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Examination of the Hemodynaic Effects of External Cardiac Massage
—Particularly of Effects Influenced by Compression Strength
and Sustained Compression Duration—

Koji TOKUDA
Department of Surgery (Director: Prof. Hideo ORIHATA)
Tokyo Women’s Medical College

The aim of our studies has been and is to develop a more effective, more exact and safer form of
external cardiac massage. Measurement of circulatory actions in ten cases of patients with cardiac arrest
was done using the Swan-ganz catheter and the arterial pressure measurement line. With these, com-
pression strength and compression duration at the time of external cardiac massage were recorded. The
compression rate for cardiac massage was set at 60 per minute, and 20% and 25% of the patient’s breast
thickness was set for compression strength. The compression duration at respective compression
strengths was determined at 40%, 50% and 60% of the cycle time. By setting the above six conditions as
the indication monitor for the external cardiac massage which we developed, cardiac massage was carried
out and respective circulatory actions were measured. By comparing the measured data, the following
results were found.

1) For systolic arterial pressure and systolic pulmonary arterial pressure, the maximum level was
shown at compression strength of 25% and compression duration of 50%. The pressure fell when the
compression duration was raised to 60%.

2) When compression duration was extended to 60%, both pulmonary capillary wedge pressure and
central venous pressure showed a tendency to increase, indicating the danger of conditions such as
pulmonary edema following resuscitation.

3) The cardiac index reached the maximum level with compression strength of 25% and duration of
50%. Conversely, it significantly decreased when the compression duration was 60%. The cardiac index
obtained by cardiac massage is approximately 40% of that under normal conditions. However, it is
considered that this is adequate for cerebral circulation.

In view of the above findings, it is suggested that external cardiac massage be exercised 60 times per
minute, at a compression strength of 25% of breast thickness and a duration of 50% of the cycle time.
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BnHE b D, Taylor Bt~ » ¥ —oh, LEY
IOVREETAZ LOEESYHRE L. %
BREEEL< » F— D% YR VT 5 Ry
FHL, L=y 3 —oDEEH40, 60, S0E/ 5D
WEROBE TS, FEEFE% cyce time o
40~60% & U7 Fa30~40% & Li-sB & i L
T, MTHP L FPHEBIRED B = Dove Nt
HLENTERZ ERERCEH LA, ¥
Babbs B2NLKCRIEDOER S Tz fiEE, E
HRHGERHE 2340~60% Thc b BWWOLHHER &,
60% 5 HEEIT 5 &z - TOFHEBRKD T 5
EMELTW5,

S, Kok, WEEHEEREHEEL AL
TTFRROWL MEEAEL~< vV — 2% fTn o ke,
FEEBE560E, EEREEZDOKED20% %
V2% DB E L, FhEhiCo\»CEAFEFERE
3 cycle time ©40%, 50%, 60% & &EL T,
Swan-Ganz Catheter % FHH L L= v+~
FOBNRE, FEIIRIE, FBIAREZARE, H.0#k
FE, LHEE, DIEBEREREEDO T A —& —
ELTHEREL, WBXYEBETHZLRIVAETR
DEOXR Vv AERE, ThIRI-TOERIEh
T AT IREMZIIEL, X hBEIELEERE
FEE R 2 RS L7,

IFEIABD R FE & UMEHARTEIIRIE S 35\ ¢,
R25%, FEEE B RRI50% D & 4 T60.1+19.8
mmHg tEEE &, Mo L TEER
ExEbD > CEEEZTRLE (p<0.05), FHKRDOKL
EVWHAEMEE D, EEREII0% T ~2 %
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AL, 60%ERL ed &z > TETLL,
EREEZRET 5 & Sh 3MBIREAETE,

L= v ¥ — od o EOELRTED153.9~

161.8% &L s\ fnh, EELEEE25%,
FEARFRI60% 1331 516.5+4.5mmHg TH 5,
BEEERPIAKECAIANETORMBELR>TW5
N, BLAEEFRBDOER ., EERREI2WT
3, BIRESCHERECSBE LR, IEEL
fExRR U T2, 50% &l % 60% % CH B FAR R
HRATHEEBEE -,

FLEIRES, MEIREARE & RAEoEM 2R
L, EEMEEEE3R25%, FERH60%IR TS
13.3+5.3mmHg & 72 b, fEERI{ED149.4~
171.6% b B - 7o, FEEIKE {, R
NELRHE, L=y ¥ —ohoERETTED
O EER R LI,

O, D IEFTHED29.7~41.02% LR\ E
Lav@bhisdofe, ZoFRT, FEEDY, E
ERFRI50% 0 & TR & EL.23+0.53]/min/M?
LA ENE1.7940.817/min) /Rl Zhik
E#EME (3.1+0.21//min/M2) D39.7% % B =
Licind, EEEB%HFHL, 20%FHcLThE
LoirEfERRL (p<0.01), HEERR50% TR
EEEXE, 0% LR<EETAHLHCAEOEY
boTETFTLTLES (p<0.0D),

PEwlb, B560RD0KEEEL< v~
RITT5%E, WEEAE/ BED25%, KB
RV cycle time D50% B RBETH h, 60% L&
{78% LBIRER OMBIIRED B & b o7& T,
FHEIREEA R OR.LEIRED L&, LiEHOR
DHEBD, i - MLREEERAEEAEL HEMKR
WHRBRATHD L OBREELEL,

BB~ v ¥ — 2 ORBW L KIRE, LED
ZRGTHELSIDESEET S C LIC X 58IR¥ER
BEULLHZ ETHED, FHEEIETES L,
ZTORMVBIRIND Z Ehbhb,

D=y = OFHOERFREICOVTOEROH
ExR5 L, HIEBOEIREL~75mmHg,
e BMAERE) 1.7~2.8L/min, Mackenzie
5, DelGuerico b DL (BEHRE) 3xh
Z#0.4~1.3//min/M?, 0.61%0.18//min/M?T
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B,

FREEo/MIE, EERME &Ry
FEBE$60E], MEEEE25%DO E-EEL~ »
+— o, INFERIEIREGS.0:26.5mmHg, FHE)
PR I #6 # FE52.8+21.5mmHg, Bt &) Bk B2 A FE
16.3+8.3mmHg, .0 & PkE12.8+4.5mmHg,
U3EB1.39+0.56//min/M? & LT\ 5,

ChOLOHEROME L, SEHOEZOREMES
HELTHs L, BIRE, FENRE, OfEHcs
TRIFLERYB VBT L5,

D=y b= JEOERPEROES, ALHER
BhEDORZILLY, DFREORKE IR EL T
WBD, Thi o h THREROBBRES I E DK
BEESCHKECRLESHEMTAIENCHS, ©
CTIhbDHFLWEERZSE 2D 2T, R
BEFBEL= » b — DX DEERIERDRE, &
WIERERME O FEEE X HEEHOEEEE~
DB DO\ TEBERIN % ThFA\ D3,

Mackenzie®® 53ty = » ¥ — & HEFTH 0 B
THIAKBEDORELXRD, ZOREP L~ » F—
DA REFE88~116mmHg (SE#10~26mmHg)
DEEREACES EE 2 T3, AR
BIOY L= v — 2 DY Ik E 1248+
12.6%#L Tk b, HEROMABEBO—HTS
5 &85 L, Chandra®” b REINED LRI X
LEEBROBELEH/L T\ 5,

MfFaw 1 VREE EMBIREALCBERI
Stein®® B K U Calson®® Sk EH L, £OBZEN9
mmHg B ECTHIiEEE <, bmmHg Tk
SEOMINYE T, SmmHg LT CiiliikEo SR
HEDOEREPIRNTH D EBXT5, MFaw g
F B E 0 E % 13%25mmHg © & 2 HEREF
TE18mmHg U TETL, EEEL< » 3 —
TRTROMBIREAEDRE e i
T, xOEEIHFDLAKECRRE EE 2 LIS,

SEDFEZEDOITIS > MEEEL~ » ¥ — O
ORECHEEMBEROER, FHEPREALE, +
OBIRE L b CEREBECEN2 ) OFELR
L, MEIREAE#16mmHg ¥ CEALTKD
EEMoOMmMmEE= v 4 FEBE (#18mmHg) & o
BEZ#2mmHg LS Ry iKEDER MY
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HLTWAZ RSB, LiL, HBTRE AR,
MEFEEEYKEL LCLMBIREAEZD XY
LR UTWIWE, FEBREGREN0% %M 2
60%ETRSTHEL, TOENRERTHZETH
5, L LBPORECRREEEERS25% v H
230%FTCKELTH L, BEMEROED LR
FRODHELTWD, ThbDZ LIk hERER
DK EDREXRIET B, EEER
25%, HEEFESEREIL cycle time D50% & #k % 7
WS ENEBETHHEELLRD,

BRBRENBICLIORRAEPEERE 2 &
EELT, MogkdE, ThbbEAROIL,
AHBEOREE L EhTRES A WEELEETDH
h, b b oA cardiopul monary cerebral
resuscitation (CPCR)*¥ & U THUE L& 2T\
DERDHH D,

Vries®"H o #i45ic X b, XA AR X hypoxia,
anoxia 1255 <, BYMFTHEET 5 ~ 8 FIC R & &
T BT &1L, ZhpErds ok
ERLibTEE T, Lo L Hossmann*?
RO RER 2 R L 600 ME MY s Lk
WE Hieh, R ERE &L L, Drewes 5%
IR C30DE ORI < b ko ATP &1
BBILREERCS &5 EHEL T3,

Ames*3, ¥ ¥ 0 XTETRME M IR A F
BEX T, anoxia Iz X » T4 U B W KA
DRgAk, MR OEEERE R LWL b Mk
BESh, MEROHEHEOKVWEINTES
no-reflow phenomenon 2/ L, ¥ 78 539k
ROMBERLELE I TREY AR, BRR

(1843 1R s M FEHERT % 1212 no-reflow phenom-

enon 3D b DA, EERE (oD ooEE

BRAERICIS TS Il & H7z 2 TR 5 & no-

reflow DB Gt leh o7 & L, BEEIT autor-
egulation BEE I MM HMERECLESR X
NBHDOT, FERMEEFENPLETHS E|EL
T %, Bell*i, (OERAERLTIEE O MR E & 1R 4E
L dementia, SEFE K OC#EN B ROEE,

dysphagia 7e E3ETH D EBERTEDY, “hbd
OEFEIMEIMOR X, HABKOEE, L= v
V= HEDORBRARECHEIhB EE2ZLR

5.

MOBEEIRATHL 002 THY, 24KED 2
~3RIFT E DI LIHEDR1S% D MK %
51, ERHEFCIH840m]l O ME 1ML TEEB LT
WA L UBKINYE A34100g S 7 b 18ml LI
wisgh &, ZOMoOBEREYETLIh T
540, FEENMI e o MBEEHEDL~ » ¥~ DT
KoL R, B560E, FEEXK25%, Hdf
BERERI50% D & ¥1.79+0.81//min & v, OIaH
BDIB% R MER & T5 &, M4i320.7ml/100g ©
MR/ i h, HRERDBRCTSIRME
PHEBFTHEMBEEEI S WEREECE
%,

SE, WHRE Lo EMIEFRENBD TE
, RBEBLAET, FL@BL~sr—o&

DERETRITHID, T TRHOREBEIEER
P RECFEIEEEDELLOBBETH T
B, EPIEELBR-72h, D=y — Bk
DEAIVIREZEPESTEhET S0
cardiopulmonary cerebral resuscitation
(CPCR) MHHETH B LE 2 DI B,

M, Shock BED 2 I AEAERIC, R
BT EBEMBEORA & MEBOMEY I
PBRDEREH T 5> E@|REL, T8
OB L < » v — DO EEE Y X,
BEDOEIR, S5 REBYEROKE» LI HE
AL~ v v —2 ) OFSSEZHREL T35,
SHRIFRELBREEXDELT, ﬁm&ﬁﬁf»
i hiEis b,

Uliekb, MEEAL~ » ¥ — o2 T 5

&, |760E, MEEERINED25%, il
EERERTI cycle time ©50%CiT7 5 d D23
SEYHORETHY, AR g HEE
RENEHAEEYFRATHWEREREEL#IT 5
TENTE, L xFRABCRRRETS, E
BERBRROL~ vy P~ TR ENTED L
25,

BBHEICR T 5 —KRPGAE L, EHERERN
TOREFITE, TOYM»rRETHY, FTAE
XL TOMEENZ L\ o—o AL2BEBRICES
BRI WBENE D, FORIEMNEL b it
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HbThDH, EME—~KREGLET—XTHFHc
HHnZ EOEEMEERL, BAILATIHE
DB THRITL= » OB FD TEREMR L KT
TE3LHOCHEOIFEEEL T/, Hrik
WHREERED LD LT H D5 H L, B
LisihiEebicy,

W

BEROLEAENRE LTREEEL~< » ¥ —
X, TOERRAE, BHEBCIVESERLTEL
By, ERREEEESELTWS,

LY ER, RECTEMRREEEL= Yy —
DOFRPEDHELT, LYo b —C&FTRIBEORK
BHER & EEERSERR TR L, RBEHREOR
TR OME IR BB LI0EF TR - 1.

MEEEL~ » % — 20k, FEEHZE560E
L, BEEERIEEORED20% K 025% &
BEL, ThEhoEERI B\ CEOFERRE
% cycle time ©40%, 50%, 60% D 3@bH & L7z,
T4 BRI EEERRREREED Lito
6 &t icRE L, EfE/al~ v 4 — O BITLT,
FRECOWCREREE L2 NIE LLEKRE T X
D, RO XD ERIBORI,

D BFEHRENIRE & B MRk E e 3\ ¢, By
FHEZE25%, FERE0% D&t TREELY R
L7 (p<0.05), EEBREIV60% EEL b &b
Z > TETF LA,

2) FEIIREEARE & FLEIREIC R\ T, Xk
DR ZCTINETOEME L /s 5 0585 #RCiiE
BoZE Loy, FEHERRET409%, 50% ClRiziss
THETHBH, 60%F CTELT5 LBMoEDY
AL, BEBORKER E o E T TL 5.

3 IR, BB EEERN25%, HE R
50% ClREEYE (p<0.01), FEEBEM*60%c
THEHREROEY - THALTLES
(p<0.01), FEEZE25%, HERH50%D L~ v
= O THE LRI OIERIIEEROKHA0% & B
2%, BERICLERMFEEZE > T\ B EELD,

DEo#ERI D, WEEEL<» -2, &
r60[E, MoEHERIED25%, EEREktRHE
(¥ cycle time D50% TITR 5 DNREFHTH 5 &
E25,

81

MERTToehich, HEE LRV
e BERAF R BT EHRL BT D & 2 b, BY)
RAEER, MBS RV REOENFBEYH
B, AREARE, okl BT
REEOREEF LI VEEYRLET.

(FAFREO—WL, HEREPRRC L D I
Ehic, ¥CAHREOERR, WMS9FNASH, B
R TEHKFZESE200EFASE THERLAD)
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