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Evaluation of Lung Preservation by Using of Canine Bilateral
Sequential Lung Tranplantation

Chang Kwon Park, M.D.*, Jag Bum Kim. M.D.*, Young Sun Yoo, M.D.¥,
Kun Young Kwaon, M.D.#* Suk Kil Zeon, M.D.***, Jung Sik Kim, M.D.x#%*

Background: Numerous studies of safe, long term preservation for lung transplantation have
been performed using ex vivo models or in vivo single lung transplantation models.
Howerver, a safe preservation time which is applicable for clinical use is difficult to
determine. We prepared LPDG solution for lung preservation study. In this study we
examined the efficacy of LPDG(low potassium dextran glucose) solution in 24-hour lung
preservation by using a sequential bilateral canine lung allotransplant model. Material and
Method: Seven bilateral lung transplant procedures were performed using weight-matched
pairs(24 to 25 Kg) of adult mongrel dogs. The donor lungs were flushed with LPDG
solution and maintained hyperinflated with 100% oxygen at 10°C for a planned ischemic
time of 24 hours for the lung implanted first. After sequential bilateral lung transplantation,
dogs were maintained on ventilators for 3 hours: arterial resistance were determined if the
recipients hourly after bilateral reperfusion and compared with pretransplant-recipient values,
which were used as controls. After Zhours of reperfusion, the chest X-ray, computed
tomogram and lung perfusion scan were performed for assessmint of early graft lung
function. Pathological examinations for ultrastructural findings of alveolar structure and
endothelial structure of pulmonary artery were performed. Resulf: Five of seven experiments
successfully finished the whole assessments after bilateral reperfusion for three hours. Arterial
oxygen temsion in the recipients was markedly decreased in iramediate reperfusion period but
gradually recovered after reperfusion for three hours. The pulmonary artery and pulmonary
vascular resistance 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
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ultrastructural findings of alveolar structure and endothelial structure of pulmopary artery
showed reversible mild injury in 24 hours of lung perservation and reperfusion. Conclusion:
This study suggests that LPDG solution provides excellent preservation in a canine model in
which the dog is completely dependent on the function of the transplanted lung.

(Korean Thorac Cardiovase Surg 2000;33:377-84)

1. Lung Transplantation
2. Organ preservation
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Table 1. Accessment for Jung function during expernmental
penod(Pals, MPAP, PVR}

S Paly MPAP PVR .
Lo (mmHg) (mmHg)  (dyne.sec.o)
Control 319.4+24 3.81£2.1 lag£29
PNEUMONECTO
MY Right 143123 17+32 200 34
Left 110+ 18.5 21143 369+ 28
REPERFUSION
Immediare 646£333 28£5.2% 376 1 38«
lhr later 70.61+22.4 24143 457 £ 57
2hr laler 139.8 =123 7% 22438 43148
3hr later 1554283 1972 9% 37539+

MPAP; mean pulmonary artery pressure, PVR; pulmonary
vascular resistance

% : p<005 versus donor value

#% 5 p<0.03 versus immediate value

Datn represent: mean + S.D
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gz o HEAd 100%%2e AAEA
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ot g 147, 2417 9 3 drkx] 2z 791224
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Fig. 1. Change in Pal: durnng seguenbal bilateral lung Fig. 3. Change in pulmonary vascular resiatance dunng
transplantation, sequential bilateral lung transplantation. *=p<0.05 vs. donor

=<0 05 vs. mmediate valus

value: -+p<0 05 vs. immediate value.

35‘] : Table 2. Accessment for lung function during experimental
30 A pericd{BP, PCWF, COJ)
MPAP , ,
% A o "MAP(mmHg) PCWP(mmHg) CO(/min) -
£ i E ez ooooe
I J
E A Cantrol 111+12 304 18+028
& 15 PNEUMONEC
2 TOMY Right  89%10 122025 3.1£0.35
a 19 PCWP
. Left 93+11 5-E1.1 2.9£0.3
REPERFUSION
0+ Tmmediate §7+8 12+2.3 2.4+0.25
Contral  Right L%n Immedale b 2hr a']m thr later 9449 10£1.6 25+0.30
1 ]
Pneurnonectomy Reperfusion 2hr later 95=7 6.8-0.8 3.0+0.24
3hr later 85+9 4+1.1 324031

Fig. 2. Changes In mean pulmonary arteryl pressure(MPAP}and
pulmenary capillary wedge pressure(PCWP) dunng seguential
bilateral lung transplantation. *p<0.05 vs donar value,~p<0.05
vs., Immediale value.
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A1zbel 22£3.8 mmHg, 3414k 19529 mmHg(p<0.05)% %
7lekas 2o ABFAT 5ol AFstactt At
Aol vt A aEE RS B oFgckTable D(Fig.
2). HBHAFE dA 2AR] 160229 dynesec.om-5 A A

MAP; mean arterial pressure, PCWP; pulmonary capillary
wedge pressure, CO; cardiac output.
Data represent: mean £ S.D

#EAE A7E 242F W 3A]7ke] ZHEF 576£58 dyme.
sec.em-5(p<0.05), 457%357 dynesec.om-5, 453148 dynesec.
cm-5, 375139 dynesec.cm-5(p<0.05)F % H+ | FWda} 72
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Fig. 6. Transmission electron micrograph of donor lung
following 24hours preservation. Moderate alveolar capiliary
endothelial changes showing cytoplasmmic sweling. papilary
projection and irregular basal lamina, The alveolar epithelial
calls shaw mild to moderate swelling and desquamated cell

debris into the alveolar luminalTEM. = 10,200},
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Fig. 7. Scanning electron micrograph of pulmonary ariery
following 24 hours praservation using LPDG solution shows
partially endothelial cell sweling or focal destruction and
conglomerated endothelial cell lesion{SEM, x 2,300},

822 so|A] Fofs AlAlA e R gojde] AE Hd
22 o) AAlek X BE AHET] S DAe] HAE
Zhasin 9y AR o od wel AR T &
Zo] Aot ARy, HA7R] YAHLE Fojslle] kA
& WAk 6A7ke A A sl 1047k A R S A e
oA gk Qae] BE dE Fof sl ol& WS s
7] wWige] dhea] Dasitzn 2 2 o

A& A 23| AA47)E F5E Fkel 37
A A e §A)87] leke] slEuje] £AEE 4baE olE
stz 9y 2L ok QP FZANAE HelEd]
e el Aagrey Y
=

i
delA dont AEg AL £
=5 3_"11

z gt

X 9ol £l o 3 3 Fusimuras

QlalghEgel s RAF 0T Bz A

X YellA gl whEo] A|AH A 484 7R g
= T

2] 7]
2000:33:377-84

& A AFYgEdR YT $¥9 FEL a4

T 2R A AF A 18 AFE A7 Frt
13

2 volalgg AdA T BA 1AEE e A U o)A
sltct 2347 S8zl Az elok ] de] A
s AREs] e AAE dadel gubd =g A 9%
4 ARew 9% % Aoldes YA e &
A7ke] ot A 1 2

of% o] Ale] HAsiria & 4= 9l7] wlie]gy T o]
o} e o]zl Aol glong AR AAE o83 A4 F
Z glo|al&g AEe] e Al wEAAe] A drk
o Al gFe] 3o ofH7| wiel oW Ae
357 ARE wbolef sl 2 Fadel FolAl AN A
7154 W7l Arggee] vk kel s A% sl
Zoelop g oA Fl7t o] A Fote] 3l WA o]l
= w7} A AdvkEekg fhgejer sl wheke] A WiF| o
2 o|alaly T dA| HE o] yehs gtel A WA #Hr)E
o] 284 clol ¢l AnNE Ao spE AA o]
% W7 el vk W47} Ho AEs S7H
= el g

o] @yolle 2447} FREEANE Hlol] Sk A5
k% o] alaE oy Akee] ddo] SfaHA ¢
Lo E A A Z7)0)4 F7)Fe] bl FoEE
olvt wit A#AL A7)0 JEA 7= AYe] o) dF
o Zo# F3Ealo] PGEI2|V} Tf2 AAFE & 7
= oAbgE ea €% IR E fl4sie AR 38
= Eraorsl S kA g A otk &3 FAE A
Balo] AslA dojziciyl A7 HEsE oM dehuls
AL ez 02 I ARFEYY JFor AEE
ofZz, HE8HF AT ABFAE J5L dAed =
Y, A 87E Aabd e4oF dejgke g5y 58
#o] AAAGe] wg At 52 574 52 o
opE gl Atk HAFARAA 5 =Y #4577}
= Ao ARt o 2 gles vepgted ol 5 F
< Az o 2n A4 25 w1 dRisAdA

— 382 —



A A
2000;33377-84

A3 BA gty b,

o)Az e] Wa)z2ehd #7lellA Sundaresan’ & TE A
Az A5 sfe|s mAA HEEA B H xS
ne oo 953 A3 &9 4 A1y T
LH°ﬂH

o Pr
ot it
lo
b
i
v
o, hi
o 32
il
J
e
S,
i
rle
by
2,
tf
o,
il

{4}
o
u
Oll

_9,
i
%
LB,
=
> 5
. %
B
il
=

g Yk o
4 < A g S, & @
FoAE Sute Aarela FARAR]Y 222 W)
Ao.5 eheh

SREE FELER RS

lr‘—\

el 4% gl slFglom A4 ¢
4715k AL AEEA A e elHEol gl B
92 doldEe) AFL A% FF dolAEs] AeE /A
sha 92 e QA Ae] sheas 2ol 79
o] wg AAEL 5 A% Gk A4 BEA
7o gAAGE e o4} IPDGEHLE 24AHF4) 8-~
weeAe) e AgdA 27 #7152 Hrke 45H
o FF gMelMx s Fizke dFF 4 f=
FeE g S Aoz Arhdok
a2 B

a o] ;H_L}%F o])d_q
A% 2] 2443 A2
Vg 4 Qeich ARE ol

. Ramirez JC, Patlerson GA, Winton TL. dc Hoyos AL,
Miller ID, Maurer IR, Bilateral lung iransplutation for
eysnc fibrosis. 1 Thorac Cardiovascular Surg 1992; 103
(2) 287-94,

2 Sheonib H, Noirclerc M, Emst P. Double
transplantation for cystic  fibrosits, Ann Thorac Surg 1990
34:27-32,

3, Dale H, Lima O, Matsumura A, Tsuji H, d’Avignon DA,
Cooper I, In a canine model, g preservation at 100C

47, A of o

tung function and on

fng

wm superior to  that at comparison

])}‘BSG!'l’QTiOﬂ temperatiure  on

adenosine rriphosphate level measwred by phosphate-31

nuclear magnetic resonance. 1 Thoracic Cardicvase Surg

10.

L1.

12.

13

14

15

16.

17.

— 383 —

. Low

4 9
flolAl Agnl HEH oAyt

e
i
02
I

Kl

1992; 103(4): 773-80.

. Date H, Izumi S, Miyade Y, Andou A, Shimizu N.

Teramoto 5. Successfiul canine  bilateral
transplaniation  after  21-howr

Thorae Surg 1993; 59(2): 336-41,

single-lung

heng  preservanion.  Amm

. Kaiser LR. Pasque MK, Trulock EP, Low DFE. Dresler

CM,
the procedure of choice for double-lung replacement. Ann
Thorac Surg 1991; 52(3). 438-46

DE, Trulock EP, Kaiser LR, et al. Morbidity,
mortalry and early rvesults of simple ersus bilateral lung

Cooper 1D Bilateral seguential ling preservabon.

fransplantanion for emphvsema, J Thorac Cardiovasc Surg
1992; 103(6): 1119-26.

. Pasque ME. Cooper ID, Kaiser LR. fmproved technigue

for bilateral ltung transplantation. rationale and initial
climcal experience. Ann Thorac Surg 1990, 45(5): 785-91.

. Statkey 1D, Sakakibara N, Hagberg RC. Tazelaar HD,

Baldwin  JC,
cardiopulmonary  preservation with  simple  Ivpothertnie
crystalloid flush. 1 Heart Transplant 1986; 3(4): 291-7

Jamieson.  SW.  Successful  si-hour

. Weder W, Harper B, Shimokawa S§. Miyoshi S, et al

Influence of intraafveclar oxygen concentration on lung
preservation m a rabbit moedel. 1 Thorac Cardiovasc Surg
1591; 101{(6)" 1037-43

Date H. Matsumura A, Manchester JK, Cooper IM, Lowry
OH, Cooper ID. Changes in oxygen and carbon dwoxide
concentration i the awrway and oxygen conswmption
during lung preservation. T Thorac Cardiovasc Surg 1993
105(3): 492-501.

Wang LS, Yoshikawa K, Miyoshi S, et al. The effect of
ischemic time and temperature on lung preservation n «
simple ex 1vwo rabbir  model used for funchional
assessment. T Thorac Cardiovase Surg 1989; 98(3) 333-
42

Fusimura S, Handa 48-hour

lung.

M, Kondo T. Successful
suaple  hypothernuc  preservation  of
Transplant Proc 1987; 19 1334-6

Kmblad PO, Sjoberg T, Massa G, Solem J-O, Steen 5.
High potassium comtents in organ preservanion solotions
Thorac

canine

cause stromg pulmonary vasoconstriction.  Ann
Surg 1991; 32+ 523-8,

Fusimura 5, Parmley WW. Tomoda H, Normam IR.
Matlpff IM  Hemodynamic alteranons after staged and
simultaneous bilateral lung autetransplamtation wm dogs. 1
Thorac Cardiovasc Surg 1972; 63(4) 527-33.

Alican F, Cayirli M, Isin E, Hardy JD. One-stage
replanmation of both lungs m the dog. JAMA 1971; 215:
1301-6.

sgal, waw, 09, ¥, A4, F94. Low
Potassium Dextran Glucese( PDG) EXE 0|25 244
2t HEE, dighe] 4 E 2] 1996, 10(1): 1-14.

Makae &, Webb WR, Theodorides T, Sugg WL,

Respirarory function following cardiopulmonary denervation
i dogs, eat, and monkey. Surg Gynecol Obstet 1967, 23
1285-92



243 9

%4 e wolA MY HEE 1P 2000:33:377-84

18. Haverich A, Scott WC, Jamnieson SW. Twenry years of

hing

234-40. iovasc Surg 1976,72(13:97-105.

HG: Aol dTotel A FoHg) REE #lasts] 903 xH o AL Ay Lo
o] & 3114%‘:‘&& S o8¢ kAlEly, AV eS8 puke Agdpr) A= 9ot ole] A7
2L AffFRES e ALFArEDRT LS ALgEle] QAL o L8 A& oFE woalddnd
+ lﬁfﬂ 247k s2Ee] A& AUlslETh B 52425k 0] )28 Ak A 14eE) S A
A ‘r:rL—"%’i"] TAAN EAL R Ue] 799 A% oF% Ho)dleg Adelenk A 2FAL AL
FHAEII R Ao E BFPE 100%4knR BaAA 0= i”ﬂl/ﬂ 2427} FaA eG4
oki l l HeF o]aldE 3A7HEt & FAAFE .o o)A 7% ﬁ?hﬂlﬂ ke AL

4, wlERs 4 AYGATEE 2Rsg o o|AH 870 2HAE i 82 & ake] w3aksict, A
+ 2*1 ¥ e FYXAEY, 43 9529 9 Ha5 A9 A dde7azs vms)dch 24
AlZE ARER dxe Fx} sEe] )i 1“ MELE 57 Yt Axldn| AL o) &3 2] HeEra
He 22 AAE A HEgel. g 769 ARF sHe)A A kS sejAR 3*17,} o ArEes A4
= TRt FEAAEGL ARF BAFel A3 daetd o} RAF 3475 A3 B %
At HBAA G ARF AT 242 vls AT d2E<005)E o) H%}% AT Fo ARF
ZFo| vjE) Jn)9lA FEslArkP<005). deFEXAEY, AdddEgd ol wgn A deds
At FAgE 2218 Bdok 4A ARES dlxg A5 9] WeaEe e8| stz sl el
A HEdans wr) A& 2 93 A4 g2 ojojaes Agsle] ok o]alwle] #)isdul A
el wAE oAl AgFdAEt T r ool s o5l 2447 HBE FIAE Hr|Fle S5 AR

= 384 —

19, Veith FJ, Crane R, Torres M, et al. Effecrive preservation
preservation -a review. J Heart Transplant 1985; 4 and transportation of lung transplants. ] Thorac Card-




