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Background: Tissue Doppler imaging is used routinely to quantify both left and right ventricular function. However, normal reference
values of echocardiography parameters of the right ventricle in Iranian population are still unknown.

Objectives: Accordingly, we conducted a study to determine the normal values of echocardiography parameters of right ventricular
function in a healthy Iranian population.

Patients and Methods: One hundred and eighty seven healthy volunteer subjects enrolled. Normal subjects were chosen by taking into
account history, physical examination, ECG and echocardiography.

Results: Reference ranges (5th and 95th percentile values) for tricuspid E velocity, A velocity, E/A ratio, deceleration time, annular Sa
velocity, Ea velocity, and E[Ea ratio were derived for the whole individuals and for each of the three age groups (< 30, 30-39, 40-49). The
deceleration time, E| Ea ratio and acceleration time of the iso-volumetric contraction time (IVA) were greater in male than in female. All
measured parameters were bigger but not statistically significant in the 40-49 year-old group in comparison with the <30 year-old group.
Comparison of data between different groups showed no significant differences between the majority of data when they have been
adjusted to body surface area, age and sex.

Conclusions: The reference ranges presented for the echocardiography parameters of right ventricular function, albeit not conducted in
asizable sample of normal cases, will help to standardize the assessment of RV functions, particularly by tissue Doppler imaging.
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1. Background

Importance of the right ventricular (RV) function has
been partly underestimated. The main role of the RV is
contribution into the normal cardiac pump function so
as to maintain adequate pulmonary perfusion pressure
and low systemic venous pressure in order to prevent
tissue and organ congestion(1).The RV function may be
impaired due to primary right-sided heart diseases or sec-
ondary to left-sided heart diseases (2) and is considered
as a major determinant of the clinical outcome (3, 4).It is
possible to assess the RV function invasively using high
fidelity pressure catheters to measure the peak negative
pressure/time change (dP/dt) and right sided filling pres-
sures, but this method is invasive and load-dependent (5,
6). Echocardiography is now recognized as versatile diag-

nostic tool that enables us to quantify cardiac chamber
size, ventricular mass, and function noninvasively in vary-
ing clinical settings. It has also become a virtual imaging
technique to evaluate the right side of the heart. Guide-
lines for the Echocardiographic Assessment of the Right
Heart in Adults were provided by the American Society of
Echocardiography in conjunction with the European As-
sociation of Echocardiography and the Canadian Society
of Echocardiography (7). However, most of these data are
derived from American and European populations and
because both physical and racial differences might have
an influence on chamber size and function, it is important
to evaluate the echocardiography parameters of specific
populations. Reference values based on Asian populations
have recently been reported (8), although there is no spe-
cific report for the [ranian population.

Implication for health policy/practice/ research/ medical education

RV diastolic function is very important and effective in evaluation of RV function .The echocardiographic basis for evaluation of right ventricle function
based on tricuspid valve inflow and tissue Doppler velocity of tricuspid valve annulus is less studied and normal ranges of the above measurements is
not defined in clinical settings. These data could be obtained without any invasive procedure by echocardiography.
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2. Objectives

Accordingly, we designed and conducted a study, to de-
termine the normal values for echocardiographic mea-
surements of the right side of the heart.

3. Patients and Methods

The present study evaluated 187 healthy volunteer sub-
jects between 18 and 49 years of age. These healthy sub-
jects were chosen by taking into account history, physi-
cal examination, ECG and comprehensive transthoracic
echocardiography. The study was approved by the eth-
ics committee of Rajaie Cardiovascular Medical and Re-
search Center, and informed consent was obtained from
all subjects.

3.1. Echocardiography study

All subjects were studied using M-mode and two-di-
mensional echocardiography and conventional Dop-
pler and TDI in accordance with the American society
of echocardiography guidelines (9).

Tissue Doppler Imaging: Myocardial velocities were
measured on-line using a standard pulsewave Doppler
echocardiography. Color-coded images were acquired
during a breath hold over three consecutive cycles us-
ing tissue Doppler imaging at a frame rate of 150 MHz.
The imaging angle was adjusted parallel with the myo-
cardial segment of interest. The sample volume was
placed at the junction of the RV free wall with the tri-
cuspid annulus in the apical 4-chamber view. All the
echocardiography measurements were performed us-
ing a General Electric Vivid 7 phased-array system (GE
Medical Systems). Velocities were measured on-line
at a sweep speed of 50-100 mmy/s as if needed. All the
parameters were calculated as the mean of three con-
secutive cycles. Following indices were determined by
comprehensive Doppler inflow studies of both mitral
and tricuspid valves: E wave deceleration time , E/A
ratio , annular tissue Doppler velocities and the ratio
of the early diastolic inflow velocity to the early tissue
Doppler diastolic velocity (E/Ea).

The following measures of right ventricle were ob-
tained additionally by TDI: iso-volumetric contraction
time (IVCT); systolic annular velocity; early diastolic
annular velocity; late diastolic annular velocity; and
iso-volumetric relaxation time (IVRT). We measured
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different right-sided time intervals as following: ac-
celeration time of the iso-volumetric contraction time
(IVA); duration of S wave; time interval from the begin-
ning of the QRS complex to the beginning of the early
tissue Doppler diastolic velocity; duration of IVRT;
time interval from the beginning of the IVCT to the
beginning of the early tissue Doppler diastolic veloc-
ity. Mean TR velocity and IVC diameter and respiratory
variation were measured to calculate pulmonary ar-
tery systolic pressure.

3.2. Statistical Analysis

Statistical analysis was performed using SPSS 15 for Win-
dows (SPSS Inc. Chicago, Illinois), and the variables were
expressed as mean * SD. The Kolmogorov-Smirnov test
was employed to check normal distribution of the con-
tinuous variables; standard statistical techniques was
used to test the differences between patient subgroups
with and without major cardiovascular events; Student
t-test was used for the normally distributed continuous
variables; and Mann-Whitney test for the non-normally
distributed continuous and ordinal categorical variables.
For all methods, a P value < 0.05 was considered statisti-
cally significant.

4. Results

4.1. Descriptive Data

Study subjects consisting of 136 (85%) female and 51 (15%)
male. Tables 1 and 2 demonstrate the general characteris-
tics and echocardiography data of the study population.
The mean age was32+7.7and 30 + 6.9 years for female and
male, respectively. Right heart PW Doppler and TDI mea-
sures (Mean * SD) were as following: E wave =57+ 8 cm/s,
Awave =44 £ 8 cm/s, EDT =209 £ 44 mfs, E/[Aratio=132 %
0.2,E/Ea=4.6+0.9,IVCT=12+ 0.6 cm/s, Sa velocity=13.5 +
0.2 cm/s, Ea velocity =15.7 + 0.15 cm/s, Aa velocity =15+ 0.14
cm/s, S wave duration = 276 + 26 m/s, IVRT = 24 + 15 m/s,
time interval from the beginning of the IVCT to the begin-
ning of Ea velocity = 346 + 38 m/s, time interval from the
beginning of the QRS wave to the beginning of Ea velocity
=397+34 m/s, time interval from the beginning of the QRS
wave to the beginning of the Evelocity =404 + 62 m/s, IVA
=34.5+8 m[s,[IVRT=24 £15m/s, IVC diameter=1.4+ 0.2 cm,
systolic pulmonary artery pressure = 23.5 + 2.5 mm Hg.
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Table 1. General Characteristics of Subjects

Characteristics Male (n =51) Female (n =136)
Age,y 3046.9" 32477
Heart rate, bpm 74+ 4.4 77%5.5
BSA, m? 1.88+0.7 1.69+0.65
Systolic BP *, mmHg 19 +11 18+ 8
Diastolic BP, mmHg 74%8 71£6
LVEF?, % 59+4 61+4
Mitral E[Ea® 6.5+£0.9 6.8£0.9
RVEDD 2, mm 26.5%+3.9 273%3
TAPSE *, mm 259+29 24.5%3.2
RV Sa?, cm/s 13.9+£ 0.6 14.2£0.5
TR? gradient, mmHg 17+£3.2 16£35

* Abbreviations: BP ; blood pressure, LVEF; left ventricular ejection fraction, Mitral E/Ea; ratio of early mitral diastolic velocity to early diastolic mitral
annular velocity, RVEDD; right ventricular end-diastolic diameter, TAPSE; tricuspid annular plane systolic excursion, Sa: tricuspid annular systolic
\b/elocity, TR; tricuspid regurgitation

Data are shown with Mean + SD

. tion time, E[ Ea, IVA, and IVC dimension were greater in
4.2.5exD lﬁerences male than in female, but the time interval from the be-

There were statistically significant differences between  ginning of the QRS complex to the beginning of Ea veloc-
male and female regarding r EDT, rE/ Ea,IVA, time interval ity was smaller in men than those of women (Table 3). The
from the beginning of the QRS complex to the beginning  remaining measures did not significantly differ between
of Ea velocity, and IVC dimension (Table 3). The decelera-  the two sexes.

Table 2. Echocardiographic Characteristics

Parameters Mean + SD Percentile Min Max
5 25 50 75 95
rE,cm/s? 0.57+0.08 0.44 0.52 0.57 0.62 0.7 0.4 0.8
rA,cm/s 0.44+0.08 0.32 0.37 0.43 0.5 0.59 0.23 0.65
rEDT, m/s 210 £ 42 176 188 200 210 308 126 418
r E/A 1.32+0.2 1 1.2 13 1.4 1.7 0.93 1.84
r E/Ea 410 £35 351 382 414 437 460 306 522
E[E, TV 4.6+0.9 1.6 4 4.6 5.2 6.4 0.6 7.2
IVCT peak 12+ 0.6 8 10 12 13 18 5 18
Sa peak, cm/s 13.5+0.2 10 12 13 15 17 9 20
Ea peak, cm/s) 15.7+0.15 9 1 12 14 24 6 26
Aa peak, cm/s 15+£0.14 8 10 12 15 24 5 25
IVA, cm/s 34.5+8 22 28 34 40 46 18 69
S duration, m 276 £26 237 262 274 291 319 192 363
r IVRT, m/s 2415 (0] 15 23 31 61 0 80
rQ-Ea, m/s 397+34 342 374 400 416 462 320 493
IVCT-Ea, m/s 346 +£38 290 322 345 369 413 203 466
IVC,cm 1.41+0.2 1.2 13 1.4 1.57 1.74 0.8 2
PAP, mmHg 23.5+25 20 20 25 25 25 15 30

*Abbreviations: 1 E ; tricuspid early diastolic velocity, r A; tricuspid late diastolic velocity, rEDT; tricuspid early diastolic deceleration time, r E/A ; the ratio of
early to late tricuspid diastolic velocity, r E[Ea; ratio of early tricuspid diastolic velocity to early diastolic tricuspid annular velocity, Sa peak; tricuspid annular
systolic velocity; Ea peak; tricuspid annular early diastolic velocity, Aa peak;tricuspid annular late diastolic velocity, IVA; the acceleration time of isovolumet-
ric contraction, S duration; duration of tricuspid annular systolic velocity, r IVRT; right ventricular isovolumetric relaxation time; r Q-Ea :time interval form
the beginning of QRS complex to the beginning of early tricuspid annular diastolic velocity; IVCT-Ea, time interval from the beginning of the isovolumetric
relaxation time to the beginning of early tricuspid annular diastolic velocity, IVC; inferior vena cava, PAP; pulmonary artery pressure.
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Table 3. Echocardiographic Characteristics Based on Gender

Parameters Female (n=136) Male (n=51) Pvalue
MV E[Ea® 6.8£0.9° 6.5+0.9 0.9

rE? cm/s 0.57+£ 0.07 0.55+0.07 0.7
rA3 cmfs 0.44+0.08 0.43+0.09 0.5
IVCT-Ea, m/[s 194%9 196 £11 0.002
r E/A? 1.3+0.15 1.35+0.25 0.2
rQ-E2, m/s 408+5 380%5 0.4
rE[Ea 4.6+0.7 48+1 0.01
IVCT peak, cm/s 11.5+2.9 1.6 £2.9 0.12
Sa? peak, cm/s 133+2 13.4%2 0.5

Ea ? peak, cm/s 12.6+2 11.8+2 0.7
Aa?peak, cm/s 123+1 1n.2+1 0.9
IVA2, cm/s 32+6 35+7 0.03
Sduration?®, m/s 275+22 271+17 0.7

r IVRT*, m/s 21+10 19 £10 03
rQ-Ea* m/s 398+32 38031 0.01
IVCT-Ea ?, m/s 347+33 331£35 0.6
IVC?, cm 1.48+0.14 1.57%0.18 <0.001
PAP*, mmHg 23.844.5 23.7+4.8 0.8

* Abbreviation: MV E[Ea ; the ratio of mitral early diastolic inflow velocity to mitral annular early diastolic velocity, r E ; tricuspid early diastolic velocity,
T A; tricuspid late diastolic velocity, rEDT; tricuspid early diastolic deceleration time, r E/A ; the ratio of early to late tricuspid diastolic velocity, r Q-E;
time interval between Q wave of ECG recording and tricuspid early diastolic velocity, r E[Ea; ratio of early tricuspid diastolic velocity to early diastolic
tricuspid annular velocity, Sa peak; tricuspid annular systolic velocity; r Q -E; time interval form the beginning of QRS complex to the beginning of
early mitral annular diastolic velocity, Ea peak; tricuspid annular early diastolic velocity, Aa peak;tricuspid annular late diastolic velocity, IVA; the
acceleration time of isovolumetric contraction, S duration; duration of tricuspid annular systolic velocity, r IVRT; right ventricular isovolumetric
relaxation time; r Q -Ea :time interval form the beginning of QRS complex to the beginning of early tricuspid annular diastolic velocity; IVCT-Ea, time
interval from the beginning of the isovolumetric relaxation time to the beginning of early tricuspid annular diastolic velocity, IVC; inferior vena cava,

PAP;pulmonary artery pressure.
b Data are shown in Mean + SD

4.3. Relation with Age

Three age groups were defined (<30,30-39,40-50). Table
4 depicts differences in measures between the groups.
In evaluation of the echocardiography data of the age
groups, there was a statistically significant relationship
only between the duration of Sa and age. All measured
parameters were much bigger statistically in the 40-
49 year-old group in comparison with the < 30 year-old
group. No statistically significant relationship was de-
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tected between the other aforementioned echocardiog-
raphy parameters and age (Table 4).

4.4. Relation with the Body Surface Area

All measurements were classified based on body surface
area in the three groups (Table 5). Comparison of data be-
tween different groups after adjustment to body surface
area showed no significant differences between the ma-
jorities of data.

163



Shojaeifard M et al.

Table 4. Echocardiographic Characteristics Based on Age

Parameters Age,y Pvalue
18-29 30-39 40-49
MVE[Ea? 6.4+0.8"° 6.7+ 0.9 73+0.8 0.001
rE2 cm/s 0.58+£0.07 0.56 £0.08 0.56 £0.07 0.24
rA3 cmfs 0.45+0.09 0.43+0.08 0.44+0.07 0.35
rEDT 2, m/s 191+26 197+11 197+14 03
rE/A? 1.3£0.19 1.3£0.19 1.28 £0.17 0.53
rQ-E2, m/s 391478 413 £31 407+76 0.13
rE/Ea? 45+1 4.6+0.9 4.9+0.7 0.6
IVCT ® peakcm/s 1+2.6 12£33 12+27 0.5
Sa®peak, cm/s 13.7£2.2 13.6+17 125£1.7 0.7
Ea? peak, cm/s 13£25 12+2 1+1.9 0.25
Aa?peak, cm/s 1.2+35 1.9+3 14+4 0.5
IVA?, cm/s 3177 33.7+5.8 33.21+6.4 03
S duration ?, m/s 272+19 272+22 281+23 0.005
rIVRT %, m/s 20+13 214493 21.6+8.5 0.6
rQ-Ea? mfs 392+36 395 +27 395+35 0.95
IVCT-Ea®, m/[s 344 +34 341%27 346+ 41 0.7
IVC?, cm 1.5+0.14 1.5+ 0.16 1.53+0.17 0.4
PAP *, mmHg 23.4+%23 23.8+2.1 24.4+1.6 0.2

2 Abbreviation: MV E/Ea ; the ratio of mitral early diastolic inflow veloity to mitral annular early diastolic velocity, r E ; tricuspid early diastolic velocity, r
A; tricuspid late diastolic velocity, rEDT; tricuspid early diastolic deceleration time, r E/A ; the ratio of early to late tricuspid diastolic velocity, r Q-E; time
interval between Q wave of ECG recording and tricuspid early diastolic velocity, r E[Ea; ratio of early tricuspid diastolic velocity to early diastolic tricuspid
annular velocity, Sa peak; tricuspid annular systolic velocity; r Q -E; time interval form the beginning of QRS complex to the beginning of early mitral
annular diastolic velocity, Ea peak; tricuspid annular early diastolic velocity, Aa peak;tricuspid annular late diastolic velocity, IVA; the acceleration time of
isovolumetric contraction, S duration; duration of tricuspid annular systolic velocity, r IVRT; right ventricular isovolumetric relaxation time; r Q-Ea :time
interval form the beginning of QRS complex to the beginning of early tricuspid annular diastolic velocity; IVCT-Ea, time interval from the beginning of
the isovolumetric relaxation time to the beginning of early tricuspid annular diastolic velocity, IVC; inferior vena cava, PAP;pulmonary artery pressure

b Data are shown in Mean £ SD

Table 5. Echocardiographic Characteristics Based on Body Surface Area

Parameters Body Surface Area Pvalue
<1.5m? 15-1.9 m? 22m?
MVE[Ea? 6.1+0.8" 6.81£0.9 6.74 1 0.4
rE? cm/s 0.54%0.06 0.57+£0.07 0.56+0.08 0.4
rA? cmfs 0.42+0.06 0.44+0.08 0.46£0.08 0.25
rEDT#, m/s 192+11 194 £20 200+11 0.56
rE/A? 1.3+0.11 132+£0.2 1.23+0.15 0.3
rQ-E+, m/s 406 +31 404 + 61 379+10 0.4
rE[Ea? 4.38+1 4.68+£0.9 4.64+11 0.4
IVCT peak, cm/s 10 £1.2 11.5+3 12£3 0.014
Sa?peak, cm/fs 13£13 13.3+2 3.7+2 0.7
Ea®peak, cm/s 12.6 21 12.4+23 124%24 0.56
Aa?peak, cm/s 1n+£33 122+3.8 1225 0.98
IVA?, cm/s 33+8 32+6.2 34+8.4 0.32
S duration ?, m/s 270 £16 275+21 267+17 0.04
r IVRT?, m/s 182+9.7 21.6+11 16£10 >0.99
r Q-Ea?m/s 390+£33 396+33 375+29 0.4
IVCT-Ea *,;m/s 347+37 346+33 317426 0.1
IVC?, cm 1.4+£0.13 1.5+ 0.15 1.5+0.17 0.8
PAP ?, mmHg 243+%17 23.7+2.2 24.6+13 0.4

2 Abbreviations: MV E[Ea ; the ratio of mitral early diastolic inflow velocity to mitral annular early diastolic velocity, r E ; tricuspid early diastolic velocity,
1 A; tricuspid late diastolic velocity, rEDT; tricuspid early diastolic deceleration time, r E/A ; the ratio of early to late tricuspid diastolic velocity, r Q-E; time
interval between Q wave of ECG recording and tricuspid early diastolic velocity, r E/Ea; ratio of early tricuspid diastolic velocity to early diastolic tricuspid
annular velocity, Sa peak; tricuspid annular systolic velocity; r Q -E; time interval form the beginning of QRS complex to the beginning of early mitral
annular diastolic velocity, Ea peak; tricuspid annular early diastolic velocity, Aa peak;tricuspid annular late diastolic velocity, IVA; the acceleration time of
isovolumetric contraction, S duration; duration of tricuspid annular systolic velocity, r IVRT; right ventricular isovolumetric relaxation time; r Q -Ea :time
interval form the beginning of QRS complex to the beginning of early tricuspid annular diastolic velocity; IVCT-Ea, time interval from the beginning of
the isovolumetric relaxation time to the beginning of early tricuspid annular diastolic velocity, IVC; inferior vena cava, PAP; pulmonary artery pressure

> Data are shown in Mean + SD
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5.Discussion

Diastole is the period of ventricular relaxation and en-
compasses periods of iso-volumetric relaxation and early
and late diastolic filling. Impaired diastolic function with
relative preservation of the systolic function is an early
feature of either the right and or left ventricular impair-
ment (10). The RV dysfunction has been shown to pre-
dict decreased survival in patients with congestive heart
failure. Most studies conducted thus far, have focused
primarily on the RV systolic dysfunction (11).Right ven-
tricular diastolic dysfunction has been found to occur in
patients with chronic pulmonary disease and pulmonary
thrombo embolism, systolic left ventricular failure, and
systemic sclerosis (10). With the introduction of Doppler
echocardiography, other parameters besides clinical as-
sessment, estimation of RA pressure regarding IVC diam-
eter and collapsibility have been examined as measures
of RV performance. Previous studies had grate tendency
to evaluate RV diastolic function conventionally using
trans-tricuspid Doppler flow velocity profile. The vari-
ables measured include the peak velocity of early filling
(E), peak velocity of late filling due to atrial contraction
(A), E/A ratio, and deceleration time of early filling (EDT).
Since the velocities across the tricuspid valve are signifi-
cantly lower than those across the mitral valve, hence
rEDT is longer than the mitral EDT. The tricuspid flow pa-
rameters do not appear to be affected by age (7) but res-
piration causes pronounced variability, so all measure-
ment should be made at end expiration. Up to present
time only a few studies have been carried out on RV func-
tion in normal subjects. No investigation was done in our
country in order to achieve normal reference values of RV
function on a substantial number of normal young adult
individuals. This study demonstrated changes in Pulsed
Wave and tissue Doppler parameters with age, sex and
body surface area in a single healthy population. Gender
differences and age-related changes in echocardiogra-
phy parameters have been evaluated in our study. Our
values were closely resembled to values of guidelines for
the echocardiographic assessment of the right heart en-
dorsed by the European association of echocardiography
(7). The mean value of peak E and rA velocity in our study
were similar to those of which mentioned in the Europe-
an guidelines(7)[57+ 8 cm/s versus 54 (52-56) cm/s and 44
+ 8 cm/s versus 40 (38-41) cm/s respectively]. In our study
mean r E/A ratio was nearly close to European guidelines
[1.32 £ 0.2 versus 1.4 (1.4-1.5)] but rEDT was rather longer
than that those of Europeans (209+ 44 m/s versus 174 (163-
186) m/s) which seems to be mostly secondary to the con-
siderable difference between mean age of study popula-
tions (31+ 7.3 versus 58 +19 years for PW Doppler and 64.3
1 9.5 for color TDI measures in European studies). On the
other hand Ea, Aa and r E/ Ea ratio showed no significant
difference compared with the European guideline (15.4
cm/s versus 14 (13-14) ,15.7  0.15 cm/s versus 13 (12-14) and
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4.6 = 0.9 versus 4 (4-4) respectively). Also comparison of
data between different groups showed no significant dif-
ferences between the majority of data when they have
been adjusted to body surface area, age and sex. There are
only a few limitations for present study. Firstly the num-
ber of subjects was not as enough as for a cohort study.
Secondly older subjects were not enrolled into the study,
so future study in normal subjects more than fifty-years
old should be conducted to obtain the normal reference
values in old healthy adults to assess how aging affects
these parameters. We herein report for the first time, the
normal reference values of echocardiography param-
eters of right ventricle in normal young adults in Iranian
population. The reference ranges presented for the echo-
cardiography parameters of right ventricular function,
albeit not conducted in a sizable population, will help to
standardize the assessment of RV function, particularly
by tissue Doppler imaging not only in routine echocar-
diography examinations, but also in interpreting the re-
sults of clinical trials.

Acknowledgments

We cordially thank all the personnel and staffs of Rajaie
Cardiovascular Medical and Research Center who have
contributed their own time to the project.

Authors’ Contribution

Maryam Shojaeifard: conducting the project, data collec-
tion and writing the draft, submit the manuscript. Mary-
am Esmaeilzadeh: conducting the project, revision , writ-
ing , correction and proof the manuscript. Majid Maleki:
revision the manuscript. Hooman Bakhshandeh: analysis
the results. Fatemeh Parvaresh: data collection. Nasim Na-
deri: drawing the tables, drafting the discussion.

Financial Disclosure

There is no financial disclosure.

Funding Support

There is no funding support.

References

1. Starr I, Jeffers WA, Meade RH. The absence of conspicuous
increments of venous pressure after severe damage to the
right ventricle of the dog, with a discussion of the relation be-
tween clinical congestive failure and heart disease. Am Heart J.
1943;26(3):291-301.

2. Nagel E, Stuber M, Hess OM. Importance of the right ventricle in
valvular heart disease. Eur Heart J.1996;17(6):829-36.

3. Burgess MI, Mogulkoc N, Bright-Thomas R], Bishop P, Egan JJ, Ray
SG. Comparison of echocardiographic markers of right ventricu-
lar function in determining prognosis in chronic pulmonary
disease. JAm Soc Echocardiogr. 2002;15(6):633-9.

4. Lam YY, Kaya MG, Goktekin O, Gatzoulis MA, Li W, Henein MY.
Restrictive right ventricular physiology: its presence and symp-
tomatic contribution in patients with pulmonary valvular ste-

165



Shojaeifard M et al.

166

nosis. ] Am Coll Cardiol. 2007;50(15):1491-7.

Leeuwenburgh BP, Steendijk P, Helbing WA, Baan ]. Indexes of
diastolic RV function: load dependence and changes after chron-
ic RV pressure overload in lambs. Am J Physiol Heart Circ Physiol.
2002;282(4):H1350-8.

Stein PD, Sabbah HN, Mazilli M, Anbe DT. Effect of chronic pres-
sure overload on the maximal rate of pressure fall of the right
ventricle. Chest.1980;78(1):10-5.

Rudski LG, Lai WW, Afilalo ], Hua L, Handschumacher MD, Chan-
drasekaran K, et al. Guidelines for the echocardiographic assess-
ment of the right heart in adults: a report from the American
Society of Echocardiography endorsed by the European Associa-
tion of Echocardiography, a registered branch of the European
Society of Cardiology, and the Canadian Society of Echocardiog-
raphy. ] Am Soc Echocardiogr. 2010;23(7):685-713.

Daimon M, Watanabe H, Abe Y, Hirata K, Hozumi T, Ishii K, et
al. Normal values of echocardiographic parameters in relation

10.

11.

to age in a healthy Japanese population: the JAMP study. Circ J.
2008;72(11):1859-66.

Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pel-
likka PA, et al. Recommendations for chamber quantification: a
report from the American Society of Echocardiography's Guide-
lines and Standards Committee and the Chamber Quantification
Writing Group, developed in conjunction with the European As-
sociation of Echocardiography, a branch of the European Society
of Cardiology. ] Am Soc Echocardiogr. 2005;18(12):1440-63.
Simonson S, Schiller NB. Sonospirometry: A new method for
noninvasive estimation of mean right atrial pressure based
on two-dimensional echographic measurements of the infe-
rior vena cava during measured inspiration. ] AmCollege Cardio.
1988;11(3):557-64.

Kircher BJ, Himelman RB, Schiller NB. Noninvasive estimation of
right atrial pressure from the inspiratory collapse of the inferior
vena cava. A J Cardio.1990;66(4):493-96.

Res Cardiovasc Med. 2013;2(4)



