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Study of the Myocardial Contraction and Relaxation
Velocities through Doppler Tissue Imaging Echocardiography.
A New Alternative in the Assessment of the Segmental
Ventricular Function
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Objective - Doppler tissue imaging (DTI) enables the stu-
dy of the velocity of contraction and relaxation of myocardial
segments. We established standards for the peak velocity of the
different myocardial segments of the left ventricle in systole
and diastole, and correlated them with the electrocardiogram.

Methods - We studied 35 healthy individuals (27 were
male) with ages ranging from 12 to 59 years (32.9+ 10.6).
Systolic and diastolic peak velocities were assessed by
Doppler tissue imaging in 12 segments of the left ventricle,
establishing their mean values and the temporal correlati-
on with the cardiac cycle.

Results - The means (and standard deviation) of the
peakvelocities in the basal, medial, and apical regions (of
the septal, anterior, lateral, and posterior left ventricle
walls) were respectively, in cm/s, 7.35(1.64), 5.26(1.88),
and 3.33(1.58) in systole and 10.56(2.34), 7.92(2.37),
and 3.98(1.64) in diastole. The mean time in which systolic
peakvelocity was recordedwas 131.59ms (£19.12ms), and
diastolic was 459.18ms (£18.13ms) based on the peak of
the R wave of the electrocardiogram.

Conclusion - In healthy individuals, maximum left
ventricle segment velocities decreased from the bases to
the ventricular apex, with certain proportionality betwe-
en contraction and relaxation (P<0.05). The use of Dop-
pler tissue imaging may be very helpful in detecting early
alterations in ventricular contraction and relaxation.
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The Doppler effect wasdescribedin 1842 by the Aus-
trian physicist Christian Johann Doppler, but, itsuseinme-
dicine, especially in echocardiography, did not begin until
one hundred yearslater *.

Only after the 1980s was Doppler echocardio-
graphy incorporated into routine diagnosis, signifi-
cantly improving the method, through the access of
valuable information about heart physiology, which
was previously not available. The main contribution of
this technique was to enable assessment of the di-
rection, the sense, and the vel ocity in which the blood
movesinsidethe heart and vesselsand, therefore, ma-
king a significant contribution to the study of valvu-
lopathies and congenital cardiopathies®. However, ad-
ditional benefits concerning information about the as-
sessment of global ventricular function and in the
assessment of segmental function have not been widely
discussed. Two-dimensional echocardiography ena-
bled the study of the regional myocardial contractile
function, and the performance of new procedures
under physical or pharmacological stress, enhancing
the sensitivity and specificity of the examinations of
patientsat rest. However, theinterpretation of the seg-
mental functioninthesetestscan belimited by thelear-
ning curve, quality of imaging, and accuracy of thein-
terpretation of the results 2. Additionally, we cannot
evaluate myocardial diastolic or relaxation function
properly using only two-dimensional echocardiogra-
phy. Tissue Doppler imaging, on theother hand, isafa-
irly new techniquethat allows assessing quantitatively,
the velocity of myocardial movement, during systole
and diastole®. Thefirst studies of Doppler tissueima-
ging appeared in the late 1980s*, but the method increa-
sed in importance with studies in Edinburgh led by
Sutherland et al ®and Fleming et al 6in 1994.
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Basically, Doppler tissueimaging was devel oped ba-
sed onthe physical differencesbetween moving blood and
moving myocardium. Themyocardium moveswith substan-
tially lower velocities (4 to 15cm/sversus40 to 150cm/s of
theblood flow) and producessignal swith amplitudes hun-
dred times greater than those of blood 8. Conventional
Doppler uses high-passfiltering to reject the“noises” of
low vel ocity and high amplitude, originating at theventricu-
lar wall and, thereby, allowing the cal cul ation of blood flow
velocity. Thereplacement of thisfilter for another enables
the acquisition of the myocardia signals and the instant
calculation of thevel ocity of movement at any specific point
of the cardiac muscle. Thistechnique has been used to
quantify the velocity of segmental movement of the ven-
tricular myocardium, aswell as, to study regional systolic
anddiastolicfunction®.

Thepurpose of thisstudy wasto performtheanalysis
of themaximum vel ocity of contraction and rel axation of the
several segments of the left ventricular myocardiumin
patients without cardiopathy, establishing their temporal
correlationwiththecardiaccycle.

Methods

Thirty-five healthy volunteers were prospectively
studied. Agesranged between 12 and 59 years (32.9+10.6),
and 27 individualswere male. Individual swho had cardiac
abnormalitiesonclinica, e ectrocardiographic, and echocar-
diographic examination were excluded. The studieswere
performed using commercially available pulsed Doppler
systems GE-Vingmed model System V, with multifrequency
transducers(1.5a3.6 MHz), and harmonics capitation and
Doppler tissueimaging. After conventional transthoracic
echocardiography, Doppler tissueimaging was performed
usinga4- and 2-chamber view. Weanayzed thebasal, medid,
and apica segmentsof the septal and lateral wallswith a4-
chamber view and thesamesegmentsintheanterior andinfe-
rior wallswith a2-chamber view, with atotal of 12 segments
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studiedineach case(fig. 1). Theexaminationsweredigitally
stored (looping of acompletecardiac cycle) for later assess
ment of the peak velocity of contraction (peak systolic
velocity) andrel axation (peak diastolic vel ocity) ineach of the
12 segments. Thesevel ocitieswere obtained with aspectral
tissue Doppler curve, placing the volume samplein each of
theabove-mentioned segments. Wea so determined el apsed
timeinmilliseconds, fromtheRwaveof thed ectrocardiogram
inwhichtheseve ocitiesoccurred (fig. 2).

We calculated the mean peak systolic and diastolic
velocitiesobserved inthebasal, medial, and apical regions
of thelateral, septal, anterior, andinferior walls.

Statistical analysiswas used to calculate the mean
and standard deviation of al thevariablesstudied. Compa-
rison between the peak vel ocity (systolic and diastolic) ob-
served in the different segmentswas performed with the
Student’ st test usinga5% significancelevel.

Results

Systolic and diastolic peak velocity means and stan-
dard deviation obtained from the 12 segments studied, as
well asthe mean velocity per region (basal, medial, and
apical) arepresentedintablel.

Themean and standard deviation of thetimesinwhich
maximal vel ocitiesof contraction and rel axation wererecor-
dedinrelation to the peak of the R wave of the electrocar-
diogramareintablell.

Themean systolic and diastolic regional peak veloci-
ties(basal, medial, and apical) areinfigure 2.

We observed that the maximum motion vel ocities of
theleft ventriclemyocardial segments decreased fromthe
basesto theventricular apex, with proportionality between
contraction and relaxation. Themean pesk velocitiesduring
relaxationweresignificantly higher (P<0.05) thanthemean
peak systolic vel ocities, in agreat number of the segments.
That is, themaximum motionvel ocity of theleft ventricular
myocardium occursduring diastole, especially intherapid
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Fig. 1—Left panel: a4 —chamber view showing the segments assessed of the septal and lateral |eft ventricle (LV) wall. Right panel: a2-chamber view showing the segments assessed

of theinferior and anterior |eft ventriclewalls. LA- left atrium; RA- right atrium.
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Fig. 2—Left panel: a4-chamber apical view in Doppler tissueimaging showing the lateral wall where the contraction and relaxation vel ocities are being measured. Right panel:
Digital profile of the velocity. The positive curve shows the peak systolic velocity (6.5cm/s) and the negative peak diastolic velocity (11cm/s). RA- right atrium; LA- |eft atrium;
RV-right ventricle; LV- left ventricle.

Table I — Mean of peak velocities, systolic and diastolic, by segment (i1813ms), after thesameelectrical phenomenon always
(and region) and the respective standard deviation (sd) in cm/s duri ng the rapl dventricularfilli ng phaSG(EW&VEOf themi-
Apica Apica Mean tral inflow). _ _ N
4- chamber 2- chamber by region The mean of the peak systolic regional velocities
Segment  Laterdl St Anterior  Inferior wassignificantly greater inthebasal segments, inrelation
Sys.Dias. Sys. Dias. Sys Dias. Sys Dias. Sys. Dias. tothat inthemedial region (P<0.001), which, inturn, was
Apical 454412 259 3.57 293420 297 3.99 333 3.98 si g_nificantly greater then that observed in the apical
(dp) 193152 071 1.61 143209 1.07 1.39 1.58 1.64 region (P<0.001).
Medium 6.82 8.63 4.36 7.41 4.957.36 4.93 805 526 7.92 Analysisof themean of the maximum motion veloci-
(o, e o Loae 190 1e 22T | tiesol temyocardiuminrdationtothephasesof thecar-
(dp) 200277 105152 193283 093 191 1.64 2.34 diaccycle(fig. 4) demonstratesthat theseval uesweresigni-
ficantly greater in diastole than in systolein each region
Sys.— systolic; dias.- diastolic. ( P <0.(X)1).
Discussion
filling phase(fig. 2). Only inthelatera apical ssgment were
similar valuesof motionve ocitiesrecorded, in systolecom- Although the gjection fraction and fractional shorte-
paredwith diastole (P=0.242). ning expresstheventricular performancewith confidence,
Themeantimefor reaching maximum contractionvel o- suitable assessment of the myocardium in the different
city (systalic peak velocity) was 131.59 ms(+19.12ms) coun- phases of the cardiac cycle may help to better understand
ting fromthe R wave of theel ectrocardiogram, whereasthe some pathologic conditions. Alterationsin myocardial
peak diastolic velocity occurred, on average, at 459.18ms motion during theventricular rapidfilling phaseisconsi-

Table II — Time in which peak velocities (systolic and diastolic) occurred per segment, in milliseconds, from the R wave of the electrocardiogram and the
respective standard deviation (sd)
Apical 4-chamber Apical 2-chamber
Segment Lateral Septal Anterior Inferior
Systolic Diastolic Systolic Diastolic Systolic Diastolic Systolic Diastolic

Apical 106 473 144 453 111.2 478 133 463
(dp) 43.8 61.7 52.3 113 43.8 124 51.6 60.7
Medium 88 480 146 474 118 478 137 496
(dp) 25.8 55.8 46.3 50.6 50.8 89.9 45.9 84.4
Basal 103 466 124 457 110 438 125 466
(dp) 31.2 66.6 39.8 72.3 44.1 88.2 37.6 84.1
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Fig. 3—Means of peak systolic and diastolic velocities (in cm/s) of the medial and apical basal segments showing that the vel ocities measured decreased from the base to the
ventricular apex and that the maximum movement velocity isgreater during relaxation than contraction.
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Fig. 4—Mean of systolic and diastolic peak vel ocitiesby region (basal, medial, and gpica).

dered an early marker of cardiac commitment in hyper-
tension . Also, intheearly stages of coronary disease, an
increasemay occur inthetimeof Ewavedecelerationinthe
mitral inflow, even though systolic function is preserved.
Doppler tissueimaging can also demonstrate: alterationsin
ventricular relaxation, initially, in certain myocardial seg-
ments, preceding alterationsin the global commitment of
ventricular filling. Regional diastolic dysfunction may be,
therefore, avery early indicator of ischemia®, but to
recognize parameters alterations obtained with Doppler
tissueimaging, itisnecessary toknow itsnormal values'*2,

Our study assessed, in healthy individuals, the ma-
ximum velocities of contraction and relaxation of the
basal, medial, and apical segmentsof thelateral, septal,
anterior, andinferior left ventriclewalls. In addition, we
established the time in which these vel ocities occurred
in relation to the electrocardiogram in the population
studied.

Weobserved that themaximumvel ocitiesof contracti-
on and rel axation decreased from the baseto theventricular
apex andthat themaximumvel ocitiesof relaxationaresigni-

ficantly greater than thevel ocitiesof contraction, inthema-
jority of myocardial segments.

Despitethis, alimitation of thismethodisthat it does
not enhance the difference between the vel ocities obser-
vedintheapical and basal segments. Doppler tissueima-
ging, aswith any type of Doppler, dependsontheangleat
which the ultrasound beam reflects, that is, the more
parallel the beam isto the direction of the main displa-
cement of the structureto be analyzed, themoreaccurate
isthevelocity measured measurement 2314, Themotion of
theleft ventricular myocardiumisvery complex. Atleast 3
types of fiber shortening occur, longitudinal, circum-
ferential, and spiral, and thefinal motion resultsfromthese
three. Theresulting vector is generally directed to asite
within the ventricular cavity, about 70% of the distance
between the base and the apex (fig. 5). Therefore, the
velocity vector of the mitral annulusregion isthat more
parallel to the ultrasound beam considering the viewswe
used (apical 4 and 2 chambers). Inthe apical region, the
result of the motion is perpendicular to the ultrasound
beam, significantly underestimating thevelocity measured
by Doppler tissueimaging. Thus, themeasures performed
intheapical region must be assessed carefully. They may
be less accurate in absolute valuesin relation to those
obtained in basal segments, but to comparethe sameindi-
vidual in consecutive studies, either at rest or under
stress, they can be used with acceptable confidence.

Itispossiblethat this dependence on the angle ex-
plainsthe great amplitude of the standard deviation ob-
served in the measures performed in the ventricular
apical region.

Likewise, such restrictionsin the velocity measures
imposed by the angle of incidence of the ultrasound do not
hinder the comparison between the vel ocities obtained in
systoleand diastole, because no angle variation occurs, in
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Vector B

Fig. 5—Theresulting vector of the myocardial movement isdirected by apoint inside
the ventricle at approximately 70% of itslongitudinal diameter. With regardsto the
ultrasound beam, the B vector islocated amost parallel whilethe A vector isalmost
perpendicular. Thisfact isjustified partly by the smaller velocities found in the
apical region, when compared with thosein to the basal region, because the vel ocity
detected by Doppler isinversely proportional to the consensus of the angle formed
by the vector and the ultrasound beam. LA- |eft atrium.
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acertain segment, when comparing the 2 phases of thecar-
diaccycle.

If weassumethat theareaof asection of theventricular
bases, near themitral annulus, ismuch greater thantheareaof
asection of the apical region, it makes sensethat the con-
traction and rel axation of thebaseismorerapid than that of
theapex. Otherwise, it would bedifficult for theventricleto
fill and empty itsdlf, which would beacontradiction.

Our study also shows that although the diastolic
phase is longer than the systolic and therefore, mean
myocardial motion velocity in diastoleislessthanin
systole, becausethe myocardium travel sthe same spacein
the 2 phases, the same thing does not occur with the
maximum motion vel ocity which, in our measures, always
occurred during early filling, corresponding tothe Ewaveof
mitra inflow.

Thissuggeststhat diastolic distention caused by
rapid atrial contractionisparticularly importantinthe
analysisof global diastolic function and that the active
chemical phenomena that causesthe ventricular con-
traction is not able to develop motion velocities
comparable to those observed by the filling of the
chamber, at |east in relaxation conditions and normal
distensibility.

Thetimeinwhichthepeak contraction and relaxation
velocitiesoccur inrelationtotheRwaveisvalid only tothe
mean cardiac frequency observedin our study (72.8+10.7
bpm) becausethe R-Rinterval varies, ininverse proportion,
according to cardiac frequency.

In conclusion, Doppler tissueimaging isatechnique
that enables, with some facility, the access of important
physiological information related to the contraction and
relaxation vel ocity of theventricular myocardium.

In healthy individuals, maximum left ventricular
segment motion velocities decreased from the bases to
theventricular apex, with certain proportionality between
contraction and relaxation. Thesevelocitieshavevalues
dependent on the angle of motion between the myo-
cardial wall and the ultrasound beam. The knowledge of
these variables may be useful in the study of diseases
that compromise myocardial contractility regionally or
diffusely.
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