B . hEFEABESOEDORIREE
BEICH T3 RUEROBRIESE

J Cardiol 1997; 29: 209-216

Clinical Significance of Valvular
Regurgitation During Long-Term
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Abstract

Changes in valvular function and blood pressure level during long-term pharmacological anti-
hypertensive therapy were investigated in patients with mild to moderate essential hypertension. Sixty-
seven patients with hypertension (mean [+SD] 60+ 10 years) were followed up for 5.4+ 1.6 years with
antihypertensive medication. During the follow-up period, valvular dysfunction was assessed by color
Doppler echocardiography.

Increased mitral valve regurgitation = grade II and/or aortic valve regurgitation = grade II were ag-
gravated in 17 patients, whereas the other 50 patients did not reveal any significant changes in valvular
functions. Systolic blood pressure and end-systolic wall stress at the end of the follow-up period were
higher in the aggravated group (156 +30 mmHg and 79 +23 dyne/cm?) than in the unchanged group (143
+17 mmHg and 63 %+ 18 dyne/cm?). Dimensions of the left atrium and left ventricle at both systole and
diastole were enlarged in the aggravated group (3714 t040+4,31+4t033+4and48+3to 51 =3 mm,
respectively), but not in the unchanged group. Nine patients in the aggravated group received additional
treatment with imidapril hydrochloride over 6 months in an attempt to further reduce blood pressure
levels, resulting in significant improvements in systolic blood pressure (151112 to 129+7 mmHg), dias-
tolic blood pressure (9114 to 79+ 8 mmHg), left atrial dimension (41 %3 to 3913 mm) and left ven-
tricular end-diastolic dimension (49+4 to 483 mm).

Adequate pharmacological intervention can ameliorate valvular dysfunction, left ventricular enlarge-

ment and increased ventricular wall stress.

Key Words
Antihypertensive therapy, Aortic regurgitation, Doppler ultrasound, Follow-up studies,
Hypertension, Mitral regurgitation
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Selected abbreviations and acronyms

ACE=angiotensin converting enzyme

AOD =aortic diameter

CI=cardiac index

CO=cardiac output

ESWS =end-systolic wall stress

LAD=left atrial diameter

LVDd=left ventricular end-diastolic diameter
LVDs=left ventricular end-systolic diameter
LVMI=left ventricular mass index
Pd=diastolic blood pressure

Ps=systolic blood pressure

RWTd=relative wall thickness at diastole
TPR =total peripheral resistance

DEEAWS L PEAFDZOILLAEDOEL 5k
BRIV BEVEZEZLN, Lo TEILESELAE
RETHOBELS, EERAB L VVEERENRE
ERBEEERE L OBEICOVWTRETAZ ESNELE
Bbhbhs,

FEREE.LEBEEREICB VT, BEOFSTITE
BEICORHIZALNSH®, BMERETIIEA OR
BEOFHEFRA LITLITERSNBS. LarLl, THL
7R EHOBRHERICOVTIEINE THHIHE
SNTVR, KEFFETIE, BREESLE SNWRED
ICEABESTON TV A EMEESICBWT, i
MOEALE ELTREDOELE ORE X RET L2, B
T IFT vy yEHEES (angiotensin converting en-
zyme : ACE) fHE 3 C% % imidapril hydrochloride % {#
AL, t3%BEEICL)FRHERICEEILALONS DR
PeiRE L7,

MEREHE

L. @ ®

HRAFEFRM B TR RN EHER Ik % 1986
F£6A-1994F 3 FICRF L8 - PEEOKRENS
MEBRET, 4 AOEMIZL Y 3 FLL SRR b3
w3, ZoOFECEHEITREZ O I —HFEHOHFS
n7-67 61 (5B 34 B, £33 6l), Fikh38-80 &% (F¥ 60
T105) 2xdg & Lz, Btk ER, CEBAEE
k7B L OPEEL EofEi), TR, BRE, B
BREEELATLEE IR L. EYRETORE
HZ13 140/90 mmHg LA F & L7:. LR ib RG]

X 31 BT, 36 BIIERICMIBE T 3 £ L F iR <
QR YAS

2. /5 &
1) ¥ME LT O-RiE
LT —HREIZEE Z EABVL TTv, EEBIIE
Z 8 SSH-65A B & UF SSH-140HG, 3.75SMHz B X U°
25MHz R F 2 AL, WMBEZHFALIZME-F
ETEREL:. WEEL ) ORMBEEG CASHEER
HATE (left ventricular end-diastolic diameter : LVDd), /&
ZIUHERLAE (left ventricular end-systolic diameter :
LVDs), $LiREKHLEFFRE (interventricular septal
thickness at end-diastole : IVSTd), 8 & N EZHEE
(left ventricular posterior wall thickness at end-diastole :
PWTd), &£ (left atrium diameter : LAD), KEBIIREE
(aortic diameter : AOD) Z&HAIl L /2. EE LHERRE
(left ventricular mass index : LVMI) (¥ Devereux 5 D4
39, KEZEHATBEE (relative wall thickness at diastole :
RWTd) i3 Reichek & DH LD, HLiRFKEAB L OYLHER
WA ZERTE (end-diastolic volume : EDV, end-systolic
volume : ESV), LM E (cardiac output: CO)
Teichholz %, fEZEIUHEARKABEL T (end-systolic wall
stress : ESWS) 8 X &R MEHHT (total peripheral
resistance ; TPR) {3 de Simone 5D FE IZL Y LT D
FrEX Tk,
LVMI (g/m*)={1.04 [(LVDd+PWTd+IVSTd)?—
LVDd’]—13.6} /BSA
BSA =body surface area (AR HH)
RWTd=2PWTd/LVDd
CO (I/min)=(EDV —ESV) - HR
HR =heart rate (-850
ESWS (dyne/cm?)=(0.334 - Ps - LVDs)/PWTs - [1+
(PWTs/LVDs)]
Ps=systolic blood pressure (i ME);
wall thickness at end-systole (/& Z L&A £ BEIE)
TPR (dyne:sec-cm™3)=79.92 - (Pm/CO)
Pm=mean blood pressure (31l FE)
2) FRHH DR
fEIEFHR, KERASROFMIEIA T —Fy T
T —FEIZL DITo 720,
BIEFSRIIAEED» O ORMEEE, THMETER
B LOLRER 2 H OIURERTEZIC T, EIFFEBDIL

PWTs = posterior
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BHFICRY, ZNHEFHBEL AV EY S 2cm UT,
IVE : FRBESREL VLD b 2em LEELE
BERICEEDDE L.

KERF LTI EBED S OREETE R, HHETE
g, LRE» O OREEGICT, KEIRFEEOIL
BB HEEE L, SROFZEELD,
1 B EOMEEREIRD 12 DLNVET, I
B MR AMEIRARIAR DR L)V, TEE : i
BUEAEIERRIR T B THEHLANVICRE, IV
B MM ASILEER L NV 2 B TUOREBICR A D
Dk L7

FEFIEBEOHR L, BBk, FREDOIEULD
WARERL, FCUEUEOHIERERS S VIIK
BRFEFROEL-DDE L.

3) MEDEIE

FEEFIE (¥, ZEET3 HflE L /-2 IEDFY
fEE L7-.

4) RYHLEIC DOV TORE

FFIEEBEOF T 1995 4£3 A T THER L THRE
ZLTW 14BN L, B ACEHEELXFRALT
W 1FEERL 38R E L. BERENL L,
imidapril hydrochloride 2.5 ¥ 72{% 5 mg/day £ €N £ T
DREEFELBEAL, SREFERFILE % 140/90 mmHg LA
FTicaryru—nL, 6 7 AR LTI—HEELH
BERAT L, #ERTH% CHBRE L.

5) #atig

KEHEMEL, FHEBEEETRLA, HEMER
212 NEC98-AP2 (2T SPSS V 7 b (SPSS Inc., Chicago,
USA) 2§/ L7:. EREERITA D LB paired t HRE, #F
BB Student D ¢t IREE, £ L THBOBREE
&, BigE, ERAEROBIZOWTIR 2RELH
v, p<005 b o THEZEDHEL L7,

i ES

1. HREDBERLE R

WRESEOTFHEEHM L5416 £T, BHER
PERT O UUFERA ML E (X 158+ 18 mmHg, YLARAAME X
95+11 mmHg TH o 7=. LTI — [ FiE St BEE L
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Table1 Aggravation of valvular regurgitation
Grade Number
Before After of patients

MR 0 - I e

I . I |

II — il 1

AR 0 - I p

MR+AR MR 0 — H] 1
AR 0 — I
MR 0 — I

) 1

Total 17

MR =mitral regurgitation; AR =aortic regurgitation.

EEHBEICH o 7257 (04410.05), ESLHEERK
IZBE S TR LTz (153+33 g/m?). $ 72, BRME
12 18%, EIRMAEIE 19% 24 57,

2. BBERFIE TOMERIC DL T (Table 1)
e ERE L 67 Bl 17 61 25%) T, TOHERIE
RIBHEFIEE 10 B), KEMRFHFEES 61, RFL
LWELDONF2HTHo /. FBBBERITHLGR
BHRONLEDolh, HDEVIIFOEEDL»Po72d
DIES0FITH o7z, 50 Bl 11 Bl BEILE BRI
FHFAR S NT-HS (BIEFHG TR : 361, ME: 2
B, REIWRFAETEIE: 36, MADOHFHBEHE DIE:
360, 7HIIREBBRERTREIEEZRLL.

3. FUTIEBRRH E AERDLLE (Table 2)
MERSMLESHER CRARLREILE RS 2P0 12
A, AERTIAELRBEELRLA (@<001). THERH
IZI3 T 6 ENERMEE DD, WEHTHEILBER
Thot:. REBE, SEOMECEREEEEIR
ol BWERIIBWIE, EERE, IEPESERE,
PHEHEZEREI VTR ARIHER LA, FERETR
FELEAR o7z, EZLHERRBRIIHERT
BIMER, RNEECRAEMICH o 720%, FEEEIR
Do holz, EENHEREBEIL) IZHEERTIIH
BLREALERES R o72h, AEHETIE 7619 6
63+18 dynelem* N FELRET 2R L7z, &FRMEME
EIITE L QEEIC L VFEICED Lizhs, WEERH
CEEZRAON 2D o7, KEREE, (MREICIET
BLOABROENIE b o7
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Table 2 Clinical characteristics of the aggravated group and the unchanged group

Valvular function
Aggravated Unchanged p value
n=17) (n=50)
Age (yr) 6418 58+10 <0.05
Follow-up period (yr) 53+1.4 55+1.7 NS
Smoking (+) 2(12%) 10 (20%) NS
Hyperlipidemia (+) 4(24%) 9 (18%) NS
Ps (mmHg) Before 155+19 16017 NS
After 15630 143+ 17** <0.05
Pd (mmHg) Before 91+9 9611 NS
After 88+15 85 10%* NS
LAD (mm) Before 37+4 37+5 NS
After 40+4* 38+5 NS
AOD (mm) Before 31+3 32+3 NS
After 32+3 31+2 NS
LVDd (mm) Before 48+3 50+4 NS
After 51£3%* 49+4 NS
LVDs (mm) Before 31+4 32+4 NS
After 33+4* 32+4 NS
CI (//min/m?) Before 34%+05 3.61+0.8 NS
After 3.6+03 3405 NS
RWTd Before 0.431+0.05 0.4410.05 NS
After 0.41£0.05* 0.45£0.06 <0.01
LVMI (g/m?) Before 145120 15836 NS
After 154+17 151+28 NS
ESWS (dyne/cm?) Before 81+21 76+19 NS
After 79+23 631 18** <0.01
TPR (dyne-sec-cm ™) Before 1,798 £467 1,730+528 NS
After 1,599 +390* 1,490+319* NS

Values are mean *standard deviation.

p value compares the aggravated group with the unchanged group; *p<0.05 vs before treatment, **p<0.01 vs before treatment.

4. {EFAEEZED LS (Table 3)

ME L b Ca IEI W s HOEFTHEAS R, K
2 BEBESE L HV O T WA, S h-5H)
OEFICE L TImBICEEEZ I 2do72. ACEHE
EOFHIHERTIE 18, TEHTIZ 461THo
7=.

5 M BEEICA4T S imidapril hydrochloride
DR
FHFHEER 13 #1233 L T imidapril hydrochloride
DR ZFHEB LA, 4B3ERTHALHRIELZ.
Thbb 2 flidRE, 1 FUIERESM, ZLT18ikE
HRCRBED R o 1720 ThH A, BERILE, EERE,
EZERAHE, EAEOHEERBIIVTROEES
HEEXRLL., MOBECEFELEMI L2 o7

Table3 Details of pharmacological antihypertensive therapy

Valvular function
Aggravated Unchanged
(n=17) (n=50)
Calcium antagonists 15 (88%) 39 (78%)
B-blocker 6(35%) 16 (32%)
ACE inhibitor 1(6%) 4( 8%)
Diuretics 3(18%) 2( 4%)
a-blocker 0 2( 4%)

(Tabled). FEIEFICBIE S MRMBHEOEILIZOVTII,
imidapril hydrochloride DHFAIC & ) AT OHERE L 7=
Bz <, 9Bl 7 BlIZELE & A7z (Table 5). Fiii
HMEBRDOIDL, 541K, KUEDEGADHFT—Fy 77—
LT 2—K % Fig. 118 L7z, ME 156/96 mmHg, 1%
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350352

Fig.1 Color Doppler echocardiograms showing mitral valve regurgitation (grade IIT) before treatment with imidapril hy-
drochloride (left), and no mitral valve regurgitation after additional treatment with imidapril hydrochloride 5 mg/day
(right), in a 54 year-old woman

mgﬂ:ﬁmﬁ I g!{ THhot 753‘, imidapril hydrochloridc Table 4 (-Zhangfe.s ifldPs, 1]’(}1] I;AD},HLY(]j)d and LVMI after administra-
. . tion of imidapril hydrochloride
5mg/day % 6 » A FIGEA L7245 %, ME 136/84 mmHg

) ’ 1%‘“3#@5??4@5{]@ LI ot Before After p value
Ps (mmHg) 151+12 129+7 <0.01

E 2= Pd  (mmHg) 91+4 79+8 <0.01

LAD (mm) 41%3 39+3 <0.01

AKIFFE TR 67 FIOEE - FEFEOBMEEZE T 5 HE LVDd (mm) 49+4 48+3 <0.05
EREFRITRIC, 5416 EDORBIZBITAIHRENE LVMI (g/m?) 139+25 119£15 <0.01

L& BB RE 2 FHE L 72, BERGROMEXEER
L& bEL, F0HEERBUIS 2 THE
KLTWiz, #FEEBZER 67 Fld 17 IS EIEF TR Table 5 Changes in valvular regurgitation after administration of

BVIABIRA MR OWEL D7z, RUHERT imideprl bypdppcloride

3 BB AR CAB RS R {, FHHAR Grade N
TR )VEEERL, TREERE EREOALR Before After  Ofpatients
W7z, FESTTHEER 17 B9 o B3 L, ACE [HEHE MR 11 — 0 2

T & % imidapril hydrochloride % fif F§ L TP IG# D 5# I g I 2
%Mo 746 R, FBAOBES L VSR, KFE w ST .
DEERFINE R T2 5 i SESINE :
LS BB 0 2 WL, BREEEBITE MR+ AR MR II — I ) |
EEOBD L EERAOUES X725 2 EARMONT ARTH , - = | ol

B, F7RE, BHEMEEIC L 2EEMAOY Total 9

%&U@%f&ﬁi, EEHE?@F&%GU IVRIFCTHAZ L Abbreviations as in Table 1.
PHESNTWDED, LaL, BEREICHE) i
DEIZOVTIEINE THRE S TR, KB
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T, Ao aREERE L AEEREE L ORE, B
U+ 2 BRI REEORE L RO 2.

Ren 5 (IAREME ME TROELKIELEFE
Bl o 7 fER (EEMMEERK, EELHERR
BEX, FRRICHRAPEZEFREROH S D D)1,
TBIEFHID B VI KBYIRFFFHE RO EHEL T
W5, I DFEFNIROHEERD A DIER & 1 HE5R
BROERTHEHTH ), FUERICIFEAWLEER
DEENPE L TVB LERRTWE, KR TORY
THEERTIE, BBL L O IHRMASENF AL,
HOHELERL, BEAFOHRIHEA SN, K
ETHBIRHEERICHER L ACE HEETH S
imidapril hydrochloride (¥, RFMEEHLZET S &l
NOEBWERERT AL BT, LEKICHLTIK
EDER%EEFTAHI LAHMON TV 5419, Imidapril
hydrochloride DR IZ & o THEIEHF B X KBRS
WALELLBFEL LT, +92BEICLBESEN
DHAWDOERE, FEAMOERIC L 2 EEEDHE
IND2OHEZLNS.

FHROFEHEICIE, FERORENELIBESL
3%, BRBBEMNBETENL) ZELEIZD L
Moz, BICEIERERORRE LT, £2F, LE
BEOMRIYE) BEFHGOMLKIEI NS, Kif%E
TRAYREER CTEERLEEROERZRD/:
», BIEFOHEREERETLEDEKREZDOD, H5
WIZEEHSIRE SN2 VWRERE L LEZEROLAE
R &3 5 HIERERZDODICONTIE, BICHKRST %
BT 5. KBRAEHOBE L LTI KEIRERE D
LRIZR HNBHM9, KFFRTIERBIRAFSEIIEE
Bz B\ TRBINREMAIRICIIZELA 2L, BEE L
TZOBE ORI RVWEBDbNS, 77K
WKL T, EFFICBVTLERHICRLIIEZDHE
VS EORmENDH DY, KIFETD L HHBER
DIFHERHPBNC L0 6, FEEICBIT 2O
BIBHLTOSRRFOULENDH 5.

FEET OFfRdD 5 VITEEIC L 5 EETOBRRIC
ko T, EZRADEST L BHEIF 5057,
AEBTEIMERITRLZCO 225, LEAIE
HEL TRV, SHIIRERED 50 B 27 Bl (54%)

PEEMNOR S CTELICEYERL ST TBY, Lok
BOBBENLDRINSE LTz b EION
5. $7z, BEEOHEHICZL o TLIEKDBHERIEIC
ENRHBZEPD, HODPREANAS N H o721
B D H A, —75, imidapril hydrochloride D 12

SEBERICREZLHEERKIEEORL 2R
L, DIEKHEBZREAIRD SN,

ABFFE T3, imidapril hydrochloride LAt D& 13 4%
HERTVWRVWOT, EZENEREMEERT5BE
FREDFEHICL o THRBERBROWEREE,
EREDRNBALND PED, SHOKRFHVLELE
Abhb,

AFETHV AT — Fy 77 —FEIC L A HFHHRD
FHEDEEREILE D, Perry SOBMEI LB E, 7
77— Ky 77 —BEOBRZFHITKEIRAHE T T 94%, &
TEFHIET 94% THorz. L LIREREEZ &,
WEREBHROLHAEDER, #REDOHME TORME,
T 7B OMmA D FERPEEIC & o T, EEICEEME
TERVWHELIHLILEERLR2ITNER L2\,

FH I ER CRESA 5 Th o -BBHIIFRHT
H5. MEEEICEHRESROON, BWEHTL ) HE
THolzllid, BEDBEIBRESN TV THEE
HTRIVBBREREESTTOIR, ZORRELTAT
DLREBIIEDo LTI DS, T2, HHENHE
BB L CIMERICER 2 dh o085, FHECIRE
DALYTITAT Y AIREHLTBL T, FICHEEIC
BRIy 7747 Y AWBEDL o T REMDZEZ S
N5, Lo TCRFRMFEa Y P a—Va2B57-0
X, REDI Y547 RIZELTORE 4%
PVELBEbDIS,

& 3

FHHOWE L R T BMEES TRIAT5 R BEE &
ELODILRDPBO LN, +HREEICL Y 2 OFfHEEE
CELDCEEORENPREBINLZ LS, LOHEEL
BEBRBEOEEMIRINS., TLEMEIC X BELL

RWMOERED—2L LT, AREOFMIER TR
ETHEEZLNT.
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EYREREICBIIAREDREL, 75— Fy 79— I-REICTHRESINAHEERB X
UKBIRF, L UHEOREMNELEREL, BICMET Y Fa— VARRBIZOWTIZEE
EREORIH TOREIRB L VELHEOEI LR L.

3AEDLERkSE L CEWIEEE ST TV AE LW LPEEOKRENRSMERE 67 5 (E# 60+
108%) 2 x5 L L, BEBEMNZO2EAOME—FESS—Fy 7 — LT a—RREICL D,
EERE, EERE, EZIEARRELCH 2 EORES L RBREOFME LT, FERIE &I
MEF L7-. B2, FffEERF T3 imidapril hydrochloride BFFC & Y A% 140/90 mmHg LA
FicexBEIay ra—N L7, BERKEZFML.

FHEREAEIL 5.4+ 1.6 £ T, FB%, FICHENU LIRS 5 VI KBRS LG
% HE U ER (17 6) TIREEEN 3714 205 40+4 mm N, EZIREKLEIE 4813
25 5143 mm N, EEINFERBEE 3124 »5 33+£4mm NEFEICTEA L. AEEE (50
Bl) TRERRE, EERELEIAOIErok. BEETH, IUEHMEIEERTI156+
30 mmHg, AZEHT 143217 mmHg, * -AZIUEARLIEEST) 33 ERE T 79423 dyne/cm?, AN
TEET63:18dyne/cm? &2 ), EDICHMENTEEILEHETH /2. MEHDOHI L IFIC
imidapril hydrochloride % 6 » A BB S L7-&%, BERFILEIX 151£12/91+£4 25 129£7/79
+8mmHg & 20, BELBEL & D ITHFEROLE L EZIRELE @914 55 4843 mm),
EEE @123 25 393 mm) DA ELRF/INERBDL.

FAEFHERECEIATIERBRELELOIEADRBDON, L VEELREREICE > THEEL AL
LREOREIREI N,
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