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(EAFBtEER G D224 DRI BE 3 B SKERAIPT 5T

SRAFELFESRIBLE—ME (T EDHTFHR)
BoOE 2

WA BB (extracorporeal lung resection, ECLR) 2R A HHEL A I Ie K REBUL I N A FHIRIEE > Tk
. AR TSR TS ECLR 0RO ¥ B L LT, R 1 T( X TERMARBHE 7/ (FRE) &V v
AEERE R ST LS B E 4 (RL B, BiPY v 80 A R2 B, MM, &R v @i 3IBE) 2ERL,
ECLR OFER FOMBESL Y v HHE0OBEYRE Lic, EBR2 TIRA X CTEMO 2 BERRL € F v 2R L, BEHE
= LT OSERE, MIEKETER, REBRTERBERODHRLHRE L. £ 1 TRRRI 5 B 4 EARMER
L, HEAHELIZEAERDEr o, R B TEPAEARBERE L2, RZBETRTHP SHECIEIRATL2ER
W, 2EOLMBEHAEF L. Rl B2 R2 Bo& | HC#RyaNonee X 2HAELYR D . BRXBHRCE VT
R2 BTIIABRER LU Rl BB RENARL, BETAHHEACD -, KEIWETOSELHFRCE W TLRNEBERE
FORI BRI LT, RZBETRYESHOMVCEEYRD, HELEOBLASEEFEACH 2. SELYSRORETRCHKT
LERMPL, WBECIIME I B HE TE2.6%LET L 7 HERIXE0.5% LEHE L1z, Rl HTHRABCHE 3 BB TE
9. 5%LIETFT LA THERIZS2.T% EEE L. —F, R BCIHi% 3 BB T3L.6%FTETL, 7H, 148 T%44.6%,
71.09% L BER Rl BIC MK OET 28 7. £ 2 TIRRENNBIECIFEON BRI LCBIRmEES E
(arterial oxygen pressure, Pa0;) D& ER(ET (p<0.01), FhiMmE /K% & (extravascular thermal volume, ETV) 35 L O F3ji
BIRE (mean pulmonary arterial pressure, mPAP) D& & 8 (p<0.01) 2 #bd 7. EREMmRH TILREEREM ik
BB L OFEAANZE L FHERAREL, MlAKE - Hil, 3 X OEREREXSYRDT. REBRTEBERREH
1 X OWERE I M R EIC N L CHERE D PaO, REEICE  (p<0.05), ETV 0 L& i &k (p<0.01), B
RO ATP O MET s EAY RS, mPAP RITHBELRDier - o, RBEEMRZC L REERTEREERS
IOBHETIY, FPROBECHEAKE - HAarMEsh T, —F, MERECIIREDNBHCY LT ETV Ok
RREBIIE g hi (p<0.05) 23, Pa0, & mPAP TR W TRAFHTEREIALh g, DEDORRL b, ECLR
CRWTIE, HSRYAROMRERS X O MR Y TRV E 3 BETAE LD, #RY v I L 2 KREZYWEE
DIFEDOETER LT, SEIYWEROFEE L L YAROR Y OB T HTRILBETHDLELS. iz, A TORE
h ORI E LR A FEREE O L CEANERT 2R ERR S B IURARFIBTRHTHL LELLRL. &
NLDOFER, BF, BEREEOMEYMERT ALk b ECLR BBELLS BT TELMAL LD b0LELD.

Key words extracorporeal lung resection, reperfusion injury, urinary trypsin inhibitor, topical
cooling, pulmonary flushing

W, MHEEGIHEMERCS D, B/ LT3R

DL ZAABRTBRIREE O TE 2H—DBRETH
5. RRBAREIROFHFE OESCRMTNER O BRI
V, FRESEREEREECRRECLIHERIhTHS. L
BL, RSB E T USRI % 61T L TR R R 2
BERLID, R X OFRMCREEN b LRI R
LS TH BRSO BRENBIREN2HE LS. =
hBEDEFIDHFIIL, Vo AR GO EL, BEOF
ETHMELYR O BROCIBENRELBBET 2 FE, Wh¥s
S EIBRAT (extracorporeal lung resection, ECLR) I & »C
TRt 2 BT 5 L DT E BEFAIFETS.

FRTEI2A15B 3, PR 82 A AZE

BREAR CIRBEBCK L TEATIRMI TR TED, B
BEoREEREEIMELR TV A, ¥, FHERTLE
DOERERBEZR TS, L L, ECLR B L TizEsMt
THREDW/EXZLDOLTH D, WERBEREEXFLETE
EHIED DL, REBIIhLEFRIEE » Tt
W

ECLR T2, HmE»4 iz, BWHEEDO DL & TEMRHTA
5, BROBEVELHTHS, HELELMEDOTRIES
ThH, HhOBOBHERACREOREY ERICTET A
EMTEHZEDS, REORETRNTHETHL R IOFR
NH5. KE, FMELE LTRSS MRETS H MBRK, &

Abbreviations : CI, cardiac index; EC, energy charge; ECLR, extracorporeal lung resection; ETV,
extravascular thermal volume; FIO, fraction of inspiratory oxygen; mPAP, mean pulmonary arterial
pressure ; PaQ,, arterial oxygen pressure; PWP, pulmonary wedge pressure; SOD, superoxide dismutase;

UTI, urinary *rypsin inhibitor
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BIOBYAICELTORERS D, B FIITERIT e
EFEMBELCZERDD. 0, B+ 5% ECLR T2
Vv AEIENEI L O YA RO+ S miTAMETER . &5
AR ORI & 0 LI LITEER, 28R 0BT
REDEPHEOHMAFREIND . HICHiBHERED Y v <838
BEETIHEIBAEE CREALRE IR TES T, EE
BEREETHA.

—77, ECLR TIXAEMBIE L R b BB TI2 e
WL, FfiE Vo T ABINCE D 22 L TEWAT 5 ¥ TOM,
B MR E I 5. ECLR I 2 REIRE 0B &R
BAEFEINDN, TREEOBVWHYEBET DT, #4
TORFEFHOMES S L UHEREEL T LE D 5.

*ZTE#EL, ECLR #ifcsd L TCoOLL iR & LT
MTAHZEXERELT, 24 X THERRAMBE T
LV v RERE LT LR RMBEe T VR ERL, TOR
B 5 ECLR OFE LOMELL ) vAEIRBEOBE Y
BE Lz, B, 41 X CEMO 2BHERMRME 7 2 ER
L, WHRF, MOERIER, REERTESRERE S
BEOBNTCOREOCRER L OHEREE MR Ry Kt
L.

MRS L THE

. &1

1. EEBMY

EE 8.5~16kg (P15 12.8ke) DM OFINA R I9BHZFHAL
fo. BBy & 3 v (23, BX) 10mg/kg BIOFHBT +e v
v (H, KR 0.02mg/ke D HAPIESIC & 5 REEEAR, N
BRI SRR LER L. SERNHFETCRL v 7 rap A
(Z4) O0.lmg/kg 2EIRPIES LIEBL LAk, ATHERES
(Harvard apparatus 613, Massachusetts, USA) % fE\ T FHHEE
WEx1T 7. BREEE20~25/%, | @RS EY 25ml/kg (K
i ZEs X 15ml/kg) KBELL. TR BRASBERE
(fraction of inspiratory oxygen, FIO,) % 50% (FI0,=0.5) & L
Po. WERRRRERE LTV P AAEZ—LF Y oA (£ F
Ay b, KBR) 30me/kg & R{k-Cv 27 v =9 a % HEBRARE
HUEBCRECTERZ BT L. WHRIZERFERILERTS
FCADFREELTV, RIRREICREN 7o & H L7k
HMTHRE L. fiih, M7 = & RIUEH 2 SE8IRA
S L.

2. BEEMBEET Vv OIER

1) ®REE

SHBREE LC 5 B AMER B Y ffT Lz, 1 X 3G HE
fre U, EfRSCEEB LT, BI85, K%Y, RS
HEKAATYHELCEMECHBL, REMcEELX.
~oRY v b Y v a (K, BE) 210086 /ke BIR A S
®, EEMBIIR, F#HIR D FRRE 4 8 <Rl L 5ol LB
EXEZ YN LERMZ MM Lic. £/ 20em HO0 OFE% N
ZIERZRICRETI L, ~%) v b Y 7 A20008 A% R
L7z 4 CD Euro-Collins ¥ (3 F VY -+3, KEK) 500m! THigh
BRos SWENEER, 1 BERIGSCRF LB ENi 2 iR, |8
%, MBIROIECRAEICS « Y& Lic. U v ST
ot (B 1A, B).

2) B IR RERE

RIS AR EM 2 L, ~%) v b U v 42000567

&

M L7z 4 CD Euro-Collins ¥ CTHEN L7ct%, BTEEAHhten
Lo#E L (R 10). EMBIRERES X O T i#E IR
6-0FVFrELVYk (=F2v, BF) KCHAHAML:.
| B TR LRI R E R TRIR, S, MBikoE
Cya Ll (B 1D). TH#KIZE6—-02) Fre vy kot
EMESIRITEA L~ YA L, BESEZZ4—-08Y 7y 2
F=PEIT4TAVIR(VEY —, BR) KTELBSL
MAPE Lz, KELOORESKEVERIZF LA ~TY
BET k. MBRRERIIEMBIRE 6 -0 4V 7rLy
R(=Fa ) ZTHsYWE L. 2WT, BEMOBRS 2 EE

L, MBBIROMMFE A ER S €. WEMNIC 16Fr Ok v
F-CF.—TEREEBELHR L. SROVC ERBERL,
Wiz +5CEEIRIRETHIE N v — O 2 — TRk
7z.

IO EIMREFICHITY v REEORE T D%
RI B (TH), XBIRBEBEL L5 RFEIRR Y v ~EHE
fToledbD% RZE(TH) & L.

3. BEXETR

FRLLMEIA, TH, 14H, 218, 0RCHEXEE
ERERETL, MAKE, S50, WK, Hros, s10
TOBEOR AR Lic.

4. YEBVOREZHEMR, ¥ IUKSTHEEKLTHE

EFLbWCMHEIA, TH, 148, 218, 60H L
2T-10 (4 Y v R, HE) W TKETYSRLBEL, #5%
T HERCKEIRBEOBE M OREEFT - 7. BECT V-
F—ARBMEE (7 FAY A, ®KE) 2V, BHR-HEHE
(ml/min/100g) & EF MBI TRBEOBR MM THY
AHIELHBEOMEB M ED LR (%) ¥ EH LA

5. MEBhIR&ERH R

1 X OBHRBRIFICOME—814L UTHE L. MBR L
DBEHA ALY = (U2, TR #EAL, XgEEy
v, MEBIRYEROREOFELRIT L.

6. WEEMGENEE

FEE LD ICBEERRICIBIRR, 8 IOCKEZOYARE
EOCHEMEREL L., 10%PEEErLr~ ) VETHEE
#%, WBR, MR, SEL0oUSE, B X ORMHEGD <
574 v RE L, HE s, =5 2xFH - 7 v - F—
v (Elastica van Gieson, EVG) %% ftiff L7=.

I. 28 2

1. EEREMY

thEE 8.5~19kg (F¥5 12.4kg) DHERE DR A X AT A HFL
7o, R EFBBICHRBEE A, STEEES, SEREEET
W, ATRESEZAVCCHETER YT - 7. BE&HE
F10,=0.5, #&K[@#%20~25/%, 1 E#ZE 25ml/kg (5 RS
B2 20ml/kg) IWRE Lz, MERBRERE LTy b ALY R -
Ak b)Y A 0mg/keg, BEOR{LAV I R =y AR HER
RAFES LIEBIL Lz, 4 XRBMBMzE LT, o PFYVE
CCEBTHIREZELL, MNEHS 7L YF, ATV A VA
V=BV o=V s YAT—FN (AT RE—, BHR) ERA
L, ERLIHBRBCEBE L. T, ny P EFY VELTH
KBEBRAFEH L, +— I AXBIVOBESE»TF -T2V (7
VIY =2 —FrF -5, LV-504, BANE, HH) R
AL, ST ERABIRCEE Liz. K\ T4 X2 ARIBMIC
L, €81 L AR A NURSEIC & ) BERcEELE. £
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posEY, MBEHRABOK ML X T HHE (hilar
stripping) L, EXEXBIREERDE L. ~5) v b Y
v 5% 1008 /kg BIRNEHE, EEMBRS L CELE%
ys5v7 L, EEEmE L (B 2A). £ 20cm HO T
EXREFREXLTI/S VL, TOTRAKSEL L 4
— QY F A FF VR (=F V) TCHEYE L. Bk
M 2B L Lic, DU T, BEREXR IUCHEMBIRY &
WL, OERFERSIEMDRYERL, EEKEXR 7TV
FLk.

2. ERADER

IDRE iikinkagicyicd

B, BNBRER, BIUEERET 7 7 v 7 OEEYR
T aiedic, ENoKER, MBRIREEOKEMY ST
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B, ERETBHROSRDSECEEOY THT M
IREeERL, GEXEZR 275 v Lk (68).

2) BB PR RE

BIAMEF A TR DAEBE LT -7z (TH, K 2A).

3) RMYEBALWEZ (urinary trypsin inhibitor, UTI) £ 5
B

BEMEF AWM B L CBERERK &« UTI
(VA& F v, FH, KR 2 FEM/ kg X EIRAES Lz
(TH, & 24).

4) &HEE

RErAMmEF e B TMES & » Connaughton® D JFERIC
HUERERY) =F L vy 7084, B TERLE £
PR X IR TH — ¥ THE LK 4 CORKKBT 1B

%)

Ty

Fig.1. The scheme of the procedure for lung autotransplantation and extracorporeal lung resection. (A) and (B) Control group,
the left lung was orthotopically transplanted after left pneumonectomy. (A)~(D) The extracorporeal lung resection group. The
caudal lobe was extracorporeally divided from the cranial lobe after left pneumonectomy. The isolated cranial lobe was
re-implanted. SVC, superior vena cava; Ao, aorta; PA, pulmonary artery; LA, left atrium; B, bronchus; SPV, superior
pulmonary vein ; IPV, inferior pulmonary vein, a, cranial part of cranial lobe of left lung; b, caudal part of cranial lobe of left

lung; ¢, caudal lobe of left lung.
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Fig.2. The scheme of the normothermic preservation. (A) The scheme of the procedure of warm ischemic lung. The left lung
was maintained for 2 hr in normothermic ischemia by clamping the left pulmonary artery and the left atrium. The left main
bronchus was divided after clamping and bronchial anatomosis was underwent. (B) The scheme of the topical cooling group.
The lung was covered with a polyethylene sac, which was tied around the hilum. This sac was filled with shaved ice and cold
saline, maintaining the enclosed lung at approximately 4C. (C)The scheme of the initial flush group. The left lung was
perfused with 300 ml of lactated Ringer’s solution by introducing a flush tube into the left main pulmonary artery. Pulmonary
venous drainage was performed through an incision in the left atrium. LA, left atrium; B, bronchus; SPV, superior pulmonary
vein; IPV, inferior pulmonary vein; LMB, left main bronchus; LMPA, left main pulmonary artery.
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E305 FIAERAE L7z (R 2B). £ 0B« WBENOEE %
SRR LENLEIEX WA L (7TH).

5) BiEVR

ERMmEF LB CTIHOERCEEMBIRE L OELED
KRR O EfiY 2 5 v 7 L. [k 5 v 7EREIcE
ALK A 7 — 7 & o MRS (FLERmY v 7 Vi,
FA%E, B 300ml TEMEZER L, MALKYER 27 7 v
FHRROOFEDYIEE 0 A HEEVIE Lic (K 2C). #iek, g
Ik, LOBOYIEOIRE - 0RY 7rEe L v RIZTHEELE
(TH).

3. iR X CEBRBRORE

BhIR MELSE S E (arterial oxygen pressure, PaQ,), [l 447k
4+ & (extravascular thermal volume, ETV), 35 8k £
(mean pulmonary arterial pressure, mPAP), [ ¥ H R

Fig.3. Typical chest roentgenogram 3 days after surgery.
(A) Control group. (B) Rl group. (C) R2 group.

(cardiac index, CI), fiti B Ik B2 A [E (pulmonary wedge
pressure, PWP) OJIE % IR M R CizB ks X OE I
Bk - EEKEZ 2 5 v 7H#30%, 605, 1204, 1804, 2404y
1w, i 4 BECiiBRliRE S X OEERIIR304, 604, 1204,
1804, 20037 o1z, PaOii S v 2w x — & —HF—F L
ORI UCBRmY SWUE L. ETV ks BEREERE
(MTV-1100, HANE) £/, 0 CRKBE LI 3 B aE Ky
ATV HYAAT—FALOEATHZER LD, 8- Na
TERREFRETICTNE L. mPAP, Cl, PWP 1227 v
CHVEADTF—FAM L S TRE L.

4. iR =%r¥ - RHORE

B ATP, ADP, AMP, =% ¥ —% 4 — 2 (energy
charge, EC) #JllE L. &8 L iy, BERE1204,
200 ERMO—RBEER L THBRE(LER P THRE L.

Fig.4. Typical chest roentgenogram at sacrifice.  (A)
Control group. (B) Rl group. (C) R2 group.
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FRBOAFEDCHE, KB LI0.6NBERBYMEZTIKE
ML, 20~25C CLOARINE LCHRESD Lz, Zh%x3000HEEE
TISFEELL, Bhhic EEAYEE & L CEABRIECER
ET ATP, ADP, AMP OEE%*fT~7c. ATP, ADP, AMP i
£« Gl OREBCH T2 KFMONEEXYES KRB TR
L, =& ¥ —F 5 -3 ATP+05ADP/(ATP+ADP+
AMP) hbHEFE L.

5. A——FF v FFRLZX—~% (superoxide dismutase,
SOD) fE¥EDRIE

BB L LW HRR, BEME305, 609, 120, 1804,
2B F VT Y =2 =FAATF —FABLERLCBIRD Y
3000EEs, 154 DFELODME TV EELEEE Lz, BHHA &
LC=te7—=F S5V ) ARG, A=—FF v F7 =
VI DBRTECRSRREHTHEL, TOETTIRE
FIHER L LTRD SOD FE& L.

6. FREEBRFEHRE

FEE M BB TILBAORS, EMBIR - AEKEZ2 5 v 7B
1204, 24053, FOfhd 4 BCIRBkRE, BERE120%,

Table 1. Results of extracorporeal lung resection

2005 B O— SRR L, 10%FHEH ALY vET
BIEHIC<F 7 4 VIR R{FH L, HE Refa B XV EVG %
FHEfT L.
FRROBEOBE L, —(l), +HEBE), HH%E), e
E) OABMECHEL, SHEBR%, FR0FARKE
LCReii L7z, Mo, Milafmes, MW oKE, ik
T —(7e L), +EE), HFEE), HHEE) 0 4B ELT
R LAz

. #EEteeroikst

RIER R FHELEERZE (X £SD) TELE. B4R
HEHRECER L EY B, 3EL O ESEOREI LS
TECES B HTH, Scheffé DSBEHE LAV, BHRES %
kv EEEDD L L1

15 =
1. 81

1. mfTERsE
SR TR H145£195, Rl BTEH136+314, R2 BT

Group Dog No. Complications Surval (days) Cause of death
Control 1 — 66 Sacrificed
2 — 18 Weakening
3 — 168 Sacrificed
4 — 57 Sacrificed
5 — 79 Sacrificed
R1 1 — 630 Alive
2 — 608 Alive
3 Pneumonia 12 Pneumonia
4 — 32 Weakening
5 — 90 Sacrificed
6 Pyothorax 31 Bronchial fistula
7 — 478 Sacrificed
R2 1 Bleeding 1 Bleeding
2 Pneumonia 10 Bronchial fistula
3 Pneumonia 7 Pneumonia
4 Pneumonia 16 Bronchial fistula
5 — 573 Sacrificed
6 Pneumonia 26 Bronchal fistula
7 Anastomotic stenosis 391 Sacrificed

Control, the left lung was orthotopically transplanted; R1, only hilar lymph node dissection was performed; R2,
systematic hilar and mediastinal lymph node dissection was performed; —, nothing

Table 2. Chest X ray findings of extracorporeal lung resection

Chest X ray findings on post operative time (days)

Group 3 7 14 21 60
Edema PE Edema PE PE Edema PE Edema PE
Control # - + - - - - — ~
R1 # # + # + - - - -
R2 # L H o~ H - + - -

-, nothi_ng; +, mild; #, moderate; #, severe; edema, pulmonary edema; PE, pleural veffusion; control, the left lung was
orthotopically transplanted; R1, only hilar lymph node dissection was performed; R2, systematic hilar and mediastinal lymph

node dissection was performed.




RS EIBRAT DR £ M ORELIC BE T % REAWET

T4 L2865 TH o e

2. FHTBAE

ZBEOMBAIHE, £FUHE, EREER LIORLE. BH#H
i 1 EAMVNFR I8 B ESRIE Lchs, o> 4 iz T & Bt
EEE5HETH~168BHEEXRDTICAEF L. Rl BT
12 3EAMELI2E (M), 318 (REZYALRATS), 328
(W) WIET Lizhs, fho 4BI200R (BMEIE), 4T8H (s
), 608H (4£FF), 6300 (A7) £7 Lic. iEF 6 128K T
BRI EE L, MBMIRO meHHFEL R, %
o, RETWETRETLELRD, BEACEOFEELRD
f. R2 BT S AN 1 B (HMm), 78 (), 108 (RF
TYEHRETE), 160 (REZYWAHRETE), 260 (KT
TYEMBETRE) CHT Lic. BHEFELL2ED B 1 H
BIFEE0H IS E T AARIFIC L v AL, 391HED

315

HBETRIEXYEMIAZEL, BEMIERLEELL T
7o, WFERSTSHAER Licfho | HLME—QUw BB L&HE
BrRrELL. SEZYASTBAREWCEE LA 3ED
5, EFAHRTHBER A OBIZE > THELTW
23, {0 2 ETIHMEEIRO MR % Bdieh - 7.

3. BWRXETA
ERORFHRBXEARLE 2R L. SRETIME
SERCBEOAKELRDL (K 3A) &, 7HBIIERER
RE2@dich -t (K 4A). R1 BCI2A7E 3 B B ithZEED
MikExR D (R 3B) 25, BHEFHITIZT B B ziKE
LBML, UREINGEAESR BRI 51 ([ 4B). ¥,
WMEIEEN DA BCRIERCIE LictEL oh b kY
Eofe. WHOALIACIEE L 2D 5B 1 B R 3) Tk
W=7 - 7Trvass s PWRELEMEAOHTAEZE L.

Table 3. Bronchofiberscopic findings of bronchial anastomotic site in extracorporeal lung resection

Bronchofiberscopic findings on post operative time (days)

3 7 14 21 60
Group
Regene. Inflam. Regene. Inflam. Regene. Imflam. Regene. Inflam. Regene Inflam.
Control - # #+ + Comp. - Comp. - Comp. —
R1 - # +#+ + Comp. - Comp. - Comp. -
R2 - 4 + + ~ 4 + + Comp. - Comp. -

—, nothing; +, mild; 4, moderate; #, severe; comp., complete regeneration; regene. regeneation of epithelium ; inflam,
inflammation of bronchial anastomotic site; control, the left lung was orthotopically transplanted ; R1, only hilar lamph node
dissection was performed; R2, systematic hilar and mediastinal lymph node dissection was performed.

Fig. 5.

Bronchofiberscopic findings 3 days after surgery.

(A) Control group. (B) Rl group. (C) R2 group.

Fig. 6.

Bronchofiberscopic findings at sacrifice.

(A) Control group. (B) R1 group.

(C) R2 group.
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fbo 156 (GEHI6) TRHEIBB L VBEMOERRITRT
BhixaAROELEM L. R2 BT, HE3IAETIX
FEAEE ARGyl (K 3C), THETLHEELLEE
DORABLRD. ¥, 2HACHERKEEYRD. B
EFATI2H Bk EZA bR Y, BKESHEL
Lz (F 4C). #8308 LIt LA 5 B 4 88 (Bl 2,
3,4, 6) TRIFBEHN»SHOESERITRTH 1o, RIPE
FEL2BHF1HE EAT) TR0 DHER T TREEIEER
FThotod, MEIERRCIESH Lo TV,

4. WERIELENR
FHORBNTESZEFTREER IR L. NRETIIHE
3EHCRATIWABCBECFECRADKENR2RD
72 (M 5A). THEHTRSHEP2HCBEORERRLR D
A, hEEOKE EFOBERTD . 148 BLUBITE EE
DBAITRIEER L TR D, KEFRLRDh -7z (K 6A).
¥, AR U TYATEE, BRETERRDIer»1z.
Rl BT 3 B ETRYABIIBRERTRA IR A LA
7o (| 5B). REIAEFHICIINBE L ARCHEI4E B DET
P& ROKIER BB T, WERIBBEEETELR T
(X 6B). KEZWATRETE, Bl LR IES 6 TIME
THEBCLYARITEERTRALEL, UERRHIIEAE
TEIERE M- CWie. REBEOEFI2, 4, 6Tk, THEK
Y EE» bR E bR HBRENEE LEATEOMREYE
L, B TYAROBELZRD:. RIBEFELC2EHTD
#HE3IAE, THERRYEROBVWRELBFREYRAD L (K
5C). A HOME FEEEIZIHE, THETHIREAER
Bhiehotz. LaL, 148 Bizi3idEie & O RER RITBE
L, 2IHBCRBEIBEE LEECAHLIRF Loz (B
6C). Lo L, fEF 7T TlREBACYEHPMREL, ik 1 FE5 1K
A CREAE LK.

5. [ETYE AT

FHOBBEIEFICHNT HREIYAMOEMRMIT RO R

100

[}
o
T

[=2}
o
T

~
o
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Tissue blood perfusion rate (%)

0 L1 o1 ! L
op3 7 14 21 60

Time after operation (day)

Fig.7. Changes in tissue blood perfusion ratio of the
bronchial anastomotic site. Data are shown as X £SD of
the percentage from the value of the right main bronchus.
[, control group; O, R1 group; A, R2 group.

¥

(%) OFBEWELEARTICRLA. SBRETCIHEIAE I
62.6+9.6% L KREXTYW AR OEBMFMITET L2, THE
W21380.5+4.2% ¥ TEIE L. Rl BTk 3 H 8 769.5+
03X EET LN THBRINRFELRARICE2.729.3%
TYAHRMPEIEI L. R2 BT 3 B B ©31.619.5%
FTETL, THETH44.6114.6% L{EEER LA, Lol
%148 B, 218 Bi371.0£20.9%, 89.2+16.1% & &~z
MM L, MH60E Bici303.0+2.0% &L B IZEBER LA
I CEE L. FEENICREEERRD b b0
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Fig.8. Pulmonary angiogram of the transplanted lung. (A)
Control group. (B) R1 group. (C) R2 group.
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Fig.9. Photomicrographs of the bronchial anastomosis at

sacrifice. (A) Control group. The mucosa is completely
covered by regenerative epithelium. Fibrous tissue is
regularly arranged in the intercartilaginous space. Infla-
mmatory cells were scarce. (B) Rl group. The tracheal
.cartilages overlap at telescoped anastomosis. The mucosa
is completely covered by regenerative epithelium. Fibrous
tissue is regularly arranged in the intercartilaginous space
with ro evidence of inflammatory cell infiltration. (C) R2
group. This group shows similar findings to Rl group.
A, B, C. HE stain.Scale bar indicates 500 um.

Fig. 10. Photomicrographs of the anastomosis of pulmonary

artery at sacrifice. (A) Control group. (B) Rl group. (9]

R2 group. Al the three groups show similar findings.

The anastomotic site is covered with regenerative

endothelium which is similar in morphological findings to

normal pulmonary artery. Dense fibrous tissue is seen in -
the subendothelial layer. A, B, C. EVG stain. Scale bar

indicates 250 um. :
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ELEHEHFORNIRFTH Y, HBBRORESLH LAY BEIZ LA CRBDES ok (] 9A). R HCF LRa—yy |
molch ot (K 8A, B, C). BT - REATREE KBRS OThsi B oton, |
T. BEVEFHIOBEENIE WASBO REITRE LRI EE LT . REEHEY |
1) SEZYEHORMBLNT L TRBRSEORIEAARE ARTH D SEMRBEL

NBEHTRYEROKEIRBE ERITELICEEL, &7
FBERTRBEREEM ORI EFERE R TH b KEMK

Fig. 11. Photomicrographs of the anastomosis of pulmonary
vein at sacrifice. (A) Control group. (B) Rl group. (C)
R2 group. All three groups show similar findings. The
anastomotic site is covered with regenerative endothelium

which is similar in morphological findings to normal

pulmonary vein. Dense fibrous tissue is seen in the Fig. 12. Photomicrographs of the transplanted lung. (A)
subendothelial layer. = Internal elastic lamina is not Control group. (B) Rl group. (C) R2 group. All three
attached. A, B, C. EVG stain. Scale bar indicates groups show preseved normal alveolar architecture. HE

250 pm. stain. Scale bar indicates 1 mm.
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BEA LB o7 (K 9B). R2 BTH Rl BLAROHR
tH -1 (B 9C).
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Fig.13. Changes in PaQ, (A) Changes in PaO, after
clamping of the right pulmonary artery and the right main
bronchus. (B) Changes in PaO; before and after reperfusi-
on.Data are shown as X=+SD. [J], nonischemic control
group; H, ischemic control group; @, UTI group; O,
cooling group; A\, flush group. %k, P<0.05, %3k, P<0.01
versus non ischemic control group in fig. A., and versus
ischemic control group in fig. B., by two-way ANOVA;
Y, P<0.05; Yrvr, P<0.01 versus nonischemic control
group in fig. A., and versus ischemic control group in
fig. B., by Scheffés method after two-way ANOVA.

Fig. 14. Changes in ETV.

Wi,

3) I#IRY-& S ORI R
wHEHBE (K 11A), R1 8% (K 11B), R2 # (W 11C) L e h

BOAEMBRIIELECEE L, MEETRMEEERCERLT
B, BIFSRHARELRLTER., SO~ e7 -0
BHERLLh, BAACNTIBEORYRIELE L bhi.
PR IEE L s ThoTe.
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(A) Changes in ETV after
clamping of the right pulmonary artery and the right main
bronchus. (B) Changes in ETV before and after reperfusi-
on. Data are shown as X £SD. [], nonischemic control
group ; B8, ischemic control group; @, UTI group; O,
cooling group; A, flush group. 3k, P<0.05, %%, P<0.01
versus nonischemic control group in fig. A., and versus
ischemic control group in fig. B., by two-way ANOVA;
¢, P<0.05; ¥y, P<0.01 versus nonischemic control
group in fig. A. and versus ischemic control group in
fig. B., by Scheffés method after two-way ANOVA.
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Fig. 15. Changes in mPAP. (A) Changes in mPAP after
clamping of the right pulmonary artery and the right main
bronchus. (B) Changes in mPAP before and after
reperfusion. Data are shown as X £SD. [], nonischemic
control group ; B, ischemic control group; @, UTI group;
(O, cooling group; A\, flush group. 3%, P<0.05 %X,
P<0.01 versus nonischemic control group in fig. A., and
versus ischemic control group in fig. B., by two-way
ANOVA; ¥, P<0.05; Yr¥r, P<0.01 versus nonischemic
control group in fig. A., and versus ischemic control group
in fig. B., by Scheffés method after two-way ANOVA.
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AHBEFCH LTREDNBHETREBEC PaO iz E
(p<0.01), ERFHMEOLE CLEEREOSUBRIEER
Pa0: I3MEMETH - 7= (p<0.01) (K 13A).
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Fig.16. Changes in CI. (A) Changes in CI after clamping
of the right pulmonary artery and the right main bronchus.
(B) Changes in CI before and after reperfusion. Data are
shown as X £SD. [J, nonischemic control group; M
ischemic control group; @, UTI group; OO, cooling group;
A, flush group. %, P<0.05 %3, P<0.0lversus Non
ischemic control group in fig. A. and versus ischemic
control group, in fig. B., by two-way ANOVA; 7
P<0.05; Yrvy, P<0.01 versus nonischemic control group in
fig. A., and versus ischemic control group in fig. B, by
Scheffés method after two-way ANOVA.
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Fig. 17. Changes in PWP. (A) Changes in PWP after
clamping of the right pulmonary artery and the right main
bronchus. (B) Changes in PWP before and after reperfu-
sion. Data are shown as X +SD. [}, nonischemic control
group; B, ischemic control group; @, UTI group; O,
cooling group; A\, flush group. %k, P<0.05, %3k, P<0.01
versus nonischemic control group in fig. A., and versus
ischemic control group in fig. B., by two-way ANOVA;
¥, P<0.05; %%, P<0.01 versus nonischemic control
group in fig. A., and versus ischemic control group in fig.
B., by Scheffés method after two-way ANOVA.



322 # PN

Table 4. Histopathological findings of the transplanted lung

Neutrophilic infiltration Intralveolar change

Time Preservation No. of Fibrinous
method dogs used Interstitium Alveoli pleulitis Edema Hemorrhage
Before Nonischemia 3 +, focal - - - -
reperfusion  Control 3 +, focal - - - -
UTI 3 +, focal - - - -
Cooling 3 +. focal - - - -
Flush 3 +, focal - - - -
2 hr after Nonischemia 3 +, focal - - — -
reperfusion  Control 3 # ~#, diffuse  + ~#, diffuse  # H# +#
UTI 3 -+, diffuse +, focal + + +
cooling 3 +, diffuse +, focal + + ~H +
Flush 3 + ~ #, diffuse +, focal + H# +
4 hr after Nonischemia 3 +, focal - - + -
reperfusion  Control 3 #, diffuse #, diffuse # m #
UTI 3 #, diffuse +, focal + + +
Cooling 3 #, fliffuse +, focal + # +
Flush 3 #, diffuse +, diffuse H# # #

Nonischemia, group in which only ligation of right pulmonary artery and clamp on right main bronchus were done. ;
control, group in which no treatment was done during 2 hr ischemia.; UTI, group in which injection of UTI was
done.; cooling, group in which cooling was done during 2 hr ischemia.; flush, blood was washed out before reperfu-
sion.; —, nothing; +, mild; #, moderate; #, severe; focal, focal neutrephiic infiltration; diffuse, diffuse neutrophilic
infiltration.
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Fig. 18. Changes in ATP, ADP, AMP, EC. (A) Changes in ATP contents of the left lung before and after reperfusion. (B)
Changes in ADP contents. (C) Changes in AMP contents. (D) Changes in energy charge (EC=ATP+0.5ADP/
(ATP+ADP+AMP)). Each data of A, B and C is shown as X=+SD of the percentage of baseline values., [, is chemic
control group; [, UTI group; &, cooling group ; B, flush group.
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Fig. 19. Changes in SOD inhibition ratio.
Changes in SOD inhibition ratio before and after reperfusi-
on. Data are shown as X £SD value. [, control group;
@®. UTI group; O, cooling group; A, flush group.

Fig. 20. Photomicrographs of sequential histologic changes of lung in nonischemic group. (A) A lung specimen before clamping
the right pulmonary artery and main bronchus showing normal morphological alveoli. (B) A lung specimen at 2 hours after
clamping the right pulmonary artery and main bronchus showing unremarkable change. (C) A lung specimen at 4 hours after
clamping showing no significant change with no evidence of neutrophilic infiltration. A, B, C. HE stain. Scale bar indicates

250 pm.
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Fig. 21. Photomicrographs of the lung before reperfusion. (A) Ischemic control group. (B) UTI group. (C) Cooling group. (D)
Flush group. All group show almost normal alveoli. A, B, C, D. HE stain. Scale bar indicates 250 um.

R ¢

A

Fig. 22. Photomicrographs of the lung at 2 hours after reperfusion. (A) Ischemic control group. Intraalveolar septa are filled
with neutrophils. Moderate proteinaceous fluid with a few neutrophils and mild hemorrhage is present in alveoli. (B) UTI
group. Intraalveolar septa are focally infiltrated by neutrophils. Mild edema fluid is present insome alveoli. (C) Cooling group.
Intraalveolar septa are focally infiltrated by neutrophils. Mild edema fluid is seen in the alveoli. (D) Flush group. Intraalveolar
septa are diffusely infiltrated by neutrophils. Moderate edema fluid is present in some alveoli. A, B, C, D. HE stain. Scale
bar indicates 250 um.
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Fig. 23. Photomicrographs of the lung at 4 hours after reperfusion. (A) Ischemic control group. The interstitium is notable

thickened with proteinaceous fluid and many neutrophils. Severe edema fluid with scattered neutrophils and moderate
hemorrhage is more diffusely present in the alvecli. (B) UTI group. septa are diffusely infiltrated by neutrophils. Mild edema
fluid and hemorrage are present in the alvecli. (C) Cooling group. Intraalveolar septa are diffusely infiltrated by neutrophils.
Moderate edema fluid and mild hemorrhage are present in the alveoli (D) Flush group. Intraalveolar septa are diffusely
infiltrated by neutrophils. Moderate edema fluid, mild hemorrhage and a few neutrophils are seen in the alveoli. A, B, C, D.

HE stain. Scale bar indicates 250 gm.
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Abstract

Extracorporeal lung resection (ECLR) for lung cancer was performed in only a few centers abroad and was followed by a
high rate of morbidity and mortality. The present study was to minimize the morbidity and to establish ECLR as a safe
procedure. In the first experiment, we evaluated the technical problems and the effect of lymph node dissection by
comparing the canine lung ECLR group (n=14) with the autotransplantation group (n=>5). The ECLR group was divided into
two subgroups : in the R1 group (n=7), only hilar lymph node dissection was performed ; in the R2 group (n=7), systematic
hilar and mediastinal lymph node dissection was performed. Four of the five dogs in the autotransplantation group survived
until sacrifice and no complication occurred. Four of seven dogs in the R1 group survived 90 to 630 days after the surgery
and complications were seen in two: pneumonia in one and bronchial anastomotic dehiscence in the other. Five of seven
dogs in the R2 group died within 30 days after the surgery. The causes of death in the R2 group were bronchial anastomotic
dehiscence in three, bleeding in one, and pneumonia in one. The chest roentgenogram showed severe pulmonary edema in
the R2 group compared with the findings in the autotransplantation group and the R1 group. Bronchofiberscopic findings
showed severe inflammatory changes at the anastomotic site in the R2 group. Delayed reepithelization was also seen in the
R2 group. The tissue blood perfusion ratio of the autotransplantation group was 62.6% after 3 days and 80.5% after 7 days.
The ratios in the R1 and R2 group were 69.5% and 31.6%, respectively, after 3days, and 82.7% and. 44.6%, respectively,
after 7 days. In the second experiment using canine normothermic 2-hour ischemic model, the effects of ice cooling, initial
pulmonary flush, and administration of urinary trypsin inhibitor (UTI) were evaluated. The ischemic control group showed
significantly lower arterial oxygen pressure (PaO,), and significantly higher extravascular thermal volume (ETV) and mean
pulmonary arterial pressure (mPAP) after reperfusion compared with those in the nonischemic control group (p<0.01).
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Pathologically, the ischemic control group showed severe neutrophilic infiltration into the alveolar septa and alveoli,
intraalveolar hemorrhage and edema, and fibrinous pleuritis. In the UTI group and the topical cooling group, Pa0, was
significantly higher (p<0.01) and ETV was significantly lower (p<0.01) after reperfusion than those in the ischemic control
group, although mPAP was stable. In the UTI group and the topical cooling group, there was less decrease in the ATP level
in the transplanted lung tissue. Pathologically, infiltration of neutrophils, intraalveolar hemorrhage and edema were reduced
in both groups compared those with in the ischemic control group. In the pulmonary flush group, only the increase of ETV
after reperfusion was reduced, but PaO,, mPAP, and the histopathological findings showed no difference compared with
those in the ischemic control group. These results suggested that the tissue blood flow at the bronchial anastomotic site was
reduced in ECLR by systematic lymph node dissection. Stricture and thrombus in the pulmonary venous anastomosis should
be avoided by careful intraoperative management. Administration of UTI and topical cooling could preserve lung function
after 2 hours of normothermic preservation.




