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=Abstract=
Effect of Recovery of Pulmonary Function in Hypothermic Lung Preservation

Man Bok Lee, M.D.*, Woo Jong Kim, M.D.**, Chang Hee Kang, M.D.**, Khil Rho Lee, M.D.**

Hypothermia during lung preservation decreases metabolic processes. After the rabbit lung was flushed
with modified Euro-Collins solution, heart-lung block was harvested and the left lung was assessed after
ligation of the right pulmonary artery and right main-stem bronchus. Heart-lung block was immersed in
the same solution for 6 hours. The modified Euro-Collins solution and storage temperature of group 1(10
cases) was 4°C, group 2(10 cases) was 10C. On completion of the storage period, the left lung was
ventiated and reperfused with blood which used a cross-circulating paracorporeal rabbit as a “biologic
deoxygenator” for 60 minutes. Pulmonary artery pressure, airway pressure, difference in oxygen tension
between inflow and outflow perfusate and degree of pulmonary edema were assessed at 10-minute
intervals while the left lung was ventilated at 0.8 of the inspired oxygen fraction.

The mean pulmonary venous oxygen tensions at 10 and 60 minutes after reperfusion were 209.52 £42.46
and 103.48+15.96 mmHg in group I versus 247.78+36.19 and 147.91+11.07 mmHg in group I1(p=0.049,
0.0001). The mean alveolar-arterial oxygen differences at 20 and 60 minutes after reperfusion were 357.
95+12.84 and 437.31 14.26 mmHg in group I versus 310.88+33.47 and 390.93+15.86 mmHg in group II
(p=0.0092, (0.0001). The mean pulmonary arterial pressures at 10 and 60 minutes after reperfusion were
40.56+18.66 and 87.22+17.22 mmHg in group I versus 31.22+6.84 and 65.78 £11.02 mmHg in group I1
(p=10.048, 0.0062). The mean pulmonary vascular resistances at 10 and 60 minutes after reperfusion were
2.69:+0.85 and 4.36+0.86 mmHg/ml/min in group I versus 1.99+0.39 and 3.29+0.55 mmHg/ml/min in
group II(p =0.0323, 0.0062). There were no difference between groups in peak airway pressure, lung com-
pliance and degree of pulmonary edema.

In conclusion that preservation of lung at 10°C was superior to preservation at 4.

(Korean J Thorac Cardiovasc Surg 1997 ;30 :253-62)
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Table 1. Compositon of modified Euro-Collins solution.

Na* (mmol/L) 10
K" (mmol/L) 115
Cl™ (mmol/L) 15
HCO’™ (mmol/L) 10
PO+~ (mmol/L) 58
Glucose(gm/L) 35
pH 73
Osmolarity(mOsm/L) 355
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) 7AA A7er Y K HE(New Zealand white rabbit)E
g el AFgElsch AR e ol gs) o]l & Fo g
E53te Al shodct

A 12(10#1): modified Euro-Collins £-4*3} A Z9| 44 0.
ELEE4CE A

A 22(10#): modified Euro-Collins -8-24*3} & &5 2} 1.
EF22E 10CE F4

* modified Euro-Collins £-94 (Table 1): JER #5451
Mtk LEFRArA Az

WER 5k
1. DR

7} s3lx A e ketamine 35mg/kge} atropine 0.
25mg/kg & FAFeto] FRELEIRE S ] oS AbS SL/E-E
k232 FIA17]%HA] thiopental sodium 25mg/kg®} hep-
arin 700 1U/kgs 712l Aol FA131e] ntH A 71E
E kg AN E A g% AN KEYEE 3k 3.5 Fr
o 71 ek FEFE AEbslgnh AT
R R A ZAEEF2 d3 %% 15ml/ke,
3§ 253)/%, PEEP: 0.5cmH:0, Fi0::0.82 §2| X3
o} B WEUERE st MiRTKRE sl A 9g A s}
o AL FAA o MBI silk 530S Holga
A1 27l purstring suture- g 9+ Fol) W7 3.0mm
9 FhE=bE AME FelS9 7R A4 A KER
B} FRENRES St 5. ANl 98 d
NE AH3tA 712X 7| F o2 Algte}l. $-Aluks) 2]
ol oF Smme] =712 AT FAlo FelEH & 7hE
25 XA A AFsT WksEE#E(modified Euro-
Collins §-21) 60ml/kg% 30cmH:0 3 0. & Fqlstg.on
o] o £8%E AIZHE At 108014 2aHE
A5 10874 F9leladc). fikikans FUg
FAle k& MBS oF Iom =72 AAA Al T
4¢c, A2 & 10T Ringer's lactate -£94-& F71 o
Fste FHAY 22 E FA2AHC) HAe] F711)
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2. £IEK T XASBEIRE 918 FH|

RS T3] 408 Al LA BU7
o g v sl A FFAEN D ALANE st 4]
A& FAZ oS 4140l 16 gauge needleS 413 3o
¥ zxel dZsle] 7LE 2~3 nie]dlA] <F 250~300 mle)
Ay A g ofS Fig 1.3 22 HiREEEe] J43%
o ule] Y& A Fghct

Al A ZA] s} FUI W o 2 vl st A4 734 )
2 Il A S AR oS ATRRS $-R1AR Y F
2 NiEHR 14 gauge needled A3 F A¥ =z | He
AZAR AAAA o] FYYHESE L 5 BB F
RS 2414 14 gauge needled AMgldte) A¥=zx 2 W
o] AR JAsle] HYo] {EHEE syt 5
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o] 7t& 9] i Ee] AEH R FAHEE sl Y 3
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3. AR

2bzre] exea] 6217 REAZ M-S AWA
25C2] Ringer’; lactate £ of] &+ vt} A=} A0}
o] ANH-E st LATRENR-S A A 71T FAA
] H-o]] purse-string suture S 3} W74 3.0mm2] 7}1E}HE
Abglsto] A F-FA] £H BRI YR 1HM2E FF
EZ 319} 1 BAES Q1 FEE7] 6 AA-AA Hibl
B BITIR o2 3] Bk 7.5ml/kg, ZFT 223
/%, PEEP: 0.5cmH:0, Fi0::0.82 fAA|Ztt. Mik-&
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iRl et dAAA 20ml/E-e) FFEEE 1AL
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Al A EA] SEERE, HEIRE 2 B AR5
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Euro-Collins €91-& #-F9 el Fl3tHA] o2 stE v
¥ ¥R g =A31 $4% modified Euro-Collins &
3 o] g3} 289 A7 A ARFF 1E R

o]3 5]
Mol KRR E

Respirator(TV =7.5ml/kg RR=22/min,PEEP=0.5cmi20)
: PAW noenitoring

38T humidificd

PAP monitoring -1 %"

Blood sample
Respirator

Blood sample i

TV=15 ml/kg
RR= 25/min
PEEP=05 cm

Fig. 1. Schematic diagram of paraceorporeal perfusion.

TV; tidal volume, RR; respiratory rate, PEEP ; positive end-ex-
piratory pressure, PAW; peak airway pressure, PAP; puimon-
ary arterial pressure, AP ; arterial pressure.
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Table 2. Characteristics of the experimental population.* Table 4. Changes of pulmonary venous blood-gas analysis

during reperfusion periods. *

Characteristics Group | Group 2 p value
(n=10) (n=10) Times Group 1 Group 2 p value
Weight( gm ) 2630420575 2710+119.72 NS (Fi02:0.8) (n=10) (0=10)
Op. time( min ) 24.13+526  21.62+7.29 NS PvO2(mmHg)
Group 1:group of 4°C lung preservation, Group 2: group of 10T lung Baseline . 360.12:+19.04 353.60+24.95 NS
preservation, Op. : operation = Heart-Lung bloc. Reperfusion
*mean+SD 10 min 209.52+42.46 247.78 +36.19 0.049
20 min 180.10+15.66 220.71 +44.31 0.0573
Table 3. Changes of parameters during pulmonary flushing 30 min 163.58 +8.79 193.50+30.52 0.0115
prior to preservation. * 40 min 150.46+21.08 174.11 £19.62 0.0254
Measu t G 1 Group 2 val 50 min 127.23+14.25 156.64+19.38 0.0017
, essurements - faroup up pvalue 60 min 1034821596  147.91+11.07  <0.0001
(n=10) (n=10)
PvCO2(mmHg)
Flush pressure(mmHg) .
845, .30+4.
1(min) 21254167 19.78+5.02 NS I:{asel‘r“fz _ 3984£536  39.30+4.80 NS
eperfusion
21.33+1.58 .56+3.17
i 71 ??_’_: 96 ]22 §g+; (1]4 II:II: 10 min 30.53+5.79 28.77+£5.09 NS
A1 +1. 8342, . .
4 20.33+1.73 19.43+3.10 NS 20 m!n 32.3543.67 34.12+6.66 NS
5 20.334+1.94 18.754+3.50 NS 30 min 30431445 33.99+5.68 NS
3341, 7543, . N +
6 20114196  18.88+3.64 NS :g mn ig'zi;:? i;g:;i;i EZ
7 19784222 18.38+3.96 NS s m:n NN e a0 S
8 20.114£2.32  17.88£3.98 NS min A= oES

135.33+21.79 147.27+6.47 NS
9.56+0.73 9.38+0.92 NS

Flush volume (ml)

Flush total time (min)

Group 1: group of 4T lung preservation, Group 2: group of 10
lung preservation, min: minutes, NS: not significant, * mean+SD

Mk RS F715%A0A A2F53E 37 A8
AzFFo 2 o)A Alikslg )

Zzx)pH-2k(gm water/dry gm of lung) = (715344 %
) [ A2FF AF GRS 71530 AxSHL 7
T FAE §715%2 i o WE-4 2 alslgd

TEERH%) = F715F - 125D [ £715F x 100

£ A L o] 83 JlEE F 20vlelg 7}t
Td 10vtel o) on AFE 4T BELER 1P
2630£205.75 gm, 10C BRELXEH 230 2710 119.72
gme 2 5 F7kell f-2J3t el gt AW A &) &
83 A7 A 12 24.13+5.26 7, A 27 21.62+7.
29 Y0 2 = Frte] 2}o|7} §1girh.(Table 2.)

fest2en S

Zt ol EE FAAE AHSEH BAA=zZEaly
(Graph PAD, Software, USA)-E o]-&-3lo] il ol ik
f@Z(mean SD)Z FA|8}52w unpaired, two-tailed
t-test2 p 2 3L 0.05 ©13}9] A58 fo Ao

Group 1t group of 4°C lung preservation, Group 2: group of 10C lung
preservation, FiO2: Inspired oxygen fraction, PvO2: pulmonary ve-
nous oxygen tension, PvCOz2 pulmonary venous carbon dioxide
tension, min: minute, NS: not significant,

* mean+SD
stsich
WES RN
RESRR TUA| 24t
B AN o]84F  ARELANE modified

Euro-Collins £ 22 60ml/kgE 30 cmH:09] gtz o =z
1087 F9ql3td on whef 107-0]4] A7to] 288 A
FE 108744 Fqlslach sl RE2 49 F41] ¢HH L F
T BT A|7re] AR TF 7haste] o) F Fkel 4
A F94-E e F1=92 Al 27(147.27£6.47m))
o] A 17(135.33+£21.79mh ¥} @it F9lEgr 289
AlZb= Al 27-(9.38£0.928)0] A 17(9.56£0.738)e) u)
& AA Aot Fdget FYAQ AT F F3bel
z}o) = sl e} (Table 3.)

BERE FEkE

Ringer’s lactate §-9 1Lo)| sodium bicarbonate g # 7}
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Table 5. Changes of pulmonary arterial blood-gas analysis

o]gha 2]
Fiol KB RTEE

Table 6. Changes of alveolar-arterial oxygen tension differ-

during reperfusion periods. *

ence(mmHg) during reperfusion periods. *

Times Group 1 Group 2 p Value Times Group 1 Group 2 p Value
(n=10) (n=10) (n=10) (n=10)
PaO2(mmHg) Baseline 170.44+13.68 177.50 £20.15
Baseline 39.84+5.36 36.70£7.65 NS Reperfusion
Reperfusion(min) 10 min 333.79+41.49  306.06+39.54 NS
10 41.73+6.64 38.54+6.18 NS 20 min 357.95+12.84  310.88+33.47  0.0092
20 36.26+6.23 35.48+8.11 NS 30 min 375.64+12.38  352.91+28.94  0.0437
30 36.51+10.09 36.29+4.36 NS 40 min 391.44+20.78  364.60+20.17  0.0134
40 38.18+7.24 36.69+4.95 NS 50 min 409.62+12.14 380.38 +21.42 0.0022
50 39.10+7.73 36.79+£4.95 NS 60 min 437.31+14.26  390.93+15.86  (0.0001
60 35.40+6.93 37.66+5.42 NS Group 1: group of 4°C lung preservation, Group 2: group of 10T
PaCOz(mmHg) lung preservation, min: minute, NS: not significant,
Baseline 42.51+7.47 45.93+6.35 NS * mean £SD
Reperfusion(min)
10 37.46+13.33 38.80£10.20 NS EAR IR 7N HF
20 39.35+10.16  47.65+9.68 NS
30 4096 +13.27 44.08+10.76 NS /‘gﬁﬂis]gzlg} P By %0}01] —31,‘- b R-1x }]ﬂiﬁjjﬂn’&n‘ﬂﬂigl i
50 41.67+889  46.64+10.52 NS AR o) AL “EEEEI M@?TE%} "2 A wa}
60 41.8149.05 47561112 NS ol & AYAA AR  BLse =

Group 1: group ol 4C lung preservation, Group 2: group of 10T lung
preservation, PaO2: pulmonary arterial oxygen tension, PaCOz2: pul-
monary arterial carbon dioxide tension, min: minute, NS: not
significant,

* mean+SD

3lo] pHE 742 9 498 A {7317 Aol o549
2 30 cmH:09] gtE o2 3 B} A3 3l Y|
Eqtel] AR PAAIE-S AAsAC) AHEE HA A
& A 27(39.40+10.34 ml)e] Al 1925.56+10.31 mi)E.
o} @) AME-E R T Tt B3 zlole $ldl
t}.

FER AR R 7t AR

Al A 2A] 2] 2 ARE ids R o] KB A 1
ol 360.12+19.04mmHg, A 23F°] 353.60+24.95
mmHg2 7 T2kl 2|7} gl eyt AAFF o) 108
ALz AR AN E Y o] AnEGE A|7be] A
H4E ZMAsig oy, Al 1 209.12+ 52mmHgel) 4
103.48+15.96 mmHgE, #|27< 247.78 +£36.19 mmHgol
A 147.91+11.07 mmHgE ¥ T F7loll= S48 o
2 2Jn)lE xpo) 7t gl ek p= 0.049 —0.0001).

A AP o TR LR KT BLS ABFEL F T3
FAgAH 22 {27 2] H 2 gl c}(Table 4.)

AS)5H HES o] §7 nEdFe) BF P WA
o5 S Edel BTFHE PN ARG W o]ars
489ko] BAANIA 4719 4 3131 EHTable 5).

Fhifa-gpik B3R D REE(A-aDO2)

A& Sl X597 A E A A 1Fe] 170.
44-+13.68mmHg, #|27°] 177.50+£20.15mmHg & F T
Zrol o)z} ot AFVFFHEHE F T BF A7ke]
AL FE A E-FY ALEgA) AR o2 Fot
slodch. ARF 1082 F T2 A FALS o
ot ABF 2085 ERAZA A 1S 357.96+
12.84mmHgell 4 437.31+14.26 mmHgE, A2 & 310.
88 +33.47mmHgol) 4] 390.93+15.86 mmHgE X F I+
bl FAEH R {97 A7} A THp=0.0092—
{0.0001)(Table 6.).

i EhARER

Al A &2 247 dEYhE A 150] 9.22+327
mmHg, A] 27°] 9.90+2.33 mmHg& F F7}el| *o]7}h
Ak ABFA] MilE RS SHYEZE o]l A=
HEd o 2n BFHSEE W0ml/kgE FAAHL A%
ek FFAIZYe] AHALFE F T BT A
A 17 dFAgto] AAF-Ftel 40.56+18.66 mmHg
ol 4] 87.22+17.22 mmHgE, A 27-& 31.21 £6.84 mmHg
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Table 7. Changes of pulmonary arterial perfusion pressure
(mmHg) during reperfusion periods. *
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Table 9. Changes of peak airway pressure(cmHz20) during
reperfusion periods.”

Times Group 1 Group 2 p Value Times Group 1 Group 2 p Value
(n=10) (n=10) (n=10) (n=10)
Baseline 9.2243.27 9.90+2.33 NS Baseline 16.45+2.18 15.52+2.24 NS
Reperfusion Reperfusion
(min) (min)

1 40.56 +18.66 31.2116.84 0.048 1 19.74 +2.91 18.54+3.15 NS
10 53.78+16.94 39.90+7.89 0.0323 10 19.44+3.22 18.29 £2.99 NS
20 53.11+9.21 42.60+8.89 0.0216 20 19.26+2.82 18.82+3.21 NS
30 58.67+11.57 49.20+7.19 0.0447 30 20.06+3.37 19.17+3.24 NS
40 64.67+10.54 55.50%9.16 0.0123 40 20.70+3.48 19.61 £3.59 NS
50 73.67+11.47 59.90+8.59 0.0084 50 21.76+£3.80 20.77£3.72 NS
60 87.22+17.22 65.78+11.02 0.0062 60 22411347 22.70+3.72 NS

Group 1: group of 4C lung preservation, Group 2: group of 10T lung
preservation, min: minute, NS: not significant, * mean+SD

Table 8. Changes of pulmonary vascular resistance
(mmHg/mi/min) during reperfusion periods. *

Times Group 1 Group 2 p Value
(n=10) (n=10)
Reperfusion
(min)

1 2.03+0.93 1.56+0.34 0.048
10 2.69+0.85 1.99+0.39 0.0323
20 2.66+0.46 2.13+0.44 0.0216
30 2.93+0.58 2.46+0.36 0.0447
40 3.23+0.53 2.78+0.46 0.0123
50 3.68+0.57 2.99+043 0.0084
60 4.36+0.86 3.29+0.55 0.0062

Group 1: group of 4°C lung preservation, Group 2: group of
10°C lung preservation, min: minute,
* mean+SD

o A] 65.78+11.02 mmHgE Bo] F F7telle f-2% 2
o]7} 19 =Hp = 0.048 —0.0062).(Table 7.)

i &

ABF Tl AEBAGLS A 1Fe] 2.03£093
mmHg/mi/mine}| 4] 4.36 +£0.86 mmHg/ml/ming, A 27-&
1.56+0.34 mmHg/ml/minol| 4] 3.29+0.55 mmHg/ml/min
£ vehfio] F #3tdle FAA o2 f-o3 Ko E B
s tHp=0.048 —0.0062)(Table 8).

® AR

Al A ZA] 24 7| =lgS Al 1F0] 16.45+2.18
emH:0, A 230] 15.52+2.24 cmH:0 2 F F7} el & 3}o)

Group 1: group of 4T lung preservation, Group 2: group of 10T lung
preservation, min: minute, NS: not significant, * mean+SD

Table 10. Changes of lung compliance(cmH20/mi) during
reperfusion periods. "

Times Group 1 Group 2 p Value
(n=10) (n=10)
Baseline 0.39+0.04 0.42+0.07 NS
Reperfusion(min)
1 0.95+0.15 0.9340.16 NS
10 0.97+0.16 0.94+0.15 NS
20 0.97+0.15 0.94+0.16 NS
30 1.00+0.17 0.96+0.16 NS
40 1.0440.17 0.98+0.18 NS
50 1.09+0.19 1.04+0.19 NS
60 1.12+£0.17 1.14+0.19 NS

Group 1: group of 4T lung preservation, Group 2: group of 10 lung
preservation, min: minute, NS: not significant, * mean+SD

7F ik AFFA ] =g #E 7R 2 Q)
FEFAA ST FAZ F T EF A o2 s}
WA 7 Tl BARA o2 Fo 4L e Table
9.).

LR T

Al A Z2x] AAR AR EE A 170] 0.39+0.04
emH:0/ml, A 23] 0.4240.07 cmH:0/ml &2 5 F7F
o zol it AFFAE 5 FUIVAE ARAAA
#2 7 BA 2 ATEFE AP o9 A=
AFF AZbe) A are}l HAAHA A5 2wt
F T AR B A fo4L Ao
(Table 10.)
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fi2hE

ARFE FRG F 5UdF 2702 H2 8 do] iR
KERES 32313 80TNA 36213 ARAIA F wiiRkE
B AT A MEAkSTELS AlTo] 9.28+2.55
gm/dry gm, #] 27-0] 8.024+2.36 gm/dry gm 2. & A 2F¢]
Al 17l vls Aot A vl gl kaod
BS A 1370] 87.64+2.66%, A 27-0] 88.98+3.11% 2 F
7ol BAFA fro] -2 gl cH(Table 11).

F B

K g HAbe] Z8H ABWYL R Mifstaie]
glE) 3 A o2 o] Fo A 3 g}’ AF2 Q] A o)
Al mnEEE 9527171 8 F7) 71548 o4
A2 A A71E HE315 o o) = RE H Kl o
HEo] At nd = et 222 FAdAE 3
o] JVeES AAZ AV REY F e RE S
L35 3 dd?. 22y A7 gL A7l B3}
L Q7ke] EIEE FhifskEol A 6A1 kol At IS REY
T ol who] MEE AR e AA el

PAA o 2 MR H S EMtEiRge] M &
3] A5 & E.&49 o)1 Toronto Ho] A AV H& B
Fraflg-g F71H 22 AHgsla glvh o] Wi AL
o] dsly wHAS FEER AR YAY F
AL Wolz}t Sl FaF FRuse H7h £l
3 a3 mEESS Hold - qlen e A &Y
ANA w7} H A e dAHo] sl BREE, W} EA
2o B4 2 SE3 UK ERA 59 #A 7 deta 3
At

HlREu 3 293 84T MiskaAn 32 il
aelth A AHE I e fYLS A= dE R
719 B&& 8 /s Aol ¢€lEEH Euro-Collins
Lo mgS 931", University of Wisconsin -8-]-& &
WS 2Eslr] A8 g 3L dxue] ks
£ o] &3t Arlolug HEM RHERS FAAAT
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Table 11. Comparision of pulmonary edema of both group. *

Measurements Group 1 Group 2 p Value
(n=10) {n=10)
Left lung (gm) Wet  10.16+2.96 9.6111.68 NS
Dry 1.25+0.41 1.084:0.26 NS
Tissue water 9.28+2.55 8.02+2.36 NS
(gm/dry gm)
Water content(%) 87.64+2.66 88.98+3.11 NS

Group 1: group of 4C lung preservation, Group 2: group of 10C lung
preservation, min: minute, NS: not significant, * mean+SD
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