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Flush Perfusion, Preservation and Reperfusion Effects in Lung Transplantation:
Light Microscopic and Ultrastructural Study

Kun Young Kwon, Young Keun Lim, Jae Hoon Bae', and Chang Kwon Park’

Departments of Pathology, 'Physiclogy and “Thoracic and Cardiovascular Surgery,
Keimyung University School of Medicine, Taegu 700-712, Korea

This study was undertaken to investigate the morphologic changes following flushing, preservation and reperfusion procedures
in a canine lung allotransplantation model. Donor lungs were flushed with modified Euro-Collins (MEC) solution, low potassium
dextran glucose (LPDG) solution or University of Wisconsin (UW) solution, then stored at 10°C for 20 hours. Light microscopic
and electron microscopic features of the lungs were examined after flushing, preservation and 2 hours after reperfusion. After
flushing light microscopy showed focal mild alveolar collapse and interstitial edema. After preservation the lung tissue showed
multiple foci of alveolar collapse, consolidation, and alveolar epithelial cell damage. After reperfusion the lung tissue showed
diffuse alveolar collapse, consolidation and many destroyed cellular debris in the alveolar lumina, Afier Mushing clectron
microscopy showed focal alveolar collapse and mild swelling of type 1 epithelial cells. After preservation both type | epithelial
cells and endothelial cells were swollen and destroyed focally, Some type I epithelial cells were detached from the basal lamina,
The endothelial cells showed luminal protrusion of tactile-like structure and vacuoles of the cytoplasm. After reperfusion the
lung tissue showed fibrin material in the alvecli, prominent type T epithelial cell swelling with fragmented cytoplasmic debris
and marked endothelial cell swelling with vacuoles or tactile-like projections. The alveolar macrophages showed active
phagocytosis. After preservation scanning electron microscopic examination of the pulmonary arteries showed multiple patchy
areas of swelling or conglomerated lesions in the inner surface of the pulmonary areries. In conclusion, the ultrastructural
changes associated with flushing were mild in severity, the donor lungs were injured during the preservation, and further damage
occurred during the reperfusion. (Korean J Pathol 1998; 32: 967 —9077)
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Table 1. Preservation solution and perfused case (n=23)

Presarvation solution Case Mo,

MEC

MEC+ VP

MEC + VP + PGE,
LPDG

LPDG + VP

LPDG + VP + PGE,
UW + PGE,
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MEC: muodified Euro-Collins, LFDG: low potassium dextran
glucose, UW: University of Wisconsin, VP: verapamil, PGE,:
prostaglandin E,
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I pm H 2 ¥k slo] toluidine blue ghef 418 5 3}
dolggel A B2 VS ARGk 2AS Sor-
vall MT 5000% Z=v}H 7 efl 4 diamond 2§ Y 2a}e]
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3) BEH Meinl MO Al20| mE HXZE9 £
DIFEfSE BHEH 2 ¥4 2hE =B ENT o)
o] Afol w2 Hlzz o] Zo|HethA uiile] e

7hestHd 10 g e ®EEE Hz38 77
Mste] FapdaAdo) 7 fAS Aasiedc @ FE e
Hell wis), HE A dE mAE W) T2
ks kel AR a3 Fot g A s
d7hE 59e] wos daslelich Rolddsts s
7t ALl gl S-S () B At wEs R
oltl (+), T55=9 HHAS AL 5 glonm (++),
njgtgd e etk WiE AE8Y AS (++ R F
wobed adwlel el

4) FAIEXEDE 2g:

(1) HESY W E® ZHE, LPDG = MEC §-o 2
HENo g ARRGE HyHo|4 o)A S AAsr]H
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HENYF Szl chitde] (% sgs wele
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Eﬁi o] aiefEefl4] 7HH 2] BEa) v Frl s

o d x| A Ee] Edat 27} el A Fe]
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Fig. 1. A: Light micrograph following flushing perfusion in donor lung. The lung parenchyma shows focal alveolar collapse and
mild edematous interstitial thickening. B: Donor lung tissue following preservation. It shows multiple patchy areas of alveolar collapse,
consolidation and edematous interstitial thickening. C: Donor lung tissue following reperfusion. There is diffuse alveolar collapse and
consolidation.

Fig. 2. Transmission electron micrograph following flushing Fig. 3. Transmission electron micrograph following preserva-

perfusion in donor lung. The lung parenchyma shows focal tion in donor lung. Note more prominent alveolar wall thick-

alveolar collapse (arrows), mild interstitial edema and irreg- ening, iregularly arranged basal lamina, partially destroyed type

ularly shaped alveclar capillary. (< 8,500) I epithelial cells (arrows) and markedly changed endothelial cell
with tactile-like projection into the lumina (open arrows),
8,500)

Key for Abbreviations

AC: Alveolar capillary, AD: Alveolar duct, AS: Alveolar space, BL: Basal lamina, En: Endothelial cell, I5: Interstitium, M: Macrophage,
MN: Nucleus, PV: Pulmonary venule, RBC: Red blood cell, TB: Terminal bronchiole



WA 2] 39 Ay, BE A ARF Aol slolde) njHk duk 971

Fig. 4. Transmission electron micrograph following reperfusion
in donor lung. Note fibrin material (asterisk) within alveolar
space, cellular debris (arrows) associated with type T cell destruc-
tion, and markedly edematous interstitial thickening. { > 17 000)

Fig. 5. Transmission electron micrograph following reperfusion
in donor lung. In the alveolar space, there are abundant amor-
phous material (large asterisk), alveolar macrophage containing
many destroyed cellular debris (arrows) and multilamellar bodies
(open arrows). The endothelial cells of alveolar capillaries show
marked swelling and vacuole formation (small asterisk). (=
5,000

AN HENe) HE4F THU AE Ao o] s
Wy S E LalAEe] Agh B2 F Fulelelch 13
SE ATAZ ol i) 71 o e
& o] glgdeh AE TAED N AEol| A= WA
§ 2% FEHA 2 F7 2ok 58 B Y 4 g

Fig. 6. Scanning electron micrograph of donor lung following
preservation. There is prominent alveclar collapse around the
terminal bronchiole (asterisks), associated with mild alveolar
wall thickening. ( = 300)

Fig. 7. Scanning electron micrograph of transplanted lung fol-
lowing reperfusion. The lung parenchyma shows diffuse alveolar
collapse and consolidation (asterisks) with only a few visible
alveolar lumina. [ = 690)

Wk (Fig 4). ADPAL L34 03§ Bylw, H5y)
dlis HE HAANE £3] FelE AEAHLS g
shairl (Fig. 5). AR5 2 =22 geotz] v
She BERYF vebd 27 40 uleto] o2 A
EdE ik
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3. FAEAEO0E A

FAHAE0) A £HE HubH ez FEEHD]H 27
L i B -t SRt B B e g S s R |
Z 9| 3418 F= wHilEF B 5+ gledch 25314
Foll= #H4He =HE7 FAEHo g #dg Hglor
Al 2 A3 A ofjdz) Hel & fAlskglc)h BE
A Fell= AHullgol4 chldon HE §eba} wE
B oal glgha Bl uEE 2 5 glglen R
2 HEe| mta)® S5 3 5= 9l (Fig 6).
M FEoe nykd o s 94y HHE 2 5 g}
stuflgell A HE} el sl 4m)gEze] sha) g
A A den, dE] A% v|ET HE F20l &
Evjal A RS HellE Y} (Fig 7).

4. EEY9 dEn HOMNG AL MHE HEZ

= Hl

1) LPDG, MEC 3! UWE%9| MEi0| ME BE &
of LPDGE & 522 fipsl HELo g A4
Foll A At e g AE S AT FalAEe F3,
337, St g 7)Ao il v} Flslale e
oo BAEe] wde SAjsla FEGHa} H
ztmoke) 5718 Mglch sighel: wFE ¥ £ g
at HEHell s A AR} o] EHE Al £
& % & 99ich. LPDGE el H71A9) VPS} PGE &

g A8l S ol =2 el =1 E a4 E
HE R Hu|HE a7 g xojyeety o
L s e = B o 0 St S S R O el
Sich (Table 2, Fig. 8). MEC §=of VPyHE ¥ A&
3 el w22 e] ey HEsE MEC £ole
VP 4l PGEg $7 A-84F Foli} LPDGENuES A8
g el vlebed FHolslsichk MEC&<Ho| VP2l PGE &
B A3 FollH e HE Fu X HE 24"
W) Al 2] wshr} LPDG-E-Hef] VP 8l PGE S AF£4)
el HlEle] o-% Hdelsdch (Fig. 9).

2) LPDGR2} MECE2Y ME 2 HsY e 3
Ef=t= Ha: VP 9 PGE, H71HE A-841A] oka LPDG
= MECENubS 2h5f ul v falon Afs
ol FAHAEHeA NS dAsiele w LPDGE}H
MECy 25 #|5d |ub2 vjukdo g 320, el
5 vEbl s WalHEe] F4e] Holcl BEHo g
o F3E Js)dEsl Tod ddelz] (conglomeration) S
e "3 HFE R 55 el A4S B 5 glgld
(Fig. 10). LPDG&H & AL&8F fojl = vjukd o g o
A Ee] FAet gt el S 2ol wbH MEC &
g AR Tell A = vl A E4g B Sl
Bl 5 Agh wiE Kol Re|mia) cloksl & e
HEHE 2 5 gl

Table 2. Comparison of ultrastructural changes of lungs in preservation using LPDG, MEC or UW Solution (n=10)

LEDG LPDG LPDG + MEC MEC + W
Ultrastructural changes (n=2) +VP VP+PGE, +VP VP -+ PGE, +PGE,
(n=1} (=1} (n=2} (n=3) (n=1)
Alveolar collapse +f+ + + + + + + 4+ + + +f+ + +
Epithelial changes
cell debris —f+ + + + -+ ++ + -+ +++
swelling +f+ + + + + -+ -4 + +
irregular BL + [+ + + + + + +]+ + + 4
I cells - f =+ - — ]+ —|+ + [+ + +
Capillary change
irregularity + +/+ + — ]+ + )+ + +
microvesicles, blebs +f =+ + b + + + + + +
tactile projection +/++ + + + +H+++ 4= o 4+
tight junction WP WP WP WP WP WP
Macrophage activity —f++ + — —f+ —[+ 4
Interstitium
edematons thickening —f{++ + |+ + o+ + +]+ + 4+
collagen deposition +1+ + +]++ + — ]+ +i+ + +

» absent, +: mild, + +: moderate, + + +: severe, LPDG: low potassium dextran glucose, MEC: modified Euro-Collins, UW:
University of Wisconsin, VP: verapamil, PGE,: prostaglandin E;, BL: basal lamina, WP: well preserved



Fig. 8. Trasmission electron micrograph of donor lung fol-
lowing preservation using LPDG solution with additional ad-
ministration of WP and PGE, The alveolar epithelial cells show
mild 10 moderate swelling, bleb or vacuolization (arrow) and
desquamated cell debris (asterisk) into the alveolar lumina. The
alveolar walls show mild to moderate edematous thickening, (=
6,800

CElTE, BE W AR Bde] He)4]el] vt edgk 973

Fig. 10. Scanning electron micrograph of pulmonary artery
following preservation wsing LPDG solution. MNote individual
swelling of endothelial cell (small asterisks) or focal destruction
(arrows), and conglomerated endothelial cell lesion(large as-
terisks). (= 2,300)

Fig. 9. Trasmission electron micrograph of donor lung fol-
lowing preservation using MEC solution with additional ad-
ministration of VP and PGE, The alveolar epithelial cells show
marked destruction or vacuolization (asterisks), and abundant
cellular debris in the alveolar lumina. (= 6,000)

al &

Alsllo]4, &5 #Hlol4 A UF ol ] =Y
el H4dd AEE 7R fAEeA Fed A8
Frro ol fEa ek ¢4 HAlell A Aoz o

Fig. 11. Scanning electron micrograph of pulmonary artery
following preservation using MEC solution. There are patchy
areas of conglomerated endothelial cells, swelling and protru-
tion (small asterisks) and focally papillary projection (arrows) of
endothelial cells. (= 2,300)

ol 4 & A=A AL HardyF ol o] A LEglon] 2
719] w2 Aol = el sle]4]e gubalA 2] a8
Sof ik 2 9t o4 £7]9 wbed 2lAd Toly)
A ghate] deat AR wbSol] 3 cyclosporine 5 2|
24 MR sivich He|4e] Ao olzm g)
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