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Lesions in donor kidneys: 
nature, incidence, and influence 
on graft function 

Abstract The aim of this study was 
to assess the influence of kidney-do- 
nor transmitted pathology on graft 
function. Light and immunofluores- 
cent microscopic findings from a 
surgical biopsy taken prior to trans- 
plantation from 114 cadaveric kid- 
ney donors were analyzed. Moder- 
ate to severe mesangial IgA deposits 
were considered consistent with IgA 
nephropathy. Pathological abnor- 
malities were correlated together 
with donor age, number of mis- 
matches, and type of immunosup- 
pression by multivariate statistical 
analysis with the serum creatinine 
values from patients who experi- 
enced no acute rejection at 1 year. 
Serum creatinine values (n = 52) 

were not correlated with either non- 
specific light microscopic lesions or 
immunofluorescent deposits found 
in the majority of kidney donors or 
with changes consistent with IgA 
nephropathy observed in 9 % of the 
cases. There was, however, a corre- 
lation with donor age, which was 
also correlated with the extent of 
chronic lesions ( P  < 0.001). 
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Introduction 

There is little data available on kidney donor pathology 
transmitted to the recipient at the time of renal trans- 
plantation and even less on their functional consequenc- 
es for the graft [ 3 ] .  The aim of the present work was to 
report the light and immunofluorescent microscopic ab- 
normalities found in a series of cadaveric kidney donor 
biopsies taken at the time of renal transplantation, with 
special emphasis on their influence on graft function. 

Materials and methods 

Froin September 1992 to January 1995, a “zero-hour’’ biopsy was 
taken from 114 consecutive cadaveric kidney donors dispatched 
by Eurotransplant. Before implantation and revascularization, all 
kidneys were reperfused and a wedge biopsy measuring k 5 x 5 x 

10 mm3 was performed at the upper pole of the kidney. Hemostasis 
was completed before unclamping using a 0 chromic catgut suture. 
Postoperative immunosuppression consisted of a quadruple drug 
induction regimen. A 10-day course of 4 mgikg per day i.v. R- 
ATG (Fresenius, Germany) was administered, along with cy- 
closporin A at a starting dose of 5-8 mgikg per day, slowly tapered 
according to 12-h trough blood levels (between 200 and 400 ngiml, 
whole blood; nonspecific Abbott TDX assay) and to serum creati- 
nine level. Azathioprine was given at a constant dose of 1 mgikg 
per day, and prednisolone was started at 0.5 mglkg per day and 
slowly tapered down to 0.1 mgikg per day by month 9. Variants of 
the immunosuppressive regimen included: antithymoglobulins, cy- 
closporin, azathioprine, and steroids; FK506, azathioprine, and ste- 
roids; and cyclosporin, azathioprine, and steroids. 

Material for light microscopy was fixed in Duboscq-Brazil, em- 
bedded in paraffin, and stained with hematoxylin and eosin, period- 
ic acid-Schiff, periodic acid silver methenamine, Masson’s tri- 
chrome, and phosphotungstic acid-hematoxylin. Tissue for immun- 
ofluorescence examination was snap-frozen and sections were incu- 
bated with fluorescein-conjugated antisera monospecific for IgG, 
IgA, IgM, fibrinogen, C3, and C1 q components of complement. 
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Glomerular, tubular, interstitial. and arterial acute and chronic 
lesions were semiquantitatively scored on a 1-3 scale according to 
their extension in the glomerular. tubular, interstitial, or arterial 
structures (0 %0-29 YO = 1; 30 %-59 YO = 2; 2 60 % = 3). Acute le- 
sions included intracapillary thrombi, tubular epithelial cell degen- 
eration, vacuolization, and interstitial edema. Chronic lesions in- 
cluded glomerular global sclerosis, tubular atrophy, interstitial in- 
flammatory cells, arterial hyalin deposits, interstitial and intimal 
sclerosis. Both brightness and extension of linear, granular, glomer- 
ular, tubular, and arterial immune deposits were semiquantitative- 
ly scored on a 0.5, 1, 2, 3 scale as traces, discrete or +, moderate 
or + + and scverc or + + + amounts, respectively. 

The sum of the scores of acute lesions, chronic lesions, and im- 
mune deposits in each biopsy represented the “acute lesion”, 
“chronic lesion”, and “immunofluorescent deposit” indexes, re- 
spectively. Broad transcortical, inflammatory, tubulointerstitial 
sclerosis that was sharply delineated from the adjacent normal cor- 
tex was considered consistent with the histological diagnosis of 
chronic pyelonephritis. Diffuse mesangial IgA deposits 
( + + to + + +),in isolation or in association with various combina- 
tions of mesangial IgG, TgM, fibrinogen, C3, and C1 q (scored at 
the same value or lower than IgA) were considered specific immu- 
nofluorescent deposits consistent with IgA nephropathy. The fol- 
lowing were considered nonspecific findings: linear IgG, fibrino- 
gen; mesangial traces or + amounts of IgA in isolation; mesangial 
IgG, IgM, fibrinogen, C3, C1 q. in isolation or in various combina- 
tions, with or without traces or + amounts of mesangial IgA; granu- 
lar C3 o n  glomerular vascular poles, on arterial walls and on tubu- 
lar basement membranes. 

Indication for renal graft biopsy was based on a 20 Y increase 
in the serum creatinine level when all other causes of graft dysfunc- 
tion had been ruled out and/or on appearance of proteinuria and/ 
or hematuria. All biopsies were performed with an 18-gauge nee- 
dle and a biopsy gun device under ultrasonic guidance in order to 
exclude any obstructive nephropathy. 

Acute graft failure due to acute tubular necrosis was defined as 
the necd to resort to hemodialysis at least once during the 1st week 
post-transplantation in the absence of any sign of rejection. 

Results were expressed as means ? standard deviation. A uni- 
variate regression equation was calculated when indicated using 
linear or exponential regression where appropriate. Stepwise mul- 
tivariate regression was used to study the influence of a set of vari- 
ables on the creatinine level at 1 year. Whenever possible, appro- 
priate transformation was applied to whole variables. The odd ra- 
tios and the corresponding confidence intervals were calculated. 
Actuarial survival rates were calculated using the Kaplan-Meier 
method; P values comparing survival rates were calculated using 
the log-rank test. We analyzed graft survival considering all deaths 
as graft loss. Other statistical methods used were the chi-square 
analysis and the Mann-Whitney U-test, when required. 

Results 

The median time of first warm ischemia was 0 min 
(range 0-20 min) and that of cold ischemia was 24.02 h 
(range 14.0346.07 h). 

Of the 114 grafts, 12 (11 Yo)). 22 (19%0), 25 (22%) ,  30 
(26 YO),  19 (17 %), and 6 ( 5  YO) were distributed over the 
12-19, 20-29, 30-39,40-49, 50-59, and 60-74 years do- 
nor age groups with a mean age of 38 * 14 years. The fe- 
male/male ratio was 0.60 (43/71). In addition to patho- 
logical changes consistent with specific nephropathies in 

0-hour biopsies (%) 

Tubular Interstitial Tubular Glomerular 
epithelial edema epithelial thrombi 

cell cell 
degeneration vacuolization 

Fig. 1 Type, incidence, and score distribution of light microscopic 
acute lesions in “zero-hour” biopsies ( n  = 114) 

Tubulo- Glomerular Arteriolar lntimal Interstitial 
interstitial global hyalinosis sclerosis inflammatory 
sclerosis sclerosis cells 

Fig. 2 Type, incidence, and score distribution of light microscopic 
chronic lesions in “zero-hour” biopsies (n  = 114) 

11 biopsies, all specimens revealed nonspecific lesions 
( n  = 112) and/or immune deposits ( n  = 99) by light and 
immunofluorescent microscopy, respectively. Tubular 
epithelial cell degeneration, characterized by brush bor- 
der loss, luminal exfoliation, and/or luminal epithelial 
cellular deliquescence, extended to more than 60 Yo of 
the tubules (score 3) in half of the cases and was the 
most frequent acute lesion found in 91 of the 114 (80 Yo) 
biopsies (Fig. 1). Interstitial edema, sometimes exten- 
sive, and tubular epithelial cell vacuolization, mostly fo- 
cal, were found in 19 of the 114 (17 YO) and 15 of the 114 
(13 % )  biopsies, respectively. In two cases, focal intracap- 
illary glomerular thrombi were noted. Tubulointerstitial 
and glomerular global sclerosis, extending to less than 
30 % of the tubulointerstitial tissue and glomeruli, re- 
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Fig.3 Type, incidence, and score distribution of nonspecific and 
specific immunofluorescent deposits in “zero-hour” biopsies 
( n  = 114). (Fihr fibrinogen, GBM glomerular basement 
membranes, T B M  tubular basement membranes) 

spectively (score 1 )  in most of the cases, were the most 
frequent chronic lesions found in 59 of the 114 (52 YO) 
and in 46 of the 114 (40%) biopsies, respectively 
(Fig. 2). Usually, discrete arterial hyaline deposits and in- 
timal sclerosis were observed in 27 of the 114 (24 %) and 
14 of the 114 (12 YO) biopsies, respectively. Mild, chronic, 
interstitial, inflammatory cells were noted in 11 of the 
114 (10 %) biopsies. Chronic lesions were consistent 
with chronic pyelonephritis in one case (1 %). 

Weak to moderate, diffuse, linear deposits of IgG 
and of fibrin were noted along glomerular basement 
membranes in 50 of the 114 (44 %) and in 35 of the 114 
(30 %) specimens, respectively (Fig. 3) .  Diffuse, granu- 
lar, mesangial deposits of IgG, IgA, IgM, fibrinogen, 
and C3 were found, in various combinations, in 7 of the 
114 (6%),  22 of the 114 (19%), 26 of the 114 (23%), 5 
of the 114 (4 YO),  and 25 of the 114 (22 %) biopsies, re- 
spectively. In ten of them (9 YO),  mesangial IgA deposits 
were observed ( + + or + + + , in association with vari- 
ous combinations of equal or lower amounts of mesan- 
gial IgG, IgM, fibrinogen, or C3),  findings considered 
consistent with IgA nephropathy. Granular C3 deposits 
were observed on glomerular vascular poles in 38 of 
the 114 (33 %), arteriolar walls in 59 of the 114 (52 YO) 
and, occasionally, along tubular basement membranes 
in 13 of the 114 (11 %) biopsies, respectively. Severe tu- 
bular epithelial cell degeneration (score 3) was noted in 
3 out of 12 patients with post-transplantation acute graft 
failure due to acute tubular necrosis. 

Univariate regression analysis showed that, unlike 
the “acute lesion” or “immunofluorescent deposit” in- 
dexes, the “chronic lesion” index could be correlated 
with donor age. An exponential regression line with a 
significant correlation coefficient (R = 0.56; P < 0.001) 
and slope ( R  = 0.256; P < 0.0001) showed a positive cor- 
relation between these two latter parameters (Fig. 4). 
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Fig. 4 Relationship between donor age and “chronic lesion” index 
of donor kidney (n  = 89) 

Multivariate regression analysis was carried out us- 
ing the serum creatinine values at 1 year following 
transplantation as the dependent variable and several 
clinico-pathological parameters as independent vari- 
ables. These included donor age, number of mismatches, 
type of immunosuppressive regimen, presence or ab- 
sence of specific or nonspecific immune deposits, and 
acute or chronic lesions, as well as “acute lesion”, 
“chronic lesion”, and “immunofluorescent deposit” in- 
dexes. Recipients who experienced acute rejection dur- 
ing the 1st year post-transplantation were excluded 
from this analysis. Donor age was the only variable that 
had a statistically significant impact on the serum creat- 
inine values available in 52 recipients at 1 year post- 
transplantation ( P  = 0.015; Table 1). A linear regression 
line with a significant correlation coefficient (R = 0.44; 
P = 0.001) and slope (R  = 0.0083; P = 0.015) showed a 
mild correlation between donor age and serum creati- 
nine values in these patients (Fig. 5). 

The fate of immune deposits was evaluated in 42 
graft biopsies taken an average of 4 months after trans- 
plantation (range 0.5-24 months) from 42 patients. De- 
posits considered as nonspecific (linear IgG, fibrinogen; 
mesangial traces of IgA in isolation; mesangial IgM, 
C3, in various combinations, with or without traces 
or + amounts of mesangial IgA; granular C3 on glomer- 
ular vascular poles, on arterial walls, and tubular base- 
ment membranes) had been observed in isolation in 35 
of the 42, and in association with deposits considered 
as specific [diffuse mesangial deposits of IgA 
(+ + or + + +), associated with various combinations of 
equal or lower amounts of mesangial IgG, IgM, fibrino- 
gen, C3, consistent with IgA nephropathy] in 7 of the 
42 O-h biopsies. The following changes in nonspecific im- 
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Table 1 Factors likely to influence serum creatinine of recipients without rejection 1 year after transplantation ( n  = 52) ( I F  immuno- 
fluorescent) 

P OR1” OR O R  2 

Donor age 0.015 1.0017 1.0083 1.0150 

Specific IF deposits 0.096 0.6 146 0.8003 1.0420 
Nonspecific IF deposits 0.150 0.9274 1.1157 1.5936 

Number of mismatches 0.057 0.9922 1.1940 1.6874 

Chronic lesions 0.554 0.6581 0.Y087 1 ,2550 
Acute lesions 0.230 0.8998 1.1747 1.5336 
Immunosuppression 0.980 0.7671 1.0028 1.31 10 

Chronic lesion index 0.400 0.8440 1.1320 1.5183 
Acute lesion index 0.600 0.6988 0.9277 1.2317 

OR 1 and OR 2 are, respectively, the inferior and the superior limits of the odds ratios (OR)  confidence intervals calculated for ( x  = 0.05 

IF deposit index 0.1 10 0.9501 1.2368 1.6099 

Serum creatinine (rngldl) 

u 

R = 0.44 
p = 0.001 

Slope = 0.0083 
* 
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Fig.5 Relationship between donor age and serum creatinine val- 
ues 1 year after kidney transplantation in recipients ( n  = 52) with- 
out rejection episodes during the 1 st post-transplant year 

mune deposits in these 42 rebiopsied patients were ob- 
served. Out of 22 donors with traces ( n  = 5 ) ,  + ( n  = 16), 
and + + ( n  = 1) amounts of linear IgG, clearance was 
achieved by 18 (82 %) and maintenance by 4 of the re- 
ceivers (score +). Out of 15 donors with traces 
( n  = 4), + ( n  = 9), + + (n  = l), and + + + ( n  = 1) amounts 
of linear fibrinogen, clearance was achieved by 11 
(73 %) and maintenance by 4 of the receivers as traces 
( 1 2  = l ) ,  + ( n  = 2) ,  and + + + ( n  = 1) amounts. Donor 
traces of mesangial IgA deposits were cleared by all re- 
ceivers ( n  =3).  Out of 5 donors with traces ( n  - 3 )  
and + ( n  = 2) amounts of mesangial IgM deposits, clear- 
ance was achieved by all of the receivers. Out of 10 do- 
nors with traces ( n  = 3), + ( n  = 5 ) ,  and + + ( n  = 2) 
amounts of mesangial C3 deposits, clearance was 
achieved by 9 (90%) and maintenance by 1 of the re- 

ceivers (score + +). Out of 15 donors with granular vas- 
cular polar C3 deposits (score +), clearance was 
achieved by all of the receivers. Out of 29 donors with 
granular C3 arterial deposits (score +), clearance was 
achieved by 14 (48 % )  and maintenance by 15 of the re- 
ceivers (score +). Out of 2 donors with granular C3 de- 
posits along tubular basement membranes (score +), 
clearance was achieved by 1 (50 %) and maintenance 
by 1 of the receivers (score +). 

The fate of mesangial deposits considered as specific 
in 7 of the 42 rebiopsied patients was as follows. Four of 
these receivers (4142) had native kidney diseases, i. e., 
chronic glomerulonephritis of unknown etiology, IgA 
nephropathy, polycystic kidney disease, and membrano- 
proliferative glomerulonephritis type I.  The O-h biopsy 
of their grafted kidney contained + + IgA, + + IgM; 
+ + IgA, + IgG, + + C3; + + + IgA, + IgG, + + C3; and 
+ + IgA, traces of IgM, + + C3 mesangial deposits, re- 
spectively; yet, they achieved clearance of all deposits 
within 14 days, 1, 2, and 6 months post-transplantation, 
respectively. In 3 of the 42 receivers whose native kidney 
disease was chronic glomerulonephritis of unknown eti- 
ology and whose O-h biopsies respectively contained me- 
sangial + + IgA associated with mesangial traces of IgM, 
fibrinogen; + + IgG, trace amounts of IgM, + + C3; and 
+ IgM, + fibrinogen, + + C3, we observed the following 
changes: in the first case, a decrease to + mesangial IgA 
deposits (associated with mesangial + IgM, + fibrino- 
gen, + + C3 and + C1 q)  at 9 months post-transplanta- 
tion; in the second case, an increase to + + + mesangial 
IgA (associated with mesangial + + IgG, + + IgM, 
+ + C3, + + C1 q) at 5 months postoperatively; and, in 
the third case, maintenance of + + mesangial IgA de- 
posits (associated with mesangial + IgM and traces of fi- 
brinogen) at 6 months post-transplantation. 

Actuarial graft and patient survival rates, as well as 
the number of functioning grafts in patients with no im- 
munofluorescent deposits ( n  = 15), nonspecific deposits 
only ( n  = 89), and Ig A deposits ( + + / + + +) consistent 
with IgA nephropathy (n  = 10) in the O-h biopsy, were 
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Table 2 Follow-up of grafted patients according to immunofluorescent deposits in the 0-hour biopsy (NA not applicable) 

0-hour biopsy 

No immunofluorescent Nonspecific immuno- IgA deposits (++I+++) Total 
deposits fluorescent deposits consistent with IgA patients 
(n = 15) (n = 89) nephropathy (n  = 10) 

Rebiopsy No rebiopsy Rebiopsy No rebiopsy Rebiopsy No rebiopsy 

At 1 year Number 7 8 35 54 7 3 114 
Actuarial graft survival rate 85.7 % 100.0 Yo 91.4 % 96.3 % 85.7 % 100.0 Yo 93.9 % 
Actuarial patient survival rate 100.0 % 100.0 Yo 100.0 % 98.1 % 100.0 Yo 100.0 Yo 99.1 % 
Acute rejection 417 018 27135 . 7/54 517 013 431114 

(57.1 Yo) (0.0 Yo)  (77.1 Yo) (13.0?'0)~ (71.4%) (0.0%) (37.7 Yo)  
Serum creatinine level (mgldl) 2.60 k 1.73 1.37 f 0.24 1.99 i 0.99 1.44 f 0.32 1.40 f 0.32 1.28 f 0.26 1.66 ? 0.78 
Functioning graft 6 8 32 52 6 3 107 
At 3 years Number 6 6 32 45 6 2 97 
Actuarial graft survival rate 71.4 yo 100.0 % 71.4% 94.4 Yo 85.7 Yo NA 84.2 YO' 

Serum creatinine level (mgldl) 

Graft loss 2 0 10 3 1 2 18 
Acute rejection 0 0 3 2 1 0 6 
Chronic rejection 1 0 4 0 0 0 5 
Deathh 0 0 1 0 0 2 3 
Infection 0 0 1 0 0 0 1 
Nephropathy recurrence 1 0 1 1 0 0 3 

Actuarial patient survival rate 100.0 Yo 100.0 Yo 96.9 Yo 98.1 Yo 100.0% NA 96.2 % 
2.04 k 0.76 1.42 f 0.30 1.67 ? 0.47 1.48 f 0.32 1.51 i 0.35 NA 1.56 ? 0.41 

Functioning graft 4 6 22 42 5 0 79 

Rejection based on clinical criteria 
Death with functioning graft 

not statistically different at 1 year. By contrast, the actu- 
arial graft survival rate at 3 years of the subgroup of re- 
biopsied patients with nonspecific immunofluorescent 
deposits only (n = 32) and a high incidence of acute re- 
jection was significantly lower than that of the subgroup 
of nonrebiopsied patients with nonspecific immunofluo- 
rescent deposits only (n  = 45) and not statistically signif- 
icantly different in all the other subgroups including that 
of changes consistent with IgA nephropathy. The serum 
creatinine level at 1 year was significantly higher in the 
rebiopsied patients than in those who were not when 
subgroups of patients with no immunofluorescent de- 
posits (2.60 mgidl vs 1.37 mgidl; P < 0.022) and nonspe- 
cific immunofluorescent deposits only (1.99 mg1dl vs 
1.44 mg1dl; P < 0.003) were compared. There was, how- 
ever, no statistically significant difference in serum crea- 
tinine values at 1 year between the two subgroups of pa- 
tients (with or without rebiopsy) with changes consis- 
tent with IgA nephropathy. At 3 years, no statistically 
significant difference in serum creatinine values was 
found between the different subgroups (Table 2). 

Discussion 

Nonspecific light microscopic lesions and/or immuno- 
fluorescent deposits were observed in all kidney donor 
biopsies. They were associated with lesions consistent 

with chronic pyelonephritis in one case and with im- 
mune deposits consistent with IgA nephropathy in ten 
cases. 

The tubular epithelial cell degeneration observed in 
our series was similar to the necrotic and lytic appear- 
ances noted in pre- and postperfusion kidney donor bi- 
opsies [6]. As with the latter, it may have been attribut- 
ed to hypoxia and/or procurement. What is interesting 
in our series is that, even when extensive, this epithelial 
cell degeneration did not correlate with the occurrence 
of acute renal failure due to acute tubular necrosis in 
the early post-transplantation period. 

We observed vascular, glomerular, or tubulointersti- 
tial sclerosis in half of the kidney donors, which is in ac- 
cordance with findings of other studies [3].  Their exten- 
sion to less than 30 YO of the biopsy was consistent with 
the unremarkable past medical history of the donors, ac- 
cording to Eurotransplant. They most likely resulted 
from aging since they were correlated with donor age 
in our series, as in others [ 3 ] .  Despite a rather equal dis- 
tribution of donor age groups in our and other series [3],  
arteriosclerotic lesions were less prominent in our cases. 
Interestingly, tubulointerstitial and intimal sclerosis (in- 
volving less than 30 YO of the parenchyma in more than 
half of the biopsies) were transmitted by the donor in 
48 YO (5511 14) and 8 YO (91114) of the cases, respectively, 
and thus should not necessarily be attributed to chronic 
rejection. Unlike donor age, sclerosis of renal structures 
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in donor kidneys did not correlate with serum creatinine 
values at 1 year post-transplantation. This would seem 
to corroborate the interesting observation already stres- 
sed by others, that a negative impact of donor age on 
graft function has only been noted in cadaveric series 
(as here) but not in those including living related donors 

The linear IgG and/or fibrinogen deposits along 
glomerular basement membranes were weak and never 
associated with C3 or necrotic inflammatory lesions. 
Since they were not observed in autopsy kidneys or in 
early graft biopsies, they were probably related to is- 
chemia. It could be that like the weak, nonimmune lin- 
ear deposition of IgG along biochemically altered glom- 
erular basement membranes in diabetes [ 11, reversible 
alterations of the glomerular basement membranes, re- 
sulting in a transient, weak, probably nonimmune ad- 
herence of proteins, might have been induced. The 
sparse granular C3 deposits at glomerular vascular poles 
and on arteriolar walls may have resulted from comple- 
ment activation in extracellular matrices by cell rem- 
nants issued from normal cell turnover [4]. Nonspecific 
immune deposits were not correlated with donor age or 
with graft function at 1 year after transplantation. The 
poorer graft survival in patients needing a rebiopsy 
than in those who did not, regardless of the presence of 
nonspecific immunofluorescent deposits in the 0-h biop- 
sies, seems to indicate that such deposits play no role in 
graft outcome, whereas acute rejection episodes do [7]. 

Mesangial IgA deposits consistent with IgA nephr- 
opathy were incidentally found in 9 Yo of our biopsies, 
which is close to the reported incidence of 5 YO-12 % in 
healthy kidney donors [2, 31. These deposits were 
cleared in more than half of the cases (4/7) less than 
1 year after transplantation, in accordance with findings 
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