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ABSTRACT

Background: Reports of oxalate nephropathy after gastric bypass (GB) leading to graft loss of kidneys causes concern for
transplant professionals. We examined the clinical phenotype of GB related oxalate nephropathy (ON), its contribution to graft
loss and propose a management strategy to mitigate graft loss in renal transplant recipients.
Methods: Retrospective case series of patients who had GB surgery prior to renal transplant at a single institution were studied.
Oxalate burden in renal transplant biopsies was quantified by intratubular calcium/glomeruli (Ca T/G) ratio and correlated with
other clinical covariates.
Results: We identified 16 GB patients; the mean BMI pre-GB was 52.5 kg/m2 (range 42-80), with a follow-up BMI of 30.9 kg/m2

(range 22-36.5) at transplant evaluation. Among 11 patients who had for cause biopsies, 3 patients had significant intra tubular
allograft calcium oxalate deposition with a median time from graft to failure of 9 months. Among patients with functioning grafts,
follow up creatinine averaged 1.6 mg/dl (0.9-3.4 mg/dl); median follow up was 4 years (0.5-7 years).
Conclusions: The relationship between GB and ON post renal transplant is variable. The expression of ON after acute kidney
injury (AKI) suggests that mitigating strategies should be directed at preventing alloimmune and other forms of AKI in addition
to managing oxalate intake.
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1. INTRODUCTION

Obesity is increasingly prevalent among patients with End
Stage Renal Disease (ESRD) and kidney transplant candi-
dates.[1] As obesity associates with increased cardiovascular
mortality and post operative complications, transplant centers
often set an upper limit for BMI before listing potential trans-
plant recipients.[2] Despite outcomes that are inferior to those
among the non obese transplant recipients, obese recipients

accrue benefit from a renal transplant when compared to wait
listed patients.[3–5] Bariatric surgery confers greater weight
loss than conservative measures; and among obese patients
with uncontrolled diabetes, bariatric surgery is associated
with better glucose control and decreased use of glucose
lowering medications.[6, 7] Increasing awareness of enteric
hyperoxaluria complicating jejunoileal bypass surgery and
Roux-en-Y gastric bypass progressing to oxalate nephropa-
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thy (ON) and renal failure offers reason for pause and con-
cern.[8–14]

An index case of oxalate nephropathy occurring in the trans-
planted kidney in a recipient that had received jejunoileal
gastric bypass (GB) prior to transplantation at our center
prompted us to examine outcomes among our post-gastric
bypass renal transplant recipients.

We describe the clinical expression of oxalate nephropathy,
the pathologic findings and the renal outcomes in 16 patients
who had bariatric surgery for morbid obesity prior to renal
transplant. We propose a pathophysiologic schema for ON
leading to graft dysfunction and outline a preventive strategy
that could be of utility in this unique population.

2. MATERIALS AND METHODS

We identified patients who had bariatric surgery for obe-
sity prior to renal transplant at our center. As concern for
oxalate nephropathy is restricted to those who have had mal-
absorptive bariatric surgery, we excluded patients who had
restrictive bariatric surgery alone including laparoscopic gas-
tric banding and sleeve gastrectomies. Adult patients who
had a solitary renal transplant at the Medical University of
South Carolina between 2000 and 2012 were reviewed. Re-
cipients who had malabsorptive bariatric surgery including
jejunoileal bypass, Roux en Y gastric bypass and gastro-
plasty with duodenal switch for obesity prior to transplant
were included. Medical records were reviewed for demo-
graphics, medical history, date and type of bariatric surgery,
BMI before bariatric surgery, BMI at time of renal transplant
evaluation and weight lost from bariatric surgery to time of
evaluation. Data collected include cause of ESRD, type of
organ donor, HLA matching, donor age and sex, BK virus
associated nephropathy (BKVAN) and episodes of rejection.
The etiology of ESRD was recorded from review of records
during transplant evaluation. The outcome measures were
graft loss and serum creatinine.

At the time of study, all biopsies were re-examined by two
pathologists including the renal pathologist who initially
signed out the case. Biopsy specimens were processed ac-
cording to standard techniques for light microscopy and im-
munofluorescence. All slides stained with hematoxylin and
eosin, were re-examined under both light microscopy and
polarized light. The degree of tubulitis, glomerulitis, arteri-
olar hyalinosis, fibrosis and tubular atrophy were classified
based on Banff ’97 criteria in the original biopsy reports and
remained unchanged after reexamination of the biopsies. We
quantified the degree of oxalate nephropathy by recording the
number of tubules with intraluminal or intracellular calcium
oxalate deposits in the biopsy core and corrected for the size

of the biopsy sample by relating tubular oxalate deposits to
the numbers of glomeruli in the biopsy thereby deriving a
ratio of intratubular calcium oxalate deposits to glomeruli
in the biopsy. The study was approved by the Institutional
Review Board of Medical University of South Carolina.

3. RESULTS

3.1 Clinical features
We summarize key demographic and clinical features in Ta-
ble 1. The cohort included 9 (56%) females and 7 (44%)
males with a mean age of 56 years old (range 45 to 68).
Twelve were Caucasian (75%) and four (25%) were African
Americans. Three of sixteen (18%) had diabetes, and all
patients were hypertensive and receiving antihypertensives
at the time of transplant. The mean BMI prior to bariatric
surgery was 52.5 kg/m2 (range 42 to 80), the mean weight
lost after bariatric surgery was 66 kg and the mean BMI at
the time of transplant evaluation was 30.9 kg/m2 (range 22
to 36.5).

The indication for bariatric surgery was obesity in all patients.
The mean dialysis duration was 54 months (range 9 to 216
months). Four of the sixteen patients had long segments of
the intestinal tract bypassed while the remaining patients
had proximal Roux en Y procedures. Three patients in the
cohort had jejunoileal bypass done in the 1970’s, and one
had gastroplasty with duodenal switch.

Serum oxalate level was checked in only one patient and
was elevated. None of the patients had BKVAN. Only one
patient, case 8, who received a standard criteria deceased
donor kidney from a 43-year-old female had delayed graft
function which was attributed to prolonged cold ischemia
time of 23 H and 55 minutes.

3.2 Pathologic findings
Protocol biopsies were not done in our center prior to 2012.
All biopsies were for cause and were reexamined. Results of
the eleven reexamined biopsies out of the sixteen patients in
the study are summarized in Tables 2 and 3. Table 2 shows
pathological findings based on ’97 Banff criteria. Five of
eleven patients had biopsy proven rejection. Four of five had
borderline changes suspicious for rejection and one patient
had Banff 1 B rejection after subtherapeutic immunosuppres-
sion. Sequential for-cause biopsies obtained in two patients
with acute kidney injury (AKI) episodes, showed increased
interstitial fibrosis and tubular atrophy after the episodes of
rejection.

The renal oxalate burden in relation to creatinine and time af-
ter transplant are summarized in Table 3. Three of eleven pa-
tients had significant oxalate deposits in the biopsy. Among
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patients with oxalate deposition experiencing graft loss, the
intratubular calcium to glomeruli ratio (Ca T/G) was in-
creased at 1.5 to 16 compared to 0 to 0.4 among those with
functional grafts. There was absent to minimal fibrosis that
accompanied acute tubular injury on initial biopsy of a pa-

tients that developed oxalate nephropathy. With progression
of renal dysfunction, subsequent biopsy showed moderate to
severe interstitial fibrosis with increased oxalate deposition,
as seen in Figure 1.

Table 1. Patient characteristics and renal outcomes
 

 

Case 
Age/
Sex 

Race DM 
ESRD 
Etiology 

Type of 
Donor 

Donor 
Age and 
Sex 

HLA 
Match 

DR 
MM 

Type of 
Bariatric 
Surgery (BS) 

BMI 
prior 
to BS 

Weight 
lost (kg) 

BMI at 
Renal 
Transplant 
Evaluation 

Months of 
Follow Up 

Follow up 
Creatinine 
(mg/dl) 

1 47M AA (-) HTN SCD 51 F 2 0 
Proximal 
Roux en Y 

43 45 30.5 35 1.7 

2 54M C (-) HTN SCD 35 M 1 2 
Proximal 
Roux en Y 

54 54 36.5 81 0.9 

3 42F C (-) FSGS SCR 59 F 5 0 
Proximal 
Roux en Y 

42 55 22 8 1.2 

4 48F AA (-) HTN SCD 56 F 2 1 
Proximal 
Roux en Y 

48 32 34.8 65 2.1 

5 59F C (-) HTN SCD 26 M 1 1 JI bypass 66 102 32 77 1 

6 59F AA (-) HTN SCD 49 F 1 2 
Proximal 
Roux en Y 

51.7 50 30.1 84 0.9 

7 61 M C (+) DM/HTN SCD 63 M 0 2 
Gastroplasty 
with DS 

55.9 83 30.2 6 1.7 

8 66 M C (-) HTN SCD 43 F 6 0 
Proximal 
Roux en Y 

80.1 160 31.8 6 ESRD 

9 68 F C (+) DM/HTN SCD 53 M 2 1 
Proximal 
Roux en Y 

41 21 34.1 18 1.8 

10 55 M  C (-) NSAIDs LR 43 M 3 1 JI bypass 55.8 81 30.7 74 1.7 

11 45 F C (+) DM DCD 44 M 5 0 
Proximal 
Roux en Y 

NA NA 35 70 1.4 

12 60 F C (-) HTN SCD 20 M 4 0 
Proximal 
Roux en Y 

51 50 35 9 2 

13 38 M AA (-) HTN SCD 15 M 5 1 
Proximal 
Roux en Y 

46 46 31.3 60 2 

14 69 F C (-) HTN ECD 51 F 0 0 
Proximal 
Roux en Y 

NA NA 29 86 3.4  

15 59F C (-) 
Oxalo 
sis 

LR 53 F 2 1 JI bypass NA NA 22 10 ESRD 

16 67M C (-) HTN SCD 54 F 2 1 
Proximal 
Roux en Y 

49 76 30 10 ESRD 

Note: AA - African American; C- Caucasian; SCD - Standard Criteria Donor; LR - Living Related Donor; ECD - Expanded Criteria Donor; DCD Donor after Cardiac Death ; DS - Duodenal Switch 

 

3.3 Clinical outcomes

The renal outcome for the cohort is summarized in Table 1.
Three of sixteen (18%) patients (cases 8, 15, and 16) had
renal graft loss with a mean time to graft failure of 9 months
(range 6 to 11 months). Among the patients who had a biopsy
for cause (cases 1, 3, 4, 8, 9, 11, 12, 13, 14, 15, and 16), acute
rejection rate was 45% (5/11) and all except one with 1B had
borderline changes suspicious for rejection based on Banff
’97 criteria. The mean follow up creatinine was 1.6 mg/dl
(range 0.9 to 3.4 mg/dl) over a median follow up period of
51 months (range 6 to 84 months).

The clinical course of the patients who had early graft loss
was reviewed. Case 8 had delayed graft function requiring
dialysis for volume overload and hyperkalemia post oper-
atively. The transplant course was complicated with mul-
tiple admissions for volume depletion, acute kidney injury,
urosepsis and cellulitis culminating in graft loss 6 months
post-transplant. No oxalate deposition was noted on the first

biopsy (creatinine of 2.5 mg/dl), but was present on subse-
quent biopsies when creatinine increased to 4.6 and then
6.8 mg/dl. Case 15 was the only case who had documented
oxalate nephropathy as a cause of her native kidney disease
presumably related to remote jejunoileal bypass. She had
a living related kidney transplant from her 53-year-old sis-
ter. She received cinacalcet for tertiary hyperparathyroidism
and citrate supplementation for calcium oxalate stone pre-
vention. The nadir creatinine was 0.7 mg/dl 2 days post
transplant and increased to 1.7 mg/dl at 3 months. A graft
biopsy showed no rejection but isometric vacuolization sug-
gestive of calcineurin inhibitor (CNI) nephrotoxicity. Oxalate
deposits were noted on her biopsy accompanied by acute
tubular injury and interstitial fibrosis. Given CNI toxicity,
mycophenolate mofetil (MMF) was switched to everolimus
and tacrolimus was minimized. She then developed Banff
1B rejection in the setting of subtherapeutic tacrolimus and
everolimus levels 7 months after transplant. The creatinine
progressively increased and she was initiated on dialysis ten
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months after transplant. She received a second renal trans-
plant from a 52-year-old male deceased donor 14 months
after her first graft failed. Her second transplant was done
in 2013 and is not included in this cohort. Her maintenance
immunosuppressions include tacrolimus, mycophenolate
mofetil and prednisone. She was started on an oxalate free
diet and calcium supplementation in the immediate post trans-
plant period which she has maintained to date. A 6 month
protocol biopsy did not show any calcium oxalate deposit and
her creatinine at 10 months was normal. Case 16 had multiple
admissions, for pseudomonas UTI, urosepsis, and episodes
of acute kidney injury secondary to volume depletion due to
chronic diarrhea. Colonoscopy did not reveal any pathology
and infectious work up was negative for viral, parasitic and

bacterial causes of enterocolitis. His nadir creatinine was
1 mg/dl but after multiple admissions for AKI had stabilized
at 1.8 mg/dl - 2 mg/dl. He continued to have diarrhea and
MMF was intermittently discontinued. He was lost to follow
up for 5 months at our center and had multiple admissions in
another center for diarrhea, cytomegalovirus (CMV) viremia,
pneumonia, deep vein thrombosis (DVT) and episodes of
acute kidney injury. His creatinine when he returned to our
institution ranged 3.5 to 4 mg/dl. A renal biopsy was done
which showed moderate to severe interstitial fibrosis and
extensive calcium oxalate intratubular deposits. He had pro-
gressive graft dysfunction and was initiated on dialysis 10
months after transplant.

Table 2. Renal biopsy findings by ’97 Banff criteria
 

 

Case 
(N=11) 

Number 
of 
Glome 
ruli 

Number 
of 
Sclerotic 
Glome 
ruli 

Glome 
rulitis 
(g) 

Interstiti
al 
Inflamm
ation (i) 

Tubulitis 
(t) 

Arterial 
Hyalinosis 
(ah) 

Intimal 
Arteritis 
(v) 

Glomerul
opathy 
(cg) 

Interstitial 
Fibrosis 
(IF) 

Tubular 
Atrophy 
(TA) 

Fibrous 
Intimal 
Thickening 
(cv) 

1 6 0 absent absent absent absent absent absent absent absent mild 
3 12 0 absent absent absent mild absent absent minimal minimal mild 
4 5 1  absent absent absent mild absent absent mild absent moderate 
8            
1st 7 1  absent absent absent mild absent absent absent absent absent 
2nd 22 0 absent minimal mild absent absent absent mild minimal absent 
3rd 35 2  absent absent absent absent absent absent mild absent absent 
9 7 0 absent absent absent absent absent absent moderate mild absent 
11 22 1  absent absent absent absent absent absent minimal minimal absent 
12 12 0 absent absent absent absent absent absent absent absent absent 
13 9 0 absent minimal severe absent n/a absent minimal minimal n/a 

14 23 7  absent mild mild absent absent absent 
moderate to 
severe 

moderate 
to severe 

absent 

15            
Perfusion 90 6 absent absent absent absent absent absent minimal mild absent 
1st 8 0 absent absent absent absent absent absent absent absent absent 
2nd 7 0 absent absent absent absent absent absent mild mild absent 
3rd 8 1  absent moderate severe absent absent absent mild mild absent 
4th 31 1  absent moderate severe absent absent absent moderate moderate mild 

5th 7 0 absent mild severe absent absent absent 
moderate to 
severe 

moderate 
to severe 

absent 

16 3 1  absent mild mild absent absent absent 
moderate to 
severe 

moderate 
to severe 

absent 

 

4. DISCUSSION

Increasing reports of oxalate nephropathy and renal trans-
plant graft loss likely due to enteric hyperoxaluria from gas-
tric bypass are emerging.[15] This study shows that oxalate
nephropathy and graft loss do not uniformly occur in renal
transplant recipients who have had malabsorptive forms of
bariatric surgery such as Roux en Y and jejunoileal bypass
surgery for obesity. The development of oxalate nephropathy
in three of our patients is multifactorial and likely precipi-
tated by AKI from volume depletion, sepsis or rejection.

A pathophysiologic schema for oxalate nephropathy and

graft dysfunction in renal transplant among gastric bypass
patients is outlined in the Figure 2. The primary contribu-
tors are likely hyperoxaluria, hypocitraturia, hypercalciuria
which can increase urine calcium and oxalate supersaturation
leading to ON and altered pharmacokinetics of immunosup-
pression potentially leading to higher risk of rejection and
deterioration of renal function.[15–26] Other contributing fac-
tors include high oxalate diet, excessive vitamin C intake,
diabetic gastroenteropathy, inadequate calcium supplementa-
tion, and hyperparathyroidism.[15, 27–33]

Increased enteric oxalate absorption that results from intralu-
minal free fatty acid and calcium binding due to fat malab-
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sorption can lead to hyperoxaluria and increased urine cal-
cium oxalate supersaturation.[16] Aside from dietary source,
oxalate that has accumulated due to decreased renal excre-
tion among patients with kidney disease lead to hyperox-
aluria after renal transplant.[34] Hypocitraturia in addition to
hyperoxaluria has been well documented in gastric bypass
surgery.[21, 35, 36] In a study of 19 patients, the prevalence
of hyperoxaluria (47% vs. 10.5%, p = .02) and hypocitra-
turia (63% vs. 5%, p < .01) was significantly higher among
those who had Roux en Y gastric bypass.[21] One patient was
on cinacalcet for secondary hyperparathyroidism which was
continued after transplant. Use of cinacalcet for secondary
and tertiary hyperparathyroidism after transplantation has
been shown to increase urinary calcium excretion.[37, 38] Al-
though hypercalciuria is a risk factor for development of

nephrolithiasis, a study in mice did not increase urinary su-
persaturation for calcium oxalate with cinacalcet use.[39] This
is further supported in a study of renal transplant recipients
where cinacalcet use did not show graft calcium deposition
despite hypercalciuria.[40]

The development of oxalate nephropathy in our patients was
preceded by acute kidney injury. The causes of AKI are
varied and include volume depletion, infection or rejection.
Subsequent biopsies of two patients after AKI showed pro-
gression to severe fibrosis with tubular atrophy within 10
months of renal transplant including one patient who re-
ceived a living donor. The worsening renal dysfunction from
AKI likely decrease renal oxalate clearance and may further
increase renal oxalate deposition.

Table 3. Oxalate findings on biopsy correlated to renal function
 

 

Case# 
(N=11)  

Months Post 
Transplant 

Serum 
Creatinine at 
Biopsy 

Number of 
Glomeruli on 
Biopsy Core 

Intratubular 
Calcium 
Oxalate 
Deposits 

Intratubular 
Calcium 
/Glomeruli 

Rejection on 
Biopsy 

1 1 1.5 6 0 0 NA 
3 2 1.2 12 5 0.4 NA 
4 13 2.2 5 0 0 NA 
8 -1st 1 2.5 7 0 0 NA 
     2nd 4 4.6 22 35 1.5 Borderline 
     3rd 5 6.8 35 58 1.6 NA 
9 12 2.2 7 2 0.2 NA 
11 53 1.7 22 3 0.1 NA 
12 2 1.9 12 0 0 NA 
13 10 1.6 9 0 0 Borderline 
14 82 3.4 23 0 0 Borderline 
15 - 1st 1 1.7 8 13 1.6 NA 
        2nd 2 2.2 7 13 1.8 NA 
        3rd 7 1.8 8 1 0.1 1B 
        4th 7 3 31 43 1.3 1B 
        5th 8 5.4 7 23 3.2 Borderline 
16 10 7.7 3 48 16 Borderline 

 

All three patients with ON had interruption of mycophenolate
mofetil because of diarrhea or had subtherapeutic levels of
tacrolimus and everolimus prior to rejection and graft failure.
Studies on pharmacokinetics of modern immunosuppression
for transplant among GB patients are limited. In one pilot
study, the area under the concentration (AUC): dose ratio
for tacrolimus and sirolimus, and mycophenolic acid (MPA)
AUC were lower among GB patients compared to historical
controls.[23] This is consistent with what has been previ-
ously reported in cyclosporine (CsA). The weight adjusted
CsA dose increased after RYGB and absolute requirement
increased 33% in three renal transplant patients.[41] The phar-

macokinetics of tacrolimus has been investigated in animal
studies and showed over 60% of the oral tacrolimus dose is
absorbed in the duodenum and jejunum, and may explain the
altered PK after GB.[42] This indicates that a higher dose of
immunosuppression is required for GB patients to achieve
same exposure among those who did not have the procedure.

Based on our experience, we suggest a preventive strategy
in this population that has been effective for our index case.
Case 15 had a second transplant (not included in cohort) in
2013 from a deceased donor after early graft loss due to ON,
creatinine was 1 mg/dl at 16 month follow up and without
oxalate deposits on 1 year protocol biopsy.
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Figure 1. Serial pathologic findings in a patient with oxalate nephropathy
A. Hematoxylin and Eosin (H&E) of first biopsy for AKI with Cr of 1.7 shows absent inflammatory infiltrate and no interstitial fibrosis nor
tubular atrophy. B. Polarized of A. Few scattered calcium oxalate crystals noted in the tubules. C. H&E of 5th biopsy with Cr of 5.4 after
5 months, with mild mononuclear infiltrate noted in areas of fibrosis with focal tubulitis; moderate to severe interstitial fibrosis and
tubular atrophy. D. Polarized image of C. Numerous scattered calcium oxalate crystals in tubules. Magnification 100×.

Figure 2.
Pathophysiologic
schema of oxalate
nephropathy and
graft dysfunction
post GB

52 ISSN 2331-2726 E-ISSN 2331-2734



http://crcp.sciedupress.com Case Reports in Clinical Pathology 2016, Vol. 3, No. 1

Every patient that has had prior gastric bypass surgery must
receive an oxalate free or low oxalate diet. A low oxalate diet
to avoid hyperoxaluria should be emphasized pre and post
transplantation. Among dietary components star fruit and
rhubarb have very high oxalate content and are well recog-
nized, but emphasis should be on the avoidance of the more
commonly available food such as Swiss chards, spinach,
okra, lentils, soy products, beer, cocoa and peanuts which
can lead to a very high oxalate dietary content.[15, 27, 43, 44]

Dietary counseling should also emphasize low sodium, high
potassium, avoidance of animal protein as well as avoidance
of carbohydrate restricted diet which can cause hypocitra-
turia.[45] Urinary metabolic abnormalities that can lead to
development of calcium oxalate nephrolithiasis including
hyperoxaluria, hypocitraturia and hypercalciuria should be
evaluated by a 24 hour stone profile once creatinine is stable
after transplant. We also prescribe citrate and calcium supple-
mentation in this group of patients. Altered pharmacokinetics
of immunosuppression in this population may explain the
high rate of rejection in our cohort. More frequent drug mon-
itoring other than routinely set by transplant centers may be
warranted. Aside from close monitoring of tacrolimus, CsA,
sirolimus and everolimus after transplant, MPA AUC may
be considered in select patients especially if with episodes of
rejection or dose interruption.

We recognize the limitations of our study. It is retrospective

data, lacking control group and is based on single center
experience. Because of concern for enteric oxalosis from
malabsoption due to bariatric procedures, we limited our
series only to those who had RYGB and jejunoileal bypass.
Serum and urine oxalate levels were not measured since pa-
tients who developed significant oxalate nephropathy already
had advanced kidney disease and about to be initiated on
dialysis. Protocol biopsies were not done in our center prior
to 2012, and therefore prevalence of oxalate nephropathy and
renal pathology among post GB patients with normal renal
function after transplant could not be described.

In summary, bariatric surgery is an effective method of
weight loss for morbidly obese patients who may otherwise
not be considered for renal transplant due to their weight.
In our center, post gastric bypass patients did not uniformly
develop oxalate nephropathy after renal transplant. Collab-
oration between transplant centers and bariatric surgery is
suggested to manage morbidly obese ESRD patients who
fail conservative measures for weight loss. Alternative, less
invasive procedures including sleeve gastrectomy and gas-
tric banding although less effective for weight loss, should
be discussed if the transplant team is concerned about ox-
alate nephropathy after RYGB. More systematic studies are
needed to elucidate the role of bariatric surgery in treating
obese ESRD and waitlist patients.
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