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ABSTRACT
Aim: The aim of this study is to investigate the clinical features of graft dysfunction following liv-
ing kidney transplantation and to assess its causes.
Methods: We retrospectively analyzed a series of 366 living kidney transplantation indication
biopsies with a clear etiology and diagnosis from July 2003 to June 2016 at our center. The classi-
fications and diagnoses were performed based on clinical and pathological characteristics. All
biopsies were evaluated according to the Banff 2007 schema.
Results: Acute rejection (AR) occurred in 85 cases (22.0%), chronic rejection (CR) in 62 cases
(16.1%), borderline rejection (BR) in 12 cases (3.1%), calcineurin inhibitor (CNI) toxicity damage in
41 cases (10.6%), BK virus-associated nephropathy (BKVAN) in 43 cases (11.1%), de novo or recur-
rent renal diseases in 134 cases (34.7%), and other causes in nine cases (2.3%); additionally, 20
cases had two simultaneous causes. The 80 cases with IgA nephropathy (IgAN) had the highest
incidence (59.7%) of de novo or recurrent renal diseases. After a mean±SD follow up of
3.7± 2.3 years, the 5-year graft cumulative survival rates of AR, CR, CNI toxicity, BKVAN, and de
novo or recurrent renal diseases were 60.1%, 31.2%, 66.6%, 66.9%, and 67.1%, respectively.
Conclusions: A biopsy is helpful for the diagnosis of graft dysfunction. De novo or recurrent
renal disease, represented by IgAN, is a major cause of graft dysfunction following living kidney
transplantation.

ARTICLE HISTORY
Received 23 October 2017
Revised 3 January 2018
Accepted 15 March 2018

KEYWORDS
Living kidney
transplantation; graft
dysfunction; biopsy; IgA
nephropathy; rejection

Introduction

Biopsy is the gold standard for the diagnosis of graft
dysfunction. Biopsy results change the clinical diagnosis
in 36% and the therapy for 59% of patients [1]. An indi-
cation biopsy is used to assess the causes of graft dys-
function, which include rejection, de novo or recurrent
renal diseases, infectious diseases, and drug toxicity, to
provide guidance for treatment. Many pathological
morphological studies have focused on graft dysfunc-
tion based on an indication biopsy, but few etiological
analyses have been conducted in a large case series.

Methods

Sample collection

A total of 366 patients who underwent an indication
biopsy following living kidney transplantation from July
2003 to June 2016 at our center were included (Figure 1).
The patients included 260 males and 106 females with a

mean age (mean±SD) of 38.6±11.3 years (Table 1).
Blood and urine routine examinations, liver and kidney
function tests, and therapeutic drug monitoring were
conducted before the biopsy for all patients. Induction
treatment consisted of basiliximab (85.2%) or rabbit
anti-thymocyte globulin (ATG) (14.8%); the standard
maintain immunosuppressive regimen included a calci-
neurin inhibitor (CNI), FK506 (89%) or Cyclosporin A (CsA)
(11%), combined with mycophenolate mofetil (MMF)
(100%) and corticosteroids (100%); prednisone oral began
with 30mg, qd and withdrawal gradually to 5–10mg, qd
for a period of 4weeks. This study was approved by the
Regional Ethics Committee of our center, and all patients
signed informed consent forms.

Indication and procedures in biopsy

The indications for the biopsy with reference to 2009
KDIGO Clinical Practice Guideline [2] were as follows:
(1) continuous anuria or oliguria; (2) durative hematuria
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or proteinuria; (3) continuous increase in the serum
creatinine (sCr) or a concentration above the normal
level; (4) B-scan ultrasonography showing an abnormal
blood flow resistance index (RI); (5) panel-reactive anti-
body (PRA)> 0% or presence of a donor-specific anti-
body (DSA).

A needle biopsy guided by ultrasonography was per-
formed with an 18-gauge needle (Bard). Each sample
had at least six glomeruli under light microscopy, elec-
tron microscopy, and immunofluorescence analyses (for
IgA, IgG, IgM, C1q, and C4D) were performed on all
biopsies and were observed by two senior pathologists
in an independent and blinded fashion. The diagnosis
and classification were determined by senior patholo-
gist, some were consulted with doctor in charge,
according to the Banff 2007 schema combined with
clinical examinations, including therapeutic drug moni-
toring and BK virus testing in the urine and sera.

Statistical analysis

We analyzed the incidence and the 5-year graft cumula-
tive survival rate of the various causes of graft dysfunc-
tion. Due to a great discrepancy in diseased time of
different causes, the survival time after transplantation
may not reflect the clinical features of graft dysfunction,
we defined the time of follow-up began from the day of
diagnosis by biopsy instead of the day of transplantation.

Data were analyzed with IBM SPSS Statistics
software version 22.0 (SPSS, Chicago, IL). The compari-
sons of categorical variables were performed with
the Mann–Whitney U test or chi-square test, p values
lower than .05 were considered statistically significant,
the multiple comparisons were performed with
Kruskal–Wallis test and the results were corrected with
Bonferroni correction.

Results

The 366 cases (Table 2) included 85 cases (22.0%) of
acute rejection (AR), the glomerulitis (g> 0) was found
in 52 cases (61.2%), and the peritubular capillaritis (ptc
>0) in 73 cases (85.9%); of which 14 cases were acute
antibody-mediated rejection (AAMR), all these biopsies
(16.5%) had ptc and were C4d-positive by immunohis-
tochemical staining. Thirty-two cases occurred within
the first year after transplantation; nevertheless, three
cases occurred more than 10 years postoperatively
(Figure 2). Patients with T cell-mediated rejection
(ACMR) were treated with a methylprednisolone pulse
(MPP) and ATG intravenous therapy. Additionally, anti-
CD20 monoclonal antibody intravenous immunoglobu-
lin (IVIG) therapy was added to patients considered as
antibody-mediated. Of these patients, 84.7% recovered
and 15.3% lost graft within 1 year after diagnosis.
Overall, the 5-year graft cumulative survival rate of AR
was 60.1%.

Figure 1. To investigate the causes of graft dysfunction, this
series included patients with repeated indication biopsies, but
excluded protocol biopsies and repeated indication biopsies
with the same diagnosis. Additionally, biopsy results without a
clear etiology and clinical diagnosis were excluded, such as
chronic changes without evidence of any specific etiology
(category 5 or 6 in Banff 2007).

Table 1. Recipient and donor characteristics.
Variable

Recipient age (years) 38.6 ± 11.3 (7–68)
Recipient sex, f/m (%) 106/260 (29/71)
Recipient race, East Asian (%) 366 (100)
Time on dialysis before Tx (months) 25.7 ± 15.3 (0–52)
Diabetes (%) 71 (19.4)
Hypertension (%) 332 (90.7)
Second or higher Tx (%) 12 (3.2)
Anti-HLA antibodiesa (%) 76 (20.8)

Class I (%) 29 (7.9)
Class II (%) 54 (14.7)

HLA mismatches (A, B, or DR) 2.2 ± 1.3
Donor age (years) 51.2 ± 8.4 (36–65)
Donor sex f/m (%) 218/148 (59/41)
Donor race, East Asian (%) 366 (100)
Related donors (%) 318 (87)
Follow-up (years) 3.7 ± 2.3

Tx: transplantation.
aIncluding donor-specific antibody and non-donor specific antibody.

Table 2. The incidence of various causes of graft
dysfunction.
Causes of graft dysfunction Count (n¼ 386a, %)

De novo or recurrent renal diseases 134 (34.7)
IgAN 80 (59.7)
FSGS 41 (30.6)
MN 6 (4.5)
MPGN 4 (3.0)
LPG 2 (1.5)
LN 1 (0.7)

AR 85 (22.0)
CR 62 (16.1)
BKVAN 43 (11.1)
CNI toxicity 41 (10.6)
BR 12 (3.1)
Others 9 (2.3)
aThis count is the incidence of causes of graft dysfunction in 366
cases, including two causes occurred in one case simultaneously.
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Chronic rejection (CR) occurred in 62 cases (16.1%),
and the occurrence was similar in each year, as well as
41 cases (10.6%) of CNI toxicity damage. We adjusted
the dosage according to the blood concentrations or
converted immunosuppression from CNI to rapamycin
(RAPA). With early control of the blood pressure and
hyperlipidemia, the 5-year graft cumulative survival
rates were 31.2% and 66.6%, respectively.

Forty-three cases (11.1%) had BK virus-associated
nephropathy (BKVAN), most of which occurred within
1–2 years after transplantation. None of the patients
were diagnosed with BKVAN after more than 7 years.
After the treatment of immunosuppression reduction
and replacement of FK506 with CsA, the 5-year graft
cumulative survival rate was 74.3%.

De novo or recurrent renal diseases occurred in 134
cases, representing the highest incidence (34.7%) (Table 2).
These diseases included IgA nephropathy (IgAN) in
80 cases (59.7%), focal segmental glomerulosclerosis
(FSGS) in 41 cases (30.6%), membranous nephropathy
(MN) in six cases (4.5%), membranoproliferative glomer-
ulonephritis (MPGN) in four cases (3.0%), lipoprotein
glomerulopathy (LPG) in two cases (1.5%), and lupus
nephritis (LN) in one case (0.7%). IgAN and FSGS
were predominant. These two diseases occurred at any

time after transplantation, although the latter disease
occurred more frequently within the first year and
nearly 10 years postoperatively. CsA and medium/low
prednisone combination therapy was used to relieve
disease progression, angiotensin-converting enzyme
inhibitors (ACEIs) were used to reduce proteinuria, and
patients with FSGS were treated with plasma exchange
(PE). As a result, the 5-year graft cumulative survival
rates of these two diseases were 67.7% and 54.5%,
respectively. For comparison, the 5-year graft cumula-
tive survival rate for the total 134 cases was 67.1%.

Graft dysfunction with other causes occurred in nine
cases (2.3%), including acute pyelonephritis, hyperten-
sion, and chronic obstruction nephropathy. Twenty
cases had two causes simultaneously; these causes
were AR and CR in four cases, de novo or recurrent renal
disease and CNI toxicity damage in five cases, de novo
or recurrent renal disease and CR in five cases, and de
novo or recurrent renal disease and AR in six cases.

Discussion

With the wide use of effective immunosuppression,
the incidence of AR has been reduced markedly in
recent years [3]. The overall risk within one year after

Figure 2. The incidence of various causes in different clinical settings. AR was established within the first year after transplantation and
then declined sharply in the following years. The peak incidence of BKVAN occurred within 1–2years postoperatively. FSGS occurred more
frequently within the first year and nearly 10 years postoperatively. IgAN, CR, and CNI toxicity damage occurred similarly in each year.
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transplantation is less than 15% [4]. In our study, the
incidence of AR was second to the risk of de novo or
recurrent renal diseases. However, the reduction in the
incidence was not associated with a better prognosis,
and the rejection episodes were more severe than pre-
viously reported [5]. Due to improved immunosuppres-
sion and management during the perioperative period,
some cases of AR, especially those in subclinical rejec-
tion, showed fewer typical clinical features, such as an
acute increase in creatinine with oliguria, fever and graft
tenderness and swelling. Thus, renal biopsy is one of
the main methods to predict and guide treatment.

AR has a high incidence in the first year but can
occur at any time after transplantation [4]. This pattern
was also observed in our study, with some cases occur-
ring more than 10 years postoperatively. This result sug-
gests that late AR must be noted and may occur when
immunosuppression is reduced due to cancer, infection,
or drug toxicity. Late AR, which is defined as a rejection
occurs more than 3months post-transplantation.
Humoral factors have been reported to take effect in
late AR and AAMR is observed in more than 40% of late
AR cases [6,7]. AAMR is one of the most common and
severe causes of graft dysfunction, and is characterized
by hormone resistance and refractory. One study found
that AAMR occurred in nearly 24% of the AR biopsies
[8]. Fourteen biopsies (16.5%) showed AAMR in our
study. Considering the low risk of rejection in living

transplantation, this result was coincident with reports
in the literature.

Although most AR cases can be cured, many studies
have indicated that AR is still the main reason cause of
graft dysfunction [9,10] and accounts for one-third of
graft losses [11,12]. Late AR is often associated with
poorer outcomes and a high risk of graft loss. We found
that the 29 cases (96.6%) of AR that occurred within 2
year after transplantation (Group 1) recovered with
anti-rejection treatment compared with the curative
effective rate of only 86.0% in the 50 cases that occurred
over one year postoperatively (Group 2) (Table 3),
although there is no statistically significant in cure rate
between two groups, the treatment outcome of group
1 is better than group 2 as can be seen from the decline
degree of sCr. Moreover, the biopsies showed a higher
degree of histopathological injury in Group 2 versus in
Group 1. A meta-analysis showed that early steroid
avoidance or withdrawal after renal transplantation
increased the risk of late AR [13]. Therefore, the benefits
and risks of immunosuppression reduction should be
further assessed.

Unlike in deceased donors, in living transplantation,
early steroid withdrawal has been shown to be a safe
intervention in the management of low immunological
risk [14,15]. However, some studies have suggested that
the risk of recurrence has increased as a result [16,17].
This finding could help explain why de novo or

Table 3. The clinical features and treatment outcomes of early and late AR.
Group 1 (n¼ 30)a Group 2 (n¼ 50)a p value

Recipient age (years) 35.8 ± 14.3 (10–68) 37.0 ± 10.6 (9–59) .70
Anti-HLA antibodies (%) 14 (17.5) 31 (38.7) .18

Class I (%) 7 (8.7) 13 (16.2)
Class II (%) 9 (11.2) 24 (30.0)

HLA mismatches (A, B, or DR) 2.6 ± 1.4 2.4 ± 1.2 .54
Induction treatment .83

Basiliximab (%) 24 (30.0) 39 (48.7)
ATG (%) 6 (7.5) 11 (13.7)

CNI .33
FK506 (%) 27 (33.7) 41 (51.2)
CsA (%) 3 (3.7) 9 (18)

AAMR (%) 8 (10.0) 6 (7.5) .09
gb (%) 13 (43.3) 35 (70.0) .02
ptc (%) 25 (83.3) 43 (86.0) .75
sCr baselinec (umol/L) 126.0 ± 55.1 124.6 ± 53.2 .87
sCr increasedd (umol/L) 157.8 ± 244.9 169.0 ± 247.8 .55
sCr declinee (umol/L) 69.5 ± 77.3 39.4 ± .2 .04
Curedf (%) 29 (96.6) 43 (86.0) .12

ATG: rabbit anti-thymocyte globulin; CNI: calcineurin inhibitor; CsA: Cyclosporin A; AAMR: acute
antibody-mediated rejection; g: glomerulitis; ptc: peritubular capillaritis; sCr: serum creatinine.
aFive cases of AR were lost to follow up, three cases in group 1, and two cases in group 2 lost
graft and returned to dialysis after biopsy without anti-rejection treatment.
bThe g was defined as glomerulitis >0 according to the Banff 2007 schema, the same as the ptc.
cThe sCr baseline was the lowest sCr level after transplantation.
dThe increased from the sCr baseline to the sCr level at the time of biopsy.
eThe decline from the sCr level at the time of biopsy to the level one week after anti-
rejection treatment.
fThe criterions of cure included clinical symptoms disappeared, the sCr and RI in B-scan ultrason-
ography recovered.
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recurrent renal diseases occupied the first position of
the various causes of graft dysfunction in our results.

All forms of original nephropathy may recur after
transplantation, including IgAN, FSGS, MN, and MPGN.
However, great discrepancies exist in their clinical fea-
tures and prognoses. Data have shown that de novo or
recurrent renal diseases are the third leading cause of
graft dysfunction, following CR and death with func-
tional graft [18].

IgAN is the most common recurrent nephropathy
and recurs in 9–61% of patients [19]. Moreover, IgAN
had the highest incidence in our study. Genetic factors
play a role in the recurrence of IgAN and exhibit familial
clustering [20]. We noted that IgAN recurrence was
significantly more frequent in low HLA-mismatched
living transplantation, which conformed to a review of
the Australia–New Zealand registry [21]. Therefore, we
suggest that further attention should be paid to the
family history in cases involving transplantation from
living donors. IgAN may recur at any time after trans-
plantation. We found that most patients diagnosed
with recurrent IgAN accepted a biopsy for initial asymp-
tomatic hematuria and/or mild proteinuria, whereas few
for an increased serum creatinine level, which was con-
trary to the rejection and CNI toxicity data (Table 4).
Early research suggested that recurrent IgAN presented
relatively slow progression and a benign outcome with
little impact on graft function compared with other risk
factors, such as rejection, drug toxicity, or infection [22].
More recent studies have confirmed that IgAN reduces
the long-term survival rate of the graft and indicates a
poor prognosis, especially in patients with asymptom-
atic hematuria and/or proteinuria [23,24].

Recurrent FSGS develops in approximately 30% of
patients after the first transplantation [25]. We found

that this disease occurred more frequently within the
first year and nearly 10 years postoperatively. Early cases
were characterized by severe proteinuria within hours
to days after transplantation. In contrast, the late cases
developed asymptomatic proteinuria within several
months to years. In some cases, the primary diseases of
the recipients were unknown; therefore, distinguishing
between recurrent FSGS and de novo cases is difficult.
Thus, we conjecture that these two periods may repre-
sent a peak incidence of recurrent and de novo FSGS,
respectively. To test the hypothesis, more biopsy
samples should be collected preoperatively. Recurrent
FSGS is prone to occur in males and children [26], but
most patients in our study were male (71.4%) and
adults (100%). Although few studies have reported data
on prognoses in adult cases with recurrent FSGS, we
can acknowledge that recurrence is associated with
poor graft survival. Moroni et al. [26] reported recurrent
FSGS in 12 adult patients; graft failure occurred in seven
of the patients within 10months, and five patients
retained good functions at 106months. Our study
uncovered a similar result, with a 5-year graft cumula-
tive survival rate of 54.5%.

BKVAN resulted in graft failure in 7% of the cases
and emerged as one of the most important infectious
diseases after transplantation [11]. Significant BK viruria
and viremia is common following transplantation within
the first year and subsequently proceeds to BKVAN.
Therefore, we observed a peak incidence of BKVAN
diagnosed by biopsy within 1–2 years postoperatively
in our study. Although no patient was diagnosed
with BKVAN after more than 7 years, further research
is needed to determine whether BKV infections can
influence the long-term prognosis. Immunosuppressant
reduction treatment and replacement of FK506 with

Table 4. The clinical features of different causes at the time of biopsy.
IgAN (n¼ 80) AR (n¼ 85) CR (n¼ 62) CNI toxicity (n¼ 41) p value

Proteinuria (��þþþ) 80 85a 62 41a <.01
� (%) 20 (25.0) 52 (61.2) 19 (30.6) 24 (58.5)
þ (%) 31 (38.7) 14 (16.5) 18 (29.0) 12 (29.3)
þþ (%) 20 (25.0) 8 (9.4) 14 (22.6) 3 (7.3)
þþþ (%) 9 (11.2) 11 (12.9) 11 (17.7) 2 (4.9)

24-h urinary protein (g/24 h) 1.14 ± 1.47 0.82 ± 0.93 1.80 ± 2.55 0.69 ± 0.78 .05
Haematuria (��þþþ) 80 85a 62a 41a <.01

� (%) 24 (30.0) 54 (63.5) 36 (58.1) 28 (68.3)
þ (%) 26 (32.5) 17 (20.0) 20 (32.2) 8 (19.5)
þþ (%) 21 (26.2) 7 (8.2) 4 (6.4) 4 (9.7)
þþþ (%) 9 (11.2) 7 (8.2) 2 (3.2) 1 (2.4)

Urinary RBC count (m/ml) 64.1 ± 95.7 111.2 ± 413.1a 36.8 ± 132.9a 51.7 ± 239.3a <.01
Cholesterol (mmol/L) 5.5 ± 1.9 5.4 ± 2.0 5.6 ± 1.3 5.3 ± 1.3 .23
LDL (mmol/L) 3.6 ± 1.4 3.6 ± 1.5 3.9 ± 1.1 3.5 ± 1.0 .21
ALB (g/L) 40.7 ± 5.9 41.5 ± 5.3 38.8 ± 5.7 42.6 ± 4.1 <.01
sCr increased (mmol/L) 42.1 ± 69.2 160.6 ± 238.5a 121.8 ± 138.8a 61.4 ± 76.7 <.01
Diseased time (years) 4.0 ± 3.1 2.2 ± 2.6a 5.4 ± 4.0 4.3 ± 4.0 <.01

RBC: red blood cell; LDL: low density lipoprotein; ALB: albumin.
aThe significant difference between the IgAN group and the other three groups, p values lower than .008 (0.05/6) were
considered statistically significant with Bonferroni correction.
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CsA are effective in BKV infection recipients at an early
stage. Our previous study provided successful reso-
lution of BK viremia and BKVAN with excellent graft
survival at 5 years by intensive monitoring and pre-
emptive immunosuppression reduction [27]. Recently,
one study called for the use of pre-transplantation BK
viral serological testing of living donors and recipients,
which provided a serological marker that predicted the
risk of BK viremia and BKVAN after transplantation [28].
Subsequent studies are needed to increase the effi-
ciency of BK virus screening.

Since the pathological and immunological mecha-
nisms remain unknown, no reliable treatment strategy
has been proven to reverse the progression of some dis-
eases, such as CR, recurrent IgAN, and FSGS. However,
biopsy promotes the detection rate of the causes of graft
dysfunction. Early and aggressive treatment could be
provided to improve the prognosis.

Conclusions

A biopsy is helpful for the diagnosis of graft dysfunc-
tion. To this end, we conclude that de novo or recurrent
renal disease, represented by IgAN, is more frequent
than rejection as a major cause of graft dysfunction fol-
lowing living kidney transplantation. When choosing to
maintain immunosuppressive treatments for living
transplantation, especially in patients with a high risk of
recurrence, steroid withdrawal should be handled with
caution, and an early biopsy should be performed.

Limitation

Despite the incidence and 5-year graft cumulative
survival rates analyzed in our study, we did not perform
a comparison of the significance between groups for
the prognosis of graft dysfunction, influenced by the
lack of information about the primary diseases of the
recipients and other donor factors. In addition, a few
patients did not visit and have biopsy in time when
having an initial indication. So we could not compare
the outcomes of the different causes in this study. To
achieve this end, a complete database and survival ana-
lysis based on Cox regression is needed in a subse-
quent study.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This study was supported by a grant from the National
Natural Science Foundation of China (NSFC), a government
fund used to develop natural science [No. 81470976].

References

[1] Williams WW, Taheri D, Tolkoff-Rubin N, et al. Clinical
role of the renal transplant biopsy. Nat Rev Nephrol.
2012;8:110–121.

[2] Kidney Disease: Improving Global Outcomes (KDIGO)
Transplant Work Group. KDIGO clinical practice guide-
line for the care of kidney transplant recipients. Am J
Transplant. 2009;9:S1–S157.

[3] Ters ME, Grande JP, Keddis MT, et al. Kidney allograft
survival after acute rejection, the value of follow-up
biopsies. Am J Transplant. 2013;13:2334–2341.

[4] Nankivell BJ, Alexander SI. Rejection of the kidney allo-
graft. N Engl J Med. 2011;364:485–486.

[5] Meier-Kriesche HU, Schold JD, Srinivas TR, et al. Lack
of improvement in renal allograft survival despite a
marked decrease in acute rejection rates over the
most recent era. Am J Transplant. 2004;4:378–383.

[6] Poduval RD, Kadambi PV, Josephson MA, et al.
Implications of immunohistochemical detection of C4d
along peritubular capillaries in late acute renal allo-
graft rejection. Transplantation. 2005;79:228–235.

[7] Sun Q, Liu ZH, Ji S, et al. Late and early C4d-positive
acute rejection: different clinico-histopathological sub-
entities in renal transplantation. Kidney Int. 2006;70:
377–383.

[8] Lorenz M, Regele H, Schillinger M, et al. Risk factors
for capillary C4d deposition in kidney allografts: evalu-
ation of a large study cohort. Transplantation. 2004;78:
447–452.

[9] Faravardeh A, Eickhoff M, Jackson S, et al. Predictors
of graft failure and death in elderly kidney transplant
recipients. Transplantation. 2013;96:1089–1096.

[10] Moreso F, Alonso A, Gentil MA, et al. Improvement in
late renal allograft survival between 1990 and 2002 in
Spain: results from a multicentre case–control study.
Transpl Int. 2010;23:907–913.

[11] Sellares J, Freitas DG, Mengel M, et al. Understanding
the causes of kidney transplant failure: the dominant
role of antibody-mediated rejection and nonadher-
ence. Am J Transplant. 2012;12:388–399.

[12] Gago M, Cornell LD, Kremers WK, et al. Kidney allo-
graft inflammation and fibrosis, causes and conse-
quences. Am J Transplant. 2012;12:1199–1207.

[13] Knight SR, Morris PJ. Steroid avoidance or withdrawal
after renal transplantation increases the risk of acute
rejection but decreases cardiovascular risk. A meta-
analysis. Transplantation. 2010;89:1–14.

[14] Andradesierra J, Rojascampos E, Cardonamu~noz E,
et al. Early steroid withdrawal in recipients of a kidney
transplant from a living donor: experience of a single
Mexican center. Transplant Proc. 2015;48:42–49.

[15] Cantarovich D, Rostaing L, Kamar N, et al. Early cor-
ticosteroid avoidance in kidney transplant recipients
receiving ATG-F induction: 5-year actual results of a

224 J. ZHANG ET AL.



prospective and randomized study. Am J Transplant.
2014;14:2556.

[16] Kukla A, Chen E, Spong R, et al. Recurrent glomerulo-
nephritis under rapid discontinuation of steroids.
Transplantation. 2011;91:1386–1391.

[17] Von Visger JR, Gunay Y, Andreoni KA, et al. The risk of
recurrent IgA nephropathy in a steroid-free protocol and
other modifying immunosuppression. Clin Transplant.
2014;28:845–854.

[18] Briganti EM, Russ GR, McNeil JJ, et al. Risk of renal
allograft loss from recurrent glomerulonephritis. N
Engl J Med. 2002;347:103–109.

[19] Ponticelli C, Glassock RJ. Posttransplant recurrence of
primary glomerulonephritis. Clin J Am Soc Nephrol.
2010;5:2363–2372.

[20] Lai KN. Pathogenesis of IgA nephropathy. Nat Rev
Nephrol. 2012;8:275–283.

[21] McDonald SP, Russ GR. Recurrence of IgA nephropathy
among renal allograft recipients from living donors is
greater among those with zero HLA mismatches.
Transplantation. 2006;82:759–762.

[22] Berger J. Recurrence of IgA nephropathy in renal
allografts. Am J Kidney Dis. 1988;12:371–372.

[23] Nijim S, Vujjini V, Alasfar S, et al. Recurrent IgA nephr-
opathy after kidney transplantation. Transplant Proc.
2016;48:2689–2694.

[24] Floege J, Gr€one HJ. Recurrent IgA nephropathy in the
renal allograft: not a benign condition. Nephrol Dial
Transpl. 2013;28:1070–1073.

[25] Couser W. Recurrent glomerulonephritis in the renal
allograft: an update of selected areas. Exp Clin
Transplant. 2005;3:283–288.

[26] Moroni G, Gallelli B, Quaglini S, et al. Long-term
outcome of renal transplantation in adults with focal
segmental glomerulosclerosis. Transpl Int. 2010;23:
208–216.

[27] Huang G, Wang C, Chen LZ, et al. Monitoring of poly-
omavirus BK replication and impact of preemptive
immunosuppression reduction in renal-transplant
recipients in China: a 5-year single-center analysis.
Diagn Micr Infect Dis. 2015;81:21–26.

[28] Wunderink HF, Meijden E, Brouwer BD, et al.
Pretransplantation donor-recipient pair seroreactivity
against BK polyomavirus predicts viremia and nephr-
opathy after kidney transplantation. Am J Transplant.
2017;17:161–172.

RENAL FAILURE 225


	Abstract
	Introduction
	Methods
	Sample collection
	Indication and procedures in biopsy
	Statistical analysis

	Results
	Discussion
	Conclusions
	Limitation
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/AllowPSXObjects true
	/LockDistillerParams true
	/ImageMemory 1048576
	/DownsampleMonoImages true
	/ColorSettingsFile (None)
	/PassThroughJPEGImages false
	/AutoRotatePages /All
	/Optimize true
	/ParseDSCComments true
	/MonoImageDepth -1
	/AntiAliasGrayImages false
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/GrayImageMinResolutionPolicy /OK
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/PreserveOPIComments false
	/AutoPositionEPSFiles true
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/EmbedJobOptions true
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EmitDSCWarnings false
	/ColorImageDownsampleType /Bicubic
	/EncodeGrayImages true
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/PDFXTrapped /False
	/DetectCurves 0.1
	/ColorImageDepth -1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/TransferFunctionInfo /Preserve
	/ColorImageFilter /DCTEncode
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/DSCReportingLevel 0
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/UsePrologue false
	/PreserveCopyPage true
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


