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Chapter 3

ABSTRACT

Chronic kidney disease (CKD) is a worldwide growing epidemic associated with
an increased risk of cardiovascular morbidity and mortality. Left ventricular (LV)
global longitudinal strain (GLS) is a measure of LV systolic function associated
with prognosis in the general population. However, little is known about the
association between LV GLS and survival in patients with CKD. The aim of the
present study was to investigate the prognostic implications of LV GLS in pre-
dialysis and dialysis patients specifically. LV GLS was measured in a retrospective
cohort of pre-dialysis and dialysis patients (CKD stage 3b-5) who underwent
clinically indicated echocardiography between 2004 and 2015. Patients
were divided into 4 groups according to quartiles of LV GLS: first quartile (LV
GLS<10.6%, worst function), second quartile (LV GLS 10.7-15.1%), third quartile
(LV GLS 15.2-17.8%) and fourth quartile (LV GLS=17.9%, best function). The
primary endpoint was all-cause mortality. Of 304 patients (62+14 years, 66%
male), 65% were in pre-dialysis and 35% in dialysis. During a median follow-up of
29 months (IQR; 16, 58 months), 34% of patients underwent renal transplantation
and 36% died. Patients with LV GLS<10.6% showed significantly worse prognosis
compared to the other groups (log-rank test, p<0.001). LV GLS<10.6% was
significantly associated with increased risk of all-cause mortality (HR 2.18, 95%
Cl 1.17-4.06, p=0.014) after correcting for age, gender, albumin levels, atrial
fibrillation and renal transplantation. In conclusion, in pre-dialysis and dialysis
patients, severely impaired LV GLS is independently associated with an increased
risk of mortality.
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INTRODUCTION

Chronic kidney disease (CKD) is a worldwide growing epidemic associated with
an increased risk of cardiovascular morbidity and mortality."* Heart failure is
particularly frequent among patients with CKD.? Pressure and volume overload
and non-hemodynamic factors associated with CKD induce left ventricular (LV)
hypertrophy, reduce capillary density and increase myocardial fibrosis that lead
to LV diastolic and systolic dysfunction.® These processes have been proposed
as important determinants of increased mortality in this population.® LV global
longitudinal strain (GLS) assessed with two-dimensional speckle-tracking
echocardiography is a marker of LV systolic function and has been shown to
correlate with the extent of myocardial fibrosis.®” The incremental prognostic
value of LV GLS over conventional echocardiographic parameters of LV systolic
function such as LV ejection fraction has been demonstrated in patients with
various cardiovascular diseases (ischemic heart disease, valvular heart disease
and heart failure).® However, little is known about the association between LV
GLS and prognosis in patients with CKD. Accordingly the aim of the present
study was to investigate the prognostic implications of LV GLS in pre-dialysis
and dialysis patients specifically.

METHODS

From a departmental database of pre-dialysis and dialysis patients, those
who were clinically referred for transthoracic echocardiography at the Leiden
University Medical Centre between 2004 and 2015 were identified and included
in this retrospective study. Patients were diagnosed with CKD stage 3b-5
according to the classification of Kidney Disease: Improving Global Outcomes
(KDIGO) 2012 Clinical Practice Guideline for the Evaluation and Management
of CKD.? Patients younger than 18 years old, with limited echocardiographic
examination or with inadequate image quality for off-line analysis, were excluded.
Clinical data were collected through review of the electronical medical records
(HiX; ChipSoft, Amsterdam, The Netherlands) and the departmental cardiology
information system (EPD-vision; Leiden University Medical Centre, Leiden, The
Netherlands) and retrospectively analysed. Patients were followed-up for the
occurrence of all-cause mortality through case record review and the national
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death registry. The occurrence of renal transplantation during follow-up was
registered through case record review. The institutional review board approved
this retrospective analysis of clinically acquired data.

Baseline clinical variables included demographic parameters, cardiovascular
risk factors, medication use and laboratory results. Estimated glomerular filtration
rate (€GFR) was calculated by the CKD Epidemiology Collaboration (CKD-EPI)
equation.” Residual renal function was calculated by the creatinine clearance
using the concentration of creatinine in a 24-hour urine specimen and the pre-
dialysis plasma creatinine concentration.’

Patients were imaged in the left lateral decubitus position using commercially
available systems (Vivid 7 or E9, General Electric Vingmed, Milwaukee, WI,
USA) equipped with 3.5 MHz or M5S transducers. The echocardiographic data
were digitally stored in cineloop format for off-line analysis (EchoPac 112.0.1,
GE Medical Systems, Horten, Norway). Linear dimensions of the left ventricle
were measured on M-mode recordings from the parasternal long-axis view."
From the apical 4- and 2-chamber views, the LV end-diastolic and end-systolic
volumes were measured according to the biplane Simpson’s method and LV
ejection fraction was derived." Left atrial (LA) volume was measured in the apical
4-chamber view using the disk summation technique and was indexed for body
surface area. Right ventricular function was assessed by measuring the tricuspid
annular plane systolic excursion (TAPSE) on the focused apical 4-chamber
view of the right ventricle applying anatomical M-mode."" Mitral regurgitation
severity was graded semi-quantitatively by measuring the width of the vena
contracta from colour Doppler data.”? Pulsed wave Doppler recordings of the
mitral inflow were used to measure peak E (early diastolic) and A (late diastolic)
wave velocities. LV relaxation was assessed with color-coded tissue Doppler
imaging (TDI) measuring the lateral E' wave velocity of the mitral annulus in
the apical 4-chamber view and the E/E’ ratio was derived as a measure of LV
filling pressures.” LV GLS was measured using two-dimensional speckle-tracking
echocardiography on standard routine grayscale images of apical 4-, 2-chamber
and long-axis views." Conventionally, LV GLS is presented as negative values
since it indicates the shortening of the myocardium relative to the original
length." However, the magnitude (absolute value) of LV GLS is presented in this
analysis.

Categorical variables were presented as numbers and percentages.
Continuous variables with a normal distribution were presented as the mean
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+ standard deviation and those without a normal distribution were presented
as the median and interquartile range (IQR). Univariate Cox’s proportional
hazard analysis was performed to identify the demographic, clinical and
echocardiographic variables associated with all-cause mortality. Multivariate
survival analysis using Cox's proportional hazard model was used to determine
the independent association between LV GLS and all-cause mortality. LV
GLS and LV ejection fraction were not included in the same model to avoid
multicollinearity. The occurrence of renal transplantation during follow-up was
introduced as a time-dependent covariate. Patients were divided into four groups
according to quartiles of LV GLS. Cumulative event-free survival rates from the
time of echocardiography were calculated using the Kaplan-Meier method and
compared across the quartiles of LV GLS. All statistical tests were 2-sided and
a P-value of <0.05 was considered statistically significant. Statistical analyses
were performed using the SPSS software (Version 20.0. Armonk, NY: IBM Corp).

Table 1. Characteristics of pre-dialysis and dialysis patients

Variable N=304
Clinical characteristics:
Age (years) 62+ 14
Men 200 (66%)
Chronic kidney disease

Pre-dialysis 197 (65%)

Dialysis 107 (35%)
Dialysis type (haemodialysis)' 82 (77%)
Dialysis vintage (days)'! 157 (53-357)
Renal transplantation future 104 (34%)
Heart rate (beats per minute) 73 £ 15
Systolic blood pressure (mmHg) 136 + 22
Diastolic blood pressure (mmHg) 77 12
Body mass index (kg/m?) 25%5
NYHA class lll-IV 29 (10%)
Smoker 184 (63%)
Diabetes mellitus 90 (30%)
Hypertension 252 (83%)
Hypercholesterolemia 120 (39%)
Previous myocardial infarction 71 (23%)
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Table 1. Continued

Previous CABG/PCI
Peripheral artery disease
Atrial fibrillation
Medications:
Diuretics

ACE inhibitor/ARB
Beta-blocker
Calcium antagonist
Statin

Antiplatelet

Oral anticoagulation
Nitrates

Laboratory results:

Residual renal function (ml/min)!

eGFR CKD-EPI (mL/min/1.73m?)2

Creatinine (umol/L)2

Urea (mmol/L)

Corrected calcium (mmol/L)
Phosphate (mmol/L)
Parathyroid hormone (pmol/L)
Albumin (g/L)

Glucose (mmol/L)
LDL-cholesterol (mmol/L)

Hemoglobin (mmol/L)

76 (25%)
52 (17%)
63 (21%)

198 (67%)
184 (62%)
182 (61%)
119 (40%)
181 (61%)
99 (33%)
83 (28%)
34 (11%)

5.3(2.2-8.9)
187
312 + 116
227
2.2+01
1.4+04
16 (8-25)
41+ 6
6+3
24 +11
7.2+1.0

"Measured only in dialysis patients. 2Measured only in pre-dialysis patients.

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CABG, coronary
artery bypass graft; CKD-EPI, chronic kidney disease epidemiology collaboration; eGFR,
estimated glomerular filtration rate; LDL, low-density lipoprotein; NYHA, New York Heart

Association; PCl, percutaneous coronary intervention.

Continuous data are presented as mean = SD or median (interquartile range). Categorical

data are presented as numbers and percentages.
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RESULTS

A total of 304 patients (66% men, mean age 62 * 14 years) were included. Tables
1 and 2 summarize the clinical and echocardiographic characteristics of the
overall patient population. During a median follow-up duration of 29 months
(ICR; 16, 58 months), 104 (34%) patients underwent renal transplantation and 108
(36%) patients died. On univariate Cox's proportional hazard analysis, LV GLS and
LV ejection fraction were significantly associated with all-cause mortality together
with age, male gender, albumin levels, atrial fibrillation and renal transplantation.
LV GLS (hazard ratio: 0.96, 95% confidence interval: 0.92-0.998; P=0.041) and LV
ejection fraction (hazard ratio: 0.99, 95% confidence interval: 0.97-0.997; P=0.019)
were independently associated with all-cause mortality after correcting for age,

male gender, albumin levels, atrial fibrillation and renal transplantation.

Table 2. Echocardiographic characteristics of pre-dialysis and dialysis patients

Variable N=304
Ventricular septum width (mm) M1=x2
Posterior wall width (mm) 102
Left ventricular end-diastolic diameter (mm) 53+9
Left ventricular end-systolic diameter (mm) 36 £ 11
Left ventricular end-diastolic volume (ml) 112 £ 53
Left ventricular mass index (gr/m?) 114 + 36
Left ventricular end-systolic volume (ml) 54 = 45
Left ventricular ejection fraction (%) 56 + 16
Left atrial volume index (mL/m?2) 29 £ 15
TAPSE (mm) 18«5
Moderate/severe mitral regurgitation 45 (15%)
Peak E-wave velocity (cm/s) 78 = 31
Peak A-wave velocity (cm/s) 80 + 26
Lateral E' (cm/s) 6+3
Lateral E/E’ 12 (8-19)
Left ventricular global longitudinal strain (%) 14 +5

TAPSE, tricuspid annular plane systolic excursion.
Continuous data are presented as mean = SD or median (interquartile range). Categorical
data are presented as numbers and percentages.
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Patients were divided into four groups according to quartiles of LV GLS: first
quartile (LV GLS<10.6%, worst function), second quartile (LV GLS 10.7-15.1%), third
quartile (LV GLS 15.2-17.8%) and fourth quartile (LV GLS=17.9%, best function).
Kaplan-Meier curves of the cumulative event-free survival for the different
quartiles of LV GLS are presented in Figure 1. Patients with LV GLS<10.6% (most
impaired LV systolic function) showed significantly worse prognosis compared
to the other groups (log-rank chi-square=31.17, P<0.001). Importantly, patients
within the lowest LV GLS quartile (LV GLS<10.6%) were less frequently recipients
of renal transplantation (8% compared to 32% in patients with LV GLS 10.7-15.1%,
49% in patients with LV GLS 15.2-17.8% and 47% in patients within the highest LV
GLS quartile=17.9%). On multivariate analysis, LV GLS<10.6% was independently
associated with increased risk of all-cause mortality after correcting for age,
gender, albumin levels, atrial fibrillation and renal transplantation as time-

dependent covariate (Table 3).

08—

05—

04-

Cumulative event-free survival

0,2-

log-rank test, p=0.001

0,0=

I | 1 I 1
0 12 24 36 43

Number at risk Time of follow-up (months)
IV LVGLS£10.6% 76 56 39 27 17
LVGLS 10.7-15.1% 77 &0 44 34 25
o LV GLS15.2-17.8% 77 71 a7 36 25
iy LVGLS2179% 74 E5 48 34 25

Figure 1. Kaplan-Meier curves of the cumulative event-free survival according to the
LV GLS quartile. The cumulative survival rates were compared between the different
quartiles of left ventricular (LV) global longitudinal strain (GLS).
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Table 3. Association between LV GLS and all-cause mortality: Cox proportional hazard
model

Univariate P_value Multivariate P_value
HR (95% Cl) HR (95% Cl)
Renal transplantation 0.08 (0.04-0.15) <0.001  0.31(0.15-0.66) 0.002
Age (years) 1.07 (1.05-1.09) <0.001  1.05(1.03-1.07)  <0.001
Men 1.26 (0.83-1.90) 0.279 1.02 (0.67-1.57) 0.917
Albumin (g/L) 0.90(0.87-0.93) <0.001 0.89(0.86-0.92) <0.001
Atrial fibrillation 2.06 (1.35-3.13) 0.001 1.15(0.73-1.80) 0.542
LV GLS (versus =17.9%)
15.2-17.8% 1.41 (0.71-2.79) 0.323 1.80 (0.91-3.59) 0.094
10.7-15.1% 212 (1.12-4.01) 0.021 1.38 (0.72-2.64) 0.328
<10.6% 4.00(2.19-7.31)  <0.001  2.18 (1.17-4.06) 0.014

Cl, confidence interval; GLS, global longitudinal strain; HR, hazard ratio; LV, left ventricular.

DISCUSSION

CKD is associated with structural and functional LV remodeling as a consequence
of pressure and volume overload and non-hemodynamic factors.® Pressure
overload is the result of chronic hypertension and vascular stiffness, while anaemia,
arteriovenous fistulas and sodium and water retention lead to volume overload.”
To keep LV wall stress close to normal, the left ventricle responds to pressure and
volume overload with hypertrophy and dilatation.” As LV hypertrophy progresses,
the interstitial space also increases with accumulation of collagen (interstitial or
replacement fibrosis) potentially causing a reduction in contractility. In addition, LV
hypertrophy increases the myocardial oxygen demand, which causes myocardial
hypoperfusion, cardiomyocyte loss and further interstitial fibrosis.”'" Furthermore,
non-hemodynamic factors associated with CKD such as inappropriate renin-
angiotensin-aldosterone system activation, oxidative stress, inflammation and
stimulation of prohypertrophic and profibrogenic factors also contribute to LV
remodeling.>" These structural changes cause impaired LV contractility, which
can be detected with LV GLS. Several studies have demonstrated the correlation
between LV GLS and the extent of myocardial fibrosis.®” In a recent study, Kramann
et al.” showed that LV strain parameters were significantly associated with the grade

of myocardial fibrosis in rat models with uremic cardiomyopathy. The larger the
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extent of myocardial fibrosis, the more impaired the value of LV GLS. In addition,
it has been shown that LV GLS is a more sensitive marker of LV systolic dysfunction
than LV ejection fraction."” Patients with LV hypertrophy and preserved LV ejection
fraction may show impaired LV GLS in various clinical scenarios indicating that LV
GLS better reflects the true damage of the LV myocardium as compared to LV
ejection fraction.”® In the present study, the mean LV ejection fraction was >50%
in the majority of pre-dialysis and dialysis patients. However, mean LV GLS was
significantly reduced suggesting that the LV contractility is significantly reduced
probably because of ongoing LV remodeling with increased fibrosis formation.

The prognostic value of LV GLS has been demonstrated in several clinical
scenarios, including patients with preserved LV ejection fraction.'*? However, the
evidence correlating LV GLS and prognosis in patients with CKD is limited.”?"?? In a
recent study, including 171 dialysis patients, LV GLS was independently associated
with all-cause mortality (hazard ratio: 1.10, 95% confidence interval: 1.03-1.17;
P<0.01).” In addition, in 447 patients with a wide range of estimated GFR, LV GLS
was independently associated with all-cause mortality (hazard ratio: 1.08, 95%
confidence interval: 1.01-1.15; P=0.03).#' Similar results were observed in a study
including 183 patients with stage 4 and 5 CKD, where LV GLS was independently
associated with all-cause mortality (hazard ratio: 1.09, 95% confidence interval:
1.02-1.16; P=0.01).2? The present study, with the largest cohort of pre-dialysis and
dialysis patients so far, demonstrates that patients within the lowest quartile of LV
GLS showed worse prognosis compared to the other groups and LV GLS<10.6%
was associated with two-fold increased risk of all-cause mortality after correcting
for renal transplantation. This is clinically relevant since renal transplantation
is considered a life-saving treatment in these patients and proper selection of
patients receiving a renal transplant is crucial to optimize the results of this therapy.
Whether LV GLS improves after renal transplantation has not been evaluated.

Several limitations should be acknowledged. First, this was an observational,
retrospective study. In addition, only pre-dialysis and dialysis patients from the
departmental database were included in the present study, after having a clinically
indicated echocardiography, introducing a potential selection bias. Furthermore,
echocardiography was performed after dialysis therapy, where LV GLS may have
been affected by changes in loading conditions.

In pre-dialysis and dialysis patients, severely impaired LV GLS was independently
associated with worse prognosis, even after correction for renal transplantation.

48



LV GLS in CKD

REFERENCES

Go AS, Chertow GM, Fan D, McCulloch
CE, Hsu CY. Chronic kidney disease
and the risks of death, cardiovascular
events, and hospitalization. N Engl J
Med 2004;351:1296-1305.

. United States Renal Data System.
2016 USRDS annual data report:
Epidemiology of kidney disease in the
United States. National Institutes of
Health, National Institute of Diabetes
and Digestive and Kidney Diseases,
Bethesda, MD, 2016:1-668.

. Wen CP, Cheng TY, Tsai MK, Chang YC,
Chan HT, Tsai SP, Chiang PH, Hsu CC,
Sung PK, Hsu YH, Wen SF. All-cause
mortality attributable to chronic kidney
disease: a prospective cohort study
based on 462 293 adults in Taiwan.
Lancet 2008;371:2173-2182.

. Chadban SJ, Briganti EM, Kerr PG,
Dunstan DW, Welborn TA, Zimmet PZ,
Atkins RC. Prevalence of kidney damage
in Australian adults: The AusDiab kidney
study. J Am Soc Nephrol 2003;14:5131-
138.

Herzog CA, Asinger RW, Berger AK,
Charytan DM, Diez J, Hart RG, Eckardt
KU, Kasiske BL, McCullough PA,
Passman RS, DelLoach SS, Pun PH, Ritz E.
Cardiovascular disease in chronic kidney
disease. A clinical update from Kidney
Disease: Improving Global Outcomes
(KDIGO). Kidney Int 2011;80:572-586.
. CameliM, Mondillo S, Righini FM, Lisi M,
Dokollari A, Lindgvist P, Maccherini M,
Henein M. Left Ventricular Deformation
and Myocardial Fibrosis in Patients With
Advanced Heart Failure Requiring
Transplantation. J Card Fail 2016;22:901-

10.

il

12.

907.

Kramann R, Erpenbeck J, Schneider RK,
Rohl AB, Hein M, Brandenburg VM, van
Diepen M, Dekker F, Marx N, Floege J,
Becker M, Schlieper G. Speckle tracking
echocardiography detects uremic
cardiomyopathy early and predicts
cardiovascular mortality in ESRD. J Am
Soc Nephrol 2014,25:2351-2365.
Kalam K, Otahal P, Marwick TH.
Prognostic implications of global LV
dysfunction: a systematic review and
meta-analysis of global longitudinal
strain and ejection fraction. Heart
2014;100:1673-1680.

Eknoyan G, Lameire N, Eckardt K,
Kasiske B, Wheeler D, Levin A, Stevens
P, Bilous R, Lamb E, Coresh J. KDIGO
2012 clinical practice guideline for the
evaluation and management of chronic
kidney disease. Kidney Int 2013;3:5-14.
Fouque D, Vennegoor M, ter Wee P,
Wanner C, Basci A, Canaud B, Haage
P, Konner K, Kooman J, Martin-Malo
A, Pedrini L, Pizzarelli F, Tattersall J,
Tordoir J, Vanholder R. EBPG guideline
on nutrition. Nephrol Dial Transplant
2007;22 Suppl 2:ii45-87.

. Lang RM, Badano LP, Mor-Avi V, Afilalo

J, Armstrong A, Ernande L, Flachskampf
FA, Foster E, Goldstein SA, Kuznetsova
T, Lancellotti P, Muraru D, Picard MH,
Rietzschel ER, Rudski L, Spencer KT,
Tsang W, Voigt JU. Recommendations
for cardiac chamber quantification
by echocardiography in adults: an
update from the American Society of
Echocardiography and the European
Association of Cardiovascular Imaging.
JAm Soc Echocardiogr2015;28:1-39.e14.
Lancellotti P, Tribouilloy C, Hagendorff

49



Chapter 3

13.

14.

15.

16.

17.

50

A, Popescu BA, Edvardsen T,
Pierard LA, Badano L, Zamorano
JL.
echocardiographic assessment of native

Recommendations for the

valvular regurgitation: an executive
summary from the European Association
of Cardiovascular Imaging. Eur Heart J
Cardiovasc Imaging 2013;14:611-644.
Nagueh SF, Appleton CP, Gillebert
TC, Marino PN, Oh JK, Smiseth OA,
Waggoner AD, Flachskampf FA, Pellikka
PA, Evangelista A. Recommendations for
the evaluation of left ventricular diastolic
function by echocardiography. J Am Soc
Echocardiogr 2009;22:107-133.

Mor-Avi V, Lang RM, Badano
LP, Belohlavek M, Cardim NM,
Derumeaux G, Galderisi M, Marwick
T, Nagueh SF, Sengupta PP, Sicari R,
Smiseth OA, Smulevitz B, Takeuchi
M, Thomas JD, Vannan M, Voigt JU,
Zamorano JL. Current and evolving
echocardiographic techniques for
the quantitative evaluation of cardiac
ASE/EAE consensus
statement on methodology and

mechanics:

indications endorsed by the Japanese
Society of Echocardiography. J Am Soc
Echocardiogr 2011,24:277-313.
London GM. Left ventricular alterations
and end-stage renal disease. Nephrol
Dial Transplant 2002;17 Suppl 1:29-36.
Alhaj E, Alhaj N, Rahman I, Niazi TO,
Berkowitz R, Klapholz M. Uremic
cardiomyopathy: an underdiagnosed
disease. Congest Heart Fail 2013;19:E40-
45,

Bertini M, Ng AC, Antoni ML, Nucifora
G, Ewe SH, Auger D, Marsan NA,
Schalij MJ, Bax JJ, Delgado V. Global
longitudinal strain predicts long-term
survival in patients with chronic ischemic

18.

19.

20.

21.

22.

cardiomyopathy. Circ Cardiovasc
Imaging 2012;5:383-391.

Tops LF, Delgado V, Marsan NA, Bax
JJ. Myocardial strain to detect subtle
left ventricular systolic dysfunction. Eur
J Heart Fail 2017;19:307-313.

Buss SJ, Emami M, Mereles D,
Korosoglou G, Kristen AV, Voss A,
Schellberg D, Zugck C, Galuschky C,
Giannitsis E, Hegenbart U, Ho AD,
Katus HA, Schonland SO, Hardt SE.
Longitudinal left ventricular function
for prediction of survival in systemic
light-chain amyloidosis: incremental
value compared with clinical and
biochemical markers. J Am Coll Cardiol
2012;60:1067-1076.

Liu YW, Su CT, Sung JM, Wang SP, Su
YR, Yang CS, Tsai LM, Chen JH, Tsai
WC. Association of left ventricular
longitudinal strain with mortality
among stable hemodialysis patients
with preserved left ventricular ejection
fraction. Clin J Am Soc Nephrol
2013;8:1564-1574.

Krishnasamy R, Isbel NM, Hawley CM,
Pascoe EM, Leano R, Haluska BA,
Stanton T. The association between
left ventricular global longitudinal
strain, renal impairment and all-cause
mortality. Nephrol Dial Transplant
2014;29:1218-1225.

Krishnasamy R, Isbel NM, Hawley
CM, Pascoe EM, Burrage M, Leano R,
Haluska BA, Marwick TH, Stanton T.
Left Ventricular Global Longitudinal
Strain (GLS) Is a Superior Predictor of
All-Cause and Cardiovascular Mortality
When Compared to Ejection Fraction
in Advanced Chronic Kidney Disease.
PLoS One 2015;10:e0127044.



LV GLS in CKD

51



