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ABSTRACT

Background. Renal involvement in patients with the m.3243A>G mutation may result in end-stage renal disease (ESRD)
requiring renal replacement therapy. Although kidney transplantations have been performed in a small number of
patients, short- and long-term follow-up data are lacking.

Methods. We describe five patients with the m.3243A<G mutation who received a kidney transplant, including follow-up data
up to 13 years. We also summarize all cases (n¼13) of kidney transplantation in m.3243A>G carriers described in the literature.

Results. Proteinuria with or without renal failure was the first clinical presentation of renal involvement in 13 of 18 (72%) patients.
Focal segmental glomerulosclerosis (FSGS) was found in 9 of 13 (69%) biopsies. Sixteen of 18 (84%) patients developed hearing loss.
All patients were diagnosed with diabetes mellitus, of whom eight (44%) developed the disease after transplantation. All patients
with reported follow-up data (13/18) had stable kidney function from 6 months to 13 years of follow-up after transplantation.

Conclusions. Renal involvement in carriers of the m.3243A>G mutation most commonly leads to proteinuria and FSGS and
may lead to ESRD. Proper recognition of the mitochondrial origin of the renal disease in these patients is important for
adequate treatment selection and suitable supportive care. This case series and review of the available literature on long-term
follow-up after kidney transplantation shows it is feasible for non-mitochondrial myopathy, encephalopathy, lactic acidosis
and stroke-like episodes phenotype carriers of the m.3243A>G mutation to be considered for kidney transplantation in case of
ESRD. These patients should not be excluded from transplant solely for their mitochondrial diagnosis.

Keywords: encephalomyopathy, kidney transplantation, mitochondrial encephalomyopathy, lactic acidosis and stroke-like
episodes (MELAS) syndrome, m.3243A>G mutation, maternally inherited diabetes deafness (MIDD), mitochondrial disease,
mitochondrial myopathy

Received: 3.9.2018. Editorial decision: 31.1.2019

VC The Author(s) 2019. Published by Oxford University Press on behalf of ERA-EDTA.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited.
For commercial re-use, please contact journals.permissions@oup.com

840

Clinical Kidney Journal, 2019, vol. 12, no. 6, 840–846

doi: 10.1093/ckj/sfz020
Advance Access Publication Date: 21 April 2019
Original Article

http://orcid.org/0000-0003-2541-3090
https://academic.oup.com/
https://academic.oup.com/
https://academic.oup.com/


INTRODUCTION

Solid organ transplants are rarely performed in adult and paedi-
atric patients with primary mitochondrial disease. It is unclear
whether the underlying genetic disease has a significant impact
on post-transplant morbidity and mortality.

Mitochondria

Mitochondria play an important role in cellular energy supply
via the oxidative phosphorylation system (OXPHOS) producing
adenosine triphosphate. Mitochondrial dysfunction can result
from mutations in either nuclear DNA or mitochondrial DNA
(mtDNA). The 37 genes of the mitochondrial genome encode for
22 transfer RNAs (tRNAs), 2 ribosomal RNAs and 13 subunits of
the OXPHOS complexes I, III, IV and V. Nuclear genes encode
the remaining 75 structural proteins of the OXPHOS [1, 2].
Human mitochondria number per cell varies.

m.3243A>G mutation

The acronym MELAS (mitochondrial encephalomyopathy,
lactic acidosis and stroke-like episodes) was first used in
1984 by Pavlakis et al. [3] to describe a group of patients with
mitochondrial myopathy, encephalopathy, lactic acidosis
and stroke-like episodes. In 1990, the adenine to guanine
transition at position 3243 of mtDNA (m.3243A>G) in the MT-
TL1 gene-encoding tRNALEU(UUR) was found as the molecular
basis for this disease [4, 5]. The m.3243A>G mutation in the
MT-TL1 gene is the most common cause of MELAS syndrome,
therefore the mutation is also known as the MELAS muta-
tion. As this particular mutation—in the literature it is still
referred to as the MELAS mutation—causes many different
phenotypes, non-mitochondrial experts might get confused
and draw inappropriate conclusions by searching literature
with the term MELAS instead of m.3243A>G or alternative
descriptions. This is exemplified by the fact that the muta-
tion is also associated with diseases and conditions like ma-
ternally inherited diabetes deafness (MIDD) [6], hypertrophic
cardiomyopathy [7], macular dystrophy [8], focal segmental
glomerulosclerosis (FSGS) [9], chronic progressive external
ophthalmoplegia [10], gastrointestinal involvement [11], in-
creased risk of obstetric complications [12] and oligosympto-
matic variants of MELAS [13].

Renal involvement in the m.3243A>G carriers

Renal involvement is often seen in patients carrying the
m.3243A>G mutation. In children, renal involvement is seen in
up to 50% of patients. Proximal tubular dysfunction, including
Fanconi syndrome, is the most frequent clinical and pathologi-
cal finding in biopsies [14]. In general, renal disease is part of a
severe multi-organ disease in children with the m.3243A>G
mutation, often with a poor prognosis [15]. In adults, �30% of
the m.3243A>G mutation carriers have renal involvement [16].
The course of renal involvement varies from mild proteinuria to
end-stage renal disease (ESRD) requiring renal replacement
therapy. Pathological findings correspond with FSGS in �79% of
patients [17]. Other findings are tubular dysfunction and severe
hyaline changes within cytoplasm of smooth muscle cells of af-
ferent arterioles and small arteries [17, 18].

Two interesting hypotheses have been described about the
pathophysiology of the development of renal disease in
patients with mitochondrial disease. First, the role of

podocytes [17, 19, 20]. These are terminally differentiated cells
that are unable to segregate mutant mtDNA between daughter
cells so they are unable to undergo regenerative proliferation
in response to cell loss. The second hypothesis suggests that
vascular changes may contribute to the development of FSGS.
The damaged vessel wall is characterized by hyaline changes
in the cytoplasm of smooth muscle cells in afferent arterioles
and small arteries showing signs of necrosis and apoptosis. In
the end, vascular damage results in the loss of renal autoregu-
lation [18]. Dysfunction of mitochondria in smooth muscle
and vascular endothelial cells might cause early vascular
damage [9].

When renal disease occurs, comorbidity includes (senso-
rineural) hearing loss, cardiomyopathy and diabetes melli-
tus. In previous literature, patients were misdiagnosed with
Alport syndrome although they did not have haematuria
[21]. In patients with the m.3243A>G mutation, steroid treat-
ment for proteinuria or nephrotic syndrome is ineffective
and may induce or progress the development of myopathy
and diabetes [9, 17, 22]. This may be due to the fact that
symptoms are caused by mitochondrial alterations and
nephron loss of vascular origin. After a period of time, some
patients require renal replacement therapy. So far, only 13
patients carrying the m.3243A>G mutation that received a
kidney transplant have been described [17, 18, 21, 23–25]. In
this article we describe five patients from our Nijmegen co-
hort of carriers of the m.3243A>G mutation who received a
kidney transplant, with special attention on the follow-up.
Second, we review the patients in previously reported case
reports who received a kidney transplant. Finally, we discuss
the effects and possible side effects of kidney transplanta-
tion in these patients.

MATERIALS AND METHODS
Patients

In the Radboud Center for Mitochondrial Medicine, patients har-
boring the m.3243A>G mutation that underwent kidney trans-
plantation were identified. The mitochondrial diagnoses were
confirmed by DNA analysis using blood and urine samples. Five
unrelated adult patients received a kidney transplant. We de-
scribe their cases using information from their medical records.

Mutation analysis and quantification of heteroplasmy
levels

Heteroplasmy levels were determined in urinary epithelial cells
in all participants using Pyrosequencing technology
(Pyrosequencing, Uppsala, Sweden) as described earlier by
Lowik et al. [9]. The pyrosequence reaction of the m.3243A>G
mutation had a precision of 1.5% and the mutation was
detected from a heteroplasmy level of �5% [26].

Literature research

The search for available literature on kidney transplantation in
patients with the m.3243A>G mutation was performed using
online databases (PubMed, Cochrane, Web of Science) using the
following keywords: MELAS, MIDD, renal transplantation,
kidney transplantation, A3243G, m.3243A>G mutation, renal in-
sufficiency, chronic kidney disease. We also included Medical
Subject Headings terms if possible. Additional relevant articles
were found using the references from the retrieved articles.
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RESULTS
Case reports

Case 1. The first patient is a 47-year-old female who first pre-
sented with renal symptoms during pregnancy at the age of 31
years. A caesarean section was performed due to signs of pre-
eclampsia and foetal distress at 27 weeks amenorrhoea.
Simultaneously she was diagnosed with nephrotic syndrome.
Renal biopsy showed FSGS. The nephrotic syndrome was
treated with prednisone, cyclophosphamide and plasmaphere-
sis without any improvement. Four years later the patient was
diagnosed with mitochondrial disease due to the m.3243A>G
mutation, with a heteroplasmy level in leucocytes of 25%. She
developed diabetes, possibly provoked by the high doses of
prednisone. Haemodialysis was started at the age of 35 years.
Three years later the patient received a kidney transplant from
a post-mortem donor. Afterwards she showed no signs of rejec-
tion or side effects due to the immunosuppressive medication.
Shortly after transplantation, the diabetes became persistent
and was hard to regulate properly. Besides the renal complica-
tions of the m.3243A>G mutation, the patient also suffers from
minor perceptive hearing loss, maculopathy, severe hypercho-
lesterolaemia with intolerance for statins and possibly related
sensorimotor axonal polyneuropathy. Recently she developed
hypertrophic cardiomyopathy. Eight years after transplantation,
kidney function is still stable without any signs of proteinuria.
For immunosuppressive therapy, she uses prednisone and
mycophenolate mofetil.

Case 2. The second case is a 48-year-old male who first pre-
sented with proteinuria at the age of 25 years. Seven years later,
proteinuria deteriorated and the patient’s creatinine level in-
creased, leading to renal failure. Biopsy was consistent with
FSGS. He developed diabetes, which was difficult to manage. At
the age of 36 years, the patient received a kidney transplant
from his human leucocyte antigen–matched brother. One year
post-transplantation, the m.3243A>G mutation was detected,
with a heteroplasmy level in leucocytes of 25%. After transplan-
tation and using high doses of prednisone, the patient’s diabe-
tes became insulin-dependent and was even more difficult to
manage. Six years after transplantation, he was diagnosed with
moderate perceptive hearing loss and started using hearing
aids. In the same period, the ophthalmologist found mild cata-
ract and retina pigment epithelial alterations, but no signs of di-
abetic retinopathy. Ten years after transplantation, the patient
is still using cyclosporine and prednisone. He has left ventricle
hypertrophy and obstructive sleep apnoea. His kidney function
is stable without any signs of proteinuria.

Case 3. The third patient is a 41-year-old female. She developed
pancreatitis at a young age with recurrent episodes. Kidney dys-
function became apparent at the age of 17 years. Kidney biopsy
showed signs of chronic ischaemia. At the age of 20 years, the
patient was diagnosed with mitochondrial disease based on a
complex I enzyme deficiency in muscle; at that time genetic in-
vestigation was not performed. At the age of 27 years, the pa-
tient was diagnosed with ESRD. Later that year, at the age of 28
years, she received a kidney transplant from a post-mortem,
heart-beating donor. Before leaving the hospital, renal function
was normal and there was no sign of proteinuria. Two years af-
ter transplantation, cyclosporine was stopped without compli-
cations. She is still using prednisone and mycophenolate
mofetil as immunosuppressants. Four years after transplantation,

the patient started to develop non-insulin-dependent diabetes,
but it was not until 8 years post-transplantation that mtDNA in-
vestigation confirmed the m.3243A>G mutation at the age of 36
years, with a heteroplasmy level in leucocytes of 35%. The
patient’s mother and sister were also diagnosed with the
m.3243A>G mutation.

Case 4. The fourth patient is a 57-year-old female. As a child,
the patient was treated for epilepsy until she was 10 years old.
At the age of 31 and 33 years, the patient gave birth to two chil-
dren. During both pregnancies she suffered from haemolysis,
elevated liver enzymes and low platelets syndrome. At the age
of 40 years, proteinuria was detected (2.2 g/L). The patient also
developed sensorineural hearing loss and started to use hearing
aids. In the same year, she also developed diabetes mellitus,
which was treated at first with oral medication. At the age of
41 years, renal failure, proteinuria and hypertension were pre-
sent. Kidney biopsy 3 years later showed immunoglobulin A
(IgA) nephropathy and no signs of Alport disease. At the age of
49 years, the renal failure and proteinuria were treated with
prednisone, but did not improve, necessitating peritoneal dialy-
sis. Simultaneously the patient’s diabetes became insulin
dependent. At the age of 52 years, the patient received a kidney
transplant from a postmortem, heart-beating donor. Follow-up
after 2 years showed severe left ventricle hypertrophy and dia-
stolic heart failure that remained stable 4 years after transplan-
tation. Four years post-transplantation, the m.3243A>G
mutation was found, with a heteroplasmy level in leucocytes of
6%. In the same year, the patient was diagnosed with central
scotoma causing visual problems. Currently the kidney function
is stable with mild microalbuminuria. She is using prednisone
and tacrolimus as immunosuppressants.

Case 5. The fifth patient is a 43-year-old female who was diag-
nosed with diabetes at the age of 13 years. At the age of 21 years,
her first pregnancy was complicated by an intrauterine fetal
death. At the age of 23 years, a healthy daughter was born with
a planned caesarean section. She developed diabetic retinopa-
thy and nephropathy at the age of 28 and 29 years, respectively.
The patient suffered from hypertrophic cardiomyopathy, lead-
ing to heart failure at the age of 35 years. Two years later, hae-
modialysis was started. In the same year, the patient received a
kidney transplant from her brother complicated by a non-ST
segment elevation myocardial infarction acute coronary syn-
drome 3 days later. One month later, creatinine levels were in-
creasing, showing signs of transplant rejection for which
treatment with intravenous methylprednisolone was started.
During the treatment, a second acute coronary syndrome oc-
curred. Later she was admitted to the hospital because of sepsis
caused by a Staphylococcus aureus infection. After treatment with
flucoxacillin, creatinine levels increased and treatment with
methylprednisolone was started again. Kidney function was not
improving, and for that reason she was treated with anti-
thymocyte globulin (ATG) four times. During this treatment, the
patient suffered from a third acute coronary syndrome. A year
after the ATG treatment, the immunosuppressive treatment
was switched from triple therapy to sirolimus and azathioprine.
At the age of 40 years, 3 years after transplantation, the
m.3243A>G mutation was found as part of a family survey, after
her niece was diagnosed with the same mutation. The hetero-
plasmy level in leucocytes was 16%. Further genetic investiga-
tion within the family showed that the patient’s sister and
mother of the niece also carried the m.3243A>G mutation.
Almost 5 years after transplantation, the patient has stable
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moderate kidney function (Modification of Diet in Renal Disease
estimated glomerular filtration rate 17 mL/min/1.73 m2) without
any signs of proteinuria.

Summary of characteristics of all patients

In the literature, we found six articles describing cases of
patients with the m.3243A>G mutation who received kidney
transplantation. The characteristics of our patients and the pre-
viously reported cases are summarized in Table 1. All patients
successfully received kidney transplantation. We found that
proteinuria with or without renal failure was the first clinical
presentation of renal involvement in 13 of 18 (72%) patients.
FSGS was found in 9 of 13 (69%) biopsies. Sixteen of 18 (89%)
patients developed hearing loss. All patients were diagnosed
with diabetes mellitus, eight of whom (44%) developed the dis-
ease after transplantation. All patients for whom follow-up data
were reported (11/18) had stable kidney function at 6 months to
13 years of follow-up.

DISCUSSION

We describe five not yet reported patients with the m.3243A>G
mutation who received a kidney transplant. We also summa-
rized 13 cases of patients with the same mitochondrial muta-
tion described in the literature so far, providing an overview of
18 post-kidney transplantation patients carrying the
m.3243A>G mutation. While mitochondrial disease patients
may have a shortened life expectancy due to progression of
their underlying disease, successful kidney transplantation,
when feasible, allows for additional years of likely functional
survival.

Clinical phenotype and follow-up

MELAS syndrome is one of the possible phenotypic presenta-
tions of the m.3243A>G mutation in the MT-TL1 gene and prob-
ably one of the most acknowledged. However, in previous
reports about the phenotypic expressions in carriers of the
m.3243A>G mutation, MELAS syndrome represents only a small
proportion of the clinical spectrum [13, 27]. Although all 18
patients described in this article carried the m.3243A>G muta-
tion, none had the typical phenotypic presentation of MELAS
syndrome with stroke-like episodes. The phenotypic spectrum
of the 18 patients described in this article is clinically heteroge-
neous. In 72% of patients, proteinuria with or without renal fail-
ure was the first renal symptom. All patients developed
diabetes, and nearly all developed hearing loss (which com-
bined is known as MIDD). Other symptoms that were present in-
clude retinal dystrophy, cardiomyopathy and myopathy. Three
of 14 women had obstetric complications, including pre-
eclampsia and foetal death. In these cases, the obstetric compli-
cations were the first sign of mitochondrial disease, especially
the first presentation of renal involvement in the form of pro-
teinuria and hypertension. In general, the classic MELAS pheno-
type is associated with a poor outcome [28]. This could be seen
as a reason to withhold kidney transplant in these patients if
they develop ESRD. However, in this study we report on 18 cases
of patients carrying the m.3243A>G mutation, with a non-
MELAS phenotype, with an average follow-up of 5.6 (range 0.5–
13) years after transplantation. This indicates that in a selection
of patients carrying the m.3243A>G mutation, kidney trans-
plantation is feasible.

Biopsy

Nine of 13 (69%) patients’ kidney biopsies showed FSGS.
Diabetic glomerulopathy was not found at all. In the article of
Guery [17], FSGS was diagnosed in 79% of the biopsies. Hirano
et al. [29] detected FSGS in 9 of 16 (56%) patients. But the
spectrum of possible lesions is more variable, including tubulo-
interstitial nephropathy, bilateral enlarged cystic kidneys [17],
chronic interstitial nephritis [29], IgA nephropathy [30], neo-
plasm [22], cystic renal disease [31] and chronic ischaemia in
one patient from our own case series.

Related donors

Family members as potential donors should be up for discus-
sion. Two of our patients (Cases 2 and 5) received kidney trans-
plantation from a brother and both patients were diagnosed
with the m.3243A>G mutation several years after transplanta-
tion. It is recommended to be aware of the diagnosis of mito-
chondrial disease in case of multisystemic problems, such as
renal disease, cardiac failure, diabetes and deafness. The pres-
ence of the mutation in potential related donor candidates
should be ruled out before transplantation, as the risk of
transmission of the mutation in the maternal lineage is very
high [26].

Anaesthetics during transplantation

A recently published study summarized important considera-
tions of the systematic effects of MELAS syndrome for anaes-
thetics during kidney transplantation surgery [25]. They
recommend standard evaluation of electrolyte abnormalities
and the possible onset of diabetes, as these are common co-
morbidities. Because of the increased risk for cardiomyopathy
and conduction abnormalities, they recommend a preoperative
electrocardiogram and a low threshold for an echocardiogram.
Neuromuscular blockade (such as propofol) should be adminis-
tered carefully, because reports have described prolonged
effects of neuromuscular-blocking agents in patients with mito-
chondrial diseases [32]. During surgery, patients may be at an
increased risk for malignant hyperthermia. Administration of
glucose-containing fluids is also recommended to prevent
hypoglycaemic and catabolic episodes in response to the stress
of surgery.

Diabetes

It is not the transplantation itself but the post-transplant ther-
apy with high doses of prednisone that may provoke or progress
the development of diabetes in these patients. All 18 patients
were diagnosed with diabetes, 8 of whom (44%) developed dia-
betes following transplantation. The non-insulin-dependent di-
abetes in four patients became insulin dependent after
transplantation. This results in the current use of insulin in 12
of 18 (67%) patients. It should be noted that treatment with met-
formin is contraindicated in patients with mitochondrial dis-
ease because of the elevated risk for lactic acidosis.

Recognition of the m.3243A>G mutation carriers

Studies have suggested that renal involvement might be the
first sign of mitochondrial disease [17, 33]. Recognition of the
disease is difficult when only renal symptoms are present.
Other symptoms such as deafness and diabetes may lead to the
proper diagnosis. However, in some cases they can be mislead-
ing, for example, in the case of Alport syndrome. It is important
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to recognize the possible mitochondrial origin of renal failure in
a patient. Possible features that may point to a mitochondrial
origin of proteinuria and renal failure are unresponsiveness of
nephrotic syndrome to steroid therapy, steroid therapy being
complicated by diabetes or the presence of other symptoms fre-
quently seen in carriers of the m.3243A>G mutation. Besides
neuromuscular symptoms such as myopathy, dementia, epi-
lepsy and migraines, these also include diabetes, deafness, car-
diomyopathy, retinal dystrophy and the presence of these
symptoms in (maternal) family members. Either alone or com-
bined, these symptoms should make every doctor consider the
possibility of the existence of a mitochondrial disease. In gen-
eral, we would like to recommend a liberal policy in determin-
ing the m.3243A>G mutation in patients with renal failure, in
combination with hearing problems, diabetes, neurological in-
volvement and/or cardiac failure.

CONCLUSION

Renal involvement in carriers of the m.3243A>G mutation most
commonly leads to proteinuria and FSGS and may lead to ESRD.
Proper recognition of the mitochondrial origin of the renal dis-
ease in all patients is important for adequate treatment selec-
tion and suitable supportive care. This case series and review of
the literature on long-term follow-up after kidney transplanta-
tion shows that it is feasible for carriers of the m.3243A>G mu-
tation, with a non-MELAS phenotype, to be considered for
kidney transplantation. These patients should not be excluded
from transplant solely because of their mitochondrial diagnosis.
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