 5 0.07;
Table 3).

In a backward stepwise logistic regression model
including the combination of all inflammatory
markers, hs-CRP and IL-10 remained the most pre-
dictive inflammatory markers for the occurrence
of hemodialysis-induced regional LV dysfunction,
with hazard ratios of 4.36 and 0.16, respectively
(Table S2).
Predialysis hs-CRP and IL-6:IL-10 ratio values

showed a dose-effect pattern, with higher levels in
patients developing an increasing number of regional
wall motion abnormalities during or after hemodial-
ysis (P 5 0.01 and P 5 0.006, respectively; Fig 3).
Of the other markers of inflammation, IL-6 level did
not have a statistically significant association, but
P 5 0.06 (data not shown).

Changes in Biomarker Concentrations During
Hemodialysis

In the entire group, PTX3, TNF-a, and IL-10 levels
increased significantly, whereas leukocyte, neutro-
phil, C3, and IL-6:IL-10 ratio values decreased
significantly during hemodialysis. hs-CRP levels did
not change significantly when pre- and postdialysis
values were compared (P 5 0.1). Myeloperoxidase
levels increased significantly (P , 0.001) during
dialysis, with a sharp increase at 60 minutes intra-
dialysis (P , 0.001; Table S3).
The intradialysis course of von Willebrand factor

levels showed a peak at 60 minutes intradialysis,
which was significantly higher compared with
predialysis (P , 0.001). Soluble ICAM-1 and endo-
thelin levels increased significantly (P , 0.001),
whereas proendothelin levels decreased significantly
(P , 0.001) during dialysis (Table S3).
Courses of levels of the inflammatory, bio-

incompatibility, and endothelial markers during hemo-
dialysis did not differ significantly in patients with
versus without hemodialysis-induced regional LV sys-
tolic dysfunction (all P . 0.05; Table 2).

DISCUSSION

This study shows that patients with hemodialysis-
induced regional LV systolic dysfunction have
significantly higher predialysis levels of the acute-
phase proteins hs-CRP and PTX3, higher levels of
the proinflammatory cytokine IL-6, and a higher ratio
of IL-6 and the anti-inflammatory cytokine IL-10. The
intradialysis course of markers of bioincompatibility
(leukocytes, neutrophils, myeloperoxidase, and C3)
and the rapid-response PTX3 did not differ between
patients with and without hemodialysis-induced
regional LV systolic dysfunction. Therefore, the more
pronounced systemic inflammation in patients with
hemodialysis-induced regional LV systolic dysfunc-
tion does not seem to originate from an exaggerated
bioincompatibility reaction to hemodialysis.

Figure 2. The course of blood volume in patients with and
without hemodialysis (HD)-induced regional left ventricular (LV)
systolic dysfunction (mean 6 standard deviation).
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Levels of most circulating acute-phase proteins and
proinflammatory cytokines are elevated in hemodial-
ysis patients compared with apparently healthy con-
trols,17 and higher levels are associated with increased
risk of mortality and cardiovascular events.7,18-21 The
association between inflammation and hemodialysis-
induced cardiac dysfunction has not been reported
before. In the present study, predialysis levels of
hs-CRP, PTX3, IL-6, and the IL-6:IL-10 ratio were all
significantly higher in patients who subsequently
developed hemodialysis-induced regional LV systolic
dysfunction. In multivariate analyses, IL-6 level lost
its significant association, but higher hs-CRP level,
higher IL-6:IL-10 ratio, and lower IL-10 level
remained as independent factors associated with the
development of cardiac dysfunction during hemodi-
alysis. Interestingly, hs-CRP and IL-6:IL-10 ratio
values showed a dose-response relation, with higher

levels in patients who developed a greater number of
regional wall motion abnormalities during hemodial-
ysis. These results strongly suggest that there is
a link between systemic inflammation and the
development of hemodialysis-induced regional LV
systolic dysfunction. Inflammation could have a
pathophysiologic function in the development of
LV systolic dysfunction during hemodialysis, for
example, by increasing the susceptibility for cardiac
ischemia through a negative effect of inflammation
on endothelial function of the myocardial microcir-
culation22 and/or by cardiodepressive effects of
proinflammatory cytokines and complement fac-
tors.9,23,24 However, at present, these mechanisms are
speculative. There are several other theoretical pos-
sibilities for the link between hemodialysis-induced
regional LV systolic dysfunction and inflammation.
First, the higher inflammatory marker levels may

Table 3. Regression Models for the Relationship Between Predialysis Concentration of Markers and Hemodialysis-Induced Regional
LV Systolic Dysfunction

Univariate Multivariatea

OR (95% CI) P OR (95% CI) P

Inflammatory markers
Log(hs-CRP) 2.82 (1.10-7.25) 0.03 3.38 (1.02-11.20) 0.05
Log(PTX3) 6.27 (1.08-36.47) 0.04 2.41 (0.28-21.00) 0.4
Log(TNF-a) 0.72 (0.05-10.92) 0.8 1.18 (0.05-30.15) 0.9
Log(IL-6) 3.30 (0.86-12.70) 0.08 2.13 (0.44-10.31) 0.4
Log(IL-10) 0.34 (0.10-1.16) 0.09 0.21 (0.04-0.97) 0.05
Log(IL-6:IL-10 ratio) 4.14 (1.42-12.03) 0.009 3.92 (1.20-12.75) 0.02

Bioincompatibility markers
Leukocytes 1.03 (0.83-1.27) 0.8 1.06 (0.85-1.33) 0.6
Neutrophils 1.03 (0.76-1.41) 0.8 1.05 (0.76-1.46) 0.8
Myeloperoxidase 0.08 (0.003-2.02) 0.1 0.28 (0.01-15.41) 0.5
Complement C3 4.15 (0.65-26.74) 0.1 8.26 (0.85-79.99) 0.07

Endothelial markers
sICAM-1 0.53 (0.04-7.56) 0.6 0.44 (0.01-15.0) 0.7
vWF 1.01 (0.99-1.01) 0.08 1.01 (0.99-1.02) 0.4
Proendothelin 0.73 (0.01-46.1) 0.9 0.22 (0.001-36.25) 0.6
Endothelin 1 0.33 (0.10-1.11) 0.07 0.28 (0.06-1.27) 0.1

Note: ORs are per 1-unit increase in marker concentration (or logarithm of marker concentration).
Abbreviations: CI, confidence interval; hs-CRP, high sensitivity C-reactive protein; IL, interleukin; LV, left ventricular; OR, odds ratio;

PTX3, pentraxin 3; TNF, tumor necrosis factor; sICAM-1, soluble intercellular adhesion molecule 1; vWF, von Willebrand factor.
aCorrected for age, sex, dialysis vintage, and predialysis wall motion score index.

Figure 3. Dose-effect relation be-
tween high-sensitivity C-reactive pro-
tein (hs-CRP) level and interleukin 6
(IL-6):IL-10 ratio and the number of
left ventricular segments that subse-
quently developed wall motion abnor-
malities during or after hemodialysis.
P values denote the overall difference.
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Clinical and pathologic characteristics of dilated
cardiomyopathy in hemodialysis patients

JIRO AOKI, YUJI IKARI, HIROYOSHI NAKAJIMA, MASAYA MORI, TOKUICHIRO SUGIMOTO,
MITSUHARU HATORI, SHUZOU TANIMOTO, EISUKE AMIYA, and KAZUHIRO HARA

Divisions of Cardiology, Pathology, and Nephrology, Mitsui Memorial Hospital, Tokyo, Japan

Clinical and pathologic characteristics of dilated cardiomyopa-
thy in hemodialysis patients.

Background. Some dialysis patients have impaired left ven-
tricular (LV) function without coronary artery disease. The
pathologic changes and prognoses of these patients have not
been well described.

Methods. We performed LV endomyocardial biopsies on 40
hemodialysis patients with dilated cardiomyopathy (DCM; an
ejection fraction <50% and a left ventricular end-diastolic vol-
ume index >90 mL/m2 without coronary artery disease), and
on 50 nondialysis patients with idiopathic DCM as the control
group. Following LV biopsies, the patients were followed-up for
a mean of 3.1 ± 2.3 years.

Results. The pathologic characteristics of the dialysis group
were severe myocyte hypertrophy (the mean myocyte diameter
across the nucleus: 37.6 ± 10.5 lm vs. 25.6 ± 7.7 lm, P = 0.001),
myocyte disarray (30%), and extensive fibrosis (the mean per-
cent area of left ventricular fibrosis: 22.3 ± 18.4% vs. 21.3 ±
14.6%, P = NS). These pathologic characteristics resembled the
dilated phase of hypertrophic cardiomyopathy. In the dialysis
group, a high percent area of LV fibrosis was the only signif-
icant predictor of cardiac death by multivariate analysis (P =
0.02). The 3-year cumulative event-free survival rate for car-
diac death in dialysis patients with severe fibrosis (more than
30%) was 42%, while that for patients without severe fibrosis
was 82% (P = 0.03).

Conclusion. The pathologic characteristics of the heart in
dialysis patients with DCM are interstitial fibrosis and severe
myocyte hypertrophy with occasional disarray. The extent of LV
fibrosis is a strong predictor of cardiac death. Careful follow-
up and treatment are necessary for dialysis patients with a high
percent area of LV fibrosis.

Left ventricular dysfunction and congestive heart fail-
ure (CHF) are common complications of patients on
chronic dialysis, and account for almost 40% of deaths in
this population [1]. Some dialysis patients have impaired

Key words: dialysis, cardiomyopathy, fibrosis.
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left ventricular (LV) function without significant coro-
nary artery disease, which occurs in dilated cardiomyopa-
thy (DCM), but the clinical and pathologic characteristics
of these patients have not been well described. We inves-
tigated the clinicopathologic characteristics of this group
of patients in the present study.

METHODS
Patients

From April 1994 to October 2002, a total of 12,943 car-
diac catheterizations were performed at our institution.
Among these, we performed initial coronary angiography
and left ventriculography in 286 hemodialysis patients to
investigate coronary artery disease (CAD) or impaired
LV function. Of the 286 hemodialysis patients, 198 had
CAD and 88 did not. Among the 88 hemodialysis patients
without CAD, 40 had impaired LV function and LV dilata-
tion (an ejection fraction<50% and a left ventricular end-
diastolic volume index >90 mL/m2, respectively) without
severe valvular disease. These patients were diagnosed as
dilated cardiomyopathy and underwent LV biopsy (the
dialysis group). During the same period, 50 patients with a
diagnosis of idiopathic dilated cardiomyopathy who were
not on dialysis underwent LV biopsy (the control group).
The etiology of impaired LV function and LV dilatation in
this latter group of patients was unknown. Based on previ-
ous medical records, including echocardiographic studies,
it was ascertained that none of the 90 patients were in the
dilated phase of hypertrophic cardiomyopathy. Following
LV biopsy, the clinical status was prospectively followed-
up until the last contact. Written, informed consent was
obtained from all 90 patients.

Echocardiography
Standard two-dimensional (2-D), M-mode echocardio-

graphy images, and Doppler echocardiography of mitral
flow were obtained before hemodynamic measurement
and left ventriculography. Wall thickness and LV diame-
ter were derived from M-mode echocardiograms accord-
ing to the American Society of Echocardiography [2].
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Fig. 2. Hypertrophic and bizarrely shaped myocytes with irregular enlarged nuclei. A 68-year-old male patient on dialysis for 7.3 years (HE stain,
400×) (A). A 39-year-old male patient not on dialysis (HE stain, 400×) (B). A 45-year-old female patient on dialysis for 1.9 years (C). Myocytes
show disarray (HE stain, 400×)

Fig. 3. A 56-year-old male patient on dialysis for 7.1 years (A). Widespread fibrosis is present, and interstitial fibrosis surrounds each myocyte (AZ
stain, 400×). This patient died of ventricular arrhythmia 1.1 years after biopsy. A 56-year-old male patient on dialysis for 6.8 years (B). Only a little
interstitial fibrosis is present (AZ stain, 400×). This patient had no cardiac events during 3.8 years of follow-up.

patients with severe fibrosis was related to a poor prog-
nosis. However, when patient characteristics and hemo-
dynamic data were compared, no differences were noted
between the severe fibrosis group and the less severe fi-

brosis group (Tables 1 and 2). Table 3 shows the result of
multivariate analysis of the predictors of cardiac death.
The percent area of LV fibrosis was the only independent
predictor of the prognosis.
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Fig. 5. Cumulative survival for cardiac death,
group stratified by the extent of fibrosis. Con-
tinuous bold line indicates the dialysis group
with an LV fibrosis area ≥30%. Dotted bold
line indicates the dialysis group with an LV
fibrosis area <30%. Continuous fine line in-
dicates the control group with an LV fibro-
sis area ≥30%. Dotted fine line indicates the
control group with an LV fibrosis area <30%
(P < 0.0001, not including the control group
with an LV fibrosis area ≥30%).

Endomyocardial biopsy is currently necessary to de-
tect these high-risk patients, although it is a highly in-
vasive method. It is currently impossible to distinguish
such patients with noninvasive methods like echocar-
diography, electrocardiography, or radiography. Doppler
echocardiography and tissue Doppler imaging can detect
diastolic dysfunction [23]. However, echocardiographic
diastolic markers such as E/A (early diastolic peak ve-
locity/late atrial diastolic peak velocity) and deceleration
time according to left ventricular inflow were unable to
distinguish the degree of left ventricular fibrosis in this
study. This may be because patients on dialysis have vari-
able hemodynamics, such as LV end-diastolic pressure.
Magnetic resonance imaging may be an important non-
invasive diagnostic tool to detect these high-risk patients
in the future if it could be utilized to quantitate LV fibrosis
[24, 25].

The limitations of this study are the small sample size
and the fact that the tissue examined was restricted to
subendocardial biopsy specimens of the left ventricle. The
information about the rest of the myocardium was not
obtained. However, the degree of fibrosis was not signifi-
cantly different between endovascular and subepicardial
regions, based on 2 cases from the dialysis group who
underwent autopsy in this study.

CONCLUSION
The pathologic characteristics of the heart in dialysis

patients with DCM are severe myocyte hypertrophy with
occasional disarray and a high percent area of fibrosis,
findings similar to those in the dilated phase of hyper-
trophic cardiomyopathy. The extent of LV fibrosis was a
strong predictor of cardiac death. Careful follow-up and
treatment are necessary for dialysis patients with a high
percent area of LV fibrosis.

Table 3. Multivariate analysis of the prognosis of cardiac death in the
dialysis group

Hazard ratio 95% CI P value

NYHA class III/IV 11.29 0.214–595.1 0.23
CTR ≥60% 3.941 0.254–61.25 0.33
Hypertension 0.220 0.022–2.183 0.20
Diabetes mellitus 0.727 0.010–50.45 0.88
Hemoglobin ≤9 g/dL 31.68 0.556–1807 0.09
Ca-P product ≥55 mg2/dL2 5.125 0.143–183.4 0.37
ACE-I/ARB 0.200 0.011–3.698 0.28
Beta blocker 9.135 0.736–113.4 0.08
EDVI ≥130 mL/m2 2.042 0.082–50.78 0.66
Ejection fraction ≤30% 6.856 0.350–134.3 0.20
Diameter of myocyte ≥40 lm 2.025 0.118–34.64 0.62
Percent area of LV fibrosis ≥30% 27.20 1.570–471.3 0.02

Abbreviations are: NYHA class, New York Heart Association functional
classification; CTR, cardiothoracic ratio; Ca, calcium; P, phosphorus; ACE-I,
angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor antagonist;
EDVI, left ventricular end-diastolic volume index; LV, left ventricle.

Reprint requests to Jiro Aoki, MD, 1 Kanda-Izumi-cho, Chiyoda-ku,
Tokyo 101–8643, Japan.
E-mail: aokijiro@aol.com
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Early-stage chronic kidney disease (CKD) is an under-recognized highly prevalent cardio-
vascular (CV) risk factor. Despite a clustering of conventional atherosclerotic risk factors, it
is hypothesized that nonatherosclerotic processes, including left ventricular (LV) hypertro-
phy and fibrosis, account for a significant excess of CV risk. This cross-sectional observa-
tional study of 129 age- (mean age 57 – 10 years) and gender-matched subjects examined:
nondiabetic CKD stages 2 to 4 (mean glomerular filtration rate 50 – 22 ml/min/1.73 m2) with
no history of CV disease, subjects who are hypertensive with normal renal function, and
healthy controls. Cardiac magnetic resonance imaging was performed for assessment of LV
volumes and systolic function (myocardial deformation). Diffuse myocardial fibrosis was
assessed using T1 mapping for native myocardial T1 times before contrast and myocardial
extracellular volume (ECV) after gadolinium administration in combination with standard
late gadolinium enhancement techniques for detection of coarse fibrosis. Patients with CKD
had increased native T1 times (986 – 37 ms) and ECV (0.28 – 0.04) compared with controls
(955 – 30 ms, 0.25 – 0.03) and subjects who are hypertensive (956 – 31 ms, 0.25 – 0.02,
p <0.05). Both T1 times and ECV were correlated with impaired systolic function as
assessed by global longitudinal systolic strain (r[L0.22, p <0.05, and r[L0.43, p <0.01,
respectively). There were no differences in LV volumes, ejection fraction, or LV mass. T1
times and ECV did not correlate with conventional CV risk factors. In conclusion, diffuse
myocardial fibrosis is increased in early CKD and is associated with abnormal global lon-
gitudinal strain, an early feature of uremic cardiomyopathy and a key indicator of adverse
CV prognosis. ! 2015 TheAuthors. Published by Elsevier Inc. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) (Am J
Cardiol 2015;-:-e-)

Large cross-sectional studies have demonstrated that car-
diovascular (CV) risk begins to increase in early-stage chronic
kidney disease (CKD) when estimated glomerular filtration
rate (eGFR) levels are w75 ml/min/1.73 m2 and that risk in-
creases progressively as eGFR decreases.1 There is increasing
evidence that adverse changes in cardiac structure and func-
tion are present early in the course of CKD; the prevalence of
left ventricular (LV) hypertrophy on 2-dimensional echocar-
diography increases with a graded inverse relation to eGFR,2

and subclinical systolic and diastolic dysfunctions are
detectable using tissue Doppler echocardiography.3 It is not
known, however, whether diffuse interstitial fibrosis occurs in
early-stage CKD and, if present, whether it is associated with
adverse changes in LV function. We hypothesized that diffuse
interstitial fibrosis measured using cardiacmagnetic resonance

(CMR) imaging is present in early-stage CKD and is associ-
ated with myocardial dysfunction.

Methods

Patients were prospectively recruited from renal clinics at
the Queen Elizabeth Hospital Birmingham, England, from
2012 to 2014. Inclusion criteriawereCKD stage 2 (eGFR 60 to
89 ml/min/1.73 m2 with other evidence of kidney disease:
proteinuria/hematuria/structural abnormality/genetic), stage 3
(eGFR 30 to 59ml/min/1.73m2), and stage 4 (15 to 29ml/min/
1.73 m2) with no history or symptoms of CV disease or dia-
betes. Estimated GFR was measured by the 4-Variable Modi-
fication of Diet in Renal Disease formula. Subjects were
compared with (1) age- and gender-matched healthy controls
recruited as part of an ongoing clinical study4 and (2) age- and
gender-matched, treated patientswho are hypertensive referred
to a dedicated hypertension clinic. The study was approved by
the National Research Ethics Service—South Birmingham
(12/WM/0250), and all subjects gave informed consent.

Subjects underwent CMR (1.5 T Avanto; Siemens
Healthcare, Erlangen, Germany). LV and right ventricular
(RV) volumes, mitral annular plane systolic excursion, ejec-
tion fraction (EF) andLVmass index (LVMI)were acquired in
line with standard CMR protocols. Left atrial (LA) volumes
were calculated using the biplane area-length method. The
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4-chamber and short-axis steady-state free precession (SSFP)
cine images (electrocardiogram-gated; temporal resolution 40
to 50 ms, repetition time 3.2 ms, echo time 1.6 ms, flip angle
60!, slice thickness 7 mm) at the mid-LV (papillary muscle)
were used for myocardial deformation analysis. An SSFP
single-breath holdemodified look-locker inversion recovery
sequence was used for T1 mapping in the LV basal and
mid-ventricular short-axis levels before and between 15 and
20 minutes after contrast administration (8-mm slice with a
192 read-out matrix, 6 of 8-phase partial Fourier with 81%
phase resolution, field of view 320 " 320, repetition time
2.4ms, echo time 1.01ms, 11 phases [3, 3, 5 scheme], and total
breath hold 17 R-R intervals). Late gadolinium enhancement
(LGE) imaging was performed 7 to 10 minutes after
0.15 mmol/kg of gadolinium contrast bolus (Gadovist Bayer
Health Care, Newbury, Berkshire, England). All patients were
consented to receive intravenous gadolinium 0.15 mmol/kg.

CMRanalysis was performed off-line usingCVI42 software
(Circle Cardiovascular Imaging Inc., Calgary, Canada).
Myocardial deformation was assessed using Diogenes
CMR-FT software (TomTec Imaging Systems, Munich,

Germany), a vector-based analysis tool, for subendocardial
strain analysis in the LV 4-chamber SSFP image (Figure 1).
Endocardial borders were drawn manually in the end-diastolic
frame for each image. The CMR-FT software automatically
propagated the contour and followed it through the cardiac
cycle. Global longitudinal peak systolic strain (GLS), peak
systolic strain rate (GLSR), and early diastolic strain rate
(GLSRe) were derived.5

Quantitative parametric T1 images were generated using
Argus software (Siemens Healthcare) with manual contouring
to define a region of interest (ROI) in the LV septum at basal
and mid-myocardial levels. Global native (noncontrast)
myocardial T1 time (ms) was calculated from the averaged T1
times in the LV septum basal andmid-ventricular ROIs before
contrast administration and global extracellular volume
(ECV) after contrast using validated formulae6,7:

ECV ¼ ½l % 1& Hctð Þ):

Hct refers to the hematocrit recorded on a venous
blood sample at the time of scan, DR1 ¼ 1/T1 time

Figure 1. Examples of global longitudinal myocardial deformation analysis in CKD and healthy controls. Four-chamber SSFP cine image in (A) CKD with
adult polycystic kidney disease healthy control and (B) healthy volunteer. The subendocardium is traced round by manual contouring. The CMR-FT software
automatically propagated the contour throughout the cardiac cycle allowing derivation of global longitudinal subendocardial peak systolic strain (S), peak
systolic strain rate (SR), and early diastolic strain rate (SRe0) in each myocardial segment and globally for the ventricle.
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postcontrast e 1/T1 time precontrast. Lambda (l) refers to
(1/T1 myocardium postcontrast e 1/T1 myocardium pre-
contrast)/(1/T1 blood postcontraste 1/T1 blood precontrast).
ROIs were drawn to exclude any areas of LGE consistent
with previously undiagnosed infarction and RV insertion
point LGE, consistent with previously published methodol-
ogy (Figure 2).6 Myocardial intracellular volume was also
calculated as 1 ! ECV, providing a measure of cell
volume that is important when interpreting the composition
of the myocardium with LV hypertrophy.6 All data were
analyzed by a single experienced observer (NCE).

Continuous variables are expressed as mean " SD if
normally distributed or median (twenty-fifth to seventy-fifth
percentile) if non-normally distributed by the Shapiro-Wilk
test. Paired group comparisons were performed using in-
dependent t test and 1-way analysis of variance with
Bonferroni post hoc tests or Kruskal-Wallis test, as

appropriate. Correlations between variables were assessed
by bivariate analysis as appropriate. Statistical tests were 2
tailed, and a p value <0.05 was considered to indicate sta-
tistical significance.

Results

In total, 129 subjects were studied across the 3 groups
without significant differences in age and gender. The lead-
ing causes of renal disease were primary glomerular ne-
phropathy (37%), adult polycystic kidney disease (21%), and
quiescent vasculitis (systemic lupus erythematosus, Wege-
ners granulomatosis, 16%). Patient characteristics are pre-
sented in Table 1.

There were no differences in LV volumes or LVEF
between groups (Table 2). LA volumes were increased in
CKD compared with controls and subjects who are

Figure 2. Examples of CMR for function and myocardial characterization (AeC). Three images from a subject with CKD: (A) standard SSFP image at the mid-
left and RV level and (B) native T1 map (MOLLI sequence) at the same ventricular level as (A). Manual contouring within the septum and blood pool allows
calculation of the myocardial and blood T1 times that are used to calculate ECV. Areas of higher signal are noted within the midwall of the septum (green)
indicative of higher T1 times that reflect diffuse fibrosis; (C) inversion recovery image performed 7 to 10 minutes after intravenous gadolinium administration.
Two focal areas of late enhancement (white) are seen at the insertion of the RV into the LV but are not included in the calculation of ECV. The significance of
this pattern remains debatable but is not thought to reflect fibrosis. (DeF) Three images from a subject with CKD: (D) standard SSFP image at the mid-left and
right ventricular level, (E) native T1 map (MOLLI sequence) at the same ventricular level as (D) with an area of high T1 signal in the inferoseptal segment, and
(F) inversion recovery image with no evidence of LGE. The technique is not sensitive enough to pick up subtle areas of diffuse fibrosis seen in with the native
T1 map in (E). MOLLI ¼ modified look-locker inversion recovery.

Miscellaneous/Myocardial Fibrosis in Chronic Kidney Disease 3

patients with CKD (T1 984 ms ! 40 and ECV 0.27 ! 0.03)
compared with controls and subjects who are hypertensive
(T1 957 ms ! 27, p <0.05, ECV 0.25 ! 0.03, p <0.05).

In univariate analysis, native myocardial T1 times were
inversely associated with GLS (r ¼ #0.22, p <0.05) and
GLSR (r ¼ #0.30, p <0.05). ECV was also associated with
reduced GLS (r ¼ #0.43, p <0.01) and GLSR (r ¼ #0.23,
p<0.05). There was no association between ECV and LVEF,
LVMI, NT-proBNP, or eGFR.

Discussion

This is the first study to assess diffuse interstitial fibrosis
using T1-mapping CMR in patients with early CKD. Longer
native T1 times correlate closely with histologic quantitation
of myocardial fibrosis, based on cardiac biopsy in subjects
with aortic stenosis who underwent valve replacement.8,9 The
technique is now well established and has been used to
identify adverse clinical outcomes in other disease groups
including diabetes,10 valvular heart disease,9 and amyloid-
osis.11 ECV expansion on CMR also correlates closely with
histologic quantitation of myocardial fibrosis.8,9,12,13 The
assessment of ECV, however, requires administration of
intravenous gadolinium contrast (comparing precontrast T1
and postcontrast T1 values from the myocardium), whereas
measurement of native myocardial T1 time allows assessment
of myocardial composition without contrast. In this study,
longer native myocardial T1 times in subjects with CKDwere
consistent with the elevation in ECV and with shorter post-
contrast myocardial T1 times than were observed in subjects
who are hypertensive or healthy controls, although the T1
sequence used is more susceptible to differences in relaxivity
than newer sequences, such as shortened modified look-
locker inversion recovery sequence.12 It is clear that T1
mapping has considerable potential in the population with
end-stage renal disease (ESRD) where concerns remain about
the risk of nephrogenic systemic fibrosis with gadolinium
chelates.14

Elevation in ECV is important because this identifies
subjects at greater risk for total and CV mortality.15 In pop-
ulation studies, elevation in ECV appears to be of similar but
independent adverse prognostic significance to reduction in
LVEF.16 There was no evidence of a reduction in systolic
function measured by LVEF in patients with CKD in this
study, although both our group and others have shown pre-
viously that such a change is not common in CKD.2,3 Indeed,
the prognostic value of EF is limited when in the normal
range.17 There were, however, reductions in GLS and GLSR
that carry independent adverse prognostic significance both
in CKD18 and in other populations.19 Both GLS and GLSR
are more sensitive and perform better than LVEF in pre-
dicting major cardiac events19 and all-cause mortality in
many cardiac conditions.20 In our study, subjects with early
CKD also had evidence of impaired diastolic relaxation,
reflected in reduced GLSRe and increased LA volume (a
sensitive marker of increased LV end-diastolic pressure).
These reductions in systolic and diastolic function are
consistent with previous data in early CKD acquired using
tissue Doppler echocardiography.3 Furthermore, increased
LA volume is associated with an adverse prognosis in pa-
tients with ESRD.21 It has been suggested that these changes
in myocardial systolic and diastolic deformation are func-
tional markers of diffuse interstitial fibrosis, although it is not
possible to identify from our data whether LV dysfunction
arises because of the presence of diffuse interstitial fibrosis or
whether both are consequences of damage in CKD that occur
as part of the final common pathway to uremic cardiomy-
opathy and ultimately heart failure.

In our study, ECV was not elevated and GLS/SR were not
reduced in subjects with hypertension. These findings are in
contrast to a previous study that showed reduced LV systolic
strain in patients who are hypertensive who had uncontrolled
blood pressure (BP, mean 161/101 mm Hg) and LV hyper-
trophy.22 Our findings are consistent with those of Narayanan
et al23 who found similar myocardial strain values in subjects
who are hypertensive and healthy controls. In both our study

Figure 3. (A) Box scatter plot of native myocardial T1 times. Error bars are standard error of the mean x2. Myocardial T1 time were assessed in the LV septum
from the basal and mid-ventricular levels and averaged to yield a “global T1 time.” Measurements excluded RV insertion point late gadolinium enhancement.
*p <0.05 CKD versus control, †CKD versus hypertension. (B) Frequency histogram of myocardial ECV. The histogram for CKD is shifted rightward with a
higher mean septal ECV in the left ventricle but with greater scatter.
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ABSTRACT

OBJECTIVES A proof of concept cross-sectional study investigating changes in myocardial abnormalities across stages

of chronic kidney disease (CKD). Characterizing noninvasive markers of myocardial fibrosis on cardiac magnetic reso-

nance, echocardiography, and correlating with biomarkers of fibrosis, myocardial injury, and functional correlates
including exercise tolerance.

BACKGROUND CKD is associated with an increased risk of cardiovascular death. Much of the excess mortality is

attributed to uremic cardiomyopathy, defined by increased left ventricular hypertrophy, myocardial dysfunction, and

fibrosis. The prevalence of these abnormalities across stages of CKD and their impact on cardiovascular performance is

unknown.

METHODS A total of 134 nondiabetic, pre-dialysis subjects with CKD stages 2 to 5 without myocardial ischemia un-

derwent cardiac magnetic resonance (1.5-T) including; T1 mapping (biomarker of diffuse fibrosis), T2 mapping (edema),

late gadolinium enhancement, and assessment of aortic distensibility. Serum biomarkers including collagen turnover

(P1NP, P3NP), troponin T, and N-terminal pro–B-type natriuretic peptide were measured. Cardiovascular performance

was quantified by bicycle cardiopulmonary exercise testing and echocardiography.

RESULTS Native myocardial T1 times increased incrementally from stage 2 to 5 (966 ! 21 ms vs. 994 ! 33 ms;

p < 0.001), independent of hypertension and aortic distensibility. Left atrial volume, E/eʹ, N-terminal pro–B-type

natriuretic peptide, P1NP, and P3NP increased with CKD stage (p < 0.05), while effort tolerance (% predicted VO2Peak,

%VO2VT) decreased (p < 0.001). In multivariable linear regression models, estimated glomerular filtration rate was the

strongest predictor of native myocardial T1 time (p < 0.001). Native myocardial T1 time, left atrial dilatation, and high-

sensitivity troponin T were independent predictors of % predicted VO2Peak (p < 0.001).

CONCLUSIONS Imaging and serum biomarkers of myocardial fibrosis increase with advancing CKD independent of

effects of left ventricular afterload and might be a key intermediary in the development of uremic cardiomyopathy.

Further studies are needed to determine whether these changes lead to the increased rates of heart failure and death in

CKD. (Left Ventricular Fibrosis in Chronic Kidney Disease [FibroCKD]; NCT03176862)

(J Am Coll Cardiol Img 2020;13:2357–67) © 2020 by the American College of Cardiology Foundation.
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Native T2 times. Myocardial T2 times increased with
progressive CKD severity (test for trend p ¼ 0.033). On
univariable analysis, myocardial T2 time was corre-
lated with native myocardial T1 time (r ¼ 0.541;
p < 0.001).

Late gadolinium enhancement. LGE was present in 29 of
67 (43%) subjects with the patterns; right ventricular
insertion point 21 of 67 (31%) and midwall/
sub-epicardial 8 of 67 (12%). No patient had sub-
endocardial LGE indicative of infarction. There was

CENTRAL ILLUSTRATION A Conceptual Overview of Myocardial Abnormalities Across the
Spectrum of Chronic Kidney Disease

- LV Mass
- Native Myocardial T1 Time
- P3NP
- N-terminal pro–B-type natriuretic peptide

Chronic Kidney Disease (CKD) Stage
1 2 3 4

Declining kidney function

Development of uremic cardiomyopathy

5

Hayer, M.K. et al. J Am Coll Cardiol Img. 2020;13(11):2357–67.

Native myocardial T1 times increased with worsening stage of chronic kidney disease (CKD) and were accompanied by a rise in serum bio-
markers of fibrosis and heart failure. Left ventricular (LV) mass only increased in severe CKD.
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no difference in the patterns of LGE seen between the
CKD stage 2 and 3 groups.

BLOOD BIOMARKERS OF MYOCARDIAL FIBROSIS

AND DYSFUNCTION. There was a significant trend
for serum biomarkers of heart failure (NT-proBNP:
p < 0.001), myocardial injury (high-sensitivity
troponin-T: p < 0.001), and myocardial fibrosis (P1NP:
p < 0.001; P3NP: p < 0.001) to increase with
advancing CKD stage (Table 1, Central Illustration).
Aldosterone (test for trend: p ¼ 0.03) and FGF-23 (test
for trend: p < 0.001) also increased with worsening
CKD, with no difference in alpha-Klotho levels. There
was no association between native myocardial T1 time
and biomarkers of fibrosis. Native myocardial T1 time
was correlated with NT-proBNP (r ¼ 0.404; p < 0.001)
and FGF23 (r ¼ 0.202; p ¼ 0.002) but not with high-
sensitivity troponin T. There was no association

between LGE and NT-proBNP or high-sensitivity
troponin T.
CARDIOPULMONARY STRESS ECHOCARDIOGRAPHY.

CPESE data were available for 127 of 137 subjects
(Table 3). Six subjects could not cycle, 2 declined the
test, and 2 could not tolerate the face mask. Effort
tolerance was inversely associated with worsening
CKD severity as measured by several CPESE bio-
markers including %predicted VO2Peak, % predicted
VO2 at the ventilatory threshold (% predicted VO2VT),
and VE/VCO2. Indexed myocardial GLS on resting
echocardiography also reduced with worsening CKD
stage (p < 0.001), whereas indexed LA volume and
resting E/eʹ increased (LA vol p ¼ 0.040; Resting E/eʹ
p ¼ 0.009) (Figure 1).

REGRESSION MODELS FOR PREDICTION OF

NATIVE T1. Multivariable regression modeling was

FIGURE 1 Trend in Myocardial Native T1 Times, LV Mass, Exercise and Echo-Based Global Longitudinal Strain Across the Stages of CKD
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The p values are derived from the Jonckheere Terpstra test for trend. The maximum height of the whisker is 1.5 times the interquartile range.
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no difference in the patterns of LGE seen between the
CKD stage 2 and 3 groups.

BLOOD BIOMARKERS OF MYOCARDIAL FIBROSIS

AND DYSFUNCTION. There was a significant trend
for serum biomarkers of heart failure (NT-proBNP:
p < 0.001), myocardial injury (high-sensitivity
troponin-T: p < 0.001), and myocardial fibrosis (P1NP:
p < 0.001; P3NP: p < 0.001) to increase with
advancing CKD stage (Table 1, Central Illustration).
Aldosterone (test for trend: p ¼ 0.03) and FGF-23 (test
for trend: p < 0.001) also increased with worsening
CKD, with no difference in alpha-Klotho levels. There
was no association between native myocardial T1 time
and biomarkers of fibrosis. Native myocardial T1 time
was correlated with NT-proBNP (r ¼ 0.404; p < 0.001)
and FGF23 (r ¼ 0.202; p ¼ 0.002) but not with high-
sensitivity troponin T. There was no association

between LGE and NT-proBNP or high-sensitivity
troponin T.
CARDIOPULMONARY STRESS ECHOCARDIOGRAPHY.

CPESE data were available for 127 of 137 subjects
(Table 3). Six subjects could not cycle, 2 declined the
test, and 2 could not tolerate the face mask. Effort
tolerance was inversely associated with worsening
CKD severity as measured by several CPESE bio-
markers including %predicted VO2Peak, % predicted
VO2 at the ventilatory threshold (% predicted VO2VT),
and VE/VCO2. Indexed myocardial GLS on resting
echocardiography also reduced with worsening CKD
stage (p < 0.001), whereas indexed LA volume and
resting E/eʹ increased (LA vol p ¼ 0.040; Resting E/eʹ
p ¼ 0.009) (Figure 1).

REGRESSION MODELS FOR PREDICTION OF

NATIVE T1. Multivariable regression modeling was

FIGURE 1 Trend in Myocardial Native T1 Times, LV Mass, Exercise and Echo-Based Global Longitudinal Strain Across the Stages of CKD
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Redefinition of uremic cardiomyopathy by contrast-
enhanced cardiac magnetic resonance imaging
PB Mark1,2, N Johnston3, BA Groenning3, JE Foster3, KG Blyth3, TN Martin3, T Steedman3, HJ Dargie3

and AG Jardine1,2

1Division of Cardiovascular and Medical Sciences, Gardiner Institute, University of Glasgow, Glasgow, UK; 2Department of Nephrology,
Western Infirmary, Glasgow, UK and 3Department of Cardiology, Western Infirmary, Glasgow, UK

Patients with end stage renal failure (ESRF) have an increased
risk of premature cardiovascular disease. Left ventricular (LV)
abnormalities, so called ‘uremic cardiomyopathy’, are
associated with poorer outcome. Cardiac magnetic resonance
imaging (CMR) accurately defines LV dimensions and identifies
underlying myocardial pathology. We studied the relationship
between LV function and myocardial pathology in ESRF
patients with CMR. A total of 134 patients with ESRF
underwent CMR. LV function was assessed with further images
acquired after gadolinium-diethylentriaminepentaacetic
acid (DTPA). The presence of myocardial fibrosis was
indicated by late gadolinium enhancement (LGE). Two main
myocardial pathologies were identified. A total of 19 patients
(14.2%) displayed ‘subendocardial LGE’ representing
myocardial infarction, which was associated with
conventional cardiovascular risk factors including a history
of ischemic heart disease (IHD) (Po0.001),
hypercholesterolemia (Po0.05), and diabetes (Po0.01).
Patients with subendocardial LGE had greater LV mass
(Po0.05), LV dilation (Po0.01), and LV systolic dysfunction
(Po0.001) compared to patients with no evidence of LGE.
The second pattern, ‘diffuse LGE’, seen in 19 patients (14.2%)
appeared to represent regional areas of diffuse myocardial
fibrosis. Diffuse LGE was associated with greater LV mass
compared to patients without LGE (Po0.01) but not
systolic dysfunction. In total, 28.4% of all patients exhibited
evidence of myocardial fibrosis demonstrated by LGE. In
contrast to published literature describing three forms of
uremic cardiomyopathy – left ventricular hypertrophy (LVH),
dilation, and systolic dysfunction, we have shown that LVH is
the predominant cardiomyopathy specific to uremia, while
LV dilation and systolic dysfunction are due to underlying
(possibly silent) ischemic heart disease.

Kidney International (2006) 69, 1839–1845. doi:10.1038/sj.ki.5000249;
published online 1 March 2006

KEYWORDS: cardiomyopathy; end stage renal failure; dialysis; gadolinium;
magnetic resonance imaging; left ventricular function; coronary artery disease

Patients with end stage renal failure (ESRF) have a greatly
increased risk of premature cardiovascular events,1 in
particular sudden cardiac death. Although there is a high
prevalence of conventional cardiovascular risk factors in this
population, such as hypertension, diabetes, lipid abnorma-
lities, smoking, and inflammation, the relationship between
these factors and outcome is less clear than in the general
population. For example, inverse relationships exist between
both cholesterol and blood pressure and mortality in dialysis
patients.2,3 However by contrast, the presence of ‘uremic
cardiomyopathy’, described echocardiographically, defined as
the presence of left ventricular hypertrophy (LVH), dilation
and systolic dysfunction (LVSD), has been shown to be
strongly linked with poor cardiovascular outcome.4–7 Echo-
cardiography, although reliable and convenient, tends to
overestimate left ventricular (LV) mass in ESRF patients.8

While echocardiography provides valuable information on
myocardial dimensions, it affords less detail regarding
myocardial tissue composition. The uremic heart has been
associated with histological abnormalities, including increa-
sed interstitial myocardial fibrosis, described in post-mortem
specimens of patients with ESRF,9 as well as from endomyo-
cardial biopsies of patients on renal replacement therapy.10

Cardiovascular magnetic imaging provides a relatively
novel method for accurate definition of cardiac dimensions,
and is accepted as the ‘gold standard’ for the assessment of
ventricular dimensions.11 Previous studies have demon-
strated that this can be a useful tool in assessing cardiomyo-
pathy in patients with ESRF.8,12,13 Furthermore, using the
extracellular contrast agent gadolinium-diethylentriamine-
pentaacetic acid (Gd-DTPA), the presence of myocardial
fibrosis can be assessed. Contrast-enhanced cardiac magnetic
resonance (CMR) imaging has already been demonstrated to
provide additional insights into conditions associated with
deposition of fibrosis such as myocardial infarction,14

hypertrophic15 and dilated cardiomyopathy,16 as well
as acute inflammatory myocarditides,17 and other rarer
cardiomyopathies.18,19

By applying these techniques to study the heart in
ESRF, the relationship between LV geometry (with its prog-
nostic implications) and myocardial tissue damage can be
noninvasively assessed in detail. We therefore studied LV

http://www.kidney-international.org o r ig ina l a r t i c l e

& 2006 International Society of Nephrology

Received 29 June 2005; revised 19 October 2005; accepted 31 October
2005; published online 1 March 2006

Correspondence: PB Mark, Division of Cardiovascular and Medical Sciences,
Western Infirmary, Glasgow G11 6NT, UK. E-mail: pm124p@clinmed.gla.ac.uk

Kidney International (2006) 69, 1839–1845 1839

dimensions and function as well as myocardial composition
in patients with ESRF using CMR.

RESULTS
Left ventricular dimensions
A total of 134 patients underwent CMR (68.7% male; median
age 54 years, range 27–72). Baseline patient demographics
are shown in Table 1. There was a high prevalence of
conventional cardiovascular risk factors in this patient
group with 17.2% having a history of ischemic heart disease
(IHD), 23.9% of patients were diabetic (21.8% with diabetic
nephropathy), 38.1% had hypercholesterolemia, and 54.7%
had a positive smoking history.

The median LV mass was 172.3 g (interquartile range
(IQR) 67.8) and left ventricular mass index (LVMI) was
94.4 g/m2 (32.0). Overall, 11 (8.2%) patients had LVSD.
There was a correlation between LVMI and both systolic and
diastolic blood pressure (systolic blood pressure R¼ 0.329,
Po0.001; diastolic blood pressure R¼ 0.244, P¼ 0.005), but
no significant correlation was seen between time on renal
replacement therapy, or any other hematological or bio-
chemical markers. End diastolic volume and end systolic
volume also correlated with systolic blood pressure (R¼
0.322, Po0.001; R¼ 0.252, Po0.01, respectively) but not
diastolic blood pressure or any other hematological or
biochemical markers.

Description of results of late gadolinium enhancement
Overall, 38 (28.4%) patients had evidence of LGE at CMR. In
one patient, there was disparity between the two blinded
observers as to the presence of LGE. This image was reviewed
by a further independent observer and was considered LGE
negative, and analyzed as such. Patients who had evidence of
LGE (LGE positive) had greater LVMI (LGE positive –
median 104.0 g/m2, IQR 19.9; LGE negative –median 84.4 g/
m2, IQR 31.0, Po0.001), LV dilation (measured as end

diastolic volume: LGE positive – 152.5ml, IQR 67.5; LGE
negative – 120.0ml, IQR 56.8, Po0.001) and had greater
evidence of LVSD (ejection fraction: LGE positive – mean
63.6%, s.d. 13.8, LGE negative – mean 70.5%, s.d. 7.0,
P¼ 0.01) than patients with no LGE. Further analysis of the
pattern of LGE revealed crucial differences between patient
groups.

Broadly speaking, there were two patterns of LGE. Firstly,
discrete (subendocardial) LGE involving the subendocardium
was seen in 19 patients (14.2%). This finding is in keeping
with the pattern of LGE previously described in patients
with myocardial infarction and is shown in Figure 1a and b.
This finding was associated with conventional cardiovascular
risk factors and was found in significantly higher numbers in
patients with a history of IHD, hypercholesterolemia, and
diabetes but was not associated with gender, smoking history,
or a difference in blood pressure. While a history of IHD
was significantly associated with subendocardial LGE, nine
patients (6.7% of the whole study cohort, 47.3% of the

Table 1 | Baseline patient demographics

Variable All patients Gadolinium negative Gadolinium positive Subendocardial gadolinium Diffuse gadolinium

Number (%) 134 96 (71.6) 38 (28.4) 19 (14.2) 19 (14.2)
Age (years) 52.2710.4 51.5710.4 53.3710.0 55.679.6 51.6710.3
Sex (% male) 92 (68.7) 65 (67.7) 27 (71.1) 15 (78.9) 12 (63.2)
Hemodialysis (%) 93 (69.4) 72 (75) 21 (55.3)* 9 (47.4)* 12 (63.2)
Duration of RRT 12.0 (43.0) 12.0 (37.0) 12.0 (78.0) 12.0 (53.5) 21.0 (79.0)
History of IHD (%) 23 (17.2) 12 (12.5) 11 (28.9)* 10 (52.6)** 1 (5.3)
History of MI (%) 8 (5.8) 1 (1.0) 7 (19.4)*** 7 (36.8)** 0 (0)
Diabetes (%) 32 (23.9) 18 (18.8) 14 (36.8)* 11 (57.9)*** 3 (15.8)
Hypercholesterolemia (%) 51 (38.1) 36 (37.5) 15 (39.5) 11 (57.9)* 4 (21.1)
Smokers (%) 72 (53.7) 51 (51.3) 21 (55.3) 10 (52.6) 10 (52.6)
SBP (mmHg) 139.5725.1 138.9724.1 141.2727.8 145.1728.1 136.8727.6
DBP (mmHg) 81.8712.6 82.0712.3 81.1713.3 82.3712.4 79.8714.6
Cholesterol (mmol/l) 5.471.8 5.671.9 5.171.3 5.071.5 5.371.1
C-reactive protein (mmol/l) 15.0 (12.5) 7.0 (12) 12.0 (11.3) 12.5 (10.3) 12.0 (12.5)
Hemoglobin (g/dl) 11.871.7 11.771.7 12.071.6 12.271.4 11.971.9

Data are expressed as number with percent of specific subtype of late gadolinium enhancement in parenthesis; mean7standard deviation and median and intraquartile
range (in parenthesis) as appropriate. Abbreviations: RRT, renal replacement therapy; MI, myocardial infarction; IHD, ischemic heart disease; SBP, systolic blood pressure; DBP,
diastolic blood pressure. Tests of significance compared to patients with negative late gadolinium enhancement: *Po0.05, ***Po0.01, **Po0.001. w2 test and Fisher’s exact
test and parametric or non-parametric analysis of variance (as appropriate).

a b

Figure 1 | (a) Horizontal long axis view of the left ventricle of a
diabetic patient on peritoneal dialysis. There is a discrete area of
bright subendocardial late gadolinium enhancement (LGE) repre-
senting a large infero-lateral myocardial infarction (arrowed). Signal
intensity of this area is 44.0 compared to the 5.9 for the LGE-negative
area. (b) Short axis view of the same patient as (a). The
subendocardial gadolinium enhancement representing an inferior
myocardial infarction is arrowed.
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patients with subendocardial LGE) had CMR evidence of
myocardial infarction indicated by subendocardial LGE
despite no antecedent history of IHD. Description of the
clinical demographics of the patients with each type of LGE is
shown in Table 1.

The second pattern –diffuse LGE was less intense, without
subendocardial dominance. This diffuse LGE was seen in 19
patients (14.2%). While this pattern was still ‘patchy’ and was
therefore regional, this appears to represent regional areas
of diffuse fibrosis, within the left ventricle (Figure 2a and b).
There was no association between the presence of diffuse
LGE and the presence of cardiovascular risk factors, nor
was this associated with significant differences in time on
renal replacement therapy or blood pressure at the time of

scanning. These two patterns were not mutually exclusive and
one patient, with severe LVH, diabetes, and coronary artery
disease had both patterns of LGE.

Owing to the subjective nature of classification of pattern
of gadolinium enhancement, objective measurement was
made to compare signal intensity (or pixel intensity on the
analyzed images), of the region of interest of LGE compared
to that of nulled myocardium. The mean signal intensity
of nulled myocardium was 6.6 (s.d. 1.7), with that of sub-
endocardial LGE significantly higher than that of diffuse LGE
(32.7 SD 13.1 vs 18.6 s.d. 6.4, Po0.001), demonstrating
the distinct presence of diffuse LGE separate from any
artefact in the acquisition of images as well as the different
tissue properties of subendocardial and diffuse LGE (Table 2,
Figure 3).

Functional correlates of late gadolinium enhancement
Patients with subendocardial LGE had had greater LV mass,
LV dilation indicated by end diastolic volume, and poorer
systolic function indicated by reduced LV ejection fraction

Table 2 | Results of left ventricular dimensions and late gadolinium enhancement

Variable All patients
Gadolinium
negative

Gadolinium
positive

Subendocardial
gadolinium

Diffuse
Gadolinium

LVH (%) 96 (71.6) 61 (63.5) 35 (92.1)** 17 (89.5) * 18 (94.7)***
LV dilatation (%) 15 (11.2) 5 (5.2) 10 (27.7)*** 7 (36.8)*** 3 (15.8)
LVSD (%) 11 (8.2) 0 (0) 11 (57.9)** 8 (44.4)** 3 (15.8)**
EF (%) (s.d.) 68.579.9 70.577.0 63.6713.8* 59.7713.9** 67.5712.9
LV mass (g) 172.3 (67.8) 154 (64.0) 186.5 (50.8)** 185.0 (66.0)* 195 (47)***
LV mass/BSA (g/m2) 94.4 (32.0) 84.4 (31.0) 104.0 (19.9)** 100.5 (27.9) 105.0 (16.0)***
ESV (ml) 43.1 (30.2) 34.2 (21.5) 57.7 (41.7)** 64.0 (33.0)** 50.7 (34.3)*
ESV/BSA (ml/m2) 23.5 (14.0) 19.0 (12.5) 30 (21.9)** 35.5 (21.0)** 22 (17.9)
EDV (ml) 131.8 (64.6) 120 (56.8) 152.5 (67.5)** 174.0 (57.0)*** 140.0 (78.0)*
EDV/BSA (ml/m2) 71.9 (30.8) 69.0 (29.7) 84.0 (32.3)*** 89.6 (32.5)** 74.0 (31.8)
Mass of LGE — 0 9.074.9 9.376.2 8.773.4
Signal intensity of myocardium — 6.671.7 24.4712.3** 30.6713.6** 18.276.9**
Signal intensity index — 1 3.871.9 2.870.10** 5.371.8**
Normal angiogram (%) 20 (40.8) 13 (56.5) 7 (26.9) 0 (0) 7 (58.3)
No. of patients with mild/moderate CAD (%) 10 (20.4) 6 (26.1) 4 (15.4) 0 (0) 4 (33.3)
No. of patients with severe CAD (%) 19 (38.8) 4 (17.4) 15 (57.7)*** 14 (100)** 1 (8.3)

Data are expressed as number with percent of specific subtype of late gadolinium enhancement (LGE) in parenthesis; all data are median and intraquartile range (in
parentheses) except where mean7standard deviation are shown as appropriate. Percentages shown are as a proportion of that subtype of LGE and as percentage of patients
undergoing angiography with that subtype of LGE. Tests of significance compared to patients with negative LGE: *Po0.05, ***Po0.01, **Po0.001. Abbreviations: LVH, left
ventricular hypertrophy; LV, left ventricle/ventricular; LVSD, left ventricular systolic dysfunction; EF, ejection fraction; BSA, body surface area; EDV, end diastolic volume; ESV,
end systolic volume; LGE, late gadolinium enhancement; CAD, coronary artery disease.

a b

Figure 2 | (a) Short axis view of the left ventricle of hemodialysis
patient demonstrating a diffuse area of gadolinium
enhancement in the inferior wall of the left ventricle
(arrowed). Signal intensity of this area is 17.6 compared to the 6.9
for the LGE-negative area. (b) Short axis view of the left ventricle
of another hemodialysis patient demonstrating a diffuse area of
gadolinium enhancement in the lateral wall of the left ventricle.
Signal intensity of the area of late gadolinium enhancement is
32.0 compared to 8.4 for the LGE-negative area. This patient
had normal coronary arteries at angiography performed as
transplant assessment.
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Figure 3 | (a–b) Box plots demonstrating the mean signal
intensity (with 95% confidence intervals) for each area of
gadolinium enhancement. zPo0.001 compared to areas of
alternate patterns of LGE (paired samples t-test).
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patients with subendocardial LGE) had CMR evidence of
myocardial infarction indicated by subendocardial LGE
despite no antecedent history of IHD. Description of the
clinical demographics of the patients with each type of LGE is
shown in Table 1.

The second pattern –diffuse LGE was less intense, without
subendocardial dominance. This diffuse LGE was seen in 19
patients (14.2%). While this pattern was still ‘patchy’ and was
therefore regional, this appears to represent regional areas
of diffuse fibrosis, within the left ventricle (Figure 2a and b).
There was no association between the presence of diffuse
LGE and the presence of cardiovascular risk factors, nor
was this associated with significant differences in time on
renal replacement therapy or blood pressure at the time of

scanning. These two patterns were not mutually exclusive and
one patient, with severe LVH, diabetes, and coronary artery
disease had both patterns of LGE.

Owing to the subjective nature of classification of pattern
of gadolinium enhancement, objective measurement was
made to compare signal intensity (or pixel intensity on the
analyzed images), of the region of interest of LGE compared
to that of nulled myocardium. The mean signal intensity
of nulled myocardium was 6.6 (s.d. 1.7), with that of sub-
endocardial LGE significantly higher than that of diffuse LGE
(32.7 SD 13.1 vs 18.6 s.d. 6.4, Po0.001), demonstrating
the distinct presence of diffuse LGE separate from any
artefact in the acquisition of images as well as the different
tissue properties of subendocardial and diffuse LGE (Table 2,
Figure 3).

Functional correlates of late gadolinium enhancement
Patients with subendocardial LGE had had greater LV mass,
LV dilation indicated by end diastolic volume, and poorer
systolic function indicated by reduced LV ejection fraction

Table 2 | Results of left ventricular dimensions and late gadolinium enhancement

Variable All patients
Gadolinium
negative

Gadolinium
positive

Subendocardial
gadolinium

Diffuse
Gadolinium

LVH (%) 96 (71.6) 61 (63.5) 35 (92.1)** 17 (89.5) * 18 (94.7)***
LV dilatation (%) 15 (11.2) 5 (5.2) 10 (27.7)*** 7 (36.8)*** 3 (15.8)
LVSD (%) 11 (8.2) 0 (0) 11 (57.9)** 8 (44.4)** 3 (15.8)**
EF (%) (s.d.) 68.579.9 70.577.0 63.6713.8* 59.7713.9** 67.5712.9
LV mass (g) 172.3 (67.8) 154 (64.0) 186.5 (50.8)** 185.0 (66.0)* 195 (47)***
LV mass/BSA (g/m2) 94.4 (32.0) 84.4 (31.0) 104.0 (19.9)** 100.5 (27.9) 105.0 (16.0)***
ESV (ml) 43.1 (30.2) 34.2 (21.5) 57.7 (41.7)** 64.0 (33.0)** 50.7 (34.3)*
ESV/BSA (ml/m2) 23.5 (14.0) 19.0 (12.5) 30 (21.9)** 35.5 (21.0)** 22 (17.9)
EDV (ml) 131.8 (64.6) 120 (56.8) 152.5 (67.5)** 174.0 (57.0)*** 140.0 (78.0)*
EDV/BSA (ml/m2) 71.9 (30.8) 69.0 (29.7) 84.0 (32.3)*** 89.6 (32.5)** 74.0 (31.8)
Mass of LGE — 0 9.074.9 9.376.2 8.773.4
Signal intensity of myocardium — 6.671.7 24.4712.3** 30.6713.6** 18.276.9**
Signal intensity index — 1 3.871.9 2.870.10** 5.371.8**
Normal angiogram (%) 20 (40.8) 13 (56.5) 7 (26.9) 0 (0) 7 (58.3)
No. of patients with mild/moderate CAD (%) 10 (20.4) 6 (26.1) 4 (15.4) 0 (0) 4 (33.3)
No. of patients with severe CAD (%) 19 (38.8) 4 (17.4) 15 (57.7)*** 14 (100)** 1 (8.3)

Data are expressed as number with percent of specific subtype of late gadolinium enhancement (LGE) in parenthesis; all data are median and intraquartile range (in
parentheses) except where mean7standard deviation are shown as appropriate. Percentages shown are as a proportion of that subtype of LGE and as percentage of patients
undergoing angiography with that subtype of LGE. Tests of significance compared to patients with negative LGE: *Po0.05, ***Po0.01, **Po0.001. Abbreviations: LVH, left
ventricular hypertrophy; LV, left ventricle/ventricular; LVSD, left ventricular systolic dysfunction; EF, ejection fraction; BSA, body surface area; EDV, end diastolic volume; ESV,
end systolic volume; LGE, late gadolinium enhancement; CAD, coronary artery disease.

a b

Figure 2 | (a) Short axis view of the left ventricle of hemodialysis
patient demonstrating a diffuse area of gadolinium
enhancement in the inferior wall of the left ventricle
(arrowed). Signal intensity of this area is 17.6 compared to the 6.9
for the LGE-negative area. (b) Short axis view of the left ventricle
of another hemodialysis patient demonstrating a diffuse area of
gadolinium enhancement in the lateral wall of the left ventricle.
Signal intensity of the area of late gadolinium enhancement is
32.0 compared to 8.4 for the LGE-negative area. This patient
had normal coronary arteries at angiography performed as
transplant assessment.
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Figure 3 | (a–b) Box plots demonstrating the mean signal
intensity (with 95% confidence intervals) for each area of
gadolinium enhancement. zPo0.001 compared to areas of
alternate patterns of LGE (paired samples t-test).
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N-Terminal Pro–B-Type Natriuretic Peptide Variability
in Stable Dialysis Patients
Magid A. Fahim,*†‡ Andrew Hayen,§ Andrea R. Horvath,|¶§ Goce Dimeski,†** Amanda Coburn,* David W. Johnson,*†‡

Carmel M. Hawley,*†‡ Scott B. Campbell,*† and Jonathan C. Craig|††

Abstract
Background and objectives Monitoring N-terminal pro–B-type natriuretic peptide (NT-proBNP) may be useful
for assessing cardiovascular risk in dialysis patients. However, its biologic variation is unknown, hindering
the accurate interpretation of serial concentrations. The aims of this prospective cohort studywere to estimate the
within- and between-person coefficients of variation of NT-proBNP in stable dialysis patients, and derive the
critical difference between measurements needed to exclude biologic and analytic variation.

Design, setting, participants, & measurements Fifty-five prevalent hemodialysis and peritoneal dialysis patients
attending two hospitals were assessed weekly for 5 weeks and then monthly for 4 months between October 2010
and April 2012. Assessments were conducted at the same time in the dialysis cycle and entailed NT-proBNP
testing, clinical review, electrocardiography, and bioimpedance spectroscopy. Patients were excluded if they
became unstable.

Results This study analyzed 136 weekly and 113 monthly NT-proBNP measurements from 40 and 41 stable
patients, respectively. Results showed that 22% had ischemic heart disease; 9% and 87% had left ventricular
systolic and diastolic dysfunction, respectively. Respective between- and within-person coefficients of variation
were 153% and 27% for weekly measurements, and 148% and 35% for monthly measurements. Within-person
variation was unaffected by dialysis modality, hydration status, inflammation, or cardiac comorbidity.
NT-proBNP concentrationsmeasured atweekly intervals needed to increase by at least 46%or decrease by 84% to
exclude change due to biologic and analytic variation alone with 90% certainty, whereas monthly measurements
needed to increase by at least 119% or decrease by 54%.

Conclusions The between-person variation of NT-proBNP was large and markedly greater than within-person
variation, indicating that NT-proBNP testing might better be applied in the dialysis population using a relative-
change strategy. Serial NT-proBNP concentrations need to double or halve to confidently exclude change due to
analytic and biologic variation alone.

Clin J Am Soc Nephrol 10: 620–629, 2015. doi: 10.2215/CJN.09060914

Introduction
The N-terminal fragment of the pro–B-type natriuretic
peptide (NT-proBNP) is an inactive peptide secreted
from the myocardium in response to stretch, strain,
ischemia, inflammation, and sympathetic overactivity
(1). Cohort studies in the dialysis population have
demonstrated a direct association between NT-
proBNP concentrations and the risk of cardiovascular
and all-cause mortality (2–5), prompting calls to in-
corporate NT-proBNP testing into dialysis practice
as a means of monitoring individual patients’ cardio-
vascular risk (6–8).

However, before these findings can be translated
into clinical practice, the biologic variation of NT-proBNP
in dialysis patients needs to be determined in order to
avoid misinterpreting serial measurements. Biologic or
within-person variation is the random fluctuation of a
biomarker around a homeostatic set point in healthy
individuals or those with stable disease (9), resulting in
potentially large numerical changes in serial biomarker

concentrations that are of no clinical significance. Fail-
ure to account for biologic variation can result in false
reassurance or alarm, as well as unnecessary changes to
therapy with their associated morbidity and costs (10).
This study aimed to estimate the within- and between-

person variation of NT-proBNPmeasured at weekly and
monthly intervals in stable dialysis patients and to use
these estimates to calculate the percentage change be-
tween serial NT-proBNP measurements needed to ex-
clude change due to biologic and analytic variation alone.
We also sought to determine whether the within-person
variation of NT-proBNP differed according to cardiac
comorbidity, hydration, or inflammatory status or
between dialysis modalities.

Materials and Methods
Study Design and Patient Recruitment
A prospective cohort study was conducted between

October 2010 and April 2012 according to methods
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dysfunction was defined as a left ventricular ejection frac-
tion #50% using Simpson’s rule (30).
The index of individuality (IOI) was calculated as CVI/CVG.

This ratio gives an indication of whether a biomarker is best
used within a relative-change monitoring strategy (IOI ,0.6)
or a reference interval strategy (IOI.0.6). The bidirectional
reference change value (RCV) was calculated according to
the method described by Fokkema et al. (32) for logarithmi-
cally transformed data as = exp(–Z3!23s) to exp(+Z3!23s),
where s=!ln(CVi

2+1) and Z is the Z score of a standard nor-
mal distribution corresponding to a given probability.

Results
Patient Characteristics
Details of the number of patients assessed, enrolled, and

included in the final analysis are shown in Figure 1. Fifty-
five patients were recruited from the hemodialysis (n=28)
and peritoneal dialysis (n=27) units of the participating
institutions and their baseline characteristics are summa-
rized in Table 1. Cardiovascular risk factors, including hy-
pertension (100%), diabetes mellitus (40%), and current or
former smoking (51%) were highly prevalent. A substantial
proportion of the cohort also had evidence of established
cardiovascular disease including ischemic heart disease (22%),
left ventricular hypertrophy (44%), diastolic (87%) and/or
systolic (9%) dysfunction, and peripheral vascular disease
and/or cerebrovascular disease (9%). Baseline NT-proBNP
concentrations demonstrated a right-skewed frequency dis-
tribution with a median of 1698 pg/ml (interquartile range,
718–3742). Ninety-three percent of the study cohort had a
NT-proBNP concentration .300 pg/ml, the threshold used
to exclude acute decompensated heart failure in the general
population (33).

Weekly and Monthly Variation of NT-proBNP
Seven patients and their corresponding NT-proBNP

measurements were excluded due to hospital admission
(n=3), paroxysmal atrial fibrillation (n=3), and escalating
anginal symptoms (n=1). In addition, 36 weekly and 51
monthly NT-proBNP sample pairs were excluded due
to a change in extracellular volume of .1 L between con-
secutive visits. None of the participants were excluded on
the basis of outlying variances or the linear regression

Table 1. Baseline characteristics of the study cohort

Characteristic Value (n=55)

Men (%) 45
Age
Mean6SD (yr) 59615
Age distribution (%)
18–49 33
50–69 40
70–79 22
80–90 5

Hemodialysis (%) 51
Dialysis sessions per week (n) 3
Duration of dialysis session (h) 5.160.7
Single pool Kt/V 1.7360.38
Interdialytic weight gain (kg) 1.7 (1.5–2.3)
Interdialytic weight gain relative to
estimated dry weight (%)

2.361

Peritoneal dialysis (%) 49
Volume of peritoneal dialysis
solution exchanged per 24 h (L)

8 (8–10)

4-h D/P creatinine 0.7260.52
Weekly Kt/V 2.21 (1.95–2.49)

Time on dialysis (mo) 35 (16–58)
Body mass index (kg/m2) 30.2 (28.5–34.6)
Systolic BP (mmHg) 130615
Diastolic BP (mmHg) 74612
Diabetes mellitus (%) 40
Current or former smoker (%) 51
Ischemic heart disease (%) 22
Peripheral vascular disease and/or
cerebrovascular disease (%)

9

Hydration status
Ratio of extracellular to total body
water

0.4860.04

Overhydration volume relative to
extracellular volume (%)

369

Normohydrated (%) 69
Moderately overhydrated (%) 21
Severely overhydrated (%) 10

Left ventricular structure and
function
Left ventricular hypertrophy (%)
Nil 56
Mild 33
Moderate 11

Ejection fraction (%) 6067
Left ventricular systolic
dysfunction (%)

9

Diastolic dysfunction (%)
Nil 13
Mild 24
Moderate 45
Severe 18

Antihypertensive agents
Median number of
antihypertensive agents

1 (1–2)

Proportion taking b-blockers (%) 42
Proportion taking ACEIs or
ARBs (%)

38

C-reactive protein (mg/L) 5.0 (2.1–12)

Table 1. (Continued)

Characteristic Value (n=55)

NT-proBNP (pg/ml)
Median (interquartile range) 1698 (718–3742)
Distribution (%)
,300 7
300–899 20
900–4999 51
5000–19,999 11
$20,000 11

D/P creatinine, ratio of creatinine concentration in dialysate to
plasma; ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin type 1 receptor blocker; NT-proBNP, N-terminal
pro–B-type natriuretic peptide.

Clin J Am Soc Nephrol 10: 620–629, April, 2015 Biological Variation of NT-proBNP in Dialysis, Fahim et al. 623
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uretic peptide (NT-proBNP) was measured in 618 incident 
haemodialysis patients, randomised to either high-flux or 
low-flux. Characteristics of patients with NT-proBNP levels 
below or above the median were descriptively analysed and 
survival analysis was performed.  Results:  Median NT-proBNP 
value was 2,124 pg/ml, with 1,854 pg/ml in the high-flux and 
2,919 pg/ml in the low-flux group. Survival probability was 
lowest in patients with both a history of cardiovascular dis-
ease and NT-proBNP values above the median (p < 0.001). A 
multivariate Cox proportional hazard model showed inter-
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when looking at both factors in a univariate analysis 
( fig. 1 , p < 0.001). This is also reflected by a synergy index 
of 2.40, clearly deviating from 1, which indicates an addi-
tive interaction of both risk factors.

  Univariate and Multivariate Analysis 
 A univariate analysis of the relationship of defined pa-

rameters with all-cause ( table 3 ) and cardiovascular risk 
of mortality ( table 4 ) was performed. The combination of 
increased NT-proBNP and presence of cardiovascular 
disease, age, diabetes, ultrafiltration volume and serum al-
bumin concentration significantly affected the hazard ra-
tio for all-cause and cardiovascular mortality. Low-densi-
ty lipoprotein cholesterol, CRP (median split) and diastol-
ic blood pressure were only associated with all-cause 
mortality. The multivariate model, including and adjust-
ing for those parameters with a p value < 0.1 in the uni-
variate model, demonstrated significant effects of NT-
proBNP/cardiovascular predisposition, age, diabetes, and 
serum albumin on all-cause mortality as well as on cardio-
vascular mortality.

  In particular, the multivariate model confirmed the 
more-than-additive risk increase for patients with high 
NT-proBNP and presence of cardiovascular disease (for 
all-cause mortality: HR 2.61, p < 0.001), whereas patients 
showing high NT-proBNP but no cardiovascular disease 

(HR 1.095, p = 0.70) and patients with low NT-proBNP 
and cardiovascular disease (HR 1.29, p = 0.39) showed no 
significantly increased risk compared to patients without 
both risk factors. Also in a multivariate model with ad-
justment, the synergy index of 5.85 indicates an additive 
interaction.

  Discussion 

 The results of this Pan-European study of more than 
600 patients provide novel evidence of the role of NT-
proBNP as an independent predictor of mortality in inci-
dent HD patients. This corroborates recently published 
data indicating that BNP is a predictor of mortality in 
incident HD patients  [22, 23]  and supports earlier find-
ings that the serum concentration of NT-proBNP is an 
independent predictor of all-cause mortality in the gen-
eral population and in all CKD stages.

  Moreover, our data confirm that NT-proBNP levels in 
CKD 5D patients are higher by far than in patients with 
congestive heart failure and normal kidney function. In 
such clinical settings, the cut-off point for diagnosis of 
heart failure has been proposed to be at 300 pg/ml  [11] , 
whereas in other studies, concentrations measured in CKD 
patients show median values and interquartile ranges 
which are even higher than in our population  [8, 24] . The 
longer dialysis vintage time in these two studies and the 
likely consequent lower residual renal function could ex-
plain the higher concentrations observed. On the other 
hand, the dependency of NT-proBNP concentrations on 
dialysis vintage and treatment parameters such as Kt/V  [8]  
may weaken the prognostic value of BNP for heart failure 
in the dialysed population. However, the standardised 
minimum dialysis dose with a Kt/V of 1.2 in our study and 
the same dialysis vintage throughout our incident HD 
population might have minimised the effect of such poten-
tial confounders. Despite the possible influence of such 
factors, we, as others previously  [8, 24, 25] , could demon-
strate a higher frequency of congestive heart failure in the 
group of patients with levels of NT-proBNP higher than 
the median and an increased hazard ratio of death associ-
ated with higher NT-proBNP concentrations.

  We observed lower NT-proBNP concentrations in the 
group treated with high-flux membranes compared with 
the group treated with low-flux membranes. As the first 
blood sampling for laboratory analyses was performed at 
month 0, i.e. after randomisation and one month of di-
alysis treatment with the respective study dialyser, we in-
terpret this difference as an effect of membrane flux, sim-
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Fig. 1. Kaplan-Meier survival curves (all-cause mortality) for pa-
tients with/without cardiovascular diseases (CVD/no CVD) and 
NT-proBNP levels below and above median (low BNP/high BNP). 
Log-rank test p < 0.001.
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  Statistical Analysis 
 The parameters used in the present analysis were collected at 

patient inclusion (e.g. medical history), at the start of the run-in 
phase (treatment parameters and Kt/V) or at month 0 (4 weeks 
after patient enrolment) for laboratory parameters. Cardiovascu-
lar diseases included congestive heart failure, previous myocardial 
infarction, cardiac arrhythmia, coronary artery disease, and pe-
ripheral vascular disease. Descriptive analysis, including means 
and frequencies depending on the type of parameter, was per-
formed for patient and treatment characteristics. Statistical sig-
nificance of differences was tested with the ANOVA test for con-
tinuous and normally distributed parameters, the Mann Whitney 
U test for non-normally distributed parameters or Fisher’s exact 
test for categorical parameters. 

  Separate Kaplan-Meier survival analyses were performed for 
the composite endpoint death and cardiovascular death (applying 
censoring for patients dying from non-cardiovascular causes). Pa-
tients were censored at the time of premature study termination 
for the defined reasons.

  Statistical significance of the difference between the Kaplan-
Meier survival curves was calculated with the log-rank test. In a 
Cox proportional hazards model, NT-proBNP, membrane perme-
ability, and baseline parameters (age, gender, body mass index, 
presence of diabetes mellitus, cardiovascular diseases), together 
with laboratory parameters, blood pressure, and ultrafiltration 
volume at month 0 were included to assess the relative risk of mor-
tality. These factors were used first in a univariate model. All pa-
rameters showing an association with mortality at a p value <0.1 
were included in a multivariate model; membrane flux was forced 
into the model irrespective of the p value.

  In all these models, interaction of NT-proBNP with prevalence 
of cardiovascular disease was examined. Patients were grouped 
into 4 classes according to NT-proBNP values below or above the 
median and the presence/absence of cardiovascular disease. The 
synergy index was calculated as a measure to describe the amount 

of interaction (according to de Mutsert et al.  [21] ). Unless stated 
otherwise, all data are given as mean ± standard deviation. Statis-
tical significance was assumed for a p value <0.05.

  Results 

 Patient Characteristics 
 Out of 647 patients representing the analysis popula-

tion of the MPO study, NT-proBNP levels were available 
from 618 patients. The mean NT-proBNP concentration 
was 6,224 ± 8,953 pg/ml with a median of 2,124 pg/ml 
( table 1 ), indicating a skewed distribution of this param-
eter in HD patients.

  When serum samples were drawn for the first time 
(month 0), patients had already been treated for 4 weeks 
with their study dialyser. Accordingly, the median NT-
proBNP level was significantly lower (1,854 pg/ml) in 
patients in the high-flux than in those in the low-flux 
group (2,919 pg/ml, p = 0.0002). Following classification 
of patients into a higher or lower risk group  [1] , patients 
with serum albumin levels  ˯  4 g/dl had a nonsignificant-
ly higher median concentration of NT-proBNP (2,367 
pg/ml) than patients with serum albumin levels >4 g/dl 
(1,833 pg/ml, p = 0.07). Within the hypoalbuminaemic 
patients, the median NT-proBNP level was significantly 
lower in the high-flux than in the low-flux group ( ta-
ble 1 ). On the other hand, such a difference was not vis-
ible in the smaller patient group with albumin levels 
>4 g/dl.

Table 1.  NT-proBNP at month 0 by membrane flux and serum albumin at study entry

n  NT-proBNP (pg/ml)

me an ± SD median (min.–max.) p value

All patients 618 6,224±8,953 2,124 (5–35,000)

High-flux 301 5,100±7,827 1,854 (5–35,000)
<0.001Low-flux 317 7,291±9,798 2,919 (88–35,000)

Serum albumin ≤4 g/dl 470 6,443±9,159 2,367 (5–35,000)
0.07Serum albumin >4 g/dl 148 5,330±8,253 1,833 (88–35,000)

Albumin ≤4 g/dl
High-flux 235 5,139±7,962 1,829 (5–35,000)

<0.001Low-flux 235 7,746±10,066 3,402 (110–35,000)

Albumin >4 g/dl
High-flux 66 4,963±7,380 1,971 (134–35,000)

0.71Low-flux 82 5,987±8,913 1,778 (88–35,000)
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Diagnostic value of N-terminal pro-B-type natriuretic peptide
(NT-proBNP) for left ventricular dysfunction in patients with chronic
kidney disease stage 5 on haemodialysis
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Abstract
Background. Natriuretic peptides such as N-terminal pro-
B-type natriuretic peptide (NT-proBNP) have become in-
creasingly important in diagnosing left ventricular dys-
function (LVD), however, in patients with chronic kidney
disease (CKD), their use is confounded by concomitant vol-
ume overload and reduced renal excretion. We hypothesized
that a serum NT-proBNP cut-off value adjusted for patients
with CKD could serve as a biochemical marker to detect
LVD in patients on haemodialysis treatment regardless of
chronic fluid overload.
Methods. We assessed LV function using trans-thoracic
echocardiography and indices of hydration status such as
extracellular water (ECW) using bioelectrical impedance
analysis (BIA) in 62 stable patients on maintenance
haemodialysis. NT-proBNP cutoff values for LVD with dif-
ferent specificities and sensitivities were calculated by ROC
curves.
Results. We found a significant inverse correlation
between LV ejection fraction (EF) and NT-proBNP
levels (r = −0.77, P < 0.0001). In the multivariate re-
gression analysis NT-proBNP was the only independent
predictor of EF (r = 0.699, P < 0.0001). NT-proBNP lev-
els were significantly higher (P < 0.0001) in patients with
LVD (n = 15; 32 760 ± 6605 ng/L) compared to those
without LVD (n = 47; 2835 ± 428 ng/L). An NT-proBNP
cut-off value of 7168 ng/L resulted in 90% specificity and
79% sensitivity for the presence of LVD, i.e. an EF <45%
(AUCROC: 0.95 ± 0.03, P < 0.0001). Furthermore, in pa-
tients with LVD we found a significant relationship between
serum NT-proBNP and markers of fluid overload such as
the ECW/body weight ratio (P < 0.0001) and the grade of
peripheral oedema (P = 0.007), but not in patients without
LVD.
Conclusion. A serum NT-proBNP cut-off value of
≥7200 ng/L discriminates CKD stage 5 patients without
LVD from those with LVD. In those patients with LVD,

Correspondence and offprint requests to: Sascha David, Department of
Nephrology, Medical School Hannover, Carl-Neuberg-Strasse 1, 30625
Hannover, Germany. Tel: (+49)-511-532-6319; Fax: (+49)-511-55-23-66;
E-mail: david.sascha@mh-hannover.de

persistent post-dialytic volume overload correlates with
elevated NT-proBNP levels.

Keywords: bioelectrical impedance analysis (BIA);
chronic kidney disease (CKD); left ventricular
dysfunction (LVD); maintenance haemodialysis (HD);
N-terminal pro-B-type natriuretic peptide (NT-proBNP)

Introduction

Circulating biomarkers play a major role in the early de-
tection of cardiovascular disease such as heart failure. In
recent years natriuretic peptides have become promising
candidates in this respect [1]; in particularly B-type natri-
uretic peptides (BNP) have attracted much attention. The
circulating half-life of BNP is 23 min, whereas the inac-
tive terminal fragment (NT-proBNP) has a much longer
half-life (60–120 min), which is of relevance for its use
as a diagnostic tool [1]. The clinical benefit of using these
markers to screen for cardiovascular (CV) risk has been well
documented in the general population [1–4]. Patients with
chronic kidney disease (CKD), including those with stage
5, have one of the highest CV risk scores. In this population,
the clinical benefit of NT-proBNP measurements has not
been well established [5–7]. The fact that patients with CKD
stage 5 have significantly increased BNP and NT-proBNP
levels [5,7,8] has been considered a major limitation for
its use as a diagnostic tool. Elevated levels were attributed
to chronic fluid overload, rendering measurements of NT-
proBNP levels unreliable. However, considering the CV
burden of patients with CKD [9–16], there is a definite
need to explore the diagnostic value of NT-proBNP levels
and to establish valid normal ranges in these patients.

Our aim was to evaluate the impact of serum NT-proBNP
levels to diagnose left ventricular dysfunction (LVD) in a
sizable cohort of stable patients on chronic haemodialysis
(HD) without clinical signs of progressive heart failure. In
particular, our aim was to determine a cut-off NT-proBNP
value above which LVD can be diagnosed regardless of

C⃝ The Author [2007]. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.
For Permissions, please e-mail: journals.permissions@oxfordjournals.org
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Fig. 1. Box-plots and whispers of post-dialytic NT-proBNP values in patients with left ventricular dysfunction (LVD) and patients without left ventricular
dysfunction (nonLVD), P < 0.0001.

Table 4. Clinical characteristics and laboratory data of patients with left
ventricular dysfunction (LVD, n = 15) defined as an ejection fraction (EF)
<45% and with normal left ventricular function (nonLVD, n = 47)

EF < 45% EF > 45%
LVD nonLVD p - value

n 15 47
Gender (male / female) 9 / 6 29 / 18
Age [years] 60.8 ± 5 50 ± 2.3 0.034∗

Weight [kg] 65.7 ± 5.1 75.6 ± 3 0.121
Haemodialysis vintage 64 ± 13.5 82.4 ± 10.9 0.121

(month)
ECW / Weight [L//kg] 0.214 ± 0.01 0.188 ± 0.05 0.018∗

EF [%] 39 ± 1.3 62 ± 1.2 <0.0001∗

LVH (septum) [mm ] 12.8 ± 0.4 12.3 ± 0.4 0.428
Heart failure classification, 2.29 ± 0.35 0.71 ± 0.1 <0.0001∗

NYHA
NTproBNP [ng/l] postHD 32,760 ± 6,605 2,835 ± 428 <0.0001∗

MAP pre-dialysis 90.4 ± 3.6 93.2 ± 1.8 0.474
MAP post-dialysis 84 ± 3.5 85.6 ± 2 0.694
Antihypertensive drugs 1.3 ± 0.3 1.6 ± 0.2 0.348
Total ultrafiltration (l) 1.98 ± 0.25 2.14 ± 0.16 0.622
Hb (g/dl) 11.4 ± 0.3 12.2 ± 0.1 0.013∗

Hct 0.335 ± 0.01 0.357 ± 0.005 0.039∗

EPO ED (iU) 5,500 ± 928 3,166 ± 575 0.065
CRP (mg/l) 14.4 ± 5.1 6.2 ± 1.1 0.017∗

Albumin (g/l) 41.3 ± 1 42.6 ± 0.4 0.185
Oedema (degree) 2.2 ± 0.2 1.6 ± 0.1 0.001∗

ECW - extra cellular water; EF - ejection fraction; NTproBNP - N terminal
pro-B-type natriuretic peptide; MAP - mean arterial pressure; EPO ED
- Erythropoietin equivalent dosage; iU -international units; CRP - C-
reactive proteine; LVD - left ventricular dysfunction; nonLVD - normal
left ventricular function

specificity for the diagnosis of LVD, with a sensitivity of
65%. Therefore, in our patients an NT-proBNP level above
16 829 ng/L is not solely the result of fluid overload, and

all patients with such an NT-proBNP concentration showed
a reduced EF on echocardiography. The sensitivity of 65%
implies that 35% of the patients with an EF of <45% may
show serum NT-proBNP concentrations below this level.
However, for clinical routine it might be more relevant to
use a value with a higher sensitivity at the expense of loss of
specificity. A value of ≥7168 ng/L resulted in 90% speci-
ficity and an acceptable sensitivity of 79% in diagnosing
LVD. Table 6 presents three calculated NT-proBNP values
with different sensitivities and specificities.

We were able to confirm [26] an inverse correlation be-
tween haemoglobin and NT-proBNP levels (r = −0.34,
P = 0.01), as well as a correlation between the erythropoi-
etin dose and NT-proBNP levels (r = 0.48, P < 0.0001).

The mean ECW/BW measured with BIA was 0.19 ±
0.005 L/kg. According to the ECW/BW ratio 32 patients
were in the HR group (0.22 ± 0.03) and 30 in the LR group
(0.16 ± 0.01). Oedema was present to various degrees in
39 patients; the average degree of oedema was 1.7 ± 0.9
on a four-point scale (Table 2). We found a significant cor-
relation between the degree of oedema and the ECW/BW
ratio (r = 0.49, P < 0.0001), but no significant correla-
tion between serum–albumin levels and ECW/BW ratio.
With respect to this, data on the correlation of post-dialytic
NT-proBNP levels with the patients’ hydration status are of
interest, and the NT-proBNP distribution for the four differ-
ent hydration subgroups (separate subgroups for LVD and
nonLVD) is demonstrated in Figure 4.

In patients with LVD, the mean NT-proBNP levels in the
HR group were significantly higher (39 614 ± 7064 ng/L)
than in the LR group (7629 ± 2568, P <0.0001). In con-
trast, patients without LVD did not show significant differ-
ences in NT-proBNP levels with respect to their hydration
status. Despite their NT-proBNP values being considerably
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Fig. 2. Inverse correlation between left ventricular ejection fraction (EF) and NT-proBNP serum concentration (log-transformed data). The correlation
was highly significant (Spearman’s correlation: r = −0.77, P < 0.0001).

Fig. 3. Receiver operating characteristic (ROC) curves of serum NT-proBNP concentrations and presence of left ventricular dysfunction (LVD). A
cut-off value of 16 829 ng/L has been calculated as 100% specific for the presence of LVD (sensitivity 65%). The upper left corner location of the curves
indicates a good sensitivity and specificity of the NT proBNP in diagnosing LVD. The area under the curve (AUC) represents the overall accuracy of
the NT-proBNP measurement (AUCROC 0.96 ± 0.03, P < 0.0001).
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Introduction: N-terminal-pro-brain natriuretic peptide (NT-pro BNP) is secreted by

cardiomyocytes in cases of cardiac structure disorder and volume overload. However,

the relationship between NT-pro BNP level and body fluid status in dialysis patients with

reduced cardiac ejection function (EF) is uncertain. Therefore, we aimed to investigate

this relationship.

Methods: We enrolled patients who had been receiving hemodialysis for >3 months.

Blood sample, transthoracic echocardiographic, and bioimpedance spectroscopy

measurements were performed during a midweek non-dialysis day. The predictive value

of NT-pro BNP in hemodialysis patients with volume overload was analyzed.

Results: A total of 129 hemodialysis patients (74 men and 55 women; mean age:

59.4 ± 13.0 years) were recruited. The average hemodialysis duration was 55.5 (23.9–

93.4) months, the NT-pro BNP level was 4992 (2,033–15,807) pg/mL, and the value of

overhydration was 2.68± 0.19 (−1.9 to 12.2) L. The NT-pro BNP level was independently

correlated with overhydration in both the LVEF ≥ 60% (β = 0.236, P = 0.044) and

LVEF < 60% (β = 0.516, P = 0.032) groups, even after adjustments for potentially

confounding variables. In receiver operating characteristic curves of NT-pro BNP for

predicting volume overload, the area under the curve was 0.783 [95% CI (0.688–0.879),

P < 0.001) and 0.788 [95% CI (0.586–0.989), P < 0.001] in the LVEF ≥ 60% and LVEF

< 60% groups, respectively.

Conclusions: NT-pro BNP is a predictive factor for volume overload in hemodialysis

patients with or without EF declines.

Keywords: volume overload, N-terminal pro-brain natriuretic peptide, body compositionmonitor, ejection fraction,

hemodialysis

Wang et al. NT-Pro BNP With Volume Status

FIGURE 1 | Receiver operating characteristic curve for predictive factor (NT-pro BNP) associated with volume overload in hemodialysis patients. (A) In the group with

LVEF ≥ 60%, the cutoff value was 5,741.5 pg/mL, the sensitivity was 63.6%, and the specificity was 86.4%. The AUC was 0.783. AUC, area under the curve. (B) In

the group with EF < 60%, the cutoff value was 15,617.5 pg/mL, the sensitivity was 91.7%, and the specificity was 72.7%. The AUC was 0.788. AUC, area under

the curve.

function decline (30). Studies have demonstrated a significant
association between NPs and cardiovascular diseases or various
indicators of cardiac structure and function, such as LVMI, LVEF,
and fractional shortening (31, 32). Therefore, BNP and NT-pro
BNP have been established as biomarkers of heart failure in the
general population and in CKD patients (33, 34). However, a
study by Lei et al. demonstrated that NT-pro BNP could not be
used as a marker of improvement of heart failure in patients with
renal failure who were undergoing hemodialysis (35). Moreover,
little is known about the utility of NT-pro BNP as an indicator
of volume status in the presence of both cardiac structural and
functional change, and volume overload.

In the present study, we found that LVEF decreased gradually
in the higher quartile NT-pro BNP group. Similarly, the value
of overhydration and the proportion of volume overload were
higher in the LVEF < 60% group than in the LVEF ≥ 60%
group (Supplementary Table 1). These results demonstrate that
decreased cardiac ejection function, water-sodium retention, and
circulatory capacity overload contribute to NT-pro BNP release
from the myocardium making it a viable indicator for cardiac
function and volume status.

In addition, we found that in the subgroup of EF < 60%, NT-
pro BNP was correlated with overhydration after adjustments
for all potential confounders. When NT-pro BNP was above
the cut-off value, volume overload was present in patients.
The results demonstrate an association between NT-pro BNP
and overhydration, despite the presence of reduced cardiac
ejection fraction.

This study has a few limitations. First, the study was a cross-
sectional design, some potential predictive variables and outcome

variables were acquired almost simultaneously, and information
about causality could not be provided. Therefore, long-term and
longitudinal studies should be considered in the future. Second,
this study involved a relatively small size and the proportion
of patients with reduced cardiac ejection fraction was less than
those who experienced an increase, which might have affected
the logistic regression analysis of the correlation between NT-pro
BNP and volume overload in the group with EF < 60%. Hence, a
larger sample size of patient is required in further studies.

CONCLUSIONS

This cross-sectional study demonstrated that NT-pro BNP is an
effective marker of volume status in patients with or without
reduced ejection fraction undergoing hemodialysis.
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 Abstract 
  Background/Aims:  Brain natriuretic peptide (BNP) is secreted by cardiomyocytes under 
stretch condition. High blood levels are associated with decreased patient survival in heart 
failure patients and in hemodialysis (HD) patients. We report the monthly BNP change in the 
first months of HD therapy in incident patients and its relationship with fluid removal and 
cardiac history (CH).  Methods:  All patients starting HD therapy in our unit from May 2008 to 
December 2012 were retrospectively analyzed. Every month (M1 to M6), BNP was assessed 
before a midweek dialysis session. CH, monthly pre- and postdialysis blood pressure, and 
postdialysis body weight were collected.  Results:  A total of 236 patients were included in the 
analysis. The median BNP at HD start was 593 (175–1,433) pg/mL, with a significant difference 
between CH– and CH+ patients (291 vs. 731 pg/mL,  p  < 0.0001). Mortality was significantly 
higher in patients in the higher BNP tertile. BNP decreased significantly between M1 and M2 
and then plateaued. The BNP change between M1 and M2 and between M1 and M6 was 
significantly correlated with the initial fluid removal. Applying stepwise multiple regression, 
the BNP change between M1 and M2 was significantly and independently related to fluid 
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been detected by the MLT, but was more obvious when
the patients used this meter.

To evaluate the lot-to-lot variation, we included only
the measurements performed by the MLT. For the Glu-
cometer Dex, the analytical quality of one lot was signif-
icantly poorer than the quality of the two others, even
when we excluded the results for incompletely filled
strips. For the GlucoMen Glyco there was no difference in
analytical quality among the three lots, but all had a
negative bias compared with the reference method, as
shown in Supplement 2 in the online Data Supplement.
Lot-to-lot variation may be a considerable problem with
SMBG devices and could be a major factor in loss of
analytical quality (12 ). From 2004 onward, the quality of
all lots on the Norwegian market will be examined.

Educational efforts might influence the performance of
SMBG (13–15). For the Glucometer Dex, the precision
obtained both at the consultation and at home was better
for the patient group trained on meter use by the MLT
compared with the group that received only written
instructions [CV, 12% and 28% for the trained patients
and the untrained patients, respectively, at the consulta-
tion (P !0.05) vs 5.6% for the trained patients and 8.8% for
the untrained patients at home (P !0.05)]. For the Glu-
coMen Glyco, the precision obtained at home was better
for the trained group than for the nontrained group (CV,
5.2% vs 7.6%; P !0.05). However, 12 patients in the
nontrained group compared with 2 patients in the trained
group had coded the GlucoMen Glyco incorrectly.

User errors that were assessed in the evaluations were
highlighted in the questionnaires (Supplements 3 and 4 in
the online Data Supplement). Regarding the Glucometer
Dex, "25% of the patients commented on the problem of
poor uptake of blood. In the case of the GlucoMen Glyco,
13% answered that it was difficult to apply blood to the
test strip, and 17% found it difficult to code the instru-
ment. Manufacturing of SMBG instruments according to
patients’ wishes may lead to improvements in acceptabil-
ity, compliance, and glucose control (16 ).

Each evaluation lasted "5 months. One month was
used to prepare the work, 2.5 months were needed to
complete the practical work, and 1 month was needed for
result evaluation. The costs were estimated to be approx-
imately NOK 150 000 (US $20 000) for each evaluation.

It is essential that important shortcomings of SMBG
devices are disclosed before the instruments are made
commercially available. A procedure for evaluating new
instruments and strips should therefore be standardized,
including both a user part and a part that deals with
analytical quality in the hands of experienced technolo-
gists. The evaluation should not be too costly to perform.
We believe that our procedure fulfills these demands, and
the Norwegian Health Authorities have decided that all
SMBG instruments marketed in Norway should be exam-
ined by a procedure similar to the one described in this
study. In addition, all lots of strips on the market will be
tested in a special survey because they cannot be included
in the procedure for practical reasons.

The Glucometer Dex and GlucoMen Glyco instruments
and strips used and tested by the MLT and the patients in
the study were kindly supplied by Bayer Diagnostics
(Tarrytown, NY) and Menarini (Firenzi, Italy), respec-
tively. The National Office for Social Insurance in Norway
provided financial support for the study. The study is part
of the Global Campaign of Diabetes Mellitus launched by
the IFCC.
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The measurement of natriuretic peptides for the diagnosis
of heart failure has been a major breakthrough in cardi-
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ology (1, 2). B-Type natriuretic peptide (BNP) is synthe-
sized as preproBNP mainly in the ventricular myocar-
dium. On ventricular myocyte stretch, preproBNP is
enzymatically cleaved to proBNP and released in the form
of the hormonally active BNP and the inactive N-terminal
proBNP (NT-proBNP). Both BNP and NT-proBNP have
been shown to reflect heart failure severity (1 ), but studies
on their sensitivity and specificity for different degrees of
heart failure produced conflicting results (3–6). Both BNP
and NT-proBNP can be used for the diagnosis of heart
failure, but there are important differences between the
two tests, particularly regarding influence of age and
renal function (1 ). In addition to glomerular filtration,
BNP is eliminated from plasma mainly through natri-
uretic peptide receptors and degraded by neutral en-
dopeptidases (7–9). In contrast, NT-proBNP possibly is
largely eliminated by glomerular filtration only (4 ). This
explains the strong influence of renal function on NT-
proBNP concentrations. Because of the normal decrease in
glomerular filtration rate with increasing age, the diag-
nostic cutoff for NT-proBNP depends on age (1 ). This is
also true for BNP (10 ), but to a much lesser extent.
Importantly, both BNP and NT-proBNP concentrations
can be increased in the setting of hemodialysis (11–14).
The prevalence of chronic heart failure is significantly
increased in dialysis patients and is associated with left
ventricular hypertrophy, which may be secondary to
volume overload and hypertension (15–17). Reports on
the effect of hemodialysis on plasma concentrations of
BNP and NT-proBNP showed significant decreases in
BNP (11, 14, 18) and significant increases in NT-proBNP
(11 ). This different behavior was explained (11 ) by both
the different sizes of BNP (3.5 kDa) and NT-proBNP (8.5
kDa) and their different half-lives [!20 min (19 ) and
60–120 min (20, 21), respectively]. The decrease in BNP
plasma concentrations could be attributable to reduced
production/secretion of BNP caused by a reduction in
plasma volume, elimination by dialysis, or both of these
factors (1, 11).

In this study we investigated the effect of the dialysis
procedure on BNP concentrations by hemodialysis, mea-
suring BNP (ADVIA BNP assay; Bayer) and NT-proBNP
(Elecsys proBNP; Roche Diagnostics). To address the
unanswered question of elimination, we measured the
concentrations in both plasma and, for the first time
reported, in the corresponding dialysis fluid. Although
these assays have not been validated for dialysis fluid, the
results can be used to compare the relative effects of
different membranes. Pre- and postdialysis samples
(EDTA plasma) were drawn from 17 chronic hemodialy-
sis patients [11 men and 6 women; mean (SD) age, 72.3
(6.2) years; mean (SD) duration of hemodialysis treat-
ment, 5.6 (2.9) years]. Patients were treated with the
Genius Therapy System (Fresenius Medical Care) and
assigned to either low-flux (Polyflux 14 L; Gambro) or
high-flux membranes (F 60 S; Fresenius Medical Care).
The term high-flux membrane refers to a membrane with
a high ultrafiltration rate. Because high-flux membranes
tend to have larger pores, clearance of mid-molecular-
weight molecules is usually higher than with low-flux
membranes. Aliquots of the dialysis fluid were collected
in EDTA-containing tubes for plasma preparation. The
mean (SD) duration of dialysis was 4.4 (0.5) h, and the
mean volume of the ultrafiltration was 2.6 (0.9) L. All
samples were centrifuged immediately and stored at
"20 °C, and all were analyzed at the same time. Post-
dialysis samples were adjusted for volume changes by use
of the hematocrit.

All patients (n # 17) showed increased mean (SE)
concentrations for BNP [738 (120) ng/L] and NT-proBNP
[25 366 (9062) ng/L] in predialysis specimens. Even the
postdialysis concentrations of both BNP [555 (159) ng/L]
and NT-proBNP [24 933 (9828) ng/L] were increased. The
approved cutoffs for the diagnosis of heart failure in
non-renal-decreased populations (1 ) are 100 ng/L for
BNP, and 125 ng/L (age $75 years) and 450 ng/L (age
!75 years) for NT-proBNP. Hemodialysis caused mean
(SE) decreases of 21.6 (7.1)% for BNP and 10.1 (4.3)% for

Fig. 1. BNP and NT-proBNP plasma concentrations in
individual patients (n # 17) before and after hemo-
dialysis (HD).
High-flux membrane (solid lines), n # 13; low-flux mem-
brane (dashed lines), n # 4.
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Influence of haemodialysis on the NT-proBNP plasma
concentration

Giuseppe Lippi1,*, Nicola Tessitore2, Gian Luca
Salvagno1, Martina Montagnana1, Antonio
Lupo2 and Gian Cesare Guidi1

1 Sezione di Chimica Clinica, Dipartimento di Scienze
Morfologico-Biomediche, Università degli Studi di
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Heart failure is the most common primary hospital
discharge diagnosis, as well as the most common
cause of death in patients over 50 years of age in
Western countries (1). Since cardiovascular disease
and heart failure are very common in chronic renal
failure patients on haemodialysis (HD), accounting for
the majority of deaths (2), new approaches to man-
agement are clearly needed to reduce this excessive
cardiovascular burden. Circulating levels of the car-
diac natriuretic peptides, B-type natriuretic peptide
(BNP) in particular, might provide a useful, objective
guide to the management of hydration status and
pharmacotherapy. In the dialysis population, serial
estimations of BNP help to identify occult cardiac dis-
ease and its plasma concentration correlates signifi-
cantly with cardiac function, making it the most
valuable biochemical marker for risk stratification in
these patients (3). Nevertheless, measurement of
natriuretic peptides in HD patients may be challeng-
ing, since their concentration can be substantially
modified by the HD session. Dautin et al. highlighted
that HD is likely to decrease the concentration of
N-terminal pro-BNP (NT-proBNP) by one-third in
patients dialysed with high-flux membranes, whereas
its concentration would not be significantly modified
in patients dialysed with membranes whose ultra-
filtration coefficient is F12 (low flux) (4). Since

*Corresponding author: Prof. Giuseppe Lippi, MD, Sezione
di Chimica Clinica, Dipartimento di Scienze Morfologico-
Biomediche, Università degli Studi di Verona, Ospedale
Policlinico G.B. Rossi, Piazzale Scuro, 10, 37121 Verona,
Italy
Phone: q39-045-8124308, Fax: q39-045-8201889,
E-mail: ulippi@tin.it, giuseppe.lippi@univr.it

N-terminal (NT)-proBNP is a part of the routine car-
diovascular risk assessment in HD patients at our
Institution, we measured its concentration before and
after HD in 46 patients (20 males and 26 females,
mean age 65"16 years). Patients with at least
6 months duration of stable maintenance HD were
enrolled. Patients received no other medication
except erythropoietin, vitamins, phosphate binders
and calcitriol. In hypertensive patients, angiotensin-
converting enzyme inhibitors, angiotensin receptor
blockers, calcium channel blockers or combined ther-
apy were given. The patients had HD for 3.5–4 h three
times a week using unfractionated heparin for anti-
coagulation. The dialysis was performed using mod-
ified cellulose or polyamide low-flux membranes
(ns21), polysulphone or AN69 high-flux membranes
(ns25) and bicarbonate-containing dialysis fluid.
After overnight fasting, blood samples were drawn
immediately before (pre-HD) and 5 min after the end
of the HD session (post-HD) by antecubital venipunc-
ture directly into heparinised evacuated tubes (Teru-
mo Europe N.V., Leuven, Belgium). After
centrifugation at 1500=g for 10 min at room temper-
ature, plasma was separated and analysed immedi-
ately. NT-proBNP was assayed on an Elecsys 2010
analyser (Roche Diagnostics GmbH, Mannheim, Ger-
many) and post-HD concentration was corrected for
haemoconcentration, calculated from the albumin
variation during HD. Within- and total precision of this
assay has been reported as F3% (5). Since the value
distribution displayed a positive skew by the Kolmo-
gorov-Smirnov test, results were presented as medi-
an and 10th–90th percentiles. Significance of
differences was assessed by the Wilcoxon matched-
pairs signed-ranks test. The level of statistical signif-
icance was set at p-0.05. A significant overall
reduction of NT-proBNP was observed post-HD (Table
1). However, whereas HD by high-flux membranes
was associated with a significant mean variation of
–30.7% from the pre-HD concentration (95%
CIs–40.9% to –20.5%) as reported by others (4), we
observed that the mean concentration of NT-proBNP
in patients who underwent HD by low-flux mem-
branes was significantly increased (ps0.029) by
12.1% (CIs5.9%–18.3%), in agreement with previous
data of Racek et al. (6). In conclusion, although NT-
proBNP measurement may be a reliable tool in eval-
uating heart failure in HD patients, the sampling time
and the ultrafiltration coefficient of the dialytic mem-
branes should be regarded as potential sources of
variability in the clinical management of results of NT-
proBNP testing in HD patients.
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Table 1 Influence of a single haemodialysis (HD) session on the NT-proBNP.

All (ns46) Low-flux membranes (ns21) High-flux membranes (ns25)

Pre-HD Post-HD Pre-HD Post-HD Pre-HD Post-HD

NT-proBNP, pg/mL 5615 5199* 7425 8033* 5577 3817**
(2344–24,637) (1420–26,352) (2536–29,626) (2872–33,525) (2328–22,918) (1408–16,521)

Albumin, g/L 35.3 38.0** 33.6 37.0** 36.0 39.1**
(27.2–39.8) (33.1–46.5) (26.9–36.7) (31.6–43.0) (29.9–39.8) (35.8–47.6)

Values are shown as median and 10th–90th percentiles distribution. *p-0.05, **p-0.01 vs. pre-HD.
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Outcomes in Patients With ESKD: A Systematic Review
and Meta-analysis
Tyrone G. Harrison,* Caley B. Shukalek,* Brenda R. Hemmelgarn, Kelly B. Zarnke, Paul E. Ronksley,
Nicolas Iragorri, Michelle M. Graham, and Matthew T. James

Rationale & Objective: Use of brain natriuretic
peptide (BNP) and N-terminal pro-BNP (NT-
proBNP) for cardiovascular (CV) risk
assessment in patients with end-stage kidney
disease (ESKD) remains unclear. We examined
the associations between different threshold
elevations of these peptide levels and clinical
outcomes in patients with ESKD.

Study Design: Systematic review and meta-
analysis.

Setting & Study Populations: We searched
MEDLINE and EMBASE (through September
2019) for observational studies of adults with ESKD
(estimated glomerular filtration rate ≤ 15 mL/min/
1.73 m2 or receiving maintenance dialysis).

Selection Criteria for Studies: Studies that re-
ported NT-proBNP or BNP levels and future CV
events, CV mortality, or all-cause mortality.

Data Extraction: Cohort characteristics and
measures of risk associated with study-specified
peptide thresholds.

Analytical Approach: Hazard ratios (HRs) for
clinical outcomes associated with different NT-
proBNP and BNP ranges were categorized into
common thresholds and pooled using random-
effects meta-analysis.

Results: We identified 61 studies for inclusion
in our review (19,688 people). 49 provided

sufficient detail for inclusion in meta-analysis.
Pooled unadjusted HRs for CV mortality were
progressively greater for greater thresholds of
NT-proBNP, from 1.45 (95% CI, 0.91-2.32)
for levels > 2,000 pg/mL to 5.95 (95% CI,
4.23-8.37) for levels > 15,000 pg/mL. Risk
for all-cause mortality was significantly higher
at all NT-proBNP thresholds ranging
from > 1,000 to > 20,000 pg/mL (HR range,
1.53-4.00). BNP levels > 550 pg/mL were
associated with increased risk for CV
mortality (HR, 2.54; 95% CI, 1.49-4.33),
while the risks for all-cause mortality were
2.04 (95% CI, 0.82-5.12) at BNP
levels > 100 pg/mL and 2.97 (95% CI, 2.21-
3.98) at BNP levels > 550 pg/mL. Adjusted
analyses demonstrated similarly greater risks
for CV and all-cause mortality with greater
NT-proBNP concentrations.

Limitations: Incomplete outcome reporting
and risk for outcome reporting bias. Estima-
tion of risk for CV events for specific thresh-
olds of both peptides were limited by poor
precision.

Conclusions: ESKD-specific NT-proBNP and
BNP level thresholds of elevation are
associated with increased risk for CV and all-
cause mortality. This information may help guide
interpretation of NT-proBNP and BNP levels in
patients with ESKD.

Cardiovascular (CV) disease is the leading cause of
death in the general population, accounting for nearly

25% of deaths in the United States.1 Patients with end-
stage kidney disease (ESKD) have an incidence of CV
death approximately 10 to 20 times that of the general
population.2,3 Despite this risk, consensus on estimating
future CV risk is poorly delineated for patients with ESKD.
Cardiac biomarkers are increasingly being used to predict
CV morbidity and mortality of asymptomatic patients.
Brain natriuretic peptide (BNP) and the inactive cleavage
fragment N-terminal pro-BNP (NT-proBNP) are bio-
markers that are released upon ventricular stretch or
ischemia.4,5 They have been shown to be associated with
death and CV morbidity in patients with heart failure,6

stable7 and active8-10 coronary artery disease, sepsis,11

and in high-risk non–cardiac surgery patients.12

Though myocardial stretch is a major determinant of
NT-proBNP and BNP level elevation, kidney function also
has a well-documented inverse correlation with peptide
concentrations.13,14 Among asymptomatic and euvolemic
patients with ESKD receiving maintenance dialysis, NT-
proBNP and BNP concentrations are often greater than
20 times the upper limit of these assays.5,15 Recent studies
suggest that elevated baseline NT-proBNP and BNP levels
still have significant associations with CV morbidity and
mortality in patients with ESKD.11,14,16 However, the
utility of these biomarkers in patients with ESKD has been
limited by heterogeneous relationships between biomarker
level elevations and outcomes, at least in part due to
varying thresholds of biomarker level elevations and
different outcomes across studies.17 Given these biomarker
level elevations and high risk for CV disease,
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Threshold HR (95% CI) I², Cochran’s Q PStudies (n)

3.14 (0.69, 14.33)

2.82 (0.39, 20.64)

2.54 (1.49, 4.33)

Cardiovascular Events

> 100 pg/mL

> 225 pg/mL

> 550 pg/mL

Threshold HR (95% CI)
2

2

2

86.8%, p=0.006

88.5%, p=0.003

34.3%, p=0.2

I², Cochran’s Q PStudies (n)

0.5 1 5 10

1.79 (0.00, 5468.29)

2.90 (0.001, 25405.66)

4.00 (0.06, 273.14)
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yielding a measurement of 2,000 pg/mL. Although this
would be associated with increased risk for CV mortality in
the general population, our meta-analysis demonstrates
that this elevation would not be associated with signifi-
cantly increased risk in patients with ESKD. Recognition of
this could help avoid additional invasive tests and pro-
cedures that may not be indicated and could be harmful.
Our results suggest that natriuretic peptides require further
study to better guide cardiac risk stratification in patients
with ESKD. Additionally, pre-procedural NT-proBNP and
BNP levels may also be amenable for use in cardiac risk
stratification for surgical patients with ESKD similar to
major perioperative guidelines in the general population
(see Canadian Cardiovascular Society Perioperative Cardiac
Risk Assessment guidelines).91–94 Analogous use of natri-
uretic peptides in CV risk stratification for perioperative
management based on ESKD-specific thresholds requires
further research because the contribution of incremental
natriuretic peptide increases, along with clinical periop-
erative risk scores, remains uncertain in patients with

ESKD. Our findings suggest that use of NT-proBNP and
BNP levels at ESKD-specific thresholds of elevation should
be explored in future research. Ultimately, clinical trials are
required to evaluate biomarker-guided investigations and
interventions to reduce CV disease in the ESKD population
and such trials could evaluate whether the appropriateness
and efficiency of CV care is improved by biomarker ap-
proaches for ESKD care.95,96

Despite using a systematic approach to identify exist-
ing literature, we were not able to include data from all
published cohorts due to incomplete reporting. Though
61 studies met inclusion criteria for our systematic re-
view, only 49 provided sufficient detail for inclusion in
our meta-analysis for at least 1 outcome. This was
generally on the basis that no measures of risk (or crude
numbers to allow for calculation of risk estimates) were
provided for some studies, despite attempts to obtain
additional data from corresponding authors, which may
influence our results due to outcome reporting bias.
There appears to be a consistent trend of increasing CV

Table 2. Summary Table for Risk Associated With Both NT-proBNP and BNP at Specific Peptide Thresholds

Pooled Unadjusted HRs (95% CI) for Peptide Thresholds
CV Mortality All-Cause Mortality CV Events

NT-proBNP threshold
> 1,000 pg/mL 4.00 (1.19-13.44)
> 2,000 pg/mL 1.45 (0.91-2.32) 2.31 (1.48-3.61) 1.65 (0.001-2,862.5)
> 4,000 pg/mL 2.37 (0.96-5.85) 1.80 (1.18-2.74) 1.45 (0.11-17.77)
> 6,000 pg/mL 2.61 (0.21-32.78) 2.61 (1.30-5.24) 4.20 (0.48-36.65)
> 10,000 pg/mL 4.80 (2.84-8.12) 3.52 (2.18-5.67)
> 15,000 pg/mL 5.95 (4.23-8.37) 3.61 (2.46-5.29)
> 20,000 pg/mL 3.92 (1.42-10.82)
> 50,000 pg/mL 1.53 (0.75-3.14)

BNP threshold
> 100 pg/mL 3.14 (0.69-14.33) 2.04 (0.82-5.12) 1.79 (0.01-5,468.28)
> 225 pg/mL 2.82 (0.39-20.64) 2.48 (1.30-4.76) 2.90 (0.001-25,405.66)
> 550 pg/mL 2.54 (1.49-4.33) 2.97 (2.21-3.98) 4.00 (0.06-273.14)
> 1,100 pg/mL 3.46 (0.35-34.65)

Note: Pooled unadjusted HRs are presented along with 95% CIs for both NT-proBNP and BNP at peptide-specific thresholds. Threshold-specific HRs were estimated
using restricted maximum likelihood random-effects meta-analysis and CIs corrected for between-study variance with the Hartung-Knapp-Sidik-Jonkman method.28

Abbreviations: BNP, brain natriuretic peptide; CI, confidence interval; CV, cardiovascular; HR, hazard ratio; NT-proBNP, N-terminal pro-BNP.

=
Figure 3 (previous page). (A, B) Summary meta-analysis for unadjusted risk for clinical outcomes pooled according to threshold of
(A) N-terminal pro-BNP (NT-proBNP) and (B) brain natriuretic peptide (BNP). Pooled unadjusted hazard ratios (HRs) with 95% con-
fidence intervals (CIs) for cardiovascular mortality, all-cause mortality, and cardiovascular events are presented using restricted
maximum likelihood random-effects models. CIs were corrected for between-study variance using the Hartung-Knapp-Sidik-
Jonkman method.27,28 Estimates that are provided represent the pooled estimates at each threshold level indicated in the far left col-
umn. For both NT-proBNP and BNP, estimates were pooled if 2 or more studies provided risk estimates that met inclusion
criteria specified a priori. For (A) NT-proBNP, thresholds of > 1,000, > 2,000, > 4,000, > 6,000, > 10,000, > 15,000, > 20,000,
and > 50,000 pg/mL were assessed (though not all thresholds had sufficient studies to pool for each outcome). (B) BNP thresholds
that were examined were > 100, > 225, > 550, and > 1,100 pg/mL (though not all thresholds had sufficient studies to pool for each
outcome). Heterogeneity among each threshold is presented with the I2 statistic along with the accompanying Cochran Q test P
value (significance set at P < 0.05). The number of substudies that were incorporated in each threshold-specific summary estimate
are denoted by “n.”
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The prevalence of end-stage renal disease (ESRD) and incidence of hemodialysis has distinctly increased during 
the past two  decades1. Coronary artery disease, especially acute coronary syndrome, is a major cause of cardiac 
hospitalizations and cardiac deaths in hemodialysis  population2. According to recent guideline recommendation, 
high-sensitivity cardiac troponin (hs-cTn) is recommended for the diagnosis of acute myocardial  infarction3,4. 
It is defined as the rise of hs-cTn more than the 99th percentile of the upper reference limit (URL) or a rise of 
hs-cTn more than 20% if baseline level is  elevated4. However, the cutoff level of hs-cTn recommended by inter-
national guidelines was derived mostly from patients without chronic kidney disease. Remarkably, it has been 
well described that the baseline hs-cTn levels in asymptomatic hemodialysis patients were higher than general 
 population5. Recent studies have shown that majority of patients with ESRD with chronic hemodialysis had 
baseline hs-cTn above the 99th percentile  URL6,7. Furthermore, the variation of hs-cTn level before, during, and 
after hemodialysis has been  observed8–10. With this regard, the diagnosis of acute coronary syndrome in patients 
undergoing regular hemodialysis is challenging.

The hs-cTn I and hs-cTn T are considered the gold-standard biomarkers for detection of myocardial  injury4. 
However, these two biomarkers have different biochemical characteristics and use different cut-off  values11. In 
addition, previous studies have demonstrated the conflicting findings between the results of cTn I and cTn T in 
some  population12,13. Notably, a greater number of patients having an increased cTn T compared to cTn I has 
been reported in chronic hemodialysis  patients7. Currently, the use of conventional cTn has been replaced by 
hs-cTn due to the much higher sensitivity of the  latter4. Nevertheless, the prevalence of elevated hs-cTn I and 
hs-cTn T levels in hemodialysis patients has rarely been explored. Therefore, we conducted this study to compare 
the prevalence of increased hs-cTn I and hs-cTn T in hemodialysis patient. The alteration of hs-cTn I and hs-cTn 
T pre-dialysis and post-hemodialysis in asymptomatic patients was also investigated. Moreover, observational 
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Figure 1.  Individual variation of high-sensitivity cardiac troponin T and high-sensitivity cardiac troponin 
I pre-hemodialysis and post-hemodialysis during short interdialytic interval. (A) High-sensitivity cardiac 
troponin T pre-hemodialysis (line indicates cut-off level of 14 ng/L). (B) High-sensitivity cardiac troponin 
T post-hemodialysis (line indicates cut-off level of 14 ng/L). (C) High-sensitivity cardiac troponin I 
pre-hemodialysis (line indicates cut-off level of 26.2 ng/L). (D) High-sensitivity cardiac troponin I post-
hemodialysis (line indicates cut-off level of 26.2 ng/L).

Figure 2.  Histogram of high-sensitivity cardiac troponin T (A) and I (B) levels before hemodialysis.
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Table 1. Effect of hemodialysis on levels of high-sensitivity cardiac troponin T 

Age Sex 

 
 

Baseline 
troponin 
(ng/L) 

Variation during dialysis (%) 
 

Variation immediately post-dialysis (%)
 

Total protein Creatinine Troponin Total protein Creatinine Troponin 
64 M 44 3 -46 -7 4 -65 -2 
64 F 52 2 -53 -15 2 -65 -21 
71 F 55 2 -23 -18 5 -49 -20 
83 F 61 0 -53 -10 -1 -70 -8 
75 M 100 5 -45 -14 6 -62 -18 
79 M 113 5 -47 -27 6 -63 -34 
78 M 142 -1 -42 -5 6 -53 -3 
89 M 148 4 -51 1 7 -70 -3 
80 M 149 2 -47 -4 4 -62 -6 
88 M 250 3 -50 -8 6 -55 -5 

Mean % change  
(95% confidence interval) 

3  
(0.1 to 4) 

-46  
(-53 to 40) 

-11  
(-16 to 5) 

5  
(2 to 7) 

-61  
(-69 to -57) 

-12  
(-19 to -5) 
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cTnT did not exhibit a significant effect on 
survival (Table 3). 
  Kaplan-Meier survival curves for cTnT (Figure 
1A) and cTnI (Figure 1B) based on increased 
and normal concentrations are shown in Figure 
1. The difference in survival was statistically 
significant for cTnT (P = 0.037, log-rank test) 
but not significant for cTnI (P = 0.28, log-rank 
test). 

 
Discussion 

 
  This study confirms the high prevalence of 
elevated cardiac troponins in asymptomatic 
HD patients. In our population, only 14 pa-
tients (9.7%) and 94 patients (64.8%) had un-
detectable levels of cTnT and cTnI at baseline, 
respectively. 
  There is no definitive information about the 
etiologies of elevated troponin levels. These 
elevations could reflect silent myocardial nec-
rosis, left ventricular hypertrophy, left ventri-
cular systolic dysfunction, increased cardiac 
preload with myocardial stretch, microvascular 
disease, endothelial dysfunction, episodes of 
hypotension during dialysis or cardiac injury 
secondary to calcium and oxalate deposition.14 
Troponin elevations are unlikely owing to im- 

 
paired renal clearance of troponin despite re-
cent claims,15 because the observation of ele-
vated cTnT has been documented in patients 
with various degrees of renal failure and treat-
ment modalities.12 It has been suggested that 
elevated cTnT could come from muscle (skele-
tal isoform); however, second-generation assays 
do not cross-react with muscle troponin. Thus, 
in general, the troponin assay is considered 
very specific to cardiac muscle.16 
  Our results substantiate the discordance 
between cTnT and cTnI elevations observed in 
several other studies.8,17,18 Multiple hypotheses 
might explain the discrepancy between these 
two assays. First, there are differences in the 
structure, molecular weight, half-life and bin-
ding abilities of the two troponins. Second, the 
kinetics of release into the circulation after 
myocyte membrane permeability modifications 
can differ.11 Third, cTn clearance from the cir-
culation is different: cTnI, fast; cTnT, more 
stable. Once released into the circulation, TnI 
is susceptible to various biochemical modifica-
tions, including phosphorylation, oxidation 
and proteolysis. Proteolysis of TnT has been 
described to a lesser extent. Finally, dialysis 
may differentially affect serum levels of TnT 
and TnI. Regardless of the method of clea-

 

 

A 

 

 

B 
Figure 1. Kaplan-Meier survival curves by baseline troponin cut-offs, (A) cTnT using the 99th percentile 0.01 
ng/mL, 10% CV 0.03 ng/mL and the ROC 0.1 ng/mL. (B) cTnI using the 99th percentile 0.2 ng/mL. 
The 99th percentile refers to the normal reference limit. The 10% CV refers to the lowest concentration that 
demonstrates a 10% total precision. The ROC cut-off refers to concentrations optimized for the sensitive and 
specific detection of MI. 
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Predictive Value of Cardiac Troponin T and I in Hemodialysis Patients 
 

Faiza Rawas Kalaji, Sami Albitar 
 

Department of Internal Medicine, School of Medicine, University of Aleppo, Syria 
 
ABSTRACT. Cardiac troponin T (cTnT) and I (cTnI) levels are considered as important diagnos-
tic tools in acute coronary events. They could be of predictive value in hemodialysis (HD) pa-
tients. The aim of this study was to determine the prevalence of increased cTnI and cTnT in HD 
patients and their prognostic relevance to all-cause mortality. We measured cTnT and cTnI at 
baseline in 145 asymptomatic HD patients. We used three different cut-off criteria to define ele-
vated cardiac troponin levels as follows: the 99th percentile of a reference population, the lowest 
concentration to give a 10% imprecision [10% coefficient of variation (10% CV)] and the relative 
operating characteristic (ROC) curve-determined value optimized for diagnostic sensitivity and 
specificity for detection of myocardial injury (MI). These concentrations were 0.01 ng/mL, 0.03 
ng/mL and 0.1 ng/mL for cTnT and 0.2 ng/mL, 0.6 ng/mL and 1 ng/mL for cTnI, respectively. 
Patients were followed for all-cause mortality (median follow-up 551 days). Kaplan-Meier 
survival curves, log-rank test and Cox models were employed to determine whether baseline 
cTnT and cTnI levels were predictive of mortality. Greater percentages of patients had an 
increased cTnT versus cTnI at each cut-off as follows: 99th percentile, 90.3% versus 35.2%; 10% 
CV, 73.1% versus 2.1%; and ROC, 20.7% versus 0.7%. During follow-up, 40 patients died. 
Elevated cTnT levels above the ROC concentration were associated with increased mortality, 
although it was not significant after adjustment for other risk factors. Univariate and adjusted 
hazard ratios were 2.3 [confidence intervals (CI), 1.2–4.5; P = 0. 01] and 1.9 (CI, 0.9–3.9; P = 
0.07). No differences were found for cTnI levels. Diabetes mellitus was also an independent 
predictor of mortality. There is a high prevalence of positive cTnT and cTnI in asymptomatic HD 
patients, with a greater number of patients having an increased cTnT. Elevated troponin T, but not 
cTnI, seems to be associated with poor prognosis. 
 

Introduction 
 

  The presence of cardiovascular disease is an  
Correspondence to: 
 
Dr. Faiza Rawas Kalaji, 
Department of Internal Medicine, 
School of Medicine, 
University of Aleppo, Syria 
E-mail: fayzarawaskalajy@yahoo.com 

important predictor of mortality in patients with 
end-stage renal disease (ESRD), as it accounts 
for almost 50% of deaths.1 Troponin is the bio-
marker of choice for detecting cardiac injury in 
patients with renal failure, including those with 
ESRD receiving long-term dialysis.2,3 How-
ever, cardiac troponins are elevated in some 
patients with renal failure, even in the absence 
of clinically suspected ischemia.4 The impor-
tance and significance of this elevation remains  
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High-sensitivity troponins in dialysis patients:
variation and prognostic value
Sunna Snaedal1,2, Peter Bárány1, Sigrún H. Lund3, Abdul R. Qureshi 4,
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Institutet, Karolinska University Hospital, Stockholm, Sweden, 2Landspitali University Hospital, Reykjavik,
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ABSTRACT

Background. Dialysis patients have a high prevalence of cardiovascular mortality but also elevated cardiac troponins (cTns)
even without signs of cardiac ischaemia. The study aims to assess variation and prognostic value of high-sensitivity cTnI
and cTnT in prevalent dialysis patients.

Methods. In 198 prevalent haemodialysis (HD) and 78 peritoneal dialysis (PD) patients, 4-monthly serum troponin I and T
measurements were obtained. Reference change values (RCVs) were used for variability assessment and competing-risk
regression models for survival analyses; maximal follow-up was 50 months.

Results. HD and PD patients had similar troponin levels [median (interquartile range) troponin I: 25 ng/L (14–43) versus
21 ng/L (11–37), troponin T: 70 ng/L (44–129) versus 67 ng/L (43–123)]. Of troponin I and T levels, 42% versus 98% were above
the decision level of myocardial infarction. RCVs were þ68/"41% (troponin I) and þ29/"23% (troponin T). Increased
variability of troponins related to higher age, male sex, protein-energy wasting and congestive heart failure, but not
ischaemic heart disease or dialysis form. Elevated troponin T, but not troponin I, predicted death after adjusting for
confounders.

Conclusions. A large proportion of prevalent dialysis patients without current established or ongoing cardiac events have
elevated levels of high-sensitivity cTns. Mortality risk was doubled in patients with persistently high troponin T levels. The
large intraindividual variation of cTns suggests that serial measurements and reference change levels may be used to
improve diagnostic utility. However, evidence-based recommendations require more data from large studies of dialysis
patients with cardiac events.
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was observed in the group of patients with persistently high
cTn levels. In multivariate analyses, after adjusting for age, sex,
vintage, modality, IHD, PVD, CHF, diabetes, PEW, hs-CRP, hs-
cTnI did not predict outcome. Mortality analyses were also done
using hs-cTnI and hs-cTnT as continuous variables adjusting
for the same factors as well as medication and NT-proBNP.
These results also show hs-cTnT, but not hs-cTnI, related to
outcome (see Supplementary Material).

In contrast, hs-cTnT within the middle, middle–high, low–
middle–high and high tertiles predicted poorer survival com-
pared with low tertile levels after adjusting for the same con-
founders (Table 5, Figure 2).

DISCUSSION
The four main findings of this study are the large variability of
hs-cTnI and hs-cTnT on repeated measurements, the difference
in variability between hs-cTnI and hs-cTnT, the insight into
which factors predict cTn variability in dialysis patients and the
prognostic value for survival of hs-cTnT but not hs-cTnI.

The large inter-individual differences in cTn levels limit the
diagnostic utility of fixed cut-off levels for dialysis patients.
However, serial regular measurements, as in our study, can be
used to determine an individual basal interval, which together
with the dynamic change in cTn levels over the first hours in
patients presenting with suspected ACS might be the preferred
diagnostic method. The RCVs, i.e. the monthly rise and fall of
cTn, a way to assess dynamic changes, were higher for hs-cTnI
than hs-cTnT, confirming findings reported by Aakre et al. [22]
from a small group of HD patients and healthy individuals.
Others have reported that CVi differed little by dialysis modality

[10]. The large variation in cTns between patients shown by a
high CVg and a low index of individuality supports the conclu-
sion by others [23, 24] that a population-based reference interval
for dialysis patients is not useful for diagnostic purposes. An ex-
pert panel recently highlighted the added information provided
by serial testing of cTns and the potential benefit of relying on
RCV in ACS, in particular when troponin levels are high [25].
The RCV may help in the interpretation of serial hs-cTn meas-
urements in ESRD. A patient with a change in hs-cTns smaller
than the RCV may be classified as stable and ACS is unlikely,
whereas a patient showing a rise or fall of hs-cTn greater than
the RCV may have a cardiac or severe non-cardiac event with al-
tered hs-cTn release. Others have shown the safety of ruling out
ACS when changes in hs-cTns are small in patients with renal
dysfunction (estimated glomerular filtration rate <60 mL/min/
1.73 m2 but ESRD patients on dialysis excluded) [26]. As of yet,
cTns for diagnosing MI are scarcely studied in dialysis patients.
All the same, these results together with previously shown low
RCV of hs-cTn in 90 min in stable dialysis patients [22] support
the use of samples at 0 and 1 h in assessing for ACS. Our find-
ings that troponin levels are high, very different between
patients, and variable in elderly patients and those with CHF,
support the use of RCV when assessing dialysis patients for
acute cardiac events. Sandoval et al. have shown, in a large HD
patient cohort measuring hs-cTns twice in 3 months, that hs-
cTn above versus below RCV relates to an increased 2-year mor-
tality, supporting the use of RCV even further. Their findings in-
cluded lower RCVs than in our study (þ37/"30% for hs-cTnI
versus þ25/"20% for hs-cTnT) explained by the exclusion of tro-
ponin levels outside each assay’s respective 99th percentile up-
per reference limit [27]. Including all troponin levels in

FIGURE 1: Serum hs-cTns in PD and HD patients.
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ESRD [22]. Others yet have shown hs-cTnT to better predict all-
cause and cardiovascular death than hs-cTnI based on single
cTn measurements using both older and hs-cTn assays in ESRD
and in CHF patients [39–41]. More recent findings are that a sin-
gle measurement of hs-cTnT, but not hs-cTnI, predicts 5-year
survival in HD and PD patients [42]. Sandoval et al. presented a
large cohort (677 stable HD outpatients) where higher RCV for
hs-cTnI was a stronger predictor for mortality than for RCV hs-
cTnT (although both predicted death). In their study, adjust-
ments for outcome were done for sex, age, race and dialysis vin-
tage [27]. Our study contributes more in-depth information by
being able to adjust for comorbidities and nutritional status, im-
portant factors to consider in the dialysis population.

The correlation between hs-cTnI and hs-cTnT levels was
moderate, possibly explained by differences in half-life and sta-
bility in the circulation, renal and dialysis clearance [43, 44], ra-
tio of free cytoplasmic cTn [29] or in kinetics [45, 46]. In CKD, hs-
cTnT correlates inversely with estimated glomerular filtration
rate to a greater extent than hs-cTnI [47–49].

Some caveats of this study should be considered when data
are interpreted. At first, although patients were clinically stable
in the aspect of not having an MI during or shortly before the
study period, dialysis patients are prone to several mechanisms
for troponin elevation, which may not be quantified or ex-
cluded, such as asymptomatic heart failure episodes and inter-
dialytic volume overload. Care was taken to ensure stability
during the sample collection for 12 weeks, excluding ACS.
However, patients could have had an episode shortly before the
collection, which was not captured in the data, and which po-
tentially could have affected the troponin level during the 12-
week period.

Moreover, since samples were taken at monthly intervals,
the study does not provide any information on variation over
shorter times (days–hours) and hence cannot propose a diag-
nostic utility of hs-cTn assays for dialysis patients presenting
with chest pain or dyspnoea in the emergency room. Data on
mortality are based on overall mortality, not on specific causes
of death. Thirty percent of the PD patients denied participation
in the study, mainly due to it being too cumbersome. It is possi-
ble that these patients suffered from more comorbidities than
the study participants, which could affect the results of the
study. It should be noted that the RCVs calculated in this study

do not describe the biological variations of hs-cTn but the esti-
mated variations of hs-cTn in non-ACS ESRD patients, which
are higher than the biological variations.

In conclusion, the majority of hs-cTnT and nearly half of hs-
cTnI levels are elevated with significant monthly variability in
prevalent, unselected dialysis patients. Large differences in hs-
cTns between dialysis patients suggest that serial measure-
ments and the use of reference change levels may improve di-
agnostic accuracy to detect acute cardiac events. Temporarily
increased levels of hs-cTnI and hs-cTnT are associated with
CHF, PEW, age and male sex. Constantly high levels of hs-cTnT
predict a doubled risk of death over 4 years of follow-up, and hs-
cTnT is a better predictor of survival than hs-cTnI in this patient
group.
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ESRD [22]. Others yet have shown hs-cTnT to better predict all-
cause and cardiovascular death than hs-cTnI based on single
cTn measurements using both older and hs-cTn assays in ESRD
and in CHF patients [39–41]. More recent findings are that a sin-
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moderate, possibly explained by differences in half-life and sta-
bility in the circulation, renal and dialysis clearance [43, 44], ra-
tio of free cytoplasmic cTn [29] or in kinetics [45, 46]. In CKD, hs-
cTnT correlates inversely with estimated glomerular filtration
rate to a greater extent than hs-cTnI [47–49].

Some caveats of this study should be considered when data
are interpreted. At first, although patients were clinically stable
in the aspect of not having an MI during or shortly before the
study period, dialysis patients are prone to several mechanisms
for troponin elevation, which may not be quantified or ex-
cluded, such as asymptomatic heart failure episodes and inter-
dialytic volume overload. Care was taken to ensure stability
during the sample collection for 12 weeks, excluding ACS.
However, patients could have had an episode shortly before the
collection, which was not captured in the data, and which po-
tentially could have affected the troponin level during the 12-
week period.

Moreover, since samples were taken at monthly intervals,
the study does not provide any information on variation over
shorter times (days–hours) and hence cannot propose a diag-
nostic utility of hs-cTn assays for dialysis patients presenting
with chest pain or dyspnoea in the emergency room. Data on
mortality are based on overall mortality, not on specific causes
of death. Thirty percent of the PD patients denied participation
in the study, mainly due to it being too cumbersome. It is possi-
ble that these patients suffered from more comorbidities than
the study participants, which could affect the results of the
study. It should be noted that the RCVs calculated in this study

do not describe the biological variations of hs-cTn but the esti-
mated variations of hs-cTn in non-ACS ESRD patients, which
are higher than the biological variations.

In conclusion, the majority of hs-cTnT and nearly half of hs-
cTnI levels are elevated with significant monthly variability in
prevalent, unselected dialysis patients. Large differences in hs-
cTns between dialysis patients suggest that serial measure-
ments and the use of reference change levels may improve di-
agnostic accuracy to detect acute cardiac events. Temporarily
increased levels of hs-cTnI and hs-cTnT are associated with
CHF, PEW, age and male sex. Constantly high levels of hs-cTnT
predict a doubled risk of death over 4 years of follow-up, and hs-
cTnT is a better predictor of survival than hs-cTnI in this patient
group.
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Abstract
Background: Much controversy remains in the literature 
with respect to whether soluble suppression of tumorigenic-
ity 2 (sST2) can serve to predict all-cause death in patients 
undergoing maintenance hemodialysis (MHD). This meta-
analysis therefore sought to analyze extant datasets explor-
ing the association between these 2 variables in MHD pa-
tients in order to draw relevant conclusions. Methods: Arti-
cles published through December 2018 in PubMed and 
Embase were independently reviewed by 2 authors to iden-
tify relevant articles, and STATA 12.0 was used for statistical 
analyses of relevant results and study parameters. Results: 
In total, we identified 4 relevant studies that were incorpo-
rated into this meta-analysis. These studies included a total 
of 1,924 participants (60% male, mean follow-up 911 days). 
The combined study results suggested that increased levels 
of sST2 were significantly linked to a 2.23 fold rise in all-cause 
mortality (hazard ratio [HR] 2.23, 95% CI 1.81–2.75). Sub-
group analyses confirmed that this same association was 
true in patients undergoing hemodialysis (HR 2.17, 95% CI 
1.74–2.71), which indicated that the increased levels of sST2 
were significantly linked to a 2.17 fold rise in all-cause mor-
tality. Conclusions: This analysis suggests that there is a sig-

nificant link between elevated levels of sST2 and death in 
patients undergoing MHD. Further large-scale trials, howev-
er, will be needed to fully validate these findings and their 
clinical relevance. © 2019 S. Karger AG, Basel

Introduction

Chronic kidney disease (CKD) is a serious and pro-
gressive condition that eventually results in the develop-
ment of end-stage renal disease [1]. Both cardiovascular 
disease and major adverse cerebro-cardiovascular events 
contribute to large amounts of death in the general popu-
lation [2]. Hemodialysis (HD) has been greatly improved 
over recent decades to extend better care to those suffer-
ing from however patients undergoing maintenance he-
modialysis (MHD) are still very likely to suffer from car-
diovascular disease, and it remains the most significant 
cause of death among these patients [3].

ST2 is a gene which is included within both cardio-
myocytes and cardiac fibroblasts following localized in-
jury or mechanical strain, and once induced this protein 
can be secreted [4, 5]. Soluble suppression of tumorige-
nicity 2 (sST2) has been proposed to represent a biomark-
er with the potential to predict serious cardiovascular 
events in patients suffering from heart failure [4]. In gen-
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10.1 10Fig. 2. sST2 and all-cause mortality in 
MHD patients. HR, hazard ratio.

Fig. 3. Subgroup analyses of diabetes dialy-
sis populations and all dialysis populations. 
HR, hazard ratio.

Fig. 4. Subgroup analyses of HD therapy 
and hemofiltration therapy. HR, hazard 
 ratio.
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Abstract
Background Galectin-3 as a β-galactoside-binding lectin, which has served important functions in numerous biological 
activities including cell growth, apoptosis, pre-mRNA splicing, differentiation, transformation, angiogenesis, inflamma-
tion, fibrosis, and host defense, may be used in prediction of clinical outcomes in CKD patients. However, the given results 
remain debatable and inconclusive. Hence, we performed a comprehensive meta-analysis to clarify the predictive value of 
galectin-3 in patients with CKD, especially ESRD patients going on dialysis.
Methods PubMed and Embase electronic databases were searched to identify eligible studies reporting the association 
between galectin-3 and adverse outcomes in CKD patients. We searched the literatures published October 2018 or earlier. We 
used both fix-effects and random-effects models to calculate the overall effect estimate. An I2 > 50% indicates at least moder-
ate statistical heterogeneity. A sensitivity analysis and subgroup analysis were performed to find the origin of heterogeneity.
Results We ultimately enrolled five studies with a total of 5226 patients in this meta-analysis. The result showed that high 
galectin-3 levels were associated with increased risk of all-cause mortality and cardiovascular (CV) events in CKD patients. 
For every 1% increased in galectin-3, the risk of all-cause mortality increased by 37.9% (HR 1.379, 95% CI 1.090–1.744). 
Much more, the risk of CV events in CKD patients was also significantly increased (HR 1.054, 95% CI 1.007–1.102) with 
no statistical heterogeneity among the studies (I2 = 0.0%, p = 0.623). However, there was no statistical difference between 
the risk of all-cause mortality and galectin-3 in HD patients (HR 1.171, 95% CI 0.963–1.425).
Conclusions Our meta-analysis suggests that high levels of galectin-3 may increase the risk of all-cause mortality and CV 
events in CKD patients, however, probably not a sensitive biomarker for outcomes in HD patients. Further studies were 
warranted to validate our findings.

Keywords Galectin-3 · Chronic kidney disease · Hemodialysis · Mortality · Meta-analysis

Introduction

Chronic kidney disease (CKD) is an increasingly common 
major health problem worldwide, of which the approximate 
prevalence is 8–16% [1] and those older than 65 years suffer-
ing from CKD nearly are up to 25–35% according to current 

statistics [2]. Its importance particularly derives from its 
leading to a serious increase in mortality and morbidity as 
it progresses toward end-stage renal disease (ESRD) [3]. 
Mortality rates in patients with ESRD have declined signifi-
cantly over the past 20 years, but long-term survival remains 
poor—5-year mean survival for dialysis patients 52.5% 
(36.7% in patients aged 65–74 years and 20.9% in patients 
aged ≥ 75 years) [4]. Therefore, the risk stratification of 
adverse event is an essential component in the management 
of CKD patients, allowing early identification of high-risk 
patients and a more aggressive/focused treatment. Inflamma-
tion, cardiac remodeling, and fibrosis are potentially impor-
tant pathways in the pathogenesis of CKD, especially when 
it comes to dialysis. Although there are numerous classical 
cardiac biomarkers such as cardiac troponins or natriuretic 
peptides have been conducive to predict overall and CV 
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Publication bias

We investigated for the potential presence of publication bias 
through visual inspection of funnel plot asymmetry and by 
computation of Egger’s test. The results of the funnel plot for 
all-cause mortality in CKD patients were symmetrical, indi-
cating no publication bias (Egger’s test: p = 0.955) (Fig. 4).

Discussion

Up to date, chronic kidney disease (CKD) of which the 
prevalence is estimated to be 8–16% worldwide is an 
increasing public health issue [1]. Over the past decade, 
there has been a notable decline in the proportion of cardi-
ovascular deaths in CKD patients; however, cardiovascular 

Fig. 2  Forest plot demonstrating 
the association between galec-
tin-3 and all-cause mortality, 
CV events in CKD patients

Fig. 3  Forest plot demonstrating 
the association between galec-
tin-3 and all-cause mortality, 
CV events in HD patients

43

APPROCHES THÉRAPEUTIQUES
Définition

•Traitement Médicamenteux : Utilisation d'agents 
antihypertenseurs, de diurétiques, et d'autres 
médicaments pour gérer les symptômes.

•Dialyse : Rôle crucial de la dialyse dans la gestion des 
toxines urémiques et du déséquilibre hydrique.

•Transplantation Rénale : La transplantation rénale 
comme intervention ultime pour améliorer la fonction 
rénale et les résultats cardiaques.
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A bs tr ac t

Background
Statins reduce the incidence of cardiovascular events in patients at high cardiovas-
cular risk. However, a benefit of statins in such patients who are undergoing hemo-
dialysis has not been proved.

Methods
We conducted an international, multicenter, randomized, double-blind, prospective 
trial involving 2776 patients, 50 to 80 years of age, who were undergoing mainte-
nance hemodialysis. We randomly assigned patients to receive rosuvastatin, 10 mg 
daily, or placebo. The combined primary end point was death from cardiovascular 
causes, nonfatal myocardial infarction, or nonfatal stroke. Secondary end points 
included death from all causes and individual cardiac and vascular events.

Results
After 3 months, the mean reduction in low-density lipoprotein (LDL) cholesterol lev-
els was 43% in patients receiving rosuvastatin, from a mean baseline level of 100 mg 
per deciliter (2.6 mmol per liter). During a median follow-up period of 3.8 years, 396 
patients in the rosuvastatin group and 408 patients in the placebo group reached the 
primary end point (9.2 and 9.5 events per 100 patient-years, respectively; hazard ratio 
for the combined end point in the rosuvastatin group vs. the placebo group, 0.96; 
95% confidence interval [CI], 0.84 to 1.11; P = 0.59). Rosuvastatin had no effect on 
individual components of the primary end point. There was also no significant ef-
fect on all-cause mortality (13.5 vs. 14.0 events per 100 patient-years; hazard ratio, 0.96; 
95% CI, 0.86 to 1.07; P = 0.51).

Conclusions
In patients undergoing hemodialysis, the initiation of treatment with rosuvastatin 
lowered the LDL cholesterol level but had no significant effect on the composite 
primary end point of death from cardiovascular causes, nonfatal myocardial infarc-
tion, or nonfatal stroke. (ClinicalTrials.gov number, NCT00240331.)

The New England Journal of Medicine 
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specified secondary outcomes were influenced by 
active treatment (Table 2). The lack of an effect of 
rosuvastatin therapy on the primary end point was 
consistent in all prespecified subgroups (Fig. 3), 
including patients with diabetes, preexisting car-
diovascular disease, hypertension, a high LDL 
cholesterol level, or an elevated high-sensitivity 
C-reactive protein level. Subgroup analyses accord-
ing to the overall time on hemodialysis therapy or 
the overall time on renal-replacement therapy also 
did not influence the response to therapy (data 
not shown).

Adherence to Study Therapy and Adverse 
Events

According to tablet counts, 91.7% of rosuvastatin 
tablets and 89.5% of placebo tablets were taken 
as intended by patients in the study. Consistent 
with previous studies in patients with end-stage 
renal disease, there was a high incidence of ad-
verse and serious adverse events.3,14 Adverse events 
were reported in 1338 patients who received ro-
suvastatin (96.3%) and in 1332 patients who re-
ceived placebo (96.7%). Serious adverse events were 
reported in 1140 patients who received rosuva-
statin (82.1%) and in 1159 patients who received 
placebo (84.1%). Most patients reported multiple 
events; a total of 36,780 adverse events and 9017 
serious adverse events were reported during the 
study, with no significant difference between treat-
ment groups (Table 3).

Relationship between Lipid Levels  
and Outcomes

Given the lack of a treatment effect of rosuva-
statin on the primary end point, we examined the 
relationship between lipid levels and cardiovas-
cular end points within the trial. There was no 
relationship between the primary cardiovascular 
end point and either baseline LDL cholesterol lev-
els (hazard ratio per 1 mg per deciliter [0.03 mmol 
per liter], 1.00; 95% CI, 0.82 to 1.29; P = 0.83) or 
LDL cholesterol levels at 3 months (hazard ratio, 
0.95; 95% CI, 0.83 to 1.09; P = 0.48).

Discussion

In this trial, we examined the potential benefits 
of statin therapy with regard to the increased 
cardiovascular risk associated with maintenance 
hemodialysis therapy.1,2,4,16,17 We found no effect 
of rosuvastatin on the primary end point of non-
fatal myocardial infarction, nonfatal stroke, or 

death from cardiovascular causes. Analyses of 
individual components of the primary end point 
and of several secondary end points were consis-
tent with the main finding. Rosuvastatin had no 
benefit in any subgroup examined, including pa-
tients with diabetes.16,17

The lack of a benefit of rosuvastatin was ob-
served despite a mean 43% reduction in the LDL 
cholesterol level at 3 months and the expected 
benefits with regard to other lipid levels.3,6-10,14 
As expected in a population of patients undergoing 
hemodialysis, baseline cholesterol levels were not 
high. However, in the subgroup analyses (Fig. 3), 
there was no benefit at any baseline LDL choles-
terol level or in groups with preexisting cardio-
vascular disease, regardless of the lipid level. 
Previous studies4 have shown an inconsistent (or 
inverse) relationship between the LDL cholesterol 
level and outcomes in patients undergoing hemo-
dialysis.1,2,4 Our findings suggest that in such pa-
tients, a reduction of the LDL cholesterol level with 
statins does not necessarily reduce cardiovascu-
lar risk.

In the 4D study,14,18 1225 patients with type 2 
diabetes undergoing maintenance hemodialysis 
received either atorvastatin at a dose of 20 mg or 
placebo. Although the median LDL cholesterol 
level was reduced by 42% with atorvastatin, there 
was no significant reduction in the composite pri-
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The primary end point was the first major cardiovascular event.
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background

 

Statins reduce the incidence of cardiovascular events in persons with type 2 diabetes
mellitus. However, the benefit of statins in such patients receiving hemodialysis, who
are at high risk for cardiovascular disease and death, has not been examined.

 

methods

 

We conducted a multicenter, randomized, double-blind, prospective study of 1255
subjects with type 2 diabetes mellitus receiving maintenance hemodialysis who were
randomly assigned to receive 20 mg of atorvastatin per day or matching placebo. The
primary end point was a composite of death from cardiac causes, nonfatal myocardial
infarction, and stroke. Secondary end points included death from all causes and all
cardiac and cerebrovascular events combined.

 

results

 

After four weeks of treatment, the median level of low-density lipoprotein cholesterol
was reduced by 42 percent among patients receiving atorvastatin, and among those
receiving placebo it was reduced by 1.3 percent. During a median follow-up period of
four years, 469 patients (37 percent) reached the primary end point, of whom 226 were
assigned to atorvastatin and 243 to placebo (relative risk, 0.92; 95 percent confidence
interval, 0.77 to 1.10; P=0.37). Atorvastatin had no significant effect on the individual
components of the primary end point, except that the relative risk of fatal stroke among
those receiving the drug was 2.03 (95 percent confidence interval, 1.05 to 3.93;
P=0.04). Atorvastatin reduced the rate of all cardiac events combined (relative risk,
0.82; 95 percent confidence interval, 0.68 to 0.99; P=0.03, nominally significant) but
not all cerebrovascular events combined (relative risk, 1.12; 95 percent confidence
interval, 0.81 to 1.55; P=0.49) or total mortality (relative risk, 0.93; 95 percent con-
fidence interval, 0.79 to 1.08; P=0.33).

 

conclusions

 

Atorvastatin had no statistically significant effect on the composite primary end point
of cardiovascular death, nonfatal myocardial infarction, and stroke in patients with
diabetes receiving hemodialysis.
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69.9). In the placebo group, 82 percent of patients
took the study medication without interruption, and
in the atorvastatin group, 80 percent of patients did
so. The average number of days that treatment was
interrupted was 12±36 in the placebo group and
13±40 in the atorvastatin group. During treatment,
the dose of atorvastatin or matching placebo was
halved when administered to 190 patients (15 per-
cent). During the study, 98 patients in the placebo
group (15 percent) began nonstudy statins, as com-
pared with 10 percent of those in the atorvastatin
group. The proportion of patients who continued
to receive the study drug at one and two years, ex-
pressed as a percentage of those who remained alive
and free of a primary event, was 74 percent (459 pa-
tients) and 51 percent (317 patients), respectively,
in the atorvastatin group and 74 percent (469 pa-
tients) and 48 percent (303 patients), respectively,
in the placebo group.

 

Figure 2. Median Level of Low-Density Lipoprotein (LDL) Cholesterol from Baseline to the End of the Study.

 

To convert values for LDL cholesterol to millimoles per liter, multiply by 0.02586.
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Figure 3. Estimated Cumulative Incidence of the Composite Primary 
End Point.

60

C
um

ul
at

iv
e 

In
ci

de
nc

e 
of

 th
e 

Pr
im

ar
y

C
om

po
si

te
 E

nd
 P

oi
nt

 (%
)

40

50

30

10

20

0
0 1 2 3 4 5 6

Placebo

Atorvastatin

Year

No. at Risk
Placebo
Atorvastatin

19 
29

51 
58

136 
136

252 
252

383 
378

532 
515

636 
619

The New England Journal of Medicine 
Downloaded from nejm.org at Universite de Strasbourg on January 10, 2024. For personal use only. No other uses without permission. 

 Copyright © 2005 Massachusetts Medical Society. All rights reserved. 

45

PHARMACOLOGIQUE
Définition

in the future to endorse the efficacy and safety of
therapeutic HF interventions in patients on dialysis.
Collaborations between the cardiologists and neph-
rologists are needed to devise an optimal treatment
strategy for these patients.

Brief Lay Summary

Heart failure (HF) and end-stage kidney disease
(ESKD) frequently coexist, with 1 comorbidity wors-
ening the prognosis of the other. Some randomized
clinical trials have evaluated the efficacy of thera-
pies in patients with HF and chronic kidney disease,

but data regarding the management of HF in
patients with ESKD and undergoing dialysis remain
very limited. Trial-level evidence is warranted in the
future to endorse the efficacy and safety of thera-
peutic interventions in patients with HF and on dial-
ysis. Collaborations between the cardiologists and
nephrologists are needed to devise an optimal treat-
ment strategy for these patients.

Tweet

There is a paucity of data regarding the manage-
ment of heart failure in patients on dialysis. Trial-

Fig. 3. (Visual Take-Home Graphic). Proposed clinical approach in patients with HF and on dialysis. ACE, angiotensin-con-
verting enzyme; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor; CRT, cardiac resynchro-
nization therapy; CV, cardiovascular; GDMT, guideline-directed medical therapy; HF, heart failure; ICD, implantable cardiac
defibrillator; LVAD, left ventricular assist device; MRA, mineralocorticoid receptor antagonist; SGLT2, sodium-glucose
cotransporter 2.
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Review Article

Managing Heart Failure in Patients on Dialysis:
State-of-the-Art Review
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ABSTRACT

Heart failure (HF) and end-stage kidney disease (ESKD) frequently coexist; 1 comorbidity wor-
sens the prognosis of the other. HF is responsible for almost half the deaths of patients on
dialysis. Despite patients’ with ESKD composing an extremely high-risk population, they have
been largely excluded from landmark clinical trials of HF, and there is, thus, a paucity of data
regarding the management of HF in patients on dialysis, and most of the available evidence is
observational. Likewise, in clinical practice, guideline-directed medical therapy for HF is often
down-titrated or discontinued in patients with ESKD who are undergoing dialysis; this is due
to concerns about safety and tolerability. In this state-of-the-art review, we discuss the avail-
able evidence for each of the foundational HF therapies in ESKD, review current challenges
and barriers to managing patients with HF on dialysis, and outline future directions to opti-
mize the management of HF in these high-risk patients. (J Cardiac Fail 2022;00:1!21)
Key Words: Heart failure, dialysis, chronic kidney disease, end-stage kidney disease.

Approximately half of the patients with heart
failure (HF) have coexisting chronic kidney disease
(CKD).1,2 Likewise, up to 70% of the patients with
CKD and 36% of the patients with end-stage kidney

disease (ESKD) requiring dialysis have HF.3,4 The
prognosis of patients with both conditions is sub-
stantially worse than those with either condition
alone. Cardiovascular disease, including HF,
accounts for approximately 50% of the deaths in
patients undergoing dialysis.5 Beta-blockers, angio-
tensin receptor neprilysin inhibitors (ARNIs), renin-
angiotensin-aldosterone system (RAAS) inhibitors,
mineralocorticoid receptor antagonists (MRAs) and
sodium-glucose cotransporter-2 (SGLT2) inhibitors
reduce mortality rates in patients with HF with
reduced ejection fraction (HFrEF). However,
patients with HF and ESKD have been excluded
from landmark trials of all these therapies. Guide-
line-directed medical therapy (GDMT) in patients
with HFrEF who are on dialysis is often withheld or
not uptitrated to recommended target doses due
to safety and tolerability concerns and lack of avail-
able clinical trial data. Similarly, patients with HF
and ESKD are not eligible for initiation of multiple
GDMTs according to current practice guidelines.

Although some randomized clinical trials (RCTs)
have evaluated the efficacy of GDMT in patients
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Prognostic Benefits of Carvedilol, Bisoprolol, and Metoprolol
Controlled Release/Extended Release in Hemodialysis Patients with
Heart Failure: A 10-Year Cohort
Chao-Hsiun Tang, PhD; Chia-Chen Wang, MD; Tso-Hsiao Chen, MD, PhD; Chuang-Ye Hong, MD, PhD; Yuh-Mou Sue, MD

Background-—Heart failure is a highly prevalent cardiovascular complication among patients receiving long-term hemodialysis, but
the benefits of carvedilol, bisoprolol, and metoprolol controlled release/extended release on the outcomes of these patients
remain unclear. In this study, we address the use of these 3 b-blockers and their associations with mortality.

Methods and Results-—Long-term hemodialysis patients, aged ≥35 years, with new-onset heart failure and receiving various
medications were identified through the use of 1999–2010 data from the Taiwan National Health Insurance Research Database.
From the total of 4435 heart failure patients, we selected 1700 new users of the 3 b-blockers (study group) and 1700 nonusers
(control group), by using matched cohorts according to their propensity scores, and then compared the 5-year all-cause mortality
rates by using Cox proportional hazard regressions and time-dependent covariate adjustment. During 3944 person-years of follow-
up, 666 (39.2%) deaths occurred within the study group, compared with 918 (54%) deaths during 2893 person-years of follow-up in
the control group. The 5-year mortality rate for the study (control) group was 54.5% (70.3%); P<0.001. Adjusted hazard regression
analyses revealed that the therapeutic effects of b-blockers remained significant for all-cause mortality (hazard ratio 0.80, 95% CI
0.72 to 0.90). Subgroup analyses revealed that patients in the study group receiving b-blockers plus renin-angiotensin system
antagonists exhibited the lowest mortality rate, while the highest mortality rate was found among patients in the control group
receiving neither b-blockers nor renin-angiotensin system antagonists.

Conclusions-—This study demonstrates that the 3 b-blockers were associated with improved survival in long-term hemodialysis
patients with heart failure. ( J Am Heart Assoc. 2016;5:e002584 doi: 10.1161/JAHA.115.002584)

Key Words: end-stage renal disease • heart failure • hemodialysis • mortality • b-blocker

H eart failure (HF) is known to be a highly prevalent
cardiovascular complication among patients receiving

long-term hemodialysis (HD).1 The current treatment guide-
lines for HF, which include those provided by the American
College of Cardiology Foundation/American Heart Associa-
tion and the European Society of Cardiology, recommend the
use of angiotensin-converting enzyme inhibitors (ACEIs) or

angiotensin type II receptor blockers (ARBs) as a means of
improving the general survival rates for all patients.2,3 These 2
sets of guidelines also recommend the use of carvedilol,
bisoprolol, or metoprolol controlled release (CR)/extended
release (XL), in addition to an ACEI or ARB, as a means of
improving HF symptoms and a potential survival benefit.4–9

Indeed, in patients with HF symptoms, the European Society
of Cardiology further recommends administering 1 of the 3
b-blockers as the initial therapy, followed by the use of an
ACEI or ARB.3,10,11 Among the general population as a whole,
the most compelling evidence on survival in cases of severe
chronic HF is provided by the use of carvedilol, followed by
bisoprolol and metoprolol CR/XL.4–11

HF is among the most frequent cardiovascular complica-
tions in HD patients, and there is currently insufficient
evidence to show the benefits of b-blockers in long-term HD
patients with HF. This is essentially as a result of the
exclusion of this population from large clinical trials. During
the past 10 years, several retrospective and observational
studies have been carried out with the overall aim of
evaluating the therapeutic effects of b-blockers, although
the focus has tended to be on dialysis patients, and not

From the School of Health Care Administration, College of Management
(C.-H.T.), School of Medicine, College of Medicine (T.-H.C., C.-Y.H., Y.-M.
S.), and Department of Internal Medicine, Wan Fang Hospital (T.-H.C., C.-Y.
H., Y.-M.S.), Taipei Medical University, Taipei, Taiwan; School of Medicine,
Fu-Jen Catholic University, New Taipei City, Taiwan (C.-C.W.).

Accompanying Tables S1 through S6 and Figures S1 and S2 are available at
http://jaha.ahajournals.org/content/5/1/e002584/suppl/DC1

Correspondence to: Yuh-Mou Sue, MD, Department of Internal Medicine,
Wan Fang Hospital, Taipei Medical University, 5th Floor, No. 111, Section 3,
Xing Long Road, Taipei 116, Taiwan. E-mail: sueym@tmu.edu.tw

Received September 25, 2015; accepted November 10, 2015.

ª 2016 The Authors. Published on behalf of the American Heart Association,
Inc., by Wiley Blackwell. This is an open access article under the terms of the
Creative Commons Attribution-NonCommercial License, which permits use,
distribution and reproduction in any medium, provided the original work is
properly cited and is not used for commercial purposes.

DOI: 10.1161/JAHA.115.002584 Journal of the American Heart Association 1

ORIGINAL RESEARCH

 at VA MED CTR BOISE on January 12, 2016http://jaha.ahajournals.org/Downloaded from  at VA MED CTR BOISE on January 12, 2016http://jaha.ahajournals.org/Downloaded from  at VA MED CTR BOISE on January 12, 2016http://jaha.ahajournals.org/Downloaded from  at VA MED CTR BOISE on January 12, 2016http://jaha.ahajournals.org/Downloaded from  at VA MED CTR BOISE on January 12, 2016http://jaha.ahajournals.org/Downloaded from  at VA MED CTR BOISE on January 12, 2016http://jaha.ahajournals.org/Downloaded from  at VA MED CTR BOISE on January 12, 2016http://jaha.ahajournals.org/Downloaded from  at VA MED CTR BOISE on January 12, 2016http://jaha.ahajournals.org/Downloaded from  at VA MED CTR BOISE on January 12, 2016http://jaha.ahajournals.org/Downloaded from  at VA MED CTR BOISE on January 12, 2016http://jaha.ahajournals.org/Downloaded from 

Outcomes
The primary outcome in this study is all-cause mortality
during a follow-up period of up to 5 years. Among the
matched cohort patients of the study group, classified by
their first use of b-blockers during the follow-up period, 1008
(59.3%) patients had taken carvedilol, 629 (37%) patients had
taken bisoprolol, and 63 (3.7%) patients had taken metoprolol
CR/XL. The respective mean daily doses of carvedilol,
bisoprolol, and metoprolol CR/XL were 16.4, 4.4, and
65.4 mg.

The respective mean (SD) durations of carvedilol, bisopro-
lol, and metoprolol CR/XL use were 104.5 (93.5) days/
person-year, 102.2 (101.1) days/person-year, and 82.5 (69.2)
days/person-year. During the 3944 person-year follow-up
period, 666 deaths (39.2%) occurred in the study group, while
in the 2893 person-year follow-up period in the control group,
there was a substantially higher total of 918 deaths (54.0%).
The respective all-cause mortality rates at the 12-, 24-, 36-,
48-, and 60-month follow-up periods were 19.1%, 29.1%,
38.5%, 46.2%, and 54.5%, for the study group, while the
respective mortality rates for the control group over the same
periods were 34.2%, 48.7%, 58.6%, 65.4%, and 70.3%. The
incident rate ratios of all-cause mortality for the study and
control groups from 2001 to 2005 and from 2006 to 2010 are
shown in Table S4.

The Kaplan–Meier analyses of the survival proportion of
the study and control groups are illustrated in Figure 2A,
which shows that the study group had significantly higher
survival benefits than the control group (log-rank test,
P<0.001). We further identified the individual survival benefits
of carvedilol, bisoprolol, and metoprolol CR/XL. As we can
see from Figure 2B, each of the 3 b-blockers showed
significant survival benefits compared with the control group,
but there were no discernible differences in survival benefits
between any 2 of the 3 b-blockers.

Multivariable Analysis
The Cox proportional hazard regressions on all-cause mortal-
ity are shown in Table 3. In the final model, the study group
was found to have an 20% lower risk of all-cause mortality
than the control group (hazard ratio [HR], 0.80, 95% CI, 0.72
to 0.90; P<0.001) after adjustment for the exposure duration
of b-blocker therapy and the exposure duration of ACEI or
ARB therapy. The survival curves of the final model after
adjustment for the exposure duration of b-blocker therapy
and the exposure duration of ACEI or ARB therapy are shown
in Figure 3. Detailed results from 2001 to 2005 and from
2006 to 2010 can be found in Table S5 and Figures S1 and
S2.

The interactions between the therapeutic effect and the
clinical parameters are illustrated in Figure 4, which also

reveals significant interactions when considering the sex,
Charlson comorbidity index, and HD sessions per month.

HR by Subgroup
The medications used at enrollment (including ACEIs or ARBs,
calcium channel blockers, hydralazine, and nitrates) were
similar in both groups after cohort matching. To clarify their
therapeutic effects, we further analyzed ACEI or ARB use
during the follow-up period. As shown in Table 4 and Figure 5,
the patients in the study group who received b-blockers plus
ACEIs or ARBs had the best survival benefits, followed by
those who received b-blockers alone. The patients in the
control group who took neither of these 2 groups of drugs had
the highest mortality rate.

Figure 2. Kaplan–Meier estimates of hemodialysis patient sur-
vival rates in a propensity-matched inception cohort of patients
with heart failure. A, Survival of patients with/without b-blockers.
B, Survival of patients receiving carvedilol, bisoprolol, metoprolol
CR/XL, or no b-blockers. No differences are discernible between
the survival benefits for any 2 of these 3 b-blockers.
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48-, and 60-month follow-up periods were 19.1%, 29.1%,
38.5%, 46.2%, and 54.5%, for the study group, while the
respective mortality rates for the control group over the same
periods were 34.2%, 48.7%, 58.6%, 65.4%, and 70.3%. The
incident rate ratios of all-cause mortality for the study and
control groups from 2001 to 2005 and from 2006 to 2010 are
shown in Table S4.

The Kaplan–Meier analyses of the survival proportion of
the study and control groups are illustrated in Figure 2A,
which shows that the study group had significantly higher
survival benefits than the control group (log-rank test,
P<0.001). We further identified the individual survival benefits
of carvedilol, bisoprolol, and metoprolol CR/XL. As we can
see from Figure 2B, each of the 3 b-blockers showed
significant survival benefits compared with the control group,
but there were no discernible differences in survival benefits
between any 2 of the 3 b-blockers.

Multivariable Analysis
The Cox proportional hazard regressions on all-cause mortal-
ity are shown in Table 3. In the final model, the study group
was found to have an 20% lower risk of all-cause mortality
than the control group (hazard ratio [HR], 0.80, 95% CI, 0.72
to 0.90; P<0.001) after adjustment for the exposure duration
of b-blocker therapy and the exposure duration of ACEI or
ARB therapy. The survival curves of the final model after
adjustment for the exposure duration of b-blocker therapy
and the exposure duration of ACEI or ARB therapy are shown
in Figure 3. Detailed results from 2001 to 2005 and from
2006 to 2010 can be found in Table S5 and Figures S1 and
S2.

The interactions between the therapeutic effect and the
clinical parameters are illustrated in Figure 4, which also

reveals significant interactions when considering the sex,
Charlson comorbidity index, and HD sessions per month.

HR by Subgroup
The medications used at enrollment (including ACEIs or ARBs,
calcium channel blockers, hydralazine, and nitrates) were
similar in both groups after cohort matching. To clarify their
therapeutic effects, we further analyzed ACEI or ARB use
during the follow-up period. As shown in Table 4 and Figure 5,
the patients in the study group who received b-blockers plus
ACEIs or ARBs had the best survival benefits, followed by
those who received b-blockers alone. The patients in the
control group who took neither of these 2 groups of drugs had
the highest mortality rate.

Figure 2. Kaplan–Meier estimates of hemodialysis patient sur-
vival rates in a propensity-matched inception cohort of patients
with heart failure. A, Survival of patients with/without b-blockers.
B, Survival of patients receiving carvedilol, bisoprolol, metoprolol
CR/XL, or no b-blockers. No differences are discernible between
the survival benefits for any 2 of these 3 b-blockers.
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Heart failure (HF) and end-stage kidney disease
(ESKD) frequently coexist, with 1 comorbidity wors-
ening the prognosis of the other. Some randomized
clinical trials have evaluated the efficacy of thera-
pies in patients with HF and chronic kidney disease,

but data regarding the management of HF in
patients with ESKD and undergoing dialysis remain
very limited. Trial-level evidence is warranted in the
future to endorse the efficacy and safety of thera-
peutic interventions in patients with HF and on dial-
ysis. Collaborations between the cardiologists and
nephrologists are needed to devise an optimal treat-
ment strategy for these patients.
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Fig. 3. (Visual Take-Home Graphic). Proposed clinical approach in patients with HF and on dialysis. ACE, angiotensin-con-
verting enzyme; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor; CRT, cardiac resynchro-
nization therapy; CV, cardiovascular; GDMT, guideline-directed medical therapy; HF, heart failure; ICD, implantable cardiac
defibrillator; LVAD, left ventricular assist device; MRA, mineralocorticoid receptor antagonist; SGLT2, sodium-glucose
cotransporter 2.
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Effects of angiotensin-converting enzyme
inhibitors and angiotensin receptor
blockers on cardiovascular events and
residual renal function in dialysis patients: a
meta-analysis of randomised controlled
trials
Youxia Liu1†, Xinxin Ma2†, Jie Zheng3, Junya Jia1 and Tiekun Yan1*

Abstract

Background: The role of angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers
(ARBs) reducing risk of cardiovascular events (CVEs) and preserving kidney function in patients with chronic kidney
disease is well-documented. However, the efficacy and safety of these agents in dialysis patients is still a
controversial issue.

Methods: We systematically searched MEDLINE, Embase, Cochrane Library and Wanfang for randomized trials. The
relative risk (RR) reductions were calculated with a random-effects model. Major cardiovascular events, changes in
GFR and drug-related adverse events were analyzed.

Results: Eleven trials included 1856 participants who were receiving dialysis therapy. Compared with placebo or
other active agents groups, ARB therapy reduced the risk of heart failure events by 33% (RR 0.67, 95% CI 0.47 to 0.
93) with similar decrement in blood pressure in dialysis patients. Indirect comparison suggested that fewer
cardiovascular events happened during treatment with ARB (0.77, 0.63 to 0.94). The results indicated no significant
differences between the two treatment regimens with regard to frequency of myocardial infarction (1.0, 0.45 to
2.22), stroke (1.16, 0.69 to 1.96), cardiovascular death (0.89, 0.64 to 1.26) and all-cause mortality (0.94, 0.75 to 1.17).
Five studies reported the renoprotective effect and revealed that ACEI/ARB therapy significantly slowed the rate of
decline in both residual renal function (MD 0.93 mL/min/1.73 m2, 0.38 to 1.47 mL/min/1.73 m2) and urine
volume (MD 167 ml, 95% CI 21 ml to 357 ml). No difference in drug-related adverse events was observed in
both treatment groups.

Conclusions: This study demonstrates that ACE-Is/ARBs therapy decreases the loss of residual renal function,
mainly for patients with peritoneal dialysis. Overall, ACE-Is and ARBs do not reduce cardiovascular events in
dialysis patients, however, treatment with ARB seems to reduce cardiovascular events including heart failure.
ACE-Is and ARBs do not induce an extra risk of side effects.

Keywords: Angiotensin-converting enzyme inhibitors, Angiotensin receptor blockers, Cardiovascular events,
Residual renal function, Dialysis, Meta-analysis
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analysis was performed based on different type of RASI
for comparison which led to a nearly 70% decrease of I2

while did not affect the association of ACEI/ARB with
lower risk of heart failure events (0.22, 0.38 to 0.78;
p = 0.001; I2 = 0.0%, p = 0.51). There were no significant

differences between ACEI/ARB and placebo or active
agents therapy on the outcomes of myocardial infarction
(1.0, 0.45 to 2.22; I2 = 0%, p = 0.71), stroke (1.16, 0.69 to
1.96; I2 = 0%, p = 0.60) and cardiovascular death (0.89,
0.64 to 1.26; I2 = 0%, p = 0.81) (Fig. 5).

Overall  
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Fig. 2 Effect of ACE-Is or ARBs compared with placebo or other active agents on cardiovascular events

Fig. 3 Subgroup analysis for the relationship between CVE and the use of ACEI/ARB
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Hsiao et al. ARNI in HFrEF With CKD

FIGURE 2 | Cumulative event rate of the composite of HF hospitalization and all-cause death (A), HF hospitalization (B), and progression to ESRD (C) between the

ARNI and ACEI/ARB users. (A) and (B) compared with the IPTW cohort from all patients; (C) after excluding persons on dialysis at baseline then creating another

IPTW cohort.

FIGURE 3 | Subgroup analysis comparing the risk of clinical outcomes between the ARNI and ACEI/ARB users in the IPTW-adjusted cohort stratified by baseline

renal function.

present study, rates of both all-cause mortality (12.1%) and HF
hospitalization (33.8%) within 12 months were much higher.
This finding is in concordance with existing evidence, showing
that CKD has a negative prognostic impact on patients with
HFrEF (1). Moreover, one cohort study reported that 15.3% of

patients with stage 4 CKD (46.9% had CV disease, including HF)
started renal replacement therapy during an average 23.4 months
of follow-up (11). In our study, a similar proportion (14.7%)
of the patients progressed to ESRD requiring hemodialysis
within only 1 year. These findings highlight the difficulty in
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Angiotensin Receptor-Neprilysin
Inhibitors in Patients With Heart
Failure With Reduced Ejection
Fraction and Advanced Chronic
Kidney Disease: A Retrospective
Multi-Institutional Study
Fu-Chih Hsiao 1, Chia-Pin Lin 1, Chun-Chen Yu2, Ying-Chang Tung1 and Pao-Hsien Chu1*
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Background: Data regarding using angiotensin receptor-neprilysin inhibitor (ARNI) in

patients with both heart failure with reduced ejection fraction (HFrEF) and advanced

chronic kidney disease (CKD) are limited.

Methods and Results: Between January 2016 and December 2018, patients with

HFrEF and advanced CKD (estimated glomerular filtration rate [eGFR] ≤30 mL/min/1.73

m2) were identified from a multi-institutional database in Taiwan. Patients who had

never been prescribed with an ARNI, angiotensin-converting enzyme inhibitor (ACEI),

or angiotensin receptor blocker (ARB) were excluded. We used inverse probability of

treatment weighting (IPTW) to balance baseline covariates, and compared outcomes

between ARNI and ACEI/ARB users. There were 206 patients in the ARNI group and

833 patients in the ACEI/ARB group. After IPTW adjustment, the mean ages (65.1

vs. 66.6 years), male patients (68.3 vs. 67.9%), left ventricular ejection fraction (30.5

vs.31.2%), eGFR (20.9 vs. 20.3 mL/min/1.73 m2) were comparable in the ARNI and

ACEI/ARB groups. Over 85% of the patients had beta-blockers prescriptions in both

groups (86.2 vs. 85.5%). After IPTW adjustment, the mean follow-up durations were

7.3 months and 6.6 months in the ARNI and ACEI/ARB groups, respectively. ARNI and

ACEI/ARB users had a comparable risk of the composite clinical event (all-causemortality

or heart failure hospitalization) (hazard ratio [HR], 1.31; 95% confidence interval (CI) 0.91–

1.88) and progression to dialysis (HR 1.04; 95% CI 0.54–2.03). In subgroup analysis,

dialysis patients who used ARNIs were associated with higher incidence of heart failure

hospitalization (subdistribution HR, 1.97; 95% CI 1.36–2.85).

Conclusions: Compared with ACEIs or ARBs, ARNIs were associated with comparable

clinical and renal outcomes in patients with HFrEF and advanced CKD (eGFR ≤ 30

mL/min/1.73 m2). In short-term, HF hospitalization may occur more frequently among

ARNI users, especially in patients on dialysis.

Keywords: heart failure with reduced ejection fraction, chronic kidney disease, end-stage renal disease,

angiotensin receptor-neprilysin inhibitor, sacubitril/valsartan
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Etude ALCHEMIST 644 patients
Randomisation SPIRONOLACTONE vs PLACEBO
Primary composite endpoint of ALCHEMIST 
• nonfatal myocardial infarction
• acute coronary syndrome
• hospitalization for heart failure
• nonfatal stroke
• cardiovascular mortality

hazard ratio [HR], 0.996; confidence interval [CI], 0.729-1.362; P=.9819). 
incidence of hospitalization for heart failure HR, 0.412; CI, 0.171-0.995; P=.0487

Rossignol P, Zannad F Massy ZA, et al. ALdosterone Antagonist Chronic 
HEModialysis Interventional Survival Trial (ALCHEMIST): Primary Results. 
Paper Presented at: American Society of Nephrology Kidney Week 2023. 
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Dry-Weight Reduction in Hypertensive
Hemodialysis Patients (DRIP)

A Randomized, Controlled Trial

Rajiv Agarwal, Pooneh Alborzi, Sangeetha Satyan, Robert P. Light

Abstract—Volume excess is thought to be important in the pathogenesis of hypertension among hemodialysis patients. To
determine whether additional volume reduction will result in improvement in blood pressure (BP) among hypertensive
patients on hemodialysis and to evaluate the time course of this response, we randomly assigned long-term hypertensive
hemodialysis patients to ultrafiltration or control groups. The additional ultrafiltration group (n!100) had the dry weight
probed without increasing time or duration of dialysis, whereas the control group (n!50) only had physician visits. The
primary outcome was change in systolic interdialytic ambulatory BP. Postdialysis weight was reduced by 0.9 kg at 4
weeks and resulted in "6.9 mm Hg (95% CI: "12.4 to "1.3 mm Hg; P!0.016) change in systolic BP and "3.1 mm Hg
(95% CI: "6.2 to "0.02 mm Hg; P!0.048) change in diastolic BP. At 8 weeks, dry weight was reduced 1 kg, systolic
BP changed "6.6 mm Hg (95% CI: "12.2 to "1.0 mm Hg; P!0.021), and diastolic BP changed "3.3 mm Hg (95%
CI: "6.4 to "0.2 mm Hg; P!0.037) from baseline. The Mantel-Hanzel combined odds ratio for systolic BP reduction
of !10 mm Hg was 2.24 (95% CI: 1.32 to 3.81; P!0.003). There was no deterioration seen in any domain of the kidney
disease quality of life health survey despite an increase in intradialytic signs and symptoms of hypotension. The
reduction of dry weight is a simple, efficacious, and well-tolerated maneuver to improve BP control in hypertensive
hemodialysis patients. Long-term control of BP will depend on continued assessment and maintenance of dry
weight. (Hypertension. 2009;53:500-507.)

Key Words: hemodialysis ! hypertension ! ultrafiltration ! ambulatory blood pressure ! volume overload

Chronic kidney disease is common in the general popula-
tion and is associated with increased cardiovascular

risk.1 Cardiovascular mortality is exceedingly high, espe-
cially in patients with more advanced chronic kidney disease.
Hypertension is a cardiovascular risk factor common in
patients with chronic kidney disease.2 Despite drug treatment,
hypertension is difficult to control, especially in patients who
have end-stage renal disease.3 Unlike office blood pressure
(BP) measurement, which forms the basis of most hyperten-
sion management, BPs obtained in dialysis centers poorly
represent the usual level of BP in hemodialysis patients,
which makes the management of hypertension particularly
challenging.4

Among factors causing hypertension in patients on hemo-
dialysis,5,6 excess volume is thought to be most important.7–12

However, few data exist to confirm the role of excess volume
in causing hypertension in these patients. Observational
studies show that volume reduction is associated with im-
provement in BP in 70% to 90% of the patients,13–17 that this
reduction could be delayed for many months,18 and that
hypertension control without medication is the best single
marker of survival in hemodialysis patients.19 These studies

were performed by measuring BP in the dialysis unit, which
may not represent the true level of BP in hemodialysis
patients.20 Whether similar results would be obtained in
patients who are now older and have a greater prevalence of
vascular disease and diabetes mellitus is also unknown.

Accordingly, we hypothesized that additional volume re-
duction will result in rapid improvement in BP among
hypertensive patients on hemodialysis. To test this hypothe-
sis, we designed this 8-week, prospective, randomized trial to
assess the efficacy, safety, and tolerability of augmented
ultrafiltration therapy in controlling systolic hypertension
assessed by interdialytic ambulatory BP monitoring in a
prevalent hemodialysis cohort.

Methods
We recruited patients !18 years of age on long-term hemodialysis
for !3 months, who were hypertensive based on a mean interdialytic
ambulatory BP of !135/85 mm Hg. Patients found to have well-
controlled hypertension had antihypertensive medications withdrawn
until they became hypertensive. Patients with stroke, myocardial
infarction, or limb ischemia in the previous 6 months; ambulatory BP
of #170/100 mm Hg; who missed #1 dialysis in the previous
month; and had chronic atrial fibrillation or morbid obesity (body

Received October 25, 2008; first decision November 7, 2008; revision accepted December 24, 2008.
From the Division of Nephrology (R.A., P.A., S.S., R.P.L.) and Richard L. Roudebush Veterans’ Affairs Medical Center (R.A.), Indianapolis, Ind.
This trial has been registered at www.clinicaltrials.gov (identifier NCT00067665).
Correspondence to Rajiv Agarwal, VAMC, 111 N, 1481 W 10th St, Indianapolis, IN 46202. E-mail ragarwal@iupui.edu
© 2009 American Heart Association, Inc.
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 Probing Dry-Weight Improves Left 
Ventricular Mass Index 
 Rajiv Agarwal    a, b     J. Michael Bouldin    a     Robert P. Light    a     Ashok Gargc 

  a    Division of Nephrology, and  b    Richard L. Roudebush VA Medical Center,  Indianapolis, Ind. , and c   Arizona Heart and 
Arrythmia Clinic, Phoenix, Ariz., USA 

 Introduction 

 It is now well established that left ventricular mass
index (LVMI) is a powerful predictor of cardiovascular 
morbidity and mortality both in the general population 
 [1, 2]  and in those with hypertension  [3] . More recently, 
the prognostic value of LVMI has been established in pa-
tients with chronic kidney disease, including those on 
long-term dialysis  [4–8] . Similarly, left ventricular sys-
tolic function has great value for predicting cardiovascu-
lar prognosis  [9, 10] . The latter can be assessed by a well-
established and more sensitive echocardiographic tech-
nique that detects systolic dysfunction known as midwall 
fractional shortening  [11] . Midwall fractional shortening 
is a more objective and sensitive measure of left ventricu-
lar systolic function than the semiquantitative assess-
ment of ejection fraction  [11, 12] . Midwall fractional 
shortening has been found to be of prognostic value 
among dialysis patients  [9] .

  Although both left ventricular mass and function have 
prognostic significance, it is unclear whether these mea-
sures are modifiable among long-term hemodialysis pa-
tients. Dietary and dialysate sodium restriction  [13, 14] , 
more frequent dialysis  [15, 16] , antihypertensive medica-
tions  [17, 18] , vitamin D  [19, 20]  and erythropoietin-stim-
ulating agents  [9, 21, 22]  have all been used as therapeutic 
modalities to improve left ventricular mass and function, 
but probing dry-weight has received little attention  [13,
23] .

 Key Words 
 Hemodialysis  !  Hypertension  !  Ultrafiltration  !  Ambulatory 
blood pressure  !  Volume overload  !  Echocardiogram  !  Left 
ventricular hypertrophy  !  Left ventricular systolic function 

 Abstract 
  Background:  Although probing dry-weight improves blood 
pressure control, its effect on echocardiographic left ventric-
ular mass index (LVMI) is unknown.  Methods:  Shortly follow-
ing dialysis, 292 echocardiograms in 150 patients participat-
ing in the DRIP trial were obtained at baseline and longitu-
dinally every 4 weeks on 2 occasions.  Results:  At baseline, 
LVMI was 136.3 g/m 2  in the control group and 138.7 g/m 2  in 
the ultrafiltration group (p  1  0.2 for difference). The change 
from baseline in LVMI in the control group was +3.5 g/m 2  at 
4 weeks and +0.3 g/m 2  at 8 weeks (p  1  0.2 for both chang-
es). The change from baseline in LVMI in the ultrafiltration 
group was –7.4 g/m 2  at 4 weeks (p = 0.005) and –6.3 g/m 2  at 
8 weeks (p = 0.045). With ultrafiltration, the change in LVMI 
diameter was –10.9 g/m 2  more compared to the control 
group at 4 weeks (p = 0.012) and –6.6 g/m 2  more compared 
to the control group at 8 weeks (p = 0.21). The reduction in 
interdialytic ambulatory blood pressure was also greater in 
response to probing dry-weight in those in the top half of 
LVMI at baseline (p = 0.02 for interaction effect at week 8). 
 Conclusion:  LVMI, an important determinant of prognosis 
among long-term dialysis patients, is responsive to probing 
dry-weight.  Copyright © 2011 S. Karger AG, Basel 
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echocardiographic parameters predicted the ultrafiltra-
tion-induced change in systolic blood pressure at 8 weeks. 
Neither at 4 weeks (data not shown) nor at 8 weeks ( fig. 2 ) 
were the interaction values between the high and low in-
dices significant.

  Discussion 

 LVMI is a potent indicator of prognosis both in pa-
tients with hypertension and those with chronic kidney 
disease, including those on hemodialysis  [1–8] . Midwall 
fractional shortening is a sensitive index of left ventricu-
lar systolic function and is also a powerful prognostic 
marker among hemodialysis patients  [9, 11, 12] . Our 

study demonstrates that regression of left ventricular 
mass can be effected by probing dry-weight. However, 
midwall fractional shortening was not affected. Further-
more, it appears that the reduction in interdialytic sys-
tolic blood pressure may be more in those with a higher 
LVMI. This indicates that, in part, LVMI is indicative of 
volume overload as reflected by left ventricular chamber 
dilatation. To support this notion, we found that probing 
dry-weight reduced left ventricular chamber dilatation, 
but did not affect left ventricular wall thickness. To the 
extent this notion is true, increased LVMI among dialysis 
patients may reflect excess volume. However, the change 
in echocardiographic LVMI or its components or change 
in midwall fractional shortening does not appear to pre-
dict the blood pressure response to probing dry-weight.

Control
(mean !, SE)

Ultrafiltration
(mean !, SE)

Difference
(UF – control)

p

LVMI (g/m2)
Week 4 low index –9.2, 3.6 –9.4, 2.7 –0.3 0.39Week 4 high index –3.2, 3.4 –8.8, 2.7 –5.6
Week 8 low index –13.7, 4.3 –11.1, 3.3 2.5 0.02Week 8 high index 1.5, 4.3 –14.2, 3.2 –15.7

IVSd (cm)
Week 4 low index –8.9, 3.7 –11.7, 2.7 –2.8 0.96Week 4 high index –3.8, 3.3 –7.0, 2.6 –3.1
Week 8 low index –7.2, 4.6 –12.8, 3.1 –5.6 0.83Week 8 high index –5.3, 4.1 –12.5, 3.3 –7.2

LVId (cm)
Week 4 low index –9.3, 3.9 –8.1, 2.6 1.1 0.24Week 4 high index –3.6, 3.2 –10.0, 2.8 –6.3
Week 8 low index –10.3, 4.8 –10.1, 3.2 0.1 0.13Week 8 high index –3.3, 3.9 –14.9, 3.2 –11.5

LVPWd (cm)
Week 4 low index –9.7, 3.7 –11.2, 2.7 –1.5 0.71Week 4 high index –3.5, 3.4 –7.2, 2.6 –3.7
Week 8 low index –8.5, 4.3 –11.9, 3.2 –3.4 0.45Week 8 high index –4.3, 4.4 –13.5, 3.3 –9.2

MWFS (%)
Week 4 low index –7.0, 4.0 –8.1, 2.6 –1.1 0.57Week 4 high index –5.3, 3.2 –10.1, 2.8 –4.8
Week 8 low index –5.0, 4.9 –12.9, 3.2 –7.9 0.76Week 8 high index –6.8, 3.9 –12.3, 3.2 –5.5

  Fig. 1.  Changes in 44-hour interdialytic systolic blood pressure as 
a function of the echocardiographic volume parameter. The echo-
cardiographic volume parameter was dichotomized at the medi-
an value at the baseline visit, yielding a low index and a high in-
dex. Compared to the high index, low index would be expected to 
have less volume. The forest plot shows the additional change in 
systolic blood pressure in the ultrafiltration group compared to 

the change in the control group. The mean additional change in 
blood pressure (shown in the forest plot) in the ultrafiltration 
group at 4 and 8 weeks did not differ between low index and high 
index. IVSd = Intraventricular septal thickness at diastole;
LVId = left ventricular interior diameter at diastole; LVPWd = left 
ventricular posterior wall thickness at diastole; MWFS = midwall 
fractional shortening. 
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Short Daily Hemodialysis: Blood Pressure Control and Left
Ventricular Mass Reduction in Hypertensive Hemodialysis Patients

Riccardo Maria Fagugli, MD, Gianpaolo Reboldi, MD, PhD, Giuseppe Quintaliani, MD,
Paolo Pasini, MD, Giovanni Ciao, MD, Beatrice Cicconi, MD, Franca Pasticci, RD,

Jean Marie Kaufman, MD, PhD, and Umberto Buoncristiani, MD

● Several retrospective and uncontrolled prospective studies reported blood pressure (BP) normalization and left
ventricular mass (LVM) reduction during daily hemodialysis (DHD). Conversely, the burden of these major
independent risk factors is only marginally reduced by the initiation of standard thrice-weekly dialysis (SHD), and
cardiovascular events still represent the most common cause of death in hemodialysis patients. Therefore, we
performed a randomized two-period crossover study to compare the effect of short DHD versus SHD onBP and LVM
in hypertensive patients with end-stage renal disease. We studied 12 hypertensive patients who had been stable on
SHD treatment for more than 6 months. At the end of 6 months of SHD and 6 months of DHD in a sequence of
randomly assigned 24-hour ambulatory BP monitoring, echocardiography and bioimpedance were performed.
Throughout the study, patients maintained the same Kt/V. A significant reduction in 24-hour BP during DHD was
reported (systolic BP [SBP]: DHD, 128! 11.6 mm Hg; SHD, 148! 19.2 mm Hg; P< 0.01; diastolic BP: DHD, 67! 8.3
mm Hg; SHD, 73 ! 5.4 mm Hg; P " 0.01). The decrease in BP was accompanied by the withdrawal of antihyperten-
sive therapy in 7 of 8 patients during DHD (P < 0.01). LVM index (LVMI) decreased significantly during DHD (DHD,
120.1 ! 60.4 g/m2; SHD, 148.7 ! 59.7 g/m2; P " 0.01). Extracellular water (ECW) content decreased from 52.7% !
11.4% to 47.6%! 7.5% (P" 0.02) and correlated with 24-hour SBP (r" 0.63; P< 0.01) and LVMI (r" 0.66; P< 0.01).
In conclusion, this prospective crossover study confirms that DHD allows optimal control of BP, reduction in LVMI,
and withdrawal of antihypertensive treatment. These effects seem to be related to reduction in ECW content.
© 2001 by the National Kidney Foundation, Inc.

INDEXWORDS: Hypertension; left ventricular hypertrophy (LVH); short daily hemodialysis (DHD).

HIGHBLOODPRESSURE (BP) and left ven-
tricular hypertrophy (LVH) are independent

risk factors for cardiovascular morbidity and mor-
tality in patients with chronic renal failure and
end-stage renal disease (ESRD).1,2 The burden of
these risk factors is only marginally reduced by the
initiation of standard thrice-weekly hemodialysis
(SHD), even when performed with various recent
technical improvements (increase in convective
component, use of sodium profile or biocompatible
membranes).3 Better control of these comorbidities
has been attained by increasing the number of
dialysis hourswith low-efficiency techniques.4 Fur-
thermore, a number of reports based on retrospec-
tive studies and uncontrolled prospective trials
suggest that short daily hemodialysis (DHD) treat-
ment might be associated with a significant reduc-
tion in antihypertensive medications and near-
normalization of BP.5-13
Therefore, the aim of our study is to compare

the efficacy of DHDwith SHD on BP control and
left ventricular mass (LVM) reduction in hyper-
tensive patients with ESRD.

PATIENTS AND METHODS

We studied 12 hypertensive patients with ESRD (8 women,
4 men; age, 64.1 ! 11.2 years; time on hemodialysis [HD]
therapy, 1,218 ! 951 days; body surface area, 1.62 ! 0.11

m2) previously treated with SHD for at least 6 months.
Diabetes mellitus was present in 3 patients. Causes of ESRD
were nephroangiosclerosis (3 patients), diabetic nephropa-
thy (2 patients), chronic pyelonephritis (2 patients), glomer-
ulonephritis (3 patients), polycystic kidney disease (1 pa-
tient), and unknown (1 patient). During this run-in phase, all
patients were on stable antihypertensive treatment. All pa-
tients gave their informed consent to the study after receiv-
ing a detailed explanation of the experimental design and
procedures.
The study was a randomized two-period crossover. Pa-

tients entered a run-in period of 6 months during which they
underwent HD three times weekly for a total of 12 hours;
ultrafiltration was strictly under control, and ideal dry body
weight was assumed to be reached when intolerance because
of muscle cramps or hypotensive episodes were evident. At
the end of the run-in period, patients were randomly as-
signed to a treatment sequence defined as AB or BA, where
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during DHD (SHD, 54.1! 7.4 kg; DHD, 53.7!
7.8 kg). Bioimpedance data showed a reduction
in percentage of ECW (SHD, 52.7% ! 11.4%;
DHD, 47.6% ! 7.5%; P " 0.02). Inter-HD
weight gain decreased during DHD (SHD, 2.65!
0.6 kg; DHD, 1.42 ! 0.5 kg; P # 0.01). ECW
content positively correlated with 24-hour SBP
(r " 0.63; P # 0.01) and LVMI (r " 0.66; P #
0.01; Fig 1). Twenty-four–hour SBP correlated
with LVMI (r " 0.51; P # 0.01). We measured
iPTH, taking into account the possible role of
this hormone in cardiac hypertrophy; no differ-
ences were reported during SHD or DHD (SHD,
150.6 ! 144.5 pg/mL; DHD, 109 ! 165.3 pg/
mL), and no correlation between iPTH and
LVIDD, PWT, or LVMI was reported.

DISCUSSION

The high mortality rate of patients with ESRD
is mainly caused by the high prevalence of cardio-
vascular morbidity among this population, which

arises above all from the persistence of hyperten-
sion and cardiac hypertrophy. The latter are poorly
controlled by the current SHD schedule (4 hours
three times weekly), essentially because of the
unsatisfactory control of fluid and salt homeosta-
sis arising from the shortness of sessions and
lengthy gaps between them, which condition
insufficient removal and considerable accumula-
tion of fluids, respectively.
Therefore, the rationale underpinning DHD

was the reduction in interdialytic overload of
fluids and salts by shortening the inter-HD period
and consequently, controlling hypertension more
efficiently.28 This was observed during the first
clinical experiences with DHD, even when total
weekly dialysis length was significantly re-
duced.29 The favorable effect of DHD on BP has
been repeatedly confirmed by our group in large
retrospective and uncontrolled prospective stud-
ies,5-7,10 and the reduction in BP was accompa-
nied by a regression in cardiac hypertrophy.8,9
Furthermore, our results have recently been con-
firmed by other groups.11-13
Taking into account the design of the studies

previously reported and that weekly Kt/V in-
creased in some studies during DHD, but not in
others, interpretation of such results appears to
be difficult in view of possible causes linked to
such variables as time and delivered HD dose.
Our study was performed with the intention of
bypassing these two variables.
As far as BP is concerned, the data reported

Table 3. Office BP and 24-Hour APBM During SHD and DHD

SHD DHD P

SPB office (mm Hg) 148.9 ! 14.7 126.2 ! 13.3 0.001
DBP office (mm Hg) 76.3 ! 5.8 72.1 ! 6.2 0.01
MBP office (mm Hg) 100.5 ! 7.3 90.1 ! 7.8 #0.01
24-h SBP (mm Hg) 148.2 ! 19.2 128.2 ! 11.6 #0.01
24-h SBP SD (mm Hg) 20.6 ! 4.5 20.9 ! 4.2 NS
Systolic load (%) 58.8 ! 33.3 27.2 ! 18.3 #0.01
24-h DBP (mm Hg) 73.4 ! 5.4 67.3 ! 8.3 0.01
24-h DBP SD (mm Hg) 12.8 ! 2.4 11.9 ! 2 NS
Diastolic load (%) 9.8 ! 7.5 7.8 ! 9.9 NS
24-h MBP (mm Hg) 98.3 ! 8.3 87.5 ! 8.1 0.001
Daytime SBP (mm Hg) 152.9 ! 19.1 132.9 ! 15.1 0.01
Nighttime SBP (mm Hg) 141.5 ! 24.4 124.2 ! 20.9 NS (0.06)
Daytime SBP load (%) 64.7 ! 31.7 30.9 ! 20.0 0.01
Nighttime SBP load (%) 52.7 ! 40.8 14.4 ! 16.3 0.01
SBP N/D ratio 0.92 ! 0.07 0.93 ! 0.11 NS

Abbreviations: DBP, diastolic BP; MBP, mean BP; SD, standard deviation; NS, not significant.

Table 4. Echocardiographic Parameters During SHD
and DHD

SHD DHD P

IVS (mm) 13.7 ! 3.4 11.9 ! 2.3 0.001
PWT (mm) 8.9 ! 2.5 9.9 ! 3.5 NS
LVIDD (mm) 52.3 ! 7.8 46.8 ! 8.3 #0.01
LVM (g) 239 ! 91.7 192 ! 90.4 0.01
LVMI (g/m2) 148 ! 59.7 120 ! 60.4 0.01

Abbreviation: NS, not significant.
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Intensive Hemodialysis, Left Ventricular Hypertrophy,
and Cardiovascular Disease

Peter A. McCullough, MD, MPH,1,2,3,4 Christopher T. Chan, MD,5

Eric D. Weinhandl, PhD, MS,6 John M. Burkart, MD,7 and George L. Bakris, MD8

The prevalence of cardiovascular disease, including cardiac arrhythmia, coronary artery disease, cardio-
myopathy, and valvular heart disease, is higher in hemodialysis (HD) patients than in the US resident popu-
lation. Cardiovascular disease is the leading cause of death in HD patients and the principal discharge
diagnosis accompanying 1 in 4 hospital admissions. Furthermore, the rate of hospital admissions for either
heart failure or fluid overload is persistently high despite widespread use of b-blockers and renin-angiotensin
system inhibitors and attempts to manage fluid overload with ultrafiltration. An important predictor of cardio-
vascular mortality and morbidity in dialysis patients is left ventricular hypertrophy (LVH). LVH is an adaptive
response to increased cardiac work, typically caused by combined pressure and volume overload, resulting in
cardiomyocyte hypertrophy and increased intercellular matrix. In new dialysis patients, the prevalence of LVH
is 75%. Regression of LVH may reduce cardiovascular risk, including the incidence of heart failure, compli-
cations after myocardial infarction, and sudden arrhythmic death. Multiple randomized clinical trials show that
intensive HD reduces left ventricular mass, a measure of LVH. Short daily and nocturnal schedules in the
Frequent Hemodialysis Network trial reduced left ventricular mass by 14 (10%) and 11 (8%) g, respectively,
relative to 3 sessions per week. Comparable efficacy was observed in an earlier trial of nocturnal HD. Intensive
HD also improves cardiac rhythm. Clinical benefits have been reported only in observational studies. Daily
home HD is associated with 17% and 16% lower risks for cardiovascular death and hospitalization, respec-
tively; admissions for cerebrovascular disease, heart failure, and hypertensive disease, which collectively
constitute around half of cardiovascular hospitalizations, were less likely with daily home HD. Relative to
peritoneal dialysis, daily home HD is likewise associated with lower risk for cardiovascular hospitalization. In
conclusion, intensive HD likely reduces left ventricular mass and may lead to lower risks for adverse
cardiac events.
Am J Kidney Dis. 68(5)(suppl 1):S5-S14. ª 2016 by the National Kidney Foundation, Inc.

INDEXWORDS: Cardiac arrhythmia; cardiovascular disease; chronic kidney disease; daily dialysis; end-stage
renal disease; fluid overload; Frequent Hemodialysis Network; heart failure; heart rhythm; home dialysis;
intensive hemodialysis; nocturnal hemodialysis; short daily hemodialysis; review.

Cardiovascular disease is a major cause of
morbidity and mortality in dialysis patients. In

particular, cardiovascular disease is the leading pri-
mary cause of death in both hemodialysis (HD) and
peritoneal dialysis (PD) patients. In contemporary HD
patients, the unadjusted cardiovascular-related death
rate is nearly 30 times higher than in the US resident
population.1,2 Thus, although both hospital admission
and death rates have recently declined in dialysis
patients, there is ongoing need for novel interventions
to reduce the risk for cardiovascular disease in dial-
ysis patients.

The vast majority of in-center HD patients undergo
treatment 3 times per week, for an average of 3 hours
and 37 minutes per session.3 This schedule introduces
2 challenges. First, the limited duration of each ses-
sion and the need to remove excess fluid may together
necessitate aggressive ultrafiltration. Second, the
schedule includes an approximately 72-hour interval
between consecutive sessions on Friday and Monday
or Saturday and Tuesday. Multiple studies have sug-
gested that this interval is associated with increased
risks for mortality and morbidity. In a study of more
than 32,000 patients, Foley et al4 found that the death
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Effects of Intensive HD

Ayus et al35 reported a single-center prospective
cohort study of 77 patients, all of whom were offered
short daily HD and 26 of whom chose short daily HD
rather than conventional HD. The study, which was
12 months in duration, is notable for its lack of patient
loss due to death and dropout. At baseline, LVMi was
similar in the treatment groups. During 12 months of
follow-up, mean LVMi decreased by 30% with short
daily HD, from 154 to 108 g/m2. Meanwhile, LVMi
was stable with conventional HD, at w150 g/m2. In
adjusted analysis, both short daily HD and the per-
centage decrease in serum phosphorus levels were
associated with regression of LVMi. Interestingly, the
between-group difference in LVMi change primarily
reflected a significantly larger reduction in left ven-
tricular end-diastolic diameter with short daily HD,
rather than differential changes in either posterior wall
or septal wall thickness.

Chan et al36 described the single-center experience
of 28 patients who received nocturnal HD for at least
2 years and 13 controls who were eligible for
nocturnal HD but received conventional HD, albeit in
the home setting. With nocturnal HD, mean LVMi
decreased from 147 to 114 g/m2 (22% decrease),
whereas with conventional HD, mean LVMi
increased from 142 to 150 g/m2. Also with nocturnal
HD, end-diastolic diameter, posterior wall thickness,
and septal wall thickness decreased.
Multiple randomized clinical trials show that

intensive HD reduces left ventricular mass (Fig 3).
The Frequent Hemodialysis Network (FHN) Daily
Trial randomly assigned participants to receive HD
for either 6 short sessions per week (n 5 125) or 3
conventional sessions per week (n 5 120) for 12
months. During the trial, participants undergoing
intensive HD actually received 5.2 sessions per week,
for an average of 2 hours and 34 minutes per session,

Intensive

FHN Daily Trial

Conventional

Intensive

FHN Nocturnal Trial

Conventional

Intensive

Canadian Trial

Conventional

FHN Daily Trial

FHN Nocturnal Trial

Canadian Trial

−30 −24 −18 −12 −6 0

100 120 140 160 180 200

Treatment effect (grams, intensive versus conventional)

Left ventricular mass (grams)

At baseline
At end of study

Figure 3. Effects of intensive versus conventional hemodialysis on left ventricular mass in the Frequent Hemodialysis Network
(FHN) Daily Trial,37 FHN Nocturnal Trial,38 and Canadian trial of nocturnal hemodialysis.39 Estimated treatment effects (solid dots)
and associated 95% confidence intervals (solid lines) are displayed at the bottom.
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significantly, by a margin of 12 to 17 milliseconds,
whereas with conventional HD, such time decreased
by only 3 milliseconds.44 The QRS amplitude varia-
tion also declined significantly with frequent
nocturnal HD. These findings may reflect slower
shifts in electrolyte levels (ie, calcium, magnesium,
and potassium), less myocardial stunning, or lesser
degrees of neurohormonal activation.

INTENSIVE HD AND CARDIOVASCULAR DISEASE
IN POPULATION STUDIES

Associations With Morbidity

Weinhandl et al45 compared risks for hospitaliza-
tion with daily home HD and conventional in-center
HD in Medicare beneficiaries. With 3,480 daily
home HD patients and 17,400 conventional in-center
HD patients who were matched according to
demographics and comorbid conditions, the hazard
ratio (HR) of cardiovascular-related admission for
daily home HD versus conventional in-center HD
was 0.89 (95% CI, 0.86-0.93) in intention-to-treat
(ITT) analysis.45 The relative hazard was similar in

on-treatment analysis (ie, with censoring at 2 months
after change in dialytic modality) and varied little
between risk for first admission and risk for all
subsequent admissions during follow-up. Daily home
HD patients accumulated about 20% to 25% fewer
cardiovascular-related hospitalized days per patient-
year than conventional in-center HD patients.
Regarding specific types of cardiovascular-related
admission, daily home HD patients had 25% lower
risk for cerebrovascular disease; 41% lower risk for
heart failure, fluid overload, and cardiomyopathy;
and 16% lower risk for hypertensive disease in
on-treatment analysis (Fig 4). Together, these
sources of morbidity constituted about half the
cardiovascular-related admissions in matched con-
ventional in-center HD patients. However, daily
home HD patients had 275% higher risk for cardiac
infection in on-treatment analysis; excess risk for
infective endocarditis may be due to buttonhole
cannulation.46

Subsequently, Weinhandl et al47 compared the
risks for hospitalization with daily home HD and PD
in Medicare beneficiaries. With 3,301 daily home HD

Arrhythmia

Cerebrovascular disease

Heart failure and fluid overload

Hypertensive disease

Ischemic heart disease

Peripheral artery disease

Other cardiovascular disease

0.5 1.0 1.5 2.0

Hazard ratio

SDHD vs. CIHD

SDHD vs. PD

Figure 4. Relative hazards of cause-specific cardiovascular hospitalization for short daily hemodialysis (SDHD) versus in-center
hemodialysis (CIHD)45 and versus peritoneal dialysis (PD).47 Solid lines represent 95% confidence intervals around estimated hazard
ratios (solid dots).
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ABSTRACT
Background Hemodialysis (HD) induces left ventricular (LV) transient myocardial dysfunction. A complex
interplay between linear deformations and torsional mechanics underlies LV myocardial performance.
Although intradialytic exercise (IDE) induces favorable effects on central hemodynamics, its effect on
myocardial mechanics has never been comprehensively documented.

Methods To evaluate the effects of IDE on LV myocardial mechanics, assessed by speckle-tracking echo-
cardiography, we conducted a prospective, open-label, two-center randomized crossover trial.Weenrolled 60
individuals with ESKD receiving HD, who were assigned to participate in two sessions performed in a
randomized order: standard HD and HD incorporating 30 minutes of aerobic exercise (HDEX). We measured
global longitudinal strain (GLS) at baseline (T0), 90 minutes after HD onset (T1), and 30 minutes before ending
HD (T2). At T0 and T2, we also measured circumferential strain and twist, calculated as the net difference
between apical and basal rotations. Central hemodynamic data (BP, cardiac output) also were collected.

Results The decline in GLS observed during the HD procedure was attenuated in the HDEX sessions
(estimated difference, 21.16%; 95% confidence interval [95% CI], 20.31 to 22.02; P 5 0.008). Compared
with HD, HDEX also demonstrated greater improvements from T0 to T2 in twist, an important component
of LV myocardial function (estimated difference, 2.48°; 95% CI, 0.30 to 4.65; P 5 0.02). Differences in
changes from T0 to T2 for cardiac loading and intradialytic hemodynamics did not account for the beneficial
effects of IDE on LV myocardial mechanics kinetics.

Conclusions IDE applied acutely during HD improves regional myocardial mechanics and might warrant
consideration in the therapeutic approach for patients on HD.

JASN 00: 1–11, 2023. doi: https://doi.org/10.1681/ASN.0000000000000149

INTRODUCTION

ESKD is a global public health issue, with nearly 2.6
million people worldwide on hemodialysis (HD).1

Individuals with ESKD have a substantially increased
incidence of cardiovascular events andmortality.2 LV
geometry and structure (e.g., fibrosis) abnormalities
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Table 4. Myocardial mechanics and loading conditions during hemodialysis

Variable Linear Mixed-Effects Model

HD HDEX Condition3
Sequence

Condition3Time

T0 T1 T2 T0 T1 T2 P Value
Estimated
Differencea

95% CI P Value

Primary outcome
GLS (%) 218.263.1 216.263.3 215.263.7 218.163.0 216.863.5 216.363.4 0.94 21.16 20.31 to 22.02 0.008

,0.001 ,0.001
P valueb ,0.001 0.007

,0.001 ,0.001
Secondary outcomes T0 T2 T0 T2

Myocardial mechanics
CS (%) 215.763.7 213.063.9 215.663.8 214.963.2 0.65 21.68 23.21 to 20.15 0.03
P valueb ,0.001 0.07
Basal rotation (°) 27.863.5 28.563.9 27.462.9 29.063.4 0.13 20.94 22.39 to 0.51 0.20
P valueb 0.11 ,0.001
Apical rotation (°) 9.464.4 7.963.9 9.264.0 9.663.9 0.99 1.82 0.32 to 3.33 0.01
P valueb 0.02 0.44
Twist (°) 14.765.7 14.665.2 14.265.7 16.365.4 0.12 2.48 0.30 to 4.65 0.02
P valueb 0.72 0.01
Twisting rate (°/s) 94629 107643 89628 120644 0.26 16.0 0.03 to 31.9 0.04
P valueb 0.03 ,0.001
Untwisting rate (°/s) 2104637 2106642 2106645 2123649 0.73 214.1 232.6 to 4.4 0.13
P valueb 0.65 0.03
Loading conditions
EDV (ml) 106627 91624 108628 92622 0.84 0.32 27.8 to 8.4 0.93
P valueb ,0.001 ,0.001
ses (g/cm2) 91642 76638 90642 78639 0.98 3.3 212.9 to 19.5 0.68
P valueb 0.03 0.03

HD, hemodialysis; 95% CI, 95% confidence interval; CS, circumferential strain; EDV, end-diastolic volume; GLS, global longitudinal strain; ses, meridional wall stress.
aEstimated difference of change from T0 to T2 between standard hemodialysis and HDEX generated by the linear mixed-effects regression model, with standard hemodialysis and T0 as reference factors. Negative
estimated differences for negative data, such as global longitudinal strain, circumferential strain, basal rotation, or untwisting rate, and positive estimated differences for positive data, such as apical rotation, twist, or
twisting rate, indicate the superiority and cardioprotective effect of HDEX. The parameters were estimated by maximum likelihood and P values generated by Wald tests.
bP value for change from T0 to T2 within the same condition, analyzed using the one-sample t test.
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Echocardiography
Transthoracic echocardiography was performed using a Vivid
Q system (GE Healthcare, Horten, Norway) with a 3.5-MHz
transducer. Cine loops in apical 4, 2, and 3-chamber views
were recorded at T0, T1, and T2, respectively, while loops in
parasternal long- and short-axis (basal, papillary muscle and
apical levels) views were only obtained at T0 and T2, re-
spectively. The apical plane was acquired with the trans-
ductor in a caudal position (i.e., below the papillary muscles)
to improve LV apical rotation measurement.19 Images were
analyzed in cine loops triggered by the QRS complex and
saved for blinded offline analysis, which was performed using
dedicated software (EchoPAC 203TM—GE Healthcare, Chi-
cago). Three cycles with the best image quality were used
for analysis.

Standard Echocardiography
Standard acquisitions were recorded before the first session in
accordance with the guidelines from the American Society of
Echocardiography.20 LV internal diameters and wall thicknesses
were measured from the parasternal long-axis view. LV mass
was calculated by the Devereux formula and indexed to body
surface area. LV volume and ejection fraction were measured
using the Simpson biplane method. LV diastolic function was
assessed using early (E) and atrial transmitral flow velocities,
recorded in the apical 4-chamber view. Myocardial systolic,
early diastolic (e’), and atrial velocities were measured with a
color-coded Doppler Tissue Imaging at the mitral annular level
in the apical 4-chamber view. Peak e’ (i.e., average recorded on
the LV septal and lateral wall) and the E/e’ ratio were used as
indexes of LV relaxation and filling pressure, respectively.21

Figure 1. Study consort diagram. Study screening, consent, echo window, participation, and dropout.

Figure 2. Schematic for HD and HDEX sessions. Dotted lines (⋮) indicate BP and CO measurements. Arrows (↓) indicate transthoracic
echocardiography. Gray box indicates IDE during HDEX.
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TRANSPLANTATION
DéfinitionEffect of Kidney Transplantation on

Left Ventricular Systolic Dysfunction
and Congestive Heart Failure in
Patients With End-Stage Renal Disease
Ravinder K. Wali, MD,* Gregory S. Wang, MD,† Stephen S. Gottlieb, MD,‡ Lavanya Bellumkonda, MD,*
Riple Hansalia, MD,† Emilio Ramos, MD,* Cinthia Drachenberg, MD,! John Papadimitriou, MD,!
Meredith A. Brisco, MD,† Steve Blahut, PHD,* Jeffrey C. Fink, MD,* Michael L. Fisher, MD,‡
Stephen T. Bartlett, MD,§ Matthew R. Weir, MD*
Baltimore, Maryland

OBJECTIVES We examined the impact of kidney transplantation on left ventricular ejection fraction
(LVEF) in end-stage renal disease (ESRD) patients with congestive heart failure (CHF).

BACKGROUND The ESRD patients with decreased LVEF and a poor New York Heart Association (NYHA)
functional class are not usually referred for transplant evaluations, as they are considered to be
at increased risk of cardiac and surgical complications.

METHODS Between June 1998 and November 2002, 103 recipients with LVEF !40% and CHF
underwent kidney transplantation. The LVEF was re-assessed by radionuclide ventriculog-
raphy gated-blood pool (MUGA) scan at six and 12 months and at the last follow-up during
the post-transplant period.

RESULTS Mean pre-transplant LVEF% increased from 31.6 ! 6.7 (95% confidence interval [CI] 30.3
to 32.9) to 52.2 ! 12.0 (95% CI 49.9 to 54.6, p " 0.002) at 12 months after transplantation.
There was no perioperative death. After transplantation, 69.9% of patients achieved LVEF
"50% (normal LVEF). A longer duration of dialysis (in months) before transplantation
decreased the likelihood of normalization of LVEF in the post-transplant period (odds ratio
0.82, 95% CI 0.74 to 0.91; p # 0.001). The NYHA functional class improved significantly
in those with normalization of LVEF (p " 0.003). After transplantation, LVEF $50% was
the only significant factor associated with a lower hazard for death or hospitalizations for
CHF (relative risk 0.90, 95% CI 0.86 to 0.95; p # 0.0001).

CONCLUSIONS Kidney transplantation in ESRD patients with advanced systolic heart failure results in an
increase in LVEF, improves functional status of CHF, and increases survival. To abrogate the
adverse effects of prolonged dialysis on myocardial function, ESRD patients should be
counseled for kidney transplantation as soon as the diagnosis of systolic heart failure is
established. (J Am Coll Cardiol 2005;45:1051–60) © 2005 by the American College of
Cardiology Foundation

Observational studies indicate that congestive heart failure
(CHF) is 12 to 36 times more prevalent in dialysis patients
as compared with the general population (1–5). The prob-
ability of survival in a dialysis patient is decreased by almost

See page 1061

50% after the diagnosis of CHF is established, based on
clinical symptoms (3). The analysis of the U.S. Renal
Dialysis Morbidity and Mortality Study (DMMS) Wave 2
revealed that mortality at three years after hospitalization for

CHF is almost similar to that after acute myocardial
infarction (83% vs. 80%), respectively (6,7). Thus, CHF is
the most common cardiovascular risk factor for death in
dialysis patients.

The optimal management of CHF due to left ventricular
(LV) dysfunction (systolic heart failure) in patients with
end-stage renal disease (ESRD) remains controversial. It is
not known whether the recommendations for the treatment
of systolic heart failure in the general population are equally
effective and safe in ESRD patients with systolic heart
failure (8).

At present, ESRD patients with systolic heart failure
are considered to be at high risk for surgery. Due to a lack
of evidence determining if kidney transplantation can be
performed without increased perioperative morbidity and
mortality, there is reluctance on the part of nephrologists
and cardiologists to refer ESRD patients with systolic
heart failure for transplant evaluation. When dialysis
patients with CHF due to reduced left ventricular ejec-
tion fraction (LVEF) present for kidney transplantation
evaluation, it is unclear whether such patients should be
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!40% at the time of transplantation, and reevaluated their
LVEF, functional status, and morbidity and mortality in the
post-transplant period.

Why did LV systolic function improve in more than 86%
of our patients? End-stage renal disease is a complex
metabolic syndrome, and the uremic milieu may affect
myocardial contractility and function (22). Kidney trans-
plantation is associated with a significant improvement in
azotemia. In contrast, prolonged exposure to uremic toxins
has been demonstrated to affect myocardial contractility.
Although the exact nature of such toxins remains yet to be
determined, several potentially negative inotropic and chro-

notropic factors have been demonstrated in uremic plasma
(23,24), and prolonged exposure to these uremic toxins can
result in myocyte fibrosis and death (25,26). A prolonged
duration of dialysis therapy results in an extended exposure
of myocytes to these uremic toxins. That may be why an
increased duration of dialysis therapy decreased the likeli-
hood of improvement in LVEF in the post-transplant
period. Similarly, Eknoyan et al. (27) demonstrated that a
longer duration of dialysis and reduced clearance of middle

Figure 1. Kaplan-Meier analysis of survival plots for death in the post-transplant period (after first six months after transplantation). Persistence of left
ventricular ejection fraction (LVEF) !50% in the post-transplant period was associated with an eight-fold increase in the rate of death. The number (%)
of deaths in patients with post-transplant LVEF "50%: 6 (8%) of 72; in patients with post-transplant LVEF "40% but !50%: 10 (62%) of 16; and in
patients with post-transplant LVEF !40%: 9 (60%) of 15. p ! 0.0001 by the log-rank test.

Figure 2. Pretransplant (while on dialysis) and post-transplant left ven-
tricular ejection fraction (LVEF) in different subgroups of patients. All #
all patients; CAD # pretransplant coronary artery disease; CABG #
pretransplant coronary artery bypass grafting; DM # pretransplant diabe-
tes mellitus (type 1 or 2); PTCA # pretransplant percutaneous translumi-
nal coronary angioplasty. Error bars # standard deviations.

Table 5. Logistic Regression Models for Pre- and Post-
Transplant Predictors for Normalization of Left Ventricular
Ejection Fraction (LVEF "50%) in the Post-Transplant Period
(Reference Group: Group With LVEF "50% in the Post-
Transplant Period)

OR 95% CI
p

Value

Pretransplant covariates
Age (yrs) 0.98 0.88–1.09 0.75
Race (African-American) 0.60 0.05–6.11 0.83
Gender (male) 0.31 0.02–3.6 0.95
Time on dialysis (months) 0.82 0.74–0.91 0.001
Diabetes mellitus (yes/no) 2.11 0.22–19.5 0.50
Coronary artery disease (yes/no) 1.2 0.11–14.3 0.33
URR (%) 0.94 0.74–1.08 0.45

Post-transplant covariates
MAP (mm Hg) 1.16 0.99–1.36 0.05
Hematocrit (%) 1.99 0.72–1.36 0.95
Albumin (mg/dl) 2.7 0.19–37.7 0.45
Post-PTH-I (pg/dl) 1.00 0.99–1.02 0.18
Beta-blockers (yes/no) 2.8 0.20–40.5 0.43
ACE-I (yes/no) 0.22 0.03–1.58 0.13

ACE-I # angiotensin-converting enzyme inhibitors; CI # confidence interval; MAP
# mean arterial pressure; OR # odds ratio; PTH-I # parathyroid hormone intact;
URR # urea reduction ratio.
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postoperative period, 44 of 103 patients were monitored in
the intensive care unit after surgery. Twenty-nine patients
required right heart catheterization in the perioperative
period. Patients with delayed graft function (33 of 103)
required daily dialysis and hemofiltration for a median
period of two weeks in the post-transplant period (data not
shown).
Patient characteristics. The baseline clinical characteris-
tics of the patients are described in Table 2. The mean age
of patients was 55.0 ! 10.2 years; 58% were African-
Americans; and 70% were men. Most patients had more
than one comorbid condition at the time of transplantation.
Among the patients with coronary artery disease, 54% and
37% had either PTCA or CABG, respectively, before
transplantation. The remaining 9% had diffuse multivessel
disease and were treated with medical therapy. The patients
with coronary artery disease were without inducible isch-
emia at the time of measurement of LVEF before
transplantation.

Pretransplant LVEF was measured at the time of the
initial transplant evaluation and repeated in those who
remained on the waiting list for more than 12 months.
There was a trend toward a further decrease in LVEF%
between the initial and repeat evaluations (31.6 ! 6.7 vs.
29.3 ! 6.2, p " 0.05), respectively, while on dialysis. At the
time of transplantation, 11 (10%) of 103 patients had LVEF
"20%, 50 (49%) of 103 had LEVF between #20% and
"30%, and another 42 (41%) of 103 had LVEF !30% to
40%. In the pretransplant period, more than one-half (57%)
of the patients were in NYHA functional class IV, 40.5% in
class III, and 2.5% in class II (Table 2). While on dialysis,
nearly 58% of the cohort were on beta-blockers (any type)

and 64% were receiving the combination of both beta-
blockers and ACE inhibitors (data not shown).

An inverse association between the duration of dialysis
therapy before transplantation and normalization of LVEF
in the post-transplant period was observed. Patients with
post-transplant LVEF !50%, compared with those with
LVEF #40% but "50% (Group 1 vs. 2: 14.7 ! 10.6 vs.
40.4 ! 14.7; p " 0.001) and compared with those in whom
LVEF in the post-transplant follow-up period remained
"40% (Group 1 vs. 3: 14.7 ! 10.6 vs. 45.1 ! 19.9; p "
0.001), had a significantly shorter duration of dialysis
treatment (in months) before transplantation. In contrast,
the duration of dialysis therapy before transplantation was
similar in patients in whom LVEF persisted "50% in the
post-transplant period; LVEF !40% but "50% versus
LVEF "40% (Group 2 vs. 3: 40.4 ! 14.7 vs. 45.1 ! 19.9;
p $ 0.32) (Table 2). Other comorbidities, including the
presence of diabetes mellitus and coronary artery disease
with or without intervention for underlying coronary artery
disease, were not significantly different between the groups.
Even the measure of dialysis adequacy (URR%), type of
dialysis therapy, and type of hemodialysis access (arterio-
venous graft or fistula or permanent catheter) were similar
between the groups.
Pre- and post-transplant hemodynamic and biochemical
parameters. The hemodynamic and biochemical parame-
ters in the pre- and post-transplant periods are shown in
Table 3. In the post- compared with pretransplant period,
the mean SBP, DBP, and MAP were significantly higher in
those with post-transplant LVEF #50%, as compared with
those with post-transplant LVEF "50% (Groups 2 and 3).
In the latter groups, these parameters remained unchanged

Table 1. Description of the Left Ventricular Ejection Fraction (LVEF%) at Different Time Periods: At the Time of Transplant
Evaluation, While on the Waiting List to be Transplanted, and During the Follow-Up After Kidney Transplantation

All Patients
(N ! 103)

Groups Based on Post-Transplant LVEF% p Value

LVEF >50%
Group 1
(n ! 72)

LVEF >40% to <50%
Group 2
(n ! 16)

LVEF <40%
Group 3
(n ! 15)

Group
1 vs. 2

Group
2 vs. 3

Group
3 vs. 1

Pretransplant evaluation
LVEF% (initial transplant evaluation)

Mean ! SD 31.6 ! 6.7 31.7 ! 6.7 31.6 ! 7.6 31.2 ! 6.1 1.00 0.98 0.98
(95% CI) (30.3–32.9) (30.1–33.3) (27.5–35.6) (27.7–34.6)

LVEF% (repeat evaluation before
transplant surgery)*

Mean ! SD 29.3 ! 6.2 29.0 ! 6.0 30.5 ! 8.0 29.6 ! 5.3 0.87 0.97 0.98
(95% CI) (28.1–30.6) (27.6–30.5) (26.2–34.8) (26.6–32.5)

Post-transplant evaluation
Post-transplant LVEF% (at six

months)
Mean ! SD 47.2 ! 10.7 52.5 ! 6.9 39.2 ! 6.1 30.6 ! 6.5 "0.0001 0.002 "0.0001
(95% CI) (45.1–49.3) (50.8–54.1) (35.9–42.5) (26.9–34.2)

Post-transplant LVEF% (at 12
months)†

Mean ! SD 52.2 ! 12.0 58.8 ! 6.8 42.1 ! 2.4 31.6 ! 4.9 "0.001 0.001 "0.001
(95% CI) (49.9–54.6) (57.2–60.4) (40.8–43.4) (28.9–34.4)

The groups are based on the LVEF % obtained during the post-transplant period. *Repeat LVEF% (second pretransplant measurement) while on the waiting list for more than
12 months was obtained in 61 patients. †Repeat LVEF% (second post-transplant measurement) was obtained in 101 patients.

CI $ confidence interval; LVEF $ left ventricular ejection fraction.
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Kidney transplantation is associated with
reduced myocardial fibrosis. A cardiovascular
magnetic resonance study with native T1
mapping
Mariana Moraes Contti1, Maurício Fregonesi Barbosa2, Alejandra del Carmen Villanueva Mauricio3, Hong Si Nga1,
Mariana Farina Valiatti1, Henrique Mochida Takase1, Ariane Moyses Bravin1 and Luis Gustavo Modelli de Andrade1*

Abstract

Background: The measurement of native T1 through cardiovascular magnetic resonance (CMR) is a noninvasive
method of assessing myocardial fibrosis without gadolinium contrast. No studies so far have evaluated native T1
after renal transplantation. The primary aim of the current study is to assess changes in the myocardium native T1
6 months after renal transplantation.

Methods: We prospectively evaluated 44 renal transplant patients with 3 T CMR exams: baseline at the
beginning of transplantation and at 6 months after transplantation.

Results: The native T1 time was measured in the midventricular septum and decreased significantly from 1331 ± 52
ms at the baseline to 1298 ± 42ms 6months after transplantation (p = 0.001). The patients were split into two groups
through a two-step cluster algorithm: In cluster-1 (n = 30) the left ventricular (LV) mass index and the prevalence of
diabetes were lower. In cluster-2 (n = 14) the LV mass index and diabetes prevalence were higher. Decrease in native
T1 values was significant only in the patients in cluster-1 (p = 0.001).

Conclusions: The native myocardial T1 time decreased significantly 6 months after renal transplant, which may be
associated with the regression of the reactive fibrosis. The patients with greater baseline LV mass index and
the diabetic group did not reach a significant decrease in T1.

Keywords: Cardiovascular magnetic resonance imaging, Fibrosis, Kidney transplantation, Native T1

Background
Patients with chronic kidney disease (CKD) are at
increased risk for cardiovascular disease (CVD) [1, 2].
Renal transplantation is associated with a reduction in
cardiovascular mortality when compared to patients
who remain on the transplant waiting list [3]. It is
likely that the improvement in cardiac contractility is
due to the regression of intermyocardiocytic fibrosis
after transplantation [4]. Myocardial fibrosis affects
more than 90% of patients with CKD [4] and leads to

the accumulation of extracellular matrix (ECM) pro-
teins in the cardiac interstice, which in turn results in
increased left ventricle (LV) stiffness. This contributes
to reduced diastolic filling, with the development of
arrhythmias, heart failure and sudden cardiac death
[5–8]. Hence, the extent and severity of myocardial fi-
brosis are important predictors of death among pa-
tients with CKD [4].
Three types of myocardial fibrosis have been re-

ported: reactive interstitial fibrosis, infiltrative intersti-
tial fibrosis and replacement fibrosis [9, 10]. Fibrosis
may regress in the reactive type, whilst in the replace-
ment one there is loss of myocytes due to necrosis
and/or apoptosis [11–13].
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Statistical analysis
Sample size calculation
A pilot study was conducted with 11 patients, in which a
mean difference in native T1 of 50 ± 52ms was found.
Considering the alpha error of 0.05 and the beta of 0.8,
for this study we calculated a number of 38 patients.

Descriptive statistics and comparisons between groups
Categorical variables were expressed in numbers and
percentage and compared between the two moments of
the study by Fisher’s exact test or chi-square when ap-
propriate. Continuous variables were tested for their
normality by the Kolmogorov-Smirnov test and visual
inspections of QQ plots. The parametric variables were
expressed as mean and standard deviation and compared
between the two moments of the study by paired t-test.
Non-parametric variables were expressed in median and
25 and 75% percentiles and compared between the two
time points by using the Wilcoxon test.
A cluster analysis was conducted using the two-step clus-

ter analysis algorithm with the Schwarz Bayesian criterion
for clustering. The number of clusters by automatic selec-
tion and the distance were measured with log probability.
The TwoStep Cluster Analysis procedure is an exploratory
tool designed to reveal natural groupings within a dataset
that would otherwise not be apparent. This was used in this
study to group the baseline clinical variables into strongly
interrelated subgroups (clusters) without prior knowledge
of the target variables. We used all baseline clinical vari-
ables to build the cluster analysis that automatically re-
sulted in two clusters. This analysis creates groups that are
more similar to each other based on the log probability dis-
tances (Additional file 1). The methods of cluster analysis
in the context of classifying patients in the medical field

was described by McLachlan et al. [25] and this approach
has been recently utilized to identify clinical variables that
was related to disease phenotypes in patients with heart
failure [26, 27]. A p value < 0.05 indicated statistical signifi-
cance. All analyses were performed by using SPSS statistical
software, version 20 (International Business Machines, Inc.,
Armonk, New York, USA). The plots were built with R (R

Table 2 Use of non-immunosuppressive drugs at baseline and
6months after transplantation

Baseline
(n = 44)

6 months
(n = 44)

p

Aspirin 20 (45.5%) 16 (36.4%) 0.38

Calcium channel blockers 14 (31.8%) 16 (36.4%) 0.65

Beta-blockers 21 (47.7%) 27 (61.4%) 0.19

ARB/ACEi 26 (60.5%) 10 (22.7%) 0.0001

Alpha-blockers 7 (15.9%) 8 (18.2%) 0.77

Spironolactone 1 (2.3%) 1 (2.3%) 1.0

Statin 5 (11.4%) 10 (22.7%) 0.15

Ciprofibrate 0 (0%) 3 (6.8%) 0.09

Furosemide 17 (38.6%) 2 (4.5%) 0.001

Hydrochlorothiazide 3 (6.8%) 5 (11.4%) 0.45

Isosorbide 2 (4.5%) 0 (0%) 0.15

ARB angiotensin II receptor blockers, ACEi angiotensin converting enzyme inhibitor
Categorical variables expressed in number and percentage. Comparisons with
chi-square test

Table 3 Clinical and biochemical parameters at baseline and 6
months after transplantation

Baseline
(n = 44)

6 months
(n = 44)

p

HR (bmp) 86 ± 13 79 ± 12 0.013a

DBP (mmHg) 80 [70–90] 70 [70–80] 0.008b

SBP (mmHg) 135 [130–150] 120 [110–140] 0.004b

Body Weight (Kg) 71.1 [60.6–78] 72.6 [62–79.5] 0.17b

Calcium (mg/dL) 9.3 [8.9–9.6] 9.6 [9.3–10] 0.001b

Creatinine (mg/dL) 4.2 [2–7.7] 1.3 [1–1.8] 0.001b

Phosphate (mg/dL) 3.9 [3.1–5.4] 3.5 [3–3.9] 0.02b

Hb (g/dL) 10.7 ± 1.8 12.7 ± 1.7 0.001a

Ht (%) 32.7 ± 5.9 38.4 ± 4.9 0.001a

PTH (pg/ml) 203 [111–483] 68.8 [44.7–117] 0.001b

HR heart rate, Hb hemoglobin, Ht hematocrit, DBP diastolic blood pressure, SBP
systolic blood pressure, PTH Parathyroid hormone
Continuous variables expressed as mean and standard deviation (mean ± standard
deviation) or median and 25 and 75% percentiles (median [25th and 75th percentile])
aPaired t test; bWilcoxon test

Table 4 Left ventricular parameters of cardiac magnetic resonance
at baseline and 6months after transplantation

Baseline
(n = 44)

6 months
(n = 44)

p

Ejection Fraction (%) 64 ± 12 67 ± 10 0.07a

EDV (ml) 155 ± 43 152 ± 35 0.61a

ESV (ml) 52 [38–69] 50 [39–63] 0.49b

SV (ml) 96 ± 21 100 ± 20 0.27a

LVM (g) 154 ± 40 152 ± 35 0.76a

EDVi (mL/m2) 88 ± 23 85 ± 19 0.29a

ESVi (mL/m2) 30 [21–40] 28 [22–36] 0.28b

SVi (mL/m2) 55 ± 12 56 ± 11 0.42a

LVMi (g/m2) 87 ± 20 85 ± 16 0.36a

IS (mm) 12.9 ± 3.3 12.7 ± 3.2 0.71a

LVPW (mm) 10.2 ± 2.2 9.6 ± 1.8 0.07a

LVED (mm) 53 ± 7 52 ± 7 0.21a

LVES (mm) 34 ± 9 33 ± 6 0.20a

BSA body surface area, EDV end-diastolic volume, EDVi end-diastolic volume
indexed to BSA, ESV end-systolic volume, ESVi, end-systolic volume index to
BSA, LVM left ventricular mass, LVMi left ventricular mass indexed to BSA, SV
systolic volume, SVi systolic volume index to BSA, IS interventricular septum,
LVPW left ventricular posterior wall, LVED left ventricular end-diastolic diameter,
LVES left ventricular end-systolic diameter
Continuous variables expressed as mean and standard deviation (mean ±
standard deviation) or median and 25 and 75% percentiles (median [25th
and 75th percentile])
apaired t-test; bWilcoxon test
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Foundation for Statistical Computing, Vienna, Austria)
version 3.4.2 with the ggplot2 package.

Results
There were 44 patients who completed the two
CMR evaluations (n = 88 CMR studies). The median
time from transplant to the first exam was 5 days
and to second exam was 189. The hematocrit was
similar for the first CMR exam and preoperative
value (mean difference − 0.9% [95%CI -1.437 to
3.237] p = 0.44). The baseline donor and recipient
characteristics are detailed in Table 1 and the use of
non-immunosuppressive drugs in Table 2. During the
study period, no patient has developed a graft loss or a
cardiovascular event (acute myocardial infarction, acute
coronary syndrome, or arrhythmias). The clinical and bio-
chemical parameters of the patients at the two time points
are shown in Table 3.

LV mass and function
There was a trend to improved LV function after 6
months, p = 0.07 but no statistical difference in LV mass
index (Table 4).

Native T1 times (primary outcome)
The data analysis revealed a significant reduction in na-
tive T1 time 6months after renal transplantation. The
mean T1 decreased from 1331 ± 52ms to 1298 ± 42 ms
at 6 months (p < 0.001) (Fig. 2). The analysis of individ-
ual cases of native T1 demonstrated that the majority of
the patients reached a reduction in T1 values be-
tween baseline and 6 months after transplantation
(Additional file 2). Figure 3 display an example of
the T1 map at the two time periods in three pa-
tients: one patient with native T1 maintenance, one
with an increase, and another with a decrease in na-
tive T1 times.

Fig. 2 Boxplot comparing midventricular septum T1 time at baseline and 6months after transplantation.* p < 0.001 x baseline
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LIMITES THÉRAPEUTIQUES
Définition

•Efficacité Limitée : Les traitements actuels ne 
parviennent pas à résoudre complètement les 
complications cardiaques liées à la maladie rénale.

•Besoin de Recherche : La nécessité d'une recherche 
continue pour développer de meilleures stratégies 
thérapeutiques.

•Gestion Globale : L'importance d'une approche 
globale incluant la gestion des facteurs de risque de la 
maladie rénale et cardiaque.
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IMPLICATIONS POUR LE CLINICIEN
Définition

•Approche Individualisée : Nécessité d'une approche de 
traitement individualisée pour chaque patient.

•Surveillance Continue : Importance de la surveillance 
régulière pour détecter et gérer les complications 
précocement.

•Éducation du Patient : Rôle crucial de l'éducation du 
patient sur la gestion de la maladie rénale et la 
prévention des complications cardiaques.
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ET POUR DEMAIN ?
Définition

•Thérapies Innovantes : Exploration de nouvelles 
stratégies thérapeutiques et médicaments.

•Compréhension Approfondie : Besoin de recherches 
approfondies sur la pathophysiologie de la maladie.

•Intégration des Technologies : Utilisation de 
technologies avancées pour le diagnostic et le suivi.
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