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Abstract

Changes in left ventricular inflow (LVIF) and pulmonary venous flow (PVF) patterns during preload
alteration were assessed in 30 patients with dilated heart, including 10 patients with dilated
cardiomyopathy and 20 with old myocardial infarction. Transesophageal Doppler echocardiography was
performed during lower body negative (LBNP, —40 mmHg) and positive pressure (LBPP, +40 mmHg)
in all 30 patients and 20 normal controls.

Eight of the 30 patients showed the “pseudonormalization (PN)” pattern, and 22 showed the “decreased
early diastolic wave (E) and compensatorily increased atrial contraction wave (A) (N-PN)” pattern of
LVIF in the control state. The diastolic wave (PVD) of the PVF and E of the LVIF were significantly
higher, and the second systolic wave (PVS:) of the PVF and A of the LVIF were lower in the PN group
than in the N-PN group. The amplitude of the atrial contraction wave (PVA) of the PVF in both groups of
dilated heart patients was larger than in the normal group.

The ratio of the amplitude of the atrial contraction wave to the total vertical deflection (A/H) of the
apexcardiogram and mean pulmonary capillary wedge pressure (PCWP) in the PN group were greater
than those in the N-PN group in the control state.

LVIF in six of the 22 N-PN patients changed to the PN pattern during LBPP, and in three of eight PN
patients changed to the N-PN pattern during LBNP. The six patients demonstrating the change from the
N-PN to PN pattern showed a significant increase in PVD and PVA during LBPP compared with the
control state, and a significant increase in PCWP in the control state compared with the 14 patients without
a change in LVIF.

Peak velocity of E in each group was decreased during LBNP and increased during LBPP, but peak
velocity of A did not change during preload alteration.

Peak velocity of PVS: in the normal group was significantly decreased, and those of the PN and N-PN
groups were decreased but not significantly during LBNP. The peak velocity of PVD was decreased
during LBNP in the PN and N-PN groups, and the decrease was significantly higher in the former than in
the latter.

These findings suggest that “pseudonormalization” and “decreased early diastolic wave and
compensatorily increased atrial contraction wave” patterns of LVIF can transform into each other under

ERARZEEFR EZAR: T770 EEEEEHEAHE 2-50
The Second Department of Internal Medicine, University of Tokushima: Kuramoto-cho 2-50 , Tokushima 770
Received for publication December 10, 1992; accepted April 6, 1993 (Ref. No. 40-PS110)

23



24 EFE - KA HA Ex

various hemodynamic conditions, and that the pattern analysis of LVIF and PVF during preload alteration
was useful for assessing the severity and evaluation of the preload reduction therapy in dilated heart.
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OB LERGFNTEEL R oT:. ZORER, FXERLE
S A ML 2 % T (left ventricular inflow velocity pattern:
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THEAORFAP L ENT RS,
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XY A3V, JVEEZGAI&IEINS.

DL BBENS, AFRTIIRAHEERICE
JABIERLDPVEB LU LVIFORIL 2 BB L, Wik
OB RRREDEERE * KRBT 51IBEICEDH 5
PEPICOVTIRE L7,

xt ®

REERE 20 6, IEARLEE 30 BIOE S0 BIICDOWVTR
L7, £FRARET, LWRLHOERRSE, M,
FEBIE B & Uil % Table 1 |28

&% (normal) B : LIEROREY R, MENFEE
#ET, B¥HR, BRXKEE, LBEHBITLT
I-FICREFTREBDLHlz i,

P A (dilated heart) B : 30 B 10 BIASHLIREL U
#E (dilated cardiomyopathy), 20 BUASBEIR ML 1 28
(old myocardial infarction) TH Y, WFhdb M E—F

Table 1 Subjects

Age (yrs)
Male Female Total
Mean=*=SD
Normal 18 2 20 304+104
Dilated heart 20 10 30 60.91+13.9
Dilated cardiomyopathy 5 5 10

Old myocardial infarction 15 5 20

SD=standard deviation

left ventricular inflow,

dilated heart, preload alteration

LI I —BEIC X B EEHRRAE6Om L L, 2D
EENEEHE 25% REOFIE AV %5, 4EO
FARLE0BF NFAIKCBNT, #I-Fy 778

WX D EIERSETF Y NV ERB L2725, wihd
BETHY, POTHERE - GEAEFHIIIVERL
HHROBAERLABIFEL 2o/,

WRELUGEHER IEAARERE (R OHE]
AEMELOZE O F5 | DEERREL S “ILRELUH
B 2R T 56, BRIBMECHEERIIHE L » 2 E
DL LHERBERO LRSS Y, LEREREQ
BEDD, TERS L PEZEEL TEOREIHER S
rAWAL kg IAVAR

B &

SRR RE LT T —E 2 AT L7z, RAETET O
BIRMIEEBEE B & CEERAMTEEFR skl
EOICHTAWER, BARICBIT 5 MR L ITERE
B L CEEFHRAMGEEROHFREDOELITOV TR
L7 72, A% 12 BURICBWT, £flich
SHBIE O A KR, 28 BlUAH LT T — T VRETTFY
g IREEAE (pulmonary capillary wedge pressure:
PCWP) &R 7.

BAROFEL LT, BERUTOTHSGEEHML
F2RT Y VARF - VBBEHERICIATES L) 2T
FHEBREL L UBEARNEE YA, —40mmHg DT
¥ & &F (lower body negative pressure: LBNP) 3 X U +
40 mmHg D FEE (lower body positive pressure: LBPP) &
WEfTo7z. AEEZ, ZEE2mYmin 2 HT 2EE)
ERABOZERAOB LUHHO%, BEAEZMLT
ATV VARF—VHEERIERLZOOT, BES
X UTEEDER T EERFAMEIZ 100mmHg TH 5.

Fiti g R ML B IE T D RIS DV TS, BREN T —
Ky 75— TELERILG > 7V E2H#R2L,
ZOROLRICH ¥ PVEML 2 ikE L7z, B o/
HEFL S, LLTFOHEEE Z5H L 72 (Fig. 1 left).

PVS.: YD 5 2 B ik e

Journal of Cardiology 1994; 24: 23-33



PVD: LREADREMEES
PVA: LEIGEL DRSS

7., EERAMGEERORFZIZOWTIE, R
EHT—Fy 7o —FEICCTRIEROME Y 7 F V25
L, BEFOLRD S VIZFOETEICY ¥ TVEIMN
FRELL. BoNMEREER»S, LLTO#EE
% 5HAl L 7z (Fig. 1 right).

E : RFHES
A LEIUEREE
AE: LEDMHESLIREHESOL

BREE LT I-REOHITICSWL, #HELEE
13 Aloka $ SSD 870 (SMHz R A EFEMT) TH 5. &
B DS LB TREIFRRFIITY, A MY Y
TF¥—FLa—F—I2X ) 50 mm/sec DFEE TLE
HMOFEBLOLTRE FARFTEHLA. 74, sHlME
3ERE 5 LD EE V7.

HEFHFRLIEICIE, F—HOBWHNZOLBEOSRE
I3 Student @ paired t-test, £ DALDILEDFH AT un-
paired t-test ¥ IV, p<005 % b o THEEZDHH L ¥
E L7

LRI BIT 2RTEHEBBEOMKEEL 25

PVF
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PCG_ Wi ﬁw
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Fig.1 Measurement methods of various parameters obtained from
pulmonary venous flow and left ventricular inflow velocity pat-
terns
PVF=pulmonary venous flow velocity pattern; LVIF=left
ventricular inflow velocity pattern; PVS2=amplitude of the
second systolic wave of PVF; PVD=amplitude of the dias-
tolic wave of PVF; PV A =amplitude of the atrial contraction
wave of PVF; E=amplitude of the early diastolic wave of

LVIF; A=amplitude of the atrial contraction wave of LVIF;
ECG=telectrocardiogram; PCG =phonocardiogram

cm/s
* % * X NS * %
100+ NS % *k ¥ E,;N
1 B: N-PN
* P <0.05, %% P <0.01
80
60
*%
| [
xx NS
404 I_WI__I_
20+
0 &
A PVS2 PVA

Fig. 2
control state in normal and dilated heart groups

Comparisons of various parameters of left ventricular inflow and pulmonary venous flow velocity patterns in the

N=normal group; PN =group with pseudonormalization of LVIF; N-PN=group with decreased early diastolic
wave and compensatorily increased atrial contraction wave of LVIF; NS=not significant. Other abbreviations

as in Fig. 1.
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(30 patlents)
N-PN
(22 patients) (8 patlents)
N-PN N-PN

(16 patients) (6 patlents) (3 patients) (5 patlents)

Fig.3 Changes in left ventricular inflow velocity pattern due to lower
body negative and positive pressures in 30 patients with dilated
heart
DH=dilated heart; LBNP=lower body negative pressure;
LBPP=lower body positive pressure. Other abbreviations as in
Fig. 2.
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1. 2> bO—IVEIC B3 ZFEOETHRA MBRER
& & U Rhad A 0L 7538 5 S =B B4R D LL 8 (Fig. 2)

LRLEE0BDH b, EERAMBRELA VD
WAHBIEFELER LB 8, A RORIENES
% 7~ L 723 (group with decreased early diastolic wave and
compensatorily increased atrial contraction wave of LVIF:
N-PN) 12 22 Bl TH o7z, B, RIEIC DVWTIHESE
WA MFRETED AE<1, il ORI 72 BRIk ML57
HEFEOMB, FHMBREALE (=18 mmHg) B &L U
LRPBIR D A IEE (220%) DEEZ TRTHESE
BBl HEL 7.

BIEE LB (group with pseudonormalization of LVIF:
PN) TI3fUER A IREEBEICHL, XTEBROD E (744
+12.5 vs 41.5+15.6 cm/sec), PVD (67.31+20.2 vs 40.7
+10.1 cm/sec) BSEHEIZK (p<0.01), A40.0+18.5 vs
63.9+11.6 cm/sec) B & UF PVS: (36.0£23.5 vs 56.5+
23.5 cm/sec) B EI/ITH o 72 (% p<0.01, p<0.05).

—7, BIEEEIEERICHL, PVS:(36.0+£235
vs 56.1£9.0 cm/sec) 25 12/ (p<0.01), PVD(67.3+
20.2 vs 49.7+10.6 cm/sec) 3 £ U PVA (26.5£9.9vs 11.2
+2.4 c/sec) BEEITKTH o 72 (p<0.01).

RIERAKRESRIIRERICILL, E41.5£15.6 vs
68.61+8.2 cm/sec) B & U° PVD(40.71+10.1 vs 49.7+
10.6cm/sec) 2SHEIZ/N (p < 0.01), A(63.9£11.6 vs
47.1%5.6 cm/sec) B & U PVA(25.1+12.6 vs 11.2+
2.4 c/sec) BEEIZKTH o 72 (p < 0.01).

Table 2 A/H ratio of the apexcardiogram in groups of dilated
heart patients
No. of AH
patients (%)
PN 8 22.3+2.1 :l
N-PN 22 14.8+4.5
N-PN — PN 6 17.6+25
N-PN — N-PN 16 13.8+4.8

Data are expressed as mean values * standard deviations. * p<0.01.
A/H ratio=amplitude of the atrial contraction wave to amplitude of the
total vertical deflection of the apexcardiogram. Other abbreviations as
in Figs. 2 and 3.

Table 3 Mean pulmonary capillary wedge pressure in groups

of dilated heart patients
No. of PCWP
patients (mmHg)
PN 8 22.6+7.0
N-PN 20 12.1+45
N-PN - PN 6 17.7+2.7
N-PN — N-PN 14 9.7£2.6

PCWP=mean pulmonary capillary wedge pressure. Other abbrevia-
tions as in Table 2, Figs. 2 and 3.

2. FAIBROEHICH S EERALRKEETDEL
(Fig. 3)

IR A EHEERE 26095, TEEREAERIC
) 6 BlOEZFHAMMEREVMBIERL/NY — >~
(AE<DIZEILL, —F, BEELEIFDI L, B
EEFIC LD 3 B0 ERAMIEERE AR A 3K
WE/8y— 2 (AE>1) ICBE{EL 7.

3. RS D A K (Table 2)

THERE - BEAFRTOOKRHEEIR D 5KD 72 Ak
T (AMH) IE, BIEELEE (22.312.1%) 2MUERY A ki
B (14.814.5%) ICHLABCEETH-2(p <

0.01).

T, BEAWICLY, ESHAMEEEEH A K
DRIER T /Y — L BIEFEL/ Sy — B L
726BD AH (17.6£2.5%) %, L L%H» o716 Bl

| O AH(13.8%4.8%) 1<t LEEOMBER %R L225%, %

SHEEMICEETII R d o 72,

—7%, BEAMIZX ) EZERAMTEREH»HBIEE
£3% — 2 H A DRIERIEE S — B L7
361D AMH (20-22%) (X, ZLL o725 HlD AH
(21-26%) IZWL LIBMETdH - 7=
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Fig. 4 Changes in various parameters of left ventricular inflow velocity pattern during lower body negative and positive

pressures in normal and dilated heart groups
Abbreviations as in Figs. 1 and 2.

4. FHEhEDARAEAE (Table 3)

EHHBIREAE (PCWP) (&, BIEFILE 226+
7.0 mmHg) 2MUEH) A SR (12.1+£4.5 mmHg) I
HLAEBIIEMETH -7z (p <0.01).

T, BEAWICLY, ESHAMBTEREA A K
DRIERIERE Y — VO BEFE/ Y — I L
72 6 Bl PCWP (17.7+2.7 mmHg) (&, ZfLLZH» o7
14 BDOZN (9.7£2.6 mmHg) I LEEICEHMETH -
7z (p< 0.01).

—7%, BEAMICL Y, EERAMTEELISIE
FANS — o6 ARDORERHEE S5 — VITEfEL
72 351 PCWP (18-19 mmHg) X, Z{bL 22075
FlD # 1 (19-38 mmHg) I LIEETH - 72,

5. TH¥ERBRES JUBEERICLIEHOEZTRA
MR R EIEEDEAE (Fig. 4)

RER, BEEL, ENABRESEEOIREY
K& E®) 3, BEEHMTHEEICESEL (p<0.00), FE
B CTHEICHEE L7 (% p<0.05,p< 0.05,p< 0.01).

LB E (A) 13, BEBMICE VEMARK
HEHTIIEEEN, BEELECIIESEDERL
7275, HEHFEMICEETII R o7,

AE &, BEBIURENABESEICBVT, B
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EEMTHEICHEA L (p<001), BEEHTEEIC
ETF L7 (% p<0.01,p < 0.05).

6. TEERBREATIC & 3 ZHOMMEIR MR E
EEDOZEAL (Fig. 5)

BERED PVS: ZBREAFICL D EEIIESE L(p<
0.01), BIEFELSB X UEB A KEBEFED PVS: b B
BHEENCH o 7255, FEEIALN P o7z,

PVD 3, BIEE{LEES L OREM A KSR CRE
BIICE DVAEICESE LA (p<001), FORIE
3B ERLE 45.01£19.6%) 2UIER A KB (25.3
+20.4%) \CH LEEICKTH o 72 (p< 0.01).

RO PVA 1Y, BEBICHRTHBEEL#EB L
RIER A BHEEHEISEREICEMETH o 72 (p< 0.01).
—7%, BEAMICL ) WEEOPVA RBEEMZR L
B, HEAIFHICEETII o7z,

7. THEBEARIC L 3XHE A BESEHOMEBIR
7T B IEIEDZEAL (Fig. 6)

FREAMIC L ) ESiAMTEERICHER A K
BNY — D OBIEELNY — I L-6 BlD
PVD (&, #FEBEE (25.8+3.0 cm/sec) ICHART, BESR
TEF (40.71£9.2 cm/sec) THEICHEE L7 (p< 0.01).
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Fig.5 Changes in various parameters of pulmonary venous flow velocity pattern during lower body negative pressure in
normal and dilated heart groups

Abbreviations as in Figs. 1 and 2.

PVS2
o O: N-PN—PN
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o
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1
20 -
0 Y T
0 + 40 mmHg

PVD PVA
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*
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s0d & _ 20 '
20 - § 1 o -

0 L] L § o | § 1 ]

0 + 40 mmHg 0 + 40 mmHg

* P < 0.05, %% P <0.01

vs control

Fig.6 Changes in various parameters of pulmonary venous flow velocity pattern during lower body positive pressure in N-
PN group
Six patients demonstrated changes from the N-PN to PN pattern of LVIF (N-PN — PN) during LBPP. Sixteen
patients showed no significant change in LVIF (N-PN — N-PN) during LBPP. Abbreviations as in Figs. 1 and 2.
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Fig.7 Representative changes in pulmonary venous flow and left ventricular inflow velocity patterns during lower body
negative and positive pressures in two patients with dilated heart

Left (LBNP at

—40 mmHg): LVIF (lower) changes from PN to N-PN pattern, and PVF (upper) indicates the de-

creased PVD and PVA during LBNP compared with the control state.
Right (LBPP at +40 mmHg): LVIF (lower) changes from N-PN to PN pattern, and PVF (upper) indicates the
increased PVD and PVA during LBPP compared with the control state.

Abbreviations as in Figs. 1, 2 and 3.

PVA IZBWVTH, xFHEF (20.916.5 cm/sec) (ZHART
FREEMEE (27.717.2 cm/sec) THEICHERE L7254 (p
< 0.05), PVS: ICOWTRAEELREILZRE L Ho
7-.

—7, RIEW A EHEER 2264, BEAMICLD
BIEFEL Y — /L L 25 72 16 BID PVS,, PVD
BLUPVA L, BRI L, BEAMMRICIIEEME
MER LA, METFEMICERE TR 2d o7k,

8. EFIER

THEREBIURBEAMICL Y, EZiAMFTE
B8y — DAL L 723 K0 0 $ BB % 7R ¥ (Fig.
7.

EROFITIX, BEAMIC X ) MEIRMITEEED
PVD B X UPVA 258&E L, EZiAMTERERILE
EEL Y — 2 R ER ABREE/ Sy — /I8 {bL
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EE, BER/SVA - Py 77 —-HICEBEERA
MmEEBEFE R, FEREBICBIT S EZHREEL
FHliL & 5 LT BRANLENRTNE™, &5, £
HREFy 77— Lra-HEzAVT, EWE7 S
O —F T3 T D o 72 Fili IR ML HTE R T 0 BB 72 5L
FHTMEEL 2, IHOMEFRORE 56 L LHBEEIC
MY 5EE AEEMOFMIREBIAL, LR T
3 TV B 141517,

—7, IhOOWERAHE4 DMATERERRFICH



30 HE-KK-HA ED

FENTWVB I L BEETH L4020, KIFFT
i, & IIEALIIBI ARTAROEE T 5 Kb
HICER L, MEEOELDOBRREIERIC OV TRE
L7.

1. AEZ A mRE R

— %I, PERELOHHER CHEEED & ) 2K
IZBWTIE, EZEfEB L U compliance DT I &
NEZE~NDZERANVEE S 1, REMIOERED
WAZETIENDS, IS OFIOKEEFAMGE
ER [REHE B) OBEE & LRI (A) ©
BE] 205 LHPEND,

L2 L, RLO—ERIZBVTIE, KiERH? “—R
1E% /%% —  (pseudonormalization)s19-2” % /R§" Z & %S
HY, ZOEZLBEEDLAEEREEZET D Z LI
BTH5.

L72h5o T, HEARLICBWTIZZOMmITEIENER
2 D2 ODER BEERAMIFERTE /NS — ¥ HiH
LbRBEZEILRY, COMRBOEREZRITHIL
EERRIICBO TEETHLEEZOLND.

2. Fiti% AR L R 7

AEFAL, DRI PVA), LEDFEHOE 1
B PVS), LEIEHOE 2 D (PVS), LEILRE
I (PVD) ICX DR ENS 4 1M/ — v ERT9,
FEHOBREICE L Tid, PVAIZEREDOIUHEIIHE) il
BIR~OMFE, PVS (ZEEDRBIMILER, PVS: 3k
SRR & D BIEFBOT H#E), PVDIZLZE
DR L BELZBREATHEEZONTVRS!,
EHIHALE, FHEGEBICBITS PVA & PVS
EDBEHRDG TN ETNOFEELHR LS L TERLIER
22D )BT LEREHLTNS,

—fZIZ, WAROLTIIEZIHEES & CIREEDET
FEDDLIEND, PVS: BLXUPVDWETT52. L
PLEDS, ABFEOLEKCETIE, BEFELRHT
PVS: DIEMEEZR L2 DD, {UER A FEEHETIE
REB L EEERRO Loz, T/, PVDIIRER
L, IR ABEERTRE, BEFLHETES
fEERL7.

PLED S, AT BIT B IR M5 R % T b RiE
XD RRBZ AL,

3. HEWEBROALERAMLTEENS L UMKk
MR EROEE

—40 mmHg AT HEES L T +40 mmHg DRFE
BWETHVE L, LAY, RILEICEREOELES
ARVRIIT CHEMOAZE(LEE) 5 2 L2
ENTV 53823,

BE, BEELBIUTREHARESHOIFLD
EERAMBREFD ERISEEEMICL VRS, B
EEMICEYVEELLY, ARICIIAEELE(L2 RS
¥, ZEL OHANEHIC L 2 EZHAMTEERO
ZALIZEBL Tz,

—7, MEIR Mg N E(LICRE L T, ALY
PREGICEEAMZITI T LICLD) PVS: DBET
BT LEHREL TV, KFRICBWTHRKOE
BErFEoni.

AHFEONAGHITIE, BEAHICL ) PVDB LY
PVADEEICLRED 5V IIBEERERL, &5
FEEABETZORENIKTHo72. 61T, BEATR
2 & 0 EETA MG EEEARAER A By — >
POBIEE/ Y — B L2BITIE, iR ot
HIEF O PVD B LU PVA SEREICHE L.

PEo &9, #BmES)R MR mTEREIC
LT, BEALILALH, I EITEZMRALITE
BRABIEEIL Y — 2 RTHITIIR L DBELR
Lz, ZOZens, BERmaRTEE R A=Al
TORBE & 0 b mATEIREZE L, & ICRIEFOER)IC
W AEEY X HBICKET A LRI N

MEMOEHICL Y, EERAMITERLO A EHF
BAEOELE RS, MEFRMITERE D PVA HEL
LRedTWERE LT, EZLH#ROZEEOHEE
WWEDHEBALSY B, Thbh, EFICBITHIRHAD
MR %, £EICHART, 230z HEETHT
EDRHSNTE YD, & 5ITEED compliance H¥ET
LTWAREIZBWTIE, BIEFOZEENIC L > T com-
pliance DA & v iR~ 0> 3L L3 A 52 S i A ML &
DHBEEZZITRTVIRRE LD )BT LIZLURTH
5.

EEEME, & JICBEFLHETPYDBEDRESY
ZERTHo/zZ Lid, EZOE - HFEBHE,LOFHIC
FETX 5. Ahmad 5%, BEFIIOVWTRETL,
—40 mmHg O T ¥ H B ER MR TR TE
EIRFPFED 19%, 1 BFHHED 22% HEIED
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L7z HEL T2, EEBLUVEEENHLER
BVESZ ERIARF ORI ) ELROEE{LD K
LY, MEROAEEBCRIZTHEORE LSS
EHFTFREING.

4. BEFLE ERMEE A FESEHORENEE

BEFLECIIAEN ABESRICHL, LRH)
MOAERAH)PERICHELRL, FHMEIIRE
AED LR 2458 L L7220,

Iuchi 521, EZIFRFKHBED 5\ IZHEIREAE
DERLBICBNTIZPVD DEHLR LA 2D
LrHmELTWA,

EERAMTEERIBEELELRTHITIE, EH
W ER L 22 BARBEAE A5 S 23§ 5 BRBYE
(driving pressure) & L CYEE)$ 5 72012, Z£Z AL
B E % & MSIRMEEEEO PVD i1vih
bWEE &Y. T, —HCREZIRKPEDE
LW ERSESIBRRBICBIIAEENSEZEADE
7 MEEFA % B (EERAMTREFLD A EOR
) &1, KRB O MEIR~ M M % 38K (kR
MEHEBED PVA DHERE)SE D I EEZ LN,

DEOZEBZORLUEIE, KMAOBERTIZL T,
EERAMGTREFABEFEL S —icEbL6
BIOMBIRBRAESEL L o/ 14BDEN LD
DEBEIIKRTHoZ ML LHATE, LB
AR OEERENEREYIET 2 ) X CE
ELFRELDLIEDIFHEDRD S B,

5. BhES AR SR OF A%

Fiti 8 AR ML 9 E LT ORETIC L D LT ORI 25%
5. 1) EAKOICBIT B PVD OHEE IZMBIIRBEAED
ERERML, O TIIEREREDIEEINAEHE % 7T 6
£ 5. 2) EZHHRKMEN LA T AHITIE, EEif
AMFREFRD A FEAIEED 5 VITEE L, REFO

3

L, UToOKRERF..
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