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Summary

We studied 45 untreated patients with mild to moderate essential hypertension (EH) and 27 nor-
motensive controls to assess the relationship between pulsed Doppler echocardiographic parameters
and cardiac function, and the effects of acute changes in preload or afterload on these parameters. The
following pulsed Doppler parameters were measured: as left ventricular (LV) inflow parameters, rapid
filling peak velocity (R), presystolic peak velocity (A), and A/R; as LV outflow parameters, preejection
period (PEP), ejection period (ET), ET/PEP, and peak velocity (PV). These parameters were compared
with those relating to cardiac function, such as age, interventricular septal thickness (IVST), LV mass
index (LVMI), 9, fractional shortening (%FS), LV end-systolic wall stress (WS), blood pressure,
and heart rate. The changes in preload and afterload were induced by sodium nitroprusside (SNP)
or phenylephrine infusion, which caused decreases or increases in the mean blood pressure by ap-

LBERFEER NE Department of Internal Medicine, Kitasato Univer-
AR AIEE 1-15-1 (7228) sity School of Medicine, Kitasato 1-15-1, Sagami-
hara 228

Received for publication February 16, 1989; accepted May 23, 1989 (Ref. No. 36-K29)

— 123 —



WA, BF AbA, @3

proximately 15%.

1. LV inflow parameters: Compared to normals, A and the A/R were higher in the group EH
(p<0.01). IVST in the group EH correlated with R and the A/R, but LVMI did not correlate with
these parameters. In normals, A correlated with % FS and WS, but did not in the group EH. R and
the A/R correlated with age in normals, but not in the group EH.

2. LV outflow parameters: There were no significant differences between the two groups. PV
in the group EH correlated positively with %FS, and negatively with WS. The ET/PEP in normals
correlated with %FS and WS, but not in the group EH.

3. Effects of SNP: Reduction in preload caused a decrease in R and an increase in the A/R in
both the groups (p<0.01). At the same time, reduction in afterload induced increase in PV,

4. Effects of phenylephrine: An increase in afterload did not change A, R or the A/R, though
PV decreased significantly in normals and tended to decrease in the group EH.

In summary, though the significance of the pulsed Doppler parameters of the LV was not always
the same between the two groups, these parameters may be used to evaluate cardiac function in EH,
if we pay attention to the influence of preload and afterload.
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Fig. 1. Measurement method of pulsed Doppler parameters related to left ventricular

function flow waves.

R=rapid filling peak velocity; A=presystolic peak velocity; AHT =acceleration half time; DHT
=deceleration half time; SAH=slope of acceleration half time; SDH=slope of deceleration half
time ; PEP =pre-ejection time; ET =ejection time; ACT =acceleration time; PV=peak velocity
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Table 1. Blood pressure, heart rate, and M-
mode echocardiographic parameters

Group EH Group C
=45y  (n=27) EHVsC

Ps (mmHg) 153+17 11611 p<0.01
Pd (mmHg) 100+12 74+6 p<0.01
HR (beats/min) 63+9 62+6 ns.
Dd (mm) 47.4+3.9 46.2+2.9 n.s.
Ds (mm) 30.3+4.4 29.6+3.0 ns.
IVST (mm) 13.1+12.1 9.9+0.9 p<0.01
PWT (mm) 11.8+1.6 9.0+1.0 p<0.01
LVMI(g/m?) 158 +35 101+16 p<0.01
WS (g/m? 58.0+17.1 55.8+16.1 ns.

%FS (%) 36.0+7.8 35.7+7.3 n.s.

mean=+1SD

Group EH=essential hypertensives; Group C=
controls ; Ps=systolic blood pressure; Pd=diastolic
blood pressure; HR =heart rate; Dd=dimension of
the left ventricle in end-diastole; Ds=dimension of
the left ventricle in end-systole ; IVST =interventric-
ular septal thickness in end-diastole; LVMI=left
ventricular mass index; WS=left ventricular wall
stress in end-systole ; %FS =percent fractional short-
ening.

Table 2. Pulsed Doppler parameters of the left
ventricular inflow and outflow waves

Group EH Group C

(=45  (=27) EHvsC

A (cm/sec) 57+10 46+10 p<0.01
R (cm/sec) 5613 6119 n.s.

A/R 1.04+0.20 0.77£0.13 p<0.01
AHT (msec) 6011 59+11 n.s.
DHT (msec) 304123 350+79 ns.
SAH (cm/sec?) 485+146 533+164 n.s.
SDH (cm/sec?) 304123 350+79 n.s.
PEP (msec) 98+18 93+14 n.s.
ET (msec) 281+22 285+19 n.s.
ET/PEP 3.01+0.70 3.13+0.57 n.s.
ACT (msec) 76+16 7615 n.s.
PV  (cm/sec) 90+16 87+11 n.s.

mean+ISD

Abbreviations as in Fig. 1 and Table 1.
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Table 3. Correlation coefficients between pulsed
Doppler parameters of the left ventricular in-
flow wave and the parameters related to car-
diac function

Group EH Group C
(n=45) (n=27)
A vs %FS n.s. 0.55 **
WS n.s. —0.39 *
R vs age n.s. —0.40 *
IVST —0.34 * n.s.
A/R vs age n.s. 0.64 **
IVST 0.41 ** n.s.
DHT vs age 0.42 ** n.s.
IVST 0.42 ** n.s.
PWT 0.32 ** n.s.
SDH vs age —0.31 * ns.
VST —0.39 ** n.s.
PWT —0.31 * n.s.

n.s.=not significant, *p<0.05, **p<0.01
Abbreviations as in Fig. 1 and Table 1.
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Fig. 2. Relationship between the A/R and interventricular septal thickness (IVST) in es-

sential hypertensives (group EH).

The A/R correlates positively with IVST in the group EH (r=0.41, p<0.01), suggesting the
importance of IVST in affecting diastolic cardiac function in essential hypertension.

Abbreviations as in Fig. 1.
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Table 4. Correlation coefficients between pulsed
Doppler parameters of the left ventricular out-
flow wave and the parameters related to car-
diac function

Group EH Group C
(n=45) (n=27)
PEP vs %FS —0.33 * —0.44 *
wWs n.s. 0.40 *
Ps 0.31 * n.s.
Pd 0.44 ** n.s.
ET vs HR —0.54 ** —0.42 *
ET/PEP vs %FS n.s. 0.47 *
WS n.s. —0.45 *
Pd —0.39 ** n.s.
PV vs %FS 0.43 ** ns.
WS —0.45 ** n.s.

n.s.=not significant, *p<0.05, **p<0.01
Abbreviations as in Fig. 1 and Table 1.
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Fig. 3. Relationships between PV and %FS, and PV and WS in essential hypertensives
(groups EH).

PV correlates with %FS (r=0.43, p<0.01) and with WS (r=—0.45, p<0.01) in the group EH
suggesting that PV is relatively a good parameter for evaluating cardiac function in essential hy-
pertension.

Abbreviations as in Fig. 1 and Table 1.
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Fig. 4. Acute hypotensive effect of sodium nitroprusside (SNP) on pulsed Doppler pa-
rameters of the left ventricular inflow and outflow waves.

R and the A/R significantly change during SNP infusion in the group EH (@) and in the group
C (O), while A remains unchanged in both the groups. A decrease in R may be induced by
reduced preload. PV increases significantly during SNP infusion in both the groups reflecting
reduced afterload.

Abbreviations as in Fig. 1.
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Fig. 5. Acute hypertensive effect of phenylephrine on pulsed Doppler parameters of the

left ventricular inflow and outflow waves.

A, R or the A/R do not change during phenylephrine infusion in the group EH (@) and in the
group C (O). PEP and the ET/PEP are also unchanged in both the groups, while PV tends to
decrease during phenylephrine infusion in the group EH (p<0.10) and is reduced significantly in
the group C (p<0.01) indicating PV to be influenced by an acute increase in afterload.

Abbreviations as in Fig. 1.
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ERTWRZ EEREZILR, SLICRFNLEY
5LBbhs. 7P atropine FFEHTHIT, L
WMEOME, HIRFEARFOMEIZIEIC AR 5
B, BREMERVEE L, DBE~OREREZ
L b, A AT atropine F{EH LA -7,
EEMHEEECE LT, SNP R, #%
AfriERIc Ly, EH 2, xtlE@ey PV 31
fnl7c. —J%, phenylephrine fEfK;, #%AFH
Kicky, PV gxtB#ETiET, EH #fcirf
BETRARVWHMETEAICH > 7. LHEORET
PV 3% AR ORE L FHET 5 2 L 2R L7,
BAMOBMEBICI > TL B ST 52 L
BB L. B PV DUloERFHHEEED
PEP, ET/PEP (x4 % SiEriAR - A ©
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?‘ﬁZkr ﬁﬁ’ :'tﬁy (E3/

BEBIYREWEEXILRS.

SMERTAT - RAWEHROBRE»OEE LV
2 Ky 77 —BROBKRHEREL S5 &, R
BB 2 % 5B, loading condition, k < 2R
AT ~EET 5 FAICLBE I ERT LN
b55. El PV 2 INHEHOHEECREL T3
Bz, RAMOREBLEZTHWEIRETHS
LBbhb.

b E

AREMEMEE 45 5] (EH 8 L E.0 27 4
DEHFHEESAVR - Fy 75 —35EEKkD, O
BSEE L OB% R 2. DWW T—E D fFlic Sodium
nitroprusside (SNP), phenylephrine ##H: L,
EHMEEK 15% EBHL, LiRigE~o02Mh
AT - RATNEB OB LR L.

1. EH #oix A 285<, AR 3EEER
L7ed, FMHEHERE I TRBEELER -
Iz

2. EH g IVST i3, LVMI & 048 % v
b, WRHIOHEEE~OBEBRTH - 7.

3. fEExtmEEcix R, A/R 24EHLHEEL
7275, EH gtz A, R, AR & LEERB LA L
eh otz

4. fEExtEEE T ET/PEP 0K v 7,
BAWORE LB L2, EH ok L s
o

5. EH go PV 13, AR, LFRY7HEE
LRAfRL .

6. SNP fERIRy, BIATOBRDIC L Y R i
ETL AR 3@EfEL%RY, EBEAFROERIC
Xy PV @a#me iz

7. Phenylephrine {#fp%, A, R, A/R 3%
fLLZzdotedy, PV i3tBEcR/ L, EH #
TP ER & ATz

PLEX Y, Sz - Ry 75—ick 3ELEE
R, REOCEVWCI VR BERARLSL 0
o, EH BoOUEEFICIFEECERTL 5.
L2 LEEHRARIEEIIARIC, EERHEEE

BREBANOEBYZIT 50T, ZoFRHICEE
BE2E+5.

-3 #

AREMEMELRE (EH) T 0% - Fy 75—
T a— I X 2ELMREIEIEE L OEREL ©
BfRERIL, 2hdoiEBick JETaMra
FEBOEBLHLMICLLY L L. 20k
RIGEOUEE - hiiE EH 45 ) & 850 27 1 (ot
MBEE) et L, EZEWMAER & ) SFERARK 0K
X¥E#E (R), LDENMEEOBRARE (A) BIU
AR %k®, FzEZEFHRHERER > O HiERMmLE
(PEP), BEfm#i (ET), ET/PEP, E&f&E (PV)
FRwl. LR LUDBECEFRTEEL L
T, i, DIBKROIEEL L TLEFRE (IVST)
L EZOHERSRE (LVMID), LR 7N
BEr LT %FS, #AHOEEL LTEREEN
(WS), fifE, 8 XU0AKERY, ThZhoM
B % &7z

BIAR - BAMESGHORE Y, EH &, R
BED— @ iz 8 v T, sodium nitroprusside
(SNP) #EFic X 2 MER 15% TREORER,
¥ 7= phenylephrine ##yick 32 EHME W
15% LR ORRTHRETL .

1. ESRpEAKIEE: EH #0 A 83X AR
BEEZR L (p<0.01). EH # o IVST 1 R,
AR LAEBA L7245, LVMI L 348 L » 7z,
Tz A 2 %FS, WS LA L7235, EH
BCRMEEL R >k EHRPTIERL
R, A/R 2#EEL7=%, EH e L 22 -
7.

2. ERFHHEEE: MEROMECEEERR
otz. LaL EH #icsiy s PV i3 %FS &
E, WS L 3ADHEEZ R LK. BT ET/
PEP & %FS s xvt WS LtigggL7z#, EH
BCRAERE L b o 7.

3. SNP fgHE: WigEe LATARRDICIY
R FETFL, AR 3k (p<0.01), & #%AR
Wiz v PV kL.
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4. Phenylephrine {$HK; : £AMKE, MW
BEy AR AR @ZEfbLienr o, PV i3
MEHTHA L, EH #TambEmz » .

BHRLLT, Sz Ry 75 —BIREBED
#igiE i3, EH gL BEE & TOBRE EOEKR S
—Re s b o0, EH B#oOENEIcER T
b5 L LEERAREEINATIC, £ER
HEEE I BRATORE LRI 5.
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