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Clinical Investigations

Impaired Systolic Dysfunction of Left Ventricular Longitudina Fibers:
A Signof Early Hypertensive Cardiomyopathy
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Summary

Background: Atrioventricular plane displacement (AVPD)
study by M-modeechocardiography can supply useful clinical
information about left ventricular (LV) long-axisfunction.

Hypothesis: We assessed the hypothesisthat AVPD esti-
mation could be used to detect early hypertensive cardiomy-
opathy.

Methods. The study population included 81 hypertensive
patientswith normal LV gjection fraction and fractional short-
ening, and 50 age- and gender-matched healthy controls. By
utilizing M-modeand apicd views, thefollowing parameters
were estimated: early mitra flow peak velocity (E) and decdl-
erationtime (DT), peak velocity of late mitral flow (A), A/E
ratio, isovolumic relaxationtime (IVRT), total AVPD, AVPD
motionduring atrial systole (At), systolic AVPD (total AVPD-
At), and At/total AVPD rétio.

Results: Of 81 hypertensive patients, 16 (19.7%b) had anor-
mal (Group 1) and 65 (80.3%) animpaired LV relaxationfill-
ing pattern (Group 2). Meantota AV PD-Atwassignificantly
lower in Group 2 thanin Group 1 (7.1 + 2vs. 10.3+ 3 mm,
p<0.001) and in Group 1 compared with healthy subjects
(10.3+3vs. 13.1+ 1 mm, p<0.001). Mean At and At/total
AVPD were significantly higher in Group 2 thanin Group 1
(46.9 + 8.6 vs. 37.7 = 8.7%, p<0.001), but not in Group 1
compared with healthy subjects (37.7 + 8.7 vs. 36 + 6%,
p>0.05).
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Conclusions. Hypertensive patientswithout overt systolic
dysfunction demonstrate LV long-axis systolic dysfunction,
whilelong-axisdiastolic dysfunction dwayscoexistswith ab-
normd diastolic filling patterns. This suggeststhat long-axis
systolic dysfunction precedes diastolic dysfunction at the
sameaxisin hypertensve patients.
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Introduction

Left ventricular (LV) myocardia fibersare predominantly
arranged longitudinally or obliquely in the subendocardium
and subepicardium and circumferentidly in theintermediate
layer.! Measurement by M-mode echocardiography of the
atrioventricular plane displacement (AV PD) has been proven
to congtitute a simple method for the assessment of systolic
and diastolic function of the LV longitudinal fibers.24 Invari-
ous clinica settings, thisindex has been shown to carry im-
portant diagnostic and prognostic information by suggesting
early LV dysfunction.> ¢ Indeed, some expertshave proposed
its use as a screening tool complementary to conventional
echocardiographic indices for the detection of patients with
subtlemyocardia dysfunction.”-8

Theam of thisstudy wasto assessthediagnosticinforma:
tion offered by atrioventricular plane motion study by M-
mode in addition to the usua echocardiographic indices of
LV performancein hypertensive patients without overt sys-
tolic dysfunction.

Methods

We studied 81 hypertensive patients in sinus rhythm (48
men and 33women, 52.7 + 11 yearsold, range 30-69 years),
diagnosed within the preceding 5 yearsand treated with vari-
ous anti hypertensive medications. Patientswith arrhythmias,
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coronary artery disease, valve disease, systemic diseases, or
unsatisfactory echocardiographic recordings were excluded
from the study. All patients had anormal thallium-201 stress
test according to astandardized multi stage exercisetest proto-
col. At thetime of investigation, al patients had been under-
going antihypertensivetherapy for at least 2 months. Fifty age-
and gender-matched healthy subjectswith no previoushistory
of cardiac or other diseases, and who had norma physical ex-
amination, exercisetol erancetest, and echocardiogram, served
ascontrols. Just after measurement of blood pressurein supine
position had been taken, complete transthoracic echocardio-
gramswere obtai ned with aSonos 1000 ultrasonicinstrument
(Hewlett Packard, Andover, Mass,, USA) equipped witha2.5
MHz phased array transducer. The study protocol complies
with the declaration of Helsinki and was approved by thehos-
pital Scientific Committee.

Echocardiographic techniques and measurements of car-
diac dimens onswere performed according to theinstructions
of the American Society of Echocardiography.? 10 Calcula-
tion of the percent fractiona shortening was done according
to a previously described method.® All patients were exam-
inedinpartia |eft lateral decubitusposition after an overnight
fasting state. L eft ventricular masswas cal culated according
totheformula

LVM =0.8 X 1.05 X [(LVIDD + LVPW + IVS?)
—(LVIDD?)] +056

whereLVM =LV mass(gr), LVIDD =LV internd diastolicdi-
ameter (cm), LVPW =LV pogterior wall thickness (cm), and
IVS = interventricular septum thickness (cm).1% 12 Left ven-
tricular mass index (LVMI) was cdculated by dividing the
LVM by the body surface area (g/m?), since correction for
body surface areastandardizesfor obesity asafactor associat-
ed with increased LV M.13 Hypertrophy of the |ft ventricle

wasdiagnosedif LVMI was> 131 g/m? for men and 100 g/m?
for women. 14

Recordings of the motion of theleft atrioventricular plane
were obtained with the M-mode cursor directed from apical
views. Initidly, the M-mode cursor was oriented toward the
right septa margin of the lft atrioventricular plane and then
toward itslateral margin from the apical four-chamber view.
Consequently, the M-mode cursor was positioned at the ante-
rior and posterior borders of theleft atrioventricular planein
theapical two-chamber view.

Using theleading edge of echoes, total AVPD aswell asits
motionduetoatria systole (At) weremeasuredinmm (Fig. 1).
Total AVPD was measured as the total vertica distance be-
tween thetwo maximum excurs onstoward and away fromthe
transducer. The At wasrecorded at the last part of the diastolic
phase, when the atrioventricular planemoved fromthecardiac
apex toward theatrial roof during theinscription of the Pwave
of the electrocardiogram. Systolic AVPD (total AVPD —ALt)
andtheAt/total AV PD ratiowerecd culated subsequently. The
average of the measurements at the above four reported sites
out of five consecutive cardiac cycleswasused for theandyss.

A separatewd |-experienced investigator, who wasblinded
to the M-mode examination results, performed the cardiac
Doppler study. Theisovolumic relaxation time (IVRT) was
defined as the interval from the end of the aortic flow to the
onset of mitral flow as assessed by pulsed and continuous-
wave Doppler recordingsfrom the apical five-chamber view.
Theaverage of three cardiac cyclesfrom both recordingswas
taken as the representative measurement. Pulsed Doppler
transmitral flow velocities were recorded during expiration
between the tips of the mitral leaflets from the apical four-
chamber view. The sample volume size was adjusted to 3
mm. From these velocity tracings, early mitral flow peak ve-
locity (E), deceleration time (DT), and pesk velocity of late
mitral flow (A) were also measured.

Fic.1 Theatrioventricular planedisplacement during thecardiac cycleisrecorded in M-modein anormal subject (A) and in hypertensive pa-
tient (B). Thetota diastolic (T) and thosedueto atrial systole (At) movementsof theatrioventricular planeare observed. Ascan beseenclearly,
the At/total AVPD ratio of thenormal subject ismuch lower than that of the hypertensive patient (0.285 vs. 0.636, respectively). P= Pwave of

the electrocardiogram.
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Impaired relaxation was defined as prolongation of IVRT
(>102ms) and DT (>261 ms) and increased A/E ratio (> 1)
according to the reference values of our laboratory.’> More-
over, Doppler flow patterns were examined from the four-
chamber view for the existence of more advanced diastolic
dysfunction (pseudonormal and restrictive patterns). For this
reason, transthoracic pulsed Doppler study of theright upper
pulmonary venousflow was performedinal patients.16

Resultsare given asmean + standard deviation (SD). Com-
parisons between mean values were obtained by Student’s
t-test for two variables and by one-way anaysis of variance
(ANOVA) for morethan two variables. Thedegree of corrda-
tion between variableswas a 0 assessed. All pvauesaretwo
tailed, and Setistical significancewas established asp<0.05.
To assess the reproducibility of AVPD and LVM measure-
ments, 40 subjectswereeval uated twice on different occasions
by the sameinvestigator, and another 40 subjectstwiceon dif-
ferent occasions by two different investigators. Theintra- and
interobserver variabilities of total AVPD, At, and LVM were
6.2,5.4,and 6.6% and 6.9, 5.2, and 6.8%, respectively.

Resaults

Differencesinclinical characteristicsbetween hypertensive
patients and healthy subjects are listed in Table I. Of 81
(67.9%) hypertensive patients, 55 had LV hypertrophy. The
duration of diagnosed arterial hypertension was 4.8 £ 3.7
years. A norma LV diastolic filling pattern was found in 16
(19.7%) hypertensive patients (Group 1). Animpaired LV re-
laxation filling pattern was identified in 65 (80.3%) hyperten-
sive patients (Group 2). No patient demonstrated arestrictive
or a pseudo-normal mitral filling pattern. This latter finding
was ruled out based on the concomitant pulmonary venous

flow pattern. No differenceswere noted regarding age (52.2 +
9.2vs. 52.9+ 12.3years, p>0.05), gender (55 vs. 52% men,
p>0.05), body surface area(1.85+ 0.5vs. 1.83+ 0.2 kg/m?,
p>0.05), heart rate (76.1 £ 9.7 vs. 71.1 + 12.3 beatsmin,
p>0.05), and duration of hypertension (4.4+5.7vs. 49+ 3.2
years, p>0.05) between Groups 1 and 2. Systolic blood pres-
surewas 144 + 13 mmHgin Group 1 and 143+ 15 mmHgin
Group 2 (p>0.05), and diastolic blood pressurewas 90+ 9vs.
91+ 10mmHg (p>0.05), respectively. In addition, no signifi-
cant differenceswere noted between patientsin Groups 1 and
2 regarding the type of blood pressure lowering agents used
(Group 1 vs. Group 2: betablockers 45 vs. 50%; calcium an-
tagonists 30 vs. 35%, angiotensin enzyme inhibitors 45 vs.
55%; diuretics 25 vs. 30%, dl p>0.05).

ThelVRT, A/Erdtio, DT, left atrid dimension, and LVMI
were significantly different among Group 1, Group 2, and
hedlthy subjects (p < 0.05), whereasfractiona shortening and
gection fraction of theleft ventriclewere not different among
thethreegroups(p>0.05).

Totd AVPD wasfound to be symmetricindl four LV sites
(septal =13.6 £ 2.9 mm, anterior = 14.3+ 3.0 mm, posterior =
14.9 £ 3.3 mm, and lateral = 14.4 + 3.5 mm, ANOVA p =
0.09). The mean systalic AVPD (total AVPD-At) correlated
with LV gection fraction (r = 0.58, p>0.001). Mean systalic
AV PD wassignificantly lower in Group 2thanin Group 1 (7.1
+2vs.10.3+ 3mm, p>0.001), andin Group 1 compared with
hedlthy subjects(10.3+ 3vs. 13.1+ 1 mm, p>0.001).

A highly significant correlation was found between mean
At/totd AVPD and A/Eindl hypertensive patients(r = 0.820,
p>0.001). Compared with hedthy subjects, mean At and
At/total AVPD were significantly higher in hypertensive pa
tients (6.82+ 1.32vs. 5.76 + 1.35 mm, p>0.000, and 45.1 +
9.1vs. 36+ 6%, p>0.001, respectively). The At/total AVPD
wassgnificantly higherin Group 2thanin Group 1 (46.9+ 8.6

TaBLE | Comparison between characteristicsof hypertensive patientsand healthy subjects
Hypertensivepatients(n=81) Controls(n=50)

Mean+ SD Mean+ SD pVaue
Age(years) 527+111 532+10.6 >0.05
Sex (M/F) 44/37 29/21 >0.05
BSA (kg/m?) 1.84+02 1.81+03 >0.05
Heart rate (beats/min) 731+114 720+121 >0.05
LVMI (g/m?) 176+ 31 115+ 165 <0.001
FS (%) 375+80 362+74 >0.05
EF (%) 684+ 11 65.1+7.1 >0.05
SBP(mmHg) 140.1+105 138.1+50 >0.05
DBP (mmHg) 835+85 81.4+40 >0.05
LA (mm) 36.6+5.2 34.8+4.2 004
IVRT (ms) 1204245 90+125 <0.001
AIE 1.25+042 09+0.25 <0.001
DT (ms) 280+ 32 198+ 28 <001

Abbreviations: M = mdes, F=females, LVMI =left ventricular massindex, BSA = body surfacearea, HTN = hypertension, FS =l eft ventricular
fractional shortening, EF = gection fraction, SBP = systolic blood pressure, DBP=diastolic blood pressure, LA =1eft atrium, | VRT =isovolumet-
ricrelaxationtime, A = pesk velocity of latemitra flow, E= pesk velocity of early mitrd flow, DT = decelerationtime.
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vs. 37.7 = 8.7%, p>0.000), but not in Group 1 compared with
hedthy subjects (37.7 £ 8.7%Vvs. 36 + 6%, p>0.05). Theuse
of an At/total AVPD vaue= 42% asacut-off point to diagnose
impaired LV relaxationfilling pattern (asdefined above) in hy-
pertensive patients demonstrated sensitivity 84.3%, specifici-
ty 90%, and positive predictivevalue 93.47%.

Discussion

The results of our study show that hypertensive patients
with normal LV gection fraction and fractiona shortening
demongtrateimpaired longitudinal LV systolic function asas-
sessed by M-mode echocardiography independent of the pres-
ence of normal or abnormal LV filling. Left ventricular sys-
tolicfunctioniscommonly considered normal inthe presence
of norma gjection fraction and fractional shortening despite
thefact that neither index reflectsall aspectsof LV contractile
function. Recently, using tissue Doppler imaging, Poulsen et
al.17 found that patients with hypertension and isolated dias-
tolic dysfunction also had reduced LV systolic longitudina
function. However, we showed that even hypertensive patients
withnormal LV diagtolic function haveimpaired longitudinal
LV systalic function. Thisisnot an unexpected finding given
the fact that Mottram et al.18 showed that hypertensive re-
sponseto exerciseisassociated with subtle systolic dysfunc-
tion, even in the absence of resting hypertension. These
changesin longitudinal LV systalic function possibly occur
beforethe development of LV hypertrophy or detectabledias-
tolic dysfunction and most likely represent early hypertensive
heart disease. Thelongitudinally arranged myocardial fibers
possibly precede the circumferentialy arranged onesin im-
pairment of their systolic function in hypertensive patients.
Indeed, inarecent study hypertensive patientswith concentric
remodeling were found to havefractional shortening and sys-
tolic mitral annular vel ocities decreased in the long axis, but
not inthe short axis, compared with controls.2° Systolic func-
tion of the circumferential myocardial fibers seemsto beim-
pairedinthe presenceof norma gectionfraction only inthose
hypertensive patientswho have developed LV hypertrophy.2°

Theratio of AVPD caused by |eft atrial systoletototd dias-
tolic AVPD as assessed by M-mode echocardiography has
been proposed asanindex of LV diastalic function at thelong
axis, reflecting the contribution of atrial systoleto LV filling.#
Inour study, anincreased meanratio of | eft atrial tototd dias-
tolic AV PD wasfound in hypertensive patientscompared with
normal subjects, most likely dueto domination of impaired LV
rel axationintheformer. Thiswasevident fromthe presence of
the characteristic Doppler findings, 1> whichwere observedin
agreat percentage of our hypertensive patients. Theimpaired
ventricular relaxation producesareductionin early ventricular
filling, resulting in agreater residual volumein theleft atrium
by thelast part of the diastolic phase, and thus ahigher atrid
preload. Thisproducesmoreforceful left atria contractionand
activeleft atrid emptying, whichisreflected by anincreasein
the contribution of theleft atrial AVPD. In contrast to longitu-
dinal LV systalicfunction, longitudinal LV diastolic function

isimpaired only in hypertensive patientswith normal gection
fraction and fractiona shortening who at least show abnormal
LV filling behavior. Thediastolic extension of thelongitudinal
fibers seemsto makeamajor contribution to the diastolic be-
havior of theleft ventricle. Onthecother hand, systolic shorten-
ing of the left ventricle across the longitudinal axis does not
seem to play animportant rolein thewhole systolic behavior
of theleft ventricle. Thisisfurther confirmed by our finding of
awesaker correlation of the systolic AVPD with LV gection
fraction compared with the correlation of the At/total AVPD
withthe A/Eratio.

Inour seriesof hypertensive patientswith impaired ventric-
ular relaxation, the At/total AV PD ratiowasprovedto beapar-
ticularly useful predictive index in detecting those patients
with such abnormal LV filling. Indeed, thefact that AV PD was
found to be symmetric at all four LV sitesindicatesthat asin-
gle estimation of it at any site of the mitra valve annulusis
enough and representative of impaired LV relaxation.

Conclusion

Patientswith hypertenson and normal LV gectionfraction
and fractiond shortening, who were originally considered to
have normd diastolic function or even isolated diastolic dys-
function, weredemonstrated to have reduced systolic function
of thelongitudinal fibers of |eft ventricle. Thisprobably sug-
geststhat changein thelongitudinal shortening of theleft ven-
tricle, which isdetermined by the function of subendocardial
fibers, isan extremely sensitive marker of early systolic dys-
function. Diastalic function of longitudina fibersbecomesab-
norma only when abnormal diastolic behavior coexists. In-
deed, the assessment of diastolic function of longitudina
fibersusing M-mode echocardiography canidentify abnorma
relaxation of left ventricle with high accuracy and repro-
ducibility. Compared with the conventiona parametersof di-
astolic function, mean At and At/total AVPD are more specif-
icfor the assessment of long-axisLV diastolic function.
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