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ABSTRACT

Introduction: The aim of this study was to evaluate the incidence and
types of neurological complications (NCs) and associated factors in renal
transplantation (RT) patients.

Methods: Three hundred and forty-four patients who had RT performed
at our institution between January 2005 and July 2014 were retrospectively
evaluated.

Results: File records of the patients revealed |9 who experienced a total
of 22 episodes of NCs, of whom three had more than one episode. The
mean age of |9 patients included in the study, of whom eight were female,
was 37.52413.08 (range, 18-65) years. NCs were classified into central or
peripheral depending on the location of involvement of the central nervous
system (CNS). CNS involvement was found in 16 (84.2%) of the |9 patients.
Tremor (36.8%) was the most common CNS complication in these patients.
Encephalopathy, generalized tonic—clonic seizures, and status epilepticus were

observed in two patients (10.5%). Delirium and dementia were observed
in one patient (5.2%). Headache was experienced by one patient, and
agitated depression was observed in one patient. Six patients (26.3%) had
the peripheral nervous system involvement. One patient had the numbness
of hands with normal electromyography findings, and four patients had
polyneuropathy. In one patient, lumbar plexopathy was observed. Seventeen
of the 22 NCs were considered to be caused by immunosuppressive agents.
Each incidence of amyloidosis, infection, septic emboli, and hypoglycemia
caused a neurological episode. The etiology of one episode was unknown.

Conclusion: Different neurological disorders can be seen after RT, and most
of them are caused by immunosuppressive drugs. NCs seen after RT can
be treated by decreasing the dose or changing the immunosuppressive drug.

Keywords: Encephalopathy, neurological complications, renal transplantation,
renal failure

INTRODUCTION

Neurological complications (NCs) after transplantation are still a major problem and cause significant mortality and morbidity, despite
improvements in organ preservation, surgical techniques, and immunosuppressive treatment. These complications may be caused by an
underlying primary disorder, particularly diabetes mellitus, owing to renal failure, neurotoxicity of immunosuppressive drugs or surgical
procedures, or their combination (1,2,3,4,5). These complications may involve the central or peripheral nervous system (PNS). NCs
after renal transplantation (RT) were described in the previous studies, but their electrophysiological findings were not evaluated. The
aim of this study was to evaluate the types of NC and their electrophysiological findings in RT patients. Besides, treatment methods of
NC after RT were also investigated under the light of the English literature.

METHODS

In this study, 344 patients who had RT performed at the Ondokuz Mayis University Hospital between January 2005 and July 2014 were
retrospectively evaluated. All patients were administered tacrolimus, mycophenolate mofetil, and prednisolone with induction treat-
ment initially comprising basiliximab or antithymocyte globulin. In case of tacrolimus toxicity, it was switched to cyclosporine or sirolimus.

File records of the patients revealed |9 cases having 22 episodes of NC, of which three cases had more than one episode. Electroneu-
romyography (EMG) was performed on six patients with signs of polyneuropathy, and electroencephalography (EEG) was performed
on six other patients.

Descriptive statistics regarding age, gender; and frequency of NCs were analyzed. NCs were classified as central or peripheral. This
study was performed according to the tenets of the Declaration of Helsinki.
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RESULTS

A total of 22 episodes of NC was identified in 19 patients (8 females, ||
males), three of whom had more than one episode. The mean age of the
|9 patients enrolled in the study was 37.52+13.08 (range, |8-65) years.
The demographic data of the patients and their NCs are summarized in
Table I. Central nervous system involvement was found in 16 (84.2%) pa-
tients. Seven (36.8%) of the |9 patients had tremors. Generalized tonic—
clonic status epilepticus, tonic—clonic seizures, and encephalopathy were
observed in two (10.5%) cases. One had delirium and dementia (5.2%),
one had agitated depression (5.2%), and one had headache (5.2%).

Polyneuropathy appeared after encephalopathy in one of the three pa-
tients who had multiple episodes of NCs. Other two patients had tremor
and agitated depression or polyneuropathy.

Seven of the 22 (31.8%) episodes of NCs were tremor. Six of the seven
patients with tremor were using tacrolimus, and one patient was using cy-
closporine. All of these patients had bilateral postural hand tremor; in ad-
vanced cases, additional kinetic tremor was observed. However, none of
them had resting tremor. Three patients (No.l, 2, 6) had tremor prior to
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RT, but it did not affect their daily lives. Tremor of these patients increased
after RT to a degree that it prevented eating. In the other four patients,
tremor emerged after RT. Three of the seven patients had tremors in
the limbs, and one of these patients also had lower-extremity neuropathy.

Two of the 22 episodes of NCs (9.0%) were generalized tonic—clonic sta-
tus epilepticus, and two (9.0%) were generalized tonic—clonic seizures. Al
four patients were taking tacrolimus. They are still under the antiepileptic
drug treatment. One (4.5%) of the 22 episodes of NCs was diagnosed as
agitated depression and responded immediately to a change in medication
from tacrolimus to sirolimus. Delirium occurred in one patient because of
infection, and the patient recovered after antibiotic treatment; one patient
had a migraine-type headache with a history of 2 weeks that was relieved
with beta-blocker therapy.

Six patients (26.3%) had a PNS involvement; one case had numbness of
hands but normal EMG. Four patients were diagnosed with polyneurop-
athy according to clinical and electrophysiological findings, three of whom
had polyneuropathy caused by immunosuppressive drugs (cyclosporine,
two patients; tacrolimus, one patient) and one had polyneuropathy caused

Table I. The demographic data of patients and their neurological complications

Age Diagnostic tools used
(years)  Development Type of Indication Cause(s)

Patient Sex of NCs NC(s) Symptoms for RT of NC(s) EMG | EEG | MRI
| 40M Before RT Tremor Hand tremor Glomerulonephritis Tacrolimus - - -
2 32/F Before RT Tremor Hand tremor Polycystosis Tacrolimus - - -
3 33M |5 days Tremor Hand and Leg tremor Chronic renal failure Tacrolimus - - -
4 56/M |5 days Tremor Hand and Leg tremor Polycystosis Tacrolimus - - -
I5 days Polyneuropathy Leg weakness and Polycystosis Tacrolimus + - -

sensory disturbances
37/F I5 days Tremor Hand and Leg tremor UTI Tacrolimus - - -
35M Before RT Tremor Hand tremor Unknown Cydlosporine - - -
7 23/F | week Tremor Hand tremor Hypertension Tacrolimus - - -
4 months Depression Depression Hypertension Tacrolimus - - -
8 32F 1.5 months Encephalopathy Confusion Unknown Tacrolimus - + +
2 months Polyneuropathy Weakness in limbs Unknown Cyclosporine + - -
9 65/M 7 months Dementia Delirium Hypertension Infection - + -
Delirium
10 55M 4 years Lumbar radiculopathy | Unilateral thigh pain Diabetes mellitus and Unknown + - -
hypertension
I 18/M 5 years Polyneuropathy Unilateral thigh pain Amyloidosis and FMF Amyloidosis + - -
and leg weakness
12 36/M 4 years Polyneuropathy Sensory Unknown Cydlosporine + - -
ataxia
I3 48/M 4 months Sensory disturbance Hand numbness Bilateral nephrolithotomy | Tacrolimus + - -
14 26/M 2 years Seizure GTC seizure Policystosis Tacrolimus - + +
15 42/F 5 years Status epilepticus GTC seizures Diabetes mellitus Hypoglycemia - + -
16 36/M 4 years Status epilepticus GTC seizures Nephritis Tacrolimus - + -
17 23/F 6 years Headache Headache Unknown Tacrolimus - - -
18 22F 10 days Seizure GTC seizure Bilateral renal atrophy | Septic emboli - + -
19 54/F 4 days Encephalopathy Confusion

GTC seizures Unknown Tacrolimus - + +

RT: renal transplantation; EEG: electroencephalography; EMG: electroneuromyography; MRI: brain magnetic resonance imaging; NCs: neurological complications; UTI: urinary tract infection;

PNP: polyneuropathy; FMF: familial Mediterranean fever
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by amyloidosis. In the other patient with lumbar plexopathy, the cause is
being investigated.

Sensory ataxia and progressive sensory polyneuropathy were observed in
one patient (No.12) who received cyclosporine for 4 years. Neurological
examination revealed deep sensory impairment, normal somatosensory
evoked potentials (SEP) and cervical MRI, and low vitamin B2 and fer-
ritin levels; however, even after the correction of these parameters, pro-
gression in clinical and EMG findings was observed. The administration of
cyclosporine, which was considered as the cause of polyneuropathy, was
discontinued. There was improvement in symptoms after the discontinu-
ation of cyclosporine.

In another patient (No.8) with acute axonal mixed polyneuropathy, cyc-
losporine level was very high, i.e., I 138 (100-400) ng/dL. When the con-
centration of the drug in the blood decreased to 213 ng/dL, the patient’s
symptoms almost completely disappeared.

Another cachectic patient who had meralgia paresthetica and severe sen-
sory symptoms (No.| |) was considered to have polyneuropathy because
of amyloidosis. The patient was administered codeine for severe pain in
one thigh. This patient, who also had autonomic gastrointestinal symptoms
(diarrhea) and pituitary deficiency, had the most severe clinical symptoms
of all the patients and died from cardiac arrest.

Fourteen of 22 NC were considered to be caused by the immunosup-
pressant tacrolimus and three were caused by cyclosporine. Amyloidosis,
infection, septic emboli, and hypoglycemia were other causes of NCs. In
one patient, the etiology was unknown.

DISCUSSION

Our study evaluated NCs after RT. There are few studies on this issue in
the literature; neurological signs and symptoms after RT, such as encepha-
lopathy, the PNS involvement, tremor and headache, have been reported
(1,2345).

Tremor is one of the most common neurological symptoms after RT, and
different incidence rates of tremor have been reported (4). Yardimci et al.
(5) reported a tremor rate of |1.1%. whereas in our study, it was 36.8%,
which is much higher. In a multi-center study conducted in Europe, 448
RT patients were randomly selected. In their immunosuppressive therapy,
they were receiving either cyclosporine (n=145) or tacrolimus (n=303)
(6). The incidence of tremor in patients receiving tacrolimus (34.7%) was
higher than that in patients receiving cyclosporine (11.7%) (p<.001). In
another study, 412 patients were receiving either tacrolimus (n=205) or
cyclosporine (n=207) for immunosuppression. In that study, the incidence
of tremor in patients who received tacrolimus (54.1%) was higher than
that in patients who received cyclosporine (33.8%) (p<.001) (7).

The mechanism by which tacrolimus causes tremor is not fully under-
stood; however, there has been a study indicating that the level of calci-
neurin inhibitors (CNI) is associated with the tremor (8). Calcineurin in-
hibition by cyclosporine and tacrolimus alters sympathetic outflow, which
may play a role in the mediation of tremor (9).

Diffuse encephalopathy is diagnosed with mental illness, generalized ton-
ic—clonic status, seizures, or encephalopathic EEG and normal cranial MRI
findings. Posterior leukoencephalopathy syndrome (PLES) is a reversible
encephalopathy, which partially affects the cerebral cortex, and the sym-
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metric involvement of posterior regions has been commonly reported.
PLES is clinically characterized by altered mental status, seizures, and fre-
quent visual disturbances, and it is generally reported in patients who re-
ceive immunosuppressive drugs after transplantation (10,11,12,13,14). In
our study, the sudden onset of drowsiness, diffuse delta and theta waves
in EEG, and a suicide attempt in one patient suggested diffuse encepha-
lopathy. The absence of clinical hypertension, blurred vision, or headache
and other focal neurological findings also indicated diffuse encephalopa-
thy. However, a limitation of unilateral diffusion in the right cerebellum
in the cranial MRI of the patient suggested PLES. In the study by Kastrup
et al. (10), there was not only unilateral cerebellar involvement but also
additional cerebral lesions in all of the 50 patients with PLES. The clinical
condition and EEG improved after tacrolimus was switched to cyclospo-
rine in one of our patient with a normal tacrolimus level. However, she de-
veloped acute axonal polyneuropathy after cyclosporine treatment. PNP
findings that occurred while receiving cyclosporine improved when the
dosage was reduced. There was axonal involvement in both the central
nervous system (CNS) gray matter and the PNS of the patient, suggesting
it was not a demyelinating process but a direct attack on neurons. In this
patient, the toxic effects appeared in response to two CNI (cyclospo-
rine and tacrolimus). In our opinion, the monitoring of drug levels is very
important and medication should not be changed in polyneuropathies,
which can improve by the reduction of drug doses.

We assert that the neuropathic symptoms of this patient resulted from
dose-dependent toxic effects of the cyclosporine because the patient had
been using the same drug for 5 years.

One patient with both CNS and neuropathy was reported in the litera-
ture; however, the involvement of both systems was observed while the
patient was taking tacrolimus and inadvertently had an overdose of the

drug (I'1).

Cyclosporine and tacrolimus (CNI) are known to be a substrate of cy-
tochrome P450 (CYP) 3A5 and P-glycoprotein (P-gp), which are encod-
ed by CYP3AS gene and ATP-binding cassette subfamily B member |
(ABCBI) gene, also known as multidrug-resistant gene | (MDRI), re-
spectively (15,16,17,18). Yanagimachi et al. (19) showed an association
between CNl-related neurotoxicity and gene polymorphism in the
ABCBI and CYP3AS5 genes in patients with hematopoietic stem cell
transplantation. These gene polymorphisms may explain the reason for
CNS side-effect patterns in some patients. However, we did not search
gene polymorphism in our study population; two of our patients with
severe encephalopathy may have had gene polymorphism. CYP3AS gene
polymorphism results in the inhibition of the metabolism of two different
CNlIs and may cause encephalopathy and polyneuropathy.

In our study, the other tacrolimus-induced the CNS involvement was agi-
tated depression, which was switched to sirolimus. Headache was record-
ed in 56% of the patients in another study, but it was 5.2% in our study (5).

There are usually case reports regarding PNP after RT, and femoral neurop-
athy is the most common type of neuropathy (20,21,22,23,24,25,26,27).
However, there was no femoral neuropathy in our patients.

In the literature, cyclosporine-induced axonal sensory and sensorimotor
polyneuropathy after RT have been reported in two patients (21,22). In
our study, cyclosporine-induced sensorimotor axonal polyneuropathy was
diagnosed by EMG and clinical findings in two patients. Although cyclospo-
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rine-induced axonal neuropathies are very rare, Guillain—Barre Syndrome
(GBS) was reported in one patient and CIDP was reported in another
patient after transplantation (23,24).

Bhagavati et al. (25) reported that two patients developed tacrolim-
us-induced polyneuropathy after RT; one had block with axonal neu-
ropathy in the left ulnar nerve and the other had demyelinating neu-
ropathy. Another demyelinating polyneuropathy was reported in one
patient who received tacrolimus after RT by Echaniz-Laguna (24). In
one of our patients who developed tacrolimus-induced neuropathy,
there were axonal and demyelinating (mixed-type) neuropathy findings.
These findings appeared while the patient was receiving therapeutic
doses of tacrolimus. Tacrolimus may have increased his polyneuropathic
symptoms because this patient had undergone dialysis for many years
and had neuropathic symptoms before RT.

Uremic neuropathies are generally reported to be sensorimotor and ax-
onal (28). In the literature, the symptoms of uremic neuropathy are re-
ported to resolve after RT (29,30), while in our patients, these symptoms
emerged or progressed after RT despite modification or reduction of the
dosage of medications.

This is a retrospective study. Because the patients were followed up for
| -9 years at our center, this facilitated the close monitoring of clinical and
electrophysiological responses of patients to the modifications in medi-
cation. Different neurological disorders can be seen after RT, and most
of them are caused by immunosuppressive drugs and can be treated by
decreasing the dose or switching the immunosuppressive drugs.

Prospective studies, which focus on the assessment of neurological com-
plication of patients who undergo RT, can help to achieve better patient
outcomes.
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