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Summary

The effect of sublingual nifedipine on left ventricular (LV) function was assessed by analyzing
LV inflow velocity patterns using pulsed Doppler echocardiography (PDE) and radioisotope (RI)
angiography in 23 patients with hypertrophic cardiomyopathy (HCM), 13 with hypertensive heart
disease (HHD) and 24 with ischemic heart disease (IHD).

The results were as follows:

1. LV inflow velocity pattern and M-mode echocardiography after the administration of nife-
dipine (Study-I).

1) The deceleration time (DT) of the diastolic rapid filling wave was shortened after nifedipine
in HCM and HHD, but not in IHD. The acceleration time (AT) of the diastolic rapid filling wave and
the A/D ratio (amplitude of an atrial contraction wave/amplitude of a diastolic rapid filling wave)
were not significantly changed in all groups.

2) Peak negative Vcf was significantly improved after nifedipine in HCM, but unchanged in
the other groups. Fractional shortening and peak Vcf did not change in all groups.

2. LV inflow velocity pattern and RI angiography after nifedipine (Study-II).

1) The mean LV rapid filling rate (V,) based on the LV volume curve by multi-gated blood pool
scans increased during nifedipine in HCM and HHD, but other diastolic indices, such as the peak
filling rate and 1/3 filling fraction, were unchanged.

2) The DT-V, relationship during nifedipine shifted toward the right and downward in HCM
and HHD. In IHD, however, this relationship shifted toward the left and downward in cases with
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reduced LV function (V,<1.0 EDC/sec), but toward the right and downward in patients whose LV

function was maintained (V;=1.0 EDC/sec).

Nifedipine therapy was associated with an improved LV filling in nearly all cases of HCM and
HHD, and in some cases of IHD. PDE and RI angiography are useful for evaluating LV diastolic
function during sublingual nifedipine in various heart diseases.

Key words
Pulsed Doppler echocardiography

RI angiocardiography

Left ventricular diastolic filling Nifedipine

X C&® Iz

BEEASAVR - F 7T =8Ik 5 EERALE
N4 — o (left ventricular inflow velocity pat-
tern: LVIF) Q3HBHBEZICEOR B Z L2 b,
FRORBIZEIT 5 20 MFE S & — RN ICES
&, EEFREEFMICE T 2 5% < ofEh? 2
3. L»L, BxixzofHA#—r L Rl 7
YA T 74— RI 7o) itk vBSNRD
EZEREIRE O i e FEIREIC O W TRAT L
TR, iy — v AvTERIGERIE L F
flidsswviciz, ThZhoREEr -+l
T, EERHM T L BSBETHEELEAL
TERY.

—F, FHEAWMBCBITIZEERAZ—vD
Elrn, ZhEhORREICK T 5 EEILEREE
i RA T G PR, 20X d R BAR
5, FxlTHAy Y s A (nifedipine) &Rk
BT BEZERASAZ - 0EL», RI 7o
#F & DR I HLIRMEARIE O AL & anfal 7 B Btk &
BT 20OV TRNL, H#RELESRIZ, 20K
KHEREBHALMICLE Y LRAT.

Fik LR

Study-1: <~z -« F7°5—h% ik Lick
MThs. HREY BEO ERRBMLE L,
BB OFECR-TEZRAME S & — >
(LVIF) #&8 L7- (LVIF-control-1). #n%%,
Bt LM (BRSO M % ks LVIF
HEX 2B OWTHRET 2 ewic, BihFx
—EkRKm» LB, M £—FKLhza—
HBIC LB 0P - EE#EC -2 B&H L

7z. #\WT, control-1 k Rl ik cHE LVIF
%8 L (LVIF-control-2), BEWOMFK ¥
—VIZEERBORNLEHR L. 0% H
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L7- (Fig. 1, Study-I).
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a—XEE& L7 (Fig. 1, Study-II).
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Fig. 1. Protocol of examinations of Study-I and -II.

LVIF =left ventricular inflow velocity pattern; LVIF-control=first control study; LVIF-control-2
=second control study, i.e., LVIF recording after M-mode echocardiographic recording; LVIF-
control =control study; RI angiography-control=RI angiography before nifedipine; LVIF-nifedipine
=LVIF after nifedipine; RI angiography-nifedipine=RI angiographic study after nifedipine.
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Fig. 2. Measurement methods of various indices of LVIF (top) and RI angiography (bottom).
LVIF=left ventricular inflow velocity pattern; D=amplitude of a diastolic rapid filling wave; A
=amplitude of an atrial contraction wave; Acceleration time=time from zero to the peak in velocity

of D wave; Deceleration time=time from the peak to zero in velocity of D wave; A/D=amplitude
of an atrial contraction wave [ amplitude of a D wave; ESC=end-systolic counts; C=counts at
the end of the first third of diastole; EDC=end-diastolic counts; S=filling volume area during the
first third of the diastolic phase; T'=time of early 1/3 of the diastolic phase; V,=mean filling rate
during the first third of the diastolic phase;TTP=time to the peak filling rate.
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Table 1. Subjects

No. of Age (years)

cases (Mean+SD)

Study-1: Cases studied by pulsed Doppler echo-
cardiography

Hypertrophic cardiomyopathy

(HCM) 13 41+15
Hypertensive heart disease

(HHD) 54+4
Ischemic heart disease (IHD) 15 59+8

Study-II: Cases studied by radioisotope angiography

Hypertrophic cardiomyopathy

B (ischemic heart disease: IHD) 15 f5jo (HCM) ) ) 10 50£10
- Hypertensive heart disease
=t 34 Flic oW THEAF L, study-1I 3 HCM 10 (HHD) 7 46+13
5, HHD 71, THD 9 o> 26 Flic> W THe Ischemic heart disease (IHD) 9 62+8
7 L7z (Table 1).
Table 2. Reproducibility of left ventricular inflow patterns (Study-I)
HCM HHD IHD
C-1 C-2 C-1 C-2 C-1 C-2

AT (msec) 127+31 130+28 116 +4 118+4 107+20 104 +6

DT (msec) 162+22 163 +25 143+11 138+6 131+25 129+24

A/D 0.93+0.46 0.89+0.36 1.21+0.32 1.32+0.34 1.31+045 1.21+0.58

Heart rate (beats/min) 53+7 53+6 60+5 60+5 57+10 59+10

Various indices were measured twice with replacement of transducers in the control states (C-1 and C-2).

Abbreviations: see Table 1, Figs. 1 and 2.

Table 3. Changes in systemic blood pressure, heart rate and left ventricular inflow patterns

by sublingual nifedipine (Study-I)

HCM HHD IHD

C-2 NF C-2 NF C-2 NF
SBP (mmHg) 126 £25 113 +£15** 174 £25 153 +23** 128+23 117 £15%*
DBP (mmHg) 8118 73£13** 97+10 91+6 84+9 78 £9**
Heart rate (beats/min) 53+6 60+ 8** 60+6 64 +6%* 59+9 64+11**
AT (msec) 130+28 119+14 118+4 110+6 104+16 105+14
DT (msec) 163+25 139+20** 139+20 124+16** 129+24 125428
A/D 0.89+0.36 0.81+0.35 1.23+£0.34 1.22+0.39 1.21+0.58 1.15+0.44

NF =15 min after sublingual administration of nifedipine; SBP =systolic blood pressure; DBP =diastolic blood
pressure ; C-2=control before administration of nifedipine. Other abbreviations: see Table 1 and Figs. 1 and 2.

** p<0.01 vs control-2.
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By 1 Lo R MERERELETS
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wE, WHEHRMNIT t REZHVE.
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1. Study I

1) LEdRRE (IVSth) 8 r AR B EE
(LVPWth) : fERAELLMgE (HCM) o fgE 24+
7mm, #%EEE 14+7 mm, PLUFREEICEIES:
DS (HHD) 2 1543 mm, 16+4mm, il
MHrES (IHD) # 11+2mm, 12+42mm Tdh

control

o7,

2) EZWAMG <% — (LVIF) Z&0HHR
%

Table 2 iR+ 2 L <, FREBICKIT BR—
FAL T oM — v RRFOFRMEIRFTH -
Iz

3) Nifedipine $¢5ic X 5 ffiLfE, LFAEkI LW
LVIF o%{r. (Table 3)

IRfE#IME (SBP) it nifedipine $5icX b
SHCTHEERETE2RLE, &<ic HHD #
TEDOEIBKRTH -7 fEEHIME (DBP) §
FHEICEHTET 2R L2, BiFiclhR, 20
BEIRETH- .

D% (HR) 3R EHRicLBETHEMLEY, Z
DEREZBETH- .

HCM gt X ot HHD #0 acceleration time
i nifedipine #5.1z & Y EEEM LR LI, &
BERBlkTldRrok. LaL, THD g3k o
I BlbeRm& b ofz. —F, HCM gk kOt

nifedipine

/ \
© \ ’/\'\,”\. v ©FosiResseCt
; f
5 \’

500 1000 1560

Fig. 3. Changes in left ventricular inflow velocity patterns and Vcf curve obtained from
left ventricular wall echogram after nifedipine in a patient with hypertrophic cardiomyo-

pathy (Study-I) (48-year-old man).

Deceleration time is shortened, and peak negative Vcf is improved by nifedipine.

Vcf=velocity of circumferential fiber shortening.
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Table 4. Changes in the indices of left ventricular function obtained from M-mode echo-
cardiogram by nifedipine (Study-I)
HCM HHD IHD
C-2 NF C-2 NF C-2 NF
LVDd (cm) 4.2+0.7 4.3+0.7 4.5+0.6 4.4+0.6 6.2+0.9 6.1+1.0
LVDs (cm) 2.5+0.7 2.5+0.7 3.0+1.0 2.8+1.0 51+1.2 49+1.1
Fractional shortening 0.40+0.07 0.42+0.08 0.37+0.15 0.38+0.12 0.20+0.10 0.21+0.10
Peak Vcf (circ/sec) 3.0+0.8 3.1+0.6 2.5+0.9 2.7+£0.9 1.1+0.4 1.3+0.4**
Peak negative Vcf
(circ/sec) —-3.3+1.0 —39+1.1** —-28+11 —-33+16 —1.2+0.3 —1.5+0.5
acVcf (circ/sec) —0.8+0.3 —-0.9+0.4 —14+08 —-1.1+06 —-0.6+0.3 —0.6+0.4

LVDd=left ventricular end-diastolic dimension; LVDs=left ventricular end-systolic dimension; ac=atrial
contraction phase; Vcf =velocity of circumferential fiber shortening. Other abbreviations: see Tables 1, 3 and Fig. 1.
** p<0.01 vs control-2

msec msec EDC/sec EDC/sec
265 3.0
o—o i 4.0+ /
\ R —a L
e —a
g 208 3,0
100 2.0 )
s t\' ./'
L 3 —a
\ s :; 200
T : é Lof :E: | N
— gL —
sof .o = | '
S a ./l
ns 100 s I s ns ns
1 | ! | | i | 1 |
Ist  2nd Ist  2nd Ist  2nd Ist 2nd 1st  2nd
AT DT AD \ PFR

ns : not significant

Fig. 4. Periodic variations of indices of left ventricular inflow velocity patterns (LVIF)
and RI angiography during first and second studies of patients and normal controls.
AT, DT and A/D of LVIF show minimal variations by changing the ultrasonic beam direction.
V, and PFR of RI angiography also have minimal variations with changes of regions of interest or
radioactivity.
Abbreviations: see Fig. 2.

4) Nifedipine #5icx s M £— Kbz =a—
X _EoLE=BME%E{L (Table 4)

EEIREAE (LVDd) I X O RIHERIIE
(LVDs) 3, nifedipine #&iz kX V & CTHEER
Tl &EREY, Lo T fractional shortening

HHD #£o> deceleration time I nifedipine %
Bl X W AREICEM L, THD ol
ot ki, HRRBHBICH T % LEIREN
EoRIER A/D 3, 2B THEERRE RS A
» o7 (Fig. 3).
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Table 5. Changes in systemic blood pressure, heart rate and parameters of RI angio-

grams by nifedipine (Study-II)

HCM HHD IHD
Control Nifedipine Control Nifedipine Control  Nifedipine
SBP (mmHg) 123 +11 111 £ 12%** 154+24 133 +17** 113+10 106 +12**
DBP (mmHg) 75+9 68+6 91+7 83+14* 73+5 67 £ T7***
Heart rate (beats/min) 62+10 66 +9** 64+9 71 £13** 63+11 64+12

Ejection fraction
V, (EDC/sec)

0.64+0.10 0.68+0.10**
1.14£0.37 1.401+0.44*

0.57+0.03 0.66+0.05**
0.92+0.28 1.29+£0.32**

0.41+0.11 0.42+0.11
0.78+0.31 0.98+0.53

1/3 FF 0.404+0.13 0.40+0.16 0.26+0.06 0.26+0.06 0.21+0.14 0.22+0.16
PFR (EDC/sec) 2.5+0.7 2.7+0.7 2.24+0.7 2.2+0.7 1.5+0.7 1.7+0.9
TTP (msec) 204+38 190+41 214 +46 184 +34 198+111  172+85
Abbreviations: see Tables 1, 3 and Figs. 1, 2.
*¥** p<0.001, ** p<0.01, * p<0.05 vs control

b R BRT ot EREKMBEREEE time LIRELREMRERLEY, FERELTI

(peak VcF) i3 THD Bc#E44ICIRE c#mML
b0, MBETIELLEr k. —F, EE
B RPEAETEEE (peak negative Vcr) 3 HCM #f
THLMIKEL, ¥ HHD #c{uEEmN
#@Hn, THD cozhidb-& 4/ Th
otz DENKES o £EHLEEE (acVer) i3,
nifedipine #5.i2 & Y —EDHMOEIL &R &7
holz.

2. Study II

1) HEER XU%EEE : HCM #o g
21+7 mm, %EEET 14+3mm, LI TR
HHD #£ 17+3 mm, 17+3mm, ¥ X IHD g
11+2mm, 12+1mm T Y, FEEEL study-1
LIZERIRDEE TR L 72

2) RI 7 Yrixwr LVIF orEGRE,
B L ORAIERIC X 2 HHME (Fig. 4

RI 7 v o4 o BEMFHRAHE (V), B
X0t peak filling rate (PFR) iz iF 2 BEREIMR
BWIZEBZHREINTHRORETH o7, <
iz Vi 3ERE/H 01EDClsec L2 b TR
HThole. i, BAUERICEZEZERANS
— Vv OFBMIZoWTIE, acceleration time I3
XU A/D 3z e A EELESRE T, deceleration

otz

3) Nifedipine $5iz & % fufE, AR LU
RI 7y v+ #igEnZ{k (Table 5)

MmENEIE, £BL bic, 31F Study-1 &
R TH -7z, DT, BLEREHiew IHD
LS, Study-1 L REORRETH o 7=

RI 7 v oxic X sEH%E, HCM ¢ HHD
BCTHERBEMERL, £ IHD oL i
EE L kot HBEHEEETH S Vi
HCM, HHD gcHsaic#EmL, k& IHD
HTIAETE o R BENEMERLE. L
L, PFR, 13FF X TTP o&igiE, £
HTEERTbERES B ol. ZOEW, £
i & PFR 2+ 2 flicsnwTd, Vil
EZERRMBRICKIT 2MARMEE L KBLTW
7= (Fig. 5).

4) nifedipine #Eiz X 3048, LVIF
IO M ®=— Fbhxza—Hic k3 ELEBREOE(
(Table 6)

LVIF % Study-I & i nifedipine #5440 %
WSR3 boo, BERROHMERL
7z. Peak Vcr 3 HCM BECIREOHEMEZRL
7253, BT TbEE bl d -/, peak nega-
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LV volume curve
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.
Seate racron o st + 4
o
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N TN

Vy: 1.32 EDC/sec EF: 0.61

V3FF: 0.43 HR : 57 beats/min V3FF: 0.47 HR : 60 beats/min

PFR: 2.50 EDC/sec

TTP : 245 msec

PFR : 2.37 EDC/sec
TIP : 166 msec

Fig. 5. Changes in left ventricular volume curves by RI angiography in a patient with non-
obstructive hypertrophic cardiomyopathy (36-year-old man).
During nifedipine, V| increases from 1.07 to 1.32 EDC/sec although peak filling rate decreases from

2.50 to 2.37 EDC/sec.
Abbreviations: see Table 1 and Fig. 2.

Table 6. Changes in parameters obtained from left ventricular inflow velocity patterns and
from M-mode echocardiograms, and heart rate after administration of nifedipine

(Study-1I)
HCM HHD IHD
Control Nifedipine Control Nifedipine Control Nifedipine
AT (msec) 111+20 104 +29* 91+13 88+6 118+20 114+20
DT (msec) 151+29 134 £17** 133+10 116 £10*** 132+28 125+15
A/D 0.91+0.30 0.90+0.32 1.27+0.24 1.25+0.11 1.25+0.26  1.244+0.32
Peak Vcf (circ/sec) 2.9+0.7 3.3+0.8** 2.8+0.5 2.8+0.6 1.9+0.9 1.8+0.8
Peak negative Vcf
(circ/sec) —3.2+1.1 —39+12* —-31+11 —-3.6+1.0 —-1.8+1.2 —-19+1.1
Heart rate (beats/min) 58+9 62+8 63+7 69+6 56+12 56+12

Abbreviations: see Tables 1, 4 and Figs. 1, 2.
*** p<0.001, ** p<0.01, * p<0.05 vs control.

tive Vcr 1z HCM gcHEwtks®, HHD g<
Tz oFEER L.
DEEEWTFhoOBLENEREZ I L b o
o, FERRERTI R, T
5) Nifedipine {z X % deceleration time-V,
R0 %4k (Fig. 6)

Nifedipine BE¥i&icBF5 RI g0 V, &
LVIF o deceleration time DL DIEEBEIE %
Fig. 5 iR+

HCM gt Xt HHD #0113 & A L 0Tl
i 5aite o deceleration time-V, E{RiZA
Ty (BFEE) #55 L7z, Fig. 7 i3 HCM #iics
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1 1 Vl i 1 i Vl
L0 2.0 EDC/sec 1.0 2.0 EDC/sec
control ( aHCM, aHHD, ¢ {HD) nifedipine ( AHCM, o HHD, o IHD)

Fig. 6. Relationships between deceleration time (DT) and V, during administration of
nifedipine in patients with HCM, HHD and IHD.

Left panel (HCM and HHD): DT-V, relationship shifts toward the right and downward during
nifedipine in nearly all cases of HCM and HHD.

Right panel (IHD): DT-V, relationship shifts toward the left and downward in cases with reduced
left ventricular function (V;<1.0 EDC/sec), whereas it shifts toward the right and downward in cases
with maintained left ventricular function (V;=1.0 EDC/sec).

Abbreviations: see Table 1 and Fig. 2.
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Fig. 7. Changes in left ventricular inflow velocity patterns and left ventricular volume
curves during nifedipine in a patient with hypertrophic cardiomyopathy (43-year-old man).
AT and DT are shortened, and V; increases during administration of nifedipine.
Abbreviations: see Table 1 and Fig. 2.
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Fig. 8. Changes in left ventricular inflow velocity patterns and left ventricular volume
curves during nifedipine in a patient with nearly normal left ventricular function of IHD

(62-year-old man).

AT and DT are shortened, and V, increases during nifedipine. Therefore, the DT-V, relation-
ship shifts toward the right and downward in this case.

Abbreviations: see Table 1 and Fig. 2.
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Fig. 9. Changes in left ventricular inflow velocity patterns and left ventricular volume
curves during nifedipine in a patient with reduced left ventricular function of IHD (62-year-

old man).

During nifedipine, V, decreases, whereas AT and DT are shortened. Therefore, the DT-V, relation-
ship shifts toward the left and downward in this case.

Abbreviations: see Table 1 and Fig. 2.
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