
Kim et al. Journal of Cardiovascular Imaging            (2024) 32:6  
https://doi.org/10.1186/s44348-024-00003-8

RESEARCH Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

Journal of
Cardiovascular Imaging

Pre‑ and post‑hemodialysis differences 
in heart failure diagnosis by current heart failure 
guidelines in patients with end‑stage renal 
disease
Bong‑Joon Kim1†   , Su‑Hyun Bae1†, Soo‑Jin Kim1   , Sung‑Il Im1   , Hyunsu Kim1   , Jung‑Ho Heo1   , 
Ho Sik Shin2,3*   , Ye Na Kim2,3   , Yeonsoon Jung2,3    and Hark Rim2,3    

Abstract 

Background  Patients with end-stage renal disease (ESRD) who are on hemodialysis (HD) have reduced vascular com‑
pliance and are likely to develop heart failure (HF). In this study, we estimated the prevalence of HF pre- and post-HD 
in ESRD using the current guidelines.

Methods  We prospectively investigated HF in ESRD patients on HD using echocardiography pre- and post-HD. We 
used the structural and functional abnormality criteria of the 2021 European Society of Cardiology guidelines.

Results  A total of 54 patients were enrolled. The mean age was 62.6 years, and 40.1% were male. Forty-five patients 
(83.3%) had hypertension, 28 (51.9%) had diabetes, and 20 (37.0%) had ischemic heart disease. The mean N-terminal-
pro brain natriuretic peptide BNP (NT-proBNP) level was 12,388.8 ± 2,592.2 pg/dL. The mean ideal body weight 
was 59.3 kg, mean hemodialysis time was 237.4 min, and mean real filtration was 2.8 kg. The mean left ventricular 
ejection fraction (LVEF) was 62.4%, and mean left ventricular end-diastolic diameter was 52.0 mm in pre-HD. Post-HD 
echocardiography showed significantly lower left atrial volume index (33.3 ± 15.9 vs. 40.6 ± 17.1, p = 0.030), tricuspid 
regurgitation jet V (2.5 ± 0.4 vs. 2.8 ± 0.4 m/s, p < 0.001), and right ventricular systolic pressure (32.1 ± 10.3 vs. 38.4 ± 11.6, 
p = 0.005) compared with pre-HD. There were no differences in LVEF, E/E′ ratio, or left ventricular global longitudinal 
strain. A total of 88.9% of pre-HD patients and 66.7% of post-HD patients had either structural or functional abnor‑
malities in echocardiographic parameters according to recent HF guidelines (p = 0.007).

Conclusions  Our data showed that the majority of patients undergoing hemodialysis satisfy the diagnostic criteria 
for HF according to current HF guidelines. Pre-HD patients had a 22.2% higher incidence in the prevalence of func‑
tional or structural abnormalities as compared with post-HD patients.
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Introduction
Mortality is high in end-stage renal disease (ESRD) 
patients undergoing hemodialysis (HD), and heart 
failure (HF) is a leading cause of mortality among 
these patients [1, 2]. ESRD patients with HF exhibit an 
approximately 2-year shorter survival rate after HD ini-
tiation compared with patients without HF [3]. There 
are differences between patients with ESRD and healthy 
people regarding hemodynamic status. In particular, 
many ESRD patients have left ventricular hypertrophy 
(LVH); previous data showed that 74% of patients with 
ESRD have LVH at initiation of dialysis therapy [4], and 
concentric hypertrophy is more common than eccentric 
hypertrophy in ESRD patients [5]. Features like LVH 
or left atrium (LA) enlargement might be an adaptive 
remodeling response to long-term volume or pressure 
overload [6]. High inter-dialytic weight gain is associ-
ated with a greater risk of cardiovascular events [7]. As 
cardiac remodeling progresses slowly, there are many 
patients who are clinically stable without symptoms of 
HF while undergoing hemodynamic adaptation. How-
ever, many ESRD patients satisfy the objective diagnos-
tic criteria for HF suggested by current guidelines.

According to the 2021 European Society of Cardiol-
ogy (ESC) guidelines, structural or functional abnor-
malities of HF should be evaluated using several 
echocardiographic parameters: left ventricular mass 
index (LVMI), relative wall thickness, left atrial volume 
index (LAVI), E/E′ ratio, and tricuspid regurgitation 
(TR) velocity at rest [8]. Several guidelines recommend 
using the H2FPEF score [9] or HFA-PEFF score [10] for 
heart failure with preserved ejection fraction (HFpEF) 
diagnosis, but they are too complex and difficult to 
apply to clinical practice. Thus, it is not easy to clearly 
distinguish the presence of HF in clinical practice. Fur-
thermore, there is a discrepancy between objective 
parameters from guidelines and practical settings as to 
whether most ESRD patients undergoing HD should be 
included in HF diagnosis. Dialysis patients experience 
a volume change of up to 3–4 kg before and after HD, 
which can affect hemodynamic indicators. Therefore, 
depending on when echocardiography is performed, 
there may be differences in hemodynamic parameters. 
However, it is not easy to perform echocardiography in 
the euvolemic state in the clinical setting. Therefore, we 
aimed to evaluate the prevalence of HF diagnosis using 
the current guidelines before and after HD in ESRD 
patients.

Methods
Study design and population
This was a single-center, prospective study conducted 
at a university hospital. We enrolled ESRD patients 

undergoing HD between November 2022 and March 
2023 at Kosin University Gospel Hospital. All patients 
visited the hospital on the agreed date and visited the 
echocardiography room immediately before dialysis. 
A single cardiologist conducted a medical history that 
included a physical examination and checked for the fol-
lowing symptoms and signs of HF according to the 2021 
ESC guidelines [8], breathlessness, orthopnea, paroxys-
mal nocturnal dyspnea, and reduced exercise tolerance. 
After a short interview, we performed pre-HD echocardi-
ography and sent the patients to the hemodialysis room. 
Immediately after dialysis, they returned to the echocar-
diography room and underwent post-HD echocardiogra-
phy. As most of the patients underwent 4-h dialysis, the 
interval between pre-HD and post-HD echocardiogram 
was approximately 5  h. Demographic and comorbidity 
data were obtained from the hospital medical records.

Echocardiography measurement
One cardiology professor (who has a specialty in echo-
cardiography) and four sonographers performed echo-
cardiography using two instruments (Vivid E9; GE 
Healthcare, Boston, MA, USA and Philips iE33; Philips 
Medical Systems, Bothell, WA, USA). We aimed to have 
the same examiner perform pre- and post-echocardiog-
raphy on the same patient when possible; however, this 
was not always achieved. Left ventricular (LV) cavity 
diameter, left ventricular end-diastolic volume (LVEDV)/
left ventricular end-systolic volume (LVESV), and LVMI 
were measured according to the criteria outlined by the 
American Society of Echocardiography (ASE) [11]. To 
assess LV diastolic function, we measured peak E-wave 
velocity, peak A-wave velocity, mitral valve (MV) E/A 
ratio, MV deceleration time, pulsed-wave tissue Doppler 
imaging e′ velocity, mitral E/e′, LAVI, and TR jet veloc-
ity (m/s) as recommended by the 2016 ASE/European 
Association of Cardiovascular Imaging guidelines [12]. 
Right ventricular systolic pressure (RVSP; in mmHg) 
was calculated from TR Vmax using a simplified Bernoulli 
formula: 4 × (TR Vmax)2 + right atrial (RA) pressure. The 
RA pressure was determined according to the inferior 
vena cava (IVC) diameter and the presence of inspira-
tory collapse. The cut-off of dilated IVC was > 2.1  cm, 
and collapse was defined as > 50% during sniff [13]. We 
used the following criteria for structural or functional 
abnormality: LVMI ≥ 95  g/m2 in females, ≥ 115  g/m2 in 
males, LAVI > 34  mL/m2, E/e′ ratio > 14, TR jet velocity 
at rest > 2.8 m/s. The standard for an abnormal E/e′ ratio 
is different for each set of guidelines, but the value was 
recently set to correspond with the diastolic function 
standard of ASE [12, 14].
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Statistical analyses
Statistical analyses were performed using the IBM SPSS 
Statistics software Version 25.0 (IBM Corp., Armonk, 
NY, USA). Data normality was tested using the Kol-
mogorov–Smirnov test. Values are expressed as means 
(± standard deviation) for numerical variables or as 
numbers of participants and percentages for categorical 
variables. Continuous variables were compared using the 
Student’s t-test. Categorical data were analyzed using the 
χ2 test. A p-value < 0.05 was considered to indicate statis-
tical significance.

Results
A total of 54 patients were enrolled. Mean age was 
62.6  years, and 40.1% of participants were male. Forty-
five patients (83.3%) had HTN, 28 (51.9%) had diabe-
tes mellitus, 20 (37.0%) had ischemic heart disease (11 
of whom had percutaneous coronary intervention or 
coronary artery bypass graft), and 8 patients (14.8%) 
had atrial fibrillation (AF) (Table 1). A total of 61.1% of 
patients were taking renin-angiotensin system (RAS) 
blocking agents containing an angiotensin receptor 
neprilysin inhibitor (ARNI), and 61.1% were taking a 
β-blocker. Among the five patients taking ARNI, one 
patient had heart failure with reduced ejection fraction 
and 4 patients had HF with improved ejection fraction 
(EF) prior to enrollment in our study; the left ventricular 
ejection fraction (LVEF) was less than 40% in the previ-
ous, and the EF measured in this study was greater than 
40%. The mean N-terminal-pro brain natriuretic pep-
tide BNP (NT-proBNP) level was 12,388.8 ± 2,592.2  pg/
dL. Table 2 shows the hemodynamics between HD. The 
mean HD time was 237.4 min, and the mean real filtra-
tion was 2.8  kg. Systolic blood pressure (BP) decreased 
by 13.5 mmHg, and diastolic BP decreased by 2.2 mmHg 
after HD.

Echocardiography parameters in pre- and post-dial-
ysis states are shown in Table  3. The mean LVEF was 
62.4% on pre-HD. Compared to pre-HD echocardi-
ography, post-HD echocardiography showed signifi-
cantly reduced left ventricular end-diastolic diameter 
(47.1 ± 6.3 vs. 34.3 ± 6.8 mm, p < 0.001), LVESD (31.0 ± 5.4 
vs. 34.3 ± 6.8  mm, p = 0.006), LVEDV (104.2 ± 34.0 vs. 
132.9 ± 41.8  mL, p < 0.001), and LVESV (39.2 ± 17.4 vs. 
53.1 ± 28.1  mL, p = 0.003). Among the parameters of HF 
criteria, post-HD echocardiography showed significantly 
lower LAVI (33.3 ± 15.9 vs. 40.6 ± 17.1, p = 0.030), TR jet V 
(2.5 ± 0.4 vs. 2.8 ± 0.4 m/s, p < 0.001), and RVSP (32.1 ± 10.3 
vs. 38.4 ± 11.6, p = 0.005) compared with pre-HD. There 
was no difference in LVEF (pre vs. post, 62.4 ± 8.5 vs. 
63.5 ± 7.2%, p = 0.495), E/e′ ratio (16.2 ± 6.2 vs. 14.9 ± 6.5, 
p = 0.299), or left ventricular global longitudinal strain (LV 
GLS; − 15.9 ± 5.0% vs. − 15.6 ± 5.0%, p = 0.721).

Figure 1 shows the prevalence of structural or functional 
abnormalities in pre- and post-HD according to current 
HF guidelines (at least one of the following: LVMI ≥ 95 g/

Table 1  Baseline characteristics

All values are presented as mean SD. PCI percutaneous coronary intervention, 
CABG coronary artery bypass graft, ACEI angiotensin converting enzyme 
inhibitor, ARB angiotensin receptor blocker, ARNI angiotensin receptor-neprilysin 
inhibitor, CCB calcium channel blocker, NOAC new oral anticoagulant

Variable Patients 
with HD 
(n = 54)

Age, mean (year) 62.6 ± 10.8

Male, n (%) 22 (40.7)

Height, cm 162.5 ± 9.0

Body weight, kg 59.6 ± 13.1

Hypertension, n (%) 45 (83.3)

Diabetes Mellitus, n (%) 28 (51.9)

Dyslipidemia, n (%) 37 (68.5)

Stroke, n (%) 6 (11.1)

History of malignancy 3 (5.6)

Ischemic heart disease 20 (37.0)

PCI or CABG 11 (20.4)

Valvular heart disease 9 (16.7)

Atrial fibrillation, n (%) 8 (14.8)

Medications

ACEI or ARB, n (%) 28 (52.8)

ARNI, n (%) 5 (9.3)

Beta-blocker, n (%) 33 (61.1)

CCB, n (%) 26 (48.1)

Antiplatelets, n (%) 30 (55.6)

Statin, n (%) 34 (63.0)

NOAC, n (%) 8 (14.8)

Warfarin, n (%) 3 (5.6)

Anti-glycemic drugs, n (%) 23 (42.6)

Table 2  Hemodialysis data

HD, hemodialysis, SBP systolic blood pressure, DBP diastolic blood pressure, HR 
heart rate

Variable Patients with 
HD (n = 54)

Mean time of hemodialysis, min 237.4 ± 16.6

Ideal body weight, kg 59.3 ± 13.9

Pre HD body weight, kg 62.1 ± 13.2

Post HD bodyweight, kg 59.4 ± 13.0

Real filtration, kg 2.8 ± 1.0

Pre HD SBP, mmHg 145.0 ± 21.0

Pre HD DBP, mmHg 74.0 ± 12.4

Pre HD HR, bpm/min 72.1 ± 9.5

Post HD SBP, mmHg 131.5 ± 23.0

Post HD DBP, mmHg 71.8 ± 12.9

Post HD HR, bpm/min 76.6 ± 14.9
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m2 in females, ≥ 115 g/m2 in males, LAVI > 34 mL/m2, E/e′ 
ratio > 14, TR jet velocity at rest > 2.8 m/s). A total of 88.8% 
of pre-HD and 66.6% of post-HD had structural or func-
tional abnormalities by echocardiography (88.9 vs. 66.7%, 
p = 0.007). The percentage for each parameter is shown in 
Fig. 2. TR jet V frequency exceeded the abnormality crite-
ria (> 2.8 m/s) pre- and post-HD 46% and 20% of the time, 
respectively, which was a large difference. The question-
naire-based analysis to identify symptoms and signs of HF 
by ESC guidelines is presented in Fig. 3A [8]. Twenty-one 
(38.9%) of the 54 patients had at least one symptom, and 
the remaining 33 (61.1%) did not show any symptom. The 
most frequent symptoms were orthopnea (27.8%), breath-
lessness (25.9%), and fatigue (25.9%) (Fig. 3B).

Discussion
An important finding of our study is that patients under-
going HD may have different hemodynamic parameters 
depending on whether they are pre- or post-HD. In par-
ticular, we found significant differences in parameters of 
cardiac volume such as LVEDV, LVESD, and LAVI. These 
differences cause variance in the frequency of satisfying 

abnormality criteria of objective HF parameters. A total 
of 88.9% of patients immediately before HD and 66.7% 
immediately after HD had corresponding parameters; 
thus, there was an up to 22.2% difference between the 
time points. Medical records showed a weight change of 
about 2.8 kg after HD; we posit that this weight change 
is reflected in the echocardiographic parameters. Among 
echocardiographic parameters, TR jet V, RVSP, and LAVI 
showed remarkable changes according to volume differ-
ence, while EF, LV GLS, and E/E′ did not. Thus, TR jet 
V, RVSP, and LAVI seem to be dependent on volume sta-
tus. The value of TR jet V showed a difference of 0.3 m/s 
between pre- and post-HD. This gap may not be large, 
but the difference in the frequency of satisfying the cri-
teria of HF is more than twice due to this difference. TR 
jet V is an important parameter for HF diagnosis, but it is 
also important for predicting HF prognosis. For HFpEF, 
it is accepted that pulmonary vascular abnormalities lead 
to poor outcomes due to accompanying excessive right 
heart congestion and blunted right ventricular systolic 
reserves [15]. Our previous study suggested that there 
was a significant difference in TR jet V when echo was 

Table 3  Echocardiography parameters in pre and post dialysis

 All values are presented as the mean ± SD. ADHF acute decompensated heart failure, LVEF left ventricular ejection fraction, LVEDD left ventricular end-diastolic 
diameter, LVESD left ventricular end-systolic diameter, LVEDV left ventricular end-diastolic volume, LVESD lefr ventricular end-systolic volume, IVSTd diastolic 
interventricular septal wall thickness dimension, PWTd diastolic posterior wall thickness dimension, LVMI left ventricular mass index, LA left atrium, E peak early 
diastolic mitral filling velocity, A peak late diastolic mitral filling velocity, E’, early diastolic mitral annular velocity, TR jet V maximal tricuspid regurgitation velocity, RVSP 
right ventricle systolic pressure ventricular mass index, PWTd diastolic posterior wall thickness dimension, RVSP right ventricular systolic pressure, TR jet V maximal 
tricuspid regurgitation velocity

Pre-Hemodialysis Post-Hemodialysis p-value

LV EF (M-mode), % 62.4 ± 8.5 63.5 ± 7.2 0.495

LVEDD, mm 52.0 ± 7.2 47.1 ± 6.3 <0.001

LVESD, mm 34.3 ± 6.8 31.0 ± 5.4 0.006

LVEDV, mL 132.9 ± 41.8 104.2 ± 34.0 <0.001

LVESD, mL 53.1 ± 28.1 39.2 ± 17.4 0.003

IVSTd, mm 11.5 ± 2.1 11.5 ± 2.1 0.888

PWTd, mm 10.1 ± 1.6 9.7 ± 1.5 0.277

LV mass, g 221.0 ±72.6 185.5 ± 64.3 0.010

LVMI, g/m2 135.1 ± 46.6 114.9 ± 39.7 0.021

LA diameter, mm 39.8 ± 6.6 37.6 ± 6.2 0.085

Aorta diameter, mm 30.4 ± 4.4 32.0 ± 4.6 0.089

LAVI 40.6 ± 17.1 33.3 ± 15.9 0.030

E velocity, cm/sec 91.0 ± 23.3 72.0 ± 26.3 <0.001

A velocity, cm/sec 91.1 ± 22.5 104.7 ± 48.3 0.078

E/A ratio 1.0 ± 0.3 0.8 ± 0.3 0.001

E/E’ 16.2 ± 6.2 14.9 ± 6.5 0.299

TR jet V, m/s 2.8 ± 0.4 2.5 ± 0.4 <0.001

RVSP, mmHg 38.4 ± 11.6 32.1 ± 10.3 0.005

IVC diameter, cm 1.5 ± 0.4 1.3 ± 0.4 0.013

LVEF by Simpson method on 4CH, % 60.7 ± 7.8 62.8 ± 7.1 0.146

LVEF by Simpson method on 2CH, % 61.5 ± 7.6 62.8 ± 7.2 0.367

LV GLS, % -15.9 ± 5.0 -15.6 ± 5.0 0.721
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Fig. 1  Prevalence of structural or functional abnormalities in pre- and post-hemodialysis

Fig. 2  Proportion of abnormal structural or functional parameters. E: peak early diastolic mitral filling velocity, E′: early diastolic mitral annular 
velocity, LAVI: left atrial volume index, LVMI: left ventricular mass index, TR jet V: maximal tricuspid regurgitation velocity
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compared with and without acute decompensated HF for 
patients undergoing HD [16]. Therefore, diagnosing dial-
ysis patients with only the measured parameters without 
considering when echocardiography was performed can 
yield diagnostic errors. Most hospitals in Korea do not 
have standards for when to perform echocardiography 
on dialysis patients, so establishing a common echocar-
diography protocol for dialysis patients will help reduce 
errors in diagnosing HF.

LAVI is a key determinant of diastolic function [12] and 
a predictor of adverse events of HF [17]. However, it varies 
greatly depending on patient volume at the time of echo-
cardiography, and there may be errors depending on the 
examiner. Recently, there has been an attempt to utilize a 
parameter called LA reservoir strain to evaluate the vol-
ume and geometry of LA in more detail [18]. E/E′ is also 
a parameter that is significantly associated with LV filling 
pressure, and it can provide prognostic value in patients 
with ESRD [19]. The E/E′ cut-off value varies according to 
HF guidelines (ESC, ASE, and Korean Heart Failure Soci-
ety). However, the significance of an E/E′ increase is clear; 
it is thought to be a reliable marker of increased LV filling 
pressure in ESRD the population [20]. In our results, E/E′ 
tended to be lower post-HD, but it was not statistically 
different from pre-HD (p = 0.299). The non-significance 
of our results could be due to low statistical power and a 
small number of enrolled patients.

It is not easy to diagnose HF dichotomously in clini-
cal practice because it is based on comprehensive anal-
ysis of various indicators such as clinical presentation, 
echocardiographic parameters, and serum biomarkers. 
BNP and NT-proBNP levels are related to elevated LV 
filling pressure and play an important role in HF diag-
nosis [21]. However, as these levels are elevated in most 
patients with ESRD, there is a limit to their diagnostic 
use [22], and our data showed a similar trend. Most 
ESRD patients with one or more structural and func-
tional abnormalities on echocardiography meet the 
diagnostic criteria for HF, as supported by our results. 
ESRD patients have more risk factors for HF than the 
general population, so a high prevalence among them 
is expected. Furthermore, most patients in our study 
had LVH and diastolic dysfunction. In our patients, 
while approximately 90% of patients showed objective 
abnormalities on pre-HD echocardiogram, approxi-
mately 60% of patients in our survey did not complain 
of symptoms of HF. After cardiac remodeling has pro-
gressed over long-term dialysis, many patients do well 
without decompensation, which presents a clinical 
dilemma about whether it is appropriate to diagnose 
these patients with HF. As a result, representative echo-
cardiographic parameters may have limited application 
in ESRD patients because their cardiac structure and 
hemodynamics are different from those of the general 
population.

Fig. 3  Questionnaire-based analysis to identify symptoms of HF by ESC guidelines. A Presence of HF symptoms. B Specific items of symptoms. ESC: 
European Society of Cardiology, HF: heart failure, Sx: symptom



Page 7 of 7Kim et al. Journal of Cardiovascular Imaging            (2024) 32:6 	

Our study had several limitations. First, this is a sin-
gle-center study, and the number of enrolled patients 
was too small to establish a generalized conclusion. 
Second, this was not a blinded study. Third, there may 
be interobserver variability in echocardiography among 
examiners. However, to our knowledge, this is the first 
prospective study to evaluate hemodynamic parameter 
differences between pre- and post-HD and to apply 
recent HF guideline criteria for ESRD patients.

In conclusion, our data show that post-HD echocar-
diography showed significantly reduced LAVI, TR jet 
V, and RVSP compared with pre-HD. Most patients 
undergoing HD satisfy the diagnostic criteria for HF 
according to current HF guidelines, and there is a 22.2% 
difference when comparing patients before and after 
dialysis. There are limitations when applying the HF 
guidelines to dialysis patients, and caution is required.
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