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Summary

Improvement in left ventricular function following intra-aortic balloon pumping (IABP) in 15
patients (aged 51 to 86 years) after coronary artery bypass grafting was evaluated. Using transesophageal
atrial echocardiography, the mitral flow velocity integrals in the rapid filling phase (IntR) and in the
contraction phase (IntA) were measured from transmitral flow patterns, and the sum of IntR and
IntA (IntR+IntA), and the ratios of IntA to IntR (IntA/IntR) were calculated for ON and OFF states of
balloon pumping (IABP OFF test). The same parameters were determined during 1:2 assist balloon
pumping (IABP 1: 2 test); the cardiac cycle with balloon assist was defined as * ON ”’, and that without
balloon assist as *“ OFF .

1. TABP OFF test: IABP increased IntR from 6.441.6 cm to 7.6+1.9 cm (p<0.01), suggesting
that a decreased afterload improves left ventricular relaxation. IntA did not change with balloon assist
(ON 3.5+1.2 cm, OFF 3.7+1.2 cm). IntR+1IntA increased from 10.0+2.0 cm to 11.1+2.4 cm during
IABP (p<0.01). IABP reduced the IntA/IntR from 0.62+0.25 to 0.50+0.20 (p <0.01). The increment
in the IntA/IntR without TABP suggests that impaired diastolic filling of the left ventricle due to an
increased afterload may be compensated for by enhanced left atrial contraction.

2. IABP 1:2 test: Without balloon inflation, IntR and IntR+IntA increased (IntR, ON 6.6+

ENERBRE 2 — OELE SR Division of Cardiovascular Surgery and *Research In-
*[&] WF9Err stitute, National Cardiovascular Center, Fujishirodai
RHETHEA R 5-7-1 (T565) 5-7-1, Suita 565

Received for publication August 11, 1989; accepted October 20, 1989 (Ref. No. 36-376)

— 829 —



%zki J”Eu: ﬂﬁ’ &5

1.8 cm, OFF 7.44-2.0 cm, p<0.01; IntR+IntA, ON 10.14+2.2 cm, OFF 10.84+2.5 cm, p<0.01), but
the IntA/IntR decreased (ON 0.58+0.25, OFF 0.49+0.19, p<0.01). There was no significant change
in IntA (ON 3.5+1.2cm, OFF 3.4+1.2 cm). Afterload reduction in the previous beat ON IABP
was considered to assist filling in the next beat OFF IABP.

3. Prediction of IABP termination: A drastic decrease in IntR after stopping IABP indicated the
need to continue IABP. Since changes in IntR during IABP OFF test significantly correlated with
those in IntR during IABP 1: 2 test, changes in IntR during IABP 1:2 test could help predict the

optimal time of weaning.
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KEMRA SV — > R v (intra-aortic bal-
loon pumping : TABP) 3, ¥igroEBHEER D
1ok LT, BORERHOLHREOHEE
ERBZ T U Y, &% &F OLBEIERTRICER
SHEhTtws. IABP {FHicpE LT, BEBRE
RESCHR 2 AN — VRE, BEFRHEL L ORE
» k<, IABP ZhRicH+ 5 EEMFHETEE R
BMETH Y, FicifTEREORRE 2 ERIEF
FHIZIRAIREE bR S. IABP FRHED
f=®iziz, IABP ON gyt OFF Bl THHE S
5 A—H— kBT 5 OREYITH B H, EEE
OFF & 43 ozl m L. IABP Hpio
wI1EBRchHs 1:2 assist T ON e OFF
Bz {kas 1:1 assist ® ON, OFF o Z&{bx K
B3 57 613, —hix IABP BEBiOBERIMICH
RrERELELLNS.

—7%, BRI ERED > 0BFKEO
BEEERI 3% <, EE, BEELT 2 — %S
DHBEEECOAENRFRLAYIS2ObD. %
Z T, SE#HEx 3REEH o IABP SEHlIcH L
<, EEFHAHE,S IABP o@RoERMT
fliz sk, 1:2 assist % IABP BBiofgiE L L
THERTHINE I DERIT LT

Mg EHE

1. ¢ %
Aorto-coronary bypass (A-C bypass) #itkE

#ic TABP % B r LcfithigRE 15 4 (4
B S1~86 3%) ZRR L Lic. 5 b 4HlI3MRgIcE
e TABP @A shTH Y, 11 fliafiigi
FEiseRES Bigic TABP 2T L 7=. £,
B MfTEE & LT BV, perioperative
myocardial infarction HFL I CEREFNII IR L
7z. &bic Sellers HEH2 FELL Lo RFEFHEH T
BHLRR BRI L.

2. /K &

BEREFy 77—0xa—RKz AV, MEEKE
BEVFIN - RY v aE HEIERA FRT M
E—FLza—Ko D fickes EOCREL,
EEMALE Y 28k Li-. {#H%EEE Toshiba
SSH65A | SDS21A, #EA¥ZEAT 3 Machida
ESB-37SR, iE/Euks 3.75 MHz, 0 20
B 4KHz 2L 6 KHz % {#f L7-. IABP
1z Kontron #1 AVCO Model 10, $ X 0t K2000
¥ ERBHEERE L L, S — i3 9.5F-10.5F o single
lumen 40m! #{FERH L7z, X & IR OB KR
St Biewic, REIFFRERT ORER T3 FIRER
MRY ALK 2E% off L L.

1. IABP OFF test: IABP oz 1:1 as-
sist ®» ON oyRfE» 5 OFF b L, 143R0EEE
4% L7-. IABP OFF test 75, ON Rt
OFF # 14y B 0o ZEEHAMIE T 0 [HHAH 3
IO ENERm R o flow velocity integral
(%~ IntR, IntA) #EHIL7 (Fig. 1). x50z
% IntR, IntA X v Zzofn IntR+IntA, B I
ok IntA [ IntR 2EHL 2.
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2. TABP 1:2 test: IABP %% 1:1 assist
5 ON bt OFF AR HICE Y IRT 1:2 L L
<, 1B ESERA LfGTeEs T7-7. IABP
PEB T 5.0 A% ON K, 1EB) L vl E
% OFF e Lc, S IntR, IntA %3

ON HH OFF

JEETRAMGED & A 7c IABP A%

ML, IntR+IntA, IntA/IntR % &H L7 (Fig.
2).

3. #:Ek: IABP OFF test iz351 7‘5 ON »
H OFF ~o728fk, 38Xt TABP 1:2 test |23
7% 1:20N 55 1:2 OFF ~o%{t% paired

aay lu i H‘

‘W‘ W

e

e

Fig. 1.
balloon pumping (IABP OFF test).

Measurements of parameters from mitral flow pattern ON and OFF of intra-aortic

Upper left panel: Transesophageal left ventricular long-axis view. The sampling volume (SV) for
Doppler is indicated by a white arrow. SV is set at the center of the mitral ring.
Upper right panel: Doppler flow signal recorded at SV. The dots of Doppler flow signal show

instantaneous mean mitral flow velocity.

Lower left panel: Doppler flow signal recorded during IABP. Arterial pressure (AP) curve illus-
trates increased diastolic pressure with balloon inflation. The mitral flow integrals in the rapid filling
phase (IntR) and in the atrial contraction phase (IntA) are measured.

Lower right panel: Doppler flow signal recorded without balloon assist. AP curve shows normal
arterial pressure waveform. Both IntR and IntA are measured. ON and OFF refer to intra-aortic bal-

loon pumping.

LV =left ventricle; LA =left atrium; TOWARD =flow components toward the transducer; AWAY

=flow components away from the transducer.
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Fig. 2. Measurement of parameters from mitral flow patterns with balloon inflation in
every other beat (IABP 1: 2 test).
Both IntR and IntA are measured with and without balloon inflation. AP curve contour changes

in every other beat.

m.th 1 m LG ‘i'l; i ‘o, [ ‘1,\
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Fig. 3. Changes in mitral flow pattern with ON and OFF IABP.
Mitral flow patterns were obtained on a 1: 1 balloon assist (A). Subsequently, the intra-aortic bal-
loon pumping was turned off for 20 heart beats (B), 1 min (C), 3 min (D), and 5 min (E).
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M #x (B L, DREIEHILRR 2 ERE
T, 20025 1 HETRE LRGN ELNL
(Fig. 1). %7z, 3 OFF 7% 5 4 fEks
Lizkz»n, EEHRASET 20 LA EES
S5 h—IZEL, 14, 34, SR FRULED
Flhrkr&d -7 (Fig. 3).

1. IntR ¥ ON;7.6+19cm 75 OFF; 6.4
+1.6cm &, OFF ppricHEICE A L= (p<0.01)
7%, IntA 3 ON; 35+12cm 55 OFF; 3.7+
12cm ~t, FEAEERD 22 oo (Fig. 4).

2. IntA/IntR 3 ON; 0.50+0.20 5> OFF;
0.62+0.25 ~2 ,OFF BricEECEMEL 2 Y (p<
001), g7l ELHEHEERBT 2 LE2bNRD
IntR+IntA ¥ ON; 11.1+24cm 55 OFF;
100+20cm ~%, OFF Bric Z 2 Wb L1z
(p<0.01, Fig. 5).

2. TABP 1:2 test

1. IntR & IABP REBILAWLE#TDH
% OFF pricigk, ON Rpic@ L, REICH
ViRTERE L (Fig. 2). IntR 13 ON; 6.6
+18cm # & OFF;74+20cm ~}r, OFF p%
CAHBZICHA LT (p<0.01, Fig. 6). IntA 13
ON; 35+12cm »5 OFF; 34+12cm L,

Int R Int A

P<0.01 NS
(cm) | (cm) | —
10.04 10.0

o { f—

0 T T 0
—

ON OFF ON OFF

Fig. 4. IntR and IntA ON and OFF of IABP
during IABP OFF test.

FEEFEA M S 47 IABP OFZhME

BELRELEFRE D -7 (Fig. 6).

2. IntA/IntR 3 ON;0.58+0.25 & OFF:
049+0.19 », OFF Bt AZE B L (p<
0.01), IntR+IntA ;3 ON; 10.1+22cm %5
OFF; 108+25cm &, OFF ppicAZIci#mL

Int A/Int R Int R+Int A
P<0.01 P<0.01
| ————| (Cm) | a—|
1.0 \;
o §
% 51 T

0
Y]

N OFF ON OFF

O J

Fig. 5. IntA/IntR and IntR+IntA ON and OFF
of IABP during IABP OFF test.

Int R Int A
(e P<0.01 ( NS
1 cm) —
10.0 é 10.04
J—
—
5.0 % sof . ———
N
{, S
P TT——
-\-
—=—
0 . r 0 ' .
ON OFF ON OFF

Fig. 6. IntR and IntA ON and OFF of IABP
during IABP 1: 2 test.
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7z (p<0.01) (Fig. 7).
3. IABP OFF test & IABP 1:2 test & OHE:
1. IntR

Int A/Int R Int R+Int A
P<0.01 P<0.01
— (cm) —
151 /
./ //
1.0 //
=~
o =
§ =
0.54 k -
§‘ 5
— ..
0 . 0
ON OFF ON OFF

Fig. 7. IntA/IntR and IntR+IntA ON and OFF
of IABP during IABP 1: 2 test.

Changes inInt R ; 1 : 2 test

0 1.0 2.0 3.0 (cm)
| I 1
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@ —2.0
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Fig. 8. Relationship between the change in
IntR during IABP OFF test and that in IntR
during IABP 1: 2 test.

Patients who could be weaned from IABP are de-
picted by dotted circles, and patients who needed
IABP are depicted by closed circles.

OFF test & 1:2 test icBiF 3 ON E»d
OFF g4 IntR iz AEAFEHERED
bh (r=-0.82, Fig. 8), 48 BsLipyic IABP
B L 7= 6 4512 OFF test & 1:2 test i3 & bic
IntR Blbo/hEnHAIZRLEZ. ZhiTxtLl,
48 LA TABP BEBLAAARFIEET & o 7 9 4
i 7 i, IntR BB KTH -7, IntR ko
INEWEY O 2 Filix 48 BRI OB R B
BERe <, FEBITIT 72 R LA EERL L B 7.

2. IntR+IntA

1ELEHERZ RT3 & E£xbh 5 IntR+
IntA @ OFF test, 1:2 test TOTLIIBER
Wi 2R L1z (r=—0.85, Fig. 9). 48 BRI
iz TABP BERBSVIEET & o7z 6 filix, BEBIAREE9
#liz LT IntR 4+ IntA AN E WHERIZ R L
Fo. EEBEARREIC L2 2b ot IntR+IntA %k

Changes in (Int R+Int A) ; 1: 2 test

0 1.0 2.0 (em)
LR
]
" ® Y =—1.39X—0.09
2 r=—0.85
3
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Fig. 9. Relationship between the change in
IntR+IntA during IABP OFF test and that in
IntR+IntA during IABP 1: 2 test.

Patients who could be weaned from IABP are de-
picted by dotted circles, and patients who needed
IABP are depicted by closed circles.

— 834



DINE o172 2 FliEERO IntR BB/~ TH -
2B EREI—ERATHY, EBITE 72 BFEILAN
THERBL L7z

1 #

Buckley &V 231973 48, [MEFEHikic IABP
A LTLOE, BEMCIRBIEL A ERERER
wwxt LT [ABP BELHvwWSBh B3 X5 ek -
7z2. IABP B 35 Lz 51, 1) LEILE
i AL — vk B b EE, KBRILESEL &
A s ek ine 2% (diastolic augmenta-
tion), 2) LMKEERIC A SAV—R2IRFESE, K
BIRMERELE TRSETEZOLHEREZERT
% (systolic unloading) @ 2 Kz b 5.

EpRiyic TABP iz X v mATEhREASE S 5 H
EbrrboT, ELMEEC+5 IABP %)
RiclT 2B R, BILLEZRHRE Lic#
EREBE SR REE RV, Bl icwt RI
DEFEFEE Hvic@Eicks e, IABP icx
Y ERIERI B X ORI L b ek
LY, %S0 RENERATHE L EN
9. SR Ry —ER2FRALERECX
%L, =B o peak flow velocity & flow
velocity integral (% IABP ON iz X » #in+4 5
2B, ERRALKCELTI—EOEERE L
T,

A3, B EEOHAE>MBTRY, TH
HE 70~140 mmHg o <1, BlmkE
WEEKFEET—ETH 29, IABP 12ff5 @M
WL IHROREIZX > TRERY, EXEWYT
BREARCEEREEE 2o SRR, Eifl
DTRIEIEE A LR SERFE L 2 5
e, 7~50% OFMFEHEMPBFEH EhT W5,
Lo TS Tk IABP o8 0 5 b,
diastolic augmentation T % FMLFEIEINASEE
LExbhs. Ll, SEoxRIILH A-C
bypass i CHTHEEESATR Y, Bt &
IABP iz X 5 EBRER L B2 5 L H#EE &
5.

EEHAMGED S A7z IABP 0F %)k

A-C bypass E@Fl o 7° 5 7 + Mz, IABP
iz x v, $EREH] peak flow velocity (I8 L 7-
NEH ST 7 FUEEREL Lot BESH
TWw3?. &bk, BOMELEF I LIETL
RLECLEBENMET szt aR<ambhic
HETHHD, BLFEPEFLECHEML L
= OLEBEEREICSVWTE, BELAWD, Han
BWAT BV LOBRMRD Y —EDRBIBOILT
whwv. LidioT A-C bypass f#f5#% o IABP
X 3 ORI, Bl 23R4 Y, diastolic
augmentation FREFI LT LIHFTEBZLNT
R,

—%, IABP 0, 9 —> OFRT H 3 AT
PIonTTH BN, —RCBATELILER
B ZEY RET LR AR TN R,
BATRDIC X - T KBS FEARE (O
FBRMEDZ LWLERE) UTicks L, L=E
WIGERHIRESEL, ZOREOKE S 2INE
KYMAR L AOHERH VY, JE - AEBEHR TR
ShoBERtEcEkBFETs Mo T
319, EERIC §RAEIMAA R &8k L7z in situ
DEFHLTIE, BAWER L L bITLEMRH?E
ES 519, @E, LEHWRPET T 5 N 2R
AEBBET 5 2 & 2010, EESEKAM MG
BT XY, BAFMEICHE) ELEHEORE R
H#RREETH 2. 4E, IABP OFF test iz,
ON REfiz OFF Bz M LT AR A AR M
(IntR) REFZICKTH-7=0ix, IABP nigf
RO RN HE S EEMIEEREL RDT L
LEXLNG. Z O, LEEMLE (IntA)
i ON & OFF L cHELRBILEITE o1
Loon, OFF EciamEol IntA/IntR 3%
Bk Lizzt kv, IABP »» OFF BoAE=
JGERHIRMEER, ACENEERIC X AE
himbnlExoR. IABP 1:2 test T,
IABP »ME@h+5.0E#TdHs ON Brosr—
v deflation |z X D 4 U 7= A FTRBRAI R AR
o OFF BricHE 4 57-®», OFF o.LEET
IERHEERIC £ 5 DERIIREESREC Xy,
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IntR o¥RERLILLEZDNS.

FRkAIc TABP BB E@ERHIORE T EER
BT 5 5. IABP #kfei@Hi < bhid+47%
HMBBELELNT, EFRMLBEUEOEHICHR
% LB BRI O AR eI+ 5. TABP B
BeRELE NI BEOMITEHREBICERSH, S
—VHRBEES 1:1 o 1:2 2 1:3 kL
BD, Hruk 1~2 BT, OEHE,
ELBEE, REREOFERFIRO RELHEL,
EHLICHEBRERILTWL OBBEHE TH 5.
IABP ppinsiige iz ik, OFF test »3 IABP o
HMYPHROBEOTHCKERBER LY, OFF
test ¢ IABP #BEoKkxvWiEFIZ TABP 24
T, XY EHMOMBBRSLETHE. Hic
IABP % OFF L LThid:AEELLAVE
#ilix IABP JEEfFHET, BBCHEBAIETH -
g s hTwaY, KTz OFF &
+50IEEER - L%, L L4SE, TABP
OFF test & IABP 1:2 test » IntR, IntR+
IntA ot BiF2MEE»S, 1:2 test 2k
5 %08 O ERIGRYHRASRERICE S v
T IABP (kEMIBELERETHZ L BFHET
bHBHIY, Kkek IABP HRRED T 2 —#
—kTsrz Nk L EXLND. &bic 15
EFIO Db, 48 ERLINIC IABP BT H
-7 6 ffilix, OFF test, 1:2 test & iz IntR
B L IntR+IntA LR /NE 425 HfE
=L, IABP #HERVHWC LATRHRE i, —
J5, 48 EEMILAN D IABP BERLH KA D -7 9
#ith 7 iz IntR, IntR+IntA OBERATH
5b0h%<, IABP REZCERALTwi L #E
Eahl. IntR BN THoEY O 240
48 RERIAIN O BERL 2 A s A 23 e <, I
72 BEFEILANICBERE T BE T & o oo 3, BRHIRERL A
T CThoLEESh T

AFFEORF L LT, 4E], OFF test © OFF
# 1B OMTHEELEIFEEL L, 2hn
# LT OFF o M7 %: +3 KT 2 5 8
5 hoORIEMNH 5. OFF % 3~54B2 %L 15

4B¥% OFF BroigEe LTAVWERE LS.
Lo LRIEEIR T, RiRef] OFF RiRics< C &
GEETHY, £ OFF f120 DRI IE
ERAMBELTZERELTRY, 15%0E
hEBBEBRBILETSY, %k 3~5 H%0E
fex i LBk 3plic BT, ThilEo%ibe
B o o few, AFET OFF #15R%
OFF BofgiB L LTRALELOIRETH A L
Bbhi.

Aorto-coronary bypass #i&E8E 15 il (Ek
51~86 2%) & 6t4 L LT, KBRSV —2 v
vy s (LT IABP) 0%, REELTa—
"z Ay, EEHMABREI VR L. EERA
D AFEBAL B IO LERFERO flow ve-
locity integral (& % IntR, IntA) #EHIL, %
oFf1 (IntR+1IntA) B X% ok (IntA/IntR)
*EM L. IABP # ON 75 OFF r L7k
(IABP OFF test), 1.0x#145» balloon inflation
L L7zEf (IABP 1:2 test) » ON Xt OFF
BOZS T A— -tk L. 1ABP 1:2
test it balloon inflation % F+2.LEME
ON, H& 2w A#% OFF LEZRL

1. TABP OFF test

IntR % OFF gz L7z (ON;7.6£1.9 cm,
OFF; 64+1.6cm, p<0.01). IntA icixFEAR
BlbeBosrofz (ON; 3.5+1.2cm, OFF;
37+12cm). IntA/IntR & OFF RErz#iRL
(ON; 0.50+0.20, OFF; 0.62+0.25, p<0.01),
IntR+IntA & OFF iz L7 (ON; 11.1+
24 cm, OFF; 10.0+£2.0cm, p<0.01). OFF &
o IntR #ki3, IABP i X 3 % AHFERER %
A LTHE L EENEEEr RRL b0 L E
z bhiz. OFF oo IntA/IntR K%, %AW
WK X 5 ERIGRR T MRS 22U F IEE
MYV REEh LD LEES T

2. TABP 1:2 test

OFF pic IntR 3k (ON; 6.6+1.8cm,
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OFF ; 74+2.0, p<0.01), IntA 4% (ON ;3.5
+1.2cm, OFF; 34+12cm), IntA/IntR &
(ON; 0.58+0.25, OFF ; 0.49+0.19, p<0.01),
IntR+IntA 38k L7 (ON; 101+22cm,
OFF ; 10.8+2.5cm, p<0.01). IABP ON g0 4%
ATTRBIER BRI TH 5 OFF BRcERILER
B EREY Lo LIt LEES L.

3. TABP BERiRHigE

IABP pERinTaefliz TABP OFF test 35 X ¢
IABP 1:2 test i3\ T IntR oL 7 <,
zhiz TABP RNV vieh tifESh.
IABP OFF test & IABP 1:2 test icBiF5
IntR Z5{k3B X IntR+IntA Z{bix A E A4
Bz L7z, Lizdi-T IABP 1:2 test izkBiF
B R AR, TABP SRHER X ORI
HiRBCERLEBEA LRI
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