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A B S T R A C T

Background. Whether calcium oxalate (CaOx) deposition in
kidney allografts following transplantation (Tx) adversely
affects patient outcomes is uncertain, as are its associated risk
factors.
Methods. We performed a retrospective cohort study of
patients who had kidney allograft biopsies performed within
3 months of Tx at Brigham and Women’s Hospital and exam-
ined the association of CaOx deposition with the composite
outcome of death or graft failure within 5 years.
Results. Biopsies from 67 of 346 patients (19.4%) had CaOx de-
position. In a multivariable logistic regression model, higher se-
rum creatinine [odds ratio (OR) ¼ 1.28 per mg/dL, 95% confi-
dence interval (CI) 1.15–1.43], longer time on dialysis (OR¼ 1.11
per additional year, 95% CI 1.01–1.23) and diabetes (OR ¼ 2.26,
95% CI 1.09–4.66) were found to be independently associated
with CaOx deposition. CaOx deposition was strongly associated
with delayed graft function (DGF; OR ¼ 11.31, 95% CI 5.97–
21.40), and with increased hazard of the composite outcome after
adjusting for black recipient race, donor type, time on dialysis be-
fore Tx, diabetes and borderline or acute rejection (hazard ratio
1.90, 95% CI 1.13–3.20).
Conclusions. CaOx deposition is common in allografts with
poor function and portends worse outcomes up to 5 years after
Tx. The extent to which CaOx deposition may contribute to
versus result from DGF, however, cannot be determined based
on our retrospective and observational data. Future studies
should examine whether reducing plasma and urine oxalate
prevents CaOx deposition in the newly transplanted kidney and
whether this has an effect on clinical outcomes.
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I N T R O D U C T I O N

Oxalate is a dicarboxylic anion which is both formed endoge-
nously as an end product of metabolism and derived from die-
tary sources. It is predominantly excreted by the kidney, where

it can form a highly insoluble salt with calcium, and thus tends
to crystallize in the setting of hyperoxaluria, leading to nephro-
lithiasis, and acute and chronic kidney injury [1]. Kidney injury,
often referred to as oxalate nephropathy can result from tubular
obstruction, direct tubular toxicity, sterile inflammation, induc-
tion of epithelial-to-mesenchymal transition and acceleration
of kidney fibrosis, [2–4].

Progressive chronic kidney disease (CKD) can result from
oxalate nephropathy. Indeed, in patients with primary hyperox-
aluria, end-stage renal disease (ESRD) may ensue in early child-
hood [5]. Secondary forms of hyperoxaluria, associated with
excessive intake or increased intestinal absorption of oxalate
(so-called enteric hyperoxaluria), can also lead to failure of both
native kidneys and kidney allografts (Figure 1) [6–9]. Following
kidney transplantation (Tx), the allograft is exposed to high lev-
els of circulating oxalate that are typical in patients with ESRD
[10–13]. Acute allograft failure from oxalate deposition has
been reported in cases of ESRD with previously undiagnosed
primary hyperoxaluria undergoing kidney Tx [14, 15].
Whether oxalate deposition may be a more general cause of
graft failure has not been well examined [16–18]. In addition,
risk factors for calcium oxalate (CaOx) deposition after Tx re-
main inadequately studied. To address this, we studied kidney
transplant recipients who underwent allograft biopsies within
3 months following kidney Tx to understand the frequency of
and risk factors for CaOx deposition and its association with
clinical outcomes.

M A T E R I A L S A N D M E T H O D S

Study design, population and setting

This retrospective cohort study included kidney transplant
recipients who had allograft biopsies performed at Brigham and
Women’s Hospital within 3 months of Tx, between October
1999 and February 2015. Demographic, clinical and histopatho-
logical data were gathered through review of electronic medical
records. For calculation of the estimated glomerular filtration
rate (eGFR), we used the CKD epidemiology collaboration
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serum creatinine-based formula [19]. Delayed graft function
(DGF) was defined as the need for renal replacement therapy
within a week after Tx, and slow graft function (SGF) as failure
of the serum creatinine to decrease <3 mg/dL within 5 days af-
ter Tx. The study was approved by the Partners Human
Research Committee (IRB# 2007P000003) and is in accordance
with the principles of the Declaration of Helsinki and the
Declaration of Istanbul.

Histopathological data

Information on the presence or absence of CaOx deposition
was extracted from biopsy reports. Biopsies were examined for
CaOx deposition on hematoxylin and eosin-stained sections
under polarized light, which was performed as part of the stan-
dard pathological examination on every biopsy. In histopatho-
logical analyses, the first CaOx-positive biopsies were compared
with the first biopsies in the CaOx-negative group. Other histo-
pathological data recorded included global glomerular sclerosis
(%), interstitial fibrosis and tubular atrophy (IFTA, %), vascular
sclerosis (present/absent), acute tubular injury (ATI, present/
absent) and evidence of borderline or acute cellular or
antibody-mediated rejection (present/absent).

Covariates

Covariates considered in the multivariable models included
recipient characteristics (age, sex, race, cause of ESRD, dialysis
modality and time on dialysis prior to Tx), donor characteristics
(living versus deceased, related versus unrelated, demographics,
comorbidities), peri-operative data (warm ischemia time, cold
ischemia time, SGF, DGF, immunosuppressive medication use)

and laboratory data at the time of biopsy (serum calcium, phos-
phorus, albumin and creatinine).

Outcomes

The primary study outcome was a composite of graft failure
or death within 5 years of Tx. Each component of the composite
outcome was examined separately in secondary analyses. Graft
failure was defined as the need to return to chronic renal re-
placement therapy or undergo re-transplantation. Data from
individual patients were gathered until the occurrence of death,
loss to follow-up or 1 January 2016.

Statistical analysis

Descriptive statistics were summarized as mean 6 standard
deviation (SD) or median [interquartile range (IQR)] for continu-
ous variables, and as percentages for categorical variables.
Normally distributed continuous variables were compared using
Student’s t-test. In cases where continuous variables were not nor-
mally distributed, the Wilcoxon rank sum test was used.
Categorical variables were compared between groups using Chi-
square or Fisher’s exact tests. For survival analyses, the follow-up
period was defined from the time of Tx to the time of graft failure
or death. Patients who had neither event were censored at the
time they were lost to follow-up, 5 years after Tx or on 1 January
2016. We used the Kaplan–Meier method and log-rank test to
compare survival between those with versus without CaOx depo-
sition on allograft biopsies. We then used Cox proportional haz-
ards models to evaluate the association of CaOx deposition with
the primary outcome after adjusting for relevant covariates based
on previous literature and univariate associations (with P< 0.2 as
a threshold for consideration for inclusion in multivariable

FIGURE 1: CaOx deposition in a kidney allograft with delayed graft function at 20 days post-transplant. Left panel: this hematoxylin and eo-
sin-stained section of kidney cortex reveals preserved kidney parenchyma with moderate distention of all tubules. Several tubules contain trans-
parent crystals best visualized when the sections are examined under polarized light (right panel). Oxalate crystals are dissolved and disappear
under the staining conditions of routinely used special stains, including PAS, Masson’s trichrome and Jones’ silver methenamine stains. (H&E;
final magnification: 58�, bar¼ 250mm).
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models). We verified the proportional hazards assumption and
model fit by plotting survival curves and examining Schoenfeld
and Cox–Snell residuals. Logistic regression models were used to
identify independent risk factors for CaOx deposition. All varia-
bles included in statistical models had <5% missing data and
missing values were not imputed. Statistical tests were two-sided,
and P < 0.05 was considered significant. Analyses were per-
formed using SAS version 9.4 (SAS Institute Inc., Cary, NC,
USA).

R E S U L T S

Baseline characteristics, frequency of CaOx deposition
and association with DGF

The study population included 346 patients who had 520 bi-
opsies obtained within 3 months of Tx. CaOx deposition was
found to be present on at least one biopsy from 67/346 patients
(19.4%). Of the 67 patients with CaOx deposition on at least
one biopsy within 3 months of Tx, CaOx deposition was noted
on the first biopsy in 53/67, on the second biopsy in 7/67 and on
the third or later biopsy in 7/67. The primary reason for biopsy
was decreased graft function (342/346). A total of three biopsies
were obtained for evaluation of proteinuria and one as part of a
research study protocol. The majority of oxalate deposition was

within tubular lumens; three biopsies had deposits within tubu-
lar epithelial cells and two of these had co-existing intraluminal
deposits. A total of 28/67 patients with biopsy-proven CaOx de-
position had subsequent repeat biopsies within 3 months of Tx,
and 13 of these 28 patients continued to have evidence of CaOx
deposition on the last biopsy available. Time zero biopsies were
available in 77/346 patients (13/67 with later CaOx deposition
and 64/279 without later CaOx deposition), and none showed
CaOx deposition at the time of implantation.

Baseline characteristics of patients with versus without CaOx
deposition on their kidney allograft biopsies are summarized in
Table 1. Immunosuppression did not differ between groups, and
94% of patients were treated with a regimen including both a
calcineurin inhibitor and mycophenolic acid at the time of bi-
opsy. Individuals with CaOx deposition were more likely to be
black, to have diabetes mellitus (DM), to have been treated with
hemodialysis for a longer time prior to Tx, and to have received
an allograft from a deceased donor. The presence of CaOx depo-
sition was also found to be strongly associated with DGF [odds
ratio (OR)¼ 11.31, 95% confidence interval (CI) 5.97–21.40].

Time to death or graft failure in patients with versus
without CaOx deposition in the kidney allograft

Figure 2 shows time to the primary outcome of death or graft
failure, according to the presence or absence of CaOx deposi-
tion over 5 years of follow-up time. Patients with evidence of
CaOx deposition were significantly more likely to reach the
composite endpoint than those without such deposition (log-
rank P< 0.01). A total of 70 patients reached the primary out-
come. The cumulative survival rate (i.e. probability of remain-
ing event-free) at 5 years was 59% in the CaOx-positive group
and 80% in the CaOx-negative group. When the individual
components of the composite outcome were analyzed sepa-
rately in secondary analyses, the difference in the rate of death
was not statistically significant (log-rank P¼ 0.33), whereas risk
of graft failure was found to be significantly higher in the group
with CaOx deposition (log-rank P¼ 0.02) (Supplementary
data, Figure S1).

Table 1. Characteristics of patients with versus without evidence of CaOx
deposition on allograft biopsies obtained within 3 months of Tx

CaOx
present
(n¼ 67)

CaOx
absent

(n¼ 279)

P-value

Age, mean (6SD) 50 6 15 49 6 13 0.53
Female (%) 43 37 0.36
Race (%)

White 54 68 <0.01
Black 38 20
Other 8 12

Cause of ESRD (%)
DM 27 16 0.05
Hypertensive nephrosclerosis 19 17 0.70
Glomerular disease 32 38 0.46

Dialysis prior to Tx (%) 94 81 <0.01
Years on dialysis (IQR)a 4 (3–6) 2 (1–4) <0.01
Peritoneal dialysis (%)a 11 14 0.52

Donor type (%)
Deceased 64 38 <0.01
Living unrelated 18 32
Living related 18 30

Median hours of cold
ischemia time (IQR)b

14.1 (10.5–
18.5)

13.7 (9.3–
18.3)

0.36

Median hours of warm
ischemia time (IQR)

0.58 (0.50–
0.75)

0.58 (0.47–
0.67)

0.14

DGF (%) 78 23 <0.01
SGF (%) 84 40 <0.01
Median creatinine at
biopsy, mg/dL (IQR)

5.7 (3.4–7.4) 2.2 (1.7–3.6) <0.01

Median eGFR at biopsy,
mL/min/1.73 m2 (IQR)

10 (7–21) 33 (16–43) <0.01

Median number of days
from Tx to biopsy (IQR)

13 (7–27) 17 (9–33) 0.12

IQR (25th–75th percentile).
aCalculated among those who received dialysis prior to transplant.
bCalculated among those received an allograft from a deceased donor.

FIGURE 2: Time to death or graft failure after kidney Tx among
recipients with versus without CaOx deposition on early allograft
biopsies.
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In a Cox proportional hazards model, CaOx deposition was
associated with increased hazard of the composite outcome of
graft failure or death within 5 years, after adjusting for black re-
cipient race, donor type (living versus deceased), time on dialy-
sis prior to Tx, diabetes as the underlying cause of ESRD and
histopathological findings of borderline or acute rejection
[Table 2; hazard ratio (HR) ¼ 1.90, 95% CI 1.13–3.20]. Further
adjusting for ATI did not change the HR significantly, whereas
by adjusting for DGF, the association between CaOx deposition
and the composite primary outcome became nonsignificant,
with DGF alone remaining significantly associated with the out-
come (HR¼ 2.76, 95% CI 1.49–5.11).

Factors associated with CaOx deposition

Table 3 shows characteristics associated with CaOx deposi-
tion in unadjusted and multivariable-adjusted analyses. In a
multivariable model, higher serum creatinine, longer time on
dialysis before Tx, and DM as the primary cause of ESRD
remained independently associated with CaOx deposition.

None of the patients in our cohort had known primary
hyperoxaluria. Risk factors for enteric hyperoxaluria were
recorded in 2/67 patients with CaOx deposition and 6/279
patients without CaOx deposition (three gastric bypass surgery;
five inflammatory bowel disease; P¼ 0.65). Diarrhea was com-
monly reported after Tx, but a statistically significant difference
in its prevalence at the time of biopsy was not found between
groups (18% in those with versus 11% in those without CaOx
deposition, P¼ 0.14). Thirteen patients had a documented
prior history of nephrolithiasis but, the difference between
groups was not statistically significant (P¼ 0.14).

ATI was present in 88% of biopsies with CaOx deposition
and 78% of those without CaOx deposition (P¼ 0.06). Vascular
sclerosis or hyalinosis was present in 73% of biopsies with
CaOx deposition compared with 59% of biopsies without CaOx
deposition (P¼ 0.05). Global glomerulosclerosis, IFTA and

borderline or acute rejection were not associated with CaOx de-
position (Table 4).

D I S C U S S I O N

Our study demonstrates that CaOx deposition in the kidney al-
lograft is common among patients with early graft dysfunction.
We identified several patient characteristics associated with
CaOx deposition and found that the presence of CaOx deposi-
tion was associated with DGF and with worse outcomes during
5 years of follow-up.

Previous studies that have routinely examined biopsies un-
der polarized light have reported highly variable prevalence of
allograft CaOx deposition. This variation, in addition to stem-
ming from differences in patient characteristics, is likely
strongly influenced by the time frame after Tx during which bi-
opsies were included in these analyses. In an early study by
Truong et al. [16] of allograft biopsies obtained over a 7-year
period in Texas, regardless of the time elapsed from Tx, the
reported prevalence of CaOx deposition was 4% (present on 13
biopsies from 9 patients, out of 315 biopsies examined). In con-
trast, a subsequent study by Pinheiro et al. [17] in Brazil in-
cluded 97 biopsies which had been obtained within 3 months of
Tx and reported a prevalence of 53%. A third biopsy study by
Bagnasco et al. [18] at Johns Hopkins University, reported that
9% of patients (63/680) who had allograft biopsies performed
within 1 year of Tx had evidence of CaOx deposition on at least
one biopsy.

Plasma oxalate levels rapidly decline following Tx, as was
shown in a prospective study of 212 kidney transplant recipi-
ents, whose median plasma oxalate levels fell from 35mmol/L
prior to Tx to 9mmol/L at 10 weeks post-operatively [11]. In
lieu of other predisposing factors, the period immediately after

Table 3. Characteristics associated with CaOx deposition, before and after multivariable adjustment

Univariate analyses Multivariable model

OR (95% CI) P-value OR (95% CI) P-value

Black race 2.47 (1.38–4.42) <0.01 1.19 (0.60–2.35) 0.62
DDKT 2.92 (1.68–5.10) <0.01 1.07 (0.52–2.22) 0.86
DM 1.86 (1.00–3.48) 0.05 2.26 (1.09–4.66) 0.03
Time on dialysis (per added year) 1.17 (1.08–1.26) <0.01 1.11 (1.01–1.23) 0.03
Creatinine (per 1 mg/dL increase) 1.35 (1.23–1.48) <0.01 1.28 (1.15–1.43) <0.01
Corrected calcium (per 1 mg/dL increase) 0.73 (0.54–0.98) 0.04 0.83 (0.59–1.16) 0.28

DDKT, deceased donor kidney transplant; DM as cause of ESRD.

Table 2. HRs for the composite outcome of death or graft failure within
5 years of Tx among patients with versus without CaOx deposition, in an
unadjusted model and a multivariable model adjusting for donor type (liv-
ing versus deceased), black recipient race, borderline or acute rejection, di-
abetes as cause of ESRD and time on dialysis prior to Tx

HR (95% CI) P-value

Unadjusted model 2.42 (1.48–3.96) <0.01
Multivariable-adjusted model 1.90 (1.13–3.20) 0.02

Table 4. Histopathological findings on kidney allograft biopsies with ver-
sus without CaOx deposition

CaOx
present

CaOx
absent

P-value

ATI present (%) 88 78 0.06
Borderline or acute
rejection present (%)

28 32 0.66

Vascular sclerosis or
hyalinosis present (%)

73 59 0.05

Median IFTA (IQR) 5% (5–10%) 5% (5–10%) 0.53
Median global
glomerulosclerosis (IQR)

2% (0–9%) 2% (0–7%) 0.64
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Tx can thus be expected to carry the highest risk of CaOx depo-
sition. Although random sampling error could have influenced
our findings, the absence of CaOx deposition on repeat biopsies
from several patients in our study with earlier evidence of this
further suggests that CaOx deposition might be a cause of early
allograft injury and not necessarily a progressive process. The
reason why the prevalence of CaOx deposition in our cohort
was substantially higher than in the study from Texas and lower
than in the Brazilian study is not clear [16, 17]. It is notable that
on average, patients in our full cohort compared with those
studied by Pinheiro et al. [17] had slightly lower serum creati-
nine levels at the time of biopsy, and shorter time on dialysis
prior to Tx, both of which we found to be associated with CaOx
deposition. It could be speculated that genetic polymorphisms
may partially explain this discrepancy, given the different ori-
gins of these cohorts, and it is also intriguing to consider
whether unidentified differences in dietary practices or other
modifiable risk factors might have contributed.

In the study by Pinheiro et al. [17], CaOx deposition was as-
sociated with significantly lower probability of graft survival at
12 years (50% compared with 79% in the group without CaOx
deposition). The study by Bagnasco et al. [18] found that
patients with CaOx deposition, compared with a randomly se-
lected control group of 70 kidney allograft recipients without
CaOx deposition, had a lower eGFR 1 year after Tx, but that
this difference was no longer significant after 2 years. Due to
limited data on longer term follow-up, however, they could not
perform an analysis on the association of CaOx deposition with
graft survival. In our study, CaOx deposition was found to be
associated with an increased risk of the primary outcome of
death or graft failure within 5 years of Tx. In secondary analy-
ses, we found that this difference between groups was driven
primarily by increased rates of graft failure in those with allo-
graft CaOx deposition, as the difference in mortality was not
statistically significant. After adjustment for several risk factors
associated with poor outcomes after Tx, the presence of CaOx
deposition remained independently associated with the primary
outcome.

It is important to recognize that the nature of the striking as-
sociation we observed between CaOx deposition and DGF is
uncertain. Since the study’s underlying hypothesis is that CaOx
deposition may cause acute kidney injury and could therefore
contribute to DGF, this parameter can be considered on the
causal pathway between the exposure of interest and the out-
come. DGF was thus not included in our primary multivariable
model. An alternative explanation, which cannot be excluded
based on our retrospective and observational data, is that DGF
increases the risk of CaOx deposition and is a confounder of the
association between CaOx deposition and outcomes.

Determinants of CaOx deposition following kidney Tx have
not been well studied. Pinheiro et al. [17] found an association be-
tween acute tubular necrosis and CaOx deposition, and a trend
toward increased risk among recipients of allografts from de-
ceased donors. Although Bagnasco et al. [18] subsequently
reported that 88% of patients with CaOx deposits had evidence of
ATI, they did not report its prevalence among their control group.

In our cohort, ATI was also highly prevalent, and there was a
trend toward this finding being more common among those with
versus without CaOx deposition in the kidney allograft. Even
though global glomerulosclerosis within the first 3 months after
Tx was not associated with CaOx deposition, we found a signifi-
cant association with vascular sclerosis or hyalinosis. Notably, it
has been demonstrated in animal models that tubular injury may
promote the formation of CaOx crystals and their adherence to
tubular epithelial cells, which may suggest a mechanistic link be-
tween these findings and CaOx deposition [20, 21].

Beyond these histopathological correlates, we found in our
multivariable logistic regression model that higher serum creat-
inine, longer time on dialysis prior to Tx and diabetes as an un-
derlying cause of ESRD were independently associated with
CaOx deposition. Our findings are consistent with a prior study
that found serum creatinine and duration of dialysis therapy as
predictors of plasma oxalate levels in patients undergoing kid-
ney Tx [11]. Urinary oxalate excretion rate is higher among
those with versus without diabetes [22, 23], which could ac-
count for our finding of diabetes as a risk factor for CaOx depo-
sition following kidney Tx.

Multiple cases of native kidney and kidney allograft oxalate
nephropathy have been reported in the literature in patients
who had undergone gastric bypass surgery, suffered from
chronic malabsorption from other causes or been exposed to a
high dietary load of oxalate or its precursors, e.g. in the setting
of unusual and excessive intake of star fruit, rhubarb or ascorbic
acid [24–35]. Although these reports are illustrative of impor-
tant pathophysiological states, the overall contribution of such
risk factors to the development of oxalate nephropathy among
transplant recipients is not clear. We were not able to gather
data on dietary risk factors but found diagnoses typically associ-
ated with enteric oxaluria to be rarely recorded. Diarrhea was
indeed common in our cohort, as would be expected in this pa-
tient population, but a significant difference in its prevalence
was not found between the groups with versus without
CaOx deposition on allograft biopsies. Concerns that mycophe-
nolate could mediate enteric hyperoxaluria and oxalate ne-
phropathy could not be examined in our study, as the
overwhelming majority of patients in our cohort, both with and
without CaOx deposition, were treated with this immunosup-
pressive agent [36].

Our study has limitations. Even though it is the largest study
of CaOx deposition in kidney allograft recipients to date, the
modest size of our cohort places constraints on the complexity
of statistical models. Residual confounding cannot be ruled out
as information on several variables known from the literature to
influence patient outcomes after Tx, including certain donor
characteristics, was not available. As in previous biopsy studies,
measurements of plasma or urine oxalate levels were not avail-
able for analysis, as these are rarely obtained in current clinical
practice prior to Tx. Lastly, our study is based on a cohort from
a single tertiary medical center in the USA, and findings may
not be generalizable.

In summary, our study demonstrates that CaOx deposition
in the kidney allograft is common among kidney transplant
recipients with early graft dysfunction, particularly among
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those with higher serum creatinine, longer treatment with dial-
ysis prior to Tx, or diabetes. Furthermore, we found that the
presence of CaOx deposition is associated with DGF and with
worse patient outcomes up to 5 years after Tx. The causal na-
ture of the association between CaOx and graft failure cannot
be determined from our study given its retrospective and obser-
vational design. It is possible that CaOx is a marker and not a
mediator of DGF, because injured tubular cells and a low urine
output may predispose to oxalate deposition. Alternatively,
given the increasing evidence linking oxalate to tissue injury,
CaOx deposition may in some cases be a cause of DGF and lead
to later allograft failure. Strategies to limit CaOx deposition in
the allograft could prove beneficial for allograft survival but will
need to be tested in interventional studies.
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