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Abstract
The aim of this study was to investigate the grading of diastolic dysfunction (DD) in relation to hemodialysis in patients with 
end stage renal disease (ESRD) on hemodialysis (HD) Cardiovascular disease is prevalent in patients with ESRD and accounts 
for significant morbidity and mortality. Left ventricular hypertrophy (LVH) is common in ESRD but little is known about the 
impact of HD on currently recommended grading schemes for DD. Comprehensive echocardiographic data was obtained in 
consecutive patients with ESRD before (n = 247) and immediately after (n = 239) standard HD regimen. Grading of DD was 
performed according to current recommendations both pre- and post HD. Prior to HD, DD was classified as present in 83 
patients (34%), indeterminate in 51 patients (21%) and absent in 113 patients (45%). Patients with DD at baseline compared 
to those without were older [67.3 years (13.1) vs. 63.2 (14.3), p = 0.037], were more likely to have diabetic- or hypertensive 
ESRD (43.4% vs. 35.4%, p = ns) and LVMi was significantly higher [119 g/cm2 (27.5) vs. 103 g/cm2 (24.3), p < 0.001]. After 
HD [mean HD time = 221 min (27.6), mean ultrafiltration volume = 2 L (1.1)], 39 patients (16%) exhibited sustained DD. 
These patients were older [69.4 years (14.5) vs. 65.0 years (13.9), p = 0.071], were more likely to have diabetic- or hyper-
tensive ESRD (59% vs. 36%, p = 0.010). Myocardial adverse remodeling was more advanced with higher LVMi [127.4 g/
m2 (27.5) vs. 106.5 g/m2 (25.3), p < 0.001], lower LVEF [44.7% (11.0) vs. 54.5% (8.7), p < 0.001] and more impaired GLS 
[− 13.4% (4.3) vs. − 15.8% (4.0), p = 0.006]. Echocardiographic evaluation of diastolic function in patients with ESRD 
on HD is critically dependent on timing relative to dialysis. The presence of sustained DD after volume unloading by HD 
identifies a population of patients with an adverse phenotype of blunted vascular response and severe cardiac remodeling.
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Abbreviations
ESRD	� End stage renal disease
HD	� Hemodialysis

CVD	� Cardiovascular disease
IHD	� Ischemic heart disease
HF	� Heart failure
LVEF	� Ventricular ejection fraction
LVH	� Left ventricular hypertrophy
DD	� Diastolic dysfunction
LA	� Left atrium

Background

Patients with end stage renal disease (ESRD) on renal 
replacement therapy with chronic hemodialysis (HD) have 
substantial morbidity and mortality with a median survival 
time of 50 months after initiation of HD [1]. Cardiovascular 
disease (CVD) is frequent in this patient group with a sub-
stantial burden of ischemic heart disease (IHD), valvular 
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heart disease and congestive heart failure (HF) [1]. Utiliza-
tion of guideline directed medical and interventional treat-
ment is often suboptimal due to substantial co-morbidity 
and frailty.

Structural alterations of the myocardium dominated by 
left ventricular (LV) hypertrophy and concentric remode-
ling are frequent in the early stages of renal impairment [2]. 
In patients with ESRD both co-morbid conditions such as 
diabetes and hypertension, as well as the progressive renal 
dysfunction contribute to LV hypertrophy and fibrosis and 
ultimately impaired LV filling with or without clinical HF 
[2–4].

Diastolic dysfunction (DD) is highly prevalent in patients 
with renal dysfunction but estimation of the magnitude of 
impaired LV filling is critically dependent on loading condi-
tions at the time of echocardiography [5]. Significant shifts 
in intravascular volume occur during standard HD regimens 
which could substantially impact the echocardiographic 
measures used in grading and assessment of DD.

We therefore aimed to characterize baseline diastolic 
function and importantly, changes in diastolic parameters 
before and after HD in an unselected consecutive cohort of 
patients undergoing renal replacement therapy due to ESRD.

Materials and methods

Study population

Consecutive patients 18 years of age or older were included 
from January through April 2014 at two dialysis centers in 
the capital region of Denmark. All patients provided writ-
ten informed consent. The study was approved by the local 
ethics committee (H-3–2013-098) and by the Danish Data 
Protection Agency (HIH2013-027). Medical history was 
obtained from patients and supplemented with chart review. 
For the purpose of this study, the cause of ESRD was catego-
rized into two groups: (1) patients with hypertensive or dia-
betic nephropathy, (2) other causes including post glomeru-
lonephritis and polycystic kidney disease amongst others. 
Classification of the underlying renal pathology was based 
on thorough chart review and biopsy results when available.

Dialysis treatment

Patients received HD on Gambro Artis™ (Gambro AB, 
Sweden) machines with large, synthetic high flux filters > 1.6 
m2. The filters were either Polyamix® (210H or 170H Gam-
bro Polyflux filters) or Polysulfone (Fresenius FX 100, FX 
80, or FX 50 filters, Fresenius Medical Care, Germany). 
According to international guidelines, the aim of the HD 
treatment adequacy was to maintain a Kt/V > 1.3/dialysis 
session, but Kt/V in individual patients was not assessed 

in connection with this study. Both HD and hemodiafiltra-
tion were used in individual patients. Ultrafiltration volume 
indexed to patient weight was calculated and defined as fluid 
index (mL/kg).

Transthoracic echocardiography

Transthoracic echocardiography (TTE) was performed 
within 30 min before and after the dialysis procedure using 
a Vivid S6 ultrasound machine (GE Vingmed Ultrasound 
A/S, Horten, Norway). Acquisition of 2D standard views 
and Doppler images were performed according to EAE/
ASE recommendations. Tissue doppler imaging (TDI) was 
obtained with a pulsed Doppler placed in the lateral and sep-
tal, wall at the level of the mitral annulus in the 4-chamber 
view (Fig. 1). 

Echocardiography analyses were performed on EchoPac 
software (GE Vingmed Ultrasound A/S, Horten, Norway).

Left atrial volume index (LAVi) was determined from 
the biplane area length method and LVEF was determined 
using the biplane Simpson model. LV mass index (LVMi) 
was calculated from the LV linear dimensions in the par-
asternal view. Volumetric and dimensional measurements 
of the LV and left atrium were indexed to body surface area 
when appropriate. All linear dimensions and volumes were 
indexed to body surface area where appropriate. All volu-
metric analyses were performed in accordance with EAE/
ASE recommendations [6].

Doppler recordings of mitral inflow were performed by 
placing a 2.5 mm sample volume at the tip of the mitral 
valve (MV) leaflets during diastole. Peak velocity of early 
(E) and atrial (A) diastolic filling and MV deceleration time 
(DT) were measured and E/A-ratio calculated. Peak tricus-
pid regurgitation (TR) velocity was acquired from continu-
ous wave Doppler. Pulsed wave (PW) TDI recordings were 
performed at the lateral and medial mitral annulus using a 
2.5 mm sample volume with measurements of myocardial 
peak early velocity (e′). The mean E/e′ ratio was calculated 
from an average of lateral and medial values of e′ [5].

Global longitudinal strain (GLS) was calculated via a 
semi-automatic algorithm by speckle tracking in the apical 
4-, 2-, and long axis views and using the build in software 
in EchoPAC as previously reported [7].

Classification of diastolic dysfunction

According to current recommendations, DD should be eval-
uated using a multiparametric approach rather than relying 
on a single metric [5]. Patients were classified according to 
the probability of DD before and after HD. In patients with 
LVEF > 50% classification was performed according to four 
metrics: (1) Average E/e′ > 14; (2) Septal e’ velocity < 7 cm/s 
or lateral e′ velocity < 10 cm/s; (3) TR velocity > 2.8 m/s and 
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(4) LAVi > 34 mL/m2. Patients were characterized as normal 
diastolic function if < 50% positive; Indeterminate if 50% 
positive and DD if > 50% positive.

In patients with LVEF < 50% a more complex scheme 
was used: If E/A ratio < 0.8 and E velocity < 50 cm/s, 
then LA pressure was deemed normal and DD no more 
than grade 1 and for the purpose of this study catego-
rized as normal diastolic function. If E/A ratio > 2, then 

LA pressure was deemed definitely elevated and therefore 
categorized as DD. In the group with E/A ratio < 0.8 and 
E velocity > 50 cm/s or 0.8 < E/A ratio < 2, three criteria 
determined further classification: (1) Average E/e′ > 14; 
(2) TR velocity > 2.8 m/s and (3) LAVi > 34 mL/m2. When 
more than one criterion was positive, the patient was clas-
sified with DD, else the patients was classified as grade 1 
and therefore normal in this study [5].

Fig. 1   Patient flow chart, diastolic classification and assessment before- and after hemodialysis
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Statistical analysis

All data are reported as mean ± SD for continuous variables 
or median or values and percentages for categorical vari-
ables. Statistical tests included the by χ2 test for categorical 
variables and t-test for continuous variables with all tests 
being two-sided and statistical significance was defined as 
p < 0.05. Paired measurements were analyzed with paired 
two-sided t-test. The linear relationship between fluid index 
and delta values of the paired echocardiographic parame-
ters (post HD–pre HD) was explored in Pearson correlation 
analysis. To identify baseline clinical and echocardiographic 
factors independently associated with sustained abnormal 
LV filling according to DD classification after completion 
of dialysis, a multiple logistic regression analysis was per-
formed. Candidate variables were entered into the model if 
p-values < 0.10 in univariable analysis. All analyses were 
performed using R A language and environment for statis-
tical computing. R Foundation for Statistical Computing, 
Vienna, Austria. URL https​://www.R-proje​ct.org/.

Results

A total of 247 patients (mean age 66 years, 68% male) were 
included in the study population and had pre-HD echocar-
diograms. Post-HD echocardiograms were available in 239 
patients. Baseline characteristics are presented in Table 1. 
A total of 99 patients had hypertensive- or diabetic ESRD 
(n = 50 and n = 49 patients respectively) and 148 patients had 
either polycystic kidney disease (n = 24), glomerulonephri-
tis (n = 27) or other causes (n = 97). Cardiac co-morbidity 
was prevalent with 25% of the patients having IHD. There 
was no significant difference in LVMi or LVEF but GLS, 
E/e′ and MV E velocity was more impaired in patients with 

hypertensive- or diabetic ESRD compared to other causes 
(Table 2).

Prior to HD, DD was classified as present in 83 patients 
(34%), indeterminate in 51 patients (21%) and absent in 
113 patients (45%). There were few statistically significant 
differences in baseline clinical characteristics according to 
DD although patients without DD were younger and were 
more likely to have other causes of ESRD. By definition, 
diastolic parameters and LVEF were clearly more abnormal 
in patients with DD however, LVMi was also significantly 
higher in the DD group [119 g/cm2 (27.5) vs. 103 g/cm2 
(24.3), p < 0.001] and GLS more impaired [− 14% (4.2) vs. 
− 16% (3.4), p = 0.003] (Table 3).

After completion of HD [mean HD time 221 min. (27.6)], 
mean ultrafiltration volume was 2 L (1.1) and weight reduc-
tion was 1.8 kg (1.2) (Table 4). On average, all parameters 
of diastolic function improved after volume un-loading 
with HD (Table 4). Reductions in LAVi [35.2 mL/m2 (13.4) 
vs. 26.6 mL/m2 (12.4), p < 0.001] and prolongation of MV 
deceleration time (243.9 ms (80.3) vs. 222.6 ms (71.3), 
p < 0.001) were the most pronounced, whereas E/e′ only 
changed modestly [12.3 (6.5) vs. 11.7 (7.0), p = 0.015]. 
There was a statistically significant inverse linear relation-
ship between the volume of fluid removed as assessed by 
fluid index (mL/kg) and reductions in trans mitral flow 
velocities ∆E (r = − 0.26, p < 0.001) and ∆A (r = − 0.20, 
p = 0.007) as well as ∆TR gradient (r = − 0.27, p < 0.001). 
Changes in myocardial annular velocities ∆e′ (r = − 0.13, 
p = 0.040), ∆a′ (r = − 0.13, p < 0.056), ∆s’ (r = 0.10, 
p < 0.142) as well as ∆E/e′ (r = − 0.06, p = 0.410) did not 
demonstrate a linear relationship with fluid index.

After HD, 39 patients (16%) exhibited sustained DD 
(Fig. 2) and these patients were older (69.4 years (14.5) vs. 

Table 1   Baseline characteristics

All values are given with mean +/− SD or count (percentage)

Age (years) 65.6 (14.1)
Male (gender) 169 (68.4)
Years on HD 3.8 (3.4)
Number of HD/week 3.1 (0.6)
Medical history
 Diabetes 74 (30.0)
 Hypertension 148 (59.9)
 IHD 65 (26.4)
 Hx of smoking 152 (62.0)

Cardiovascular medications
 Diuretics 118 (47.8)
 Betablockers 138 (55.9)
 ACEi/ARB 54 (21.9)

Table 2   Baseline echocardiographic characteristics according to eti-
ology of ESRD

All values are given with mean +/− SD or count (percentage)
ESRD end stage renal disease, LV left ventricle, LVMI LV mass 
index, LVEF LV ejection fraction, GLS global longitudinal strain, 
LAVi left atrium volume index, MV Mitral valve

Diabetic or 
hypertensive 
ESRD
N = 99

Other causes of 
ESRD
n = 148

p-value

LVMi (g/m2) 110.2 (25.4) 110.2 (28.0) 0.996
LVEF (%) 52.9 (11.0) 52.5 (9.2) 0.767
GLS (%) − 14.2 (4.0) − 16.2 (4.0) 0.003
LAVi (mL/m2) 36.8 (14.9) 34.1 (12.1) 0.146
MV E velocity 0.9 (0.3) 0.8 (0.3) 0.016
MV E/A_Ratio 1.1 (0.6) 1.1 (0.5) 0.783
MV Dec. time (ms) 217.2 (65.9) 226.3 (74.7) 0.336
E/e′ ratio 13.8 (7.1) 11.3 (5.8) 0.003

https://www.R-project.org/
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65.0 years (13.9), p = 0.071), were more likely to have dia-
betic- or hypertensive ESRD (59% vs. 36%, p = 0.010) and 
exhibited a more blunted hemodynamic response to volume 
unloading with smaller BP reduction and less increase in 
HR. Myocardial adverse remodeling was more advanced in 
patient with sustained DD as evidenced by higher LVMi 
(127.4 g/m2 (27.5) vs. 106.5 g/m2 (25.3), p < 0.001), lower 

LVEF (44.7% (11.0) vs. 54.5% (8.7), p < 0.001), more 
impaired GLS (− 13.4% (4.3) vs. − 15.8% (4.0), p = 0.006) 
and indices of diastolic function were uniformly more abnor-
mal at baseline (Table 5). In multiple regression analysis 
including clinical characteristics only, diabetic- or hyper-
tensive ESRD (OR 2.34 (1.13–4.83), p = 0.022) was the 
only factor independently associated with sustained DD, 

Table 3   Clinical and 
echocardiographic 
characteristics according to 
diastolic dysfunction at baseline

All values are given with mean +/− SD or count (percentage)
ESRD end stage renal disease, LV left ventricle, LVMI LV mass index, LVEF LV ejection fraction, GLS 
global longitudinal strain, LAVi left atrium volume index, MV Mitral valve

Variable Diastolic dys-
function (n = 83)

Indeterminate (n = 51) Normal
(n = 113)

p-value

Age, (years) 67.3 (13.1) 68.0 (14.8) 63.2 (14.3) 0.037
Male (gender) 52 (62.7) 37 (72.5) 80 (70.8) 0.372
Years on HD 4.0 (3.8) 3.8 (3.0) 3.6 (3.3) 0.411
Number of HD/week 3.1 (0.6) 2.9 (0.3) 3.1 (0.7) 0.495
Diabetic/hypertensive ESRD 36 (43.4) 23 (45.1) 40 (35.4) 0.379
Medical history
 Diabetes 20 (24.1) 16 (31.4) 38 (33.6) 0.344
 Hypertension 55 (66.3) 32 (62.7) 61 (54.0) 0.200
 IHD 19 (22.9) 20 (40.0) 26 (23.0) 0.051
 Hx of smoking 48 (58.5) 37 (72.5) 67 (59.8) 0.217

Cardiovascular medications
 Diuretics 39 (47.0) 24 (47.1) 55 (48.7) 0.967
 Betablockers 47 (56.6) 32 (62.7) 59 (52.2) 0.447
 ACEi/ARB 15 (18.1) 11 (21.6) 28 (24.8) 0.532

Echocardiography
 LVMi (g/m2) 119.5 (27.5) 110.6 (27.2) 103.1 (24.3)  < 0.001
 LVEF (%) 45.8 (10.0) 56.4 (9.0) 56.4 (7.0)  < 0.001
 GLS (%) − 14.1 (4.2) − 15.9 (4.9) − 16.3 (3.4) 0.003
 LAVi (mL/m2) 44.1 (14.9) 36.4 (8.4) 26.8 (7.8)  < 0.001
 MV E velocity 1.0 (0.3) 0.9 (0.2) 0.7 (0.2)  < 0.001
 MV E/A_Ratio 1.3 (0.7) 1.0 (0.4) 0.9 (0.4)  < 0.001
 MV Dec. Time (ms) 214.7 (76.1) 211.2 (64.4) 233.4 (69.4) 0.061
 E/e′ ratio 16.9 (8.1) 12.1 (4.6) 8.9 (2.5)  < 0.001

Table 4   Hemodynamic 
and echocardiographic 
characteristics pre- and post-
dialysis

All values are given with mean +/− SD or count (percentage)
LV left ventricle, LVMI LV mass index, LVEF LV ejection fraction, LAVi left atrium volume index, MV 
Mitral valve

Pre dialysis Post dialysis p-value

Blood pressure (mmHg) 143.9/77.0 (21.5/13.5) 135.1/73.1 (21.1/12.9)  < 0.001
Heart rate 71.1 (12.4) 77.2 (12.6)  < 0.001
LVEF, % 52.7 (9.9) 53.6 (9.9) 0.059
LAVi (mL/m2) 35.2 (13.4) 26.6 (12.4)  < 0.001
MV E velocity 0.9 (0.3) 0.8 (0.3)  < 0.001
MV E/A_Ratio 1.1 (0.5) 1.0 (0.5)  < 0.001
MV Dec. Time (ms) 222.6 (71.3) 243.9 (80.3)  < 0.001
E/e′ ratio 12.3 (6.5) 11.7 (7.0) 0.015
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whereas age [OR 1.02 (1.0–1.06), p = 0.063] and hyperten-
sion [OR 1.78 (0.80–3.98), p = 0.162] were only borderline 
significant. Among baseline echocardiographic measures not 
directly incorporated in the outcome variable persistent DD 
(LVEF, GLS and LVMi), only LVEF [OR 0.91 (0.85–0.96), 
p = 0.001] was significant, whereas GLS [OR 0.99 
(0.86–1.14), p = 0.857] and LVMi [OR 1.01 (1.00–1.03), 
p = 0.12] were not. In multiple logistic regression analysis 
incorporating baseline measures of diastolic function only 
E/e′ [OR 1.27 (1.11–1.47), p < 0.001], MV deceleration 
time [OR 0.98 (0.98–0.99), p = 0.02] and LAVi [OR 1.07 
(1.02–1.11), p = 0.004] remained significant, whereas MV 
E velocity [0.05 (0.00–2.14), p = 0.116] and MV E/A ratio 
[OR 3.19 (0.87–11.79), p = 0.116] did not.

Discussion

The major findings of the present study can be summarized 
as follows: (1) In an unselected consecutive cohort of ESRD 
patients on maintenance dialysis, timing of echocardiogra-
phy relative to dialysis substantially impacts the likelihood 
of fulfilling DD criteria according to current guidelines. (2) 
Sustained DD despite volume unloading is associated with 
adverse cardiac remodeling and potentially identifies a popu-
lation of patients with excessive cardiovascular risk.

Diastolic dysfunction in end stage renal disease

The pathway towards DD in patients with ESRD is multifac-
torial and represents the end result of a complex interaction 
between renal failure per se and myocardial structural altera-
tion. Afterload on the LV is typically elevated due to sus-
tained increase in systemic vascular resistance (SVR) over 
decades in patients with hypertensive and/or diabetic ESRD 
[2]. Activation of the renin-angiotensin system in patients 
with CKD has well recognized effects on myocardial hyper-
trophy, fibrosis and remodeling through hyper aldosterone-
mia [8]. With ensuing CKD progressing towards ESRD, vas-
cular calcification and impaired large vessel compliance, as 
evidenced by increased aortic pulse wave velocity, further 
exacerbates the afterload on the LV [9]. Preload is usually 
elevated in patients with ESRD due to volume expansion 
in the setting of intermittent fluid overload but also in the 
context of plasma expansion due to chronic anemia and arte-
riovenous shunting from dialysis fistulae [10, 11]. In the pre-
sent study, DD according to current guidelines, was present 
in 34%, absent in 45% and indeterminate in 21% prior to the 
initiation of HD. Prevalence of DD in this population varies 
according to cutoff values of echocardiographic parameters 
and no studies to our knowledge have included indeterminate 
diastolic function although this entity, according to our expe-
rience, clearly poses a challenge in daily clinical practice. 

Fig. 2   Proportion of patients 
with diastolic dysfunction 
according to current guidelines 
before- and after completion of 
hemodialysis
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In accordance with prior studies, DD was clearly associated 
with myocardial remodeling as assessed by increased LVMi, 
lower LVEF and more impaired GLS [3, 12]. These find-
ings highlight the detrimental effect of increased LV hyper-
trophy on both active- and passive myocardial relaxation, 
leading to chronically elevated filling pressure and poten-
tially development overt clinical HF. Volume overload and 
increased endocardial wall tension activates brain natriuretic 
peptide synthesis—a powerful marker of adverse clinical 
outcomes across the spectrum of cardiovascular disease. 
The role of circulating pro fibrotic markers such as FGF23 
as a potentially causative stimulus for cardiac remodeling 
and vascular maladaptation in CKD patients is increasingly 

recognized. Whether FGF23 correlated with DD in CKD 
patients is yet to be determined [13, 14]. Chronic dilatation 
and fibrotic alterations of the LA in the setting of abnormal 
LV filling pressure is increasingly recognized as a critical 
step in LA neurohormonal dysfunction with atrial natriuretic 
peptide (ANP) synthesis being increasingly defective [15]. 
In patients with preserved renal function, ANP serves as 
a powerful stimulant of natriuresis with critical impact on 
mitigating fluid overload. Whether the interaction between 
DD through chronic LA remodeling and ANP synthesis 
impacts differentially on vascular control in the setting of 
co-existing ESRD remains to be studied.

Table 5   Baseline, dialysis 
and echocardiographic 
characteristics according to 
sustained diastolic dysfunction

All values are given with mean +/− SD or count (percentage)
ESRD end stage renal disease, LV left ventricle, LVMI LV mass index, LVEF LV ejection fraction, GLS 
global longitudinal strain, LAVi left atrium volume index, MV Mitral valve

Variable Improved filling (n = 200) Sustained diastolic dys-
function (n = 39)

p-value

Age, (years) 65.0 (13.9) 69.4 (14.5) 0.071
Male (gender) 139 (69.5) 25 (64.1) 0.634
Years on HD 3.7 (3.3) 3.6 (3.5) 0.755
Number of HD/week 3.1 (0.6) 2.9 (0.4) 0.135
Diabetic/hypertensive ESRD 71 (35.5) 23 (59.0) 0.010
Medical history
 Diabetes 62 (31.0) 8 (20.5) 0.261
 Hypertension 116 (58.0) 29 (74.4) 0.083
 IHD 54 (27.1) 10 (25.6) 1.00
 Hx of smoking 124 (62.6) 23 (59.0) 0.803

Cardiovascular medications
 Diuretics 96 (48.0) 21 (53.8) 0.622
 Betablockers 112 (56.0) 23 (59.0) 0.868
 ACEi/ARB 44 (22.0) 9 (23.1) 1.00

Dialysis metrics
 Ultrafiltration (mL) 1979.5 (1138.0) 2027.9 (1194.5) 0.809
 Fluid index (mL/kg) 2.6 (1.7) 2.7 (1.8) 0.954
 Weight pre dialysis (kg) 77.0 (17.0) 78.9 (20.0) 0.555
 Weight post dialysis (kg) 74.7 (16.7) 77.5 (17.6) 0.459
 Weight change (kg) 1.8 (1.3) 1.7 (1.1) 0.633
 Dry weight (kg) 75.7 (17.1) 76.1 (20.1) 0.901
 Residual diuresis (L) 0.6 (0.8) 0.7 (0.7) 0.457
 Dialysis time (min) 221.8 (25.0) 220.1 (39.4) 0.733

Echocardiography
 LVMi (g/m2) 106.5 (25.3) 127.4 (27.5)  < 0.001
 LVEF (%) 54.5 (8.7) 44.7 (11.0)  < 0.001
 GLS (%) -15.8 (4.0) -13.4 (4.3) 0.006
 LAVi (mL/m2) 32.8 (11.1) 46.7 (15.0)  < 0.001
 MV E velocity 0.8 (0.3) 1.1 (0.3)  < 0.001
 MV E/A_Ratio 1.0 (0.4) 1.6 (0.7)  < 0.001
 MV Dec. Time (ms) 229.8 (73.9) 192.1 (49.7) 0.002
 E/e′ ratio 11.0 (4.5) 19.2 (9.8)  < 0.001
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Diastolic dysfunction before and after hemodialysis

Guideline recommendations at present do not specify 
the optimal timing of echocardiographic evaluation in 
patients with ESRD relative to dialysis timing. We found 
that a significant proportion of patients demonstrated 
echocardiographic regression of abnormal filling. The 
volume unloading in HD reduced LV preload as evi-
denced by a statistically significant reduction in trans 
mitral filling rate, prolongation of MV deceleration time 
and interestingly reduction in LAVi. Dilatation of the LA 
is often perceived as a surrogate of permanently elevated 
preload and therefore a marker of the chronicity of under-
lying heart disease [16]. Our data suggest that in patients 
with ESRD this assumption may not be justified and that 
fluid status should be taken into consideration. Although 
fluid removal on average resulted in improved LV filling 
parameters, we found only relatively weak linear rela-
tionships between the absolute volume of fluid removed 
corrected for patient weight and changes in echocardio-
graphic parameters. Therefore, it is not possible to con-
clude that changing the intensity of ultrafiltration would 
translate into incremental improvement in LV filling. 
Annular myocardial velocities are afterload dependent 
and inversely correlate with systemic BP and pulse wave 
velocity [17]. We found no relationship between the mag-
nitude of fluid removal and annular myocardial velocities 
although mean E/e’ was slightly reduced after dialysis, 
likely driven by the reduction in E velocity. Prior studies 
have also shown reduced E velocity after HD in concord-
ance with our study [18] however, there are conflicting 
data regarding the relationship between e’ values [18, 19] 
and fluid removal during HD.

A smaller subset of patients demonstrated persistent 
DD despite volume unloading. This is the first time to the 
best of our knowledge that such a cardiovascular response 
is described in patients with ESRD on HD. These patients 
were older, were more likely to have diabetic- or hyper-
tensive ESRD and exhibited a more blunted vascular 
response to HD as assessed by a smaller BP reduction 
and less pronounced increase in HR. This result likely 
reflects an adverse phenotype of diminished autonomic 
nervous system function and limited peripheral vascu-
lar compliance. There was also evidence of significantly 
more advanced cardiac remodeling with severe LVH, 
depressed LVEF in the midrange between 40 and 50% 
and substantially elevated E/e′ indicative of restrictive LV 
filling at baseline. Whether this group of patients would 
benefit from shorter interdialytic intervals or potentially 
a more aggressive medical therapy is currently unknown.

Limitations

This study was conducted at two major dialysis centers 
in the Copenhagen area. Results may not be applicable 
in other geographic regions with different levels of care. 
The classification of diastolic function was done strictly 
according to the schematic classification in current guide-
lines and based on quantitative echocardiographic data. 
Novel approaches to DD such as left atrial reservoir strain, 
early diastolic LV strain rate or invasive pressure monitor-
ing were not available in the present study [20, 21]. We did 
not evaluate clinical outcomes in the present study.

Conclusion

Echocardiographic evaluation of diastolic function in 
patients with ESRD on HD is critically dependent on 
timing relative to dialysis. The presence of sustained DD 
after volume unloading by HD identifies a population of 
patients with an adverse phenotype of blunted vascular 
response and severe cardiac remodeling.
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