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Objectives. Myocardial contractility of the left ventricle along the long axis in hypertensives is not well
characterized. The systolic velocities of the left ventricular myocardium along the long axis were measured
by pulsed tissue Doppler imaging in patients with mild to moderate essential hypertension. The relation-
ships between the systolic velocity of left ventricular myocardium along the long axis and the blood pres-
sure, and the left ventricular geometry were investigated.

Methods. The study included 60 untreated hypertensive patientk] hypertension grouplhnd 59 age-
matched healthy subjectls] control group[] M-mode echocardiograms were recorded, and the relative wall
thickness, left ventricular mass index and left ventricular end-systolic stress were calculated. The peak sys-
tolic velocities of the left ventricular posterior wall motioh] SwOwvere measured by pulsed tissue Doppler
imaging.

Results. The Sw was significantly lower in the hypertension group than in the control group] 8.3+ 1.9
vs 9.2+ 2.0cm/sec, p[] 0.050 The Sw was correlated inversely with systolic blood pressurkl »J [J 0.31,
p U 0.0050] diastolic blood pressuré] » [ 0.25, p[J 0.00010 interventricular septal thickneskl »
1 0.41, p0 0.00010 left ventricular posterior wall thickness] [ [ 0.39, p [0 0.00010] relative wall thick-
ness] 7 [ 0.33, p [0 0.0010] and left ventricular mass indek! »[J [J 0.37, pJ 0.0010n all subjects.

Conclusions. The systolic velocity of the left ventricular myocardium along the long axis is decreased in
patients with mild to moderate essential hypertension, and is negatively correlated with blood pressure and
the severity of left ventricular concentric hypertrophy.
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Fig. 1 Sample volume] left(and representa-
tive motion velocity patternl right(in

Table 10 Clinical characteristics

Control group HT group

Onr0590 Onab600
Agtl yr[d 48.7+ 10.6  50.6+ 9.4
Body mass indek] kg/m?[] 23.7% 2.6 244+ 2.4
Heart raté] beats/minJ 60.4+ 7.7  63.5% 10.1

Systolic blood pressure]l mmHg[0 118.5+ 11.4 152.3+ 16.79
Diastolic blood pressure] mmHg[l 77.5% 8.7 94.6+ 10.97

Values are meant SD. “p[] 0.0001 vs control group.
HTO hypertension.
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the left ventricular posterior wall of
' the left ventricle by pulsed tissue
Doppler imaging in the apical long-

'l axis view
T O transducer ; LV O left ventricle ;
RV U right ventricle; LAD left atrium;
SV O sample volume; Sw 0 peak systolic

PCG velocity of the left ventricular posterior

wall motion along the long axis; PCG U

v— phonocardiogram ; ECG U electrocardio-
ECG gram.

Table 200 Echocardiographic data

Control group HT group
0 0590 O »0 600

AOD] mm[J 31.5+ 2.8 32,7+ 3.2°8
LADDI mm[] 35.1%£ 355 37.1x 4.1
IVSthl mmO 9.7+ 1.2 11.4+ 1.4%°
LVPWth] mm[ 9.1+ 1.0 10.5% 1.1
LvDd mm0 47.1+ 3.4 48.3+ 3.9
LVD&] mm[] 30.1+ 3.8 30.6x 4.0
FS1 %0 359+ 4.9 36.7+ 5.3
RWT 0.39+ 0.06 0.44+ 0.07%°
LvMID g/m?0 97.2+ 16.5 126.7+ 21.97°
ESS$I g/em?0] 59.5% 16.2 64.2+ 17.9

Values are meant SD. “p[ 0.05, "“ p0 0.0001vs control group.l
AODUO aortic diameter ; LADO left atrial dimension ; IVSth{
interventricular septal thickness; LVPWth[ left ventricular
posterior wall thickness; LVDd[ left ventricular dimension at
end-diastole ; LVDsO left ventricular dimension at end-
systole ; FS[ fractional shortening ; RWTU relative wall thick-
ness ; LVMIO left ventricular mass index ; ESSO left ventricular
end-systolic stress. Other abbreviation as in Tablel.

O00000M Table 211

SwODOOO9.2+ 2.0cm/sec0 000D 8.3+
19cm/sec0000000D0DOOOOOOOOOpO
0.05; Fig. 211
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Fig. 3 Relationships between Sw and systolic blood pressure! left[] and between Sw and diastolic
blood pressurtl] right(in all subjects
SBP [ systolic blood pressure; DBP U diastolic blood pressure. Other abbreviation as in Fig. 1.
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Fig. 4 Relationships between Sw and interventricular septal thickness! left[] and between Sw and
left ventricular posterior wall thickness] right[in all subjects
Abbreviations as in Fig. 1, Table 2.
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Fig. 5 Relationships between Sw and relative wall thickness] /eft[] and between Sw and left ventricu-

lar mass indeXl right(in all subjects
Abbreviations as in Fig. 1, Table 2.
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Fig. 6 Relationships between Sw and left ventricular
end-systolic stress in the control group
Abbreviations as in Fig. 1, Table 2.

gboobobooooooooobobobooooo
gboobobooooooooboobobobooooo
gbobobooooooooboobobobooo
gooooooobbbbboooooooooo
000000000000 SwOOOoOoOOooOoOoo
gobobobobobobobswoooswooono
gbobobooooooboobobobobooooon
gogbooooboobboobuooboboobooo
gogbooooboobboobuooboboobooo
gogbooooboobbooobuooboboobooo
gogbooooboobbooobuooboboobooo
000000 Oo000o0Doo0o00ooooooon
gogbogooboobbooobuoobobooboon
gogboooboobboooboobbooboon

J Cardiol 2003 Apr; 40 41+ 175-182

00000000000000000000000740
O000000DoO0o0oooooooooooooo
00oo000ooooo®®0o0oo0ooooo
O0000o0o0DOoOooooooooogoooooo
OO0000O00DOOo0o0ooooOoooo™oooogo
Shan OO 0000000000000 OOOOOO
gO0o0o0OO0oOdDOOoO0oo0ooOoooogoooooo
gooooooooooo
o00oOoO00obOOoO0oO0bDOoooOooogoooo
000000000 Vinereanud "0 Pela0*' 1 0 O
go00OOo0oO0obOo0ooooooooooooooo
OO000OOoOoO0oOooO0OopDoOoOobooooooo
Palmon 00 00000000300 000000
000000000 Auwigemma0* 00000000
O430000000000MO0O0000O000O00OO
oooooOoOobOoOooooOoOoooooooooo
oooooOoOobOoOooooOoOoooooooooo
oooooooOobOOoOooooOooOooooboooDooo
de Simone 0“0 0000000000 DOOOOODOO
soobooo00oOoDbOooboOoOoOoDbDOoobooOOooboooog
UO000DODODO midwall fractional shorteningJ O 00 O
O0000o00DoDooooooooooooooog
O0000o00DoDooooooooooooooog
O000000Do0oooooooooooooon
0000000*0oo0o000o0o0ooooooooo
0000000000 oooooooooooon
0000000000 0oDO0oooooooooon
gooOooooookinDooo™s*goooooon



180 oooooooo Ood

coooooooOoocooboocooobocooboooo
coooooooOoocooboocooobocooboooo
coooooooOooooboocoobobocooboooo
coobO0oOoooooooooooooooOoboOoon
cooooooooooboocoobooboooboooo
000000000000 00000000OooD®m
cooooooooooboocooboocOooboooo
coooogooon
boooooboooooooooom@mooon
coomoooooooooooooooooan
ooooooooooobooooboooboooo
oooboooooog
ooboOoboo1igoooooooooooooo
ooobooooobooooobooooboboooboooo
ooobooooobooooobooooboboooboooo
000000000000 *ooo0o0onoooo
ooooooooooobooooboboooboooo
ooooooooooobooooboboooboooo

0*000000000D00000bO00O0ooOOo
gboooocoooswhOobOOoOoooooooooo
goboooboooobooooooooooboooon
gboboboooooooobooooswooOon
oo Qgooo000000000onoooooo
gboobooboooobooooswhOooooooon
gobooobooooooooooooooooon
gobooooooooooon

gooog

oo obobmobooooooom
godbooooboobbooboobbooboon
0o0ooobuoobooobobooboooboboo
gogbooobooboobbooboooboo
oono

gboooOooobOoooooboOobOooOoooooooon
goboooonbO ooooooobooooooooooooao

goood

000.:0000000000000000000DbLO000DbOoO0o0D0bOOo0DoDobOOoOooDoDOOoo
000000 oo00o0DoO0o0@ooo0obO0o0o0oo0ooo0oobOoobOooooOoOooDoao
00o000oD0o0ooooodoooooooooDoooooooooooooooooooooon
ooo0oooooooooon
O0O0:00000000000060M0DbO0D0O 000000000 OObOOOOn
MOOOOODODOOODODOODODOODODDOOODOODOOOODOODODOODODODOODbDOODOO
000b00O00O00000O00O0DO0DO0DO0bO0o0o0o0oOoOoDOOoDomsSswMOoOoOoooo
dOo0:SwOOO09.2% 20cm/sec 0000 83+ 19cmy/secl 00 0O0OOODOOOODOOO
MpOo05O00000000OSWOODOOmMr000310p0O0.00500000M»000.250
pOOO000IIO0O0O0OOMrO0o0410p0do000I 000000 OO0 0.390p0 0.00010 00O
00 r000330p0o00010 00000 r000370p00.0010 000000000000
goooad
000:0000000@000000b0O o000 000o0o0oooO0bOOoDOOoDOooDOoon
0000000000000 bO0bO0000DOooo00bOobOOooo0oOoDOooDOooDooDOooDoo

J Cardiol 2003 Apr; 41714} 1750 182

ooo

10 Greenbaum RA, Ho SY, Gibson DG, Becker AE, Anderson
RH: Left ventricular fibre architecture in man. Br Heart J
1981; 45: 2480263

20 Streeter DD Jr, Bassett DL: An engineering analysis of
myocardial fiber orientation in pig’s left ventricle in sys-

tole. Anat Rec 1966; 155: 5030512

30 Streeter DD Jr, Spotnitz HM, Patel DP, Ross J Jr,
Sonnenblick EH : Fiber orientation in the canine left ventri-
cle during diastole and systole. Circ Res 1969; 24: 3390
347

40 Rushmer RF: Initial phase of ventricular systole:
Asynchronous contraction. Am J Physiol 1956 ; 184:

J Cardiol 2003 Apr; 40 411 175-182



1880 194

50 Jones CJ, Raposo L, Gibson DG : Functional importance of
the long axis dynamics of the human left ventricle. Br
Heart J 1990; 63: 2150220

60 de Simone G, Ganau A, Roman MJ, Devereux RB:
Relation of left ventricular longitudinal and circumferential
shortening to ejection fraction in the presence or in the
absence of mild hypertension. J Hypertens 1997 ; 15:
10110 1017

70 Wandt B, Bojo L, Hatle L, Wranne B: Left ventricular
contraction pattern changes with age in normal adults. J
Am Soc Echocardiogr 1998 ; 11: 8570 863

80 Bing OH, Matsushita S, Fanburg BL, Levine HJ :
Mechanical properties of rat cardiac muscle during experi-
mental hypertrophy. Circ Res 1971 ; 28: 2340 245

90 Capasso JM, Strobeck JE, Sonnenblick EH: Myocardial
mechanical alterations during gradual onset long-term
hypertension in rats. Am J Physiol 1981 ; 241: H4350
H441

1000 Schaible TF, Ciambrone GJ, Capasso JM, Scheuer J:
Cardiac conditioning ameliorates cardiac dysfunction asso-
ciated with renal hypertension in rats. J Clin Invest 1984 ;
73: 10860 1094

110 Jacob R, Vogt M, Rupp H: Pathophysiological mecha-
nisms in cardiac insufficiency induced by chronic pressure
overload: An attempt to analyze specific factors in animal
experiment. Basic Res Cardiol 1986; 81 Suppl 10 2030
216

1200 Hamrell BB, Hultgren PB: Sarcomere shortening in pres-
sure overload hypertrophy. Fed Proc 1986; 45: 25910
2596

130 Shimizu G, Hirota Y, Kita Y, Kawamura K, Saito T,
Gaasch WH: Left ventricular midwall mechanics in sys-
temic arterial hypertension: Myocardial function is
depressed in pressure-overload hypertrophy. Circulation
1991; 83: 16760 1684

1400 de Simone G, Devereux RB, Roman MJ, Ganau A, Saba
PS, Alderman MH, Laragh JH: Assessment of left ventric-
ular function by the midwall fractional shortening/end-sys-
tolic stress relation in human hypertension. J Am Coll
Cardiol 1994 ; 23: 14440 1451

150 Oki T, Tuchi A, Tabata T, Mishiro Y, Yamada H, Abe M,
Onose Y, Wakatsuki T, Ito S: Left ventricular systolic wall
motion velocities along the long and short axes measured
by pulsed tissue Doppler imaging in patients with atrial fib-
rillation. J Am Soc Echocardiogr 1999; 12: 1210128

1600 Onose Y, Oki T, Mishiro Y, Yamada H, Abe M, Manabe
K, Kageji Y, Tabata T, Wakatsuki T, Ito S: Influence of
aging on systolic left ventricular wall motion velocities
along the long and short axes in clinically normal patients
determined by pulsed tissue Doppler imaging. J Am Soc
Echocardiogr 1999; 12: 9210926

170 Shan K, Bick RJ, Poindexter BJ, Shimoni S, Letsou GV,
Reardon MJ, Howell JF, Zoghbi WA, Nagueh SF: Relation
of tissue Doppler derived myocardial velocities to myocar-
dial structure and beta-adrenergic receptor density in
humans. J Am Coll Cardiol 2000; 36: 8910 896

180 Vinereanu D, Ionescu AA, Fraser AG: Assessment of left
ventricular long axis contraction can detect early myocar-
dial dysfunction in asymptomatic patients with severe aor-
tic regurgitation. Heart 2001 ; 85: 300 36

J Cardiol 2003 Apr; 410 411 175-182

ooooooooooooooobocooooo 181

190 Devereux RB, Lutas EM, Casale PN, Kligfield P, Eisenberg
RR, Hammond IW, Miller DH, Reis G, Alderman MH,
Laragh JH: Standardization of M-mode echocardiographic
left ventricular anatomic measurements. J Am Coll Cardiol
1984; 4: 1222001230

o000000DbO0O0bO0OobO0oOobDUOobObOOobooOoDO:
gooobooobob0moboboooboobboOon
ooo0 M O00O0OobOobOobOobDOobDOobDOoDO
ooobDOomoO10c0oo00o0o0oooboooo2o000;
pp 13020

210 Sahn DJ, DeMaria A, Kisslo JA, Weyman AE :
Recommendations regarding quantitation in M-mode
echocardiography : Results of a survey of echocardiograph-
ic measurements. Circulation 1978 ; 58: 10720 1083

2200 Reichek N, Devereux RB: Reliable estimation of peak left
ventricular systolic pressure by M-mode echographic-deter-
mined end-diastolic relative wall thickness: Identification
of severe valvular aortic stenosis in adult patients. Am
Heart J 1982; 103: 2020 209

230 Devereux RB, Alonso DR, Lutas EM, Gottlieb GJ, Campo
E, Sachs I, Reichek N: Echocardiographic assessment of
left ventricular hypertrophy: Comparison to necropsy find-
ings. Am J Cardiol 1986; 57: 4500 458

24 Reichek N, Wilson J, St John Sutton M, Plappert TA,
Goldberg S, Hirshfeld JW: Noninvasive determination of
left ventricular end-systolic stress: Validation of the
method and initial application. Circulation 1982; 65: 990
108

250 Segar DS, Brown SE, Sawada SG, Ryan T, Feigenbaum H:
Dobutamine stress echocardiography : Correlation with
coronary lesion severity as determined by quantitative
angiography. J] Am Coll Cardiol 1992; 19: 11970 1202

260 Oki T, Fukuda K, Tabata T, Mishiro Y, Yamada H, Abe M,
Onose Y, Wakatsuki T, Tuchi A, Ito S: Effect of an acute
increase in afterload on left ventricular regional wall
motion velocity in healthy subjects. ] Am Soc
Echocardiogr 1999; 12: 4760 483

270 Pearlman ES, Weber KT, Janicki JS, Pietra GG, Fishman
AP: Muscle fiber orientation and connective tissue content
in the hypertrophied human heart. Lab Invest 1982 ; 46:
1580 164

280 Hittinger L, Shannon RP, Bishop SP, Gelpi RJ, Vatner SF:
Subendomyocardial exhaustion of blood flow reserve and
increased fibrosis in conscious dogs with heart failure. Circ
Res 1989; 65: 9710980

290 Huysman JAN, Vliegen HW, Van der Laarse A, Eulderink
F: Changes in nonmyocyte tissue composition associated
with pressure overload of hypertrophic human hearts.
Pathol Res Pract 1989 ; 184: 5770 581

300 Vinereanu D, Florescu N, Sculthorpe N, Tweddel AC,
Stephens MR, Fraser AG: Differentiation between patho-
logic and physiologic left ventricular hypertrophy by tissue
Doppler assessment of long-axis function in patients with
hypertrophic cardiomyopathy or systemic hypertension and
in athletes. Am J Cardiol 2001 ; 88: 53058

310 Pela G, Bruschi G, Cavatorta A, Manca C, Cabassi A,
Borghetti A : Doppler tissue echocardiography :
Myocardial wall motion velocities in essential hyperten-
sion. Eur J Echocardiogr 2001 ; 2: 1080 117

320 Palmon LC, Reichek N, Yeon SB, Clark NR, Brownson D,
Hoffman E, Axel L: Intramural myocardial shortening in



182 oooooooo Ood

hypertensive left ventricular hypertrophy with normal
pump function. Circulation 1994 ; 89: 1220 131

330 Aurigemma GP, Silver KH, Priest MA, Gaasch WH :
Geometric changes allow normal ejection fraction despite
depressed myocardial shortening in hypertensive left ven-
tricular hypertrophy. J Am Coll Cardiol 1995; 26: 1950
202

3400 Honda T, Tamano K, Takahashi M, Kobayashi T, Uetake
S, Seta H: Assessment of left ventricular function by mid-
wall fractional shortening in hemodialysis patients. J
Cardiol 2002; 39: 1410 150 in Jpn with Eng abstr(J

350 Quinones MA, Otto CM, Stoddard M, Waggoner A,
Zoghbi WA, Doppler Quantification Task Force of the
Nomenclature and Standards Committee of the American
Society of Echocardiography: Recommendations for quan-
tification of Doppler echocardiography: A report from the
Doppler Quantification Task Force of the Nomenclature
and Standards Committee of the American Society of

Echocardiography. J Am Soc Echocardiogr 2002 ; 15:
1670 184

360 Carroll JD, Carroll EP, Feldman T, Ward DM, Lang RM,
McGaughey D, Karp RB: Sex-associated differences in
left ventricular function in aortic stenosis of the elderly.
Circulation 1992; 86: 10990 1107

3700 Aurigemma GP, Silver KH, McLaughlin M, Mauser J,
Gaasch WH: Impact of chamber geometry and gender on
left ventricular systolic function in patients ] 60 years of
age with aortic stenosis. Am J Cardiol 1994; 74: 7940 798

3800 Krumholz HM, Larson M, Levy D: Sex differences in car-
diac adaptation to isolated systolic hypertension. Am J
Cardiol 1993; 72: 3100313

390 Gerdts E, Zabalgoitia M, Bjornstad H, Svendsen TL,
Devereux RB: Gender differences in systolic left ventricu-
lar function in hypertensive patients with electrocardio-
graphic left ventricular hypertrophy] the LIFE study[] Am J
Cardiol 2001 ; 87: 9800 983

J Cardiol 2003 Apr; 40 411 175-182



