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AR o3 ds npHtay
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g A FEoAMY Holgo] HAFH o F
1963130 Fzlo] Lo 2 AE3 ) 22} 1983
W7bA 4379 #xle HoldE Fo N1BX BF
Al $¥F, M9 2 24939 22 o8 99
oeted TR 1A A7z AEe] JHE3ATR.
19831 Tronto Holdl& ©olA F7]1ZA AY
A A QA cyclosporine349-g AL-&3 0 23 #7]o] 24
g AR WSS EYo2 FNT HEL 1
olF A Fulel o HAA HolA&g AY
3l L& ZAAE Bojx QU Aguidgn FAL9
EY HolAd oz 2wzl SR A= H o] 2] & o]
AE AE dgu)ste FZ4F FAL o] &3 Hol
Heg o5y Aldstd 22 248 & o
Aok BE2AEG AA Hol A& Mo Hol
A& EEHGANA Holde g e A oldd
H 750l 2A ZA3IAY HrFe] gE A=
W& #H7F Aol gEd RES ZA 4TS
nX% et 28U ZERAT Bae] A4
AdZ goldFeg Aldde ALde S o
71%0] AL gl7] @l o] 21 € Hof ozt A&
FA3HA 2 o2 o] d H 9] 7Fo] o} F F a3l
I £F H¥9e 4 ANgGsd 2e o}
FAoed £F SN 3F Fd A4S
Fol 5 7]&oof 32 old] U3 EANTE F
P& F1de 7&staz; o

o4 £ RAT HEF
Hol A& FANAE 47HX o2 AP
Ut} Table 1 & 47} §83 2o HALF A

HE27)o daA o8 & o4& Zk §3(type)
9] A4 (limitation) 2 7]&d] &3t BAFH

=2

< 93 HolHen 49
] fr&ol sZEh 4= o
ojdog ol v d st BhH] UA &
3 AR 7159 Adb g ZA$ol 4 AgEH
= 7ol w4 524 = 2EA A RS (chro-
nic idiopathic pulmonary interstitial fibrosis)¥} |
71% (53] oi—antitrypsin Z¥) 2L HuYE Yo
Ao WA 244 715 At AsHA & 371 3
-7 471 &30, 5 o AGFe A5
WAy Alggo] 40-80%°l ol=1? EF, AW
Agsle S4 el 4% #H71%F S homozygous type
Z variant®] o:—antitrypsin Z8 22 40—-50 tf ¥
o) A 7+E A §hok. Homozygous type Z variant
9] o] &L 1/1600°1 41 1/50009] H 2 EX A
Fold Y FE FdAelA 2] HgA H5 Ao
2 JEd®, oi-protease inhibitore] &2 &
71=(lower respiratory tract)o] I neutrophil
elastaset g *go] 7]H 9| Fiol #¥o] Yot
A5 =e HAA HFBoE A& HolAEE
wo Ffdde ol AAHE A iR A4
& FE3to @79 AR AN AHE =HY
Mgt FR P,
¥ 18y BEL ofF thedle dwrAo=R
T AELEE AY A7IZFH 2-3d o[y, o]
3 A9 AL ARFHoZ 44 s A
32 Qe AMgstA gdh ® n¥Ed AU}
Holdeg 7] 9% €4 Hrly F8 P
2 e 9] ¥ & (natural history) ©] t}. 3 Tl i %-
42 Holded AT A= g o} e
Heo PP Z A3t HAZ BE HFE A=
oldE HE ¥FHI o|FAXEH sty e
A EAdE He} oA FEt] o] Fof
22 & AF HE AdaFE AHA &

o] Y ¥Rk,

o RAAA F39 £
¥ o] 7|#A] Eqgo] o
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Table 1. Types of lung transplantation and their indications, whether CPB is utilized, and the major limitions to

the transplantation techniqu

Type of
Transplantation

Category of Problem Specific Examples CPB

Major Limitations to
Transplantation
Technique

Single lung, bronchial Terminal lung function Chronic intersitial
fibrosis, emphysema artery - femoral vein

anastomosis no infection,

No, partial femoral 1 Requires patient to
tolerate 1LV

satisfactory cardiac (all types but standby 2. Requires patient to

function espcially a1 - tolerate unilateral
antitrypsin pulmonary artery
deficiency), clamping
pulmonary

hypertension with
satisfactory RV
function (new
application—

Bilateral sequential
single lung, bronchia 1
anastomosis

Double lung, tracheal
anastomosis

All of the above

Double—lung plus heart Terminal lung and Severe pulmonary Yes

heart cardiac function

right ventricular
failure, Eisenmenger’s

All of the above Yes

hypertension with

Terminal lung function, Cystic fibrosis, end- No, partial femoral Same as above(single
bilateral infection, stage infection, and artery—femoral vein lung)
good cardiac function emphysema

standby
1. High incidence
(approximately 50%)
2. Hemorrhage cause
by heparinization for
CPB
1. Hemorrhage resul-
ting
from heparinization ting from hepariniza-
tion for
for CPB
2. Separate independent
risk of heart rejection
3. High incidence of
advanced coronary
artery sclerosis
4 High incidence of
obliterative
bronchiolitis(chronic
rejection)

Abbreviations : CPB = cardiopulmonary by—pass; RV right ventricular; ILV = one-lung ventilation.

oleld# 3 71X fr¥e HAFZL vmF Fe 4
oA el ok 7)) A¥Eo] A @)
& £ FHo]4 FHgo] Hh

#H olA&e F WA 32 bilateral, sequential
single-lung transplantation® z} o] ¥ e 7|
AEFEol o] ¥ &£qGE-®, o] & P
ZEE FF H FAA =97 AAHA god
Aol o]AH wHE Hx g€ Hols] WE
¥ A7 A EEA AA= o & Aol HLFo]
Hrh. dAZ ZEE 84 249 He 99 X8
A AHg o2 S oslETh A HEFe A
& Ugde A= $EA H-FZ(cystic fibrosis),
oo, o] 2z 0 WA f¥e /# Efen 3=
HolH&2A A H2rE AHE&3tdol HEe 7

27 iEEolth o] %9 AZF L A A=
ol W7t vtk 232 Holaeg uolo} H=
2E Ago] o] i sFd 7t Uk 2
718 Ede FHF g EAFEH 4F o
AeAle 71#A 289 ¥l &7 HEd
%% # o4& (double lung procedure)® %=te]
Az zol wel o]zt drienm

45 FF L& FZ Hol A A o] &g FAlY
Algats Be7t o] FfFed @ o] A4F
¥ Ago] A FAojA FH-go] ok Y3
1EGH 2L HEAEH SARAR g2 oAF
A Aot 4 A#o] UAtAd (Eisenmenger’s
syndrome with septal defect) ¥ #l%% ¥t}
ZE olAF HAFo] o] EFo FFAct EW3
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AR o] % 7IH& AANzr|e Add & F HolAl=E 2fs X Hotet ME J|E
SR SET ol 443 ¥ BRI A

2 ol HE #FENe Hshel ARl FA2 Holdaeg 93t A= E5FHY & AFs
A&Eo] Ty HAH AH7#x G35 (late oblite- FE 715d Z4E 717 2] HAEE HAn
rative bronchiolitis) %} #& P Zo) FTutd $ itk o] Fxle] YREEL 247 FAE Hag
Qe H olAzol HAwtd Az olF ¥I gt} o] Aol oS FHIL] 95ty Hol4e
sttt & ¥ EAE A9sigs £ 4T o A B& A 12—-18M€E o) HE 7T A
Fe e &89 4FTHA AFd g zolz} glutgtcte A g7k GHEoJoF St Ho]4 Fo
Zo] vk 42 Hola&d A o]4A] systemic Aol Ael 7]Z & Table 2 9 2o},

bronchial arterial supplyZ} AA A o EF ozt gk 4= H ol Lol bilateral se-
F32e EF FFL oy HEWozRE o quential single-lung transplants®] A 2]&% &A1&

34 collateral flowe] 2o osto] 24 gt 29 e HFEE A 59 ZZ(clamping)
Omentopexy (Omental wrap) 22 7o 2 7% Al7lolth. HEHe} ZFZ Qsted HE NGl &

SRSl collateral flows FHA|Z EF o2 A A3 Fteta ¥ R $AEAHC] fEHE A
Fﬂs}b} Hol g HEHoz NP3t 7o BHY Zolth old&e HFARE A} F8F 4
Mg 1d MELL 5% AE} HolAge B ole 7ty HEW o] Zyldtnlals 283
E fF8d dg AARQ 1d A=L2 gl 60% AdlE e G2 & v oz A A 715
Az o) Th. Fedng aduz &3 SAA Y50l ofF F8

Table 2. Selection criteria for lung-transplant recipients*

I. End-stage lung disease with evidence of progression of disease and life

expectancy 12<18 months
II. No other systemic disease

it

1. No significant coronary artery disease

Demonstrated compliance with medical regimens

No contraindication to immunosuppressionl

. Psychologically stable; no history of alcohol or drug abuse
. Must be ambulatory with O: as required

. Must not be on systemic steroids

REgsS <<=

. Single-lung transplant

A. Age <60 years

B. No chronic infectious lung disease such as chronic bronchitis, bronchiectasis,
or cystic fibrosis

X. Bilateral lung transplant

A. Age<50 years

* From Kaiser LR, Cooper JD: The current status of lung transplantation. Adv Surg 25: 259-307, 1992. Used with
permission.

Holde F HE Audle AAL AdEHA W 3ttt FA= 9419 multiple gated technetium
o o] A& Wt £HUL HE o 4z ITF scanA| 3t} FojFl ¢4 BHEAFE o) &3 &
FEe AL Hludte ¥ AojFE gvh & A Jx=e =T uiBM, SteroidAHES
A7 gAHoR 7L & F Jonz oAeF NN#BA AFo FFEo] {2 F JonE 7 o
2z ¥ 71A ALY BAE EAVF HA e A& 137 Ao AHEg FA3tAo AT

A e F FAE 71¥EA AFE ¥A steroid A} &2 r‘&} J% *&%?ﬂ F=}H o A
AAHA A" Fy =z FEo] sttt Azt ogn % EUMsd ASE FF AE
F At

d

52 ox
i OH
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o2& Bt H AL programel T3] 7t}
g 5 ol ¥ AR AFde Aol
£71 A programSZ KL W02 3]y
(ventilator) 2328 WE o] (weaning) ¥ o]AZ
%7] ambulationg 7}53HA §ck Hol2&e] F7]
1, 854 AAFH £E e A4S

2HY EE & F 23 )

P
rlo

g B

10 ot ok
¢

OFFAl 22{stofo} & ZHH

1. OkF ot

FaAe A BE HX| 7} o]FojHok 3 b}
AAANXA LA EH L Forte b 24l A3
2 FHo) W qzdele] HEIE F2 Foz A
E e 24 adEgdE VE BulE Zad F
AdHE T dAE A3t ofk 3ol

nHAE, AT B ZolgAES Y5t Aduw
kAl e AH A A= FFo]l A glojop
oA YA MAFES = FAoA AR
v uHE 3 FYstthE 4 o2FA (high dose sy
nthetic narcotics) Q] fentanyl 5—10 pg/kgel A %<)
thiopental2 %3] & £2¢] halogenated drug
¢l isoflurane® fentanyl & midazolamo & w}3
& FA%). Zo]$A E+ pancronium ©]u} ve-
curonium®] ZZti(Table 3, 4). 5 o] &g 93
wHAHL g8 A dE F A 5 Hol
2l Alol= %2 robertshaw double lumen tubeZ
713 ARE Fleol 3 FHE HoldgeAde

Table 3. Anesthetic equipment

ECG monitor

Arterial and pulmonary artery pressure monitors
Extracorporeal bypass machine with oxygenator
Pulse oximeter and end-tidal CO2 monitor
Ventilators (anesthetic and constant-flow generators)
Right double-and single-lumen endotracheal tubes
14-Fr Fogarty venous catheter (bronchial blocker)
Peripheral intravenous, arterial, and pulmonary art
ery catheters

Table 4. Anesthetic drugs

Fentanyl

Sodium thiopental

Succinylcholine/pancuronium

Isoflurnae Benzodiazepines

Dopamine, nitroglycerin, and phenylephrine in
separate infusion systems

bronchial blocker® A}&3l= Fogarty venous ca-
theter”} single lumen endotracheal tube2 2 7|3
Aol 49 3 771 AZA3H End tidal CO:
ZAE 3 YEFFE 8—1ml/kg, ITFFT
3 10~20382 AAsn HF 4L $9E 7}
28A 9] Ao we} ZAA3t]ok Frt

%= ¥ o]2 & (double lung transplantation) A} 2]
vt WHE ol 2R EE FYIY
single lumen endotracheal tube-& 4 #3}o] o}k &L
AH ¢ go] Hasdith ¢F AXE MAEA A
W 2&A P Az 2o

2. ZAER[(Monitoring)

ZAZAE Holdew 2L 4+ (major ope
ration) SN E F&9 dFZ FHFddo ¥ AR
2 o}F ZFQ3ltH(Table 4). ulH A B9 sleets
AX ol sta #E5Y FHEEAAYE vhH A A
A= ojok st ool e FHME dA= &
A7t ZEZHBL 34322 Pk Two single
lung transplant#z}= ¢]2le] glod Fhelel Abet
Fol 371AAFo) E HAY & U3 ALAY
Zo2 AH3zge) o ¥ ZAex FAUT &
ZH o)A #xle FHeET FE Ho AR ook
31 FHE Y X & HE X— A Ao 2 Estejof
gt} Ho] A& A= canography®} pulmonary ar-
tery catheterZ Ao diste] 583 F Q3
A zrstodol o}l Capnographys 271A HolAM
L3t RN A, PETCO: tracinge 7|=#H A< #
7128 712 @AolA phase I plateaus] ZA}
(slope) 7t BB HA F4S Holed wef 57
Alzbol i H oz Frjvct HoHA (H71F HoA
true PETCO201 =g3led dad AztEg o
HE A% )AA7 243 w13 Fole PaCO: PE-
TCO:9] Rol7} Fo] Hole o] FAolrt. 13
3] wly A7z B¢ FREY tAEHS T
2N e HA/FE EU9E Favt Ao, F
HAZ 1 7=Xgd A dAad s A &4
e Het A i=Ag A4 Aed s Y F
qze] Hrt oA HAU-E ZAFol 371+ biphasic
capnogram®] YIS,

A% HFFZZF(severe kyphosis), ZF=1t

(scoliosis) ¥ main stem bronchial intubationol A}

of\

% biphasic capnogram waveformo] YEld & Sl
e AME HAdteof g% Alveolar time
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constantsol] 23] AF=HE Z7d"He
Z}9] oA ol Btk

Slell A AFE H dAT DF HolHeAld e
dolde #H7IF et A2o] ojAdE T M2
& #H ¥ F Gl 22 biphsic capnograph waveform
o] Yebdti®(Fig 1). A peaks A HeEA, &
FAE7 F58 ZA BU)/2F v E ME 5%
oldH g RE %79 CO0lth FHA peake €

293 2

3 MIME TREHND Coz

MODE UTEW

A3A Huz relete] A4 (distal portion) ba-
loong FFAL ZSoe dolde #He BFE
AgsHA HE2 et H5H 47 EA8A
e Aol F1 EA3tEE FAddo] ofd o} F

& FA7F GEdU®. &3 P #AE Folok
g AL A5Gz $449 Be(load) A EE
g F# glon ojdz ofF RAC Fad AL
Hi o o] 4F HE R Aol FUstH At

HALE
ARLARN

Fig 1. COz tracings at a respiratory rate of eight breaths per min and a volume of 700 ml. Left, The trend of ETce
over the previous 20 min. Right, Biphsic capnogram at an ETc2 of 31 mmHg and a graph speed of 0.5cm/s.
(From Williams L, Jellish WS, Modica PA, et al: Capnography in a patient after single lung transplantation.
Anesthesiology 74: 621-622, 1991. Used with permissiom.)

=] }

2@ MIMS  TREND £oz

MODE UIEW

SCALE

HALUE .5 CM-SEC

ALARM

Fig 2.

CO; tracings at a respiratory rate of 13 breaths per min and a tidal volume of 700 ml. Left, Teh 20-min trend
of ETw2 which has been decreasing for approximately 10 min. Right, A normal-appearing capnogram at an
ETez of 251 mmHg and a graph speed of 0.5cm/s (From Willimas L, Jellish WS, Modica PA, et al: Capnography
in a patient after single lung transplantation. Anesthesiology 74: 621-622, 1991. Used with permission.)

71

7@ HeAH 2 CO.E wrgdth o|4E H=
EAFe] 23 o B emptydd TFFTH 7t
3 % capnogram< single curved HoJFEr}®
(Fig 2 ).

Pulmonary artery cathetere & HE5Ho| X
stedof gt §F Ao FF I} o] FARA L FH
i #H7 AAE BS A5 HrIhe st
Fo g add EF oA R HE HEHE
Zefdf e HEY JteEyl ddd HE5Hel 9

o] ZASHA HM EFANY ] F2rE3EI}
743 ©h £% trans esophageal echocardio-
graphye] Alg0 2 X&FHQ S 447|5S £HE
F Ao, HFHW FHeEtAXE A4 JFol A
Addr AZHEHAE AFode &2 HX =
$o] HA g&AgE = JAY £ UE in-
dicator technique 2 4J¥t& % (cardiac output) &
ZARslajo} v 3o AV} FEHE FU¢ H
4 2719 (the pulmonary artery occluded pre-
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ssure) 7 A&FS F3e] g AEZ 4o}
of gt

3. O[4=F oiFle| 2HE

H &9 A gA 949 F EF7 e 237l
M ZEH o2 WA HAS W F8 EAH
dojdct AA=Z oiFHA Fad EA 77 critical
time) & 4% ¥ #J], WAEEA ¥ $9 FF
(clamping) ¥ Fo=He] FF7E o) FAAY #7171
HA ¢kg wolth

a. Y&H 879 8% (indication of one lung-

ventialtio)

L&A A A A AAERBF 99
AFT HAY 171 HEANA o]FxA] g
ol B #F9) & (shunt)o] YAY ie )
7F HAG AAHA Ho] g nAz] £
g Zolch ek AFHEE s Ho] FU4ia
FE7 1.00] ofvd FYAAE FEE 1022 F
7ENAH 2tes) X887 HAY 93 5EFH &
ErE VM A BARFE FNA FE A
Wioldt, dytEo g og nAHQ gL
2F #H7F 29 #7] Tz FL& 72
€ ol F7] AT FAAH XA T & wryorp,
T 9 nAFH M2 sfamPe] & o]
Fo]AA] ¢ o ™ nonventilation lungs]+ CPAP &
ventilated lungol= PEEP 7] wa] A& sjoryt
gt o] 2o = B7Ea olgol ol A%
H n¥YFolt 22 A4 AYL(systemin hypo-
tension )7} & &7HF Q] ¥t Wi w= A
SAEET AgaF 2 FUIRHe] AEHeZ
e 223 g 59 oo gEAdY A ¢
3717 e sty €59 3] F AEdEa Aas
59 EAe ¢% A HEdo] 2F9A #aFoh

b. 5= Z&(clamping of the pulmonary : ar-

tery)

5= ZAZ(pulmonary artery clamping) A 2] n}
Az FAAL AFEss H99 Ay 2F
(Clamping) Al H|EHgte] A7) F7hgte s S
AR}E Adod = e $449 o) 24
Ak SAA 7l &4 Bt s Fodd
ol HtH Frte FFH2HA JeEuy 34
&Aool A e o) #H7F dojve HoAe H
U AP E B Fo Fado $ALARAAdE

A7 Bastch o RG] FE@ S 9

o d

R % oo
o M

R < )

o
)

g3 &3 4L ste AV 2o "ok Ni-
troglycerin, nitroprusside 2 hydralazine2 o}¥ 7
$-of] A3 AHE-5] = oA o] tH42430, Dopamine 5~10
ug/kg/min, Dobutamine 5~15 pg/kg/minZ2< 5%
Aol A% F1E3te]oF §HTi4N3DProstaglandine &}
AHET HF AT g3 A& AH o)A ozt
Aol AR god HEZ diHEH o dF
A A 31717 BR3P,

c. 8718l o124 # 9 &7 (perfusion of 'the tra-

nsplated lung without ventilatio)

lxjgto 2 o)A ¥@ EFEo] 71#A E
e Ho HA o] FoHLE o]Hd H=z F
9 BF7E Gojuvtxn U7 glS 22 dEo] g
g Aotk #7] glo] #FT dojve 7| F¢
AAze] W3le ST segmentH 39} ¥lml o t}
€ FAYo] E Vel § Utk oA g Hol @
F7F o]l Fo]F 2 & cold transplant perfusate, F7]
2 Xege 24E& o71E Aot (Eurocolinse
Tel¢ 5=l 107 mmol/10]3 LEEEEZ0] 7}
T UEET2 o)9) e EQAF 71 FI: 7
#HA o] A= o|AE Hell A B (reinf
lation) o] A&2 Zolth

0|AlE& & 73{&t & (Postoperative considera-

L=
29

Z.'
aly
tlo
e
rlo
et
2

I

= 8938, 3§54, A3
A, 28 B4, B9ty EAY € B33 ¥4
Fol ZAA et oj2zo] FHLZ o] Fo]
A AL F 5L 25E IAF ANEVF Hasiy
2743 A4 7] (complex cardiopulmonary proce-
dure) 9} o]A&g W A= AL ZAIA AV}
dFHolt) o8& F 99 7] 7k (critical postopera-
tive period) & Z FEIHE F4AH A9 v
2354E FA3A €k

Fe25Y JEH e warm gased WG
o 2 warming blanketsE AME¥E EF3
A AAF (44 32 Ol M2 F Loz
Fo7t aEg®, o olA&g W A &F
Z71 e FqzRzRE AZ2E 24 non donor
sourceZ Q13 o] EAA Hoh FAHZEH
HAed 4Ee =2 A%EE 7HA+E ¥4 non do-
norZ % ZEL vlzy F Ao d £ it
H o]y &g ¥ FgAE Ve F9YA Gram's
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stain A3} o] F o= actual recipient culture 7]
22 HAY FAAE AHEStdof I, 71EH
© 2 fiberoptic bronchoscopy® 71E£& 7]|%o] 3
oo} 3ta EB]E-& W Y¢EE (culture specimen) &
ELEF UL 7I=EH] F AFHERAE FUT
F AUt

A% FULe A7) 18t volume infu-
sion®.t} low dose vasoconstrictorE Al-&3l& o]
F1 9] FAEHY lung waterE HA AT
Wgo s AXsoiol goh B okAX FF A}
£ET,

ol MR = B731 o] g HE 59
¥ ol 47t FHAL o FH XA Ao =
¥H2td Aol 2AF vebdt At 7T 8 9
&) BRI 28 olgdoldtn dFT &4 A
program¥ &£F 53L& APRAA F7) 5o 3
2] ol FFAE AMESZIE Frheo, 7|B
Aol ZojAd HHPo g PP FEo) o ¥X
7% A frol AR o Bohe R 23t o] 4
FAl o] A7z} 3l %) AFe] FAH FEF
27 @A g AFE 1 BN B3] EAA
%ol 2AZIT, F o] £ single lumen tubed 4t
#3og 2+PHO 2 fiberoptic bronchoscopyE Al
P3ted FF o ZEY H BE FEL QN S+
AL FreddE =28 £k

H71E EAGAE ol e g e ArE
o2 Q8 He] 43 air trappingo] UL EE air
trappings WAL @Y £ 99 H @ E
g FA4 3] YA BURANE AFEA sEA
AEZIage] o ¥ A9t . Air trap
pingel A3t olZ Qe AYLS Yodle &
A& "pulmonary tamponade”z} §T}ae

7HE ALAHYD F HAgZo] doud & F 34
AW Z & o] 83} total patenteral nutrition 3o ok
HE 342 7= 2AE FEE ol F2
ZEde xR E AAFEA sMEdE =27 &
5& slojok g} Chest physical therapyE A5
Algiste] EujEo] 23] mobilizationH £ & 5o
of 3t 71x 4#o] Ho ' FUAE AF A
gate Ao Fdh

Holdez wAE He 44s) pH 2 COY
( CO: tension )2 =&AL resetting 3= 2
F 249, g REY B A € F 5 vt
StAY 5= FAEAFE 7MY Fde HA

o

2
=

Y

L

Hog RFAHoz IEHA o]y olFd A
3E-HY A5 3FT0E Y FHAY fee
dback2l & w&ej) == central chemoreceptor re-
settingo] X AE7) d&o] FREL £F A
£35S 23t H§7] ¥E-& ok o) episode
HEE 835 staEAe A He Ul g
2¥5& YA gt 357149 oj4e
ol Aoz Hil siadd.
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