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ABSTRACT
Background: In recent years, the assessment of right ventricular function by tissue
Doppler imaging (TDI) has been established as a common approach to detect
preclinical abnormalities of cardiac function and has also been proposed as a reliable
predictor of prognosis. Methods: Our study had been carried out in cardiology
department; zagazig university. Our study had included 228 patients divided them into
two groups(case and control group) were compared regarding to clinical and
echocardiographic data.114 patients with end stage renal failure on regular
hemodialysis through permanent brachial arterio-venous fistula (AVF). Results: No
statistically significant differences were found among the groups regarding age and
gender, there was statistical significance difference between the two groups in all risk
factors (P < 0.01) except for Smoking there was no significant statistical difference,
Among HD RV dimensions were significantly larger (Basal level – Mid level –
Longitudinal length) compared to control group (P < 0.01) ).Doppler Tie index was
significantly higher in HD patients with mean value of (0.56±0.12) when compared to
control group (0.36±0.032) with (P value < 0.001), denoting significantly more
depressed RV function in HD patients. Conclusions: Myocardial Performance index
(tie index) and S wave measured by tissue Doppler are simple and quick parameters
that can used in HD patients to asses global right ventricular function with good
accuracy .Both parameters not affected by right ventricular geometry and have the
advantage of simultaneously recording both systolic and diastolic velocity patterns .
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INTRODUCTION
emodialysis (HD) which is usually carried
out via a surgically created native arteriovenous fistula (AVF) has been associated with
an increased risk of pulmonary hypertension , a
condition reported as a predictor of mortality in
these patients(1) .
Although patients undergoing chronic dialysis
exhibit an increased prevalence of pulmonary
hypertension during treatment, data on the
development of right ventricular dysfunction
(RVD) are lacking. Moreover, in patients with
pulmonary hypertension, survival has been
related to cardiac function rather than
pulmonary pressure values(2) .
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In recent years, the assessment of right
ventricular function by tissue Doppler imaging
(TDI) has been established as a common
approach to detect preclinical abnormalities of
cardiac function and has also been proposed as
a reliable predictor of prognosis(3).
This work aimed to investigate the impact of
chronic dialysis therapy on right ventricular
function in patient with ESRD.
METHODS
Patients
Our study had been carried out in cardiology
department; zagazig university. Our study had
included 228 patients divided them into two
groups(case and control group) were compared
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regarding to clinical and echocardiographic
data.114 patients with end stage renal failure on
regular hemodialysis through permanent
brachial arterio-venous fistula (AVF).
Inclusion criteria
Patients with ESRD with regular hemodialysis
(Patients undergoing hemodialysis had been on
maintenance therapy for at least 3 months and
were receiving HD sessions 2-3 times per
week).
Exclusion criteria
Based on patient history, physical examination,
ECG, and echocardiography, we will exclude
patients suffering from the following:

Other rhythm than in sinus rhythm.

Pulmonary hypertension due to
other cardiac or chest cause.

The presence of a pacemaker or
defibrillator leads in right ventricle.

Complete right or left bundle branch
block.

Left ventricular systolic dysfunction
and/or valvular disease.
Ethical consideration:
Written consent was obtained from every
patient after explanation of the procedure.
Medical research and ethics committee of
Zagazig University approved the study. The
work was carried out in accordance with The
Code of Ethics of the World Medical
Association (Declaration of Helsinki) for
studies involving humans.
Patients were divided into two groups (case and
control group)
according clinical and
echocardiographic data.
1. Clinical Evaluation: Detailed history and
clinical examination with special emphasis on:
Age ,Gender ,Risk Factors for cardio vascular
disease and Presence of dyspnea and its grades.
2. ECG:
3. Echocardiography examination: Detailed
TTE was performed to all patients during study
using GE Vivid I machine ultrasound with P4-2
1.8 MHZ transducer. The machine had tissue
Doppler imaging capability. The conventional
TTE was performed in accordance with the
Walied A., et al…
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recommendations of the American Society of
Echocardiography (ASE) and European
Association of Echocardiography (EAE).The
echocardiogram was performed with the patient
breathing quietly and lying in the supine or the
left lateral position to assess the left ventricular
ejection fraction (LVEF) by biplane modified
Simpson method and LV diastolic function
The following parameters will be done:
 A conventional left side assessments:
Assessment of the right side of the heart:
i.
Measurement of the right ventricular
dimensions (basal, mid and long):
ii.
Measurement of the right atrium
diameter:
iii.Measurement of right ventricle free wall:
iv.Measurement of the right ventricular area and
calculation of the fractional area change
(RVFAC):
RV FAC = RV end diastolic area – RV end
systolic area / RV end diastolic area
v.Measurement of the tricuspid plane systolic
excursion (TAPSE):
vi.Systolic pulmonary artery pressure SPAP:
vii.Systolic excursion velocity at lateral tricuspid
annulus (S wave):
viii.Measurement of Myocardial Performance
Index (MPI) or (Tei index):
1Using Doppler method:
The ejection time (ET) is measured with pulsed
Doppler of RV outflow (time from the onset to
the cessation of flow), and the tricuspid (valve)
closure-opening time is measured with either
pulsed Doppler of the tricuspid inflow (time
from the end of the trans-tricuspid A-wave to
the beginning of the trans-tricuspid E wave) or
continuous Doppler of the TR jet (time from the
onset to the cessation of the jet). These
measurements are taken from different images,
and one must therefore attempt to use beats
with similar R-R intervals to obtain a more
accurate (Tei index) value.
Tei index = (tricuspid (valve) closure-opening
time – ET)/ET (4)
The upper reference limit is 0.40 by pulsed
Doppler (5).
2Using Tissue Doppler Method:
2|Page

January. 2021 Volume 27 Issue 1
All time intervals are measured from a single
beat by pulsing the tricuspid annulus.
Tissue isovolumic contraction time (ICT) will
be measured between cessation of A-wave and
onset of S- wave. Tissue Doppler ejection time
(ET*) will be obtained between onset and
cessation of S wave. Tissue Doppler isovolumic
relaxation time (IRT) will be obtained between
cessation of S-wave and onset of E-wave.
Then estimation of Tei* Index using
calculation:
Tei* index = (ICT + IRT)/ET*
Statistical Analysis
was performed using statistical package for the
social sciences (SPSS) program version 20
(SPSS, Chicago, IL, USA). Continuous variables
were expressed as mean and standard
deviation, while categorical variables were
expressed as numbers and percentages.
Comparison of continuous variables among
groups was made using the student's t-test.
Associations between two categorical variables
were tested using the Likelihood ratio χ 2 test, as
appropriate. Statistical correlation between
continuous variables was tested using the
Pearson’s product-moment coefficient of
correlation (r).
All tests of significance were two-tailed and a pvalue < 0.05 was considered statistically
significant. P-value < 0.001 was considered
highly statistically significant and p-value
≥0.05
was
considered
non-statistically
significant.
RESULTS
Regarding to demographic data, the present
study showed that. No statistically significant
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differences were found among the groups
regarding age and gender
p value > 0.05 (table 1 & 2 ).
Regarding to risk factor there are significance
difference between the two groups in all risk
factors (P < 0.01) except for Smoking there was
no significant statistical difference( table 4S).
Regarding Dyspnea among HD patients sixty
three (56%) patients had dyspnea grade II, forty
four (38%) patients had dyspnea grade III, and
seven (6%) patients had dyspnea grade IV with
a significance of (P<0.001)(table 5S).
Regarding to echocardiography
data RV
dimensions were significantly larger in HD
patients (Basal level – Mid level – Longitudinal
length) compared to control group (P < 0.01) )
(table 3).
Doppler Tie index was significantly higher in
HD patients with mean value of (0.56±0.12)
when compared to control group (0.36±0.032)
with (P value < 0.001), denoting significantly
more depressed RV function in HD patients
(table 4).
Tissue Doppler S wave was significantly lower
in HD patients with mean value of
(8.840±01.149) when compared to control
group (14.500±2.945) with (P value < 0.001),
denoting significantly more depressed RV
function in HD patients(Table 1S).
TAPSE which reflect RV systolic function. Its
mean value was significantly lower in HD
patients (1.6±0.2) compared to control group
(2±0.0) with (P value < 0.001) (Table 2s ).
Mean value of FAC was significantly lower in
HD patients (35.2±16.5) compared to control
group (43.7±6.9) with (P value = 0.01) (Table
3S)
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Table 1. Gender distribution among the study groups
Sex
Patients
41
Female
N
36.00
%
73
Male
N
64.00
%
114
Total
N
100.00
%
0.004
Chi-square
X2
0.952
P-value
N= Number
P= Probability of chance (significance)
%= Percentage

Table 2. Age distribution among the study groups
Groups
Age
Range
Mean
29
52
41.040
Patients
34
- 54
42.400
Controls
SD= standard deviation
t= T test

Controls
23
36.67
91
63.33
114
100.00

±
±
±

Total
64
36.25
164
63.75
228
100.00

T-test
t
-1.058

SD
5.507
5.661

Table 3. Comparison between the study groups regarding Right side dimensions
Groups
Patients
Controls
Basal
Range
2.000
4.200
2.200
2.600

P-value
0.293

T-test
T
7.788

P-value
<0.001*

Mid

Mean±SD
Range

3.150
3.100

±
-

0.515
4.900

2.407
2.800

±
-

0.108
3.200

11.229

<0.001*

Longitudinal

Mean±SD
Range

3.924
5.600

±
-

0.442
8.800

2.990
5.900

±
-

0.135
6.200

11.146

<0.001*

Mean±SD

7.476

±

0.722

5.997

±

0.089

Table 4. Comparison between the study groups regarding Doppler Tie index
Groups
Doppler Tie index
T-test
Range
Mean
±
SD
T
Patients
0.3
0.8
0.564
±
0.128
8.544
Controls
0.3
0.4
0.360
±
0.032
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P-value
<0.001*
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RVD3

RVD1

Figure 1. Apical 4-chamber image showing the right ventricular (RV) basal (1L) and mid cavity (2L)
and the RV longitudinal dimension (3L).

Figure 2. Measurement of ET* (ET Doppler), ICT (ISO C Doppler) and IRT (ISO R Doppler)
DISCUSSION
Cardiovascular disease is the prominent cause
of morbidity and mortality in dialysis patients,
being responsible for almost 50% of deaths and
nearly 40% of hospitalizations (7). In particular,
congestive heart failure is the most common
finding in these patients and is associated with
poor prognosis (8).
Hemodialysis (HD) which is usually carried out
via a surgically created native arterio-venous
Walied A., et al…

fistula (AVF) has been associated with an
increased risk of pulmonary hypertension (9).
In HD patients, AVF causes a left-to-right shunt
leading to chronic volume overload,
independently of the increase in total body
water, thus worsening right ventricular overload
(10).
Previous studies regarding the relation between
pulmonary hypertension and dialysis have
mostly investigated the impact of volume
5|Page
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overload on TDI indices of left ventricular
function, showing an increased prevalence of
diastolic dysfunction in these patients (11)
However, most available studies focused their
attention on left ventricular function in dialysis
patients (12). The impact of dialysis treatments
on the development of RVD has not fully been
investigated. But recently a retrospective study
in which (13) investigated the impact of
different dialysis treatments on right ventricular
function showed that HD increases the risk of
RVD, particularly in the presence of brachial
AVF.
The existing qualitative parameters for
assessment of right ventricular function have
some limitation. However, right ventricular
fractional area change (FAC) may be useful as
an estimation of right ventricular global
function and Tricuspid systolic annular motion
(TAPSE) may provide a simple method for
global RV systolic functional assessment.
Although, these techniques have some
limitations due to difficult RV geometry.
particularly in patients with distorted right
ventricular shape (14).
The present study was a prospective study that
was designed to investigate the impact of
chronic dialysis therapy on right ventricular
function. It included 228 patients, 114 patient
with ESRD on regular Hemodialysis and 114 as
a control group with normal renal functions.
In the present study both systolic and diastolic
blood pressure were significantly higher in
patients with ESRD than controls, This finding
was similar to the study of (15) who found that
ESRD patients had significantly higher blood
pressure than controls.
In this study patients with ESRD were more
symptomatic regarding dyspnea than controls,
and this was in agreement with (16) who did a
meta analysis of randomized controlled trials in
pulmonary hypertension patients total of 3140
patients in period between Jan 1990 to October
2008 and found that patients with pulmonary
hypertension were more symptomatic regarding
dyspnea.
In the present study we found increase right
ventricular wall thickness in patients with
Walied A., et al…
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ESRD than controls, and this in agreement with
a study carried by (17) which used RV wall
thickness as a one of the parameters to assess
right ventricular functions in patients with
increased pulmonary pressure as an indicator of
pressure overload.
Right ventricular fractional area change is a
measure of RV systolic function that has been
shown to correlate with RV ejection fraction by
magnetic resonance imaging (MRI) (18). In our
study we found that RV FAC was significantly
lower in patients with ESRD than controls, Our
study found that the prevalence of reduced FAC
(less than 35% according to the definition by
American Society of Echocardiography
Guidelines
for
the
Echocardiographic
Assessment of the Right Heart in Adults 2010)
was 48% (55 patients)., Study conducted by
(19) showed statistically significant decrease in
RV FAC in patients of HD compared with
control.
The TAPSE is good parameter to evaluate the
right ventricle function and it correlates closely
with RVEF and RV fractional area change in a
variety of patient populations (20), Our study
found that the prevalence of reduced TAPSE
(less than 1.6 cm (according to the mean lower
limit of TAPSE defined by American Society of
Echocardiography
Guidelines
for
the
Echocardiographic Assessment of the Right
Heart in Adults 2010) was 40% (45 patients).
There are few recent studies that measured the
TAPSE in chronic HD as (21) study which
shows significantly lower TAPSE in patients
with ESRD with AVF after HD more than
patients with permanent central venous catheter
and normal controls.
In the present study there was a highly
significant difference in measurement of Tie
index (assessed by conventional Doppler and
Tissue Doppler) between patients with ESRD
on HD and controls with a prevalence of
abnormal Tie index by conventional Doppler
was 76% (87 patients) and prevalence of
abnormal Tie index by tissue Doppler was 80%
(91 patients), which agreed with the data by
(22) who examined patients with pulmonary
hypertension and found that Tie index by TDI
6|Page
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is significantly superior than conventional
Doppler in assessment of RV Tie index because
Tissue Doppler reflect functional status of the
myocardium directly.
According to the mean lower limit of lateral
TDI S wave (less than 10 cm/sec )there were
84% (96 patients) who had abnormal decrease
of lateral TDI S wave.
Our study showed that patients with HD had
statistically significant lower lateral TDI S
wave compared to controls. This finding was
similar to the study conducted by (23) that
showed significant decrease in lateral and septal
tricuspid annular systolic excursion in HD Vs
controls.
Study Limitations

Small number of patients in the study.

Exclusion criteria which used in study
protocol rolled out many variables that may
affect RV function.

Cardiac Magnetic resonance (MRI) not
used to asses RV function to be compared with
echocardiography results.

The lack of follow up of HD patients
with right ventricular dysfunction did not give
the chance to know the prognosis.
CONCLUSION
Myocardial Performance index (tie index) and
S wave measured by tissue Doppler are simple
and quick parameters that can used in HD
patients to asses global right ventricular
function with good accuracy .Both parameters
not affected by right ventricular geometry and
have the advantage of simultaneously recording
both systolic and diastolic velocity patterns in
the same cardiac cycle.
Conflict of Interest: Nothing to declare.
Financial Disclosures: Nothing to declare.
REFERENCES
(1) Yigla M, Banderski R, Azzam ZS, Reisner
SA, Nakhoul F. Arterio-venous access in endstage renal disease patients and pulmonary
hypertension. Ther Adv Respir Dis. 2008; 2:
49–53.
(2) Damiano RJ, La Follette P Jr, Cox JL, Lowe
JE, Santamore WP. Significant left
ventricular contribution to right ventricular

Walied A., et al…

10.21608/zumj.2019.12536.1219

systolic function. Am J Physiol. 1991;261:
H1514-24.
(3) Dandel M, Lehmkuhl H, Knosalla C, Hetzer
R. Tissue Doppler imaging: diagnostic and
prognostic value. J Am Coll Cardiol 2007; 50:
1614.
(4) Rudski LG, Lai WW, Afilalo J. Guidelines for
the Echocardiographic Assessment of the Right
Heart in Adults: A Report from the American
Society of Echocardiography Endorsed by the
European Association of Echocardiography, a
registered branch of the European Society of
Cardiology, and the Canadian Society of
Echocardiography. J Am Soc Echocardiogr
2010;23:685-713
(5) Rushmer RF, Crystal DK, Wagner C, Brener
SJ, Dizon JM, Mehran R The functional
anatomy of ventricular contraction. Cir Res
1953; 1: 162.170 Grant RP. Notes on the
muscular architechture of the left ventricle.
Circulation 1965; 32: 301-308.
(7) Schwerzmann M, Samman AM, Salehian O,
Holm J, Provost Y, Webb GD, et al.
Comparison of echocardiographic and cardiac
magnetic resonance imaging for assessing right
ventricular function in adults with repaired
tetralogy of Fallot. Am J Cardiol
2007;99:1593-7.
(8) Sharma R, Pellerin D, Gaze DC.Mitral peak
Doppler E-wave to peak mitral annulus
velocity ratio is an accurate estimate of left
ventricular filling pres pressure and predicts
mortality in end-stage renal disease. J Am Soc
Echocardiogr 2006;19:266–73..
(9) Shaver JA, Nadolny RA, O’Toole JD,
Thompson ME, Reddy PS, Leon DF, et al.
Sound pressure correlates of the second heart
sound. An intracardiac sound study.
Circulation. 1974; 49:316-25.
(10) Shimizu G, Hirota Y, Kita Y. Left ventricular
midwall mechanics in systemic arterial
hypertension. Myocardial function is depressed
in
pressure-overload
hypertrophy.
Circulation1991; 83: 1676–1684.
(11) Shlipak MG, Fried LF, Crump C,
Thompson ME, Reddy PS, Leon DF.
Cardiovascular disease risk status in elderly
persons with renal insufficiency. Kidney Int
2002;62:997– 1003.
(12) Silberberg JS, Barre PE, Prichard SS.
Impact of left ventricular hypertrophy on

7|Page

January. 2021 Volume 27 Issue 1
survival in end-stage renal disease. Kidney Int
1989; 36: 286–290.
(13) Simonson JS, Schiller NB. Descent of the
base of the left ventricle: an echocardiographic
index of left ventricular function. J Am Soc
Echocardiogr 1989; 2: 25-35.
(14) Starr I, Jeffers WA, Meade RH. The absence
of conspicuous increments of venous pressure
after severe damage to the RV of the dog, with
discussion of the relation between clinical
congestive heart failure and heart disease. Am
Heart J. 1943;26:291-301.
(15)Starr I, Jeffers WA, Meade RH. The absence
of conspicuous increments of venous pressure
after severe damage to the RV of the dog, with
discussion of the relation between clinical
congestive heart failure and heart disease. Am
Heart J. 1943;26:291-301.
(16) Stenvinkel P, Wanner C, Metzger T, et al.
Inflammation and outcome in end-stage renal
failure: Does female gender constitute a
survival advantage? Kidney Int 2002;62:1791–
1798.
(17) Suga H. Cardiac energetics: from E (max) to
pressure-volume area. Clin Exp Pharmacol
Physiol. 2003;30:580-5.
(18) Sutherland GR, Kukulski T, Voight JU,
D'hooge J. Tissue Doppler Echocardiography:

10.21608/zumj.2019.12536.1219

Future Developments. Echocardiography 1999
Jul; 16(5):509-20.
(19) Sutherland GR, Stewart MJ, Groundstroem
KW. Color Doppler myocardial imaging: a
new technique for assessment of myocardial
function. J Am Soc Echocardiogr 1994; 7:
441.458.
(20) Tei C, Dujardin KS, Hodge DO, Bailey KR,
McGoon MD, Tajik AJ, et al. Doppler
echocardiographic index for assessment of
global right ventricular function. J Am Soc
Echocardiogr 1996;9:838-47.
(21) Teichholz LE, Kreulen T, Herman MV.
Problems in echocardiographic volume
determinations:
Echocardiographicangiographic correlations in the presence or
absence of asynergy. Am J Cardiol 1976; 37: 7
11.
(22) The Expert Committee on the Diagnosis and
Classification of Diabetes Mellitus: Followup report on the diagnosis of diabetes mellitus.
Diabetes Care 2003; 26: 3160–3167.
(23) Trespalacios FC, Taylor AJ, Agodoa LY,
Bakris GL, Abbott KC. Heart failure as a
cause for hospitalization in chronic dialysis
patients. Am J Kidney Dis 2003; 41: 1267–
1277.

abd elshafey, W., Abd-Elsamei, M., Kandeel, N., Soliman, M. Assessment of right ventricular function in
patient with chronic renal failure on regular dialysis by echocardiography. Zagazig University Medical
Journal, 2021; (1-8): -. doi: 10.21608/zumj.2019.12536.1219

Walied A., et al…

8|Page

