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Abstract
Introduction  Delayed graft function (DGF) is considered a risk factor for rejection after kidney transplantation (KTx). 
Clinical guidelines recommend weekly allograft biopsy until DGF resolves. However, who may benefit the most from such 
an aggressive policy and when histology should be evaluated remain debated.
Methods  We analyzed 223 biopsies in 145 deceased donor KTx treated with basiliximab or anti-thymocyte globulin (rATG) 
and calcineurin inhibitor-based maintenance. The aim of the study was to assess the utility and safety of biopsies performed 
within 28 days of transplant. Relationships between transplant characteristics, indication, timing, and biopsy-related out-
comes were evaluated.
Results  Main indication for biopsy was DGF (87.8%) followed by lack of improvement in graft function (9.2%), and worsen-
ing graft function (3.1%). Acute tubular necrosis was the leading diagnosis (89.8%) whereas rejection was detected in 8.2% 
specimens. Rejection was more frequent in patients biopsied due to worsening graft function or lack of improvement in graft 
function than DGF (66.7% vs. 3.5%; P = 0.0075 and 33.3% vs. 3.5%; P = 0.0104, respectively) and in biopsies performed 
between day 15 and 28 than from day 0 to 14 (31.2% vs. 3.7%; P = 0.0002). Complication rate was 4.1%. Management was 
affected by the information gained with histology in 12.2% cases (7% considering DGF).
Conclusions  In low-immunological risk recipients treated with induction and calcineurin inhibitors maintenance, protocol 
biopsies obtained within 2 weeks of surgery to rule out rejection during DGF do not necessarily offer a favourable balance 
between risks and benefits. In these patients, a tailored approach may minimize complications thus optimizing results.
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Introduction

In the last two decades, the overwhelming discrepancy 
between available donors and patients on the transplant wait-
ing list has heralded an increased utilization of expanded-
criteria donation after brain death (DBD) and donation after 
circulatory death (DCD) kidneys [1, 2]. Even though several 
studies have demonstrated that renal transplants performed 
using such organs offer acceptable long-term outcomes 
[2–4], it is well known that they have a greater risk of pri-
mary non-function (PNF), delayed graft function (DGF), 
and rejection than standard-criteria DBD [5–7]. With these 
assumptions, it is reasonable to expect that DGF rates will 
rise significantly in the future.

Main predisposing factors for DGF are DCD donor, 
donor age, cold and warm ischemia time, dialysis vintage, 
and recipient sensitization [8]. Differential diagnosis is 
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challenging because in the early post-transplant phase 
many conditions may present with low urinary output and 
impaired renal function. Doppler-ultrasound and contrast-
enhanced computed tomography evaluation of the allograft 
allows to detect urological and vascular complications. 
However, imaging and standard laboratory tests are mostly 
unable to clarify the underlying cause of DGF. For these 
reasons, prolonged DGF usually prompts a kidney biopsy 
to rule out rejection, thrombotic microangiopathy (TMA), 
drug-related nephrotoxicity or recurrent primary renal dis-
ease [9]. Albeit generally safe, a transplant biopsy in the 
first weeks after surgery is not without risk [10]. Recent 
manipulation of the allograft and anticoagulation for deep 
vein thrombosis prophylaxis may increase biopsy-related 
complications. Modern immunosuppressive protocols have 
significantly reduced acute rejection rates within 6 months 
of transplant [11]. This is especially true for non-sensi-
tized patients receiving a standard-criteria DBD kidney 
[12]. Early biopsy in this subset of recipients might have 
limited diagnostic yield and, therefore, it could represent 
an unnecessary risk.

Our aim was to assess the utility and safety of early 
biopsy in a recent cohort of deceased donor kidney trans-
plants (KTx).

Methods

Study design

In this single-centre retrospective study with 1-year 
follow-up, we analyzed data from patients undergoing 
deceased donor KTx between January 2010 and December 
2013 at the Royal London Hospital (London, UK). Exclu-
sion criteria were: (1) recipient age < 18 years; (2) induc-
tion other than basiliximab or rabbit anti-thymocyte globu-
lin (rATG); and (3) maintenance other than tacrolimus or 
cyclosporine, mycophenolate mofetil (MMF), and steroid. 
Donor data, organ details, recipient characteristics, allo-
graft histology, and transplant-related outcomes were pro-
spectively recorded in a central database by dedicated staff 
(as per standard practice at our institution) and reviewed 
by the authors. For analysis purpose, transplants were 
sorted in different sub-categories according to donor type 
(DBD vs. DCD), donor age (< 60 years vs. ≥ 60 years), 
induction (basiliximab vs. rATG), and immunological risk 
(low-risk vs. high-risk). Transplants were defined as low-
immunological risk if all the following conditions were 
met: (1) de novo recipient; (2) last panel-reactive anti-
body (PRA) status < 50%; (3) undetectable donor-specific 
antibody (DSA); and (4) donor-recipient human leukocyte 
antigen (HLA) mismatch < 4.

Endpoints

The primary endpoint was to assess the utility of allo-
graft biopsy performed within 28 days of transplant (early 
biopsy). As utility measure we considered the ability of 
the information obtained with histology to change the 
clinical management. Such a parameter was evaluated as 
an overall outcome and as a specific outcome for differ-
ent clinical settings (DGF vs. worsening graft function 
vs. lack of improvement in graft function), transplant 
sub-categories (DBD vs. DCD, donor < 60  years vs. 
donor ≥ 60 years, low-immunological risk vs. high-immu-
nological risk, basiliximab vs. rATG), and post-transplant 
periods (post-operative day 0–14 vs. post-operative day 
15–28). Indications for early biopsy were: (1) DGF (need 
for dialysis during the first week after surgery); (2) wors-
ening graft function (increase in serum creatinine ≥ 20% 
from nadir); and (3) lack of improvement in graft func-
tion (serum creatinine unchanged or decreased < 10% for 
3 consecutive days). The following secondary endpoints 
were evaluated: safety of early biopsy, agreement between 
clinical and pathological diagnoses, and biopsy-proven 
rejection within 28 days of transplant (early rejection). 
Possible relationships between donor type, donor age, 
induction, immunological risk, and biopsy-related out-
comes were also investigated. Safety was assessed con-
sidering the complications caused by the procedure. Rejec-
tion was suspected for serum creatinine increase ≥ 20% 
from nadir and always confirmed by histology [13]. Bor-
derline, grade-I, and grade-IIA cell-mediated rejections 
(CMR) were treated with intravenous methylprednisolone 
500 mg/day for 3 days. Grade-IIB and grade-III CMR 
were treated with intravenous rATG 1.5 mg/kg/day for 
4 days. Antibody-mediated rejection (AMR) was treated 
with intravenous steroid, intravenous immunoglobulin, 
and plasma exchange. Histology was considered posi-
tive for acute tubular necrosis (ATN) if any evidence of 
acute tubular injury was mentioned in the report (without 
regard to severity). Polyomavirus-associated nephropathy 
was suspected in case of persistent (> 21 days) BK-virus 
plasma polymerized chain reaction (PCR) ≥ 10,000 cop-
ies/mL [14]. Protocol biopsies were obtained between 3 
and 6 months after surgery in patients with a previous 
transplant failed due to rejection or calcineurin inhibitor 
(CNI)-related nephrotoxicity, early biopsy-proven rejec-
tion, serum creatinine persistently > 2 mg/dL, and de novo 
DSA. Biopsies were performed bed-side under ultrasound 
guidance using a 16-gauge automatic biopsy needle and 
evaluated by two expert renal pathologists. Before the 
procedure, patients were assessed with coagulation and 
platelet function tests. Specimens were embedded in 
paraffin, stained with H&E and PAS, and checked with 
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immunohistochemistry for C4d and SV40. Histology was 
assessed using Banff 2007 classification [15]. Renal func-
tion was measured by estimated glomerular filtration rate 
(eGFR) according to the Modification of Diet in Renal 
Disease (MDRD) formula [16].

Immunosuppression

As induction, patients received intravenous basiliximab 
(Simulect®, Novartis, Basel, Switzerland) 20 mg on days 
0 and day 4 or rATG (Thymoglobulin®, Genzyme, Cam-
bridge, MA, USA) 4 mg/kg total-dose at day 0 and day 4. 
Participants were also given intravenous methylpredniso-
lone 500 mg on day 0, 250 mg on day 1, and 125 mg on 
day 2. As maintenance, a triple-agent CNI based scheme 
was administered. From day 0, patients orally received tac-
rolimus (Adoport®, Novartis, Basel, Switzerland) 0.15 mg/
kg/day or cyclosporine (Neoral®, Novartis, Basel, Swit-
zerland) 7 mg/kg/day, and MMF (Myfenax®, Teva, Petach 
Tikva, Israel) 2000 mg/day. Tacrolimus dose was adjusted to 
achieve a trough level of 8–10 ng/mL during the first month 
and 6–8 ng/mL thereafter whereas cyclosporine dose was 
adjusted to achieve a trough level of 200 ng/mL during the 
first month and 100–150 ng/mL thereafter. From day 3, 
patients received oral prednisone 20 mg/day, progressively 
tapered to 5 mg/day after 1 month.

Concomitant medications

Recipients were given prophylaxis for Pneumocystis 
jirovecii (oral trimethoprim/sulfamethoxazole 80 + 400 mg 
3 times a week for 3 months). Patients at increased risk of 
Cytomegalovirus (CMV) disease (i.e. recipient negative 
CMV immunization with donor positive CMV immuniza-
tion, rATG induction or anti-rejection treatment) received 
oral valganciclovir (dose titrated according to renal function) 
for 6 months. As deep vein thrombosis prophylaxis, partici-
pants were given subcutaneous tinzaparin 175 anti-Xa IU/
kg/day up to post-operative day 28.

Statistical analysis

Categorical and numerical variables were described using 
proportions, medians, and first–third interquartile ranges 
(IQR). Data were compared using Fisher’s exact test, 
Chi-square test or Mann–Whitney U test as appropriate. 
The Kaplan–Meier method was used to analyze patient 
survival, graft survival, and rejection rates. Curves were 
compared with log-rank test. Significance was defined as P 
value < 0.05. We ran analyses with SPSS 23.0 (IBM Corp., 
Armonk, USA).

Results

Patient demographics and characteristics

From January 2010 to December 2013, 282 patients have 
undergone deceased donor KTx at our centre. 270 par-
ticipants were enrolled into the study. Reasons for exclu-
sion were: daclizumab induction (n = 2), immunoglobulin 
induction (n = 1), alemtuzumab induction (n = 2), azathio-
prine maintenance (n = 5), and steroid-free maintenance 
(n = 2). The cohort included 171/270 (63.3%) DBD and 
99/270 (36.7%) DCD recipients. Main ethnic groups were 
Caucasian (102/270, 37.8%) and Afro-Caribbean (52/270, 
19.3%). Median recipient and donor age were 50 (IQR 
39–57) and 51 (IQR 39–61) years, respectively. As induc-
tion, 141/270 (52.2%) patients received rATG whereas 
129/270 (47.8%) basiliximab. All participants were given 
a CNI-MMF-steroid maintenance: 186/270 (68.9%) cyclo-
sporine and 84/270 (31.1%) tacrolimus. No recipients were 
lost to follow-up. Characteristics of the population are 
detailed in Table 1.

Transplant outcome

One-year patient and death-censored graft survival rates 
were 92.6% and 90%, respectively. There were two epi-
sodes of PNF (0.7%). DGF was recorded in 116/270 (43%) 
recipients with a median duration of 10 (IQR 7–13) days. 
One-year biopsy-proven rejection rate was 17%. Over-
all, we observed 55 episodes of rejection in 46 patients: 
45/55 (81.8%) CMR, 4/55 (7.3%) AMR, and 6/55 (10.9%) 
borderline. Median time from transplant to first episode 
of rejection was 84 (IQR 42.75–115) days. Eight/270 
(3%) patients were diagnosed rejection within 28 days of 
transplant. One-year median MDRD eGFR was 47 (IQR 
35.8–61.9) mL/min/1.73 m2. Characteristics and outcomes 
of patients experiencing DGF are summarized in Table 1.

Time distribution of allograft biopsy

The flow diagram of the study is depicted in Fig. 1. Dur-
ing the follow-up, we performed 223 allograft biopsies in 
145 recipients. Fifty-one/145 (35.2%) patients were biop-
sied twice or more. Adequate specimens (as per patholo-
gist’s report) were obtained in all cases. Median time from 
transplant to first biopsy was 12 (IQR 8–81) days. Eighty-
eight/145 (60.7%) recipients were biopsied within 28 days 
of transplant for a total amount of 98 (98/223, 43.9%) early 
biopsies; 30/98 (30.6%) in the first, 52/98 (53.1%) in the 
second, 9/98 (9.2%) in the third, and 7/98 (7.1%) in the 4th 
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Table 1   Baseline characteristics and 1-year transplant-related outcomes of the study population (all) and comparison between recipients with 
immediate graft function (IGF group) or delayed graft function (DGF group)

IGF, immediate graft function; DGF, delayed graft function; IQR, interquartile range; BMI, body mass index; Tx, transplant; HLA, human leu-
kocyte antigen; PRA, panel-reactive antibody; DSA, donor-specific antibody; DBD, donation after brain death; CIT, cold ischemia time; rATG, 
rabbit anti-thymocyte globulin; MMF, mycophenolate mofetil; MDRD, modification of diet in renal disease; eGFR, estimated glomerular filtra-
tion rate; BPR, biopsy-proven rejection
a Relapsing basal disease: primary or secondary glomerular disease, vasculitis, atypical hemolytic uremic syndrome, and unknown kidney dis-
ease
b Low-immunological risk: de novo recipient, last PRA status < 50%, undetectable DSA, and donor-recipient HLA mismatch < 4

Variables All IGF DGF P
Median (IQR) or n (%)

Number of patients 270 154 116 –
Male:female 176:94 95:59 81:35 0.1970
Recipient Caucasian ethnicity 102/270 (37.8) 54/154 (35.1) 48/116 (41.4) 0.3119
Recipient age (years) 50 (39–57) 49 (39–54) 51.5 (40.75–58) 0.0466
Recipient age ≥ 60 years 44/270 (16.3) 21/154 (13.6) 23/116 (19.8) 0.1861
Recipient BMI (kg/m2) 25.4 (22.3–28.6) 25.01 (21.93–27.98) 25.67 (23.18–29.41) 0.4237
Relapsing basal diseasea 122/270 (45.2) 66/154 (42.9) 56/116 (48.3) 0.3897
Hemodialysis 200/270 (74.1) 114/154 (74) 86/116 (74.1) 1
Preemptive Tx 8/270 (3) 4/154 (2.6) 4/116 (3.5) 0.7284
Primary kidney Tx 238/270 (88.1) 133/154 (86.4) 105/116 (90.5) 0.3446
HLA mismatch 3 (3–4) 3 (3–4) 3 (3–4) 0.5093
HLA mismatch ≥ 4 98/270 (36.3) 52/154 (33.8) 46/116 (39.7) 0.3710
Last PRA status > 50% 37/270 (13.7) 22/154 (14.3) 15/116 (12.9) 0.8586
DSA positive 37/270 (13.7) 25/154 (16.2) 12/116 (10.3) 0.2109
Low-immunological riskb 139/270 (51.5) 85/154 (55.2) 54/116 (46.6) 0.1770
DBD donor 171/270 (63.3) 119/154 (77.3) 52/116 (44.8) < 0.00001
Donor age (years) 51 (39.2–61) 49 (38–57.75) 52 (46–62) 0.0050
Donor age ≥ 60 years 76/270 (28.1) 35/154 (22.7) 41/116 (35.3) 0.0285
Dual kidney Tx 21/270 (7.8) 7/154 (4.5) 14/116 (12.1) 0.0366
Donor-recipient gender mismatch 134/270 (49.6) 82/154 (53.2) 52/116 (44.8) 0.1786
CIT (hours) 15 (12–17) 15 (11.625–17) 15 (12–17.625) 0.2041
CIT > 12 h 188/270 (69.6) 105/154 (68.2) 83/116 (71.6) 0.5942
rATG induction 141/270 (52.2) 64/154 (41.6) 77/116 (66.4) 0.0001
Cyclosporine-MMF-prednisone 186/270 (68.9) 102/154 (66.2) 84/116 (72.4) 0.2912
1-year patient survival 250/270 (92.6) 144/154 (93.5) 106/116 (91.4) 0.6398
1-year death-censored graft survival 243/270 (90) 135/154 (87.7) 108/116 (93.1) 0.1564
1-year MDRD eGFR (mL/min) 47 (35.8–61.9) 55 (41.95–69.25) 40.8 (28.77–50.32) 0.0091
Primary non-function 2/270 (0.7) 0/154 (0) 2/116 (1.7) 0.1837
DGF 116/270 (43) – – –
1-Year BPR 46/270 (17) 18/154 (11.7) 28/116 (24.1) 0.0087
BPR within 28 days of Tx 8/270 (3) 2/154 (1.3) 6/116 (5.2) 0.0781
Patients biopsied within 1 year of Tx 145/270 (53.7) 51/154 (33.1) 94/116 (81) < 0.00001
Biopsies within 1 year of Tx 223 71 152 –
Patients biopsied within 28 days of Tx 88/270 (32.6) 5/154 (3.2) 83/116 (71.6) < 0.00001
Biopsies within 28 days of Tx 98 6 92 –
Early allograft biopsy histology:
 Acute tubular necrosis 88/98 (89.8) 3/6 (50) 85/92 (92.4) 0.0133
 Cell-mediated rejection 5/98 (5.1) 1/6 (16.7) 4/92 (4.3) 0.2759
 Antibody-mediated rejection 0/98 (0) 0/6 (0) 0/92 (0) 1
 Borderline rejection 3/98 (3.1) 1/6 (16.7) 2/92 (2.2) 0.1743
 Thrombotic microangiopathy 1/98 (1) 1/6 (16.7) 0/92 (0) 0.0612
 Normal allograft 1/98 (1) 0/6 (0) 1/92 (1.1) 1

Treatment modification 12/98 (12.2) 3/6 (50) 9/92 (9.8) 0.0232
 Treatment modification day 0–14 6/82 (7.3) 1/2 (50) 5/80 (6.2) 0.1418
 Treatment modification day 15–28 6/16 (37.5) 2/4 (50) 4/12 (33.3) 0.6044
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week after surgery. Time distribution of allograft biopsies 
is described in Fig. 2.

Indication for allograft biopsy

Early biopsies were performed due to DGF (86/98, 87.8%), 
lack of improvement in graft function (9/98, 9.2%), and 
worsening graft function (3/98, 3.1%). As shown in Fig. 2, 
indications for early or late allograft biopsies were signifi-
cantly different; in particular there was a disproportionate 
number of procedures performed due to DGF (86/98, 87.8% 
vs. 1/125, 0.8%, P < 0.00001), worsening graft function 
(3/98, 3.1% vs. 53/125, 42.4%, P < 0.00001), protocol his-
tology (0/98, 0% vs. 49/125, 39.2%, P < 0.00001), and poly-
omavirus viremia (0/98, 0% vs. 7/125, 5.6%, P = 0.0189).

Histology

Considering early biopsies, histology demonstrated: ATN 
(88/98, 89.8%), CMR (5/98, 5.1%), borderline rejection 
(3/98, 3.1%), thrombotic microangiopathy (1/98, 1%), and 
normal allograft (1/98, 1%). The distribution of histological 
diagnoses in early and late biopsies was significantly differ-
ent for ATN (88/98, 89.8% vs. 36/125, 28.8%; P < 0.00001), 
CMR (5/98, 5.1% vs. 40/125, 32%; P < 0.00001), and poly-
omavirus-associated nephropathy (0/98, 0% vs. 6/125, 4.8%; 
P = 0.036). As shown in Fig. 3, the prevalence of ATN was 
significantly higher in biopsies performed from day 0 to 
14 than from day 15 to 28: 79/82, 96.3% vs. 9/16, 56.2% 
(P = 0.000001). On the other hand, rejection (CMR, AMR, 
and borderline) was more frequently observed in specimens 

obtained between day 15 and 28 than between day 0 and 
14: 5/16, 31.2% vs. 3/82, 3.7% (P = 0.0002). We matched 
indications for early allograft biopsy with histology find-
ings (Fig. 4). In case of DGF, pathology demonstrated ATN 
(82/86, 95.3%), CMR (3/86, 3.5%), and normal allograft 
(1/86, 1.2%). In patients biopsied due to worsening graft 
function we found CMR (2/3, 66.7%) and TMA (1/3, 33.3%) 
whereas biopsies performed due to lack of improvement in 
graft function showed ATN (6/9, 66.7%) and borderline 
rejection (3/9, 33.3%). Recipients undergoing early biopsy 
due to DGF were more likely to be diagnosed ATN than 
recipients with worsening graft function (82/86, 95.3% vs. 
0/3, 0%; P = 0.0003) or lack of improvement in graft func-
tion (82/86, 95.3% vs. 6/9, 66.7%; P = 0.0174). On the con-
trary, diagnosis of rejection was more frequent in patients 
biopsied due to worsening graft function or lack of improve-
ment in graft function than DGF: 2/3, 66.7% vs. 3/86, 3.5% 
(P = 0.0075) and 3/9, 33.3% vs. 3/86, 3.5% (P = 0.0104), 
respectively.

Agreement between clinical diagnosis and histology

One/98 (1%) early biopsy was performed suspecting a 
CNI-induced TMA (worsening graft function, throm-
bocytopenia, elevated LDH, schistocytes on blood film, 
undetectable haptoglobin, and elevated Doppler resis-
tive index). Clinical hypothesis was confirmed by histol-
ogy and the graft was rescued stopping cyclosporine and 
administering belatacept (Nulojix®, Bristol-Myers Squibb, 
Uxbridge, UK). Eleven/98 (11.2%) procedures were car-
ried out due to a clinical diagnosis of rejection (worsening 

Fig. 1   Flow diagram of the study
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graft function or lack of improvement in graft function, 
low CNI trough level, and elevated Doppler resistive 
index). Histology demonstrated ATN in 6/11 (54.5%) 
biopsies and confirmed rejection in 5/11 (45.5%). Rejec-
tions (2 CMR and 3 borderline) were successfully treated 
with intravenous steroid whereas patients with ATN did 
not have their treatment modified. In the remaining 86/98 
(87.8%) cases, recipients were biopsied to rule out rejec-
tion during DGF. In this group, histology showed ATN in 

82/86 (95.3%), rejection in 3/86 (3.5%), and normal allo-
graft in 1/86 (1.2%) specimens. Recipients diagnosed with 
rejection (3 CMR) were administered intravenous steroid 
whereas 3/82 (3.7%) patients with ATN were treated using 
rATG and reduced CNI. Overall, agreement between clini-
cal diagnosis and histology was limited to 9/98 (9.2%) 
matches and rejection detected in 8/98 (8.2%) reports.

Fig. 2   a Time distribution of 
kidney allograft biopsies during 
the first year after transplant. b 
Indications for early (day 0–28) 
or late (day 29–365) kidney 
allograft biopsies; DGF: need 
for dialysis during the first 
week after surgery; worsen-
ing graft function: increase in 
serum creatinine ≥ 20% from 
nadir; lack of improvement in 
graft function: serum creatinine 
unchanged or decreased < 10% 
for 3 consecutive days; poly-
omavirus viremia: persistent 
BK-virus plasma PCR ≥ 10,000 
copies/mL; protocol histology: 
previous transplant failed due to 
rejection or CNI-related nephro-
toxicity, early biopsy-proven 
rejection, serum creatinine 
persistently > 2 mg/dL, and de 
novo DSA
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Early allograft biopsy and clinical management

Treatment strategy was affected by the information gained 
with histology in 12/98 (12.2%) cases. Investigating possible 
associations between indication for allograft biopsy, timing 
of allograft biopsy, transplant sub-category and the primary 
endpoint, we found that early biopsies performed due to 
worsening graft function or lack of improvement in graft 
function were more likely to affect clinical management 

than those performed due to DGF: 3/3, 100% vs. 6/86, 7% 
(P = 0.0007) and 3/9, 33.3% vs. 6/86, 7% (P = 0.0376), 
respectively. The proportion of biopsies leading to treatment 
modification was also higher for procedures performed from 
day 15 to 28 than from day 0 to 14 (6/16, 37.5% vs. 6/82, 
7.3%; P = 0.0008) and in patients receiving basiliximab than 
rATG (7/32, 21.9% vs. 5/66, 7.6%; P = 0.0428). No statisti-
cally significant differences in the primary endpoint were 
observed comparing DBD vs. DCD (6/48, 12.5% vs. 6/50, 

Fig. 3   a Histological diagnoses 
in early (day 0–28) or late (day 
29–365) kidney allograft biop-
sies. b Time-dependant distribu-
tion of histological diagnoses in 
early allograft biopsies
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12%; P = 1), standard-criteria vs. expanded-criteria (6/60, 
10% vs. 6/38, 15.8%; P = 0.5289), and high-immunological 
risk vs. low-immunological risk (10/59, 16.9% vs. 2/39, 
5.1%; P = 0.0805) transplants. Neither episodes of early 
rejection nor biopsies leading to treatment modification were 
recorded among low-immunological risk recipients treated 
with rATG.

Biopsy‑related complications

We observed five biopsy-related complications (5/223 pro-
cedures, 2.2%): haematuria requiring bladder catheterization 
(n = 1), haematuria requiring transfusion (n = 2), peri-graft 
haematoma requiring embolization (n = 1), and retroperi-
toneal haematoma requiring surgical exploration (n = 1). 
Eighty percent (4/5) of the complications were associated 
with early biopsies (4/98, 4.1%). Complication rate was sig-
nificantly higher for procedures performed within 2 weeks 
of transplant than at a later stage: 4/82, 4.9% vs. 1/141, 0.7% 
(P = 0.0426).

Allograft biopsy and transplant characteristics

Outcomes of low- and high-immunological risk transplants 
were evaluated (Table 2). DGF rate (54/139, 38.8% vs. 62/131, 
47.3%; P = 0.1770), duration of DGF (8, IQR 7–11 days vs. 
10, IQR 7–14 days; P = 0.8851), and proportion of patients 
undergoing early biopsy (39/139, 28.1% vs. 49/131, 37.4%; 
P = 0.1193) were comparable. However, the early rejection 
rate was significantly higher in the high-risk group: 7/131, 

5.3% vs. 1/139, 0.7% (P = 0.0318). More in details, a single 
episode of borderline rejection was recorded in the low-immu-
nological risk group and indication for biopsy was worsen-
ing graft function. Subanalysis of DBD or DCD transplants 
(Online Resource 1) demonstrated that DCD recipients were 
more likely to develop DGF and undergo early biopsy than 
DBD: 52/171, 30.4% vs. 64/99, 64.6% (P < 0.00001) and 
41/171, 24% vs. 47/99, 47.5% (P = 0.0001), respectively. 
Nevertheless, early rejection rates were similar: 4/171, 
2.3% vs. 4/99, 4% (P = 0.4701). Comparison between trans-
plants from donor < 60 and ≥ 60 years (Online Resource 2) 
showed that recipients of elderly kidneys had higher DGF 
rate (75/194, 38.7% vs. 41/76, 53.9%; P = 0.0285) and longer 
duration of DGF (8, IQR 6–11 days vs. 11, IQR 8–14 days; 
P = 0.0008) than their younger counterpart. They were also 
more frequently biopsied early after transplant (53/194, 27.3% 
vs. 35/76, 46.1%; P = 0.0039) but early rejection rates were 
equivalent: 5/194, 2.6% vs. 3/76, 3.9% (P = 0.6906). Analy-
sis of induction protocols (Online Resource 3) showed that 
the proportion of patients experiencing DGF or undergoing 
early allograft biopsies was significantly higher in rATG than 
basiliximab: 77/141, 54.6% vs. 39/129, 30.2% (P = 0.0001) 
and 57/141, 40.4% vs. 31/129, 24% (P = 0.0044), respectively. 
Early rejection rates were similar: 5/141, 3.5% vs. 3/129, 2.3% 
(P = 0.7247).

Fig. 4   Matching between 
indications for early kidney 
allograft biopsies and histologi-
cal diagnoses
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Table 2   Baseline characteristics 
and 1-year outcomes of 
deceased donor kidney 
transplants recipients with low 
(low IR group) or high (high IR 
group) immunological risk; low 
immunological risk: de novo 
recipient, last PRA status < 50%, 
undetectable DSA, and donor-
recipient HLA mismatch < 4

IR, immunological risk; PRA, panel-reactive antibody; DSA, donor-specific antibody; HLA, human leu-
kocyte antigen; IQR, interquartile range; BMI, body mass index; Tx, transplant; DBD, donation after brain 
death; CIT, cold ischemia time; rATG, rabbit anti-thymocyte globulin; MMF, mycophenolate mofetil; 
MDRD, modification of diet in renal disease; eGFR, estimated glomerular filtration rate; DGF, delayed 
graft function; BPR, biopsy-proven rejection
a Relapsing basal disease: primary or secondary glomerular disease, vasculitis, atypical hemolytic uremic 
syndrome, and unknown kidney disease

Variables Low IR High IR P
Median (IQR) or n (%)

Number of patients 139 131 –
Male:female 90:49 86:45 0.8989
Recipient Caucasian ethnicity 52/139 (37.4) 50/131 (38.2) 0.9008
Recipient age (years) 51 (39.5–57) 49 (39–56.5) 0.7641
Recipient age ≥ 60 years 21/139 (15.1) 23/131 (17.6) 0.6234
Recipient BMI (kg/m2) 25.09 (22.27–28.71) 25.51 (22.76–28.35) 0.9362
Relapsing basal diseasea 68/139 (48.9) 54/131 (41.2) 0.2224
Hemodialysis 96/139 (69.1) 104/131 (79.4) 0.0705
Preemptive Tx 6/139 (4.3) 2/131 (1.5) 0.2834
Primary kidney Tx 139/139 (100) 99/131 (75.6) < 0.00001
Last PRA status > 50% 0/139 (0) 37/131 (28) < 0.00001
DSA positive 0/139 (0) 37/131 (28) < 0.00001
HLA mismatch 3 (2–3) 4 (3.5–5) < 0.00001
HLA mismatch ≥ 4 0/139 (0) 98/131 (74.8) < 0.00001
DBD donor 94/139 (67.6) 77/131 (58.8) 0.1645
Donor age (years) 52 (39.5–61) 51 (40–60) 0.9442
Donor age ≥ 60 years 39/139 (28.1) 37/131 (28.2) 1
Dual kidney Tx 10/139 (7.2) 11/131 (8.4) 0.8213
Donor-recipient gender mismatch 72/139 (51.8) 62/131 (47.3) 0.4682
CIT (h) 15 (11–17) 15 (12.25–17) 0.0340
CIT > 12 h 90/139 (64.7) 98/131 (74.8) 0.0854
rATG induction 55/139 (39.6) 86/131 (65.6) 0.000018
Cyclosporine-MMF-prednisone 94/139 (67.6) 92/131 (70.2) 0.6939
1-Year patient survival 128/139 (92.1) 122/131 (93.1) 0.8186
1-Year death-censored graft survival 122/139 (87.8) 121/131 (92.4) 0.2291
1-Year MDRD eGFR (mL/min) 46.7 (35.15–62.07) 47 (37–60) 0.9681
Primary non-function 2/139 (1.4) 0/131 (0) 0.4986
DGF 54/139 (38.8) 62/131 (47.3) 0.1770
DGF duration (days) 8 (7–11) 10 (7–14) 0.1770
1-Year BPR 22/139 (15.8) 24/131 (18.3) 0.6291
Patient biopsied within 1-year of Tx 68/139 (48.9) 77/131 (58.8) 0.1136
Biopsies within 1 year of Tx 97 126 –
Patient biopsied within 28 days of Tx 39/139 (28.1) 49/131 (37.4) 0.1193
BPR within 28 days of Tx 1/139 (0.7) 7/131 (5.3) 0.0318
Biopsies within 28 days of Tx 39 59 –
Early allograft biopsy histology
 Acute tubular necrosis 38/39 (97.4) 50/59 (84.7) 0.0479
 Cell-mediated rejection 0/39 (0) 5/59 (8.5) 0.1537
 Antibody-mediated rejection 0/39 (0) 0/59 (0) 1
 Borderline rejection 1/39 (2.6) 2/59 (3.4) 1
 Thrombotic microangiopathy 0/39 (0) 1/59 (1.7) 1
 Normal 0/39 (0) 1/59 (1.7) 1

Treatment modification 2/39 (5.1) 10/59 (16.9) 0.0805
 Treatment modification day 0–14 1/36 (2.8) 5/46 (10.9) 0.2228
 Treatment modification day 15–28 1/3 (33.3) 5/13 (38.5) 1
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Discussion

Persistent shortages of organs have compelled the trans-
plant community to stretch criteria for organ donation and 
acceptance [17]. Characteristics of patients on the national 
waiting list have also changed. More than 20% of all KTx 
candidates are now older than 60 years [18, 19] while 
about 30% are hard-to-match due to difficult blood group 
or previous sensitization [20]. Wise use of organ alloca-
tion strategies and implementation of organ reconditioning 
techniques have allowed to optimize outcomes of renal 
transplants from marginal donors [3, 21, 22]. Nevertheless, 
both expanded-criteria DBD and DCD kidneys, especially 
in elderly or highly sensitized recipients, deserve special 
consideration on how to manage the greater risk of DGF 
associated with these organs [5–7, 23, 24].

We evaluated the utility and safety of allograft biopsies 
performed within 4 weeks of transplant in a contemporary 
cohort of deceased donor KTx. To reduce bias and increase 
generalizability, we focused on patients treated with basi-
liximab or rATG and a CNI-MMF-steroid maintenance.

In this series, DGF was the leading indication for early 
biopsy (88%), followed by lack of improvement in graft 
function (9%) and worsening graft function (3%). ATN 
was the most frequent diagnosis (90%) whereas signs 
of rejection were detected in only 8% of the specimens. 
Matching indication for early biopsy with histology, we 
found that patients biopsied due to worsening graft func-
tion or lack of improvement in graft function were more 
likely to be diagnosed rejection than those with DGF 
(67% vs. 33% vs. 3.5%). Furthermore, analysis of time-
dependent distribution of histological diagnoses demon-
strated that the chance of finding rejection was signifi-
cantly higher for biopsies performed between day 15 and 
28 than those obtained at an earlier stage after transplant 
(31.2% vs. 3.7%).

Our results are in contrast with other studies reporting 
acute rejection rates of 30% in patients with DGF [25] and 
as high as 25% in recipients with adequate graft function 
biopsied within 10 days of transplant [26]. A reasonable 
explanation is that we routinely use rATG induction in 
sensitized recipients (previous transplant, PRA ≥ 50%, 
detectable DSA) and in transplants deemed at greater risk 
of DGF such as DCD and expanded-criteria DBD [27–29]. 
All patients included in the analysis also received a stand-
ard-dose CNI-MMF-steroid maintenance since day 0 [9]. 
The majority of the studies describing the outcome of 
early allograft biopsy in patients with DGF, refers to data 
collected more than 15 years ago, when trends in induc-
tion treatment were in favour of high-dose steroid or anti-
IL-2 receptor antagonists and tacrolimus or MMF were 
not considered standard maintenance immunosuppressant 

[30–33]. In the last two decades, the widespread use of 
lymphocyte-depleting agents and tacrolimus-MMF immu-
nosuppressive schemes has undoubtedly led to a signifi-
cant reduction of early acute rejection rates [30, 32]. Man-
agement of DGF has also evolved [34]. As a consequence, 
we must consider the possibility that past literature may 
not be representative of current clinical practice. More 
recent analyses in recipients with or without DGF, sup-
port this point of view and in line with our study show 
much lower incidences of acute rejection than previously 
reported [35–38].

Most authors recommend weekly allograft biopsies until 
DGF is resolved [9]. However, the exact timing of histo-
logic assessment during DGF is yet to be determined. As 
previously suggested by Ortiz et al. [37] and Kikik et al. 
[38], we demonstrated that in patients receiving induction 
and standard-dose CNI, the diagnostic yield of allograft 
biopsies performed within 14 days of surgery is extremely 
low. Moreover, direct comparison between the proportion of 
patients with DGF who actually benefited from histologic 
diagnosis of rejection in the first 2 post-transplant weeks 
(3.7%) and the proportion of patients experiencing biopsy-
related complications during the same period (4.9%), rises 
the hypothesis that the approach proposed by current guide-
lines may be too aggressive and more risky than beneficial. 
At least in low-immunological risk patients, postponing the 
biopsy until post-operative day 15 would probably represent 
a safer and more effective option for managing DGF.

According to Dominguez and colleagues, graft biopsies 
obtained early after transplant should lead to diagnoses 
resulting in changes of clinical management in about 30% of 
cases [39]. In our experience, treatment strategy was affected 
by the information gained with histology in only 12% of the 
patients undergoing early biopsy. Considering DGF, results 
were even less reassuring as only 7% of the procedures actu-
ally led to treatment modifications. In an attempt to define 
who may benefit the most from early histology, we analyzed 
DGF and biopsy-related outcomes in different transplant 
categories. As expected, DGF and early biopsy rates were 
highest for patients receiving a DCD or an expanded-crite-
ria DBD kidney [5–7]. However, early rejection rates were 
similar between DCD and DBD donors (2.3% vs. 4%) and 
between donors < 60 and ≥ 60 years (2.6% vs. 3.9%). The 
results observed in both low- and high-immunological risk 
transplants also indicate that the incidence of early rejection, 
in patients receiving induction and full-dose CNI, is prob-
ably overestimated. As a matter of fact, no early CMR or 
AMR were recorded among low-immunological risk recipi-
ents and overall early rejection rate in high-immunological 
risk patients was only 5%. As previously mentioned, these 
findings can be explained by the preferential use of rATG 
in DCD, expanded-criteria DBD, and high-immunological 
risk transplants [27–29].
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The present study was not designed to compare immu-
nosuppressive treatments and is clearly underpowered to 
offer conclusive evidence supporting first-line use of rATG 
over basiliximab. However, as already demonstrated by 
our group in DCD [27, 29] and in line with recent find-
ings from other authors in standard- and expanded-criteria 
DBD transplants [40], it suggests to extend indications for 
lymphocyte-depleting agents to all recipients at the higher 
spectrum of DGF and with a substantial risk of rejection-
related allograft loss [41, 42]. The fact that public insur-
ance does not cover the use of rATG for prophylaxis of 
acute rejection in some countries, might theoretically limit 
the application of this therapeutic strategy outside formal 
research projects. However, in Europe and in the United 
States, rATG represents the main induction treatment 
both on-label and off-label [30]. Recent Food and Drug 
Administration approval will further increase the propor-
tion of patients receiving lymphocyte-depleting agents as 
the standard of care and will probably lead to modification 
of clinical guidelines in the near future [9]. Similarly, it is 
reasonable to expect a progressive change in the prescrip-
tion pattern of immunosuppressive medications in Asia 
[43].

Even though DGF may not be necessarily associated with 
a substantial increase in early rejection rates, at least in spe-
cific sub-groups of transplant recipients, it still represents 
a significant complication with several prognostic implica-
tions such as more complex management of immunosup-
pression, prolonged hospitalization, inferior renal function, 
and reduced allograft survival [44]. In an attempt to predict 
and possibly prevent the occurrence of DGF, many scoring 
systems have been proposed with mixed results [45]. The use 
of time 0 biopsies has been also evaluated. Depending on the 
study considered, DGF has been associated with interstitial 
fibrosis and tubular atrophy [46], glomerulosclerosis [47], 
arteriosclerosis [48] or arterial hyalinosis [44]. However, 
given the heterogeneity of the populations included and the 
inconsistency of the results observed, evidence in favour of 
pre-implantation histology as a predictor of DGF remain 
weak. A recent analysis conducted at our centre in 112 con-
trolled DCD kidney transplants, confirms this uncertainty as 
it failed to demonstrate any significant associations between 
allograft histology and DGF [29]. Due to limited supporting 
data [49] and lack of formal clinical guidelines, procure-
ment biopsy is not standard practice in the UK and the vast 
majority of the kidneys is accepted and allocated consider-
ing clinical characteristics of both donors and recipients. 
To reduce organ discard rates and minimize cold ischemia 
time, our policy is to perform pre-implantation biopsies 
only if the allografts are considered at high risk of PNF 
(DCD ≥ 60 years, DBD ≥ 80 years, DCD or DBD with evi-
dence of acute kidney injury at the time of organ retrieval 
or warm ischemia time ≥ 40 min). Therefore, information 

regarding pre-transplant histology for most of the patients 
included in the present series were not available.

In line with previous reports, the overall biopsy-related 
complication rate was around 2% [9]. Nevertheless, early 
biopsies accounted for 80% of the complications with a sig-
nificant difference between procedures performed within 
2 weeks of surgery and those obtained at a later stage (4.9% 
vs. 0.7%). As discussed above, such a finding suggests to 
reconsider indications for allograft biopsy in the very early 
post-transplant course and to reserve histologic assessment 
to those patients with DGF who actually have the highest 
change of benefiting from the procedure. Since no episodes 
of early rejection were recorded among low-immunological 
risk recipients treated with rATG, in this group of patients 
allograft biopsy should be probably avoided unless DGF 
exceeds post-operative day 28. In low-immunological risk 
patients receiving basiliximab, a reasonable approach would 
be to postpone allograft biopsy until post-operative day 15. 
Instead, weekly histological evaluation should be offered to 
all high-risk recipients with additional predisposing factors 
for rejection such as low CNI exposure or abnormal Doppler 
ultrasound findings.

Conclusions

The importance of allograft histology for diagnostic, prog-
nostic, and therapeutic purposes is unquestionable. Never-
theless, our data demonstrate that biopsies obtained within 
2 weeks of transplant to rule out rejection during DGF do 
not offer a favourable balance between risks and benefits. 
This is especially true for low-immunological risk patients 
treated with basiliximab or rATG induction and a standard-
dose CNI-MMF-steroid maintenance. In this subgroup of 
recipients, a more conservative approach would minimize 
complications thus optimizing results. Prospective multi-
centre studies evaluating cost-effectiveness of early biopsy 
in different transplant categories and immunosuppressive 
therapies are warranted.
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