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= Abstract=

Background: As lung transplantation has recently become successful, the shortage of
suitable donor organs has become urgent problems. The current tolerable ischemic time
has been accepted until 10 hours. Improvements in lung preservation would increase the
number of suitable donor lungs by permitting lung harvest from longer distances, and by
promoting the sharing of the two donor lungs between different centers. We prepared
LPDG(low potassium dextran glucose)solution for lung preservation study. In this study
we examined the efficacy of LPDG solution in 24-hour lung preservation by using of a
sequential bilateral canine lung allotransplant model.

Method: Seven bilateral lung transplant procedures were performed using weight—-matched
pairs(23 to 26 kg) of adult mongrel dogs. The donor lungs were flushed with LPDG
solution and maintained hyperinflated with 100% oxygen at 10T for a planned ischemic
time of 24 hours for the lung implanted first. After sequential bilateral lung transplantation,
dogs were maintained on a ventilator for 3 hours: arterial oxygen tension, pulmonary
arterial pressure, and pulmonary vascular resistance were determined in the recipients
hourly after bilateral reperfusion and compared with pretransplant-recipient values, which
used as controls. After 2 hours of reperfusion, the chest X-ray, computed tomogram and
lung perfusion scan were performed for assessment of early graft lung function. And
pathological examinations for ultrastructural findings of alveolar structure and endothe-

lial structure of pulmonary artery were performed.
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Results: Five dogs of seven experiments had successfully finished the whole assess—
ments after bilateral reperfusion for three hours. Arterial oxygen tension in the recipients
was markedly decreased in immediate reperfusion period but gradually recovered after
reperfusion for three hours. The pulmonary arterial pressureand pulmonary vascular re—
sistance showed singificant elevation (p<0.05 versus control values) but also recovered
after reperfusion for three hours (p<0.05 versus immediate period value). The ultrastruc-
tural findings of alveolar structure and endothelial structure of pulmonary artery showed
reversible mild injury in 24 hours of lung preservation and reperfusion.

Conclusions: The present study suggests that LPDG solution provide excellent preser-
vation and transplanted lung function after 24 hours of preservation in a canine model
in which the dog is completely dependent on the fuction of transplanted lung.
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A48 AL AFE TR FEAeA
247} 244+ 29 kg7 248 £2.9 kg BA VL
A TR 84 v5T AFE Adsilc.
HAFAILS F 4128 ABFYE 17+
2.1 mmHg °]® 28|31 F YA
23 £ 1.2 A7} #3371 25.5 £ 1.0 A1Zke 24 =
Z5)e] §@Azle] 2.2 A7 Helel. 7HF 54
oA FE olAlsle] ARFF 31| AEA
A ARE o 2 ARF2AFE P
F 9 AizF FAFE 2o APEEisicth (Table
.

1) SUHHTIARY 4A
HellA Fo=l] HEAl 100%

22 Fo
B o) A2EqlolA Pa02 & 333 = 24 mmHg
Qqor ABHFIE 15804 64.6 £ 33.3 mmHg
= 343 AFE oy ABF B, T
D A 77)A - 2zt 118.3 £ 22.4 mmHg, 165.
8+257 mmHg(p<0.05) ¥ 153.7+28.3 mmHg
2 Azl sjEEE FE 29 (Table 2 ).
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A Fwe s ddRALEE
ARFA T} ARF 322 Az 1A e
A sl nlAAIR BN Foiddl 2ARE o
o] W3lE AAsigc). HyullEyshS d=A] 7.
0 = 2.1 mmHg A AAF2E 28 £ 5.2 mmHg
(p<0.05), FAIZkel) 24 £ 4.5 mmHg, FA3}l
22 *+ 3.8 mmHg ¢} AjA]Zkel] 19 £2.9 mmHg
(p<0.050) & FA =] APFAF slTge] 4
Fslgeio) Alzte] Aol uhe} A} FHAEE oF
A& Bol 343 (Table 1) AFVAFE A
ZA 2] 160 = 29 dyne.sec.cm=5 oA} A-F=]
F, A2, FAZE 9 AAZEA A Zb2 576 £
58dyne.sec.cm-5(p<0.05) , 457 =57dyne.sec.
cm-5, 453 * 48dyne.sec.cm-5 W 375+
39dyne.sec.cm—5(p<0.05) 23 HFHEHel

Table 1. Experiments of canine sequential bilateral lung transplantation

Experiment Weight(D/R) Ischemic time Clinical course Pathologic findings
Ke Right(h) Left(h) (24h preservation effect)

1 30/25 23 25 lung edema moderate

2 26/26 22 24 sacrificed mild

3 25/26 22 26 sacrificed moderate

4 22/23 23 26 sacrificed moderate

5 23/21 22 25 sacrificed mild

6 23/30 24 26 sacrificed moderate

7 22/23 25 27 hypoxia moderate

Mean = SD 244 +£29/248+29 23x1.2 255%1.0

D:donor R:recipient
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Table 2. Results of postreperfusion assessments in canine bilateral lung transplan-

tation
Pa02 MPAP PVR
Group (mmHg) :
FiO2=1.0 (mmHg) (dyne—s.cm-5)
Donors 333 +24 70+2.1 160 + 29
(n=7)
Recipients
(n=5)
Immediate 64.6 £ 33.3 28 +52* 576 £ 58 *
1 hour 118.3 +22.4 24 +45 457 + 57
2 hour 165.8 + 25.7** 22 *38 453 * 48
3 hour 153:7 = 28.3 19 +£29™ 375 + 39 ™

* n<0.05 versus donor value
** 1<0.05 versus immediate value
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Figure 1. Chest CT finding in postreperfusion Figure 2. Chest CT finding in postreperfusion
2 hour: it shows well expanded 2 hour, it shows partial atelec—
both upper lung fields. tatic view in left lower lobe.

Figure 3. Perfusion lung scan in postreper—
fusion 2 hour! it shows perfusion
defect finding in rigth upper lobe.

Figure 4. Moderate alveolar capillary en-—
dothelial changes showing cy-
toplasmic swelling, papillary pro—
jection and irregular basal lamina
are present. The alveolar epi-
thelial cells show mild to mod-—
erate swelling and desquamated
cell debris into the alveoclar
lamina. In LPDG after 24-hour
preservation Uranyl acetate and
lead citrate, X 10, 200.




A4 o= wojAl ARAA LPDG &4& o83 HRE AT ‘ -95-

Figure 5. Scanning electron micrograph of

pulmonary artery following 24
hours preservation using LPDG
solution shows partially endot-
helial cell swelling with focal
destruction, and conglomerated
endothelial cell lesion. SEM, X
2,300
Foie] debAEsl el FEA e Bol
2 ppRest 331 YAE} 29 Jele)
(conglomeration)® W54 s Wies =
Z3he 23¢ B 5 igich (Table 1) (Figure
4) (Figure 5).
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Lxlsl7] el 2o viabbg-el HA 2238 W
o 2:917] wjBol] SEE7IZE F AL
homeostasis & 44} #17] $13) diabbg-o] 3
A 22g SANA 7 Y HRES ZRY
2= o)t} (Wang e o/, 1989; Date ef a/, 1992) 3
%o} Euro-Collins 4Er} low-potassium
dextran(LPD)& o] AAY oz B
(Yamazaki ef of, 1990; Fujimura ef af, 1987;
Keshaviee ef o/, 1989) H2E £5% 4T X}
8-10C 2 o]AH ) LExZ2E AANFHL 3L
LPD o] Tx%4 H7hg LPDG 492 ¥
75k 2713 uiAke FsheEel Aol d
28 74 ATY F 9= 2ALE AAAZ
e, -

2 d7E LPDG$9E o443t 10THA
24 A7k HREY Y ATE FE Lol
24 o)&3ld] % HREHS siFahgl ot
o) e ol 9% ¥ HoAes) BdE
olgste] AArIale) Bgiek. AAR A& I
HolA & W71E, AN AZEA, I
z opz 7|9 BAFRL TN 2w L ek
Rz 2o wy] HAR dE HEEHE !
(Kaiser ef o/, 1991; Ramirez ef o/, 1992; Low
et of, 1992; Pasque ef o/, 1990; Shennib e al,
1992; Bando ¢ of, 1993) 224 $E57) S
A7} a7Ee} SAR 4% 32 e A
So = ws o)A E s R WA oK}
2-3 X7} ¥ Ate] AR|eiof 517] wiiel <
A3 HREI|E A Aol ik ol-&
g A% k& go|Xee AFATE AR s
2, HolAF ol Alg 7R ol delA Su
A% 3o As) FEAlzte] 4o A 4917
o) A AT HREIIA) 7Rt
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% wlojAEL oAlu7| 5] AH LR & o]
g #] 75l &) wiel Azl A
Aoz A A3elei 971 4= 9lv} (Date
etal, 1992 & 1995). o)epzk2- o] 2] TA7} o
& ofZ glo)Xge] P& FAEA glo Al
A AL o437 A% JF slo| A e Sl
EI e vFAAE Y A3 Hdog wwjgte}
APl Fo] eF o oJ§7] wiEel (Nakae
et af, 1967, Alican ef o/, 1971, Fujimura e o/,
1972) &9 AZbE 357] 2|85 wolof sfa L
F¢l FojA 2NN HYlse] Hrls dHRE
Heole] kel o AR Hrid olvh. = F
WA H7} o)M= Fatol R A o)A sz}
AR e Fdslolsiar gkl A WA 5
£ oJAsla ¥ A slE o]Ashe Tkl B W
A #)7)sol FEA] o} AFAAINE AS3lok
st A o)A #7)F Holel & o E W
74 B3 AR 271 2 vk BAHE g

2 d7elAE 24 A2 AREEAS H7) 3}
7] 915t A 5 wolAeF 5ol Ak
S-2] wlo] SJAIEA] ¢ &% 3AA] 2]
ol A7) 52 el FPH-E Fick AA 7 H
2] Aol 538 (71%) N 3277k A&
gusign ARAE A7 AEA)E A7)
ol7] wiel i HeFA) PGEL o]} v}
& HAFE = WE A g &%
F2HE M4 sla @) F3lsle 2wk

& B A8 st whebd B o

2] FEA2¥gte] 333 £ 24 mmHg oA & -

F 54 64 333 mmHg 2 golFckr} 3412k
7kA} 118.3 £ 22.4 mmHg, 165 * 25.7 mmHg,
153.7 £ 28.3 mmHg & wiA|7} 3EE= A
RS zA ] wlsf @& $3F Bl AL ¢
x| uld dlEAtes g gl
HA7)7) F 7|z gk 7| 2ule] AE o]
3t} FH43 AGR U)1AY IAE G99 59
the o]E2L & A% LPDG £92 100% Ak
£ 7IA 2 35 ml/k %22 8-10TC 52 HA
= o] & HEEY R Aedksla AF e ¢
sk3ich LPDGE-92 A¥9) ) £-Ao)5L phos-

phate buffer ¢} £5% 9 dAEd-8 Fisiz
YA A AFAEL AFE|UY Fefo] AFE
A gancl BB o S5k FULE
Ulg 2 glev} (Fujimura efaf, 1987; Yamazaki
et al, 1990) Puskas (1992)& PGE1 ¢] #jE=
TF Aol FoJ3 27} glglek Barslgic.
phosphate buffer ¢ 3%5EE F7]A ) ko] 4
B P47 o)Aldleklo) o3 pHHFE W)
sh=dl A buffer 2H§& ¥o Foba F}
o 3 HAREEYC e Aol 7
AbS| 23 ofl s AME Bhiks] i}
5o HREE SAAZIe} (Date er ad, 1995). &
2ERRe AR ZAAEH JT& sl ¥
T Pl & FAAA A BEPAS
7+2A)71ek 3 e} (Keshaviee ef o/, 1992), 1
B3 FbollA Akhe] FEe) Fole AEE
ul->- S8t} Weder (1991)& 100% 2] AHL%
B #HE b)) s W3 Hy 100%
A2 B3 dRc} 953 HRES Heldw
Pt 71RE A F8A YA gdo Fou 5
Aol %& A3 TEFo R FPgsia FAG
£ HEE Y-S Bluli (Aoce erad, 1992;
Puskas ef o/, 1992) &t} £ T4l A= 100%
a2 o3 BF= 35 ml/kg o] %og oy
EFAA FAUE FS5sgich =3 HgR1EA
AR FEe] 2EHFAE o 10T Axglz o
(Wang efa/, 1989; Date et/ 1992) Date (1995)
£ 2ER HzA A dAiHEE £l 24
A7k o)A FHEFEA o] 10T oA HREL PA&
o] Y7 whae}lal A Aska 2R} 2 vk 8T
2 Ao o)gsteivtn Fr). & AR 8-
10T 244 LEE H-21A)F e}, 182 Nakam-—
oto (1992)2 8-9T7} E7lsigrn e 93
2X FFolekar 5itd. Wang (1989)2 )2
Er|ndeA szl ¥ i 229
£318 Hrlslgla, 4THT} 10THA] 12 Al7ke]
A RSN w53 AAE 2 gicls ¥ Date
(1992)% 10CelA 4THRE} 18417 HRZ A
MRS B3 Sslvia Hristglel, SRS
A Lol el o]&L Hendry(1989)e] 7jAl
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s) AME HAMAE FARE 7o) Aol 5

o
A& AL® Ao ook WAL A
A YA EL AE4] homeostasis & 123}

N

| A hrbks-9 #HA 5 glols 292
A E Foloka Pt L gl o] M3 wAL ¥
FHEA el Syl YA )R] YA
el o] f-g)8lclal Stevens (1973)=%]4 3}
3 o]}k P52 FolviR] phosphate I
oy FE3 lactate AL flo] AL 3714
HALE FAI5H] S8l ARE o) E £ 9e F
o] 58 FH3Isict (Weder eza/, 1991; Date
et al, 1993).

o= ¢4k slo| A&l A= ¥ Euro—Collins
A& R ARgska gl e AlEe] 9y
g o] &3 AT HRE] A7 B AT
A5 o3 A=l 9 on Fujimura (1987)
< A¥EAEY2ESS3 phosphate buffer 7} F
AELR she A AL as whEo] MY
A 48 AZHA] AT <) HEELTE S
o)el R-H5-2. el LPD fNe] SHo]
AU (Keshaviee eza/, 1989)2} ¥} (Yamazaki
et @/,1990) 94 Euro—Collins 943} LPD & A}
ole] AAH ) vl AF7} Yamazaki (1990)4)
o3 AlYF I LPD §-fo] o3} 2L o]f&
A A 7R d8A A ged et A
go2A A A FebgL Kimblad (1991)4]
AR AL A RF-Fdel PpFo] | dojuly
oS o B3 PRt A dov|a AR
phosphate buffer = %39} ALA35LE 3] 4 35}3}
2 AAE YAERe wAEtESE 3yt
-9 F4E v FIFSHE s wg
FA)d 28 BFE A)Fdn P} Keshaviee
(1992)> LPD 9¢] AE-& AAALE H7)5le
YAER 40 0] # RS T3 9EL Irju
stgict.

o|A #7152 Hr} ARl HIAAYEE
ABFAFE Aesiged ol wE YL 3
2w dge] Atk Ao F gk YRS
&7 sl ARG e wSdAk-go] &

59 f9eg opr|d &= giviu ). HRRS
P27 NA $-Zel] 57 + 5.2% 9} FHEujol] 43
£52% Fi4AE Byon ol 399 2
717} &R} o] 23, A4} Al FH9ule] AF
22 $F 60%, HZ 40% (o)A AT
(144 2], 1996) A 7gh el Rigxich
3 813} Fujimura (1972)2 71e] o2 sj|e]A)
<5 ddBAgE ] A5 AN Y FI4H
Edolgtx stgen 2y AsH wERAY
< A7) HED NAA Aoz HEo} o&
A& Ak B AdoA A7) AZeA HE
TAZE GrisiAe Relgdoy sdias A
8 AEAAYEE FHx} 350 Hlon] A
o8] 7] Age1le] AA=L YA w7)Fo]
FAgohE ojAlge] 1A sEom YA
FEE Aoz I8 = glpw gekxlc)

o] Alsjle] WE]z=2%3 7)ol Sundaresan
(1993)& F&ollA WET APAEe] &ol=
ZAb| A A Z2R] 9 w3 A FEE ¥
LY, dx 2¥ ¥ H9724 35 23
2744& Byl ot o}ge e 23|&elol=
ol = A3t chekid o] glvkar sjgdc}. Have-
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