Journal of Cardiology 18: 719-730, 1988

mERFCS T 5E46W  Left and right ventri-

LERABBOBRE : 41T cular diastolic properties

R 7 ERBRE O [ in essential hypertension
during cold pressor test:
Noninvasive assessment
by pulsed Doppler echo-
cardiography

EiF E Naoya HAMAZAKI
Bk ZE Takahiko SHIMIZU
s - Atsushi OKAMURA
WA e Hideo YAMAMOTO
J\AR 73 Shigeru YAGI

Summary

The diastolic properties of the left and right ventricles of 17 essential hypertensive patients (HT)
without left ventricular hypertrophy and of 12 normotensive subjects were assessed by pulsed
Doppler echocardiography during the cold pressor test (CPT) and after administration of nifedipine
(10 mg).

The results were as follows :

1. The peak blood flow velocities due to the left and right atrial contractions (Ayy, Agy) at
rest in the HT group were significantly greater (p<0.001) than those in the control group. The
ratios of peak velocities due to atrial contraction and rapid filling of each ventricle (A/R) in the
HT group were significantly increased (p<0.001) compared with those of the controls.

2. The peak rapid filling flow velocity of each ventricle during cold pressor test in the HT
group was significantly less and the A/R of each ventricle was significantly (p<0.001) greater com-
pared to those at rest

3. Diastolic indices and systolic blood pressure did not change significantly after admini-
stration of nifedipine at rest or during cold pressor test.

These results indicate that abnormal diastolic properties of the left and right ventricles are
further deteriorated by increasing afterload.
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Fig. 1. Determination of inflow parameters.

Five parameters are calculated from the inflow pat-
tern.

A =peak velocity of atrial contraction flow ; R=peak
velocity of diastolic rapid filling flow ; ACR =acceler-
ation of diastolic rapid filling flow ; DCR deceleration
of diastolic rapid filling flow ; A/R=ratio of the peak
velocity of atrial contraction flow to the velocity of
diastolic rapid filling flow.
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Fig. 2. Changes in systolic blood pressure, diastolic blood pressure and heart rate before and

during CPT.

CPT=cold pressor test; SBP=systolic blood pressure; DBP=diastolic blood pressure; HR=heart

rate; B=before CPT; D=during CPT.
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Table 1. M-mode echocardiographic indices in
the control and hypertensive groups at

rest
Control Hypertensive
group group
IVSth (mm) 9.8+1.0 10.8+1.0f
LVPWth (mm) 8.7+0.8 9.3+1.0
LVDd (mm) 49.2+3.6 47.4+5.4
LVDs (mm) 32.4+2.4 29.4+£5.5
LAD (mm) 30.6+3.6 34.4+6.1

1VSth=thickness of Interventricular septum at end-
diastole ; LVPWth=thickness of left ventricular pos-
terior wall at end-diastole; LVDd=left ventricular
diastolic dimension; LVDs=Ileft ventricular systolic
dimension ; LAD=1left atrial dimension at end-dias-
tole. All values are mean+SD.

t p<0.01 vs control group.
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Table 2. Left and right ventricular diastolic in-
dices at rest

Control Hypertensive

group group
ACRLy (cm/sec?) 774.6+189.8 835.4+205.2
DCR.y (cm/sec?) 442.8+102.8 461.6+161.4
Rpv (cm/sec) 69.6+ 13.4 74.4+ 18.9
ALy (cm/sec) 38.6+ 8.6 59.8+ 14.0%
A/Rpy 0.53+ 0.10 0.86+ 0.34f
ACRgy (cm/sec?) 596.6+148.0 618.4+175.6
DCRRy (cm/sec?) 315.6+ 72.2 362.3+122.3
Rgv (cm/sec) 45.6+ 10.8 56.0+ 16.3
Apgy (cm/sec) 27.3+ 4.1 46.2+ 9.4%
A/Rgvy 0.62+ 0.10 0.81+ 0.25*

ACRyy=left ventricular acceleration of diastolic
rapid filling flow; DCRyy=Ileft ventricular decelera-
tion of diastolic rapid filling flow; Rpy=left ventri-
cular peak velocity of diastolic rapid filling flow; Ary
=left ventricular peak velocity of the atrial contrac-
tion flow; A/Rpy=ratio of the left ventricular peak
velocity of atrial contraction flow to the velocity of
diastolic rapid filling flow; ACRgpy=right ventri-
cular acceleration of diastolic rapid filling flow;
DCRyy=right ventricular deceleration of diastolic
rapid filling low ; Rgy=right ventricular peak velocity
of diastolic rapid filling flow ; Agy=right ventricular
peak velocity of atrial contraction flow; A/Rgy=
ratio of right ventricular peak velocity of atrial con-
traction flow to the velocity of diastolic rapid filling
flow.

All values are mean+SD.

* p<0.05, T p<0.01, ¥ p<0.001.

0.001) LF % #7- (Fig. 4).
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Fig. 3. Changes of the left ventricular peak velocity of atrial contraction flow, the peak ve-
locity of diastolic rapid filling flow and the A/R before and during CPT.

Apy=left ventricular peak velocity of atrial contraciton flow; Rpy=Ileft ventricular peak velocity of
diastolic rapid filling flow; A/Ryy=ratio of the left ventricular peak velocity of atrial contraction
flow to the velocity of diastolic rapid filling flow; CPT=cold pressor test; B=before CPT; D=

during CPT.
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Fig. 4. Changes in the right ventricular peak velocity of atrial contraction flow, the peak
velocity of diastolic rapid filling flow and the A/Rpy before and during CPT.

Agy=right ventricular peak velocity of atrial contraction flow; Rry=right ventricular peak velo-
city of diastolic rapid filling flow ; CPT=cold pressor test ; B=before CPT ; D=during CP T.
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Table 3. Changes in each index during cold pressor test (CPT) in hypertensive and control

groups
Control group Hypertensive group

Before CPT During CPT Before CPT During CPT
SBP (mmHg) 121+9 137+ 161 145+21 168 +261
DBP (mmHg) 74+9 89+10% 90+12 103+21t
HR (bpm) 66+9 73+10% 68+9 74+10t
EF (%) 62.8+3.9 62.3+3.8 67.0+9.0 60+7.1%
mVcf (circ/sec) 1.19+0.11 1.114+0.12 1.2640.23 1.07+0.17%
ACRpy 774.6+189.8 830.8+247.9 835.4+205.2 737.1+183.1
DCRpy 442.8+102.8 448.3+73.8 461.6+161.4 381.1+139.8
Ary 38.6+8.6 36.8+5.7 59.8+14.0 63.0+15.2
Rpy 69.6+12.4 66.5+15.1 74.4+18.9 65.7+16.7*
A/Rpy 0.53+0.10 0.56+0.10 0.86+0.34 1.00+0.31%
ACRRgy 596.6+148.0 656.8+121.5 618.4+175.6 502.14+134.2
DCRgv 315.6+72.2 375.2+91.2 362.3+122.3 255.3+84.7
ARy 27.3+4.1 28.2+4.3 43.3+10.6 46.2+9.4
Rgyv 45.6+10.8 47.0+10.0 56.0+16.3 45.5+8.5t
A/Rgv 0.62+0.10 0.63+0.11 0.81+0.25 1.0240.29%

SBP=systolic blood pressure; DBP=diastolic blood pressure; HR =heart rate; EF =ejection fraction; mVcf=
mean rate of circumferential fiber shortening ; ACRy=Ileft ventricular acceleration of diastolic rapid filling flow;
DCRry=left ventricular deceleration of diastolic rapid filling flow; Apy=Ileft ventricular peak velocity of atrial
contraction flow; Ryy=left ventricular peak velocity of the diastolic rapid filling flow; A/Rpy=ratio of the left
ventricular peak velocity of atrial contraction flow to the velocity of diastolic rapid filling flow ; ACRyy=right
ventricular acceleration of diastolic rapid filling flow; DCRgy=right ventricular deceleration of diastolic rapid
filling flow; Agry=right ventricular peak velocity of atrial contraction flow; Rgry=right ventricular peak velocity
of diastolic rapid filling flow; A/Rgy=ratio of the right ventricular peak velocity of atrial contraction flow to
the velocity of diastolic rapid filling flow; CPT'=cold pressor test.

All values are mean+SD.
* p<0.05, t p<0.01, 1 p<0.001.
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Fig. 5. Changes of ejection fraction, mVcf and cardiac indices before and during CPT.
EF =ejection fraction; mVcf=mean rate of circumferential fiber shortening ; CI=cardiac index;
CPT=cold pressor test; B=before CPT; D=during CPT.
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Fig. 6. Changes in left ventricular acceleration and deceleration of diastolic rapid filling

flow before and during CPT.

ACRy=left ventricular acceleration of diastolic rapid filling flow; DCRpy=left ventricular
deceleration of diastolic rapid filling flow; CPT=cold pressor test; B=before CPT; D=during

CPT.
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Fig. 7. Changes in right ventricular acceleration and deceleration of diastolic rapid filling
flow before and during CPT.

ACRpyy=right ventricular acceleration of diastolic rapid filling flow; DCRgy=right ventricular
deceleration of diastolic rapid filling flow; CPT=cold pressor test; B=before CPT; D=during

CPT.

Table 4. Changes of systemic blood pressure, heart rate and left ventricular systolic indices be-
fore and after nifedipine administration

Hypertensive group (n=9)

Before nifedipine After nifedipine
Before CPT During CPT Before CPT During CPT
SBP (mmHg) 145.3+21.9 p<0.001 170.6+25.6 129.8+13.9 p<0.001 145.1+16.6
DBP (mmHg) 92.6+11.4 p<0.05 99.3+16.2 80.4+9.0* p<0.001 92.6+11.7
HR (beats/min) 70.0+11.2 p<0.01 78.0+£10.4 73.2+11.4 p<0.01 79.0+10.5
EF (%) 65.4+8.2 p<0.01 60.1+6.5 69.9+3.3 66.3+2.8
mVef (circ/sec) 1.22+0.23 p<0.01 1.07+0.18 1.39+0.11 p<0.05 1.30+0.11

SBP=systolic blood pressure; DBP=diastolic blood pressure; HR=heart rate; EF =ejection fraction; mVcf=
mean rate of circumferential fiber shortening.

All values are mean+SD.

* p<0.05 vs values before nifedipine administration.
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Table 5. Changes in diastolic inflow indices before and after nifedipine administration

Hypertensive group (n=9)

Before nifedipine

After nifedipine

Before CPT During CPT Before CPT During CPT
ACRLy (cm/sec?) 855.8+231.7 p<0.05 752.9+183.4 915.4+255.1 p<0.05 774.6+204.5
DCRpy (cm/sec?) 471.3+150.0 p<0.05 375.6+110.6 501.9+122.2 p<0.05 381.0+110.5
Apy (cm/sec) 60.5+9.6 p<0.05 66.1+11.1 57.5+9.9 p<0.01 63.9+7.8
Rpy (cm/sec) 74.8+22.5 68.3+9.8 78.5+19.1 p<0.05 73.3+17.5
A/Rpy 0.89+0.35 p<0.01 1.02+0.32 0.89+0.27 p<0.01 0.91+0.26
ACRpy (cm/sec?) 644.5+166.2 p<0.05 489.3+115.5 574.2+119.1 552.5+114.4
DCRgy (cm/sec?) 357.5+108.3 p<0.05 254.7+79.3 431.5+90.3 p<0.01 315.0+116.0
ARy (cm/sec) 45.8+12.4 49.3+10.0 42.0+9.5 p<0.05 49.5+10.1
Rgy (cm/sec) 58.0+19.2 46.5+9.1 55.6+10.8 54.6+17.3
A/Rgy 0.84+0.29 p<o0.01 1.08+0.24 0.77+0.19 p<0.01 0.96+0.23

No significant changes are shown at rest.

ACRpy=left ventricular acceleration of diastolic rapid filling flow; DCRyy=Ileft ventricular deceleration of
diastolic rapid filling flow; Apy=Ileft ventricular peak velocity of atrial contraction flow; Ryy=Ileft ventricular
peak velocity of diastolic rapid filling flow; A/Ryy=ratio of the left ventricular peak velocity of atrial contrac-
tion flow to the velocity of diastolic rapid filling low; ACRgy=right ventricular acceleration of diastolic rapid
filling flow; DCRpgy=right ventricular deceleration of diastolic rapid filling flow; Ary=right ventricular peak
velocity of atrial contraction flow; Rgy=right ventricular peak velocity of diastolic rapid filling flow; A/Rgy
=ratio of the right ventricular peak velocity of atrial contraction flow to the velocity of diastolic rapid filling
flow; CPT=cold pressor test.

All values are means+SD.
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Fig. 8. Correlation between right and left ventricular A/R before CPT.
RV =right ventricle; LV=Ieft ventricle; A/R=ratio of the peak velocity of atrial contraction flow
to the velocity of diastolic rapid filling flow; CPT=cold pressor test.
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