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Aim: The purpose of this study was to determine the importance of right ventricular isovolumic relaxation time (RV IVRT) meas-
ured by tissue Doppler imaging of tricuspid annular motion in the risk stratification in patients with chronic heart failure.
Methods: In all, 108 patients with symptomatic heart failure and mean ejection fraction of 24% underwent standard
echocardiographic examination, Doppler tissue imaging of tricuspid annular motion, and right-heart catheterization. The
patients were followed up for a mean period of 18 months for cardiac-related death and non-fatal cardiac events including
the implantation of a cardioverter/defibrillator and hospitalization for heart failure decompensation.

Results: The total number of cardiac events was 31; 12 patients died, 19 had non-fatal cardiac event as described above.
Statistical analysis showed significant differences in RV IVRT (98 £ 62 vs 62 = 32 ms; p < 0.05), pulmonary artery pres-
sure (25.2 = 11.2 vs 32.3 £ 8.0 mm Hg; p < 0.05), and pulmonary capillary wedge pressure (17.0 £ 9.1 vs 23.5 + 7.3 mm
Hg; p < 0.05) between survivors and deceased patients. When analyzing the significance of parameters for prediction of event
or death risk, mean pulmonary artery pressure (AP) and pulmonary capillary wedge pressure (PCW) were the only para-
meters significantly related to the risk of event (AP p < 0.001; PCW p < 0.001) or death (AP p = 0.009; PCW p = 0.006);
nevertheless, a trend for RV IVRT (p = 0.069) was found in predicting the risk of death.

Conclusion: The RV IVRT obtained by tissue Doppler imaging can only be used as an auxiliary method of risk stratification
in patients with heart failure.
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Stratifikace rizika u pacientd s chronickym srdec¢nim selhanim na zidkladé stanoveni izovolumického relaxacniho
casu pravé komory tkanovym dopplerovskym zobrazenim. Cor Vasa 2006;48(9):305-310.

Cil: Cilem studie je stanoveni vyznamu izovolumického relaxaéniho ¢asu pravé komory (RV IVRT), méreného pomoci tka-
nového dopplerovského zobrazeni pohybu trikuspidalniho anulu pfi stratifikaci rizika u pacientti s chronickym srde¢nim
selhanim.

Soubor a metodika: Celkem 108 pacientt se symptomatickym srdeénim selhanim a primeérnou ejekéni frakei 24 % pod-
stoupilo standardni echokardiografické vysetfeni, tkaniové dopplerovské zobrazeni pohybti trikuspidalniho anulu a pravo-
strannou srdeé¢ni katetrizaci. Pacienti byli dale sledovani po prameérnou dobu 18 mésicti s ohledem na kardialni tmrti
a nefatalni kardialni prihody, jako je implantace kardioverteru-defibrilatoru a hospitalizace pro kardidlni dekompenzaci.
Vysledky: Celkovy pocet kardidlnich ptihod byl 31; 12 pacientti zemfelo, 19 mélo nefatalni prihodu. Statistickd analyza
ukdzala signifikantni rozdil RV IVRT (98 £ 62 vs. 62 + 32 ms; p < 0,05), stfedniho tlaku v plicnici (AP) (25,2 + 11,2 vs.
32,3 £ 8,0 mm Hg; p < 0,05) a tlaku v zaklinéni v plicnim fe¢isti (PCW) (17,0 £ 9,1 vs. 23,5 + 7,3 mm Hg; p < 0,05) mezi
zemrelymi a Zijicimi pacienty. Analyza predikce rizika tmrti ¢i pfihody ukézala, Ze AP a PCW byly jediné parametry
s vyznamnym vztahem k riziku pfihody (AP p < 0,001; PCW p < 0,001) a umrti (AP p = 0,009; PCW p = 0,006), i kdyZ jisty
trend pro RV IVRT (p = 0,069) byl nalezen pro predikci timrti avSak bez dosazZeni statistické vyznamnosti.

Zavér: RV IVRT stanovené pomoci tkanového dopplerovského zobrazeni 1ze pouZit jen jako pomocnou metodu pri strati-
fikaci rizika u pacientti se srde¢nim selhanim.
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Despite significant progress in pharmacological and
surgical therapy, the prognosis with chronic heart
failure remains poor, and the 1-year survival of select-
ed patient populations may even fall below 50%.1-5
Right ventricular systolic and diastolic dysfunction
are powerful markers of a poor prognosis or non-fatal
cardiac events in patients with congestive heart failure.
Previously, assessment of right ventricular function
was performed mostly by radionuclide ventriculogra-
phy“® or by the thermodilution technique during
right-heart cathetrization.”™ There are only few
studies using tissue Doppler imaging (TDI) for the
assessment of prognosis and risk stratification in
patients with heart failure.1%!Y In our previous
reports,219 we focused on tricuspid annular veloc-
ities and found that the combination of right ventri-
cular systolic and diastolic functional parameters
(Doppler RV index, myocardial acceleration during
isovolumic contraction, peak tricuspid systolic annu-
lar velocity, peak early diastolic tricuspid annular
velocity) represents a very powerful tool for risk strat-
ification of patients with symptomatic heart failure.
However, we did not study the impact of right ventri-
cular isovolumic relaxation time (RV IVRT).

Right ventricular isovolumic relaxation time meas-
ured by tissue Doppler imaging of tricuspid annular
motion was previously used to assess right atrial
pressure,!¥ left ventricular filling pressures,519 and
pulmonary artery systolic pressure.(!729

In this study, we studied the prognostic impor-
tance of RV IVRT in patients with heart failure alone
or in combination with other previously reported
tissue Doppler variables—Doppler RV index (Tei
index) and myocardial acceleration during isovolumic
contraction (IVA).(V

METHODS

Study population

The study included 108 patients with symptomat-
ic heart failure (New York Heart Association Class
[I-1IV) admitted to our department for comprehensive
cardiologic investigation. They were 90 (83%) men
with a mean age of 52 years (range, 23-63 years).
The mean left ventricular ejection fraction was
24% (range, 12-39%). Thirty-six (33%) patients
had hypertension, 61 (56%) hypercholesterolemia,
20 (19%) patients were treated for diabetes mellitus.
The majority of patients were classified in NYHA
Class III (70%) or IV (3%), with only 27% being in
NYHA Class II.

The inclusion criteria were as follows: (1) sinus
rhythm on electrocardiography (ECG); (2) good quali-
ty of echocardiographic images allowing measure-
ment of tricuspid annular motion velocities and time
intervals; (3) absence of an acute coronary event in
the last three months; (4) absence of a malignant
disease or advanced liver, renal or lung disorder; (5)
no need for myocardial revascularization or urgent
heart transplantation.

Clinically unstable patients on hospital admission
(resting dyspnea, need for parenteral diuretics or
catecholamines, ankle edema, rales on lung auscul-
tation) were investigated and enrolled into the study
after cardiac compensation.
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The heart failure was caused by ischemic heart
disease (> 70% narrowing of the diameter of at least
one major coronary artery, as assessed by coronary
angiography, or documented myocardial infarction
— 59 patients) or idiopathic dilated cardiomyopathy
(49 patients). Patients with valvular or congenital
heart disorders were excluded. Idiopathic dilated car-
diomyopathy was diagnosed on the basis of echocar-
diography, ECG (absence of Q waves) and clinical
criteria; patients over 40 years with risk factors of
coronary artery disease had only coronary angiography.

Before entering the study, patients had their phar-
macological therapy optimized. A total of 103 (95%)
patients were taking an angiotensin-converting
enzyme (ACE) inhibitor, 76 (70%) digitalis, 107 (99%)
furosemide, 77 (71%) spironolactone, and 81 (75%)
beta-blockers.

All patients underwent physical examination, rou-
tine blood chemistry and hematologic measurements,
12-lead ECG, chest X-ray, standard echocardiogra-
phy, TDI of tricuspid annular motion, and right-
-heart catheterization. All patients also gave their
written informed consent to the investigation, and
the study was approved by the institutional ethics
committee.

Echocardiography

Standard echocardiographic examination and
pulsed TDI of tricuspid annular motion were performed
in all patients. We used a SONOS 5500 system (Hew-
lett-Packard, Andover, Mass, USA) equipped with TDI
technology. TDI measurement was performed with
patients in the left lateral decubitus position. Guided
by the 2-dimensional apical 4-chamber view, a sam-
ple volume was placed on the tricuspid annulus at
the site of attachment of the anterior leaflet of the tri-
cuspid valve. The examination with simultaneous
ECG was recorded on videotape (VHS) at a speed of
50 mm/s for further analysis.

Peak velocity of isovolumic contraction (Sa’), time
to reach this velocity (t'), and right ventricular isovo-
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Figure 1 Sa’- peak velocity of isovolumic contraction, t'- time
between the baseline and the peak velocity during isovolumic
contraction, a'- time interval between the end and the onset
of tricuspid annular diastolic velocities, b’~ duration of
tricuspid annular systolic ejection, Ea — peak early diastolic
tricuspid annular velocity, Aa — peak late diastolic tricuspid
annular velocity, Sa — peak tricuspid annular velocity during
systolic ejection
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lumic relaxation time (RV IVRT) were measured, and
the right ventricular Doppler index (Tei index) and
IVA were calculated as described elsewhere.!'® Dop-
pler measurement is demonstrated in Figure 1.
Measurement of time intervals was performed off-line
from VHS videotapes on the SONOS 5500 using
trailing edge methodology by an experienced obser-
ver. All parameters were measured from three heart
cycles and the mean value was calculated. In addi-
tion to pulsed TDI, standard echocardiography was
performed including M-mode, 2-dimensional, and
pulsed and color Doppler echocardiography. Left ven-
tricular ejection fraction was calculated according to
modified Simpson’s rule.

Right-heart catheterization

All patients underwent right-heart catheteriz-
ation within 24 hours of echocardiography. The exa-
mination was performed via the right subclavian vein
or the right jugular vein. A 7F thermodilution cathe-
ter (model 131HF7, Baxter Healthcare Corp, Irvine,
Calif, USA) was advanced through right-heart cav-
ities and placed in the pulmonary capillary wedge
position. Measurements of mean central venous pres-
sure (CVP), mean pulmonary artery pressure (AP),
and mean pulmonary capillary wedge pressure (PCW)
were obtained with patients in the supine position.
A mechanoelectric transducer (model P23XL, Ohmeda
Medical Devices Division, Oxnard, Calif, USA) was
used. Cardiac output was measured by the thermo-
dilution technique.

Follow-up

The patients were followed up for cardiac mortality
and non-fatal cardiac events related to heart failure
such as hospitalization for cardiac decompensation or

need for cardioverter/defibrillator implantation due
to malignant ventricular arrhythmias. Cardiac death
was defined as death caused by congestive heart
failure, myocardial infarction or cardiac arrest.

In patients dying outside our hospital in whom an
autopsy was not performed, a sudden unexpected
death (within 1 hour of the onset of symptoms) was
ascribed to a cardiac cause.

Cardiac decompensation requiring admission to
hospital was defined by dyspnea, need for parenteral
diuretics and clinical signs of left (rales on lung aus-
cultation, gallop) and/or right (neck vein distension,
ankle edema, hepatomegaly) heart failure.

There was only one cardiac event taken into con-
sideration in each patient in the following hierarchy:
death > need for implantation of a cardioverter/defi-
brilator > hospitalization for heart failure. Event-free
survival was defined as survival without a combined
end-point (cardiac death, need for implantation of
a cardioverter/defibrillator, hospitalization for heart
failure). The mean follow-up period was 18 months
(range, 1-48 months).

Statistical analysis

No case was excluded before the analyses.
A p value less than 0.05 was taken as a limit for sta-
tistical significance in all univariate and multivariate
analyses. Standard descriptive statistics was used to
express differences among subgroups of cases (mean
supplied with standard deviation and 95% confi-
dence intervals). Statistical significance of differences
in continuous parameters between groups of patients
was tested by the Mann-Whitney U test. Predictive
potential of parameters was analyzed using Cox
regression. The analyses were performed using Sta-
tistica 7 for Windows.

Table |
Whole Patients without Patients with Living Deceased
population cardiac events cardiac events patients patients
Sample size 108 77 31 96 12
Men 90 64 26 78 12
Women 18 13 5 18 0
Age (years) 52 (8) 52 (8) 50 (7) 52 (8) 52 (8)
RV IVRT (ms) 94 (61) 97 (58) 87 (66) 98 (62) 62 (32)
[82.38; 105.34] [83.64; 109.84] [63.27; 110.15] [85.41; 110.38]+ [42.69; 80.48]+
IVA (m/s?) 2.88 (1.23) 2.89 (1.20) 2.85 (1.28) 2.91 (1.25) 2.62 (0.97)
[2.64; 3.11] [2.62; 3.16] [2.39; 3.31] [2.66; 3.16] [2.04; 3.2]
TEI 1.05 (0.40) 1.00 (0.31) 1.17 (0.55) 1.04 (0.41) 1.11 (0.31)
[0.97; 1.13] [0.93; 1.07] [0.97; 1.36] [0.96; 1.12] [0.93; 1.29]
CVP (mm Hg) 6.1 (4.7) 6.1 (4.7) 6.3 (4.6) 6.0 (4.7) 6.9 (4.8)
[6.2; 7.04] [4.96; 7.15] [4.56; 8] [5.05; 6.99] [3.96; 9.86]
AP (mm Hg) 25.9 (11.1) 24.0 (11.0) 30.8 (9.6) 25.2 (11.2) 32.3 (8.0)
[23.78; 28.04] [21.46; 26.49]* [27.27; 34.26]* [22.9; 27.44]+ [27.32; 37.22]+
PCW (mm Hg) 17.7 (9.2) 15.8 (9.8) 22.5 (7.5) 17.0 (9.1) 23.5 (7.3)
[15.94; 19.47] [13.76; 17.84]* [19.58; 25.36]* [15.16; 18.88]+ [19.03; 28.06]+
PVR (dyn.cm5) 163 (105) 156 (99) 179 (117) 160 (107) 183 (84)
[142.54; 182.95] [133.65; 178.91] [136.34; 221.46] [138.62; 182.15] [130.72; 235.1]

Data are shown as a mean (standard deviation) and [95% confidence intervals], RV IVRT - right ventricular isovolumic
relaxation time, TEI - right ventricular Tei index, IVA - tricuspid annular acceleration during isovolumic contraction,
CVP - central venous pressure, AP — pulmonary artery pressure, PCW - pulmonary capillary wedge pressure, PVR - pul-
monary vascular resistance, * — statistical significance (p < 0.05) between groups of patients with and without cardiac
events, + — statistical significance (p < 0.05) between groups of living and deceased patients.
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Table Il
Predictive potential of parameters in univariate Cox regression models (* — a statistically significant parameter [< 0.05])

Event-free survival
Relative risk (95% CI) p

Overall survival
Relative risk (95% CI) p

IVRT 1.00 (0.99; 1.00) 0.585
IVA 1.07 (0.80; 1.43) 0.654
TEI 1.82 (0.93; 3.56) 0.079
CVP 1.04 (0.97; 1.12) 0.291
AP 1.07 (1.03; 1.10) 0.000*
PCW 1.09 (1.05; 1.14) 0.000*
PVR 1.00 (1.00; 1.01) 0.072

0.99 (0.98; 1.00) 0.069
0.85 (0.47; 1.53) 0.578
1.27 (0.40; 4.08) 0.683
1.06 (0.95; 1.18) 0.314
1.08 (1.02; 1.14) 0.009*
1.10 (1.03; 1.18) 0.006*
1.00 (1.00; 1.01) 0.205

IVRT - isovolumic relaxation time, IVA - tricuspid annular acceleration during isovolumic contraction, TEI - right
ventricular Tei index, CVP - central venous pressure, AP — pulmonary artery pressure, PCW — pulmonary capillary wedge
pressure, PVR — pulmonary vascular resistance, * — statistical significance (p < 0.05) between groups of patients with and

without cardiac events.

RESULTS

Clinical, echocardiographic and right-heart
catheterization variables

Table I compares the clinical, echocardiographic
and hemodynamic variables in the whole patient
population, in patients with and without all cardiac
events, and in living patients or in deceased patients.

Patients with cardiac death as well as those with
the combined endpoint had significantly higher pulmo-
nary artery pressure (AP) and pulmonary capillary
wedge pressure (PCW). RV IVRT was significantly
lower only in deceased patients. Deceased patients
also had higher Tei index, lower IVA, higher central
venous pressure and pulmonary vascular resistance,
though not reaching statistical significance.

Follow-up data

Of the total number of 108 patients, 31 had a car-
diac event. We documented 12 cardiac-related deaths
and 19 non-fatal cardiac events; 16 patients were
hospitalized for heart failure decompensation, and
3 for the need for cardioverter/defibrillator implanta-
tion. No patient underwent myocardial revasculariza-
tion during follow-up.

Death or event risk prediction

All the above variables were analyzed in Cox
regression models to determine their predictive
potential. When analyzing the significance of para-
meters for predicting the risk of an event or death, AP
and PCW were the only parameters related signifi-
cantly to event or death risk (p < 0.01); nevertheless,
a trend for IVRT was found in predicting the risk of
death, but without statistical significance (p = 0.069)
(Table 1I). The analysis showed a relatively low pre-
dictive potential of non-invasive methods evaluated
in this study for predicting event-free or overall sur-
vival. A significant relationship (yet without enough
strength for predicting a non-fatal event or death)
was found between event-free survival and TEI and
overall survival and IVRT, which suggests some con-
nection between these parameters. However, the
p values of the whole model combining IVRT, IVA,
and TEI were 0.222 for event-free survival and 0.078
for survival (Table III).

A combination of invasive and non-invasive
parameters (AP, PCW and IVRT) shows better
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Table IlI
Predictive potential of IVRT parameter together with
IVA and TEI parameters in Cox regression models
(* — a statistically significant parameter [p < 0.05])

Event-free survival (x2 = 4.397, p = 0.222)
Relative risk (95% CI) p

TEI 2.26 (1.07; 4.76) 0.033*
IVA 1.04 (0.78; 1.39) 0.801
IVRT 1.00 (0.99; 1.00) 0.217

Overall survival (2 = 6.814, p = 0.078)
Relative risk (95% CI) p

TEI 3.20 (0.77; 13.23) 0.109
IVA 0.84 (0.47; 1.48) 0.538
IVRT 0.98 (0.97; 1.00) 0.028*

TEI - right ventricular Tei index, IVA - tricuspid annular
acceleration during isovolumic contraction, IVRT - isovolu-
mic relaxation time

Table IV
Predictive potential of IVRT parameter together with
AP and PCW parameters in Cox regression models
(* — statistically significant parameter [p < 0.01])

Event-free survival (x2 = 18.274, p = 0.0004%)

Relative risk (95% CI) p
AP 0.98 (0.89; 1.08) 0.725
PCW 1.11 (0.99; 1.25) 0.069
IVRT 1.00 (0.99; 1.00) 0.624
Overall survival (2 = 12.463, p = 0.0059%)

Relative risk (95% CI) p
AP 1.06 (0.91; 1.24) 0.471
PCW 1.03 (0.86; 1.24) 0.748
IVRT 0.99 (0.97; 1.00) 0.058

AP - pulmonary artery pressure, PVR — pulmonary vascular
resistance, IVRT - isovolumic relaxation time, * — statistical
significance (p < 0.05) between groups of patients with and
without cardiac events.

results. Although the resulting p values of consid-
ered parameters do not show a high degree of
predictive power, the overall significance of both
models indicates these models provide useful
information. The p values are 0.0004 for event-free
survival and 0.0059 for overall survival. It seems
that there is no individual strong predictive para-
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meter, but that the parameters complement each
other (Table IV).

DISCUSSION

Previous studies!! 12122 jdentified few TDI parameters
(peak tricuspid systolic annular velocity — Sa, peak
early diastolic tricuspid annular velocity — Ea, peak
late diastolic annular velocity — Aa) describing systol-
ic and diastolic function of the right ventricle. Sa ref-
lects RV systolic function. It correlates significantly
with RV ejection fraction assessed by radionuclide
ventriculography®? and a significant inverse relation-
ship between Sa and pulmonary artery pressure has
been observed.?!Y However, Sa is significantly after-
load-dependent; Ea and the Ea/Aa ratio have been
investigated as markers of RV diastolic function, and
many diseases or syndromes including heart failu-
re, systemic hypertension, Chagas disease and ar-
rhythmogenic dilated cardiomyopathy have been
shown to be associated with significant decreases in
Ea and Ea/Aa.?124

There are also two combined indexes successfully
used for RV function, i.e., IVA and the Doppler RV
index (Tei index). IVA reflects RV systolic function
during isovolumic contraction and is relatively pre-
load- and afterload-independent. The Tei index shows
global RV function. It is not significantly influenced
by heart rate, RV pressure, RV dilatation or tricuspid
regurgitation,®® but all individual components for-
ming this index (ejection time, isovolumic contraction
time and isovolumic relaxation time) were found to be
heart rate-dependent. %

RV IVRT has been shown to be inversely related to
mean right atrial pressure (RAP) independent of the
effect of RV end-diastolic or pulmonary artery pres-
sure.!¥ In view of the fact that RAP reflects both
left- and right-sided heart function, it has diagnostic
and prognostic significance in patients with cardiac
diseases, especially with heart failure. When right
atrium fails or is volume overloaded, RAP increases
with an earlier tricuspid valve opening, so that
RV IVRT shortens.!"® RV IVRT has also been used to
predict pulmonary artery systolic pressure (PA),
because it increases proportionally with PA when
RAP is normal.’® In previous studies, RV IVRT
was measured by phonocardiography and pulse
tracing!” or combined Doppler echocardiography
and phonocardiography,'® M-mode recordings of
pulmonic and tricuspid valves,'® and Doppler echo-
cardiography.??

In this study, we tried to use RV IVRT, as meas-
ured by TDI and its combination with other parame-
ters, to evaluate its importance in assessing the
prognosis of patients with chronic heart failure and
to identify the most powerful combination of these
variables for this purpose.

Our results show that RV IVRT is significantly
shorter in patients with cardiac-related death; how-
ever, its predictive potential does not reach statistical
significance in contrast with invasively measured
hemodynamic parameters (pulmonary artery pres-
sure and pulmonary capillary wedge pressure) exhib-
iting a significant predictive potential. This may
be due to the relatively small number of patients

Cor Vasa 2006;48(9):305-310

because a trend in death prediction was found for RV
IVRT. Also, in contrast to results reported else-
where,!V the Tei index and IVA did not show statis-
tical significance in survival or event-free survival
prediction in this study.

Based on these results, we can conclude that RV
IVRT obtained using TDI can only be used as an
auxiliary parameter in the risk stratification of pa-
tients with chronic heart failure. However, stronger
prognostic data can be obtained by right-heart cathe-
terization because the combination of RV IVRT, AP
and PCW shows a significant predictive potential as
do AP and PCW alone.
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