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Abstract

Background: Post-transplant diabetes mellitus (PTDM) is an emerging problem in kidney transplantation,
representing an important risk factor for kidney function loss. Diabetic nephropathy (DN) occurrence in transplanted
kidneys is poorly investigated. Current knowledge describes DN recurrence in graft 5.9 years from kidney
transplantation however there is little data about PTDM and DN.
Here, we report a clinical case peculiar for an early appearance of advanced glomerular diabetic lesions, after kidney
transplantation.

Case presentation: A 45-year-old Caucasian male affected by autosomal polycystic kidney disease was
transplanted with a cadaveric-kidney-donor from 58-year-old male. Induction immunosuppressive therapy included
basiliximab and steroids while the maintenance treatment included, tacrolimus, mofetil micophenolate and
methylprednisolone.
One month after transplantation the patient developed diabetes requiring treatment with repaglinide quickly
replaced with insulin to obtain an acceptable glycemic control (HbA1c 52 mmol/mol). Glycosuria was detected
persistently during the first six months after transplantation. To achieve further improvement in glycemic control, a
shift from tacrolimus to cyclosporine (CyA) was made and steroids were rapidly tapered and stopped. To minimize
calcineurin inhibitors toxicity, which was revealed in the 1-year-protocol-biopsy, everolimus was introduced thereby
lowering CyA through levels. Moderate hypertension was well controlled with doxazosin. Thirty months after
transplantation a second graft biopsy was performed owing to renal function decline and microalbuminuria
appearance. Histological analysis surprisingly showed mesangiolysis and microaneurysms; glomerular sclero-
hyalinosis and basal membrane thickness and typical nodular glomerulosclerosis. C4d staining was negative and no
evidence of immune deposits were detected. Donor Specific Antibodies, serum C3 and C4 levels and autoimmunity
tests were negative. Retrospective analysis on donor history didn’t show diabetes or insulin resistance and no
diabetic lesions were found in kidney pre-implant biopsy.

Conclusions: In our knowledge, this is the first report describing a very early onset of advanced diabetic
glomerular lesions in a graft biopsy after PTDM. We hypothesize that additional factors such as everolimus and
hypertension, may have contribute to kidney damage.
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Background
Post-transplant diabetes mellitus (PTDM) is a metabolic
complication following renal transplant whose incidence
ranges between 4 and 25%. Often the rapid onset and
the accelerated course of diabetic nephropathy (DN) in
post transplantation, if not recognized promptly, can
have serious consequences. So a multidisciplinary ap-
proach in post transplantation and the endocrinologist’s
role in these patients are crucial. PTDM exhibits similar
complications to those seen in patients with type II dia-
betes, but with an accelerated rate, which can worsen
the outcomes of transplant including graft failure and
death [1].
Areas of mesangiolysis with glomerular capillary

microaneurysm are seen in native kidneys after several
years of diabetes and these are the hallmark of advanced
diabetic DN.
We report an interesting case of advanced diabetic le-

sions such as mesangiolysis, microaneurysm and nodular
glomerulosclerosis observed in a kidney biopsied after
only 30 months from transplantation.
To the best of our knowledge, this is the first case

reporting an early occurrence of advanced diabetic le-
sions in PTDM after kidney transplant.

Case presentation
One month following cadaveric kidney transplantation a
45-year-old Caucasian man, under tacrolimus, micophe-
nolate mofetil (MMF) and steroids immunosuppression
developed PTDM. Thirty months after transplantation
histological graft changes characterized by mesangial
sclerosis, mesangiolysis with glomerular capillary ectasia
and microaneurysms appeared (Additional file 1). Diag-
nostic criteria for PDTM were consistent with current
American Diabetes Association (ADA) clinical practice
recommendation to diagnose diabetes in the general
population [2].
The deceased donor was a 58-year-old man whose

cause of death was cerebral hemorrhage. The cold stor-
age time was 12 h. The recipient’s cause of end stage
renal disease (ESRD) was autosomal polycystic kidney
disease. Non-modifiable recipient risk factors for dia-
betes were, excluding polycystic kidney disease, male
gender and family history for diabetes, while donor
non-modifiable risks included male gender, deceased
donor. The donor history was negative for diabetes or
insulin resistance. A week after transplantation, the re-
cipient developed a moderate hypertension (Fig. 1) re-
quiring doxazosin treatment resulting in good blood
pressure control. The patient‘s BMI was always within
normal range values. Basiliximab was used as induction
therapy. The maintenance immunosuppressive regimen
included tacrolimus, MMF, and methylprednisolone. To
treat the PTDM, repaglinide was introduced with a poor

glycemic control; consequently it was substituted with
insulin followed by acceptable glycemic levels: HbA1c
6.7% (52 mmol/mol). At time of PTDM diagnosis cre-
atinine serum level (SCr) was 1.5 mg/dL and 24-h pro-
teinuria was 300mg (Fig. 1). Glycosuria was detected
persistently in the first six months after transplantation
and the basal glucose monitoring showed glycemia levels
that didn’t exceed 180 mg/dL. To achieve further im-
provement in diabetes management, tacrolimus was re-
placed with cyclosporine (CyA). Steroids were rapidly
tapered and stopped. To minimize calcineurin inhibitors
(CNI) toxicity, which was revealed in a 1-year-protocol
biopsy, everolimus was introduced thereby lowering
CyA through levels. A mild mixed dyslipidemia was con-
trolled with atorvastatin and omega-3 fatty acid. A sec-
ond graft biopsy was performed 30months after
transplantation due to renal function decline, SCr was
2.2 mg/dL, 24-h 200 mg microalbuminuria appeared,
and BMI was 21. Although treatment with doxazosin
and bisoprolol were titrated at each follow-up control,
blood pressure always ranged between 140 and 160/90–
100 mmHg (Fig. 1). The patient did not accept
angiotensin-converting enzyme inhibitors (ACE-I) and/
or angiotensin II receptor blockers (ARBs) because of
associated side effects, cough and erectile dysfunction
respectively. The main clinical and laboratory data are
shown in Fig. 1. At this point Donor Specific Antibodies,
serum C3 and C4 levels and autoimmunity tests were
negative, microalbuminuria/creatininuria ratio was
56.82 mg/g. Histological analysis surprisingly showed
mesangiolysis, glomerular capillary ectasia and microa-
neurysms (Fig. 2 panel a). It was observed in about 30%
of glomeruli; moreover sclero-hyalinosis, basal mem-
branes thickness in 20% of glomeruli and typical nodular
glomerulosclerosis as showed in Fig. 2 panel b, in few
glomeruli. C4d staining was negative and no evidence of
immune deposits was detected. According to our
post-transplant biopsy protocol, sample collection for
electronic microscopy was not performed. After trans-
plantation glycosylated hemoglobin never exceeded 6.9%
(52 mmol/mol). A serial Ultrasound Doppler performed
on kidney transplant every six months showed Renal Re-
sistive Index (RRI) that didn’t exceed 0.65. A retrospect-
ive re-analysis of pre-implant donor biopsy confirmed
no diabetic injury (Fig. 2 panel c).

Discussion and conclusions
Post transplant diabetes is an emerging problem in
solid organ transplantation. Most of the anti-rejection
drugs used such as glucocorticoids, tacrolimus and
sirolimus are burdened by a diabetogenic effect. The
prevailing factors causing diabetes by steroids seem to
be the aggravation of insulin resistance, defects of in-
sulin secretion and beta-cell apoptosis, while a decline
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in beta-cell survival and an impairment of insulin se-
cretion are described as mechanism operated by CNI
and sirolimus [1].
Nevertheless, the wide use of these drugs, especially

tacrolimus, is justified by their powerful immunosup-
pressive effect.
While a great prevalence of PTDM is observed, not all

the diabetic patients experience DN. Additionally, DN is
not fully explained by poor glycemic control. Albeit the

pathways that lead to DN in the native kidney have been
extensively explored, there is still a paucity of data on
DN after kidney transplantation [1].
Intrinsic susceptibility to diabetes-related damage in allo-

graft kidneys could be the answer to several factors. Genetic
predisposition is an important one; certain human
leukocyte antigen (HLA) phenotypes, notably A30, B8, B15,
B27, B42, and DR4, are associated with DN, but in our case
neither donor nor recipient had HLA-predisposing

Fig. 2 Kidney graft biopsy. Panels a and b: biopsy performed 30 months after renal transplantation and (periodic acid-Schiff staining,
magnification × 400). Panel a: focal mesangiolysis and dilatated capillary aneurysms (*). Panel b: nodular glomerulosclerosis. Panel c: donor
pre-implant kidney biopsy showing little mesangial cell hyperplasia (periodic acid-Schiff staining, magnification × 400)

Fig. 1 Clinical and biochemical timeline of case report
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phenotypes. The only familial factor risk was that the recip-
ient’s mother became diabetic in old age.
Obesity is a known relevant contributor of glomerulo-

sclerosis, but our patient always showed normal BMI
values.
The reduced number of glomeruli per kidney has been

suggested as another possible individual risk factor for
the rapid progression of DN. Even though the donor and
recipient were similar in size, the donor was 13 years
older than the recipient, this fact could explain a poten-
tial reduced number of undamaged glomeruli. Broad evi-
dence supports the association between low birth
weight, premature childbirth and lower nephron num-
ber; unfortunately there is no such data available for our
donor, consequently we cannot with confidence evaluate
the equity of glomeruli [1].
In addition diabetes leads to severe impairment of renal

vasomotor capacity, leaving the glomeruli unprotected by
systemic high-pressure levels [3]. The resulting glomerular
over-perfusion may justify the mesangiolysis and glomeru-
lar microaneurysm formation, observed in the patient. Ex-
perimental models confirm our evidence, showing a link
between hypertension, mesangiolysis, endothelial cell loss
and glomerular capillary dilatation [4].
Although published clinical evidences show the bene-

fits of ACE-I and/or ARBs on DN progression in native
kidneys, limited information exists regarding the benefit
of therapeutic interventions, e.g. ACE-I or ARBs, on re-
ducing proteinuria or microalbuminuria after transplant-
ation or PTDM nephropathy and kidney graft survival
[5, 6].
In the transplanted patients we need to consider other

probable mesangiolysis triggers like acute vascular CNI
toxicity, immune-mediated glomerulonephritis and
antibody-mediated rejection. However, serological and
histological tests performed in the patient, ruled out
those causes. The advanced stage of glomerulosclerosis
can be justified even in the absence of immune deposits
as demonstrated in previous published cases [7].
The anti-proliferative effect of mTOR inhibitors may

negatively impact the glomerular repair, lead by growth
factors, after mesangiolysis as was observed in the ani-
mal models [8, 9]; however in humans it is still an open
issue. For the lack of evidence against everolimus, we
didn’t plan the drug withdrawal in our patient.
The rapid recurrences of DN after kidney transplant-

ation has been published, but in all cases the patients
were already diabetic [7]. The detection of such serious
and advanced lesions after only 30 months from PDTM,
as described in this case report, is a novelty.
Interestingly, mesangiolysis occurred very early after

PTDM even in the presence of controlled glycemia. An
HbA1c level < 7% (54 mmol/mol) is a reasonable goal for
many patients but it’s not enough in those where

hypertension is associated. Patients with PTDM should
be strictly followed for microalbuminuria, glycemic and
pressure control to minimize the risk of DN onset. Renal
biopsy should drive the therapeutic changes and provide
new insights into disease knowledge. In the presence of
DN it would be recommended to correct all diabetes
modifiable risk factors including a controlled lipid profile,
no smoking and a healthy life-style. A careful evaluation
of immunosuppressive therapy using non-diabetogenic
drugs is important.
In conclusion, reducing the dose or discontinuing CNI

and steroids could potentially limit the damage to beta
cell, although the clinical evidence is poor. However it is
difficult to weigh the risks related to rejection and/or
PTDM in individual patients to choose the best im-
munosuppressive medication regimen.
Future perspective will evaluate whether belatacept, a

new immunosuppressive drug with higher affinity to
podocyte B7–1 antigen, expressed on hyperglycemia
damaged podocytes, will be effective in preventing the
development of DN after kidney transplantation.

Additional file

Additional file 1: Clinical events timetable from pre-implant kidney
biopsy to the post-transplant diabetes mellitus renal histological changes
observed. (PPTX 68 kb)

Abbreviations
ACE-I: Angiotensin-Converting Enzyme Inhibitors; ADA: American Diabetes
Association; ARBs: Angiotensin II Receptor Blockers; BMI: Body Mass Index;
CNI: Calcineurin Inhibitors; CyA: Cyclosporine; DN: Diabetic Nephropathy;
ESRD: End Stage Renal Disease; HbA1c: Glycated Haemoglobin; HLA: Human
Leukocyte Antigen; MMF: Micophenolate Mofetil; mTOR: mammalian Target
Of Rapamycin; PTDM: Post-Transplant Diabetes Mellitus; RRI: Renal Resistive
Index; SCr: Serum Creatinine

Acknowledgements
Not applicable.

Availability of data and material
The datasets used and/or analysed during the current study available from
the corresponding author on reasonable request.

Funding
No funding was obtained for this study.

Authors’ contributions
GM conceived the study, analysed and interpreted the data and drafted the
manuscript. SV revised the manuscript critically for important intellectual
content. PEF followed the patient while hospitalized and contributed to data
collection. AA contributed to acquisition of literature data collection and
analysis. RT revised the manuscript and approved the final version. All
authors read and approved the final manuscript.

Ethics approval and consent to participate
The named local ethics committee did not require that formal ethics
approval.

Consent for publication
Patient gave a written consent for their personal or clinical details along with
any identifying images to be published in this study.

Gregorini et al. BMC Nephrology          (2018) 19:348 Page 4 of 5

https://doi.org/10.1186/s12882-018-1141-9


Competing interests
The authors declare no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Nephrology, Dialysis and Renal Transplant Unit, IRCCS Policlinico San Matteo
Foundation, P.le Golgi 19, 27100 Pavia, Italy. 2Department of Internal
Medicine and Therapeutics, University of Pavia, Via Aselli 43/45, 27100 Pavia,
Italy. 3PhD in Experimental Medicine, University of Pavia, Via Forlanini 6,
27100 Pavia, Italy.

Received: 26 March 2018 Accepted: 15 November 2018

References
1. Peev V, Reiser J, Alachkar N. Diabetes mellitus in the transplanted kidney.

Front Endocrinol (Lausanne). 2014;5(141). https://doi.org/10.3389/fendo.
2014.00141.

2. American Diabetes Association. 6. Glycemic targets: standards of medical
Care in Diabetes—2018. Diabetes Care. 2018;41(Supplement 1):S55–64.
https://doi.org/10.2337/dc18-S006.

3. De Cobelli F, Fiorina P, Perseghin G, Magnone M, Venturini M, Zerbini G,
Zanello A, Mazzolari G, Monti L, Di Carlo V, Secchi A, Del Maschio A. L-
arginine-induced vasodilation of the renal vasculature is preserved in
uremic type 1 diabetic patients after kidney and pancreas but not after
kidney-alone transplantation. Diabetes Care. 2004;(4):947–54. https://doi.org/
10.2337/diacare.27.4.947.

4. Nakagawa T, Sato W, Glushakova O, Heinig M, Clarke T, Campbell-
Thompson M, Yuzawa Y, Atkinson MA, Johnson RJ, Croker B. Diabetic
endothelial nitric oxide synthase knockout mice develop advanced diabetic
nephropathy. J Am Soc Nephrol. 2007;(2):539–50. https://doi.org/10.1681/
ASN.2006050459.

5. Rossing K, Christensen PK, Jensen BR, Parving HH. Dual blockade of the
renin-angiotensin system in diabetic nephropathy: a randomized double-
blind crossover study. Diabetes Care. 2002;25(1):95–100. https://doi.org/10.
2337/diacare.25.1.95.

6. Knoll GA, Fergusson D, Chassé M, Hebert P, Wells G, Tibbles LA, Treleaven D,
Holland D, White C, Muirhead N, Cantarovich M, Paquet M, Kiberd B,
Gourishankar S, Shapiro J, Prasad R, Cole E, Pilmore H, Cronin V, Hogan D,
Ramsay T, Gill J. Ramipril versus placebo in kidney transplant patients with
proteinuria: a multicentre, double-blind, randomised controlled trial. Lancet
Diabetes Endocrinol Apr. 2016;4(4):318–26. https://doi.org/10.1016/S2213-
8587(15)00368-X.

7. Pavan M, Ranganath R, Chaudhari AP. Early recurrence of diabetic nodular
sclerosis in a kidney transplant recipient. Iran J Kidney Dis. 2012;6(3):219–21.

8. Rampino T, Gregorini M, Bedino G, Piotti G, Gabanti E, Ibatici A, Sessarego N,
Piacenza C, Balenzano CT, Esposito P, Bosio F, Soccio G, Frassoni F, Dal
Canton A. Mesenchymal stromal cells improve renal injury in anti-thy 1
nephritis by modulating inflammatory cytokines and scatter factors. Clin Sci
(Lond). 2011;120(1):25–36. https://doi.org/10.1042/CS20100147.

9. Daniela C, Rendersa L, Amannb K, Schulze-Lohoffc E, Hauserd IA, Hugoa C.
Mechanisms of Everolimus-induced Glomerulosclerosis after glomerular
injury in the rat. Am J Transplant. 2005;5:2849–61. https://doi.org/10.1111/j.
1600-6143.2005.01120.x.

Gregorini et al. BMC Nephrology          (2018) 19:348 Page 5 of 5

https://doi.org/10.3389/fendo.2014.00141
https://doi.org/10.3389/fendo.2014.00141
https://doi.org/10.2337/dc18-S006
https://doi.org/10.2337/diacare.27.4.947
https://doi.org/10.2337/diacare.27.4.947
https://doi.org/10.1681/ASN.2006050459
https://doi.org/10.1681/ASN.2006050459
https://doi.org/10.2337/diacare.25.1.95
https://doi.org/10.2337/diacare.25.1.95
https://doi.org/10.1016/S2213-8587(15)00368-X
https://doi.org/10.1016/S2213-8587(15)00368-X
https://doi.org/10.1042/CS20100147
https://doi.org/10.1111/j.1600-6143.2005.01120.x
https://doi.org/10.1111/j.1600-6143.2005.01120.x

	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Discussion and conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Availability of data and material
	Funding
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

