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Risk stratification in patients w ith  ch ronic h eart failu re b y  assessm ent of rig h t v entricu lar isov olu m ic relax ation tim e
u sing  tissu e D oppler im ag ing . Cor V asa 2006;48 (9 ):3 05 – 3 10.

A im : Th e purpose of th is study  w as to determine th e importance of rig h t ventricular isovolumic relax ation time (R V IVR T) meas-
ured b y  tissue D oppler imag ing  of tricuspid annular motion in th e risk stratification in patients w ith  ch ronic h eart failure.
M eth od s: In all, 1 0 8  patients w ith  sy mptomatic h eart failure and mean ejection fraction of 2 4 %  underw ent standard 
ech ocardiog raph ic ex amination, D oppler tissue imag ing  of tricuspid annular motion, and rig h t-h eart cath eterization. Th e
patients w ere follow ed up for a mean period of 1 8  month s for cardiac-related death  and non-fatal cardiac events including
th e implantation of a cardioverter/ defib rillator and h ospitalization for h eart failure decompensation.
Resu lts: Th e total numb er of cardiac events w as 3 1 ; 1 2  patients died, 1 9  h ad non-fatal cardiac event as describ ed ab ove.
S tatistical analy sis sh ow ed sig nificant differences in R V IVR T (9 8  ± 6 2  vs 6 2  ± 3 2  ms; p <  0 .0 5 ), pulmonary  artery  pres-
sure (2 5 .2  ± 1 1 .2  vs 3 2 .3  ± 8 .0  mm Hg ; p <  0 .0 5 ), and pulmonary  capillary  w edg e pressure (1 7 .0  ± 9 .1  vs 2 3 .5  ± 7 .3  mm
Hg ; p <  0 .0 5 ) b etw een survivors and deceased patients. W h en analy zing  th e sig nificance of parameters for prediction of event
or death  risk, mean pulmonary  artery  pressure (A P) and pulmonary  capillary  w edg e pressure (PC W ) w ere th e only  para-
meters sig nificantly  related to th e risk of event (A P p <  0 .0 0 1 ; PC W  p <  0 .0 0 1 ) or death  (A P p =  0 .0 0 9 ; PC W  p =  0 .0 0 6 );
neverth eless, a trend for R V IVR T (p =  0 .0 6 9 ) w as found in predicting  th e risk of death . 
C onclu sion: Th e R V IVR T ob tained b y  tissue D oppler imag ing  can only  b e used as an aux iliary  meth od of risk stratification
in patients w ith  h eart failure.
K ey  w ord s: Tissue D oppler –  Heart failure –  R isk stratification

Kincl V, Meluzín J, Špinarová L, Hude P, Krejčí J, Panovský  R , Jarkovský  J* , D uš ek L*  (I. interní-kardioang iolog ická 
klinika, F akultní nemocnice u sv. A nny , * C entrum b iostatistiky  a analý z Masary kovy  univerzity , B rno, Č eská repub lika).
S tratifikace riz ika u pacientů  s ch ronický m  srd eč ním  selh á ním  na z á klad ě  stanov ení iz ov olu m ické h o relax ač níh o
č asu  prav é  kom ory  tká ň ov ý m  d opplerov ský m  z ob raz ením . Cor V asa 2006;48 (9 ):3 05 – 3 10.

C íl: C ílem studie je stanovení vý znamu izovolumické h o relax ačníh o času pravé  komory  (R V IVR T), mě řené h o pomocí tká-
ň ové h o dopplerovské h o zob razení poh y b u trikuspidálníh o anulu př i stratifikaci rizika u pacientů  s ch ronický m srdečním
selh áním. 
S ou b or a m etod ika: C elkem 1 0 8  pacientů  se sy mptomatický m srdečním selh áním a prů mě rnou ejekční frakcí 2 4  %  pod-
stoupilo standardní ech okardiog rafické  vy š etření, tkáň ové  dopplerovské  zob razení poh y b ů  trikuspidálníh o anulu a pravo-
strannou srdeční katetrizaci. Pacienti b y li dále sledováni po prů mě rnou dob u 1 8  mě síců  s oh ledem na kardiální ú mrtí
a nefatální kardiální př íh ody , jako je implantace kardioverteru-defib rilátoru a h ospitalizace pro kardiální dekompenzaci. 
Vý sled ky : C elkový  počet kardiálních  př íh od b y l 3 1 ; 1 2  pacientů  zemřelo, 1 9  mě lo nefatální př íh odu. S tatistická analý za
ukázala sig nifikantní rozdíl R V IVR T (9 8  ± 6 2  vs. 6 2  ± 3 2  ms; p <  0 ,0 5 ), středníh o tlaku v plicnici (A P) (2 5 ,2  ± 1 1 ,2  vs. 
3 2 ,3  ± 8 ,0  mm Hg ; p <  0 ,0 5 ) a tlaku v zaklíně ní v plicním řečiš ti (PC W ) (1 7 ,0  ± 9 ,1  vs. 2 3 ,5  ± 7 ,3  mm Hg ; p <  0 ,0 5 ) mezi
zemřelý mi a ž ijícími pacienty . A nalý za predikce rizika ú mrtí či př íh ody  ukázala, ž e A P a PC W  b y ly  jediné  parametry
s vý znamný m vztah em k riziku př íh ody  (A P p <  0 ,0 0 1 ; PC W  p <  0 ,0 0 1 ) a ú mrtí (A P p =  0 ,0 0 9 ; PC W  p =  0 ,0 0 6 ), i kdy ž  jistý
trend pro R V IVR T (p =  0 ,0 6 9 ) b y l nalezen pro predikci ú mrtí avš ak b ez dosaž ení statistické  vý znamnosti. 
Z á v ě r: R V IVR T stanovené  pomocí tkáň ové h o dopplerovské h o zob razení lze použ ít jen jako pomocnou metodu př i strati-
fikaci rizika u pacientů  se srdečním selh áním.
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Despite significant progress in pharmacological and
su rgical therapy , the prognosis w ith chronic heart
failu re remains poor, and the 1 -y ear su rv iv al of select-
ed patient popu lations may  ev en fall b elow  5 0 % .(1 – 3 )

R ight v entricu lar sy stolic and diastolic dy sfu nction
are pow erfu l mark ers of a poor prognosis or non-fatal
cardiac ev ents in patients w ith congestiv e heart failu re.
P rev iou sly , assessment of right v entricu lar fu nction
w as performed mostly  b y  radionu clide v entricu logra-
phy (4 – 6 ) or b y  the thermodilu tion techniq u e du ring
right-heart cathetriz ation.(7 – 9 ) T here are only  few  
stu dies u sing tissu e Doppler imaging (T DI) for the
assessment of prognosis and risk  stratification in
patients w ith heart failu re.(1 0 ,1 1 ) In ou r prev iou s
reports,(1 2 ,1 3 ) w e focu sed on tricu spid annu lar v eloc-
ities and fou nd that the comb ination of right v entri-
cu lar sy stolic and diastolic fu nctional parameters
(Doppler R V  index , my ocardial acceleration du ring
isov olu mic contraction, peak  tricu spid sy stolic annu -
lar v elocity , peak  early  diastolic tricu spid annu lar
v elocity ) represents a v ery  pow erfu l tool for risk  strat-
ification of patients w ith sy mptomatic heart failu re.
H ow ev er, w e did not stu dy  the impact of right v entri-
cu lar isov olu mic relax ation time (R V  IV R T ).

R ight v entricu lar isov olu mic relax ation time meas-
u red b y  tissu e Doppler imaging of tricu spid annu lar
motion w as prev iou sly  u sed to assess right atrial
pressu re,(1 4 ) left v entricu lar filling pressu res,(1 5 ,1 6 ) and
pu lmonary  artery  sy stolic pressu re.(1 7 – 2 0 )

In this stu dy , w e stu died the prognostic impor-
tance of R V  IV R T  in patients w ith heart failu re alone
or in comb ination w ith other prev iou sly  reported 
tissu e Doppler v ariab les— Doppler R V  index  (T ei
index ) and my ocardial acceleration du ring isov olu mic
contraction (IV A ).(1 1 )

METHODS

Study population
T he stu dy  inclu ded 1 0 8  patients w ith sy mptomat-

ic heart failu re (N ew  Y ork  H eart A ssociation C lass
II– IV ) admitted to ou r department for comprehensiv e
cardiologic inv estigation. T hey  w ere 9 0  (8 3 % ) men
w ith a mean age of 5 2  y ears (range, 2 3 -6 3  y ears).
T he mean left v entricu lar ejection fraction w as 
2 4 %  (range, 1 2 – 3 9 % ). T hirty -six  (3 3 % ) patients 
had hy pertension, 6 1  (5 6 % ) hy percholesterolemia, 
2 0  (1 9 % ) patients w ere treated for diab etes mellitu s.
T he majority  of patients w ere classified in N Y H A
C lass III (7 0 % ) or IV  (3 % ), w ith only  2 7 %  b eing in
N Y H A  C lass II. 

T he inclu sion criteria w ere as follow s: (1 ) sinu s
rhy thm on electrocardiography  (E C G ); (2 ) good q u ali-
ty  of echocardiographic images allow ing measu re-
ment of tricu spid annu lar motion v elocities and time
interv als; (3 ) ab sence of an acu te coronary  ev ent in
the last three months; (4 ) ab sence of a malignant
disease or adv anced liv er, renal or lu ng disorder; (5 )
no need for my ocardial rev ascu lariz ation or u rgent
heart transplantation. 

C linically  u nstab le patients on hospital admission
(resting dy spnea, need for parenteral diu retics or
catecholamines, ank le edema, rales on lu ng au scu l-
tation) w ere inv estigated and enrolled into the stu dy
after cardiac compensation. 
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Figure 1 S a’–  peak  v elocity  of isov olu mic contraction, t’–  time
b etw een the b aseline and the peak  v elocity  du ring isov olu mic
contraction, a’–  time interv al b etw een the end and the onset
of tricu spid annu lar diastolic v elocities, b ’–  du ration of
tricu spid annu lar sy stolic ejection, E a –  peak  early  diastolic
tricu spid annu lar v elocity , A a –  peak  late diastolic tricu spid
annu lar v elocity , S a –  peak  tricu spid annu lar v elocity  du ring
sy stolic ejection

T he heart failu re w as cau sed b y  ischemic heart
disease (≥ 7 0 %  narrow ing of the diameter of at least
one major coronary  artery , as assessed b y  coronary
angiography , or docu mented my ocardial infarction 
–  5 9  patients) or idiopathic dilated cardiomy opathy
(4 9  patients). P atients w ith v alv u lar or congenital
heart disorders w ere ex clu ded. Idiopathic dilated car-
diomy opathy  w as diagnosed on the b asis of echocar-
diography , E C G  (ab sence of Q w av es) and clinical 
criteria; patients ov er 4 0  y ears w ith risk  factors of
coronary  artery  disease had only  coronary  angiography .

B efore entering the stu dy , patients had their phar-
macological therapy  optimiz ed. A total of 1 0 3  (9 5 % )
patients w ere tak ing an angiotensin-conv erting 
enz y me (A C E ) inhib itor, 7 6  (7 0 % ) digitalis, 1 0 7  (9 9 % )
fu rosemide, 7 7  (7 1 % ) spironolactone, and 8 1  (7 5 % )
b eta-b lock ers. 

A ll patients u nderw ent phy sical ex amination, rou -
tine b lood chemistry  and hematologic measu rements,
1 2 -lead E C G , chest X -ray , standard echocardiogra-
phy , T DI of tricu spid annu lar motion, and right-
-heart catheteriz ation. A ll patients also gav e their
w ritten informed consent to the inv estigation, and
the stu dy  w as approv ed b y  the institu tional ethics
committee. 

E c h oc ardiog raph y
S tandard echocardiographic ex amination and 

pu lsed T DI of tricu spid annu lar motion w ere performed
in all patients. W e u sed a S O N O S  5 5 0 0  sy stem (H ew -
lett-P ack ard, A ndov er, M ass, U S A ) eq u ipped w ith T DI
technology . T DI measu rement w as performed w ith
patients in the left lateral decu b itu s position. G u ided
b y  the 2 -dimensional apical 4 -chamb er v iew , a sam-
ple v olu me w as placed on the tricu spid annu lu s at
the site of attachment of the anterior leaflet of the tri-
cu spid v alv e. T he ex amination w ith simu ltaneou s
E C G  w as recorded on v ideotape (V H S ) at a speed of
5 0  mm/ s for fu rther analy sis.

P eak  v elocity  of isov olu mic contraction (S a’), time
to reach this v elocity  (t’), and right v entricu lar isov o-



lumic relaxation time (RV IVRT) were measured, and
th e rig h t v entricular D op p ler index (Tei index) and
IVA were calculated as describ ed elsewh ere.(1 3 ) D op -
p ler measurement is demonstrated in Figure 1. 
M easurement of time interv als was p erformed off-line
from VH S  v ideotap es on th e S O N O S  550 0  using  
trailing  edg e meth odolog y  b y  an exp erienced ob ser-
v er. All p arameters were measured from th ree h eart
cy cles and th e mean v alue was calculated. In addi-
tion to p ulsed TD I, standard ech ocardiog rap h y  was
p erformed including  M -mode, 2-dimensional, and
p ulsed and color D op p ler ech ocardiog rap h y . L eft v en-
tricular ejection fraction was calculated according  to
modified S imp son’s rule. 

Right-heart catheterization
All p atients underwent rig h t-h eart cath eteriz -

ation with in 24  h ours of ech ocardiog rap h y . Th e exa-
mination was p erformed v ia th e rig h t sub clav ian v ein
or th e rig h t jug ular v ein. A 7 F th ermodilution cath e-
ter (model 1 3 1 H F 7 , B axter H ealth care C orp , Irv ine,
C alif, U S A) was adv anced th roug h  rig h t-h eart cav -
ities and p laced in th e p ulmonary  cap illary  wedg e
p osition. M easurements of mean central v enous p res-
sure (C VP ), mean p ulmonary  artery  p ressure (AP ),
and mean p ulmonary  cap illary  wedg e p ressure (P C W)
were ob tained with  p atients in th e sup ine p osition.
A mech anoelectric transducer (model P 23 X L , O h meda
M edical D ev ices D iv ision, O xnard, C alif, U S A) was
used. C ardiac outp ut was measured b y  th e th ermo-
dilution tech niq ue.

F ollow -u p
Th e p atients were followed up  for cardiac mortality

and non-fatal cardiac ev ents related to h eart failure
such  as h osp italiz ation for cardiac decomp ensation or

need for cardiov erter/ defib rillator imp lantation due
to malig nant v entricular arrh y th mias. C ardiac death
was defined as death  caused b y  cong estiv e h eart
failure, my ocardial infarction or cardiac arrest.

In p atients dy ing  outside our h osp ital in wh om an
autop sy  was not p erformed, a sudden unexp ected
death  (with in 1  h our of th e onset of sy mp toms) was
ascrib ed to a cardiac cause.

C ardiac decomp ensation req uiring  admission to
h osp ital was defined b y  dy sp nea, need for p arenteral
diuretics and clinical sig ns of left (rales on lung  aus-
cultation, g allop ) and/ or rig h t (neck  v ein distension,
ank le edema, h ep atomeg aly ) h eart failure. 

Th ere was only  one cardiac ev ent tak en into con-
sideration in each  p atient in th e following  h ierarch y :
death  >  need for imp lantation of a cardiov erter/ defi-
b rilator >  h osp italiz ation for h eart failure. E v ent-free
surv iv al was defined as surv iv al with out a comb ined
end-p oint (cardiac death , need for imp lantation of
a cardiov erter/ defib rillator, h osp italiz ation for h eart
failure). Th e mean follow-up  p eriod was 1 8  month s
(rang e, 1 – 4 8  month s).

S tatis tical analy s is
N o case was excluded b efore th e analy ses.

A p v alue less th an 0 .0 5 was tak en as a limit for sta-
tistical sig nificance in all univ ariate and multiv ariate
analy ses. S tandard descrip tiv e statistics was used to
exp ress differences among  sub g roup s of cases (mean
sup p lied with  standard dev iation and 9 5%  confi-
dence interv als). S tatistical sig nificance of differences
in continuous p arameters b etween g roup s of p atients
was tested b y  th e M ann-Wh itney  U test. P redictiv e
p otential of p arameters was analy z ed using  C ox
reg ression. Th e analy ses were p erformed using  S ta-
tistica 7  for Windows.
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Table I

Wh ole P atients with out P atients with L iv ing D eceased
p op ulation cardiac ev ents cardiac ev ents p atients p atients

S amp le siz e 1 0 8 7 7 3 1 9 6 1 2

M en 9 0 6 4 26 7 8 1 2

Women 1 8 1 3 5 1 8 0

Ag e (y ears) 52 (8 ) 52 (8 ) 50  (7 ) 52 (8 ) 52 (8 )

RV IVRT (ms) 9 4  (6 1 ) 9 7  (58 ) 8 7  (6 6 ) 9 8  (6 2) 6 2 (3 2) 
[8 2.3 8 ; 1 0 5.3 4 ] [8 3 .6 4 ; 1 0 9 .8 4 ] [6 3 .27 ; 1 1 0 .1 5] [8 5.4 1 ; 1 1 0 .3 8 ]+ [4 2.6 9 ; 8 0 .4 8 ]+

IVA (m/ s2) 2.8 8  (1 .23 ) 2.8 9  (1 .20 ) 2.8 5 (1 .28 ) 2.9 1  (1 .25) 2.6 2 (0 .9 7 ) 
[2.6 4 ; 3 .1 1 ] [2.6 2; 3 .1 6 ] [2.3 9 ; 3 .3 1 ] [2.6 6 ; 3 .1 6 ] [2.0 4 ; 3 .2]

TE I 1 .0 5 (0 .4 0 ) 1 .0 0  (0 .3 1 ) 1 .1 7  (0 .55) 1 .0 4  (0 .4 1 ) 1 .1 1  (0 .3 1 ) 
[0 .9 7 ; 1 .1 3 ] [0 .9 3 ; 1 .0 7 ] [0 .9 7 ; 1 .3 6 ] [0 .9 6 ; 1 .1 2] [0 .9 3 ; 1 .29 ]

C VP  (mm H g ) 6 .1  (4 .7 ) 6 .1  (4 .7 ) 6 .3  (4 .6 ) 6 .0  (4 .7 ) 6 .9  (4 .8 ) 
[5.2; 7 .0 4 ] [4 .9 6 ; 7 .1 5] [4 .56 ; 8 ] [5.0 5; 6 .9 9 ] [3 .9 6 ; 9 .8 6 ]

AP  (mm H g ) 25.9  (1 1 .1 ) 24 .0  (1 1 .0 ) 3 0 .8  (9 .6 ) 25.2 (1 1 .2) 3 2.3  (8 .0 ) 
[23 .7 8 ; 28 .0 4 ] [21 .4 6 ; 26 .4 9 ]* [27 .27 ; 3 4 .26 ]* [22.9 ; 27 .4 4 ]+ [27 .3 2; 3 7 .22]+

P C W (mm H g ) 1 7 .7  (9 .2) 1 5.8  (9 .8 ) 22.5 (7 .5) 1 7 .0  (9 .1 ) 23 .5 (7 .3 ) 
[1 5.9 4 ; 1 9 .4 7 ] [1 3 .7 6 ; 1 7 .8 4 ]* [1 9 .58 ; 25.3 6 ]* [1 5.1 6 ; 1 8 .8 8 ]+ [1 9 .0 3 ; 28 .0 6 ]+

P VR (dy n.cm5) 1 6 3  (1 0 5) 1 56  (9 9 ) 1 7 9  (1 1 7 ) 1 6 0  (1 0 7 ) 1 8 3  (8 4 ) 
[1 4 2.54 ; 1 8 2.9 5] [1 3 3 .6 5; 1 7 8 .9 1 ] [1 3 6 .3 4 ; 221 .4 6 ] [1 3 8 .6 2; 1 8 2.1 5] [1 3 0 .7 2; 23 5.1 ]

D ata are sh own as a mean (standard dev iation) and [9 5%  confidence interv als], RV IVRT –  rig h t v entricular isov olumic 
relaxation time, TE I –  rig h t v entricular Tei index, IVA –  tricusp id annular acceleration during  isov olumic contraction, 
C VP  –  central v enous p ressure, AP  –  p ulmonary  artery  p ressure, P C W –  p ulmonary  cap illary  wedg e p ressure, P VR –  p ul-
monary  v ascular resistance, *  –  statistical sig nificance (p <  0 .0 5) b etween g roup s of p atients with  and with out cardiac
ev ents, +  –  statistical sig nificance (p <  0 .0 5) b etween g roup s of liv ing  and deceased p atients.



RESULTS

Clinical, echocardiographic and right-heart 
catheteriz ation v ariab les

Ta b le  I compares the clinical, echocardiographic
and hemody namic v ariab les in the w hole patient
popu lation, in patients w ith and w ithou t all cardiac
ev ents, and in liv ing patients or in deceased patients.

P atients w ith cardiac death as w ell as those w ith
the comb ined endpoint had significantly  higher pu lmo-
nary artery  pressu re (AP ) and pu lmonary  capillary
w edge pressu re (P C W ). R V  IV R T  w as significantly
low er only  in deceased patients. D eceased patients
also had higher T ei index , low er IV A, higher central
v enou s pressu re and pu lmonary  v ascu lar resistance,
thou gh not reaching statistical significance.

F ollow -u p data
O f the total nu mb er of 1 0 8  patients, 3 1  had a car-

diac ev ent. W e docu mented 1 2 cardiac-related deaths
and 1 9  non-fatal cardiac ev ents; 1 6  patients w ere
hospitaliz ed for heart failu re decompensation, and 
3  for the need for cardiov erter/ defib rillator implanta-
tion. N o patient u nderw ent my ocardial rev ascu lariz a-
tion du ring follow -u p. 

D eath or ev ent ris k  prediction
All the ab ov e v ariab les w ere analy z ed in C ox

regression models to determine their predictiv e
potential. W hen analy z ing the significance of para-
meters for predicting the risk  of an ev ent or death, AP
and P C W  w ere the only  parameters related signifi-
cantly  to ev ent or death risk  (p <  0 .0 1 ); nev ertheless,
a trend for IV R T  w as fou nd in predicting the risk  of
death, b u t w ithou t statistical significance (p =  0 .0 6 9 )
(Ta b le  II). T he analy sis show ed a relativ ely  low  pre-
dictiv e potential of non-inv asiv e methods ev alu ated
in this stu dy  for predicting ev ent-free or ov erall su r-
v iv al. A significant relationship (y et w ithou t enou gh
strength for predicting a non-fatal ev ent or death)
w as fou nd b etw een ev ent-free su rv iv al and T E I and
ov erall su rv iv al and IV R T , w hich su ggests some con-
nection b etw een these parameters. H ow ev er, the
p v alu es of the w hole model comb ining IV R T , IV A,
and T E I w ere 0 .222 for ev ent-free su rv iv al and 0 .0 7 8
for su rv iv al (Ta b le  III).

A comb ination of inv asiv e and non-inv asiv e 
parameters (AP , P C W  and IV R T ) show s b etter
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Table II

P redictiv e potential of parameters in u niv ariate C ox  regression models (*  –  a statistically  significant parameter [<  0 .0 5 ])

E v ent-free su rv iv al O v erall su rv iv al
R elativ e risk  (9 5 %  C I) p R elativ e risk  (9 5 %  C I) p

IV R T 1 .0 0  (0 .9 9 ; 1 .0 0 ) 0 .5 8 5 0 .9 9  (0 .9 8 ; 1 .0 0 ) 0 .0 6 9
IV A 1 .0 7  (0 .8 0 ; 1 .4 3 ) 0 .6 5 4 0 .8 5  (0 .4 7 ; 1 .5 3 ) 0 .5 7 8
T E I 1 .8 2 (0 .9 3 ; 3 .5 6 ) 0 .0 7 9 1 .27  (0 .4 0 ; 4 .0 8 ) 0 .6 8 3
C V P 1 .0 4  (0 .9 7 ; 1 .1 2) 0 .29 1 1 .0 6  (0 .9 5 ; 1 .1 8 ) 0 .3 1 4
AP 1 .0 7  (1 .0 3 ; 1 .1 0 ) 0 .0 0 0 * 1 .0 8  (1 .0 2; 1 .1 4 ) 0 .0 0 9 *
P C W 1 .0 9  (1 .0 5 ; 1 .1 4 ) 0 .0 0 0 * 1 .1 0  (1 .0 3 ; 1 .1 8 ) 0 .0 0 6 *
P V R 1 .0 0  (1 .0 0 ; 1 .0 1 ) 0 .0 7 2 1 .0 0  (1 .0 0 ; 1 .0 1 ) 0 .20 5

IV R T  –  isov olu mic relax ation time, IV A –  tricu spid annu lar acceleration du ring isov olu mic contraction, T E I –  right 
v entricu lar T ei index , C V P  –  central v enou s pressu re, AP  –  pu lmonary  artery  pressu re, P C W  –  pu lmonary  capillary  w edge
pressu re, P V R  –  pu lmonary  v ascu lar resistance, *  –  statistical significance (p <  0 .0 5 ) b etw een grou ps of patients w ith and
w ithou t cardiac ev ents.

Table III

P redictiv e potential of IV R T  parameter together w ith 
IV A and T E I parameters in C ox  regression models
(*  –  a statistically  significant parameter [p <  0 .0 5 ])

E v ent-free su rv iv al (χ2 =  4 .3 9 7 , p =  0 .222)
R elativ e risk  (9 5 %  C I) p

T E I 2.26  (1 .0 7 ; 4 .7 6 ) 0 .0 3 3 *
IV A 1 .0 4  (0 .7 8 ; 1 .3 9 ) 0 .8 0 1
IV R T 1 .0 0  (0 .9 9 ; 1 .0 0 ) 0 .21 7

O v erall su rv iv al (χ2 =  6 .8 1 4 , p =  0 .0 7 8 )
R elativ e risk  (9 5 %  C I) p

T E I 3 .20  (0 .7 7 ; 1 3 .23 ) 0 .1 0 9
IV A 0 .8 4  (0 .4 7 ; 1 .4 8 ) 0 .5 3 8
IV R T 0 .9 8  (0 .9 7 ; 1 .0 0 ) 0 .0 2 8 *

T E I –  right v entricu lar T ei index , IV A –  tricu spid annu lar
acceleration du ring isov olu mic contraction, IV R T  –  isov olu -
mic relax ation time

Table IV

P redictiv e potential of IV R T  parameter together w ith 
AP  and P C W  parameters in C ox  regression models 
(*  –  statistically  significant parameter [p <  0 .0 1 ])

E v ent-free su rv iv al (χ2 =  1 8 .27 4 , p =  0 .0 0 0 4 * )
R elativ e risk  (9 5 %  C I) p

AP 0 .9 8  (0 .8 9 ; 1 .0 8 ) 0 .7 25
P C W 1 .1 1  (0 .9 9 ; 1 .25 ) 0 .0 6 9
IV R T 1 .0 0  (0 .9 9 ; 1 .0 0 ) 0 .6 24

O v erall su rv iv al (χ2 =  1 2.4 6 3 , p =  0 .0 0 5 9 * )
R elativ e risk  (9 5 %  C I) p

AP 1 .0 6  (0 .9 1 ; 1 .24 ) 0 .4 7 1
P C W 1 .0 3  (0 .8 6 ; 1 .24 ) 0 .7 4 8
IV R T 0 .9 9  (0 .9 7 ; 1 .0 0 ) 0 .0 5 8

AP  –  pu lmonary  artery  pressu re, P V R  –  pu lmonary  v ascu lar
resistance, IV R T  –  isov olu mic relax ation time, *  –  statistical
significance (p <  0 .0 5 ) b etw een grou ps of patients w ith and
w ithou t cardiac ev ents.

resu lts. Althou gh the resu lting p v alu es of consid-
ered parameters do not show  a high degree of 
predictiv e pow er, the ov erall significance of b oth
models indicates these models prov ide u sefu l 
information. T he p v alu es are 0 .0 0 0 4  for ev ent-free
su rv iv al and 0 .0 0 5 9  for ov erall su rv iv al. It seems
that there is no indiv idu al strong predictiv e para-



meter, but that the parameters complement each
other (Table IV).

DISCUSSION

P rev ious stud ies(1 1 ,2 1 ,2 2 ) id entified  few  T D I parameters
(peak  tricuspid  sy stolic annular v elocity  –  S a, peak
early  d iastolic tricuspid  annular v elocity  –  E a, peak
late d iastolic annular v elocity  –  A a) d escribing  sy stol-
ic and  d iastolic function of the rig ht v entricle. S a ref-
lects R V  sy stolic function. It correlates sig nificantly
w ith R V  ejection fraction assessed  by  rad ionuclid e
v entriculog raphy (2 1 ) and  a sig nificant inv erse relation-
ship betw een S a and  pulmonary  artery  pressure has
been observ ed .(2 1 ) H ow ev er, S a is sig nificantly  after-
load -d epend ent; E a and  the E a/ A a ratio hav e been
inv estig ated  as mark ers of R V  d iastolic function, and
many  d iseases or sy nd romes includ ing  heart failu-
re, sy stemic hy pertension, C hag as d isease and  ar-
rhy thmog enic d ilated  card iomy opathy  hav e been
show n to be associated  w ith sig nificant d ecreases in
E a and  E a/ A a.(2 1 – 2 4 )

T here are also tw o combined  ind ex es successfully
used  for R V  function, i.e., IV A  and  the D oppler R V
ind ex  (T ei ind ex ). IV A  reflects R V  sy stolic function
d uring  isov olumic contraction and  is relativ ely  pre-
load - and  afterload -ind epend ent. T he T ei ind ex  show s
g lobal R V  function. It is not sig nificantly  influenced
by  heart rate, R V  pressure, R V  d ilatation or tricuspid
reg urg itation,(2 5 ) but all ind iv id ual components for-
ming  this ind ex  (ejection time, isov olumic contraction
time and  isov olumic relax ation time) w ere found  to be
heart rate-d epend ent.(2 5 )

R V  IV R T  has been show n to be inv ersely  related  to
mean rig ht atrial pressure (R A P ) ind epend ent of the
effect of R V  end -d iastolic or pulmonary  artery  pres-
sure.(1 4 ) In v iew  of the fact that R A P  reflects both
left- and  rig ht-sid ed  heart function, it has d iag nostic
and  prog nostic sig nificance in patients w ith card iac
d iseases, especially  w ith heart failure. W hen rig ht
atrium fails or is v olume ov erload ed , R A P  increases
w ith an earlier tricuspid  v alv e opening , so that 
R V  IV R T  shortens.(1 8 ) R V  IV R T  has also been used  to
pred ict pulmonary  artery  sy stolic pressure (P A ),
because it increases proportionally  w ith P A  w hen
R A P  is normal.(1 8 ) In prev ious stud ies, R V  IV R T  
w as measured  by  phonocard iog raphy  and  pulse 
tracing (1 7 ) or combined  D oppler echocard iog raphy
and  phonocard iog raphy ,(1 8 ) M -mod e record ing s of
pulmonic and  tricuspid  v alv es,(1 9 ) and  D oppler echo-
card iog raphy .(2 0 )

In this stud y , w e tried  to use R V  IV R T , as meas-
ured  by  T D I and  its combination w ith other parame-
ters, to ev aluate its importance in assessing  the
prog nosis of patients w ith chronic heart failure and
to id entify  the most pow erful combination of these
v ariables for this purpose.

O ur results show  that R V  IV R T  is sig nificantly
shorter in patients w ith card iac-related  d eath; how -
ev er, its pred ictiv e potential d oes not reach statistical
sig nificance in contrast w ith inv asiv ely  measured
hemod y namic parameters (pulmonary  artery  pres-
sure and  pulmonary  capillary  w ed g e pressure) ex hib-
iting  a sig nificant pred ictiv e potential. T his may  
be d ue to the relativ ely  small number of patients

because a trend  in d eath pred iction w as found  for R V
IV R T . A lso, in contrast to results reported  else-
w here,(1 1 ) the T ei ind ex  and  IV A  d id  not show  statis-
tical sig nificance in surv iv al or ev ent-free surv iv al
pred iction in this stud y . 

B ased  on these results, w e can conclud e that R V
IV R T  obtained  using  T D I can only  be used  as an
aux iliary  parameter in the risk  stratification of pa-
tients w ith chronic heart failure. H ow ev er, strong er
prog nostic d ata can be obtained  by  rig ht-heart cathe-
teriz ation because the combination of R V  IV R T , A P
and  P C W  show s a sig nificant pred ictiv e potential as
d o A P  and  P C W  alone. 
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