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Summary

The effects of verapamil on the diastolic function and regional asynchrony of the left ventricle
were echocardiographically investigated in 37 patients with hypertrophic non-obstructive cardiomyo-
pathy (HCM). Before and 20 min after the intravenous administration of verapamil (0.1 mg/kg), blood
pressure (BP), heart rate (HR), transmitral pulsed Doppler indices (R, A, A/R), M-mode echo indices
(Dd, Ds, %FS) and the echo-phonocardiographic index (isovolumic relaxation time; IRT) were meas-
ured. We also measured the rapid extension times of the posterior walls at the chordae and papillary
muscle level [Tc(pw), Tp(pw)] as the indices of regional diastolic function, and their difference
[Tp-c(pw)] was used as the index of diastolic asynchrony.

Before verapamil administration, the HCM patients had significantly larger A, A/R, IRT and
Tp-c(pw) and smaller R than did 20 healthy controls, but showed no significant differences in HR,
BP, Dd, Ds and 9%FS. After verapamil injection, R increased and A, A/R, IRT, Tp-c(pw) decreased
significantly without any changes in BP and HR. The increment of R (4R) correlated significantly with
the decrement of Tp-c(pw) (r=—0.66, p<0.001). According to the value of 4R/R, 37 patients with
HCM were categorized in 2 groups (19 responders with 4R/R>109, and 18 non-responders with
4R/R<10%,). The responders had smaller R and larger A/R, IRT and Tp-c(pw) before verapamil ad-
ministration than did the non-responders. Verapamil increased R, Dd, Ds and decreased A, A/R and
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Tp-c(pw) in the responders, but not in the non-responders.
These results suggested that verapamil might improve left ventricular diastolic function in HCM
patients through the improvement of left ventricular diastolic asynchrony.
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Fig. 1. Measurements of echocardiographic parameters.

TMF =transmitral flow velocity pattern; R=peak left ventricular (LV) rapid filling velocity; A=
peak LV atrial filling velocity; IRT =isovolumic relaxation time; Tc=rapid extension time at the
chordae tendineae level; Tp=rapid extension time at the papillary muscle level; IVS =interventricular

septum; PW =posterior wall.
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Fig. 2. Diagrammatic representation of M-

mode echocardiogram, electrocardiogram

(ECG) and phonocardiogram (PCG).
Abbreviations are the same as in Fig. 1.
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Fig. 3. Changes in mean blood pressure (MBP), heart rate (HR), and peak left ventricular
rapid filling velocity (R) after intravenous administration of verapamil.
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Table 1. Comparison of diastolic indices in normal subjects and patients
with hypertrophic cardiomyopathy (HCM)

Normal Patients with HCM (n=37)

subjects

(n=20) Control Verapamil p value
IRT (msec) 76+17 101 42444 92422%* <0.001
Tc (pw) (msec) 14515 185+ 30*** 181+ 25%** NS
Tp (pw) (msec) 160+17 2104 32%%* 196 4 30%** <0.005
Tc (ivs) (msec) 171£33 2204 43k* 204 +34** <0.05
Tp (ivs) (msec) 185+27 247 £ 36%** 225+33%* <0.001
Tp-c (pw) (msec) 13+11 25+20* 16 +15 <0.01
Tp-c (ivs) (msec) 13+11 36+28** 29+30 NS
T-SD (msec) 22+12 33+16* 25+15 <0.01
R (cm/s) 52+10 394 1344+ 444 13%* <0.001
A (cm/s) 41+7 48+11* 45+11 <0.01
A/R 0.80+0.23 1.3340.47%%* 1.0840.37*** <0.001

Data are mean+SD ; Statistical difference compared with normal subjects : * p<0.05, ** p<0.01, *** p<0.001.
Tp-c (ivs)=difference of interventricular septal rapid extension times between the papillary muscle level
and the chordae tendineae level. Other abbreviations are the same as in Figs. 1 and 4.

T-5D R R
(ms (cmis)] o (cmis)
80 r=0.76 8of ¢ r=-0.48 sof ° r=-0.44
P<0.001 o P<0.001 ° ®  P<001
o
60
401
20t
H
obe TpcPW) Tp<PW) ) T-SD
20 40 60 (msec) 20 40 60(msec) 20 40 60 (msec)
(A) (B) (C)
Fig. 4. Relationships between Tp-c (pw) and T-SD (A) and R (B), and between T-SD and
R (C).

Tp-c (pw)=difference of LV posterior wall rapid extension time between the papillary muscle
level and the chordae tendineae level; T-SD =standard deviation among the rapid extension times of
4 LV regions (interventricular septum and LV posterior wall at the chordae and the papillary muscle
levels).

@ =HCM, O=normal.
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asynchrony DEEz Y B3 b0 LBbhl.

3. Verapamil $5§i%00T 2 —REEEOET(L

HCM 37 filic 3513 5 LVDd, LVDs, %FS iz,
verapamil ¥ EIC X > CLEEALELERE AL
>, IRT 3 EiEREL, Tp-c (pw), T-SD
BAEZEEY Lz, 7 verapamil #54%, R
BAEZICHEA A BI® AR gFEBI LK
(Table 1). F7-fHx o EH = Lic R o
(4R) 3 R#Y, =0 4R i3 Tp-c (pw) 0PI E

R R
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Fig. 5. Changes in peak LV rapid filling velocity
(R) after verapamil injection in responders and
non-responders.

[4Tp-c (pw)] L HEAREMBEZTR L (r=0.66,
p<0.001).

Table 2. Clinical and echocardiographic characteristics in responders and non-responders

Responders Non-responders

(n=19) (n=18) p value
Age (years old) 54+14 51+13 NS
Mean blood pressure  (mmHg) 100+18 95+15 NS
Heart rate (beats/min) 59+10 62+8 NS
LVDd (mm) 45+5 45+5 NS
LVDs (mm) 26+8 264 NS
%FS (%) 449 43+8 NS
IVST (mm) 18+4 17+3 NS
RWT (mm) 11+2 11+2 NS
R (cm/s) 34+9 45+18 <0.01
A (cm/s) 49+11 47+11 NS
A/R 1.5+0.4 1.1+0.5 <0.05
IRT (msec) 111+18 90+26 <0.05
Tp-c (pw) (msec) 39+18 1415 <0.001
Tp-c (ivs) (msec) 43+£33 28+21 NS
T-SD (msec) 32+12 23+13 <0.01

Values are mean+SD.

LVDd =left ventricular end-diastolic dimension ; LVDs=left ventricular end-systolic dimension ; %FS=percent
fractional shortening ; IVST =interventricular septal thickness; PWT =posterior wall thickness. Other abbrevia-

tions are the same as in Table 1.
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Fig. 6. Changes in echocardiographic indices after verapamil injection in responders and

non-responders.
@ =responders; O =non-responders.

Abbreviations are the same as in Fig. 1 and Table 2.
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4. Verapamil 2339 2RISR, FERIGEEMDBEER

BELVD T a—-REFEIEOHE

HCM 37 filix 4R/R % 10% Bl ko> 19 4] (K
JEEE) & 10% Ko 18 BIGERISH) o 2 #icsy
i b hic (Fig. 5). Mo BRHKG $ X Of verapamil
BEL T 2 —HEEEOE ¢ 13, TBOE
i, EHME, Ok, EENRE, %FS, £z
BRIV A i2@3ERX R o120, ERIGEICH
LERIG#ED R 3 & &iz/h, AR, IRT, Tp-c (pw)
B LV T-SD i3 EicKkTH o7z (Table 2).
JERISBETIE verapamil #EizT ¢ LVDd,
LVDs, %FS, R, A, A/R, IRT, Tp-c (pw), T-SD
DWTFhOEBCLEELREUIBEShR» -
izl L, RIGEETIE %FS 4%, LVDd,
LVDs xor R & bicggic#m A, AR,
IRT, T-SD i3 & b icHE I L1 (Fig. 6).

E -3

1. EFERAHED/NIVR - Ky TS5—KIk2FH
ERVRXT VXA TSS5T74—, DF—NLvF
H%izx v, verapamil iz k3 HCM o k=5
ADHEBIZBHLTHE, T TRELLOBELD
B 41012141720 Appge i3 X ) i@ FETH B
NIVR e Ry FS—FE2 V), ki M =
—Fhza—HEL Ry, EZWERCHEL %
Fiewvicn, HCM o X 5 ¥, hoBhER
HEE T BRI BT 5 ERH AT I,
fiiEr-oFRRFEEELbNS.
EZMBRLEETRAR, EZEEOHEREDO S
2 5F, AFCRE, DHRERECI->THLRER
BEErZI5, BROEZRIGERECRIETE
BrmT s8I, oz LrSBEcRrRER
b7 W, Verapamil #5E%T AEH O Mg
PERERC X Y IMEDBET L, TR MR
EHEDRTLET 5 7, ABFFETi: verapamil #
BE#cRL, E, OHEESHECERT S
203 % oL a—KIEEE v, ZoER, £
Kl# 5 20 3% i b SERAME BHA TR EE
IR, AR 3R L, £ IRT EHEsssL

TWbZ kXD, verapamil BNMFEET, Kt
RRBHRRIEE T Ofhic b, EEBEE OIEEY
WESEBZ LTRSS

2. AEE#IRH asynchrony L EFHRAHEL OB

FEELUV A BIZxS % verapamil DFHE

EERPTEEES) O REY—thix EELE&0 g,
WA EERETLEZOATED, LS —1
YUFIZEY, EEIRESRD, IBABLOEEL, N
B2 iz, EIEH] asynchrony kA=A
LOBEPBECHEShTVWS. AFETIE M
E— Pz a—HEr v EENEEEES) >
4 2 FICBEL, EFTCBT 3AaEMEREE (1T
F)~THRF K zcofoEtkREzEE (T-
SD) % #5383 asynchrony migiEL L7z, La»
Lo dREicsir 3 F RoREABRAREIHRL <,
ZOREERDEBIOBHERICTE L » o 1.
T-SD i fgegaficilk L, HCM Bca &I kT,
L b EZSHEBAMESHARKHEE L HE L
ADHEE 2. ThbL, HCM BE#ickit 3
EERAREE £ ZEILER asynchrony & Bi# L
TWBZ LW, BFEZBNT biRrshk. —F,
Tp-c (pw) R EEKREE2 »FTOEEEEHE OB
MR T hE BT %25, Z iz L3R asynchrony
DIEETH 2 T-SD, b Vi EERAEER
ABRKEEOWE L, L b BFARHEBERTC
Lz kY, FEELEZIIEH asynchrony % X
M 28RV ES LD L Bbhk.

Verapamil 3 HCM iz 313 2 EZEHKA, Hhig
n#EEE R, AR, IRT) oL L bic, £%
$L3EH] asynchrony n#g4& T-SD, Tp-c (pw) @
BEELROLL, LALVEEOREEICIERER
FHERA LN, Z i verapamil iz k 3 A5
DEERABEEREIC L > CAERIC X 5EEH
73] asynchrony o#EN KT CHAELTWVWS =
LEEKRT 5.

3. Verapamil (Zx}3 2 RIGEE L FERICEE

L2 L3 verapamil (2 X 2E=|HA, £
iR L L EILIRY asynchrony o%#E I, H4F
Ly HCM o3 RToBETBEShB DI T
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BEROSERAYEBRARIEE OEREIC
v, RIEE, EREHEO 2ECHT O, FER
BRI L, RISETREEME, RAREEL L
b I HEEEH asynchrony & XV HEETH o 7c.

PlEnZ k<, verapamil 3 HCM o £
%, MAEEORBCERATHY, ZOHEBEIF
$H 0 FERHLIEH asynchrony OWE L FH
#HEET L0 EBbh.

JERELOMFEE I 38 1) 5 ERILERRE S © OIS HLER
#AE =7 asynchrony {zxf3 % verapamil @
EMHERY, AR Fy75—EBIUM %
— Fb=a—ME: BnTRit L.

FEREIJERAZE .0 5 B (HCM) 37 fiilic
verapamil 0.1 mg/kg # &L, ¥5HiB I 20
NEOME, LHREORE, [EiFfFimm L2 -
Fy 75—z a—HBI M £—FRhza—
KoK E TV, DEBAHEKREE R), L5FE
INKERIRHEE (A), AR, Sxibigesm (IRT),
E=PE (Dd, Ds) #5koiz. %i, EERPTHL
REEDOREE L LT, fiER LV~ B OBV
<RV O EERBEER RPTAE MERE [Tc (pw),
Tp (pw)] 2RIE L, WiEEDZE [Tp-c (pw)=Tp
(pw)—Tc (pw)] % JLERHIEEZ KRBT asynchrony o
BEr L.

1. Verapamil #4537 HCM #o A, AR &
vt Tp (pw) BREFEHCHLARICK, R 3F
Bwe/hchol. &% Tp-c (pw) i R LHE
RAOHBEZ R L.

2. HCM #£cix verapamil #5icT R 3F
Bk, IRT, Tp-c (pw), A, AR ZHEILH
YLz, R oni (4R) & Tp-c (pw) 0B
& 4Tp-c (pw) L HEEARMEEER L (r=0.66,
p<0.001).

3. HCM #o Kits#E (4R/R=10%, 19 1) &
FER B (AR/R<10%, 18 fi) ek L, R 3HE
IZKT & ot. Verapamil 5z kv KISEED

R I NDERIGEREICRET RS

LVDd, LVDs, R & &ic#gm, A, A/R, IRT
BXU Tp-c (pW) B ELHERERBY L. —
¥, EREETE LW ThoB b Abh
otz

Lk, HCM iz 1) % E=HEIEREREE o verapa-
mil iz X 3EZ, REOCLEEIEHREET asyn-
chrony mtisE L HHEABELZ AT 5 L Bbhi.
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