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Abstract

and compare it to dilated cardiomyopathy (DCM).

strain, Segmental longitudinal strain

Background Cardiac involvement is common in end-stage renal disease patients. The presenting study aimed
to evaluate the global and segmental longitudinal strain in patients with advanced uremic cardiomyopathy (AUCM)

Results The mean global longitudinal strain (GLS) was significantly lower in AUCM (P value =0.045). Compar-

ing segmental strain showed a lower strain in mid inferoseptal (P value =0.048), base and mid anterolateral (P
value=0.026, 0.001 respectively), base and mid anteroseptal (P value =0.005, 0.009 respectively), base and mid inferior
(Pvalue=0.015, 0.034 respectively) and mid anterior (P value=0.015) in patients with AUCM compared with DCM. In
both groups, the segmental strain increased from base to apex.

Conclusions Segmental and GLSs in advanced uremic cardiomyopathy were significantly lower than those of dilated
cardiomyopathy. In both groups, the segmental strain increased from base to apex.
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Background

Cardiovascular complications are the important causes
of mortality and morbidity in patients with chronic kid-
ney disease (CKD) and end-stage renal disease (ESRD)
[1]. “Uremic cardiomyopathy” generally expresses cardiac
involvement in patients with CKD and ESRD. Various
imaging and epidemiological studies have shown that the
most crucial pathological change associated with uremic
cardiomyopathy (UCM) is left ventricular hypertrophy
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(LVH). LVH is considered the primary landmark of
UCM. Increased left ventricular (LV) mass, LV dilatation,
and systolic and diastolic dysfunction constitute other
echocardiographic abnormalities of UCM [2]. In adults,
left ventricular hypertrophy and systolic dysfunction
are evident even in the early stages of renal dysfunction.
Cardiac abnormalities in end-stage renal disease (ESRD)
have complex etiologies, including hypertension, volume
overload, anemia, mineral abnormalities, coronary artery
disease, and uremic toxins [3].

Speckle-tracking echocardiography (STE) allows the
evaluation of myocardial deformation and heart mechan-
ics [4, 5]. In patients with chronic renal failure, the pro-
gression of renal dysfunction (assessed by glomerular
filtration rate measurement) is accompanied by a signifi-
cant decrease in cardiac strain values [6, 7]. In patients
with ESRD, a slight reduction in longitudinal strain may
be an important marker of increased mortality [8].
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Most of the presenting studies with STE focused on
ESRD patients with normal left ventricular function. In
this study, we focused on the advanced stages of UCM.
The results of the presenting study compared the global
and segmental longitudinal strain in advanced uremic
cardiomyopathy with dilated cardiomyopathy.

Methods

Study type and population

This single-center comparative observational study was
performed between March 2017 and March 2019. Writ-
ten informed consent was obtained from study partici-
pants. The ethics committee approved the study protocol.
Twenty-five patients aged 18 to 70 years suffering from
ESRD and advanced uremic cardiomyopathy (AUCM)
were included. All the ESRD patients were on routine
hemodialysis via arteriovenous fistula (AVF) and were
candidates for kidney transplantation. The result of the
invasive coronary angiography in ESRD patients was nor-
mal; an AVF-associated high-output cardiac failure was
ruled out with echocardiography and ultrasonographic
flow assessment of the fistula. Advanced uremic car-
diomyopathy was arbitrarily defined as a left ventricular
ejection fraction (LVEF) of less than 40%. Twenty-five
known patients with dilated cardiomyopathy (DCM)
matched with the same left ventricular ejection fraction
ranges were enrolled as the control group. All the DCM
patients had normal invasive coronary angiography
results in their records.

Exclusion criteria

In patients with AUCM, several exclusion criteria were
defined, including a history of heart failure or docu-
mented LVEF less than 50% before initiating renal
replacement therapy (RRT), uncontrolled hypertension,
congenital heart disease, pericardial disease, and history
of autoimmune disorders.

In both AUCM and DCM groups, a history of diabe-
tes mellitus, permanent pacemaker, left bundle branch
block, atrial fibrillation rhythm, and inadequate acoustic
window was considered exclusion criteria.

Echocardiography

Transthoracic echocardiography was performed by Vivid
E9 echo vendor (GE company). In ESRD patients, echo-
cardiographic interrogation was done 6-24 h after the
last hemodialysis session. All the ESRD patients had con-
trolled blood pressure(systolic blood pressure less than
140 mmHg) at the time of echocardiography. A Cardi-
ologist with a fellowship in echocardiography performed
two-dimensional, color Doppler echocardiography, tissue
Doppler imaging (TDI), and 2D STE. The left ventricu-
lar dimensions were measured by 2D echocardiography.

Page 2 of 6

The modified Simpson’s method assessed left ventricu-
lar volumes and systolic function. Right ventricular sys-
tolic function was evaluated by tricuspid annular plane
systolic excursion (TAPSE), right ventricular fractional
area change (RVFAC), and right ventricular peak sys-
tolic myocardial velocity (RVSm). Valvular heart disease
severity was assessed based on the latest ASE guidelines
[9]. Pulmonary artery pressure (PAP) was measured by
tricuspid regurgitation (TR) velocity and modified Ber-
noulli formula. LV diastolic function was assessed by the
Doppler study of mitral valve inflow and TDI study of the
septal and lateral mitral annulus [10]. Global longitudinal
strain (GLS) and segmental longitudinal strain in 17 left
ventricular segments were measured by 2D STE (Fig. 1).
The left ventricular mass was assessed by the Devereux
method [11].

Endpoints

Global longitudinal strain, segmental longitudinal strain,
and all echocardiographic measurements were compared
between the two groups as the study endpoints.

Statistical analysis

Descriptive analysis was used to describe the data,
including mean +standard deviation (SD) for quantita-
tive variables and frequency (percentage) for categorical
variables. The Chi-square, t-test, or Mann—Whitney U
tests were used to compare variables. The statistical soft-
ware IBM SPSS Statistics for Windows version 22.0 (IBM
Corp. Released 2013, Armonk, New York) was used for
the statistical analysis. P values<0.05 were considered
statistically significant.

Results

Baseline and demographic data

This study enrolled 25 patients with ESRD and advanced
uremic cardiomyopathy (AUCM as the case group)
and 25 DCM patients (as the control group). Regarding
demographic characteristics, the male gender was 76.0%
in AUCM and 72.0% in the DCM group (P=0.877). The
mean age of the AUCM group was lower than DCM
(40.12+12.86, vs. 50.88 + 12.97 years, P=0.005). Compel-
ling cardiovascular risk profile, 23 patients in advanced
uremic cardiomyopathy had a history of hypertension
versus one in the DCM group (P value=0.001). No dif-
ference was found between the two groups in the history
of smoking and hyperlipidemia (Table 1). In the advanced
uremic cardiomyopathy group, the mean duration of
renal replacement therapy via AVF was 2.63 £1.34 years
(range 1.5-6 years).
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Table 1 Demographic and clinal characteristics of dilated
cardiomyopathy (DCM) and advanced uremic cardiomyopathy
(AUCM) patients

Values DCM?group  AUCMP group  Pvalue
Male gender, n (%) 18 (72.0%) 19 (76.0%) 0.877
Mean age (year)+SD 50.88+12.97 40.12+12.86 0.005
Hypertension 1(4.0) 23(92.0) 0.001
Hyperlipidemia 0(0.0) 1(4.0) 0.998
Smoking 0(0.0) 3(12.0) 0.092
Mean BSAS (m?)+SD 1.89+0.17 1.71+£017 0.001
Duration of hemodialysis ~ N/A 263+1.34 N/A
(years)£SD

Sessions of hemodialysis N/A 3 N/A

Per week (days)

? Dilated Cardiomyopathy
b Advanced Uremic Cardiomyopathy
©Body Surface Area

9 Not applicable

Echocardiographic data
Echocardiographic data were compared in Table 2.
In advanced uremic cardiomyopathy, the mean

Fig. 1 Diagram of global and segmental longitudinal strains in 17 LV myocardial segments
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GLS was significantly lower than the DCM group
(— 11.98% +4.88% in AUCM vs. — 14.34% +4.81% in
DCM, P=0.045). A comparison of segmental longitudi-
nal strain in 17 segments was provided (Table 3, Fig. 2).
Assessment of longitudinal segmental strains showed
a significant difference in these segments: mid infer-
oseptal (P=0.048), base anterolateral (P=0.026), mid
anterolateral (P=0.001), base inferior (P=0.015), mid
inferior (P=0.034), mid anterior (P=0.015), base anter-
oseptal (P=0.005), and mid anteroseptal (P=0.009) in
AUCM and DCM. The segmental strain increased in
both groups from the basal to the apex.

Also, those suffering from AUCM had significantly
lower mitral E wave deceleration time (P=0.011). Sys-
tolic PAP in AUCM was 43.00+11.99 mmHg versus
34.52+11.13 mmHg in the DCM group (P=0.015).

No correlation was found between age and GLS (P
value 0.18) and between RRT duration and GLS (P
value 0.09).
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Table 2 Comparison of echocardiographic parameters in study

population

Values DCM group AUCM group  Pvalue
LVEDD? (cm) 5.82+0.92 5424065 0081
LVESDP® (cm) 445+£1.28 3.89+£067 0.066
LVEDV® (mL) 116.09+47.15 121.88+36.63 0.631
LVESV® (mL) 7838+44.73 78.23+£36.49 0.805
LV mass index (g/mz) 223.62+78.37 251.52+£71.07 0.198
LA size (cm) 4304063 393+£0.79 0328
IVSD® cm) 1.17+0.08 1.10+£023 0508
LVEF-2D (%) 27.79+13.52 29.58+10.38 0.601
e' Septal (Cm/s) 6.85+£2.79 6.19+156 0302
E/e' 13.86+9.45 13.69£539 0942
E/A 1.20+£0.52 127+087 0769
E deceleration time (ms) 248.64+77.68 176.00+64.53 0.011*
Systolic PAPY (mmHg) 3452+11.13 43.00+£11.99 0.015*
TAPSEN (cm) 2021042 1.92+£029 0420
LV Tei index 0.58+0.25 071£031 0111
LV S'(cm/s) 6.28+2.04 588+1.53 0437
MAPSE' (cm) 1.24+0.06 125+£048 0.106
GLY% —1434+48 —1198+4.88  0.045*

*P value <0.05

? Left ventricular end-diastolic diameter
b Left ventricular end-systolic diameter
¢ Left ventricular end-diastolic volume

d Left ventricular end-systolic volume

€ Inter ventricular septum diameter

f Left ventricular Ejection Fraction

9 Pulmonary Artery Pressure

P Tricuspid Annular Plane Systolic Excursion
i Mitral Annular Plane Systolic Excursion
J Global Longitudinal Strain
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Discussion

Uremic cardiomyopathy is among the principal causes of
morbidity and mortality in patients with ESRD. In recent
years, comprehensive evaluations of cardiac involvement
in ESRD patients have been performed. We assessed seg-
mental longitudinal strain patterns in advanced uremic
cardiomyopathy (AUCM) and compared this group of
patients with DCM. The results showed that the global
longitudinal strain was lower in AUCM versus DCM.
Despite a lower strain in some myocardial segments in
AUCM, both groups showed increased segmental longi-
tudinal strain from base to apex. There was no specific
segmental left ventricular strain pattern using speckle
tracking to differentiate advanced uremic cardiomyopa-
thy from DCM. GLS was reduced in advanced uremic
cardiomyopathy and may indicate a more severe myocar-
dial injury. The major limitation of this conclusion is the
significant difference between the age of study partici-
pants in AUCM and DCM in our study; AUCM patients
were one decade younger than DCM. The important
question is the effect of aging on GLS values. In one
meta-analysis, the effect of aging on GLS was assessed.
The decrease in GLS was most pronounced after sixty in
the normal population [12]. The lower values of GLS in
younger ESRD patients with AUCM denote the greater
degree of myocardial involvement in our study.

Various studies have evaluated and compared echo-
cardiographic parameters between patients with uremic
cardiomyopathy and healthy individuals. In the study
by Tamulnait et al., diastolic dysfunction was reported
in 81.6% of patients with ERSD. Also, the ESRD group’s
mean GLS and global circumferential strain (GCS) were
significantly lower than healthy controls. RV GLS was
significantly lower in ESRD patients than in healthy

Table 3 Compared segmental strains in patients with advanced uremic cardiomyopathy and dilated cardiomyopathy

Segmental DCM group AUCM group P value Segmental DCM group AUCM group P value
strains % strains %
Inferoseptal wall Inferior wall
Apex —1791+£649 —17.04+£657 0.624 Apex - 16.62+£6.09 —1664£7.72 0.995
Mid —-1362+635 —-1040+5.88 0.048 Mid —14.33+6.09 —10.99+447 0.034
Base —1045+6.18 —-862+56 0.259 Base - 11.95+579 —7.77+593 0.015
Anterolateral wall Anterior wall
Apex —-16.79+£5.86 —13.19+£8.86 0.099 Apex —16.50+6.30 —1226+£10.25 0.088
Mid —13.83+£527 —-6.13£9.29 0.001 Mid —14.00+6.95 —946+7.25 0.015
Base —1125+7.25 —568+9.79 0.026 Base —11.29+7.49 —746+8.59 0.099
Anteroseptal wall Inferolateral wall
Mid —-16.50+£6.53 —-11.07+£751 0.009 Mid —1412+6.33 —11.58+7.75 0.212
Base —-1283+£6.77 —-6.88+7.35 0.005 Base —11.04+£8.71 —-881+8.72 0.252
Apical cap

—1733£559 - 16.19+6 81 0.522
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Fig. 2 Comparison of segmental longitudinal strains of the left ventricle LV in two groups with advanced uremic and dilated cardiomyopathy

controls [13]. In a study by Hassanin et al. patients with
CKD had lower LV GLS and RV GLS than healthy sub-
jects [14]. Two other studies also showed that LV GLS, LV
GCS, and LV global radial strain (GRS) in patients with
ESRD were significantly lower than those who under-
went kidney transplantation or the control group [15,
16]. The results of this presenting study emphasize that
myocardial injury in patients with advanced uremic car-
diomyopathy is more severe than DCM. Hence, early and
appropriate treatment of uremia should be considered.

The study’s main limitations were the small number of
patients and the absence of long-term follow-up for com-
paring cardiovascular events and mortality. The advanced
uremic and dilated cardiomyopathy were not matched
properly regarding the age of the study population. The
study did not include the duration of the severe decline
of the eGFR to the initiation of the first hemodialysis
session. Meanwhile, data on mean arterial noninvasive
blood pressure measurement, renal function tests, mean
eGFR, and hemoglobin levels in both groups needed to
be documented.

Conclusions

Myocardial injury in patients with advanced uremic car-
diomyopathy is more severe than DCM. There is no spe-
cific pattern of segmental strain to differentiate uremic
cardiomyopathy and DCM.

Abbreviations

ESRD End-stage renal disease

AUCM Advanced uremic cardiomyopathy
DCM Dilated cardiomyopathy

GLS Global longitudinal strain

STE Speckle tracking echocardiography

CKD Chronic kidney disease

LVH Left ventricular hypertrophy
AVF Atriovenous fistula

LVEF Left ventricular ejection fraction
TDI Tissue doppler imaging

GCS Global circumferential strain
GRS Global radial strain

Acknowledgements
Not applicable.

Author contributions

AS and RM conceived and designed the study. AS, RM, MM and RS were
involved in clinical study execution and data collection. AS, FL and RM wrote
the original and final draft of the manuscript. All authors contributed to the
manuscript. All authors have read and approved the manuscript.

Funding
Not applicable.

Availability of data and materials
The data of this study are available for further analysis upon request.

Declarations

Ethics approval and consent to participate

The study process was approved by the Ethics Committee of the Tehran
University of Medical Sciences (IRTUMS.IKHC.REC.1396.3885). Informed written
consent to participate in the study was provided by all participants (all the
participants were above 16 years old).

Consent for publication
All the patients had informed consent regarding the result of the research to
be published.

Competing interests
The authors declare that they have no competing interests.

Received: 10 April 2023 Accepted: 18 July 2023
Published online: 26 July 2023



Mohammadi et al. The Egyptian Heart Journal

(2023) 75:67

References

1.

Bhatti NK, Karimi Galougahi K, Paz Y, Nazif T, Moses JW, Leon MB, Stone
GW, Kirtane AJ, Karmpaliotis D, Bokhari S, Hardy MA (2016) Diagnosis and
management of cardiovascular disease in advanced and end-stage renal
disease. J Am Heart Assoc 5(8):e003648

Radhakrishnan A, Pickup LC, Price AM, Law JP, Edwards NC, Steeds

RP, Ferro CJ, Townend JN (2019) Coronary microvascular dysfunction:

a key step in the development of uraemic cardiomyopathy? Heart
105(17):1302-1309

Garikapati K, Goh D, Khanna S, Echampati K (2021) Uraemic cardio-
myopathy: a review of current literature. Clin Med Insights Cardiol
15:1179546821998347

Amundsen BH, Helle-Valle T, Edvardsen T, Torp H, Crosby J, Lyseggen E

et al (2006) Noninvasive myocardial strain measurement by speckle track-
ing echocardiography: validation against sonomicrometry and tagged
magnetic resonance imaging. J Am Coll Cardiol 47(4):789-793

Mondillo S, Galderisi M, Mele D, Cameli M, Lomoriello VS, Zaca V et al
(2011) Speckle-tracking echocardiography: a new technique for assess-
ing myocardial function. J Ultrasound Med 30(1):71-83

Liu YW, Su CT, Huang YY, Yang CS, Huang JW, Yang MT et al (2011) Left
ventricular systolic strain in chronic kidney disease and hemodialysis
patients. Am J Nephrol 33(1):84-90

Yan P, Li H, Hao C, ShiH, GuY, Huang G et al (2011) 2D-speckle tracking
echocardiography contributes to early identification of impaired left
ventricular myocardial function in patients with chronic kidney disease.
Nephron Clin Pract 118(3):c232-c240

Kramann R, Erpenbeck J, Schneider RK, Rohl AB, Hein M, Brandenburg VM
et al (2014) Speckle tracking echocardiography detects uremic cardio-
myopathy early and predicts cardiovascular mortality in ESRD. J Am Soc
Nephrol 25(10):2351-2365

Zoghbi WA, Adams D, Bonow RO, Enriquez-Sarano M, Foster E, Grayburn
PA, Hahn RT, Han Y, Hung J, Lang RM, Little SH (2017) Recommendations
for noninvasive evaluation of native valvular regurgitation: a report from
the American Society of Echocardiography developed in collabora-

tion with the Society for Cardiovascular Magnetic Resonance. J Am Soc
Echocardiogr 30(4):303-371

Nagueh SF, Smiseth OA, Appleton CP, Byrd BF, Dokainish H, Edvardsen

T, Flachskampf FA, Gillebert TC, Klein AL, Lancellotti P, Marino P (2016)
Recommendations for the evaluation of left ventricular diastolic function
by echocardiography: an update from the American Society of Echocar-
diography and the European Association of Cardiovascular Imaging. Eur J
Echocardiogr 17(12):1321-1360

. Devereux RB, Alonso DR, Lutas EM, Gottlieb GJ, Campo E, Sachs |, Reichek

N (1986) Echocardiographic assessment of left ventricular hypertrophy:
comparison to necropsy findings. Am J Cardiol 57(6):450-458

D'Elia N, Caselli S, Kosmala W, Lancellotti P Morris D, Muraru D, Takeuchi
M, van den Bosch A, van Grootel RW, Villarraga H, Marwick TH (2020)
Normal global longitudinal strain: an individual patient meta-analysis.
Cardiovasc Imaging 13(1_Part_1):167-169

Tamulénaité E, Zvirblyté R, Ereminiené R, Ziginskiené E, Ereminiené

E (2018) Changes of left and right ventricle mechanics and function

in patients with end-stage renal disease undergoing haemodialysis.
Medicina 54(5):87

Hassanin N, Alkemary A (2016) Early detection of subclinical uremic car-
diomyopathy using two-dimensional speckle tracking echocardiography.
Echocardiography 33(4):527-536

Pirat B, Bozbas H, Simsek V, Sade LE, Sayin B, Muderrisoglu H et al (2015)
Assessment of myocardial mechanics in patients with end-stage renal
disease and renal transplant recipients using speckle tracking echocardi-
ography. Exp Clin Transplant 13(supplement 1):235-241

Altekin RK, Kucuk M, Yanikoglu A, Karakas MS, Er A, Ozel D et al (2012)
Evaluation of the left ventricular regional function using two-dimensional
speckle tracking echocardiography in patients with end-stage renal
disease with preserved left ventricular ejection fraction. Acta Cardiol
67(6):681-691

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 6 of 6

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Left ventricular strain echocardiography in advanced uremic cardiomyopathy compared to dilated cardiomyopathy
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Methods
	Study type and population
	Exclusion criteria
	Echocardiography
	Endpoints
	Statistical analysis

	Results
	Baseline and demographic data
	Echocardiographic data

	Discussion
	Conclusions
	Acknowledgements
	References


