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Introduction:

Chronic kidney disease (CKD) is a worldwide public health 
problem.1 CKD may culminate into renal failure which 
requires treatment with dialysis or transplantation - the most 
visible outcome of CKD. However, ischemic heart disease 
(IHD) is also frequently associated with CKD, which is 
important because individuals with CKD are more likely to 
die of IHD than to develop kidney failure.2,3 IHD in CKD is 
treatable and potentially preventable, and CKD appears to be
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a risk factor for IHD. Dialysis patients with ischemic heart 
disease may not necessarily have large-vessel coronary 
disease. Patients may have ischemia secondary to the 
combined effects of volume overload and left ventricular 
hypertrophy (LVH), which causes increased oxygen demand, 
and small vessel coronary disease, which causes decreased 
oxygen supply. Patients with CKD also have a high 
prevalence of arteriosclerosis and remodeling of large 
arteries.4 Remodeling may be due to either pressure overload, 
which is distinguished by wall hypertrophy and an increased 
wall-to-lumen ratio, or flow overload, which is characterized 
by a proportional increase in arterial diameter and wall 
thickness.3 Patients with CKD also have a high prevalence of 
cardiomyopathy. 5 Hypertension and arteriosclerosis result in 
pressure overload and lead to concentric LVH (increased 
wall-to-lumen ratio), whereas anemia, fluid overload, and 
arteriovenous fistulas result in volume overload and primarily 
lead to left ventricular dilatation with LVH. These structural 
abnormalities may lead to diastolic and systolic dysfunction 
and may be detectable by echocardiography. Clinical 
presentations of cardiomyopathy include heart failure and 
ischemic heart disease, even in the absence of arterial vascular 
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Abstract

Background and Objectives: The hemodialysis (HD) procedure may acutely induce regional left ventricular systolic 
dysfunction. This study evaluated the echocardiographic parameters in patients with End Stage Renal Disease (ESRD) 
on HD and to correlate those with clinical findings, more specifically to see whether there is any change in ejection 
fraction (EF) by developing new regional wall motion abnormality (RWMA) after hemodialysis, and to correlate these 
changes with the symptoms & hemodynamic condition of the patients.

Methodology: This prospective observational study was carried on a total of 100 adult ambulant patients with end 
stage renal disease (ESRD) on maintenance hemodialysis in the department of Hemodialysis, BIRDEM General 
Hospital, Shahbag, Dhaka. Their echocardiogram was done 30 min before and after the hemodialysis.

Result: It was revealed that majority of the patients were above 60 years (39%), and male to female ratio of about 3:2. 
The study subjects had diabetes mellitus (79%), hypertension (96%), dyslipidemia (42%), and family history of 
ischemic heart disease (24%). Chest pain and breathlessness were present in 31% and 42% subjects respectively before 
hemodialysis. Palpitation (23%), dizziness (19%), oedema (43%) and raised JVP (15%) were seen in the study 
subjects. Mean (±SD) serum creatinine level was 9.38 (±2.22) mg/dl and hemoglobin level was 9.0 (±1.08) g/dl. 
Ejection fraction (EF) before hemodialysis were ≥55, 40-54 & 30-39 in 62%, 34% and 4% study subjects respectively 
and after hemodialysis it was ≥55, 40-54 & 30-39 in 44%, 46% and 10% study subjects respectively. After HD, left 
ventricular failure (LVF) occurred in 32% subjects. HD-induced regional left ventricular systolic dysfunction occurred 
in total 36 patients (36%) and total 14 (14%) patients developed LVF 30 minutes after dialysis. Patients with 
hemodialysis-induced left ventricular systolic dysfunction were more in those who had worse predialysis EF. Blood 
pressure, heart rate, chest pain, palpitation, raised Jugular Venous Pressure (JVP) and edema did not differ 
significantly before and after hemodialysis. Simple regression analysis revealed that the hemodialysis procedure 
significantly (P<0.05) induce regional left ventricular systolic dysfunction.

Conclusions: HD acutely induces regional wall motion abnormalities in a significant proportion of patients. It occurs 
within 30 min after hemodialysis and is not related to changes in blood pressure, heart rate, JVP and oedema.
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disease.3 Cardiac failure develops in as many as 25 to 50% of 
HD patients and confers a dramatic reduction in probability of 
survival.6 In addition, a significant percentage of cardiac 
mortality is due to sudden death,7 which seems to be 
temporarily related to the dialysis procedure.8 Myocardial 
ischemia may be precipitated by HD; a variety of studies have 
confirmed dialysis-induced myocardial ischemia.9 Short 
intermittent HD treatments exert significant hemodynamic 
effects, and 20 to 30% of treatments are complicated by 
intradialytic hypotension.6 

Echocardiography is a non-invasive diagnostic technique 
which provides information regarding cardiac function and 
hemodynamics. In clinical practice, visual (eye ball) 
assessment via Two-Dimensional (2D) Echocardiography 
provides a rapid evaluation of regional systolic function.10  
Determining the spectrum of echocardiographic abnormalities 
in these patients can change our vision in prevention of 
mortality in this group of chronically ill patients. In this study, 
we assessed the effects of hemodialysis on global and regional 
LV systolic function by serial echocardiography before and 
after dialysis using the routine systolic measurements for 
clinical practice that are recommended by the American 
Society of Echocardiography.11 

Materials and methods

This prospective observational study was carried out to 
evaluate 100 adult subjects of known ESRD on maintenence 
hemodialysis in hemodialysis unit of BIRDEM General 
Hospital, Shahbag, Dhaka with the general objective to 
determine the echocardiographic parameters in patients with 
ESRD on haemodialysis and to correlate those with clinical 
findings. All ambulent adult patients (above 18 years of age) 
of both sex on maintainance HD (both twice or thrice weekly 
dialysis schedule) attending in hemodialysis unit. We 
excluded those patients who were irregular and less than three 
months on maintenance HD, not willing to be included in the 
study, and known psychiatric cases. The objective of the study 
was discussed in details with the patients or their attendants 
before their decision to enroll themselves into the study and 
written consent was taken. Clinical examination, relevant 
biochemical tests and Echocardiography were done and data 
collected in a pre-designed structured data collection sheets. 
Echocardiography was done before and after hemodialysis. 
Echocardiogram was done by a single cardiologist to avoid 
subjective variation of RWMA and EF. Demographic 
information was prospectively recorded and substantiated by 
means of inspection of medical record. Information included 
was the subject’s age, gender, medical and clinical history, 
followed by conduction of the study. All the relevant collected 
data were compiled on a master chart first. Then organized by 
using scientific calculated and standard statistical formulas, 
percentage was calculated to find out the proportion of the 
findings. Data entry and analysis were done using SPSS for 
windows version 17.0. Output of data and graphical 
representation was done using Microsoft Office chart and 
Microsoft-Word. p-value was considered as significant when 
it was <0.05. The results were presented in tables, figures, 
diagrams etc.

Results

All subjects under experiment (n=100) were divided into age, 
sex, associated risk factors, and presenting clinical features. 

Figure 1: Age group distribution of the study subjects

It was shown in our study that majority of the patients were 
above 60 years of age (figure 1) and among the study subjects, 
59% were male and the rest 41% were female. 

The study subjects had hypertension (96%), diabetes mellitus 
(79%), dyslipidaemia (42%), family history of IHD (24%), 
tobacco intake (21%), and alcohol intake (2%) as pre-existing 
risk factors of IHD. p- value was achieved by ANOVA test 
and was considered as significant when it was less than 0.05. 
No significant difference was observed between male and 
female.

Presenting complaints were chest pain (31%), breathlessness 
(42%), cough (44%), dizziness (19%), and palpitation (23%). 
Sixty five percent subjects were anaemic. Forty three percent 
subjects had generalized edema. Raised JVP was observed in 
fifteen percent subjects. Dehydration was present in six 
percent subjects. Cyanosis was absent in all subjects. p-value 
was achieved by ANOVA test and was considered as 
significant when it was less than 0.05. No significant 
difference was observed among the different age or sex 
groups. Mean (±SD) baseline hemoglobin of the study 
population was 9.0(±1.08) g/dl, creatinine was 9.38 (±2.22) 
mg/dl, and blood urea was 102.18(±70.07). 

Table I: EF before and after hemodialysis

Ejection  Before After 
fraction (%) hemodialysis hemodialysis
 (Frequency/percent) (Frequency/percent)

≥55 62% 44%

40- 54 34% 46%

30-39 4% 10%

Table II: Effect of hemodialysis on cardiovascular status

Cardiovascular status Frequency Percent

As before 42 42.0

Improved 40 40.0

Deteriorated 18 18.0

Total 100 100.0
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Discussion

In this study, we found that LV regional systolic dysfunction 
developed after hemodialysis in about one-third of patients 
(36%). Hemodialysis-induced regional LV systolic 
dysfunction and thus reduction of EF was mostly associated 
with pre-existent LV dysfunction, but it was not associated 
with age, sex or baseline renal status, ie, predialysis serum 
creatinine and blood urea level. The present study confirms 
earlier observations that hemodialysis may acutely induce 
regional LV dysfunction in a substantial proportion of 
patients.12-14The reason of almost similar type of result can be 
explained by the nature of the study population: our study 
population had diabetes, background cardiovascular history, 
and some of them had pre-existing LV systolic dysfunction 
like previous study. However, some previous studies showed 
a lower incidence of HD-induced reduction of EF.15,16 It can be 
explained by the absence of diabetes and pre-existing cardiac 
disease in their study population. A second explanation might 
be the difference in the method used for the evaluation of 
regional LV systolic dysfunction. We used standard 
echocardiographic evaluation of regional LV function 
according to the guidelines of the American Society of 
Echocardiography,11 which is validated for routine clinical 
application. 

Some previous studies,17,18 however, showed that almost all 
the post-dialysis patients developed significant LV systolic 
dysfunction (ie reduced EF). The main reason of this finding 
is that they used PET (Positron Emission Tomography) to 
detect HD-induced cardiac ischemia. PET – a nuclear 
machine which detects the metabolic process of the body, is 
no doubt, a better tool than conventional echocardiography to 
detect very minor ischemia.18

Univariate analysis suggested that traditional risk factors such 
as diabetes and previous history of CVD are related to a 
higher risk of cardiovascular events. On the other hand, age, 
smoking, and hypercholesterolemia were not risk factors for 
the occurrence of cardiovascular outcome. Although some 
studies showed a higher prevalence of traditional risk factors 
in the population with CKD than in the general population,19 

high rates of cardiovascular complications have not been fully 
explained by such risk factors.20,21 Additionally, factors known 
to be non-traditional, such as anaemia, malnutrition, 
inflammatory state, alterations in calcium-phosphorus 
product, among others, have been implicated as independent 
factors associated with cardiovascular complications in 
dialysis patients.22-25 In our study, however, these factors did 
not correlate with the adverse cardiac outcome, because 
variables in our study are limited to only HD-induced change 
in EF .

An important limitation of this study is the lack of 
angiographic evaluation of coronary arteries and therefore, 
the inability to correlate the echocardiographic findings with 
underlying coronary artery disease. This limitation should be 
considered in future studies on the effect of hemodialysis on 
LV function. A second limitation is the lack of a validated 
echocardiographic definition of HD-induced regional LV 

systolic dysfunction. In this study, hemodialysis-induced LV 
systolic dysfunction was defined as an increase in wall motion 
abnormality in two or more LV segments compared with 
predialysis. The use of other cutoff values would have 
influenced the prevalence of this entity as well as its 
association with outcome, because survival decreased with an 
increasing number of segments developing abnormal function 
during hemodialysis. 

Another two limitations are, whether the reduction of EF was 
during or after HD was not certain. Because one study showed 
that reduction of EF was different during different time of HD 
and mostly occurred during early phase of HD.15 However, 
some studies showed that repeated HD may improve LV 
dysfunction over time.26,27 As our study was only two-session 
study, our study did not support this finding. 

However, our study has several strengths. First, compared to 
recent trials, this study is much larger study that evaluated the 
acute effect of hemodialysis on LV global and regional 
systolic function. Second, we used routine and clinically 
applicable echocardiographic methods to evaluate global and 
regional LV systolic function. Third, the echocardiographic 
analysis of regional LV systolic function was performed by a 
single technician who was blinded to the order of 
echocardiography studies.
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