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Abstract

Introduction

The pros and cons for implementing protocol biopsies (PB) after kidney transplantation are

still a matter of debate. We aimed to address the frequency of pathological findings in PB, to

analyze their impact on long-term graft survival (GS) and to analyze the risk factors predict-

ing an abnormal histology.

Methods

We analyzed 946 kidney PB obtained at a median time of 6.5 (±2.9) months after transplan-

tation. Statistics included comparison between groups, Kaplan-Meier and multinomial logis-

tic regression analysis.

Results and Discussion

PB diagnosis were: 53.4% normal; 46% IFTA; 12.3% borderline and 4.9% had subclinical

acute rejection (SCAR). Inflammation had the strongest negative impact on GS. Therefore

we split the cases into: “normal without inflammation”, “normal with inflammation”, “IFTA

without inflammation”, “IFTA with inflammation” and “rejection” (including SCAR and border-

line). 15-year GS in PB diagnosed normal with inflammation was significantly decreased in

a similar fashion as in rejection cases. Among normal biopsies, inflammation increased sig-

nificantly the risk of 15-y graft loss (P = 0.01). Variables that predicted an abnormal biopsy

were proteinuria, previous AR and DR-mismatch.

Conclusion

We conclude that inflammation in normal PB is associated with a significantly lower 15-y

GS, comparable to rejection or IFTA with inflammation.
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Introduction
The pros and cons for implementing protocol biopsies (PB) after kidney transplantation are
still a matter of debate. Although its use in the context of randomized controlled trials is gener-
ally approved, a concrete benefit in the routine follow-up of kidney transplant patients is yet to
be fully demonstrated. Therefore, graft function is usually monitored by serum creatinine, esti-
mated glomerular filtration rate and proteinuria, whereas a kidney biopsy is indicated to ascer-
tain the cause of graft dysfunction. The potential benefit of recognizing unexpected
pathological patterns in well-functioning kidneys early enough may have an impact on graft
survival (GS), as suggested almost two decades ago by Rush. [1] The treatment of acute rejec-
tion (AR) diagnosed by protocol biopsies (i.e. subclinical acute rejection, SCAR) was translated
into a better survival, [2] although these results could not be reproduced in larger studies in the
era of modern immunosuppression. [3,4] Furthermore, due to improvements in immunosup-
pression, the incidence of clinical AR has decreased and the reported rate of SCAR is very low.
For these reasons histological monitoring has been recommended only for patients at high risk
for developing AR, such as cross-match positive, ABO-mismatched, highly immunized or
those with delayed graft function. [5]

Long-term kidney GS has not increased remarkably in the past decade and underlying pro-
cesses of both immunological and non-immunological nature could be a reason for this. [6]
The role of inflammation both on indication biopsies and protocol biopsies is a well-known
risk factor for kidney graft loss of immunological nature, but this negative impact has been
described in association to interstitial fibrosis and tubular atrophy (IFTA) or other features
compatible with AR. [7,8] However, the frequency and relevance of the subtle nonspecific
inflammation in the absence of other histopathological changes is not clear. The histological
monitoring of the kidney grafts opens a window for tailoring treatment, such as minimization
of immunosuppression in cases of normal histology. Although this measure could diminish the
impact of calcineurin inhibitor-related nephrotoxicity or the adverse effects secondary to the
use of steroids, lately there has been increasing concern about the negative impact of the mini-
mization on the development of de novo donor specific antibodies leading to chronic rejection.
[9]

In the present study we aimed to address the frequency of pathological findings in a large
material of protocol biopsies in two European transplant centers, to analyze their impact on
long-term graft survival (GS) and to analyze the risk factors predicting an abnormal histology
which might help target patients who could get a benefit from this procedure.

Material and Methods

Patient population
Altogether 946 cross match negative ABO compatible kidney transplant patients (KT) from
Helsinki University Hospital and Bellvitge University Hospital were biopsied by protocol from
January 1994 to December 2011. Candidates for PB gave written consent for this procedure
and further histological analysis. They should have had a stable serum creatinine concentration
and uneventful follow-up during one month previous to the biopsy. Histological monitoring of
kidney allografts with protocol biopsies is part of our regular follow-up protocol and for this
reason neither the Helsinki University Hospital nor the Bellvitge University Hospital ethical
committees require permission for this type of research. Time for PB slightly changed over the
years, aimed at 6 months post transplantation in the majority of the cases, but for a short
period we performed at 3 months (only in Helsinki) and in the last years at 12 months. Only
one protocol biopsy per patient was considered and follow-up biopsies were not included.
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Urinary tract infection was ruled out. Recipients of multiple organs were not considered. We
discarded 20 cases because of insufficient follow-up data and 23 cases because of insufficient
histological material, leaving a total of 903 biopsies to be included in this analysis (N = 480
from Helsinki and N = 423 from Bellvitge).

Clinical data included donor and recipient demographics, type and number of transplant,
panel reactive antibodies (PRA), A-, B- and DR- mismatch, occurrence of delayed graft func-
tion (DGF), cold ischemia time (CIT), clinical rejection episodes before PB (AR), time from
transplantation to protocol biopsy, serum creatinine, estimated GFR with CKD-EPI [10],
immunosuppression at the time of PB, proteinuria at biopsy time and during the follow up as
well. The definition of proteinuria was a positive dip-stick or measured proteinuria over 150
mg/day. Patient and death-censored GS were evaluated as of December 2012. Seventy five KT
had follow-up data for over 15-y, 369 KT had follow-up data for over 10 years and 218 patients
had a follow-up shorter than 5 years. The data extracted from charts and local registries was
coded before analysis by one of the authors (FO), given an investigation ID-number to each
case to assure anonymous manipulation of the data. This research followed recommendations
in “Ethical principles of research in the humanities and social and behavioral sciences and pro-
posals for ethical review” and the Helsinki University Hospital local ethical committee
recommendations.

Histological samples
Protocol biopsies were obtained at a median time of 6.5 (±2.9) months (75% of them from 3 to
7 months, 21% from 7,1 to 12,9 months and the rest 4% up to 24 months). Two cores of tissue
were obtained under ultrasound guidance with an automated gun using either 16 or 18 Gauge
needles. There were no patients´ deaths or graft losses related to this procedure. The samples
were processed for routine light microscopy and stained with hematoxylin eosin, periodic acid
Schiff, Masson’s trichrome and silver-methenamine. The mean number of glomeruli was 10.4.
Immunofluorescence analysis was performed in 57.8% of the biopsies and included staining
for IgG, IgA, IgM and C3. C4d staining was available in 43% of the biopsies, and 15/388 (3.9%)
cases were positive. Histological lesions were graded by experienced nephropathologists
according to the Banff diagnostic categories [11–14]. The categories included in all versions of
the Banff classification are depicted in Table 1.

Statistical analysis
Results are expressed as the mean ± standard deviation or 95% interval confidence for the
mean. Comparison between groups was performed by either chi-square or Kruskal-Wallis test
and ANOVA for more than two groups. GS was considered the outcome variable in the present
study. Kaplan-Meier was employed to analyze variables associated with GS and log rank test
for group comparison. Cox regression was used to analyze histological diagnostic categories as
variables associated with GS. Multinomial logistic regression analysis was performed to com-
pare the odds ratio for clinical variables respecting the histological diagnostic groups. All P-val-
ues were two-tailed and significance was set at a level of 0.05. Statistical analysis was performed
using SPSS Software (version 19.0; Chicago, IL).

Results

Characteristics of the study population
Characteristics of the population are displayed in Table 2. Recipients were Caucasians, the
majority were 1st transplants from deceased donors with low HLA sensitization. Graft
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allocation was based on appropriate HLA-match, being HLA-AB-mismatches�2 achieved in
70.6% of the cases and HLA-DR-mismatches�1 in 93.1%. Immunosuppression at biopsy time
was the following: 91.6% were on prednisone; 18.4% were on azathioprine (AZA); 70.0% on
mofetil mycophenolate (MMF); 61.6% on cyclosporine A (CyA); 27.5% on tacrolimus (TAC)
and 7.4% were on m-Tor-inhibitor. Induction therapy was used in 22.5% of the patients
(11.3% with basiliximab and the rest with thymoglobulin). The follow-up period ranged from
0.4 to 18.5 years and mean follow-up was 7.1 y. Overall, 5-y GS was 90%, 10-year GS was 79%
and 15-year GS was 74%. Altogether 231 grafts were lost (93 returned to dialysis and 138 died
with a functioning graft). The prevalence of previous clinical AR was 23.3%. The odds ratio for

Table 1. Individual histological components included in all versions of the Banff classification.

i0—No or trivial interstitial inflammation (<10% of
unscarred parenchyma)

i1–10 to 25% of parenchyma inflamed

i2–26 to 50% of parenchyma inflamed i3 - > 50% of parenchyma inflamed

t0—No mononuclear cells in tubules t1—Foci with 1 to 4 cells/tubular cross section (or 10
tubular cells)

t2—Foci with 5 to 10 cells/tubular cross section t3—Foci with >10 cells/tubular cross section, or the
presence of at least two areas of tubular basement
membrane destruction accompanied by Í2/Í3
inflammation and t2 tubulitis elsewhere in the biopsy

v0- No arteritis v1- Mild-to-moderate intima arteritis in at least one
arterial cross section

v2—Severe intima arteritis with at least 25% luminal
area lost in at least one arterial cross section

v3—Transmural arteritis and/or arterial fibrinoid
change and medial smooth muscle necrosis with
lymphocytic infiltrate in vessel

g0—No glomerutitis gl—Glomerulitis in tess than 25% of glomeruli

g2—Segmental or global glomerutitis in 25 to 75%
of glomeruli

g3—Glomerulitis (mostly global) in more than 75% of
glomeruli

ci0—Interstitial fibrosis in up to 5% of cortical area ci1- Mild—interstitial fibrosis in 6 to 25% of cortical
area

ci2—Moderate—interstitial fibrosis in 26 to 50% of
cortical area

ci3—Severe—interstitial fibrosis in >50% of cortical
area

ct0—No tubular atrophy ct1- Tubular atrophy in up to 25% of the area of
cortical tubules

ct2—Tubular atrophy involving 26 to 50% of the
area of cortical tubules

ct3—Tubular atrophy in >50% of the area of cortical
tubules

cg0—No glomerulopathy—double contours in <10%
of peripheral capillary loops in most severely
affected glomerulus

cgl—Double contours affecting up to 25% of
peripheral capillary loops in the most affected of
nonsclerotic glomeruli

cg2—Double contours affecting 26 to 50% of
peripheral capillary loops in the most affected of
nonsclerotic glomeruli

cg3—Double contours affecting more than 50% of
peripheral capillary loops in the most affected of
nonsclerotic glomeruli

cv0—No chronic vascular changes cv1- Vascular narrowing of up to 25% luminal area by
fibrointimal thickening of arteries ± breach of internal
elastic lamina or presence of foam cells or occasional
mononuclear cells

cv2—Increased severity of changes described
above with 26 to 50% narrowing of vascular luminal
area

cv3—Severe vascular changes with >50% narrowing
of vascular luminal area

Definition of normal (i�0, t0 and either ci = 0 OR ct = 0), borderline (no intimal arteritis, t�1 and i0 or i1), acute

rejection (i�2, t�2 and/or v�0). In 2007 was included interstitial fibrosis plus tubular atrophy (IFTA) as a new

category (mild IFTA ct�1 AND ci�1 in <25% of the cortical area, moderate IFTA from 26% to 50% and

severe IFTA>50%). Extracted from references10 and 11.

doi:10.1371/journal.pone.0159717.t001
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15-y death censored graft loss in patients with previous clinical AR was 1.43 (95% CI 1.19–
1.72, P<0.001).

Analysis of protocol biopsies
The frequencies of each histological component of Banff are shown in Fig 1. Overall, 484 PB
(53.6%) were normal. However, among them 361 were pristine and 123 biopsies had associated
inflammatory infiltrates. IFTA was diagnosed in 257 PB (28.5%) and among them 135 had also
a variable degree of inflammation. The severity of IFTA was mild in the majority of the cases
(ci1 83.5%; ct1 86.4%). The prevalence of SCAR was 4.9% (N = 44). They were mainly T-cell
mediated and mild (55.7% grade 1a; 28.5% grade1b; 11.4% grade 2a and concomitant grade
2b) but also subclinical AMR was diagnosed in 2 cases. Biopsies with diagnosis of SCAR had
concomitantly IFTA in 37% of the cases. Borderline changes were diagnosed in 111 PB (12.3%)
and among them 47 had concomitantly IFTA. Glomerulonephritis recurrence was suspected in
one PB and confirmed in subsequent biopsies. This case was discarded to further analysis.

Impact of the histological findings on graft function and GS
Among all the individual components of Banff, inflammation had the strongest negative
impact on survival and proportional to its severity, as shown in Fig 2. The presence or the
severity of interstitial fibrosis, tubular atrophy or chronic vasculopathy did not show any
impact on GS (Log Rank P = 0.33; P = 0.57 and P = 0.71 respectively). The presence of glomer-
ulitis had a negative impact on GS only when it was associated with inflammation (P = 0.04).
Due to the notable impact of inflammatory infiltrates on GS we further split the normal and
IFTA categories into: a) normal without inflammation (i0, t0, ci0, ct0) including in this cate-
gory cases with either interstitial fibrosis (i0,t0, ci�1, ct0) or tubular atrophy (i0, t0, ci0, ct�1);
b) normal with inflammation (i�1, t0) and those cases including either interstitial fibrosis

Table 2. Demographic data, kidney function at the time of protocol.

Recipient age, (years) mean (SD) 48.5 (12.6)

Recipient sex, male/female (%) 64/36

1st transplant (%) 86.7

Deceased donor (%) 98.2

Aetiology (%)

Diabetic nephropathy 14.8

Chronic glomerulonephritis 30.5

Polycystic kidney disease 14.0

Chronic interstitial nephritis 10.5

Other specified cause 9.4

Unknown 20.8

Time in dialysis, (months) mean (SD) 27.3 (29)

Donor age, (years) mean (SD) 44.7 (15.3)

Donor sex, male/female (%) 60 /40

Cold ischemia time, (hours) mean (SD) 19.5 (5.5)

Panel reactive antibodies <10% 89.9%

Delayed graft function, Yes/No (%) 26.4 / 73.6

AB-mismatches (%) 0/1/2/3/4 6/24/41/22/7

DR-mismatches (%) 0/1/2 33.7 / 59.4 / 6.9

Clinical acute rejection previous to PB (%) 23.3

Mean serum creatinine, (μmol/L) mean (SD) 119.6 (35)

doi:10.1371/journal.pone.0159717.t002
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(i�1, ci�1, ct0) or tubular atrophy (i�1, ci0, ct�1); c) IFTA without inflammation (i0, t0, ci�1
and ct�1) and d) IFTA with inflammation (i�1, t0, ci�1 and ct�1). Borderline and SCAR
were defined according to Banff and compared to the previously mentioned categories.

The mean creatinine concentration in plasma at the time of the PB was 113 umol/L (95% CI
110–117) in PB diagnosed as normal without inflammation, while in those normal with inflamma-
tion was 119 umol/L (95% CI 112–126). In borderline cases the mean creatinine concentration
was 119 umol/L (95% CI 110–127). The differences between these subgroups were not statistically
different. Even for the cases diagnosed with SCAR the mean creatinine concentration was 128
umol/L (95%CI 109–149) and the P value was 0.065. The differences in graft function reached the
statistical level of significance only in the cases of normal biopsies without inflammation compared
with both IFTA without inflammation (P = 0.002) and IFTA with inflammation (P = 0.007), being
the creatinine concentration in cases with IFTA without inflammation 127 umol/L (95%CI 121–
134) and 126 umol/L (95%CI 120–131) if IFTA was associated with inflammation.

The split of normal PB and IFTA according to the presence of inflammation showed a strong
impact on both 15-y GS and 15-y DCGS, as shown in Fig 3. The best survival was observed in the
groups without inflammation (both normal histology and IFTA). The worst GS was seen in cases
of SCAR, but borderline category had also a weak survival comparable to normal with inflamma-
tion and IFTA with inflammation. The difference in 15-y DCGS between “normal without
inflammation” and “normal with inflammation” was statistically significant (P = 0.01)

We calculated the risk for graft loss taking as variables the five groups in which the PB were
divided. The reference group was “normal w/o inflammation”. In the multivariate analysis the
risk for graft lost at 15 years was significantly increased in case of a normal biopsy with inflam-
mation and rejection. The hazard ratios are depicted in Table 3.

Factors predicting survival
For this analysis we unified borderline and SCAR into “rejection” and compared to the other
groups. As shown in Table 4, PRA percentage, CIT occurrence or DGF or male sex did not

Fig 1. Frequency of the lesions diagnosed in PB.

doi:10.1371/journal.pone.0159717.g001
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differ among categories. Both donor age and time to PB were higher in IFTA, as expected. We
observed a higher number of HLA AB-mismatches in IFTA without inflammation and rejec-
tion groups, which was in both cases significantly higher compared to normal with inflamma-
tion. HLA DR-mismatches occurred more frequently in all subgroups with inflammation
infiltrates (P<0.001). In a similar way, previous episode of AR was more frequent in all the sub-
groups with inflammation. There was a considerable increase in the number of patients devel-
oping proteinuria during the follow-up, being those with SCAR and borderline the subgroups
with the highest increase from 14.8% to 37.7% of the patients. Notably, the “normal with
inflammation” subgroup also experienced a considerable increase of proteinuria, from 8.2 to
24.4%. The patients with pristine normal biopsies had the least proteinuria both at PB
(P<0.001) and at the end of the follow-up (P = 0.001). To evaluate the impact of each of these

Fig 2. Impact of inflammation severity on death censored graft survival.

doi:10.1371/journal.pone.0159717.g002

Inflammation in Protocol Biopsies

PLOS ONE | DOI:10.1371/journal.pone.0159717 August 17, 2016 7 / 14



statistically significant variables on graft survival we performed a multinomial regression anal-
ysis using the “normal without inflammation” as the reference group. The results are exposed
in Table 5. Of notice, a previous AR episode and HLA DR-mismatch increased the odds of hav-
ing a “normal PB with inflammation” (OR 2.67 and 2.18, respectively). The presence of pro-
teinuria at BP increased the odds of having a PB with IFTA, SCAR or borderline diagnosis. A
HLA DR-mismatch also increased the odds of having a PB with rejection (OR 1.67) or IFTA
with inflammation (OR 1.79).

Changes in the immunosuppression after PB
In all, 81% of the patients were on triple immunosuppressive treatment at biopsy. CyA, MMF
and steroids was the most common combination (40%), followed by TAC, MMF and steroids
(23%). Only 4% were on TAC, AZA and steroids and 14% on CyA, AZA and steroids. The
choice of TAC over CyA was influenced by the recipient higher immunological risk (re-

Fig 3. Graft survival of Banff categories split regarding the presence of inflammation. In panel A: 15-y graft survival. In panel B: 15-y death-censored
graft survival.

doi:10.1371/journal.pone.0159717.g003

Table 3. Cox regression was use for investigating the effect of histological categories diagnosis upon 15-y death censored graft survival.

Covariates Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Normal WITH inflammation 1.96 1.37–2.55 0.023 2.01 1.42–2.59 0.018

IFTA w/o inflammation 0.94 0.17–1.71 0.888 - - - - - -

IFTAWITH inflammation 1.58 0.74–2.09 0.164 - - - - - -

Rejection 1.819 1.27–2.37 0.030 1.78 1.22–2.33 0.038

The reference group was “normal without inflammation”, being the other categories´ hazard ratios calculated first in all categories and afterwards keeping

those statistically significant from the univariate analysis.

doi:10.1371/journal.pone.0159717.t003
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transplantation, high PRA, HLA mismatches) and vintage (change in the choice of CNI
towards TAC in the recent era).

From 553 patients who were on CyA at PB, 34 (6.1%) were switched to TAC by the end of
the 2nd year. Steroids were discontinued by the end of the 2nd year in 218 patients under CyA
treatment (39.4%). TAC was used by 246 patients at PB and 115 of them (46.7%) were off ste-
roids by the 2nd year. Overall, after the PB steroids were discontinued in 51.1% of the patients
with normal PB without inflammation, while the figures for the other groups were 48.4% in
normal with inflammation, 35% for IFTA without inflammation, 23.9% for IFTA with inflam-
mation and 27.2% for the rejection group (P<0.001). The continuation of steroids over the 2nd

year after did not have a statistical significant impact on the graft survival in any of the groups
(P = 0.29). The modifications in the immunosuppression were not associated with the outcome
in any of the four histological groups.

Table 4. Multinomial logistic regression analysis was performed to compare the odds ratio for demographic, immunological, clinical and biochem-
ical variables respecting the 5 histological diagnostic groups.

Normal w/o inflammation
N = 361

Normal w/ inflammation
N = 123

IFTA w/o inflammation
N = 122

IFTA w/ inflammation
N = 297

Rejection
N = 160

P

Donor age (years)mean (95%CI)

43.8 (42.2–45.4) 43.2 (40.5–45.9) 50.0 (47.3–52.6) 45.6 (43.2–47.9) 43.5 (40.0–
46.1)

P< 0.01 c-a,b,e

Panel reactive antibodies (%)mean (95%CI)

4.5 (2.9–6.2) 4.8 (1.9–7.7) 3.2 (1.4–5.1) 5.1 (2.2–7.9) 2.9 (1.2–4.6) P = 0.62

Cold ischemia time (hours)mean (95%CI)

19.6 (19.1–20.2) 18.9 (17.9–19.9) 19.6 (18.5–20.6) 19.9 (19.2–20.7) 19.1 (18.1–
19.9)

P = 0.44

Time to biopsy (months)mean (95%CI)

6.3 (6.0–6.5) 6.5 (6.0–7.0) 7.1 (6.4–7.8) 7.4 (6.9–8.0) 5.9 (5.5–6.3) P = 0.01 c-e

P< 0.01 d-a,e

Plasma creatinine at biopsy (SD)
113.6 (32.4) 119.5 (37.7) 127.5 (37.7) 125.8 (34.6) 124.1 (28.1) P = 0.004 a-c

P = 0.013 a-d

Donor sex (male) N = 580 (64.2%)

238 (64,2) 77 (62.6) 82 (67.2) 86 (63.7) 97 (59.9) P = 0.66

Delayed graft function (yes) N = 237 (26.4%)

85 (23.7) 38 (30.9) 36 (29.8) 46 (34.1) 32 (19.8) P = 0.35

HLA AB-mismatches >2 N = 266 (29.5%)

103 (28.5) 22 (17.9) 46 (37.7) 29 (21.5) 66 (40.7) P<0.001 b-c.e

HLA DR-mismatches >0 N = 601 (66.6%)

212 (58.7) 96 (78.0) 75 (61.5) 101 (74.8) 117 (72.2) P<0.001 a—b,d,e

P<0.001 b,c

Clinical acute rejection previous to PB (yes) N = 210 (23.3%)

48 (13.3) 40 (32.5) 19 (15.6) 45 (33.3) 58 (35.8) P<0.001 a- b,d,e

P<0.001 b-c

Proteinuria at biopsy (yes) N = 87 (9.7%)

18 (5.1) 10 (8.2) 18 (15.0) 17(12.6) 24 (14.8) P<0.001 a- c,d,e

Proteinuria during follow-up (yes) N = 215 (24%)

63 (17.6) 30 (24.4) 29 (24) 32 (23.7) 61 (37.7) P = 0.001 a-e

Rejection category includes borderline. Presence of proteinuria meant a positive dip-stick or measured proteinuria over 150 mg/day. a) Normal without

inflammation. b) Normal with inflammation. c) IFTA without inflammation. d) IFTA withy inflammation. e) Rejection.

doi:10.1371/journal.pone.0159717.t004
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Discussion
The most important finding in this study was that kidney PB with trivial inflammation between
11–25% of unscarred parenchyma diagnosed otherwise as normal had a reduced long term sur-
vival comparable to PB with rejection. Our results highlight the fact that “innocent”mild infil-
trates in otherwise normal biopsies may have a deleterious effect and they should be
considered relevant in clinical practice. We observed that inflammation is a frequent finding in
protocol biopsies, affecting 45% of them. Furthermore, of the 484 biopsies diagnosed as nor-
mal, 25% showed inflammation. In a previous study focused also on PB obtained at 1 to 4
months after KT the frequency of inflammation was 19%. These patients had more IFTA in a
control biopsy obtained after one year compared to those without inflammation. [15] Mengel
et al came to a similar conclusion in their study: if the infiltrates persisted in successive biopsies
graft prognosis was worse, although the diagnosis of inflammation included foci of inflamma-
tion in scarred areas. [16] The DeKAF study also suggested that the inclusion of inflammation
in scarred areas in the assessment of biopsies may provide better prognostic information. [17]
In our material the PB were classified using the latest version of the Banff classification contem-
porary with the time when the PB was taken, where inflammation was scored only in non-
scarred areas. We might suggest that using the total inflammation score proposed recently by
the Banff working group the frequency of truly normal biopsies could have been even lower.

Table 5. Multinomial logistic regression analysis results for prediction the probabilities of each histological categories given a set of independent
variables selected from the logistic regression analysis.

B Sig. OR 95%CI for OR

Lower Bound Upper Bound

Normal with inflammation

Donor age – 0.002 0.785 0.99 0.98 1.01

Previous AR 0.985 <0.001 2.67 1.61 4.44

Proteinuria at PB 0. 590 0.161 1.80 0.794 4.12

HLA AB-mismatch >2 – 0.464 0.085 0.62 0.37 1.06

HLA DR-mismatch�1 0.780 0.002 2.18 1.33 3.57

SCAR + borderline

Donor age 0.000 0.95 1.00 0.99 1.02

Previous AR 1.256 <0.001 3.51 2.20 5.59

Proteinuria at PB 1.033 0.004 2.72 1.38 0.53

HLA AB-mismatch >2 0.642 0.002 1.89 1.25 2.86

HLA DR-mismatch�1 0.515 0.017 1.67 1.09 2.25

IFTA w/o inflammation

Donor age 0.027 <0.001 1.03 1.01 1.04

Previous AR 0,273 0.377 1.31 0.76 2.41

Proteinuria at PB 0,911 0.013 2.48 1.21 5.08

HLA AB-mismatch >2 0.401 0.081 1.49 0.95 2.34

HLA DR-mismatch�1 0.088 0.692 1.09 0.71 1.69

IFTA with inflammation

Donor age 0.008 0.253 1.01 0.99 1.02

Previous AR 1.099 <0.001 3.00 1.84 4.89

Proteinuria at PB 0.954 0.009 2.59 1.26 5.32

HLA AB-mismatch >2 -0.282 0.256 0.75 0.46 1.22

HLA DR-mismatch�1 0.583 0.012 1.79 1.13 2.82

Normal without inflammation was used as reference category. AR: acute rejection; PB: protocol biopsy. OR: odds ratio. In bold statistically significant values.

doi:10.1371/journal.pone.0159717.t005
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Even though we do not have serial biopsies to evaluate the evolution of the inflammatory infil-
trates, we found evidence that the mere presence of inflammation in a well-functioning graft
may provide prognostic value to the physician.

The inflammation in normal biopsies was associated even with a worse prognosis than
IFTA alone. This observation is in agreement with previous reports where mild fibrosis did not
affect the prognosis compared to normal biopsies, contrarily to IFTA with inflammation. [18]
In the past years the Banff classification gave a great emphasis to interstitial fibrosis and tubular
atrophy, as it has been linked to graft dysfunction. [19,20] Our data suggests that IFTA,
although associated with elevated serum creatinine, does not necessarily worsen the kidney
graft prognosis, but the most relevant histological risk factor is inflammation. Our results
could be partially affected by the mild degree of interstitial fibrosis and tubular atrophy
observed in our material. Both inflammation and IFTA are quite unspecific markers since they
can be associated with immunological damage but also with non- immunological insults like
calcineurin inhibitor toxicity and infection.

The detrimental effect of previous AR episode and persistent inflammation on protocol
biopsies obtained after the 1st year from transplantation has been very well described before
[5,8,15,19,21–24]. In the case of proteinuria, the incidence after 1 year from transplantation
varies between 11 and 45%. [25] Others suggested that proteinuria is detrimental only when
associated to AR. [25–27] We observed that the prevalence of proteinuria at the time of the
biopsy was 9.5% when we defined a positive value as low as over 150 mg/day or 1+ positive
urine dip-stick. This low threshold for proteinuria is the reason why 5% of patients with nor-
mal biopsies had proteinuria, although the lowest. The presence of inflammation increased the
frequency of proteinuria in our study cohort also in “normal with inflammation”, and IFTA.
This is in dissidence with the previous reports in the literature associating it mostly to rejection.
Proteinuria increased remarkably during follow-up in all groups. Again, the lowest number of
patients with proteinuria belonged to the “normal w/o inflammation” group and the highest
number of patients to the group “rejection”. Our results are in concordance with those report-
ing that the persistence or appearance of proteinuria after KT is a marker of graft damage and
related to worse GS [28–30] and patient survival. [31]

One of the most argued clinical issues in PB policy is why take a biopsy from a well-func-
tioning graft. It is well known that serum creatinine concentration is a poor indicator of graft
histology. [32] We analyzed the graft function in each histological category and we found that
patients diagnosed with IFTA had a statistically higher creatinine than all the other groups.
These patients received grafts from older donors, raising the possibility that, at least partly, the
chronic changes came along with the donor. Unfortunately, we do not have an implant biopsy
from all our patients to focus on this aspect. Remarkably, normal and borderline cases had a
similar creatinine concentration, while SCAR and IFTA cases showed a higher creatinine con-
centration. This highlights the unreliability of serum creatinine as a surrogate of histology.

Along with a decline in the incidence of previous clinical AR, SCARs have also become
more infrequent. The incidence of SCAR and borderline changes is our study was 4.9% and
12.3%. Many researchers combined borderline changes with SCAR due to a comparable GS
[18,33] and similar molecular phenotyping [34] of both entities. Based on these considerations
we decided to join both entities for a group comparison with normal and IFTA. We analyzed
which variables could predict the histological categories and we did not find CIT, DGF, PRA or
male gender to be relevant. Although in previous studies biopsies from patients on CyA show-
ing more inflammation than those on TAC [23], we decided not include CNI-choice in the
multivariate analysis due to the fact that the choice of CNI was not random and it was influ-
enced by the patient´s immunological risk and vintage. On the contrary, donor age, proteinuria
at biopsy, HLA DR-mm�1, HLA AB-mm>2, time from transplantation and previous AR
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episode were the covariates that might discriminate patients at a higher risk for abnormal his-
tology. These results could help selecting patients who could eventually benefit from a PB,
avoiding this procedure in those with no risk factors.

Major limitations of our study are its retrospective design, the lack of donor specific anti-
body monitoring and adherence to medication. It´s worth to highlight that the role of non-
adherence to medication was not studied during this study period, and data about its possible
impact on the appearance of donor specific antibodies is not available. Finally follow-up biop-
sies were not available to ascertain the effect of late AR episodes. The high number of patients
followed up for up to 18 years after transplantation gives a particular strength to the analysis.

In conclusion, this study showed that 60% of the PB were pathologic. The most relevant
abnormality was the presence of inflammation, which was the main factor affecting GS. Partic-
ularly trivial inflammation affecting otherwise normal biopsies was associated to poor progno-
sis. A previous AR episode, the presence of even low grade proteinuria and DR mismatch were
the variables that predicted the best an abnormal biopsy. A new look at the inflammation scor-
ing in the Banff classification might contribute to a better stratification of patients at risk of
graft loss.

Author Contributions

Conceived and designed the experiments: FO RG JMC.

Performed the experiments: FO RG IH EM.

Analyzed the data: FO RG JMC.

Contributed reagents/materials/analysis tools: FO RG IH EM.

Wrote the paper: FO RG IH EM EH OB JMG JMC.

References
1. Rush DN, Henry SF, Jeffery JR, Schroeder TJ, Gough J. Histological findings in early routine biopsies

of stable renal allograft recipients. Transplantation 1994 Jan; 57(2):208–211. PMID: 8310509

2. Rush D, Nickerson P, Gough J, McKenna R, Grimm P, Cheang M, et al. Beneficial effects of treatment
of early subclinical rejection: a randomized study. J Am Soc Nephrol 1998 Nov; 9(11):2129–2134.
PMID: 9808101

3. Rush D, Arlen D, Boucher A, Busque S, Cockfield SM, Girardin C, et al. Lack of benefit of early protocol
biopsies in renal transplant patients receiving TAC and MMF: a randomized study. Am J Transplant
2007 Nov; 7(11):2538–2545. PMID: 17908280

4. Scholten EM, Rowshani AT, Cremers S, Bemelman FJ, Eikmans M, van Kan E, et al. Untreated rejec-
tion in 6-month protocol biopsies is not associated with fibrosis in serial biopsies or with loss of graft
function. J Am Soc Nephrol 2006 Sep; 17(9):2622–2632. PMID: 16899517

5. Nankivell BJ, Chapman JR. The significance of subclinical rejection and the value of protocol biopsies.
Am J Transplant 2006 Sep; 6(9):2006–2012. PMID: 16796717

6. Legendre C, Canaud G, Martinez F. Factors influencing long-term outcome after kidney transplantation.
Transplant Int 2014 Jan; 27(1):19–27.

7. Thierry A, Thervet E, Vuiblet V, Goujon JM, Machet MC, Noel LH, et al. Long-term impact of subclinical
inflammation diagnosed by protocol biopsy one year after renal transplantation. Am J Transplant 2011
Oct; 11(10):2153–2161. doi: 10.1111/j.1600-6143.2011.03695.x PMID: 21883902

8. Mengel M, Gwinner W, Schwarz A, Bajeski R, Franz I, Brocker V, et al. Infiltrates in protocol biopsies
from renal allografts. Am J Transplant 2007 Feb; 7(2):356–365. PMID: 17283485

9. Rush DN, Gibson IW. The perils of immunosuppression minimization: lessons from protocol biopsies of
renal allografts. Curr Op in Nephrol & Hypert 2015 Nov; 24(6):582–586.

10. Matsushita K, Mahmoodi BK, Woodward M, Emberson JR, Jafar TH, Jee SH, et al. Comparison of risk
prediction using the CKD-EPI equation and the MDRD study equation for estimated glomerular filtration
rate. JAMA 2012 May 9; 307(18):1941–1951. doi: 10.1001/jama.2012.3954 PMID: 22570462

Inflammation in Protocol Biopsies

PLOS ONE | DOI:10.1371/journal.pone.0159717 August 17, 2016 12 / 14

http://www.ncbi.nlm.nih.gov/pubmed/8310509
http://www.ncbi.nlm.nih.gov/pubmed/9808101
http://www.ncbi.nlm.nih.gov/pubmed/17908280
http://www.ncbi.nlm.nih.gov/pubmed/16899517
http://www.ncbi.nlm.nih.gov/pubmed/16796717
http://dx.doi.org/10.1111/j.1600-6143.2011.03695.x
http://www.ncbi.nlm.nih.gov/pubmed/21883902
http://www.ncbi.nlm.nih.gov/pubmed/17283485
http://dx.doi.org/10.1001/jama.2012.3954
http://www.ncbi.nlm.nih.gov/pubmed/22570462


11. Racusen LC, Solez K, Colvin RB, Bonsib SM, Castro MC, Cavallo T, et al. The Banff 97 working classi-
fication of renal allograft pathology. Kidney Int 1999 Feb; 55(2):713–723. PMID: 9987096

12. Solez K, Colvin RB, Racusen LC, Sis B, Halloran PF, Birk PE, et al. Banff '05 Meeting Report: differen-
tial diagnosis of chronic allograft injury and elimination of chronic allograft nephropathy ('CAN'). Am J
Transplant 2007 Mar; 7(3):518–526. PMID: 17352710

13. Mengel M, Sis B, Haas M, Colvin RB, Halloran PF, Racusen LC, et al. Banff 2011 Meeting report: new
concepts in antibody-mediated rejection. Am J Transplant 2012 Mar; 12(3):563–570. doi: 10.1111/j.
1600-6143.2011.03926.x PMID: 22300494

14. Racusen LC, Colvin RB, Solez K, Mihatsch MJ, Halloran PF, Campbell PM, et al. Antibody-mediated
rejection criteria—an addition to the Banff 97 classification of renal allograft rejection. Am J Transplant
2003 Jun; 3(6):708–714. PMID: 12780562

15. Heilman RL, Devarapalli Y, Chakkera HA, Mekeel KL, Moss AA, Mulligan DC, et al. Impact of subclini-
cal inflammation on the development of interstitial fibrosis and tubular atrophy in kidney transplant
recipients. Am J Transplant 2010 Mar; 10(3):563–570. doi: 10.1111/j.1600-6143.2009.02966.x PMID:
20121731

16. Mengel M, Chapman JR, Cosio FG, Cavaille-Coll MW, Haller H, Halloran PF, et al. Protocol biopsies in
renal transplantation: insights into patient management and pathogenesis. Am J Transplant 2007 Mar;
7(3):512–517. PMID: 17250556

17. Mannon RB, Matas AJ, Grande J, Leduc R, Connett J, Kasiske B et al. Inflammation in areas of tubular
atrophy in kidney allograft biopsies: a potent predictor of allograft failure. Am J Transplant. 2010 Sep;
10(9):2066–73 doi: 10.1111/j.1600-6143.2010.03240.x PMID: 20883541

18. Cosio FG, Grande JP, Wadei H, Larson TS, Griffin MD, Stegall MD. Predicting subsequent decline in
kidney allograft function from early surveillance biopsies. Am J Transplant 2005 Oct; 5(10):2464–2472.
PMID: 16162196

19. Rush DN, Jeffery JR, Gough J. Sequential protocol biopsies in renal transplant patients: repeated
inflammation is associated with impaired graft function at 1 year. Transplant Proc 1995 Feb; 27
(1):1017–1018. PMID: 7878783

20. Seron D. Interstitial fibrosis and tubular atrophy in renal allograft protocol biopsies as a surrogate of
graft survival. Transplant Proc 2009 Mar; 41(2):769–770. doi: 10.1016/j.transproceed.2008.12.027
PMID: 19328976

21. Gago M, Cornell LD, Kremers WK, Stegall MD, Cosio FG. Kidney allograft inflammation and fibrosis,
causes and consequences. Am J Transplant 2012 May; 12(5):1199–1207. doi: 10.1111/j.1600-6143.
2011.03911.x PMID: 22221836

22. Kee TY, Chapman JR, O'Connell PJ, Fung CL, Allen RD, Kable K, et al. Treatment of subclinical rejec-
tion diagnosed by protocol biopsy of kidney transplants. Transplantation 2006 Jul 15; 82(1):36–42.
PMID: 16861939

23. Moreso F, Carrera M, GomaM, Hueso M, Sellares J, Martorell J, et al. Early subclinical rejection as a
risk factor for late chronic humoral rejection. Transplantation 2012 Jan 15; 93(1):41–46. doi: 10.1097/
TP.0b013e31823bb647 PMID: 22094957

24. Roberts IS, Reddy S, Russell C, Davies DR, Friend PJ, Handa AI, et al. Subclinical rejection and bor-
derline changes in early protocol biopsy specimens after renal transplantation. Transplantation 2004
Apr 27; 77(8):1194–1198. PMID: 15114084

25. Ponticelli C, Graziani G. Proteinuria after kidney transplantation. Transplant Int 2012 Sep; 25(9):909–
917.

26. Jenni F, Riethmuller S, Wuthrich RP. Significance of urine diagnostic tests after renal transplantation.
Kidney Blood Press Res 2013; 37(2–3):116–123. doi: 10.1159/000350065 PMID: 23594936

27. Oblak M, Kandus A, Mlinsek G, Buturovic-Ponikvar J, Arnol M. Increase in proteinuria after acute kid-
ney graft rejection is associated with decreased graft function and survival. Transplant Proc 2013 May;
45(4):1453–1457. doi: 10.1016/j.transproceed.2013.02.106 PMID: 23726595

28. Shamseddin MK, Knoll GA. Posttransplantation proteinuria: an approach to diagnosis and manage-
ment. Clin J Am Soc Nephrol 2011 Jul; 6(7):1786–1793. doi: 10.2215/CJN.01310211 PMID: 21734095

29. Halimi JM, Laouad I, Buchler M, Al-Najjar A, Chatelet V, Houssaini TS, et al. Early low-grade protein-
uria: causes, short-term evolution and long-term consequences in renal transplantation. Am J Trans-
plant 2005 Sep; 5(9):2281–2288. PMID: 16095510

30. Amer H, Fidler ME, Myslak M, Morales P, KremersWK, Larson TS, et al. Proteinuria after kidney trans-
plantation, relationship to allograft histology and survival. Am J Transplant 2007 Dec; 7(12):2748–
2756. PMID: 17941956

Inflammation in Protocol Biopsies

PLOS ONE | DOI:10.1371/journal.pone.0159717 August 17, 2016 13 / 14

http://www.ncbi.nlm.nih.gov/pubmed/9987096
http://www.ncbi.nlm.nih.gov/pubmed/17352710
http://dx.doi.org/10.1111/j.1600-6143.2011.03926.x
http://dx.doi.org/10.1111/j.1600-6143.2011.03926.x
http://www.ncbi.nlm.nih.gov/pubmed/22300494
http://www.ncbi.nlm.nih.gov/pubmed/12780562
http://dx.doi.org/10.1111/j.1600-6143.2009.02966.x
http://www.ncbi.nlm.nih.gov/pubmed/20121731
http://www.ncbi.nlm.nih.gov/pubmed/17250556
http://dx.doi.org/10.1111/j.1600-6143.2010.03240.x
http://www.ncbi.nlm.nih.gov/pubmed/20883541
http://www.ncbi.nlm.nih.gov/pubmed/16162196
http://www.ncbi.nlm.nih.gov/pubmed/7878783
http://dx.doi.org/10.1016/j.transproceed.2008.12.027
http://www.ncbi.nlm.nih.gov/pubmed/19328976
http://dx.doi.org/10.1111/j.1600-6143.2011.03911.x
http://dx.doi.org/10.1111/j.1600-6143.2011.03911.x
http://www.ncbi.nlm.nih.gov/pubmed/22221836
http://www.ncbi.nlm.nih.gov/pubmed/16861939
http://dx.doi.org/10.1097/TP.0b013e31823bb647
http://dx.doi.org/10.1097/TP.0b013e31823bb647
http://www.ncbi.nlm.nih.gov/pubmed/22094957
http://www.ncbi.nlm.nih.gov/pubmed/15114084
http://dx.doi.org/10.1159/000350065
http://www.ncbi.nlm.nih.gov/pubmed/23594936
http://dx.doi.org/10.1016/j.transproceed.2013.02.106
http://www.ncbi.nlm.nih.gov/pubmed/23726595
http://dx.doi.org/10.2215/CJN.01310211
http://www.ncbi.nlm.nih.gov/pubmed/21734095
http://www.ncbi.nlm.nih.gov/pubmed/16095510
http://www.ncbi.nlm.nih.gov/pubmed/17941956


31. Halimi JM, Matthias B, Al-Najjar A, Laouad I, Chatelet V, Marliere JF, et al. Respective predictive role of
urinary albumin excretion and nonalbumin proteinuria on graft loss and death in renal transplant recipi-
ents. Am J Transplant 2007 Dec; 7(12):2775–2781. PMID: 17949457

32. Isoniemi H, Taskinen E, Hayry P. Histological chronic allograft damage index accurately predicts
chronic renal allograft rejection. Transplantation 1994 Dec 15; 58(11):1195–1198. PMID: 7992362

33. Buchmann TN, Wolff T, Bachmann A, Guerke L, Steiger J, Mihatsch MJ, et al. Repeat true surveillance
biopsies in kidney transplantation. Transplantation 2012 May 15; 93(9):908–913. doi: 10.1097/TP.
0b013e318248cab0 PMID: 22538451

34. de Freitas DG, Sellares J, Mengel M, Chang J, Hidalgo LG, Famulski KS, et al. The nature of biopsies
with "borderline rejection" and prospects for eliminating this category. Am J Transplant 2012 Jan; 12
(1):191–201. doi: 10.1111/j.1600-6143.2011.03784.x PMID: 21992503

Inflammation in Protocol Biopsies

PLOS ONE | DOI:10.1371/journal.pone.0159717 August 17, 2016 14 / 14

http://www.ncbi.nlm.nih.gov/pubmed/17949457
http://www.ncbi.nlm.nih.gov/pubmed/7992362
http://dx.doi.org/10.1097/TP.0b013e318248cab0
http://dx.doi.org/10.1097/TP.0b013e318248cab0
http://www.ncbi.nlm.nih.gov/pubmed/22538451
http://dx.doi.org/10.1111/j.1600-6143.2011.03784.x
http://www.ncbi.nlm.nih.gov/pubmed/21992503

