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Echocardiographic assessment of right
ventricular functions in nondiabetic
normotensive hemodialysis patients
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Abstract: Purpose: Heart is affected structurally and functionally in end-stage renal disease (ESRD). However, the data available about adverse
effects of ESRD on right ventricle (RV) is scarce. We aimed to evaluate echocardiographic parameters of RV in nondiabetic, normotensive
patients with ESRD undergoing hemodialysis (HD). Methods: A total of 45 (24 women; mean age 52.4 + 12.4 years) consecutive nondiabetic,
normotensive patients with ESRD undergoing HD and 39 healthy age and sex-matched control subjects (22 women; mean age 50.3 + 6.6
years) were enrolled in the study. M-mode and two dimensional images, color, pulsed and continuous wave Doppler, and tissue Doppler
measurements were acquired from all subjects. Echocardiographic evaluation was performed in the days between HD dates of the patients.
Results: RV fractional area change, tricuspid annular plane systolic excursion, tricuspid E velocity, E/A ratio, tricuspid annular E” velocity, and
E’/A’ ratio were lower in patients than controls (p < 0.001, p = 0.003, p = 0.007, p = 0.005, p < 0.001, and p = 0.034, respectively). However,
RV diastolic area, RV myocardial performance index, E/E’ ratio, and mean and systolic pulmonary artery pressure were higher in patients than
controls (p < 0.001, p = 0.007, p = 0.005, p < 0.001, p = 0.0006, respectively). Conclusions: RV systolic and diastolic functions of nondiabetic,
normotensive HD patients are deteriorated as compared to healthy controls.
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Introduction There are many difficulties in evaluation of RV due

to peculiar anatomy and retrosternal localization [4].
Significant increase in cardiovascular morbidity and RV functions may be appreciated with different tech-
mortality is reported in patients with end-stage renal niques such as catheterization, nuclear magnetic reso-
disease (ESRD). Cardiovascular diseases are the most nance imaging, and echocardiography [5-7]. Different
common cause of death in this group of patients [1]. methods have been tried to overcome this technical
Several studies showed that left ventricular systolic and difficulty in echocardiographic evaluation. Several
diastolic functions were deteriorated in patients with echocardiographic parameters such as fractional area
chronic renal disease and this was associated with worse change (FAC), tricuspid annular plane systolic excur-
clinical outcomes [2]. Although the relationship be- sion (TAPSE), tricuspid annular systolic velocities,
tween right ventricle (RV) dysfunction and adverse out- and myocardial performance index (MPI) derived by
comes has been shown in many diseases and preclinical tissue Doppler imaging have been well described in
conditions [ 3], little is known about RV in nondiabetic, the evaluation of systolic and diastolic functions of RV
normotensive hemodialysis (HD) patients. [8,9].
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Hypertension (HT) and diabetes mellitus (DM) are
frequently accompanying disorders in patients undergo-
ing hemodialysis (HD) which may affect RV functions.
We aimed to evaluate RV functions in terms of men-
tioned parameters in nondiabetic, normotensive patients
with ESRD undergoing HD.

Materials and Methods
Population and study protocol

This was a cross-sectional, observational prospective
study, and a total of 45 (24 women, 21 men; mean age
52.4 + 12.4 years) consecutive nondiabetic, normoten-
sive HD patients were recruited. Subjects were selected
from patients who had been routinely treated in the he-
modialysis unit of Hitit University Corum Research and
Training Hospital for at least 1 year and received stan-
dardized HD prescriptions (500 mL/min dialysate flow;
200-250 mL /min blood flow; 4 h of dialysis per session;
3 sessions per week). Exclusion criteria were HT (his-
tory of hypertension or office blood pressure 2140,/90
mmHg or being on antihypertensive medication), DM
(fasting blood glucose > 125 mg/dL or HbAl. > 6.5%
or being on antidiabetic medication), clinical and echo-
cardiographic findings of systolic heart failure (LV ejec-
tion fraction [EF] less than 50%), and coronary artery
disease (clinical or ECG evidences of myocardial isch-
emia, i.e., angina pectoris, segmental wall motion ab-
normalities on echocardiography, ischemic changes on
ECG or known coronary artery disease). Patients with-
out sinus rhythm, patients with moderate or severe val-
vular heart disease, pericardial disease, previous renal
transplantation, and clinical signs of over hydration, and
those who have inadequate echocardiographic imaging
were also excluded from the study. The age- and gender-
matched 39 healthy subjects (22 women, 17 men; mean
age 50.3 + 6.6 years) were enrolled as the control group.
The study was approved by the local ethics board. Ex-
aminations of the patients confirmed to good medical
and laboratory practices and recommendations of the
Declaration of Helsinki on Biomedical Research Involv-
ing Human Subjects. Informed consent was taken from
all participants.

The physical examination of all patients was under-
taken on a day that they were not receiving HD therapy.
Blood samples were obtained in the morning after an
overnight fasting (before starting a dialysis session in HD
patients). Blood pressure (BP), heart rate, demographic
characteristics, clinical history, laboratory parameters,
and medications of the patients were recorded. Routine
serum biochemical variables including glucose, calcium,
phosphorus, hemoglobin, albumin, and lipids were ana-
lyzed using standard laboratory methods. Serum PTH
levels were measured by immunoradiometric assay.
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Echocardiography

Echocardiographic examinations were performed with
2—4 MHz phased array transducer attached to a Vivid S5
echocardiography machine (GE, Horten, Norway) by a
cardiologist who was blinded to clinical details of each
subjects. Single lead ECG was recorded continuously
during the echocardiographic examination in left lateral
decubitus position during end-expiratory apnea. M-mode
and two dimensional images, color, and pulsed and con-
tinuous wave Doppler measurements were acquired from
all subjects compatible with standard echocardiographic
application methods. Left ventricular EF of all subjects
were calculated by using biplane Simpson’s method.

Inferior vena cava (IVC) diameter and collapse, and
E/E ratio were measured to evaluate the preload; sys-
tolic and mean pulmonary arterial pressure (PAP) were
measured to evaluate the afterload; FAC, § velocity,
TAPSE, and TDI-derived MPI were measured to evalu-
ate systolic function; tricuspid E wave velocity, E/ A ra-
tio, E" velocity, and E’/ A’ ratio were measured to evalu-
ate diastolic function of RV.

Systolic PAP was estimated by adding estimated right
atrium (RA) pressure to the tricuspid regurgitation (TR)
jet velocity, if present (4 x TR velocity” + RA pressure).
Inferior vena cava diameter at end-expiration and its re-
spiratory collapse were recorded. Mean PAP was calcu-
lated by using pulmonary acceleration time (AT) mea-
sured by pulsed Doppler of the pulmonary artery in sys-
tole with the formula “Mean PAP = 79 - (0.45 x AT)”
[10]. The formula “Mean PAP = 90 - (0.62 x AT)” was
used in patients with AT < 120 ms [11].

TAPSE was calculated by placing an M-mode cur-
sor through the tricuspid annulus and measuring the
amount of longitudinal motion of the annulus at peak
systole in the standard apical 4-chamber view.

FAC was obtained by tracing the RV endocardium
both in end-systole and end-diastole from the annulus,
along with the free wall to the apex, and then back to the
annulus along with the interventricular septum in the
standard apical 4-chamber view. Right ventricular FAC
was calculated using the formula FAC = (end-diastolic
area — end-systolic area) / end-diastolic area x 100 [12].

Pulsed wave TDI (tissue Doppler image) was ob-
tained by activating the machine’s tissue Doppler imag-
ing function with gains adjusted to eliminate transval-
vular flow velocities and minimize noise. In the apical
4-chamber view, a 5-10 mm sample volume was placed
at the lateral side of the tricuspid annulus. Measurements
were recorded during the end-expiratory apnea in order
to minimize the respiratory effect.

On the TDI images, annular peak systolic velocity (S),
early (E’) and late (A”) peak annular diastolic velocities,
and systolic velocity duration were measured as ejection
time (ET), isovolumetric relaxation time (IVRT, time
between the end of ET and the beginning of E’), and
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isovolumetric contraction time (IVCT, time between the
end of A” and the beginning of ET) were measured. The
final values of all parameters were recorded as the aver-
age of measurements of three cardiac cycles. Tricuspid
valve closure and opening time (TCO) which was mea-
sured from the cessation of the A” wave to the beginning
of the E” wave, encompassed IVCT, ET, and IVRT. The
TDI-derived MPI, as a global estimate of both systolic
and diastolic functions of the RV, was calculated as the
sum of IVCT and IVRT divided by the ET with the for-
mula “TDI-MPI = (TCO-ET) / ET) [4].

Intra-observer variability was assessed in 20 patients
by repeating the measurements on two occasions under
the same basal conditions. In order to evaluate the inter-
observer variability, the measurements were recorded
offline from digital recordings by a second observer who
was blinded to the results of the first examination.

Statistical analysis

Continuous variables were tested for normal distribution
by the Kolmogorov-Smirnov test. Continuous variables

were presented as mean + standard deviation and com-
pared by Student z-test if normally distributed or pre-
sented as median (25th—75th percentiles) and compared
by Mann-Whitney U test if not compatible with nor-
mal distribution. Categorical variables were summarized
as percentages and compared with the Chi-square test.
Pearson test was used in correlation analysis between
parametric variables. Spearman’s p test was used in the
correlation analysis of nonparametric variable. A two-
sided p value <0.05 was considered as statistically sig-
nificant.

Results

The indications for HD in the patient group were poly-
cystic kidney disease in 13 (28.8%), pyelonephritis in 7
(15.6%), glomerulonephritis in 9 (20%), hydronephrosis
in 10 (22.2%) toxic nephropathy in 4 (8.9%), and un-
known in 2 (4.5%) patients. All patients had radial arte-
riovenous fistula.

Groups were similar in terms of age and gender [52.4
+ 124 vs. 50.3 + 6.6 years, p = 0.347; 21 (47%) vs.

Table I | Demographic characteristics and laboratory results of the groups

ESRD patients Controls pvalue

(n=45) (n=239)

Age (years) 524 +124 50.3+6.6 0.347
Male, 7 (%) 21 (47) 17 (44) 0.779
Body surface area (m?) 1.67£0.2 1.82 £0.15 <0.001
Body mass index (kg/m?) 264 +6.2 28.5+3.9 0.069
Resting heart rate (beats/min) 749 +99 65.8+7.9 <0.001
Systolic BP (mmHg) 113.1 £ 19.3 115.0 =+ 8.8 0.585
Diastolic BP (mmHg) 70.9 = 10.5 744 + 6.7 0.078
HD duration (months) 84 (60-141) - -
Urea (mg/dL) 150 + 32 30«7 <0.001
Creatinine (mg/dL) 9824 0.8+0.2 <0.001
Glucose (mg/dL) 86.3+154 95174 0.001
Potassium (mEq/L) 5.5+0.6 44+0.3 <0.001
Calcium (mg/dL) 8.8+0.9 95+04 <0.001
Phosphorus (mg/dL) 52=+11 3605 <0.001
Parathyroid hormone (pg/mL) 503 + 405 54 £ 20 <0.001
Albumin (g/dL) 39+0.3 4.7 +0.3 <0.001
Uric acid (mg/dL) 6912 48=+09 <0.001
Total cholesterol (mg/dL) 181 =40 206 = 49 0.016
Triglycerides (mg/dL) 193 +73 149 + 101 0.030
Hemoglobin (g/dL) 11.7+ 1.1 139+1.6 <0.001
Hematocrit (%) 34.3+3.0 42.6+4.4 <0.001

BP: blood pressure, ESRD: end-stage renal disease, HD: hemodialysis
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Table II | Echocardiographic characteristics of groups

ESRD patients Controls

(n = 45) (n = 39) palue
Left heart values
LVEDD (mm) 47.3+4.9 47.6+5.9 0.328
LVEDD index (mm/m?) 28.8 £ 4.5 26.3+32 0.004
LV ejection fraction (%) 66.0 5.7 67.5+44 0.174
LV mass index g/m? 110.7 + 30.3 84.3+249 <0.001
Left atrial diameter (mm) 341+51 319+44 0.044
Left atrial diameter index mm,/m?> 20.7 = 3.7 17.7 +25 <0.001
Right heart values
RV diastolic area (cm?) 157 +2.3 124 + 3.1 <0.001
RV diastolic area index (cm?/m?) 88=x1.6 7.6+2.1 0.010
RV fractional area change (%) 40.1+7.7 48499 <0.001
IVC diameter (mm) 13.1+7.4 109 +6.0 0.282
Inspiratory IVC collapse (%) 42.6 £12.9 789 +12.9 <0.001
More than mild TR, # (%) 21 (47) 3(8) <0.001
Mean PAP (mmHg) 25.6 £6.9 153 £4.6 <0.001
Systolic PAP (mmHg) 419+ 12.7 245+3.8 0.006
E (cm/s) 499+95 55.7+£9.5 0.007
E/ A ratio 1.07 + 0.48 1.38 +0.19 0.005
S (cm/s) 11.8+3.1 12829 0.135
E’ (cm/s) 8.4 +35 12.0 + 3.3 <0.001
A’ (cm/s) 15.0£4.2 14.1 £ 4.6 0.336
E' /A’ ratio 0.59 £ 0.29 1.19 =+ 1.67 0.034
E/E’ ratio 7.6+4.0 5014 0.005
TDI-derived MPI 0.63+0.23 0.51 £0.17 0.007
TAPSE (mm) 2.32£042 2.56 £ 0.29 0.003

ESRD: end-stage renal disease, IVC: inferior vena cava, LVEDD: left ventricular end-diastolic diameter, LV: left
ventricle, RV: right ventricle, TR: tricuspid regurgitation, PAP: pulmonary artery pressure, TDI: tissue Doppler
imaging, MPI: myocardial performance index, TAPSE: tricuspid annular plane systolic excurtion

17 (44%) male, p = 0.779]. Furthermore, there was no
significant difference between the patients and controls
with respect to systolic and diastolic BP (113.1 + 19.3
vs. 115.0 =+ 8.8 mm Hg, p = 0.585, and 70.9 + 10.5
vs. 74.4 + 6.7, p = 0.078, respectively), but heart rate
was higher in the ESRD group (74.9 £ 9.9 vs. 65.8 =
7.9 beats/min, p < 0.001). Body mass indices (BMI) of
groups were similar (26.4 = 6.2 vs. 28.5 = 3.9 kg/m?,
p=0.0069), whereas mean body surface area (BSA) of the
control group was significantly higher than that of the
patients (1.82 + 0.15 vs. 1.67 + 0.2 m?, p < 0.001). The
ESRD patients had been on hemodialysis program for a
median of 84 (60-141) months. Mean weight change
at the end of each dialysis sessions was 2.69 = 1.02 kg.
In the laboratory test, triglyceride, uric acid, urea, creati-
nine, potassium, phosphorus, and parathyroid hormone
(PTH) levels were significantly higher; however, glucose,
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calcium, albumin, total cholesterol, hemoglobin, and he-
matocrit levels were found to be significantly lower in the
ESRD patients. Demographic characteristics and labora-
tory results of the groups were presented in Table 1.
There was no significant difference between groups
with respect to LV end-diastolic dimension, and LV
ejection fraction; however, LV end-diastolic dimension
index, left atrial (LA) diameter, LA diameter index, and
LV mass index were higher in the ESRD group. VCI
diameters of groups were similar, but inspiratory collapse
was less, and E/E’ ratio was higher in ESRD patients
than controls. RV diastolic area, RV diastolic area index,
frequency of tricuspid regurgitation, and mean and sys-
tolic PAP values were higher in ESRD patients than that
of controls (Table II). Tricuspid S velocity was similar
between groups, while FAC (Fig. 1) and TAPSE (Fig. 2)
were lower (40.1 + 7.7 vs. 48.4 £ 9.9%, p < 0.001, and
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Fig. 1. The box-plot graph comprising of fractional area change  Fig. 2. The box-plot graph comprising of tricuspid annular plane
values between hemodialysis patients and control subjects systolic excursion values between hemodialysis patients
Abbreviations: HD = hemodialysis, FAC = fractional area and control subjects. Abbreviations: HD = hemodialysis,
change TAPSE = tricuspid annular plane systolic excursion
the parameters associated with diastolic functions were
1.20 deteriorated in patients with ESRD undergoing HD as
compared to healthy subjects.
1.00- Possible causes of right ventricular changes in patients
undergoing HD may be uremia, fluid retention, renal
g — anemia, hyperparathyroidism, and high AV shunt ﬂoyv
z [13-15]. Although RV works against low pressure in
= - normal situations, it can adapt to high volume chang-
) es. However, this contractile reserve is limited, and in
l patients, with chronic renal failure in whom high vol-
0404 ume changes occur, RV dysfunction may develop after
L a while. Transthoracic echocardiography is the most
0.20- commonly used diagnostic tool for the evaluation of RV
HD Group Cositrol Group ﬁ}nctlol.ls in clinical practice. However, the.rc are some
difficulties in the evaluation of RV because its functions
Fig. 3. The box-plot graph comprising of right ventricle myocar-  are closely related with many variables like preload, heart

dial performance index values between hemodialysis pa-
tients and control subjects. Abbreviations: HD = hemodi-
alysis, MPI = myocardial performance index

2.32 042 vs. 2.56 = 0.29 cm, p = 0.003, respectively),
and MPI (Fig. 3) was higher (0.63 = 0.23 vs. 0.51 =
0.17 p = 0.007) in ESRD group reflecting diminished
RV systolic functions. In respect to RV diastolic func-
tions, tricuspid E velocity and E/ A ratio, tricuspid annu-
lar E velocity, and E’/ A’ ratio were significantly lower
in the ESRD group (p = 0.007, p = 0.005, p < 0.001,
p = 0.034, respectively). A” velocity was similar in both
groups. The results of the echocardiographic measure-
ments are presented in Table I1.

Discussion
This study revealed that preload and afterload of right

ventricle increased, while FAC, TAPSE, and MPI, which
are indicators of right ventricular systolic functions, and
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rate, and age.

Since HT, DM, coronary artery disease, and heart
failure are frequently seen in patients undergoing hemo-
dialysis, diastolic dysfunction frequently accompanies to
ESRD in this group of patients [16-18]. It was shown
that RV function is adversely affected in the presence of
HT [19] and DM [20]. Therefore, in our study, we ex-
cluded the patients with HT and DM in order to get rid
of their effects on RV functions.

Since diastolic parameters of RV are affected from
abrupt volume changes during dialysis, it has been in-
vestigated in many studies, and there is conflicting data
regarding this issue. Arinc et al. showed that RV systolic
and diastolic velocities detected by TDI were not or only
minimally affected from preload reduction in hemodialy-
sis patients [21]. Drighil et al. showed that both systolic
and diastolic TDI velocities of the RV are preload depen-
dent [22]. It is known that E/E’ value is a relatively less
volume dependent variable [23]. In the present study,
in order to minimize these changes, we gathered data at
the midday of two dialysis days of our patients, and this
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is why we tried to purify our variables from conflicting
affects of high or low volume load.

TAPSE, the annular motion of RV towards the apex,
is generally used as a prognostic marker in several cardiac
disorders. For example, low TAPSE values indicate poor
prognosis in patients with idiopathic pulmonary arterial
hypertension [24]. In addition, TAPSE was found to be
well correlated with RV EF which was calculated by ra-
dionuclide angiography [25]. With the lowest intra- and
inter-observer variability, TAPSE < 2 c¢m indicates that
the RV EF is below 40% measured with RV fractional
area change [26, 27]. Although TAPSE values increase
from birth to adolescence, it does not change through
adulthood [28, 29]. Also, we did not observe any cor-
relation between TAPSE and age in this study. However,
TAPSE does not give any information about segmental
wall motion abnormalities. Also, reliability of TAPSE de-
creases in the presence of severe tricuspid regurgitation
[30]. Thus, we did not include patients with severe TR
in order to exclude the conflicting affect of tricuspid re-
gurgitation on TAPSE values. Additionally, RV function
might be affected by an impaired left ventricular func-
tion, so this group of patients was not included in the
present study.

Supranormal TAPSE values are seen in patients with
atrial septal defect, and it has been shown that this value
diminishes to normal ranges after closure of the defect
with devices [31]. In this manner, TAPSE value may be
found higher in patients undergoing hemodialysis due
to volume overload; however, we found that our ESRD
patients undergoing HD had significantly lower TAPSE
values compared to healthy controls.

The correlation between TAPSE and heart rate (HR)
is thought to be linear and negative by some authors. A
number of studies have shown that HR has a clear influ-
ence on tricuspid annular plane movement, while some
others not [32]. In our study, there was no correlation
between HR and TAPSE in both groups.

Reliability of RV EF values estimated by FAC is low
because of the complex RV geometry and unclear sur-
faces of trabeculated endocardium [33]. Normal values
for RV EF vary from 32% to 60% [34]. In our study,
mean RV EF values were found within normal ranges in
each group while ESRD patients had significantly lower
RV EF values compared to controls. There are some dif-
ficulties in evaluation of echocardiographic parameters
used to understand RV functions due to disadvantages
in RV structural geometry. MPI, as a nongeometrical
parameter, is calculated by using Doppler via division of
the sum of IVCT and IVRT to the ET [35]. Similar to
left ventricle, MPI can be calculated for RV, and it is
a less affected parameter from HR [36], preload [37],
and afterload. In our study, there was a statistically sig-
nificant difference between patients and healthy controls
in terms of MPI values, reflecting both RV systolic and
diastolic functions.

ISSN 2061-1617 © 2015 Akadémiai Kiadd, Budapest

100

IVC diameter and respiratory variation are important
indicators of right atrial pressure. A diameter of less than
1.5 cm in long axis with normal respiratory variation
(~50%) corresponds to right atrial pressures <10 mmHg
[35]. In our study, we found that there was no signifi-
cant difference between groups in terms of IVC diam-
eters, whereas respiratory variation in IVC was signifi-
cantly different. This may indicate a subclinical influence
on RV functions.

Limitations

This was a cross-sectional study including relatively small
number of ESRD patients without DM and HT. Sub-
clinical pulmonary disease or venous thromboembolic
conditions were not systematically excluded which may
affect RV functions. Although echocardiographical pa-
rameters were measured on the day between HD days,
volume changes may have influence on RV functions in
patients undergoing hemodialysis.

Conclusions

This study shows that RV systolic and diastolic functions
are disrupted in hemodialysis patients without HT and
DM. Intrinsic pathophysiological processes occurring in
chronic renal failure such as inflammation and fibrosis
may lead to these results.
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