13

PATHOLOGICAL CHANGES IN 37 HUMAN
RENAL HOMOTRANSPLANTS TREATED WiTh
IMMUNOSUPPRESSIVE DRUGS

K. A. PORTER, M.D., D.Sc., M.C.Path.

T. L. MARCHIORO, M.D.
AND

T. E. STARZL, Ph.D., M.D.

From the Department of Pathclogy, St Mary’s Hospital, London, and the Department of Surgery,
University of Colorado Medical Center, Denver, Colorado

REPRINTED FROM THE
BRITISH JOURNAL OF UROLOGY
(Voi. XXXVIi, No. 3)

JUNE 1965




PATHOLOGICAL CHANGES IN 37 HUMAN RENAL HOMOTRANSPLANTS
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Wit the advent of the treatment of human renal homotransplants by immunosuppressive drugs
{(Murray ¢f al.. 1962), many such kidneys have now functioned for several months (Hume et al.,
19630 Murray of al., 1963 Starzl er al., 1963 Woodrull ¢f al., 1963); and several have
survivea beyond one year (Mo e «l, 1963 Goldman eral., 19647 Hume e/, 1964 Murray
ol 19040 Starzl er af., 1964 Dunca er al., 1965). Most of these transplants, cven those
between non-identical (wins. have at some time during their stay in the recipient undergone
one or more episodes of rejection. Recentiy serial ‘biopsies have shown that acute fibrinoid
necrosts of the vasculature of the transplant, with or without much cellular infiltration, may
occur during these crises (Porter ef al., 1964 ).  Further, even after treatment has apparently
haited or reversed the rejection process, the vascular iesions may progress to fibrous intimal
ihickening with narrowing or obliteration of the interlobular arteries (Porter ez al., 1964 b). it is
not known how frequently this progression occurs in transplants that survive a rejection episode.
if fibrous intimal thickening is a common event then many of the renal homotransplants
functioning to-day are likelv to fail within a few years from isch&mic damage.

In this paper the pathological changes in thirty-seven human renal homotransplants from the
Denver series are analysed with two main objects in mind. Firstly, to try and assess just how
common vasculonecrotic lesions are in iransplants that are clinically in a rejection phasc;
secondly. to determine how many of the transplants that survive such an episode show residual
vascular damage.

MATERIALS AND METHODS

Between 24th November 1962 and 30th March 1964, seventy-five human kidneys were
homotransplanted at the University of Colorado Medical Center: of these seventy-two came from
living and three from cadaveric donors (Tabie ). By Ist Junc 1965, in thirty-nine instances
cither the patient had died or the transplant had been removed surgically because of failure to
function or some other complication.  Thirty-seven of these kidneys were examined and it is
apon this material that the present report is based.

Pach fidney was iransplanted into either the left or right iliac fossa and the ureter
iaphanted o the bladder.  In one of the cadaveric cases (CD3) two kidneys were transplanted
fe same operation, one nto cach ifiue fossa: this patr of kidneys 18 counted as
sobaat i Table i In eight patients. after the primary homotransplant or hetero-
it had failed. o second kidney was nserted into the opposite iliac fossa and the
v ranspiant removed.  Case LDS7, however, was an exception in that the first transplant,
which never functioned, was ieft in the recipient. The period of ischamia each kidney underwent
5 osaown 1o Tabies if. 1V und VI in all cases except LDS, LD7 and LD43 bilateral nephrectomy
aind soicnectomy were performed at or before the time of transplantation.  In LDS ncither of the
pateinds own kidacys wus removed ; in LD7 the right kidney was not removed until seventy-
tiree diys after renal transplantation and in LD43 left nephrectomy was never performed. In
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Lo s reavmient tour patients (L34, LDS, LDY, and LDIi1) underwent thymecicmy
iive cuys belore renal homotransplantation.

(s were treated with 6-{ [-micthyi-4-nitro-S-imidazolyl) thiopurine {¢* in i
werting onw o nineieen days before wansplantation, in u dosage of 3 to 8 mg. per kg per day.
On the day of surgery and flor the first three days after transplantation the dosage was mcrcasc.d
1o 6 1o 15 mg. per kg. per day, but after this the dosage was reduced to 3 to 6 mg. per kg. per day
and regulated daily according to the total white cell counts in an attempt to avoid the production
of severe leukopenia. In most of the patients stercids were withheld until the onset of rejection, but
in nine patients (LD4, LD46, LD56, LD57, LD59, LDO61, LD62, L.D64, and SD3) prednisone 30
to 100 mg. per day was started two days before transplantation and administered continuously
thereafter.

TABLE i
Number of l\ldn»)s Homotrampidnted Rumpxmts stili Alive and Transplants
Exanuned Pathologicaily in the Denver Serics
Qutcomece by Ist June 1965
Patients Transplants

Failed and

Repiaced
ixidncys Homotransplanted setween 24th November 1962 by Second Examined
and 30th March 1964 Alive - Dead Transplant . Pathologically
75 72 from hiving 35 23% 22
donors 64 primary renal transplanits [ R 6 6
8 secondary 2 into patients who had previous e 2% 1
renal primary baboon renal hetero-
trans- transplants j :
plants !
6 into patients who had previous 1 5 ‘ 5 i
primary human renal ' i
homotransplants ;
o i
3 from cadaveric donors 3 3
75 36 33 6 37

* Permission for necropsy refused in one case.

When rejeciion was recognised, predmsone 150 to 400 mg. per day was given.  Actinomycein
¢, 200 1o 400 micrograms intravenousiy, was also started and repeated every five to seven days.
in ten of the patients one or more courses of focal X-irradiation were given to the transplant,
tach course consisted of three or four doses o 1367 given every other day. Once reversal of the
rejection phase was achieved prednisone was slowly reduced to a maintenance dose of 10 to 20

Mg e dav.

v otransplants was stained routinely with hamatoxylin and cosin,
roagent \s’A‘S Weigert's for clastic tissuc counfer-stained with hematoxyiin
Muatory S, Martius yeliow-scariet-blue (MSB), Mallory’s phiosphotungstic
. i Hiand nmnyi green pyronin.  Other special stains such as Sudan 3 and
Masson 4+ 41 “_Lumum ei al., 1962) were used wien indicated.
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RESULTS

vhe dhirty-seven renal homotransplants feli into four main groups :—

t. Those from patients who were in a rejection phase.

2. Those from pauents who died after one or more rejection episodes had been recognised
and apparently treated successiuliy.

3. Those from patierits who had not at any time experienced a clearly recognisable clinical

episode of rejection.
4. Those which either did not function or developed some complication necessitating their
early removal.

Transplants from Patients who were in a Rejection Phase.—Fifteen kidneys were examined
after their removal from patients who were in or just starting to recover from a clinical episode of

rejeciion.

O Wi ‘ criod of normal renai function, the patient
BUeaine GHguric aina developed hypertension and fula retenton, followed shortly afterwards by
fover, tachyeardia. . proteinuria, clevation of the blood urea nitrogen (BUN) and creatinine,
depression of the creatinine clearance (CrCl)y and urinary »udmm exeretion, :,wu.mg and tenderness
of the wansplant, and sometimes by thc appearance of lymphocytes in the urine (Starzl ef al.,
1903). The deveiopment ol this syndrome varied 1n rapidity from a few hours to many days and
was pot aiways complete. When the second cpisode of rejection occurred in transplant LDI1O,
which had been functioning for more than seven months, the apneurzmcc of signs and symptoms
was asidious and it was difficult to be certain about the day of onset (Starzl er al., 1964).

The clinicai course of all the recipients in this group and, in thosc who died, the cause of
death and some of the post-mortem findings, are listed in Table 11. Two of the renal homo-
transplants had come {rom cadaveric donors (CD1 und CD2) and one was a second transplant
(LD29); the others were primary renai homotransplants {from living donors.

Gross Appearances-—Most of these renal homotranspiants were enlarged, the mean weight
being 241 g. with a range ot 148 to 350 g. (The kidneys of the normal adult man weigh from 125
to 170 g. each; those of the female weigh 115 to 155 g. each.) The capsule was usually thickened,
and in ail but one of the cases stripped easily leaving a smooth cortical surface which in five of
the transplants was speckied with petechial h&morrhages. When cut the cortex was pale and
bulged ; in two of the kidneys the medulla was deeply congesied. A few of the transplants showed
tiny cortical arcas of infarction. The main renal vesseis were patent, and in all except LD35 the
urciers were unobstructed.  In this fatter case there was blockage of the ureter with debris at its
junction with the bladder, and 4 rupture 1| em. in diameter on the anterior wall of the pelvis.
tn another patient, LDOI, the ureter had been re-implanted six days before the patient’s death
because oi obstruction at the ureterovesical junction.  The urcteric walls were thickened in the
majority of the transplants in this group.

Microscopical  Appearances (Table 1) Glomeruli. - No striking changes were present.
Twa cases showed \l‘"hi thickening ol the basement membrances of the tult capillaries by PAS-
postive mraeridd slomwerul were hypertrophied in the transplant that had functioned for

J9N duvs ;. L E'}. in iive of the .\xm,'c;.» there had been extension of tibrinoid necrosis from
wilected ailerent arterioles ato the walis of the glomeruiar capiliaries (Fig. 2). Fibrosis of a few
tatls and periglomerulur fbrosis were present atone or together in six of the transplants.  Only
one case showed hyperplasia of the juxtagiomeruiar body with increased granularity of the
JUNLG

3O
LU

I J S Ceils.
ve—Wdesprend recent tubular necrosis witl active regeneration of the imng epithelium

amd casts o.‘ aroten and ook debris was seen in four of the transplants. Patchy tubular damage
Was present i ive others.  Lymphocytes were found in the fumen of a few tubules, but only in
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-

ki, i
Renal homotranspiant Srom patieat L1210 who died at 295 days in a rejection episode which
Bad staried siniv-seven days previousiy.  The giomeruli are hypertrophied, many of the
tbuies are utrophic and the interstitium shows librosis, some adema and a few small foci
ol infittrating tymphoid celis. There s fibrous obliteration of an interlobular artery (arrow).
(. & B w150,

P, 2
aat from patient Ci who died at cwenty-five days in a reiection
teen days eariier. There is fibrnoid necrosis of parts of the wail
v branches (o supply two glomerali.. The vasculonecrotic process
fies of poth ufts. The wbules are damaged and the mterstitium is
intitrating cells are scunty and condined o peritubular capillaries.
(H. & 1) 400,

cont arie
CNLCTIGH te the capilin

eaematous.
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FiG. 3
Renal homotraaspian: wiich was removed surgically from patient L35 at twenty-one days
becatse of necrosis o the pelvis. Rejection had started thiree days previously. A group of
mhitratng fymphoid wad plasmia cells aie seen lying within two peritubuiar capillaries.  The
adjacent tubules are damaged. (H. & E.) > 500.

s, 4

Caomotransphing rom patent L3 who died at forty-two days from systemic inlection
Copidicda albrogns. Recovery was occurimg (tom a rejechion episode which had started
turty-one days preveiousiy. A Tuneal colony growing i the medulia has cheited no ecliular
response. (Periodic acid-Schitly - 200,




“uorsa Jepnaned jo {02138 Jo ApWNSA aneRdWed B ‘- ~ ~ 0] < {punoj j0u pue 1yInos SUOISI] “— o

i . . . - . . : - - - - - uondIeul ARy
. . . . - - - - : T SKOQUIOIYY [RLIDUY
- - . . . — - SISOQUIOUYT SNOUDA
; . . . . - - - - - : T uoitedidimy
- . . - - - ’ Camdny

: - . B . . - - - - - - : : ©osnougig
B . - . . . - . - - - - 12fepd puw snouigry
, : ~BUIUSNDIY) (Buijup
o - - - - — - - - - - - = SISCU22U prouriql 4
sattefprden sepngmiiad
¢ — - - . - -- - . - Jo ucnsnnsaq
: , WRIpRYIopU
- - i - - - - - - - .- -- - R{onaLe jO Suljpang
Sjasean poolg

. . . - - - - - - : : uql

JTKANSPLANTS

. - - - - . - - - - ERLATRRGITETS |

i - ~ - - - - - - - - - ’ ’ Tooosisougry
3 . : . . . - : - -- . : ’ ©RuRpY
e T - - . — - - - RAUHED)
~ winismug
x - - . - - - - - - S3urang
2 E - - - : - - - s - - - ) : UORENIINED)
< - ! - - - . - . . — . . . SIS
7 e
4 1RIOUdREA JO
“A N . . - -

jitw vydoany
B . . . . B - . : SISO JUIY
~-ea[nQn .

oidexnl

Gr

A\

‘ROLOG

y | o iy
Foll ed o eSdT ubaT ghATT ‘ QT AT eTAT PIAT T 0fa T TUD i)
IMUNN o8B
| » 2posidy uonoafoy v aaye ysnf o
[ vy



e

238 BRITISH JOURNAL UF UROLOGY
inose cases with wibular damage aad interstitial cellular infiltration.  Birefringeat calcium oxalate
Crysiils were present 1 six of these kidneys.

fnrerstitium —Ceilular iniiltration was preseat in all but two of the cases : although acavy i
threc it was generady light (Fig. 1) and consisted of occasional foci of small lymphocytes, plasmia
cells and larger ceils with pyroninophilic cytoplasm, a farge paie nucleus and prominent nucleolus.
Often the cells were confined to peritubular capillaries (Fig. 3). Mitoscs were not seen. (Edema
was present in nine of the kidneys (Fig. 2) and there was interstitial fibrosis in six of the eight
transplants which survived thirty-six days or longer (Fig. 1). Small hamorrhages and collections
of fibrin in the interstitium cften accompanied arteriolar fibrinoid necroses. Monilial lesions were
seen In two of the transplants.  In patient 1.D32, who had systemic infection with Candidua albicans,
the lesions consisted of necrotic areas containing budding forms centrally and hypha peripherally
but no cellular response (Fig. 4).  Fragments of hyphw of the same fungus were found in case LD43
surrounded and partly enguifed by giant cells.

Blood Vessels.—Foci of fibrinoid necrosis were seen in the walls of afferent arterioles and
mteriobular arteries in tweive of the fifteen homotransplants (Fig. 2). The damage was most
WIdes

ad und severe i CDi, u cadaveric Kidney in which transplantation was from a donor
wiio was blood group A rivesus positive to an G positive recipient. The vasculoncerotic process
generaily invoived the whole thickness of the arteriolar walls, but usually affected only the media
and 1tima of the interiobular arteries. The vasa vasorum of arcuate and interlobular arteries
someimes showed these same necrotic changes.  Swelling of the endothelial cells lining the
arterioles was present in six of the cases, and obvious destruction of peritubular capillaries in ten.
Fibrin und plateiet deposits on the intima of damaged interlobular arteries (Fig. 5) were seen in
nine of e kidneys and fibrous intimal thickening of these vesscls in eight. This latter change
was most severe in D46 wacre many of the arcuate and interlobular arteries showed obliterative
changes. In most of the vessels there was general thickening of the intima by fibroblastic tissue,
covered on the luminal side by a thin layer of endothetlial cells (Fig. 6). The intimal thickening
was sometimes confined to only part of the circumferencce of the artery (Fig. 7) ; on other occasions
it had caused complete obiiteration of the lumen (Fig. 1). Deposits of fat of variable size were
present in the deeper fayers of the thickened intima immediately adjucent to the media (Fig. 7).
Reduplication of the internai elastic lamina was present in eight cases and rupture of the same
layer in six (Fig. 7). All the vascular lesions were more frequent and severe where arteries divided
and gave rise to small side branches. Thrombosis of occasional smail veins was found in four of
the transpiants and of daumuged interlobular arteries in three. Tiny wedges of cortical infarction
were present in four of these cases.

Urcter and Pelvis.—In those cases where the ureter was examined the transitional epithelium
showed areas of ulceration (Fig. 8). There was wdema of the interstitial tissues and a focal,
sometimes heavy infiltration with lymphoid and plasma cells. Swelling of the endothelial cells
lining the small arteries and arterioles and fibrinoid necrosis of the walls of these same vessels
{Fig. 8) with rupture of the internal clastic lamina was common. Fibrin and platelet deposition
on the intima of affected vessels was also scen.  In some, focal infarction and hemorrhages into
the ureteric interstitial tissues and into the peripelvic fat had occurred. These changes were
prominent in the first transplant from patient LD35 where rupture of one of these infarcted arcas
in the peivis had necessituted removal of the whole kidney.

Transplants Examined some time after Reversal of a Rejection Episode.--Twelve kidneys
camie Troa patients wihose last clearly recognisabice rejection episode had been clinically reversed
14 10 160 dayvs previousty.  Four of these cases had survived two rejection episodes and another
two had encountered three such crises.  The chnical course of these patients, the ultimate cause
of weir geath and some of the post-mortem findings are listed in Table 1V. Ali the renal
homotranspiants were irom iiving donors; three were second transplants (LD19, LD23, and
LD,




FiG. §

Renal homotranspiant from patient LD11 who died at twenty-five days whilst recovering from
rejection episode which had started twenty-three days before. The intima of an arcuate artery
is thickened eccentrically by @ meshwork of fibrin and platelets.

{Lendrum’s Martius yeliow-scarlet-blue.)  x200.

Fig. 6
momotransplant from patient LD 46 who died at forty-three days in a rejection episode
winch had started twelve days previously. An arcuate artery is narrowed by concentric
tibrous intimad thichkening.  (Elastic g van Gieson.)  ~ 180.

-
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epsade which hind scavied ten dd

severah smadt arteries and acterotes vine e the aedematous peripelvic tiss
phatelet deposits o theantima of sone of th

G, 7
Renal homotranspiant from putient LD46 (see Fig. 6). An interlobular artery 15 greatly
rarrowed by cecentric torous intinal thickening.  The internal clastic lamina is ruptured over
the intimad piaque : there ss muitiplication of the clastic opposite this arca. Fat spaces
arrows) can be seen ia the deep layers of the thickened intima adiaceat to the internal clastic
layer. (Elastic g van Gieson.) = 300.

i e
bG8

winolransplaid from paticnt 1 D61 who died au thirty-
previoasive ih

ve days in arejection
s is librinowd necrosis of the walls off
1Ics. Fibrm and
affected vessels can be seen. “ihe transitional
epitheliad foung of the pelvis shows arcas of ulceraton, (H. & 1) 200.
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nt oeing 199 2.

cknn :d an d stripped casily in all but case L9, s

r ich had been caused by the hgaum of & smal acce

U ;i The subcayp 'ul ar suriace was smooth, the cortex pui

tae meduiia reddish- brown. n pduen. LD4, Where plication of the mferior vena cava had been

performed following pulmonary embolectomy, the renai and rxght iliac veins and the lower part

ol the inferior vena cava were completely thrombosed. but in the other eight cases the renal
vessels and tieir anastomoses were free from any obstruction. The ureters were unobstructed.

Microscopical Appearances (Table V).—Glomeruli.—Hypertrophy of the glomeruli was a
feature in cight of the transplants. In one kidney there was a PAS-positive thickening of the
tult capillary basement membranes; in two others occasional tufts were fibrosed and there was
periglomerular fibrosis.  Two of the transplants showed hyperplasia of the juxtaglomerular
bod\' with vacuotation and increased granularity of the cells in the walls of the afferent arterioles.

»/w/u —v——lubulcn damage was present in eight of these kidneys. In four it was recent

i ‘\l’m rantiy the proximal convoluted tubules 5 these transpiants all came from

: e ternmnally. Inoseven there were atrophic changes with evidenee

buies buing dined by flattencd epithciiun and containing occasional

) v owis most severe in two iransplants which had functioned for

207 and S05 duys respectiveiy, the fongest periods i this group (Fig. 9).  Protein casts were

present nosin of these transpianis, erystads of calctum oxalate in four und patchy calcification
\\.Hm. tubular cells i five.

Invorsithn——-1n cight of the twelve transplants there was @ very light, focal, cellular
wmfitration (g 1050 Often e cells were coniined o peritubular capiliarics.  Most of the cells
were s ymphoovies and plasma cells, but there were a few other larger celis with pyronino-
p"‘xiic cvtopasm.  (Bdema was present in only two cases; interstitial fibrosis was present in six
(Fig. 9). in pateat LDY scatiered Candida hyphe and Nocardia were present with no surrounding
celiular reaction.

Blood Vessels.—Fibrinoid necrosis was present in the arteriolar walls of three of the twelve
transplants. and swelling of :he arteriolar endothelial celis in only one. Seven of the twelve
kidneys. however, showed intimal thickening of some of the interlobular arteries. In one of the
transplants the new intimal layer consisied oniy of fibrin, platelets and a few lymphocytes; in
two it was fibrous ; in the other four both types of thickening were present.  Multiplication of the
mternal elustic lamina of interlobular and arcuate arteries was present in nine of these kidneys ;
rupture of the same layer was present in only three. Thrombosis of the small intrarenal veins
was present in three of the transplants, including the case where renal vein thrombosis was noted
ZTOSSIV.

Ureter wnd Pelvis.--In those cases where the urcter was examined the transitional epithelial
Haing was ofien thun and i plices absent. There was an inercase in subimucosal fibrous tissuc
and strands of simidar matenal separated the muscle bundles.  In two the arteries supplying the
ureter showed fibrous intimal thickening and cither duplication or rupture of the internal clastic

OGO zares,

v

Yrasspiants from Patients who had not developed Clinical Evidence of a Rejection Episode.—-

motcanspiants came from patients who, up to the time of their death, had shown no

i “.pmn s o indcate that they were rejecting their transplants. The chnical
4 L5, LD35 (a1). SD3 (i) and some of the necropsy findings are shown
i .'ac immiu.;..:s were from living donors; two were second transplants (LD35

Appearances—-Two of these Kidneys appeared normal and weighed 150 and 180 g
FONPOCHNV I, "x ac wransplant Jrom patient LDS was pale, swollen and weighed 210 g.
Microscopical Appearances {Table VI)—-Glomeruli-—The only abnormaiitics were in case
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Fig. &

Renal homotransplant from patient L.D9 who died at 207 days irom septicamiu, systemic
nocardiasis and candidiasis. Rejection episedes at five, thirty-four, and seventy-one days
haed been successtuliy reversed.  There is widespread tubular atrophy and interstitial fibrosis,
but very little cetlular infiltration.  Many peritubular capiilaries have been destroyed.
(H. & E.)  x140.

puncreatitin, Re s episodes at five and twenty-nme days had been successiully reversed.

here are a \rcx‘_\"ib\\ wlittrating cells, wll coniined to pcrilwubukur capiilaries.  Giomeruli and
tubules appear normal. (H. & E) o o= 150,
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¢ O {he NUALG nent Muembrancs

ruli snowed focal t’aickc*zi"m‘ of uft capiliary oa en
feh swained with Masson 44/41 as oid fibrin (Lendrum ez al., 1962).
dev—1in LDS where severc hypotension had been a post-ope ahvn COMD:
was widespread tubular necrosis with evidence of repair.  Less severe older tubu ia
present in SD3. Many birefringent calcium oxalate crystals were present in LD5.

1'11!(’l‘.s‘[lillmi.—TWO of the homotransplants contained several foci of infiltrating iymphoid
and piasma cells and interstitial cedema was present i two.

Blood Vessels.—Only the renal transplant from SD3 showed vascular changes. There was
patchy replacement of arteriofar walls by material staining as old fibrin with Masson 44/41 and
plugging of the lumens of a few of these vessels with similar material. Several of the interlobular
arteries showed cither fibrinous and platelet intimal thickening, or, more frequently, fibrous
thickening of this layer, with damage to the internal efastic and narrowing of the lumen.

Transplants which either did not KFunction or Developed some Complication necessitating
their Eariy Rcmovai —T‘m seven transplants i this category could be subdivided into five small
o s wocording 1o tihe mam fuctor causing fatiure of tne transplant or death of the recipient
Cflﬁﬂ&‘i Vi and Vn)

Technical Failure ~—1In LIDS7, at the time of transplantation, one of the two veins draining
the r\iuucy was figatured.  After completion of the vascular anastomoses, however, it was found
that the remaining vein was obstructed by the artery which crossed it. By the time this situation
had been rectinied the transpiant had probably been at body temperature without venous drainage
for about 120 minutes. The iransplant never excreted urine but it was not examined until seventy-
seven davs later. By thav time it weighed 190 g., showed complete heemorrhagic infarction and
there was old thrombosis of the main renal artery and both renal veins.

2. iscluemia. —The first Kidney to be transplanted into patient LD29 was supplied by two
smali arteries.  The anastornosis of these to the recipient vessels produced a greater delay than
usual and the transplant was isch@mic for eighty-four minutes. As it did not excrete urine it was
erox ed at forty-eight hours and replaced by another transplant.

irn the second case (CD3) both kidneys came {rom a man who had died from a myocardial
mfarct.  The left kidney was ischaemic for 137 minutes and the right for 215 minutes; further,
the donor had been hypotensive before death. Both kidneys failed to excrete urine and the
patient died at four days.

All these transplants were pale and slightly swollen ; the cortex was widened and the cortico-
medullary junction blurred. The vessels were patent and the ureters unobstructed.  Micro-
scopicaliv, there was massive recent tubular necrosis, affecting particularly the proximai part of
the nephron (Fig. 11). The lumens of the tubules were filled with casts of protein and cell debris.
There was evidence of active repair in the form of mitoses among surviving proximal tubular cells
and ihe uning of tubules by new flattened epithelium.  The interstitium was edematous and
contained scattered foci of smail lyraphocytes, plasma celis and occasional polymorphs, chiefly
in reintion 1o severcly damaged tubules. The cellular infiltrate was heaviest in CD2.  The
glomerult were normal in the transplant that had come from the living donor, but in the other
case there was periglomeruiar fibrosis and a few fibrotic glomeruli. The cadaveric kidneys also
showea dibrous intmad thickening of the interiobular and arcuate arteries.

3. Biood Group Incomparibility -~Two kidineys, which were incompatible on the basis of
ABG biood groups, wheo transplanted into group O rhesus-positive recipients became cyanotic
Wihin norew minutes and {aifed o excerele urime. The dirst kidney {LID19) came from a group A
Positse donor aad the second (LE)ZB\ was irom a group B positive donor.  Both transplants
ware eemaoved within three nours of thetr insertion. They showed great distension of the aflerent
arwerioles with ervinroeyies and studging of these same cells in the giomerudar capitlaries.  There
W aterstiai adema and demorrhages but no celiular infifiration.

4. Hemorrhages—-1n case L D49 there were technical difficulties at the time of transplantation

RN
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which resulies in tie Kidney seing iscawenuc for fifty-ecight minutes. Fiow oi
somotranspiant did not begin for two hours, but after this there was a daily ex
duce. rtowever, the urine was heavily contaminated with biood. The haemat .
cven aiter three explorations, no cause could be found: at four days the kidney was removed.
Examination of the gross specimen showed blood in the pelvis but no bleeding point could be
identified. Microscopically there were foci of proximai tubular damage and many crystals of
calcium oxalate in the jumens, but no evidence of biood or pigment in any of the nephrons.

Fig. 11
Renal homotransplant which was removed surgically from patient LD29 at forty-cight hours
because it had failed to excrete urine. There is marked tubular necrosis, affecting particularly
the proximal parts of the nephrons, some interstitial cedema and occasional infiltrating host
celis. (H. & E.) <400,

There was no interstitial cedema, only minimal cellular infiltration and no cvidence of inflammatory
changes i the pelvis of the transplant.  In the peripelvic fat there was a band of hemorrhage and
several small arteries were necrotic. ‘There were many tiny foci of ulceration in the pelvic
transitionai epithelium and hwmorrhagic oozing into the pelvis had occurred over a wide area.

S, Electrolvie bnbalance~—-One patient (LD26) died twelve hours after operation from
hyponatramia aad hyperkalemia during & massive post-operative diuresis in which urine output
from the transplant averaged 1.320 ml. per hour. The immediate cause of death was cardiac
arrest. At necropsy the homotransplanted kidney was a tittle swollen and pale. Microscopically
cubties and mensutium appeared normal, but some of the glomeruit were fibrosed and a few
snowed brous tatckening of the capillary basement membranes associated with periglomerular
fbrosis.  There was avalinisation of the walls of occasional afferent arterioles.

TR SN
[

DISCUSSION
s of tne cadothens cells fining arteriofes and fibrinoid necrosis of the walls of these
Vessels Ure nowW beng recognised as important features of the acule homogralt reaction in both
uman and canine renal homatransplants which have been modified by treatment (Parsons ez al.,

SWCL
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fifteen transpiants were examined al a time when the patient was either in or just recovering o
& climical rejection cpisode.  Forty per cent. of these kidneys (Table 1} showed wrieri
endothelial sweliing and 80 per cent. showed necrotic iesicns aifecting the afferent arterioles and
sometimes the vasa vasorum.  Fibrinoid necrosis of the walls of interlobular arteries and fibrinc-
platelet and fibroblastic intimal thickening in these same vessels were also common.

Because of the close resemblance between some of these lesions and those seen in malignant
phase hypertension, the possibility has to be considered that the vascular damage we have
described resulted from exposure of the vessels of the transplant to a pressure higher than that to
which they were accustomed.  However, although many of the patients were or became hyper-
tensive, the blood pressure in four patients (LD10, 1.D24, LD39, LD61) who developed florid
vasculonecrotic lesions in their transplants was throughout controlled at normal levels with
hypotensive drugs. Morcover, lesions were found in the renal transplant from one patient (LD35)
who was not hypertensive at any time after transplantation. The damage was, thercfore, not
initiated by E mm d blood pressure, but hypertension may have been a contributory factor when
fwevels ws. Tor example, in TD1 wiere the diastolic pressure was 144 mm. Hg.  That

1963 Dempster ef al. 1%4 Kincaid Smuth, 1964 Porter ef @l., 1964 @), In the present series

PP
il feaened |

dcan aever nave seen o mejor factor is witnessed by the lack at necropsy of fibrinoid necrotic
lestons 1 vessels eisewhere in the reciplents” tissues (’Tabic tii).

Nettirer can X-irradiation have been an 1mr0r ant iactor in the production of this vascular
damuge tecause only three of the transplants with lesions had been exposed to this treatment.

Ali e recmx nts were given corticosteroids, Imuran and actinomycin C, but it is improbable
that any of these agents piayed a part in the production of the vessel changes because vasculo-
necrotic ]uxon have occurred in renal homotransplants in both humans (Parsons et al., 1963)
and dogs (Porter er al.. 1964 a) treated with immunosuppressive drugs other than these. Even
in normal untreated dogs. the arteries and arterioles within a renal homotransplant may show
fibrinoid necrosis of their walls in the later stages of the rejection process (Simonsen er al., 1953).

in a previous paper (Porter er al., 1964 b) it was proposed that therc are two important events
which bring about failure of renal homotransplants.  The first of these, disruption of peritubular
capillaries (Kountz ¢r ¢l.. 1963), seems to be a major factor underlying the rejection of untreated
Kidueys transplanted into normal recipients ; it 1s mediated by infiltrating host cells, which perhaps
carry celi-bound antibody.  The second, endothclial swelling and fibrinoid necrosis of the walls
of arterioles and arteries, is a relatively unimportant terminal event in the rejection of untreated
renal homotransplants which is perhaps mediated by circulating antibody. It was suggested
that when survival of the transplant is prolonged by immunosuppressive drugs, this humoral
aspect of the host’s response may assume grealer importance, in that during a rejection episode
circuiating antibody is rapidiy produced. The resulting antigen-antibody rcaction occurring
in or on the artertolar wails would cause swelling of the endothelial cells, and might induce spasm
of the smooth muscle in the vessel.  Later fibrinoid necrotic changes would appear in the damaged
wail.  Such fesions. widespread in a transplant, could explain the alterations in water, electrolyte
and creatinine excretion that oceur in a rejection crisis.

i the rejection episode is halted at the stage of endothelial swelling of arterioles there should
be complere rewurn of the vessels to normal. hen fibrinoid necrosis of arterioles has oceurred
bealing w i';i result in hyaline changes in the walls of these vessels 1 i there is secondary thrombosis
there witl be iibrosis of the associated glomeruius.  Once the damage has involved the interlobular
arteries and intmuad change has induced deposition of platelets und fibrin, ending the rejection
phase wiil not prevent healing with replacement of the intimal deposits by fibroblasts.  This
arozressicar has beea clearly demonstrated by successive biopsies taken from a human renal
A0 soiant aunng and after treatment of a severe rejection episode (Porter e al., 1964 b).
Wiaere tho vesser wail s mu. appreciably weakened by the nccrotic process, compensatory
‘ U hemiae thickenmyg will aiso contribute to the narrowing of the tumen.  1f necrosis is
inituiy widespread i the farger acteries, the healing process can produce obliterative collagenous
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ples of this conaition have now 3
¢ . ‘)().., Nuﬂciﬂ et al., 1963 ; Parsons ¢
. 1963 Dempsier ef a/., }%4, Dunea er al., 1964; & opwa, o al, 19 :
powever, not known pow frequently fibrous arterial narrowing is likely to arise as a cun‘.;):,um.u..
of « rejection episode which has been treated and apparently completely reversed with return of
good renal tunction.

In the present serics tweive transplants were examined after at least one rejection episode
had been ciinicaily reversed.  Scven of these showed intimal thickening of interlobular arteries,
but only in two were the lesions at all marked. Although this paucity of severc obliterative
vascular lesions 1y encouraging, it should be noted that only one of the transplants was normal.
A muld. focai cellular mhhmnon. tubular atrophy, and interstitial fibrosis were the other common
changes. The tubular damage might have been due to a nephrotoxic effect from chronic
administration of Imuran. but it is more probable that pcrilubumr capillaries were continually
buh; ddﬂhlﬂhd on a stH scale by host cells which resulted in a focal loss of lubulu Most of
W arobably corrected by regence .uu(m and in the majority of these
Wwis cviadace of active tubuwar repair. The three homograits which showed
ai n.=i\)1 o brinoid necrosts were probably undergoing rejection which had not been recognised

S
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Dunv i rejection focal proximal tubular necrosis was often seen and was probably secondary
to disruption of peritubuiar capillaries. in those transplants which survived a rejection cepisode
but developed nurrowing oi the interlobular arterics, severe tubular atrophy was usual, based on
sinipie ischaemia as occurs in cases of renal artery stenosis.  Transplants which were deprived of
a blood suppiv for long periods during the actual procedure of transplantation suffered, as would
be expected. severe proximal tubular necrosis.
in o few transpiants there was enlargement and increased granularity of the juxtaglomerular
cetis 1 cianges which arc often scen when kidneys are ischamic.

The giomerular and arteriai desions in the cadaveric transplant CD3 and the damaged
arteriofar walis in £D26 were presumabiy present in the kidneys before they were transplanted.

Many of these renal homotransplants were enlarged.  In those cases examined during or just
alter rejection the increase in weight was almost entirely due to interstitial ceedema and cellular
miiftration foliowing damuge to the fine vessels.  In those kidneys which had existed for long
periods e bilateraily nephrectomised recipients, compensatory hypertrophy was the main cause
of the enfargement.

As wouid be expected the vessels of the transplanted ureters were also involved in the
rejection process.  Fibrinoid necrosis of the small arteries and arterioles was accompanied by
focat infarction of the urcteric wall.  Some of these changes have been previously well illustrated
in o case described by Kiss ef al. in 1962, A point of particular interest that emerges from this
study is that L ut the time of rejection, the urcter becomes blocked distally by debris due to
tubular destruction resulting from the intrarenal vascular changes. then rupture of the necrotic
ureteric or peivic wallt may occur as happened mm LD35.

s series of thirty-seven renal homotransplants showed some thickening of the
apiiliry basement membrancs.  More severe lesions have been encountered by
1963y in two human renal homotransplants seven and fifteen months after
dhar changes aave been deseribed in some ()I the transpiants in dogs which have
stevived for dong penods aiter treatiment with immuiosuppressive drugs (Porter ¢f al., 1964, «
and A e camine icxmn\' were thought to have resulted from o combination of ischiemiu and
DUy wopostiion ol antzen-antibody compicx. The renal desions in Hamburger’s cases were
ISOCTLICG Vi aplenomiega s and hypergamniagiobubinamia.
cgree of zenctic similarity of donor and recipient is ol great
oranee when considering the fate of homograits.  This is borne out in the Denver series
peroeent) ol the thirty-nine renal homotranspiants that failed by ist
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sune 1963 \\'erc from an unreiated donor (cadaver, volunteer, wife or LSanuj, WRSICLS
ive (13°9 per cent.j of the thirty-six homografits still functioning at this tinic were 17o:
GOnoTs.

SUMMARY

Pathological changes in thirty-seven human renal homotransplants arc described. Al the
patients had been treated with imuran, prednisonc and actinomycin C; ten had also received local
X-irradiation to the transplant.

Fifteen of the transplants were from patients in a rejection phase. Most of these kidneys
were enlarged because of interstitial edema and several were speckled with petechial hemorrhages.
There was fibrinoid necrosis of atferent arterioles and interlobular arteries in twelve of the
transplants, and the peritubular capillaries were disrupted in ten. Sweliing of the arteriolar
endothelial cells, fibrino-plateiet and fibrous intimal thickening of interlobular arteries were also
common. in most ot the tmnspidnts therc was a light infiltration with small lymphocytces, plasma

arser pyroninophi s. Similar "‘mm‘cs were prcscm in tihe pelvis and urcter.

i -

celis and woiew

itic cell

TWMCIVE O

cnbs Whose st rejection epsode nud been cunically
ceversed 14 1o 117 days previously.  Adl these Kidnevs were enig xg ed because of compensatory
iy iy, Seven showed some intimal thickening of the intericbular arteries and i three
there wa dbrinowd nccrosis of arteriolar walis.  Tubular atrophy, interstitial fibrosis and a light
cellular infiitranion were also common changes. Only onc kidney appeared normal.

Three transplants came from patients who had not experienced clinical evidence of a rejection
episode. One showed acute tubular necrosis due to prolonged ischamia at the time of trans-
piantation ; one was almost normal; the third showed vascular lesions suggestive of old
unrecognised rejection.

Seven transplants had either not functioned or developed some complication necessitating
their carly removal. One of these was infarcted due to obstruction of the venous drainage; two
showed massive acute tubular necrosis due to ischemia; two, which were incompatible with
their hosts on the basis of ABO blood groups, failed to excrete urine and showed distension of the
arterioles and glomerular capillaries with erythrocytes ; one bled uncontroliably from the pelvis ;
one came {rom a patient who died at twelve hours from hyperkalemia and hyponatremia during
a massive post-operative diuresis.

transpiants came from [T
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