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Open Heart Surgery Under Deep Hypothermia (])

—Experimental Study in the Dogs—

Dong June Lee, M.D.*

A experimental study of deep hypothermia for open heart surgery in 5 dogs was reviewed.

Surface hypothermia in combination with limited cardiopulmonary bypass was employed.

Circulatory dynamics were well maintained following cardiac arrest during one hour at 20°C.

Some degree of acidosis usually developed after the arrest period but was gradually corrected

during.

rewarming Total circulatory occlusion could be maintained for at least one hour at 20°C

without evidence of cerebral damage in the dogs. Potassium in the serum after deep hypothermia

was moderately decreased and it was the most severe change in the electrolyte.

Free hemoglobin of serum was mild increased and it was one of advantages of combined hy-

pothermia with limited cardiopulmonary bypass.
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# %> All-in-one oxygenator &} {£ifl% (20°C)-&
st BHERANA =72 E Hstgd ok

2. BMmeol WiE

A. All-in-one oxygenator & o] 58cm, {g 42cm
2 7 0.3mm ¢ Vinyl sheet 2t & ZEK AL ER
#HN A EEFRILH (oxygenating chamber), [Rigig
(debubbling chamber), settlng chamber } fyifit#
(arterial reservoir) 2 E4 5o} ¢lcl, (Fig. 1)

FIRIE B E 2 & A return 3t Mm-S oxyen-
ating chamber o] 4 Eg{k3}=u = debubbling cham-
ber o BEHEITE. {5l sucker 24-¢] 9
EfmF tube 7} 218 EH#:, debubbling chambered] &
o} 7kch. o] Eho] all-in-one oxygenator &) #:%<e &}
=24 Coronary reservoir 7} g7 o) Fol muefrsgel
KT Mg #HgHe HBoes ¥4 grl. debubb-
ling chamber o] = polypropylen
filament 7} Yeld 4 BEHIY BES 711z o4
debubbling chamber £-8] settling chamber o BE%
o RS B4 ¢lvt. Settling chambero] B#EF m
#-& r}4] arterial reservoir o] #778) A roller pump
of &3l A BHRIAIKE A B e}, o)m settling cham-
ber, arterial reservoir o HHS ZTaMe] FLAL
o] AT o]t
“oxygenating chamber 2] Fo]= 33cm, I 8cm, &
AAE 500ml = Tl & RE 10mm o R M5 &

2MEet BEHBAY (O, disperser) 1{H7} ¥ojglenl o)
T e E EE 0 1~0 16mm 2 /JFlE # 400M

Coronary

silicon coating =

A=z gt
Debubbling chamber 8] &e¢]%& 20cm, iF 4Ccm &
] E& 0.3mm ¢ Polypropylen filament # 250gm

7} Silicon coating 5o} <ol Folglv), Isiel Y
o] 218 EEOE = il = cononary suction X
9 @M tube sk 208 KFom HAHS . =
debuybbling chamber B8] settling chamber & #1744
ol 1= 1@ 8em o] Eihe = T®E= nylon filter 7} glo]
/) olibel £ filament 7} Fof gl v},

Settling chamber = debubbling chamber & TFif
o] 7Btz AbrielE Alol= LK 22cm, T 17cm,
el 17em = FIECE filter 7} #HiAS o b vlA T
il = ¥eo] 13cm, #& 10cm 9
BiREm Mgl stz vl

Settling chamber ¢} arterial reservoir & &3 §%

arterial reservoir 7}

TR L #92,000ml o] o}, Arterial reservoir ol &= i

KEHH pocket £ 7FXl= gla o] HH5E HEoE 4y
Biol wIfEsiA MWK dolde Mol et o H
S A M bag 2 FHT 4 deHe] =
o] oxygenator 9 #folr}l, o] W B o]ifsoll = &b
BRB M Bl 7h7kE Fol] BOmAEHOE 1EE 7HA
2 dvh ol HHBEIERE BE Ay mRS
O] R H3] fidl &k sl KHoR
Wik mEREEAY Bk BROE + 9= A FF
ke, (Fig 1)
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Fig 1. All-in-one oxygenator

B. g moll #3 NBERFE

ohhle BRMKE A7 i FEEL WA A
HEmK RS HE-S M’J‘Fﬁii i M?‘HF et
Travenol, Rygg % #7#E2] sheet oxygen-
ator & 25 MM arz wEelA Az ghRel ¥
WA = A3 E ek fe B FiEsIW e =
e 57k ¢glrk. 28wk all-in-one oxygenator =
Table 13} z2-& Criteriad] wleld WAdA FHA=

Temptrol,

<= oxygenator & oxygenating chamber, Settling
chamber, arterial reservoir & clip® i Jel A
BliEgdes (Fig 2) #h)RAE AL agEd 3

b, ® clipd {EE BEAFI=24 priming X
oxygenation § HHE REE + Ao fide %ig
B BT EEE HEYL ¢ ot B BE— @i
Fifb7t FF5EH = clipe mEE BEA7I 22 %
Al MEILEES HET F A& FEE vz g}
oxygenating chamber ¢ ##-¢ clipa] BRE 1/2,
1,3, 1,49 Bifel 2314 FEastsl BEFESE oxyge-
nating chamber & Hi& 5o AHE 12 1/3 1/42

BAE + AEE abEeld glel, o]® oxygenatirg
chamber W o] AfE EE HWAA mEs 2g
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Table. 2¢} Ft}, Reservoir & Cliper & FiEFol =
A HEZ FBEHTENA reservoir N mug level &
ERAAA FEY B 1S FHIERE algolA
altl. Reservoir o FAAEES & 2,000ml o] A
Mo ® clip g @A &t 7% 8% FHEEL 70)
mleln clip downdt A< AL 2 g %2 b
RA= 30)mlel=}. (Table 1. Table 2. Fiz. 2)

T |
LE 4 )]
: e

Fig 2. Clip for oxygenator
left: for arterial reservoir
Right: for oxygenating chamber

Disposable oxygenator ¢ {#H%= ¥ A2 hanger
| 2ol A BIRRM-S 7B thk|A 4782 olhanger
] ol g MMTeEHd RO E #AGL}. BHRK &
T lE |IIEK e &% disposable oxygenator ] i
A BRbeRd fRL RETHEIE KAL 800
~1300ml, /pFE 400~30)ml, FLRe 230~3500mlo]
ol ERERE R AEH HRSTHY #m-2 coronary

2,

{o

Table 1. Priming volume for body weight

reservoir -5 3= ¢z H#E debubbling chamberd]

E7b4 o] chamber ;g4 o

settling chamber o i%{3}c},

C. WFIRER

=RE  Miks el 4

T O BETHA B, O Set up W HEE #t
2 Ry iEY Hive= BhIRiAliG, coronary suct-
ion tube Z& w5 disposable & set up Hof glr},

v ook B KT R
& 12kg Ll Rl BEdAE

g kA
AlFE (N 8mm), ik E

7171 BAA @

MEEMS LER sle BENA e A TRER

WA BRGNS WY BIE,

i3kg LI &k

ol = Cligs (W& 6mm) 7} Set up o] vk, £%
Bigulke) FEH-L 700ml & 400ml o) vh.  BHER[EI <k
FIRE = AR demg mgE FEs e 2
FAE BRET K o) HEHSE Cannulation Bl

UETshd iggel el =l

o] fBslz oVt WHEEE
girh, Oxygenation dl 4 Fsgsh=s B Blim=E
KBSz #HY ot £53 Rl nEs 24
4 Qb v BiRe @bl Adr trap & AT
WA GoiFd o & phifirt sERskoh

D. ®#jkCannula :

479 tube I S. C Risch (No.

ol s} ol Mks FIE
gl WAl o)

12-22), M. (No.

40 to 30 30 to 13

Patient (kg) over 40
pump (ml ‘stroke) A (90) B{50)
tubing (diameter) A set(8mm)
{ oxy.chamber (—) No. 2 No. 3
Clip |
settle. 7 (=) (+)
| Vol{ml) 1400 1100 to 1000
P]lmmg
t blood (=)

belew 13

{+)

can
C set(fmm)

No. 4

630

Table 2. Size of oxygenating chamber by using of clip

highticm)

circumference
column (cm)

originzal size 34
clip down tol,2 NES
clip down to 1/3 34

clip down to 1/4 34

volume (ml)

7.7 X,
5.4 X,
4.5 X
3.8 X,
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24-26), L. (No.30-32), L.L tuber} set upse] X
- disposable o)t} wetd D %o bk, @ HES
m¥el &I mize] &k @ £BARBTEA KT HMo
g BIEE 4 gl Bl drl. % Cannula:
w2 7HEA He] glon KMl 2 FAo HEse T
o] Sem A o2 FRE o] delA #iErF HAL m
el st #Wael A Ul A sk =l ow
Tl BEY 4 ¢lv} Connector = 25 plasitc & &
A dAHPc v Soluh MAERe] BUHAE HH
3%t Cannula & pstsld 20l2 BER SRFon
Rixlcd, = S Cannula = LR drainage & f#fisl
ti. Me|vt L.cannula 9] 438 ijffstm o] <o) S
¥s ¢ lonR Bl ®migsia g L
P omslg g o4 gl

cannula &

E. ATD:

Roller pump & {fifis}= #E 30kg L) &
(1ln#g= 90ml), ¥ ®E 30kg R=F 13kg 7}=+= B. pump
(1ol = 50ml), §&® 13kg LI F+ C.pump (llijEE=

17ml & §EAE ol

A. pump

F. £k % IRAKE:

RRETREN = B e o]
9l & water blanket 9} Biff[EIfo] heat exchanger &
4 B4 cooling B warming A Zr}.

ice bag & cooling A7)

i- YRR

gl All-in-one oxygenator 5 @A @ Hm
@ —BmEEE @ NHERES B

a, WRAH & Ik

chA mke] o) K (7~13kg) & A A thiopenthotal
‘Sodium (25mg/kg) e} FRERRIEE Foll RER HEH®K %
HNEAEN WIEES stz fBIFHd = water blank-
et & FIEAEE-L icebag 24 23~24°C
cooling A giv}. olwl BrMcsled heperin (5 mg/keg)$
BRE 2604 ALESH BMmES sz BB RN 2iMm
.4 18~22°C 7}x] core cooling =} water blanket 2
cooling A A v}, 2% heparin & 1#RI=}c} heparin &
3mg/ kg4 Bin AP 20°C 7 & WEERt
e k% FES ice bag & BrEIs 604
B BE#clst el water blanket o AT.LHE%RE
P EE A IR 34°C 74%] rewarming A g vk, Re-

7+=]  surface

warming 5} J ol A LBl B o defibril-
lation 4] # t}.

KBS HEEERE Heparin iz} Ringer's lactate
solution, 20% manitol (5ml/kg), chloropromazine

(0.5ml/kg), solcotef (40mg/kg), trasylol (10,0C0
u/kg), amphycilline (2gm)& # 4 ZME # 20%=]
FEBEAED R MERHES 700~1000ml 2 T
Sample & A Thte] Wi AN A FEIRML 5 H 5 E IR
Mg BirE) A BARmE ®E#Ach Electric the-
rmometer & ftif, EM, oxygenator o HEE MEH
t} Triple Catheter monitoring £} th LS BREE, BHIREE,
Ree e s MEdch. FLRRES EREXT
FHRol BIRE-S BR% {78 AR No.7¢ polyethy-

lene ¢ f@ASNA RBEL Foley catheter & A4
AE et
b) REER
i) Mmee) L
BIRE LB X RS 8L BRR cidviele

FifER = Fig.3s 2oh LS BES B F 2
At LEEe FTRM#EYE 40/min god RE WL
BES 30~40mmHg & ¢},

Rewarming B [Li§Jgel mE-e =5 & LR
gl vk (Fig.3.)
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Fig 3. Average values for temperature, Heart rate
blood pressure in the 5 dogs to undergo
intracardiac surgery urder deep Hypother-
mia using surface ccoling with a short ter-
minal period of cooling by pass follewed by
circulatory arrest and bypass rewarming.

i) KB WL

Lactate : ¥ {E @t fig. 49} P},
coolling BER Y= lactate o e g4
cooling o] tAfFSIE Al MW rewarming o] Bu -

B eurface

©1} core-
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Fig 4. Average value for lactate change during
the course of the hypothermic procedure.

B okEel Yk (Fig 4)

iii) mZSey Wit

O Fmek X BdER R
444F /mmee|ty R o]  HEH Kol =

mEe  FHfEe
419%/mm* 2 (5.6%)

WA E e AmRs FHEIT 7710/ mmie] 4 2 fii#ol
& 15130/mm*2 (96%) #in= gich. (Table. 3)

@ mif B RE

C MR

Y fErt

0ol gtwd

WK 7.8mg% 2 8%) FTH ®ms 29c}.

(Table. 4)

iv) EEE B 2004 B, iR,

Aol

potassium, sodium, chloride {52 JiEg ). K+ ¥
WHl 4.4mEq/le]gl®d o] MMtk 3.5mEq/lI =4
(20%) %K @AE 29= Nats 142mEq/ld) 4
139mEq/! 2 (2%) Cl~%& 104mEq/le| 4 96mEq//(7%)
2 KES WPE Byl (Tab.4, Fig 5)

v) Surface & core-cooling: surface cooling o &
EB#LE7L 23~24°C & 5 =0l TES = BEE £
654 (455 THE 9057)¢] i core cooling o 24 18~
20°C 5 = FyWRe 45 35 HE 599k 6054
L E2 A] 71 3 core and surface rewarming & &%
A EBIE 34°C7h=] Selew ¥ 174 155 T
FE 205) 0} FES v}, cooling A7l & LiF L7}
o= fle $HE Az BT ER s g
(Fig 6)

o = =®

G pestedadA ¢ 4 Kalke?, Sloan'®
Eol NHPIMEARY ALHE bEd4 we DR
BRLMES MAfFT % BLIT REV o8 Kb EH
ol gept 210 aev o)y KB —#Ave R [

Table 3. Results of hemogram
RBC (/mm) WBC (/mm) Hb(gm%) Hcet (%) platelet (/mm) plasma
case No. pre-op pre-op pre-op pre-op pre-op Hb
post-op post-op post-op post-op post-op (mg %)
1 480 465 6500 12900 12.8 10.8 4 39 246000 221000 0 3.4
2 420 395 6650 17350 12.5 11,0 45 43 210000 192000 0 9.5
3 438 410 88C0 13150 14.5 12.5 41 38 238000 215000 0 8.8
4 419 395 7950 18100 13.0 11.0 42 37 224000 199000 0 7.3
5 463 434 8650 14150 14.7 12.3 45 42 218000 181000 0 9.9
Av 444 419 7710 15130 13.5 11.5 43.4 39.8 2272000 2015000 0 7.8
Table. 4 Results of serum electrolytes
cass K (mEq/!) J Na (mEq/!) Cl(mEq/)
No. pre-op post-op ‘ pre-op post-op pre-op J post-op
3
1 4.3 3.6 142 139 103 94
2 4.4 5.3 145 141 108 95
3 4.6 3.7 139 137 102 96
4 4.3 3.4 142 138 103 98
5 4.4 3.3 141 139 105 96
Av 4.4 3. 142 439 104 96
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Fig 6. Method and time oe deep hypothermia

BERM AT 7Fx = 5B B © #iEe] w4
@ lt#Em TE R Sz @ vl Lot Hfiidl RBEFRIE
el A BRI FH AMEdle RE @ mgEld &
gk $rf¥ Heparin mke TNE (483 AB#, RH(—)%
WEH Fodt m# ) ® Homologous blood syn-
drome ® flithim s AP B4% w2 MEZS 713
= b aeldle EEFEMe U #Hedd M ¢
9= SEFEyl WAz w28z i3 disposable
oxygenator & BEZgo] Autsle] AUr},
Disposable oxygenator & M E3Z &L
dEn A R ol

o] zJo

O B
A&A @ BefbgEdre) $4A @ #m
A @ FHEE R AR © BilgEnol EAES
o REHE AHTR ® BEEAR D RN RA

7tz g 2714 oxygenator & & 4 9lefop Frl.

BWB RS R REMREeL AE wE 4 ook
gtob Wada'® = o) 3l RIEEiE #EaA ATH EBHR
ft & ks £EZ RAEHTHET design-g 34
FMR ATHE N4 RAYE 2R 2E
JERICl HAE = e EEM ATHE 54 All-
in-one oxygenator g}z @& F ).

ffel = AL BAedsl KiREQRC) &
OFis A o] E¢ BEos ¥ Ho FL& H#HRE
el z ek, kY REieRA @ LBAA M
o] gl7] wlFoll AR FWRHFE A& + A2 @ L
e w43 e & ikl @ /il 4 cannulat-
ione] glom F& FMREFE HiFster ASEoeR
A& {£il% cannulation & BRESE] A Fo] ol= it
Brol Yol @ A3 Wil Y ATl #AT
3% 47 RS (pump lung syndrome)o] 4
= 3 & complex malformation 4% e} 5 %23 B
& £ d £/ LEIEFER (ERE 20°C ¥ 605 /)
4 g 5 Urke Bl 0,0

gl Rl BEREH AR REL @ EEs WMEEES-
fkEA7l = @ BER vital organ & FZ#e) A7
24 @AM BES 28 EEAd ¢ A KEaH
2 @ olm BEE RN BIES 73 dew #i4
TS o2 U Bs n (TREHER B WA
s Fiell EERERS RBE) Wosol MMl
shutdown®, ¢, 0 5l 3 M FKell A EfoZ BFER
W) @ wiEat Bie] double® Lo =tiE FHel
r}39)

KillE BEEERAN £E-2 @ blood imbalance 7} ¢}
o5 @ heparin # 87} pEY o= @ cannulation o],
LVEY e NE afezyE O LB massage 7} QB

7g _%7]_ ) 1;]“, 39,40, 41

m ey Bk : 20°C LEEY TRHE:
50%) 24 Rittenhouse 9] 20% A Rc}IE A3},
g2 #HEY A BmEEHN digitalization 28 o .
ke Foll 2 WAV AL Ao YAl R By
WEms2 37mmHg (39%) 2 4= 9= Rittenhouse!®
] 40% %+ w]s=3fct,

fREME BL  RWR A lactate Hhyt e e
aerobic metabolism o]7] o] Fo]n] A F I B 2
#3k Wi+ anaerobic metabolism & o %= 9lr},
EU#k efidl e EWMHE Eopztg

fertc gl IHER FERR (heart,

ML ¢4 ol

40/min (#7,

Rewarming ¢}
o\-_';-_ 3] 1:], o h.
Kidney, Liver) & rewarming 4] 7] =

t}. Mohri‘® 3= lactic acid 7} pyruvic acid ®.r} =&
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fli§ VFelW Al anaerobic metabolism & & & ulo
€}z v}, Barratt®® & Ao n BHE KH
HEprck 259 lactic acid 7} el mHd lactic
acid o] ®EF= O &4 £RE O A A wa-

shout sl = & @ lactate R PHE @ Rz Hsi e X
o] Af¥ctxm R},
M#EBA L RmEk, Mme3%E, Hematocrit, i/

W% 4= hemodilution method 9} HEH A
o fk¥bels 4 2halcl,

WM : Navsh Cls: BReh EHTY K
T& #slrl, o] @ alkalosiseol] 4k3tr}s e, o3
FIRMS frfiolal stel sleuh Rigfatel, o $74
Kr@wde Lt & Ak FRe s=2 T »
sl elof e},

HRel A ERES BIRE B4R U
At pEL W oes 2o

1) 20°C 1Bl A i3 BRagel Holl 4 Fendl  fEdE
=gk,

2) B E BHTY AR Bl slslont
AR s g

3) 20°C 1msfae LBtk REGS Ay

[:2:4

B L it

©] =u]

il

y

4) ELEF b potassium & ShEEEETE  spA s
T},

5) MmN &M Hg o ES g 714 stew
HUEe ®EL SEs @isds RS ey

bR RO BAE HE Bl F dEE ¢S
1}
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