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Abstract

Purpose of review Most clinical neurologists will have come across individuals receiving
renal replacement therapy who have developed a neurological complication, and neurol-
ogists working in, or close to, hospitals with a Renal Unit will be very aware of the range of
central nervous system (CNS) complications that may develop in these patients. These can
often be difficult to differentiate from disorders relating to renal failure or systemic
conditions leading to kidney disease and can in fact arise from the interaction between
underlying disease and the side effects of treatment. Patients with renal disease frequent-
ly havemultiple comorbidities, and it is necessary to take a generally inclusive approach to
diagnosis and treatment.
Recent findings Unfortunately, there is a lack of specific high-quality evidence for a
number of CNS complications of renal replacement therapy. Here, we review the major
CNS complications of dialysis and transplantation, discussing evidence for treatments
where available and detailing standard management approaches where evidence is scarce.
Summary Given the lack of specific evidence for interventions in the treatment of CNS
complications of renal replacement therapy, it is often necessary to take an individualised
approach based on comorbidities and applying findings from the general population. In
these complex patients, we must stress the importance of collaborative working between
neurologists and renal physicians when treating this complex patient group.

* The Author(s) 2019. This article is an open access publication

http://crossmark.crossref.org/dialog/?doi=10.1007/s11940-019-0553-6&domain=pdf


Introduction

In 2010, 2.6 million patients were receiving renal re-
placement therapy (RRT) worldwide; this number is
projected to increase to 5.4 million by 2030 [1]. The
most recent UK renal registry shows 63,162 adult pa-
tients were receiving RRT as of the end of 2016 with
7759 new patients being initiated on RRT during the
same year. In the UK, transplant was the most common
rep lacement modal i t y (54%) , fo l lowed by
haemodialysis (40%) and peritoneal dialysis (6%). In
2016, the UK prevalence of patients on RRT was 962 per
million population compared to in 2000 when it was
535 per million population [2].

Renal failure is associated with several neurological
complications including cerebrovascular disease, cogni-
tive impairment, uraemic encephalopathy, peripheral
neuropathy and myopathy [3]. Dialysis only partially
corrects the pathophysiological abnormalities that con-
tribute to these, and renal replacement therapy (dialysis
and renal transplantation) is associated with other neu-
rological complications. Here, we focus on the treatment
of neurological complications that arise in patients re-
ceiving renal replacement therapy. These are often mul-
tifactorial and may require several problems to be
attended to simultaneously.

Treatment of neurological complications of renal replacement
therapy
Cerebrovascular disease

Ischaemic stroke and chronic kidney disease (CKD) often share traditional risk
factors including age, hypertension, high cholesterol and diabetes mellitus. The
risk of stroke increases with worsening renal function and increasing albumin-
uria [4]. Patients with CKD are also at a higher risk of haemorrhage. The
combinations of chronic uraemia (which results in platelet dysfunction, includ-
ing abnormal interaction with the vessel wall), inadequate control of hyperten-
sion, intradialytic anticoagulation and use of antiplatelets or anticoagulation
increases the risk of haemorrhage [5].

Stroke in dialysis patients
The incidence of stroke in patients undergoing dialysis is 5–10 times greater
than that observed in the general population [6, 7, 8•, 9]. There is no significant
difference in the reported rates of ischaemic stroke between haemodialysis and
peritoneal dialysis. However, peritoneal dialysis has a lower risk of
haemorrhagic stroke compared to haemodialysis [9], which may be due to
the use of anticoagulants during haemodialysis. Mortality in haemodialysis
patients with stroke can be approximately three times higher compared to
patients with CKD not undergoing haemodialysis [10].

The risk of stroke is increased particularly in the first few weeks of starting
dialysis regardless of modality [11]. Stroke tends to occur more commonly
during dialysis [12]. Risk factors attributed to haemodialysis include thrombo-
embolism, vascular calcification, haemodynamic instability and amyloidosis.

Stroke in transplant patients
Transplant leads to an overall improvement in stroke risk when compared to
dialysis [13]. Most studies report an increased risk of ischaemic rather than
haemorrhagic strokes. The latter is associated with higher mortality [13, 14]. A
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retrospective analysis of 1237 patients from the Imperial renal unit (London)
found that 4.5% of people who received a kidney alone or a simultaneous
pancreas and kidney transplant had a stroke after transplantation. Stroke risk
factors included age, diabetes mellitus at the time of transplantation, cortico-
steroid use and receipt of simultaneous pancreas and kidney transplant. Trans-
plant specific factors included immunosuppression, allograft rejection, de-
ceased donor transplantation and long duration of dialysis pre-transplant [15].

Treatment of ischaemic stroke
The complexity of management of ischaemic stroke in chronic kidney disease
and renal replacement therapy is that they have higher thrombotic and throm-
boembolic risk but also higher risk of haemorrhage.

Stroke prevention in patients on dialysis and renal transplant
Traditionally evidence-based risk factor management for stroke prevention
from the general population studies have been applied to patients with all
forms of renal impairment. However, some of the evidence suggests that
efficacy is not always proven for traditional risk factors, particularly in end-
stage renal disease (ESRD) patients on dialysis (see below).

Antiplatelets

There is a strong evidence base for the use of antiplatelet medication
in the secondary prevention of stroke in the general population [16–
18]. However, there are no appropriately sized RCTs that have
evaluated the effect of antiplatelets in the prevention of stroke in
patients on dialysis or with renal transplant. A Cochrane meta-
analysis that included randomised trials of non-dialysis CKD and
ESRD patients on RRT found that antiplatelet agents, compared with
no treatment or placebo, did not reduce the risk of stroke or
mortality but reduced the risk of myocardial infarction. Antiplatelet
agents increased the risk of major and minor bleeding [19]. The
conclusions that can be drawn from this are limited as the data were
mostly derived from post-hoc analyses of trials in the general
population.
Observational studies in patients with dialysis have multiple confounding
factors including the indication for the antiplatelet medication, selection
bias, type and dose of antiplatelet used. In an analysis of over 28,000
haemodialysis patients randomly selected from dialysis outcomes and
practice patterns (DOPPS) I and II studies, aspirin was associated with a
decreased risk of stroke (relative risk (RR) 0.82; p G 0.01), but there was an
increased risk of myocardial infarction (RR, 1.21; p = 0.01) and cardiac
events (RR, 1.08; p G 0.01) in all patients, with similar results for patients
with coronary artery disease. There was no significant difference in the risk
of gastrointestinal bleeding [20].
Given the increased bleeding complications and lack of clear demonstrated
efficacy of antiplatelets in prevention of stroke in patients on renal re-
placement therapy, wewould recommend an individualised approach, and
avoidance of antiplatelet may be reasonable in some patients.
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Atrial fibrillation (AF)

AF is a strong risk factor for stroke, and the prevalence of AF is higher in
dialysis patients compared to the general population [21]. However, the
benefit of anticoagulation in patients on dialysis is not clear. Novel oral
anticoagulants (NOACs) are eliminated by the kidney: 80% for dabigatran,
50% for edoxaban, 35% for rivaroxaban, and 27% for apixaban. This
results in different plasma concentration depending on creatinine clear-
ance; therefore, doses may need adjustment [22•]. NOACs are effective and
safe in patients with mild to moderate renal impairment (creatinine clear-
ance over 30) when compared with warfarin [23–25]. There is very limited
clinical data on NOAC use for patients with a creatinine clearance of G
30 ml/min, and warfarin is of uncertain benefit in patients with ESRD on
dialysis [22•, 26]. Thus, the decision to consider anticoagulation in ESRD
on dialysis requires a personalised approach depending on risks, benefit
and patient preference.

Lipid-lowering therapy

Large randomised controlled trials in patients with normal or mild to
moderate CKD have shown benefit for lipid-lowering therapy, especially
statins in secondary prevention [27]. There is less clear evidence for the
benefit of lipid-lowering therapy in stroke prevention for patients with
ESRD on dialysis [27–31]. The rationale supporting the use of these agents
in ESRD on dialysis remains unresolved. The Kidney Disease Improving
Global Outcomes (KDIGO) guidelines do not recommend initiation of
lipid-lowering therapy in patients on dialysis. However they would rec-
ommend continuation of therapy in patients established on this prior to
dialysis. Treatment should be considered in patients with recent MI or
stroke and high LDL levels [32].
The relationship between treatment of dyslipidaemia and reduction in
stroke risk in transplant recipients has not been fully established [33].
Dyslipidaemia is a frequent complication after kidney transplantation.
Immunosuppressive agents, particularly glucocorticoids, calcineurin in-
hibitors and rapamycin, have dose-related effects on serum lipid levels.
Balancing immunosuppression, the different agents, the risk of rejection
and dyslipidaemia is complex. For example, cyclosporine increases the risk
of dyslipidaemia compared to tacrolimus; therefore, the latter may be
favoured. The KDIGO guidelines recommend treatment with a statin in
renal transplant recipients [32]. Some of the immunosuppressive agents
such as cyclosporine inhibit the hepaticmetabolism of statins and therefore
may require lower doses.

Hypertension

Hypertension is an important modifiable risk factor for both ischaemic and
haemorrhagic stroke in the general population [34]. The evidence for this in
the dialysis population is less clear from existing studies [35]. Two meta-
analyses of randomised controlled trials that enrolled dialysis patients
found that lowering blood pressure (BP) resulted in reduction of
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cardiovascular events. The specific effect on stroke was not presented [36,
37]. Moreover, the optimum target BP in dialysis population is not clear.
In renal transplant patients, the KDIGO guidelines recommend a BP G 130/
80 irrespective of urine albumin excretion based on observational studies.
The choice of a BP-lowering agent may depend on time after transplanta-
tion, whether calcineurin inhibitors are being used, presence or absence of
albuminuria and other comorbidities [38].

Acute reperfusion therapies
Rapid restoration of cerebral blood flow using reperfusion therapy is the most
effective management for salvaging ischemic brain tissue that is not infarcted.
The benefit is time-dependant.

Thrombolysis

Thrombolytic therapy with recombinant tissue plasminogen activator
(rt-PA/alteplase) is the standard of care for patients presenting within
4.5 h of symptom onset following acute ischemic stroke provided
there are no contraindications [39, 40]. Alteplase is not contraindi-
cated for use in patients with ESRD and dialysis. However, most of the
randomised controlled trials in ischaemic stroke either excluded or did
not capture whether patients had ESRD and whether they were on
dialysis; therefore, thrombolysis efficacy in these patients is less cer-
tain. Post-hoc analysis of the ENCHANTED trial, a multicentre
randomised open-label blinded trial comparing low dose (0.6 mg/kg)
to standard dose (0.9 mg/kg) alteplase, examined the influence of
renal impairment on outcome post thrombolysis in acute stroke. Pa-
tients with severe renal dysfunction (eGFR G 30 ml/min) had an in-
creased risk in mortality but no significant increase in disability or
symptomatic intracerebral haemorrhage compared to patients with
normal renal function (eGFR 9 90 ml/min). There was no significant
difference between the use of low dose (0.6 mg/kg) and standard dose
(0.9 mg/kg) alteplase between the two groups. There are several limi-
tations of this study: renal function was derived from a single mea-
surement of creatinine on admission and it was not clear if the patients
had acute versus chronic kidney disease or whether they were any
patients were on renal dialysis or had a renal transplant. It was also
underpowered as only 103 patients had an eGFR G 30 ml/min out of a
total of 3310 patients included in the trial [41•].
The majority of the available data for patients on dialysis are from retro-
spective observational studies predominantly from haemodialysis cohorts.
These have multiple confounding factors including variable dose of
alteplase used, different calculation or definition of renal impairment, and
different outcome measures. Some studies report an increased risk of
symptomatic intracerebral haemorrhage in patients with renal impairment
treated with rt-PA [42, 43]. In the largest registry-based study of US dialysis
patients with ischaemic stroke treated with thrombolysis (1008 on
haemodialysis and 65 on peritoneal dialysis), there was no increase of
intracranial haemorrhage or disability noted, although patients had a
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higher risk of mortality and more prolonged admission [44]. In the
absence of definitive data, acute stroke patients on dialysis or with a
renal transplant should be treated with thrombolysis if they meet
criteria and have no contraindications. The 2018 AHA/ASA guide-
lines for early management of acute ischaemic stroke recommend
the use of alteplase in patients with ESRD on HD with a normal
activated partial thromboplastin time (aPTT). Patients with an ele-
vated aPTT may have an increased risk of haemorrhagic complica-
tions [16].

Thrombectomy

Mechanical thrombectomy is indicated in patients with acute isch-
aemic stroke and large artery occlusion. Several randomised con-
trolled trials have shown that early intra-arterial treatment with
second generation mechanical thrombectomy devices is safe and
more effective at reducing disability versus standard treatment with
intravenous thrombolysis alone when the stroke is caused by a large
artery occlusion in the anterior circulation [45–48]. However, to-date
trials have included limited information regarding whether any pa-
tients have ESRD and are on dialysis. A retrospective analysis of the
US Nationwide Inpatient Sample database between 2005 and 2010
compared 1398 dialysis patients presenting with acute ischaemic
stroke who were treated with intravenous thrombolytic therapy with
915 patients treated with mechanical thrombectomy. Mechanical
thrombectomy was associated with lower in-patient mortality and
lower moderate-to-severe disability compared to the intravenous
thrombolysis group after adjusting for age, gender and confounding
factors [49].

Treatment of cerebral haemorrhage
Intracerebral haemorrhage in CKD on RRT is most commonly hypertensive in
origin and most often affects the basal ganglia, cerebellum or brainstem. There
are no specific randomised controlled trials addressing the management of ICH
in patients with ESRD on dialysis. Therefore, the management of ICH is similar
to the general population, which includes control of blood pressure, urgent
reversal of any coagulopathy and consideration of neurosurgical intervention as
appropriate [50].

A retrospective study from the Imperial renal unit of 2155 patients on
maintenance haemodialysis showed a prevalence of nontraumatic subdural
haemorrhage of 0.4% with an overall annual incidence of 189 per 100,000
patients. This is around 20 times higher than the general population. No
association was found with comorbidities such as hypertension, diabetes, or
with the use of antiplatelets or anticoagulants [51].

Techniques used to limit systemic bleeding risk include regional
anticoagulation and minimal heparin use [52]. Patients who have suffered a
recent ICH or are at an increased risk of bleeding can undergo dialysis without
anticoagulation (heparin-free dialysis).
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Posterior reversible encephalopathy syndrome (PRES) in renal replacement therapy
This is a clinical radiographic syndrome that typically develops over hours
to days and is characterised by headaches, visual disturbance (visual field
defects, hallucinations or cortical blindness), encephalopathy and seizures.
Characteristic MRI brain patterns include white matter parieto-occipital
changes, but a watershed pattern and superior frontal sulcus pattern are
also described. These changes are suggestive of vasogenic oedema [53•]. It
is important that this syndrome is recognised early, and the underlying
cause is treated to prevent permanent neurological deficits. The diagnosis
should be considered in patients with a rapid rise in blood pressure, are on
any exacerbating medication for example immunosuppressive medication
used in transplant recipients such as calcineurin inhibitors calcineurin
inhibitors, or have have systemic autoimmune disorders such as systemic
lupus.

There are no randomised controlled trials in the treatment of PRES. Treatment
involves treating the underlying cause. This involves lowering blood pressure if
elevated, reducing the dose or withdrawing the offending drug, correction of
electrolytes (particularly magnesium) and supportive therapy. In case of immu-
nosuppressive agents in transplant, the medication may need to be discontinued
and substituted to a different medication [53•]. In the acute setting, anticonvul-
sants may be required, but withdrawal of antiepileptics can be considered a few
months after symptoms and imaging findings have resolved.

Management of seizures in renal dialysis and transplant patients
Several of the CNS complications of renal dialysis and transplant that are
discussed in this article can present with seizures (potential causes are
summarised in Table 1). The management of acute seizures include investiga-
tion and treatment of any underlying cause. The decision to start an anticon-
vulsant depends on whether the patient is at high risk of seizure recurrence and
whether the seizure is provoked or unprovoked. In the context of acute neuro-
logical complications, the risk may be increased in the short term, requiring
antiepileptic initiation. If the underlying cause resolves, then it is often possible
for the antiepileptics to be withdrawn.

The choice and dose of anticonvulsant depends on seizure type, clinical
response, pharmacokinetics, interactions with other drugs and any other co-
morbidities. Renal impairment alters the pharmacokinetics of many antiepilep-
tics. Metabolic acidosis and proteinuria reduce serum albumin and therefore
increase free levels of active drug. Decreased glomerular filtration rate and
urinary excretion can result in accumulation and increase of levels of some
anticonvulsants [54, 55].

Water soluble drugs, such as levetiracetam, have lower protein binding
affinity, are predominantly renally excreted and tend to accumulate in renal
disease. They are largely removed by dialysis and therefore may require
postdialysis dosing. Whilst lipophilic, predominantly protein bound antiepi-
leptics, such as phenytoin, valproate and carbamazepine, tend not to be affected
by dialysis [54]. The effect of peritoneal dialysis on antiepileptic levels can be
unpredictable.

In patients on dialysis it may be easier to choose protein bound antiepileptics
that are cleared through hepatic mechanisms as their levels are less likely to be
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affected by haemodialysis. However, a number of thesemedications have hepatic
enzyme-inducing or inhibiting activity and therefore may interact with other
medication. This must be taken into consideration when choosing antiepileptics,
particularly in transplant patients on immunosuppressive medication.

Anticonvulsant dose is adjusted depending on seizure control. Drug levels are
useful to establish the therapeutic range during remission as a baseline, if patients
are refractory to treatment and to guide dose adjustment in the case of changing
renal function, interactions with other medications or changes related to dialysis.
Measurement of free levelsmay be required in patients on dialysis. Table 2 contains
a list of common antiepileptics and dosing during renal failure and dialysis.

Drug toxicity in patients on dialysis and renal transplant
Drug toxicity is a common cause of neurological problems in patients treated
with renal replacement therapy. Renally excreted drugs (or their active metab-
olites) can accumulate leading to toxicity. These can be poorly excreted by
dialysis particularly if protein bound. These can include medications such as
antibiotics, e.g. penicillins and antivirals; e.g. aciclovir, opiates and some anti-
epileptics.Maintaining therapeutic stable drug levels whilst avoiding side effects
is important. Dialysis may increase the elimination of certain drugs, particularly
nonprotein bound drugs; these may need further dose supplementation
postdialysis. The pharmacokinetics and drug-drug interactions for each drug
need to be carefully considered particularly in renal transplant patients on
immunosuppressive medication. Neurotoxicity can still occur even during
therapeutic drug levels for example immunosuppressive agents (see Table 3).

There are many references to guide dose adjustment in renal impairment
and dialysis. For example, the Renal Dosing Database (http://www.globalrph.
com/index_renal.htm) provides such dosing guidance. If in doubt, advice from
a specialist renal pharmacist is strongly recommended [3].

Table 1. Causes of seizures in renal dialysis and transplant patients

Uraemic encephalopathy

Posterior reversible encephalopathy syndrome

Hypertensive encephalopathy

Dialysis disequilibrium syndrome

Stroke (ischaemic and haemorrhagic)

Intracranial infections (e.g. meningitis, encephalitis, brain abscess)

Hypoglycaemia

Hyperglycaemia—nonketotic hyperosmolar coma

Electrolyte abnormalities, e.g. hypocalcaemia, hypo- or hypernatraemia

Rapid rise in haemoglobin after starting erythropoietin

Air embolism

Drug toxicity
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Treatment of neurological complications specific to dialysis
Dialysis disequilibrium syndrome (DDS)

This was first described in 1962 but is now rare, because of changes in dialysis
regimes and increasing frequency of dialysis sessions. Cerebral oedema and raised
intracranial pressure are probably the primary factors that contribute to this
syndrome. It most commonly occurs during or after the first session of
haemodialysis but can still occur at any stage. The initial symptoms include
headache, nausea, confusion, muscle twitching and restlessness. With progres-
sion, cerebral oedema may result in seizures, coma and death [60]. Risk factors
include first dialysis session, older age, severe metabolic acidosis, raised blood
urea concentration predialysis (9 60 mmol/l), any condition increasing blood
brain permeability (such as sepsis, CNS infection or vasculitis) and pre-existing
neurological disorders (e.g. stroke). Prevention should be considered in poten-
tially high-risk patients. The most effective preventive measure is to limit the
reduction of urea concentration per treatment. This can be achieved using several
methods. Use of haemofiltration instead of haemodialysis reduces the rate of
change of osmolalities (as solute is removed through convection rather than
diffusion). If using haemodialysis, recommendedmethods include initiation at a
relatively slower blood flow rate, and using high sodium-containing dialysates or
other osmotic agents [60]. If symptoms develop during dialysis, blood flow rate
should be slowed and dialysis may need to be stopped, particularly in patients
who develop seizures or coma. Other differentials of the symptoms should be
considered. The management is supportive with improvement usually occurring
within 24 h.

Central pontine myelinolysis
This results from rapid plasma osmotic fluctuation during haemodialysis.
Risk factors include chronic hyponatraemia and elevated serum osmolality.
Clinical presentation can include dysarthria, dysphagia, paraparesis,
quadriparesis, confusion, movement disorders, seizures and coma. The
MRI brain shows characteristic oedema in the pons and extrapontine areas.
To prevent the syndrome, the serum sodium concentration should be
corrected slowly, not faster than 6–8 mmol/l per day by reducing dialysate
sodium or reducing the flow rate during dialysis [3].

Wernicke’s encephalopathy
Patients on dialysis are at increased risk due to decreased oral intake and
loss of thiamine as it is water soluble. It is classically described as a triad of
confusion, ataxia and ophthalmoplegia, but may involve atypical features
such as neuropathy, myoclonus and chorea. Specialist renal dieticians can
provide advice to improve nutritional intake to prevent the condition.
Consideration of the diagnosis and rapid recognition, with initiation of
thiamine replacement if it develops, is critical to minimise any long-term
neurological deficits [3].

Dialysis headache
Around 50–70% of patients can have a headache during a haemodialysis
session. This probably relates to electrolyte disequilibrium effects (sodium,
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urea, magnesium, calcium), water shifts and hypotension [61]. The head-
ache typically lasts for less than 4 h. Diagnostic criteria according to the
international headache classification system include at least three episodes
of acute headache each developing during a dialysis session, worsening
during dialysis and/or resolving within 72 h of completing dialysis. Fol-
lowing transplantation, the headache completely resolves [62]. There are
no controlled studies of acute or prophylactic medication for use in
dialysis headache treatment. ACE inhibitors, magnesium supplementation,
volume maintenance, electrolyte and blood pressure control may provide
some prophylactic benefit [61•, 63].

Treatment of neurological complications in renal transplant
recipients

Common neurological complications after renal transplant include cere-
brovascular events, CNS infections, toxicity secondary to immunosup-
pressive medications. Rarer complications include primary CNS lympho-
proliferative disease. Certain complications are more likely depending on
the time elapsed after transplantation.

CNS infections
CNS infections in renal transplant recipients are associated with high
morbidity and mortality. Early diagnosis and treatment are vital to
achieve best outcome. The diagnosis can be difficult as immunosuppres-
sion may mask typical signs and symptoms. Patients can present with
only headache and unexplained fever, with other features such as altered
mental status, focal neurological signs, new onset seizures or meningism
not being present initially. There should be a low threshold for
suspecting CNS infection in renal transplant patients. All transplant
patients presenting with suspected CNS infection need to be appropri-
ately investigated (see Karunaratne et al. [3]).

Empiric treatment aimed at covering the most likely pathogens
should be started early in patients with suspected CNS infection. We
recommend starting ceftriaxone and aciclovir ± ampicillin (if listeria is
suspected) and early discussion with microbiology and infectious dis-
eases teams is strongly recommended. In some cases, tapering or
interrupting immunosuppressive medication may be required.

The presentation, diagnostic tests and potential therapies to be considered in
the commonest CNS infections post-transplant are listed in Table 3.

The risks of infection by specific pathogens varies depending on the length
of time elapsed since the transplant. This can be divided into three periods.
1. Early period post-transplant (first month). CNS infections are rare

during the first month. If they occur, they are typically related to
nosocomial infections (methicillin resistant Staphylococcus aureus,
candida, aspergillus) or infections already present before transplan-
tation or donor transmitted infections.
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2. This intermediate period (from 1 to 6 months) at the peak of im-
munosuppression levels is a high-risk period for CNS infections such
as viral infections (HSV, EBV, CMV) and opportunistic infections such as
Nocardia, Toxoplasma, Listeria. Infections can precipitate organ rejection
leading to increasing immunosuppressive therapy and in turn worsening
control of any infective process.

3. More than 6 months after transplantation, the risk generally de-
creases as most patients are receiving stable reducing levels of im-
munosuppression. Patients who require higher than usual immuno-
suppressive therapy to prevent rejection are at highest risk of op-
portunistic infections.

Neurotoxicity of immunosuppressive medication used in transplant
Protocols for induction and maintenance of immunosuppression vary across
centres. The commonest agents used in renal transplant include corticosteroids,
calcineurin inhibitors, noncalcineurin inhibitors, mycophenolate and mono-
clonal antibodies. Neurotoxic side effects of common agents used are listed in
Table 4. Thesemay occur evenwithin therapeutic drug levels. Reducing the dose
or withdrawing and substituting the suspected offending drug with another
immunosuppressive agent may be required.

Important consideration should be taken when introducing any new
drugs for patients on immunosuppressive medication to minimise drug-
drug interactions or the doses may need adjustment and monitoring of
levels accordingly.

Table 4. Neurotoxicity and mechanism of action of common immunosuppressive medication

Drug Mechanism of action Neurotoxicity
Corticosteroids Immunomodulating effects Delirium

Psychosis
Depression
Insomnia
Myopathy

Mycophenolate mofetil Inhibition of inosine monophosphate
dehydrogenase which in turn decreases
guanosine. This results in inhibition of B
and T cell lymphocyte proliferation

Headache

Calcineurin inhibitors e.g.
Tacrolimus and cyclosporine

Inhibition of calcineurin alters cytokines
such as IL2 and TGFB resulting in
decreased activation of T lymphocytes

Tremor
Encephalopathy e.g. PRES
Akinetic mutisim
Peripheral neurotoxicity e.g. CIDP

Non calcineurin inhibitors
e.g. Sirolimus and everolimus

Inhibit mammalian target of rapamycin
(mTOR). This blocks IL2 signalling via
CD25 on activated T cells decreasing T cell
signalling and proliferation

Tremor
Confusion
Paraesthesia
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Post-transplant CNS lymphoproliferative disorder
There is an increased risk of cancers and post-transplant lymphoproliferative disor-
ders in renal transplant recipients. Risk factors include the type and intensity of
immunosuppression. The majority are of B cell origin and related to EBV. Patients
canpresentwithheadache, seizures, alteredmental state or focal neurological deficits.

There are no RCTs and no consensus on optimal treatment of post-transplant
CNS lymphoproliferative disease. Therapeutic strategies differ from immunocom-
petent individuals as they may include reduction in immunosuppression, anti-
CD20 monoclonal antibodies such as rituximab, high dose methotrexate, radia-
tion therapy, cytotoxic chemotherapy and possibly immunotherapy [64•].

Conclusion

Both renal dialysis and transplant improve the survival of patients with chronic
kidney disease and decrease the risk of neurological complications related to
uraemia. Worldwide, there is an increase in the number of patients on renal
replacement therapy. Early recognition and treatment of the central nervous
system complications associated with RRT improves outcome and can prevent
neurological disability. A collaborative approach between neurologists and
renal physicians is essential for effective management of these disorders.
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