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 A b s t r a c t : Our study sought to identify the possible implications of histo-
logical findings of borderline and subclinical rejections as well as histological markers 
of chronic allograft nephropathy (CAN) in protocol biopsies at 1 and 6 months after 
living-related kidney transplantation. Twenty-eight paired allograft biopsies were blin-
dly reviewed using Banff '97 criteria, among which only 10.7% (6/56) showed no 
histopathological lesions. BR was found in 9/28 (32.1%) and 6/28 (21.4%), and SR in 
3/28 (10.7%) and 10/28 (35.7%) of the patients, in the 1 and 6 month biopsies, 
respectively. The mean CAN score (sum of histological markers for chronicity) increa-
sed significantly at 6 months biopsy, 1.57 ± 1.36 vs. 4.36 ± 2.32 (p < 0.01). 

When compared according to chronicity index (CI < 5 >), the high CI group 
had a mean CAN score of 2.36 ± 1.15 at 1 month, which increased to 5.14 ± 1.99 at 6 
months biopsy (188.9%). The proportion of these changes in low CI group were also 
increased from 0.79 ± 1.12 to 3.57 ± 2.38 (451.9%).  

In conclusion, a protocol 1 month biopsy may uncover a high prevalence of BR 
or SR in stable allografts. The presence of an untreated BR or SR in biopsies with low 
chronicity index showed greater susceptibility to histological deterioration on the 6 
month biopsy, associated with rapid impairment of graft function and chronic allograft 
nephropathy. 

 
Key words: kidney transplantation, protocol biopsy, borderline rejection, subclinical 
rejection, chronic allograft nephropathy. 
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Introduction 
 

Short- and long-term graft survival after renal transplantation has 
significantly improved over the last decades. Nevertheless, chronic allograft 
failure, the dominant cause of late renal allograft loss, may be caused by a 
variety of immunological and clinical factors. Treatment of chronic graft dys-
function is difficult, particularly in cases with advanced renal lesions. In this 
regard, the biopsy of a stable allograft is of paramount importance for diagnosis 
of early rejection, delayed graft function or poor compliance as well as calci-
neurin-inhibitor cytotoxicity (more likely to develop in kidneys of older donors 
or in marginal kidneys). Hence, a protocol biopsy may uncover histologic signs 
of acute rejection without associated graft dysfunction [subclinical rejection 
(SR) or borderline rejection (BR)]. A number of studies have revealed variable 
frequencies of these rejections, whereby the highest incidence was reported for 
the biopsies obtained within the first months after transplantation. Shapiro et al. 
have reported SR and BR in about 25% and 21% of the biopsies performed at 1 
week after transplantation, respectively [1]. Rush et al. has even reported the 
presence of clinically quiet rejections in more than 50% of protocol biopsies at 
3 months after transplantation [2, 3]. The results of these studies upon the 
question of treatment of these rejections have documented a beneficial effect of 
treatment of early subclinical rejection, while the corticosteroid treatment failed 
in the rejection episodes that occur later than 6 months after transplantation. It 
remains unclear whether stable graft function could be improved with the same 
treatment when the biopsy shows borderline rejection [4]. There is also evi-
dence that protocol biopsies of stable renal allografts are valuable for diagno-
sing chronic allograft nephropathy (CAN), before deterioration of the graft 
function [5]. Seron et al. reported that 42% of cases display CAN at a 3 months 
biopsy. Moreover, Fujisawa et al. [6] observed CAN in 30.4% of stable 
allografts in pediatric patients at about 100 days after living-related (LR) renal 
transplantation. With regard to the treatment, Rush et al. [7] reported a decrease 
in chronic histologic changes and an improvement of 24 months allograft 
function for patients subjected to high-dose steroids in the case of 1–3 month 
biopsy-proven subclinical rejection when compared with nontreated control 
patients. It is still uncertain whether corticoid treatment could prevent 
development of CAN in the episodes of borderline rejections. 

Our study aimed to identify the histological findings of borderli-
ne/subclinical rejection or CAN in protocol biopsies at 1 month after living-
related kidney transplantation and to compare their evolution with histological 
changes at the 6 month biopsy. 
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Material and methods 
 
 The cohort of 28 LR transplant patients with their first allograft re-
ceived induction with methylprednisolone (500 mg) and Daclizumab (Zenapax; 
1 mg/kg BW at implantation and thereafter every 2 weeks x five doses). The 
post-transplant immunosuppression consisted of cyclosporine (Neoral; 6 to 8 
mg/kg/day) to reach target C2 levels (blood concentration 2 hours after admini-
stration of the drug), prednisolone (1 mg/kg/day tapered to 0.1 mg/kg/day after 
4 weeks) and mycophenolate mofetil (Cellcept 1 g bid.).  

The inclusion criteria were serum creatinine < 200 µmol/L and pro-
teinuria < 1g/24 hours at the time of the first biopsy, which was defined as a 
“stable” graft function. Patients with delayed graft function (DGF) who suffered 
post-transplant acute tubular necrosis or experienced a clinical episode of acute 
rejection (AR) were treated with haemodialysis or pulse corticosteroids, respec-
tively. During the first postoperative month pulse corticosteroid therapy was 
administered for AR, whenever there was an increase in serum creatinine > 20% 
and a decrease in urine output for 2 consecutive days and after haemodynamic or 
other perisurgical complications had been excluded. These cases were included if 
their graft function had been stable for at least 2 weeks before the first biopsy. 

Protocol biopsies were performed at 1 and 6 months postransplant using 
an ultrasound-guided automated biopsy "gun". The formalin fixed biopsies were 
embedded in paraffin, serially sectioned at 3 to 5 µm thickness and stained with 
hematoxylin-eosin (HE), periodic acid-Schiff (PAS), Masson's trichrome as 
well as methenamine silver. Biopsies were considered adequate when they con-
tained > 7 glomeruli and at least one artery. Renal lesions were blindly 
reviewed for evidence of acute and chronic changes by the same pathologist 
using descriptive morphologic criteria according to the Banff 97 scoring schema 
using a scale from 0 to 3 [8]. CAN score was calculated as a sum of scores for 
the individual histological markers for chronicity: interstitial fibrosis, tubular 
atrophy, vascular fibrous intimal thickening, arterial hyalinosis and chronic 
glomerulopathy. The biopsies were also classified into a chronicity index (CI) 
according to the total sum of  scores for acute and chronic changes as well as 
arterial hyalinosis: namely, high (CI > 5) versus low scores (CI < 5).  
 The clinical and biochemical data were recorded at the time of tran-
splantation as well as at 1 and 6 months after transplantation. Results were 
expressed as mean values ± SD. An unpaired two-tailed Student t test was used 
to examine differences in mean values between the groups. Chi square analysis 
was used to compare the categorical variables. 
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Results 
 
 The mean ages of the entire cohort of donors and recipients were 60.39 
± 13.63 and 35.29 ± 8.29 years, respectively. The serum creatinine (sCr) and 
body mass index (BMI) were significantly increased at 6 months after 
transplantation, while calculated creatinine clearance (cCrcl) tended to be lower 
compared to the 1 month values.  
 Only three biopsies at 1 month and three at 6 months, namely, 6/56 
(10.7%) showed no histopathological lesions. BR was found in 9/28 (32.1%) 
and 6/28 (21.4%), and SR in 3/28 (10.7%) and 10/28 (35.7%) of the patients, at 
the 1 and 6 month biopsies, respectively. Six patients who experienced an 
episode of AR (n = 7) at the 1 month and two at the 6 month biopsy were 
classified as SR, respectively. Furthermore, the mean CAN score (sum of 
histological markers for chronicity) was significantly increased at the 6 month 
biopsy, 1.57 ± 1.36 vs 4.36 ± 2.32 (Table 1). 
 
Table 1 ‡ Tabela 1 
 
Biochemical, clinical data and histological findings and scores at 1 and 6 months post 

transplantation in the entire cohort and compared according to the donor  
age (55 years), and chronicity index (CI 5) 

Biohemiski, klini~ki i histolo{ki naodi i skorovi na 1 i 6 meseci po 
transplantacija kaj celata grupa, pri sporedba po vozrasta na donorot 

(55 god.) i spored indeksot na hronicitet (HI 5) 

 
CLASSIFICATIONS MEAN SD MEAN SD P 

value 
ALL PATIENTS   (n = 28) 1 month 6 months  
sCr 124.14 34.29 148.57 47.20 < 0.05 
cCrcl 67.96 18.15 59.72 21.08 n.s. 
BMI 22.68 4.42 24.29 4.68 < 0.01 
24 h proteinuria 0.79 0.36 0.65 0.63 n.s. 
“NO” histological lesions 3/28(10.7%)  3/28(10.7%)  n.s. 
AR (n = 7) – histological 
findings 6/7 (86%) = 6 SR 2/7 (29%) = 2 SR < 0.05 

BR+SR     12/28 (42.8%) = 9BR/ 
3SR 

16/28 (57.1%) = 6BR/ 
10SR 

n.s. 

BR  9/28  (32.1%) 6/28 (21.4%) n.s.. 
SR 3/28  (10.7%) 10/28 (35.7%) n.s. 
CAN score per patient 44/28 (1.57+/-1.36) 122/28 (4.36+/-2.32) < 0.01 
    

DONOR AGE < 55 (n = 9) ≥ 55 (n = 19)  
sCr   1 month 118.89 50.52 126.63 24.69 n.s. 
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sCr   6 months 129.44 53.57 157.63 42.39 0.072 
cCrcl  1 month  70.67 20.94 66.67 17.13 n.s. 
cCrcl  6 months 66.50 25.34 56.33 18.46 n.s. 
DGF 3/9 (33.3%) 5/19 (26.3%) n.s. 
AR  ( 7 patients ) 3/9 (33.3%) 4/19 (21.1%) n.s. 
BR+SR    1 month 3/9 (33.3%) 9/19 (47.4%) n.s. 
BR+SR    6 months 3/9 (33.3%) 13/19 (68.4%) < 0.05 
CAN score 1 month 17/9 (1.89+/-1.45) 30/19 (1.58+/-1.35) n.s. 
CAN score 6 months  33/9 (3.67+/-2.69) 89/19 (4.68+/-2.08) < 0.05 
CAN score 1–6 m. 
(increase%)  (194.2%) (316.5%)  

    
CHRONICITY INDEX 

(CI) at 1 month CI < 5 (n = 14) CI ≥ 5 (n = 14)  

BMI (Donor) 26.10 3.93 24.82 3.79 n.s. 
GFR (Donor)  54.38 14.13 48.23 14.22 n.s. 
Age  (Donor) 57.79 15.56 63.00 11.35 n.s. 
sCr        1 month 114.71 29.17 133.57 37.41 n.s. 
sCr        6 months 139.14 49.14 158.00 44.19 n.s. 
DGF 5/14 (35.7%) 3/14 (21.4%) n.s 
AR       ( 7 patients ) 1/14 (7.1%) 6/14 (42.9%) < 0.05 
BR+SR    1 month 6/14 (42.8%) 6/14 (42.8%) n.s. 
BR+SR    6 months 6/14 (42.8%) 10/14 (71.4%) n.s. 
CAN score 1 month 11/14 (0.79+/-1.12) 33/14 (2.36+/-1.15) < 0.01 
CAN score 6 months 50/14 (3.57+/-2.38) 72/14 (5.14+/-1.99) 0.070 
CAN score 1-6 m. 
(increase%)  (451.9%) (188.9%)  

 
When divided according to donor age (55 years), the older donor group 

(n = 19) showed a mean CAN score of 1.58 ± 1.35 which increased to 4.68 ± 
2.08 at the 6 month biopsy (316.5%). The proportion of these changes in the 
younger donor group was lower 1.89/3.67 (194.2%). The calculated creatinine 
clearance (cCrcl) in the older donor group was lower at 1 month and at 6 
months, but did not differ significantly between the groups. The proportion of 
patients with BR and SR among the older donor group was significantly higher 
at the six month biopsy compared with the younger donor group, namely, 13/19 
(68.4%) vs. 3/9 (33.3%). 

When compared according to CI, there were no significant differences 
between the groups in the mean age of donors and glomerular filtration rate 
(GFR), BMI and serum creatinine (sCr) at the first and at six months, nor in the 
experience of DGF. There was a significantly greater number of AR episodes in 
the high CI group 6/14 (42.9%) compared with the low CI group 1/14 (7.1%). 
The mean CAN score at 1 month was significantly lower in the low CI group 
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compared with the high CI group, namely 0.79 ± 1.12 vs. 2.36 ± 1.15, which 
was not shown at the 6 month biopsy, 3.57±2.38 vs. 5.14±1.99, respectively.  

 
 

Discussion 
 
 Studies dealing with the clinical value of protocol biopsies performed in 
stable allografts have uncovered a high prevalence of borderline and subclinical 
rejection and features of CAN in stable allografts. Importantly, the occurrence 
of these clinical conditions was found to be associated with the development of 
chronic damage and deterioration of graft function. Protocol biopsies performed 
in the early postransplant period may therefore allow prediction of the long-
term allograft outcome. 
 Our previous [9] and present results have shown a higher percentage of 
patients having BR and SR (43% and 57%) at 1 and 6 months respectively, 
when compared with previous reports [1, 2, 3]. This might be due to the 
different sampling time for the biopsies, which is beyond the usual time for AR 
and DGF, namely, the first two weeks after transplantation. However, the 
histological findings may be present even after the pulse corticosteroid therapy. 
Furthermore, our donor group was markedly old (~ 60y) and showed a lot of hi-
stological changes for chronicity (CAN score) that almost tripled from the 1 to 
the 6 month biopsy, a finding that was even more prominent when patients were 
stratified according to donor age. In the older donor group we observed a sub-
stantial rise in the CAN score by 316.5%, while grafts from patients younger 
than 55 years of age showed only 194.2%. This finding suggests a greater sus-
ceptibility to histological deterioration among the older donor population, which 
was shown by the borderline significant difference in the graft function between 
the groups at six months (p = 0.072).  
 Trying to solve the question whether we should treat BR or SR even 
with improving renal function [2, 4], we have documented that, when untreated, 
the proportion of these subclinical conditions in the group with high CI even 
progressed from six to ten out of 14 patients (71.4%), while in the low CI group 
the number of these subclinical findings remained equal at the 1 and 6 month 
biopsies, respectively. In contrast, the mean CAN score in the group with low 
CI increased more than fourfold at the 6 month biopsy, compared with a less 
than twofold increase among patients with a high CI. This observation may to a 
certain extent be explained by the greater susceptibility to histological deterio-
ration among patients with a lower grade of histological changes and untreated 
findings of borderline and subclinical rejections. Additionally, the donors in the 
low CI group tended to be younger (57.8±15.6 vs 63.0±11.4) but experienced a 
slightly greater number of DGF episodes (5/14 vs 3/14). Hence, the presence of 
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BR and SR in protocol biopsies performed early after transplantation in patients 
with well functioning grafts provides relevant information for detecting patients 
at risk of accelerated graft deterioration towards chronic allograft nephropathy. 

 
 

Conclusion 
 
 A protocol 1 month biopsy may uncover a high prevalence of BR or SR 
in stable allografts. The occurrence of these findings was found to be associated 
with the development of chronic damage and deterioration of graft function. 
Our findings suggest a greater susceptibility for histological deterioration in 
organs from the older donor population. The presence of an untreated BR or SR 
in biopsies with a low chronicity index showed a greater susceptibility to histo-
logical deterioration at the 6 month biopsy, associated with rapid impairment of 
graft function and chronic allograft nephropathy. Future studies testing large 
patient cohorts will have to clarify the true benefit of protocol biopsy-based 
therapeutic consequences. 
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EVOLUCIJA NA NETRETIRANITE BORDERLAJN  

I SUBKLINI^KI OTFRLAWA KAJ BUBRE@NATA ALOGRAFT 
BIOPSIJA NA PRVIOT MESEC VO KOMPARACIJA  

SO HISTOLO[KITE PROMENI VO PROTOKOL BIOPSIITE  
NA [ESTIOT MESEC PO TRANSPLANTACIJATA 
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 Celta na studijata be{e da se identifikuvaat mo`nite implika-
cii od histolo{kite naodi na borderlajn (grani~nite) i subklini~kite 
otfrlawa, kako i histolo{kite markeri za hroni~na alograft nefro-
patija (HAN) vo napravenite protokol biopsii na prviot i {estiot mesec 
po transplantacija na bubreg od `ivi srodni dariteli. Od napravenite 
dvaeset i osum dvojni alograft biopsii vo prviot i {estiot mesec po 
transplantacijata, proceneti spored kriteriumite na klasifikacijata 
Banf 97, samo 10.7% (6/56) bea bez histopatolo{ki lezii. Borderlajn pro-
meni bea najdeni kaj 9/28 (32.1%) i 6/28 (21.4%), a subklini~ki otfrlawa 
kaj 3/28 (10.7%) i 10/28 (35.7%) od pacientite vo biopsiite napraveni 
prviot odnosno {estiot mesec po transplantacijata. Prose~niot HAN 
skor (zbir na histolo{kite markeri za hronicitet) bele`e{e signifi-
kanten porast kaj biopsiite napraveni {estiot mesec po transplan-
tacijata, 1.57 ± 1.36 vs. 4.36 ± 2.32 (r < 0.01). 

 Pri podelbata spored indeksot na hronicitet (zbir na akutnite i 
hroni~ni histolo{ki promeni) t.e. (HI < 5 >), grupata so visok HI be{e 
so prose~en HAN skor od 2.36 ± 1.15 vo prviot mesec, koj porasna na vred-
nosti od 5.14 ± 1.99 vo {estiot mesec (188.9%). Proporcijata na ovie pro-
meni vo grupata so nizok HI isto taka zabele`a porast na vrednosti od 
0.79 ± 1.12 do 3.57 ± 2.38 (451.9%) 

 Kako zaklu~ok, protokol biopsijata vo prviot mesec po transplan-
tacijata mo`e da ja otkrie visokata prevalenca na borderlajn i subkli-
ni~ki otfrlawa kaj pacientite so uredna funkcija na graftot. Na{ite 



 The evolution of untreated borderline... 33 

Prilozi, Odd. biol. med. nauki XXVI/1 (2005) 25–33 

naodi uka`uvaat na poizrazena susceptibilnost za histolo{ko vlo{uvawe 
kaj bubrezite od postari dariteli. Prisustvoto na netretirani bordelajn i 
subklini~ki otfrlawa kaj biopsiite so ponizok indeks na hronicitet po-
ka`aa pogolema susceptibilnost za histolo{ko vlo{uvawe vo biopsijata 
na {estiot mesec, {to be{e asocirano so pobrzo propa|awe na funkcijata 
na graftot i razvoj na hroni~na alograft nefropatija. 
 
Klu~ni zborovi: transplantacija, alograft biopsija, borderlajn, subkli-
ni~ki otfrlawa, (HAN) hroni~na alograft nefropatija, (HI) indeks na 
hronicitet. 
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