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=Abstract=
The Experimental Study for Isolated Rabbit Lung Preservation

" Chong Kook Lee, M.D.*, Jae Jeong Suh, M.D.*

We have modified the isolated perfused working rabbit lung model (IPWL) by perfusing the isolated
lung with a hollow fiber membrane deoxygenator.

For assessment the stored lung was ventilated with FIO: 0.4 and perfused with 37 C deoxgenated
circulating blood at a rate 5ml/kg/min for several hours until lung failure.

We chose to -compare our developing solution which contained low potassium and pentastarch, with
the modified Euro-Collins solution.

Experiments were devided into four groups(n=6) based on the type of flushing preservation sol-
ution and preservation time.

The flushed lungs were then preserved into same solution at 8~10C with 100% O: inflated con-
dition for 1 or 20 hours.

These following results were obtained.

The IPWL model requires only one animal per experiment and allows for the continuous assess-
ment of aerodynamic performance. This should therefore be used as screening test in lung preser-
vation.

One hour preservation groups, there were no significant difference in recovery rates of PaO., PAP
and Paw. Survival time in the one hour preservation groups were very significant long in the Group Il
(LPPS, p<0.01).

Twenty hours preservation groups, there were no significant difference in the recovery rates of PAP
and Paw between Group III(m-ECS) and Group IV (NS), but PaO: was significantly worse at onset
of reperfusion in Group III when companed with Group IV (p<0.05). Andalso survival time in the 20
hours preservation groups were significant long in the Group 1V (p<0.05).

(Korean J Thoracic Cardiovas Surg 1994;27:723-31)
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butal sodium (25mg/kg) % Heparin sodium (7001U/kg)-2
A FAE ANG F 1R DRSS Bl 7w ARG
3.5mm Endotracheal tube)2- /2*]3}—931:}. e AR
31235 %7) (Rodent Ventilator, UGO BASILE, ITALY)Z
wabsle] ATEFE FAAUG (EEF 4531/%, Tidal
Volume 25ml, PEEP 0.5cmH:0, FIO: 0.4)
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100ml A % Qg AF AR EAgo] Ald =
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cm Folgte R Y3, ojuf F91o Bt 2AS
A i Bk SFES AL §7 A7 Sz 39
A7k o s ok-& SA skl

oo FiARE) Foo] EdF HE 100%A R
inflation A1 1A 2 7| £ & 2pgdsle] d|A-S A =2 7y
F el go] 8~10TE A 7]z AL Wl A
7F AR o] REAZH( e 20475 B3t A1 7o)

A E T8 A o] 43 HEENE A Eud HE-
¢l modified Euro-Collins-8-¥ 3} 4] £2]e§ A Ko Hydrox-
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Table 1. The composition of flush solution (pulmoplegia)

m-ECS LPPS

Na* (mmol/L) 10 168
K* (mmol/L) 115 4
Cl™ (mmol/L) 15 103
HCO 3(mmol/L) 10 -
Mg** (mmol/L) 5 2
So a(mmol/L) 5 2
PO 2(mmol/L) 58 37
Glucose {(gm/L) 35 -
Pentastarch (gm/L) - 30
pH 7.3 7.45
Osmolarity (mOsm/L) 335 280

m-ECS ; modified Euro-Collins Solution
LPPS; Low potassium Pentastarch Solution

4 FAXFH2H 37 CHA FHE AF ERHEE o4
gt AFHe & ol EY Sml/kg2 EFHFE FAAA
t}. 817+ Tidal volume 25mi, 3&F 403]/%, PEEP 0.5
cmH:0, FIO: 042 §-X) 3} o}
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Fig. 1. Schematic diagram of the Isolated Perfused Working Lung Mod-
el (IPWL); Before reperfusion, the circulation system and reservoir were
primed with 120ml of 20 % hemodiluted blood from one donor rabbit.

The stored lung was contineously ventilated with F1O: 0.4 using a
small animal respirator delivering a tidal volume 25ml at 40 breat-
hs/minute with 0.5cmH:0 PEEP.

The graft was rewarmed in the vapor chamber maintained at
37.5°C, The primed blood was kept constant at 37 °C with a heat
exchanger.

Blood was contineously deoxygenated in a small hollow-fiber
membrane oxygenator with 95% N2+ 5% CO: gas mixture and
recirculated to the lung via a roller pump. Pulmonary artery flow
was maintained at 5Sml/kg/min throughout perfusion. Pulmonary
venous blood was drained by means of a cannular in the left ven-
tricle into a heat exchanger reservoir.

All aerodynamic measurement included gas analysis of infused
and effluent blood, pulmonary artery perfusion pressure, and
peak airway pressure were sampled every 15 minutes until lung
failure (YUWMC).
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Fig. 2. Changes of pulmonary artery pressure (PAP, Mean +
SEM) during pulmonary flush prior to preservation.

Flushing of lungs with m-EC solution at 4 C resulted in a sig-
nificantly higher and steady increasing pulmonary artery pressure
compared with LPP solution (p<0.01). (n =12 in each group)
Flushing time was m-ECS 7.4 £ 0.6, LPPS 7.8 = 0.6(NS)
m-ECS ; modified Euro-Collins Solution
LPPS ; Low Potassium Pentastarch Solution
* p<0.01
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Fig. 3. Changes of arterial oxygen tension(PaO:, Mean £
SEM) of Group | through IV during reperfusion until lung fail-
ure.

There was not significantly differe between the Group I and 11
during reperfusion, but PaO: levels showed higher (NS).

There was significantly worse during reperfusion in the Group
I when compared with Group 1V (p<0.05). (n=6 in each group)

A& ATHNS). ubH A3F (m-EC 8o 20417k B2
gt F, AN PO} 100 mmHgol3}el vb A4 (LPP &
Aol 20X)17} BEF 7, ()2 133~206 mmHgZE A wf -
22 3|82 BoyFqleh E3] A4l 4 108 (p<0.01)
3 30% % 60 (p<0.05)x | A w5 F-2] 7 20| & B.A
t} (Fig. 3).

3 HSW 3t (PAP)

AEFeke SHYEZE B £9 Sml/kgE F3AA
AFA] HE5AY FF2 M-S 0ELS AT &
gA3e glol dASA #A =HoAch vt 0% F 573
3] Akt A 7 Tk ohekR WA E BT e
oAl 2737 A3, 473k A oS el
(Fig. 4).

4. Survival time

A7k nEe ol T goFel WY ARt
L )¢ =3 Ao v]=3}A WEsbe] 2t Survival time

AT 75 £ 6.6%, A2T 111 £69F2.8 27 LPPE&
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Fig. 4. Mean pulmonary arterial perfusion pressure(PAP) of
Group | through 1V during reperfusion until lung failure.

All experimental groups were stable throughout first 30 minutes
of reperfusion, and then these pressures were rapidly changed by
increasing but no significant difference (NS). (n=6 in each group)
m-ECS 1;modified Euro-Collins Solution | hour
LPPS 1;Low Potassium Pentastarch Solution 1 hour
m-ECS 20:modified Euro-Collins Solution 20hours
LPPS 20; Low Potassium Pentastarch Solution 20hours

Toll A wh-- {7 zje]lE RolwA A= r}(p<
0.01). 3l 20X]7F B3 F-2] Survival time® A3 57
428, 4T 124 £ 272802 LPPL ol 4] §2l3)k
zfo] o] A E717HE B.olv}(p<0.05) (Fig. 5.)

o]Z# IPWL 2 S o] 43 & 7% HrlolAe
pentastarch S H71g £4F (A2, 47)0] ] 58S 1
o] F¢lc}.

5. 7| ELHQ} Bi5} (Paw)

71 =l A8 308 22 A s A E At 2
30 FHE A5 S HolwH A survival time 2= oxy-
genation ¥ 1 71 =) HAAE &8 A7 71 2Ugte
Hite 27 Apols) glleh ez REA 7MY F )
2] BAAQ o= gl (Fig 5).
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Fig. 6. Changes of peak airway pressure during reperfusion.

There was not significantly differe between Groups 1 & II and
Group 111 & IV(NS).

But time until failure (survival time) in the Group I was very
significantly short to that in the Group Il(p<0.01} andalso
Group IIl was significantly short to that in the Group IV(p<
0.05). (n=6 in each group)

Survival time was Group 1.75+ 6.6, Group 1I:111 6.9,
Group I11:57 £ 4.2 and Group IV 124 + 272
* p<0.05
* p<0.01
§ meeeas { Survival time

2715 AAGY F ARG 80T AZ]ol| A 482 7F A 2A]
7 ZA-g Az A 1T 89.2 + 6.7%, A
27 885+ 0.6%, 3T 889+02% = A4+ 876+ 1.5
% 24 Z+E7kel BAH §-2) A& 1siH(Table 2).
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Table 2. The water content of the lung after reperfusion

Group  Wet Wi.(gm)

Dry Wt.(gm)  Water Wt.(gm)  Water content

m-ECS1  9.86 + 1.5 1.02 £0.1 884+14 892+67%
LPPS1 84305 097x0.1 74614 885+0.6%
m-ECS20 9.16 £0.7 1.01 £0.1 8.15+0.6 889+02*

LPPS 20 9.28+09 1.10+ 0.1 8.18+08 87.6x15%

m-ECS ; modified Euro-Collins Solution

LPPS ; Low Potassium Pentastarch Solution

*Water content =([Wet Wt. -Dry Wt.]/[Wet Wt.]x 100
(n=6 in each group)
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