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Abstract

A large number of neurological disorders can affect renal transplant recipients, potentially leading to disabling or life-
threatening complications. Prevention, early diagnosis and appropriate management of these conditions are critical to avoid
irreversible lesions. A pivotal role in the pathogenesis of common post-transplant neurological disorders is played by
immunosuppressive therapy. The most frequently administered regimen consists of triple immunosuppression, which com-
prises a calcineurin inhibitor (CNI), a purine synthesis inhibitor and glucocorticoids. Some of these immunosuppressive
drugs may lead to neurological signs and symptoms through direct neurotoxic effects, and all of them may be responsible
for the development of tumors or opportunistic infections. In this review, after a brief summary of neurotoxic pathogenetic
mechanisms encompassing recent advances in the field, we focus on the clinical presentation of more common and severe
immunosuppression-related neurological complications, classifying them by characteristics of urgency and anatomic site.
Our goal is to provide a general framework that addresses such clinical issues with a multidisciplinary approach, as these
conditions require.
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Introduction

A wide array of neurological complications may impact on
the outcome of renal transplant recipients, possibly leading
to disabling or life-threatening diseases. Some of these com-
plications are caused by the disorders that led to transplanta-
tion and by dialysis [1]. Since criteria to admit donors and
recipients to a transplantation program have been considera-
bly expanded in recent years, elderly individuals and patients
with severe comorbidities may now be considered suitable
candidates for kidney transplantation. On one hand, this has
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allowed to expand the number of recipients and donors, but
on the other it has increased the risk of extra-renal compli-
cations, including those affecting the central and peripheral
nervous system.

The most crucial role in the pathogenesis of post-trans-
plant neurological disorders is played by immunosuppressive
drugs. The choice of immunosuppressive regimens varies
widely across transplant programs, nevertheless, the most
frequently adopted schedule rests on triple immunosup-
pression comprising a calcineurin inhibitor (CNI) such as
tacrolimus (TAC) or cyclosporine (CsA), a purine synthesis
inhibitor, such as mycophenolate (MPA) or azathioprine,
and glucocorticoids. Some centers have been gaining expe-
rience with inhibitors of the mammalian target of rapa-
mycin (mTOR) and, more recently, with belatacept. Anti-
thymocyte globulins (ATG), anti-CD52 (alemtuzumab),
anti-CD25/IL-2R (basiliximab) and anti-CD20 (rituximab)
monoclonal antibodies are also frequently used for induction
therapy or treatment of rejection episodes. The proteasome-
inhibitor bortezomib has also been used for the management
of antibody-mediated rejection in selected cases. Some of
these immunosuppressive drugs may exert direct neurotoxic

@ Springer


http://orcid.org/0000-0001-8126-7353
http://orcid.org/0000-0003-1837-2788
http://orcid.org/0000-0001-6684-2524
http://orcid.org/0000-0001-6060-965X
http://crossmark.crossref.org/dialog/?doi=10.1007/s40620-020-00956-1&domain=pdf

540

Journal of Nephrology (2021) 34:539-555

effects, and all of them may be involved in the development

of tumors or opportunistic infections [2].

In this review, after a brief overview of neurotoxic
pathogenetic mechanisms encompassing recent advances
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Fig. 1 Neurological complications in renal transplant recipients by anatomic site. NS nervous system, PRES posterior reversible encephalopathy
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classifying them by characteristics of urgency and ana-
tomic site (central or peripheral nervous system) (Fig. 1).

Direct effects of immunosuppressive drugs
Calcineurin inhibitors

Calcineurin is a calcium- and calmodulin-binding protein
phosphatase that participates in a wide array of cellular
processes and calcium-dependent signal transduction path-
ways, including T-cell activation. CsA and TAC inhibit
calcineurin to a similar degree, inducing downstream
blockade of IL-2 signaling, ultimately interfering with
T-cell activation, proliferation and differentiation. Cal-
cineurin is highly expressed in the central nervous sys-
tem, particularly in neurons vulnerable to ischemic and
traumatic injury.

Several mechanisms may be involved in CNI-related
toxicity on the central nervous system (CNS) (Fig. 2).
CNIs do not readily cross the blood—brain barrier (BBB)
in physiological states, however, these agents may induce
apoptosis of brain capillary endothelial cells and inhibit

Fig.2 Proposed mechanisms

of neural toxicity due to
calcineurin inhibitors (CNIs).
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susceptible to these agents due
to their high calcineurin content
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P-glycoprotein (P-gp) function, thus altering BBB perme-
ability [3, 4]. These effects are particularly relevant when
other, concomitant causes of BBB permeability alteration
are present (e.g. inflammation). After diffusing across the
BBB, CNIs may exert selective toxic effects on glial cells
[5] and oligodendrocytes [6], the latter being particularly
susceptible to CNI-induced damage due to their high cal-
cineurin content. CNIs may also directly alter mitochon-
drial function, increasing oxidative stress in glial cells [7].
Moreover, both CsA and TAC modulate the activity of
excitatory and inhibitory neurotransmitter receptors [8, 9],
leading to altered excitability properties and resulting in
membrane depolarization, which have been proposed as an
additional mechanism of CNI neurotoxicity [10].

In addition to their direct effects on neural cells, CNIs
may lead to activation of the major vasoconstriction sys-
tems, i.e. the renin—angiotensin and endothelin systems,
and increase sympathetic system activity. In addition, CNIs
inhibit nitric oxide synthesis and nitric oxide-mediated vaso-
dilation. Altogether, these processes cause vasoconstriction
and endothelial dysfunction [11], which result in systemic
hypertension, local ischemia and cerebral edema. Moreo-
ver, if endothelial integrity is disrupted, CNIs may damage
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astrocytes that provide structural, trophic and metabolic
support to neurons. On the other hand, animal models have
suggested that CsA may prevent brain damage from fore-
brain ischemia when allowed to pass the BBB, whereas TAC
is significantly less effective [12—16]. This neuroprotective
effect might reflect inhibition of cyclophilin D, but the exact
mechanism and its clinical potential still need to be fully
elucidated [17].

Purine synthesis inhibitors

Azathioprine and mycophenolate interfere with nucleotide
synthesis with different mechanisms. Azathioprine is a mer-
captopurine prodrug, whose pharmacological activity rests
on the formation of two active intracellular nucleotides:
thioinosinic acid inhibits the de novo pathway of purine
synthesis, while 6-thioguanine interferes with the purine
salvage pathway. These actions result in depletion of cellular
purine stores and inhibition of DNA/RNA synthesis, ham-
pering lymphocyte proliferation. The immunosuppressive
effects of azathioprine are more potent on T cells compared
to B cells, owing to intrinsic metabolic differences in these
cells. Mycophenolate salts are prodrugs releasing active
mycophenolic acid (MPA), which reversibly inhibits ino-
sine monophosphate dehydrogenase and results in a marked
reduction of guanosine triphosphate necessary for DNA syn-
thesis. Neurological symptoms directly induced by purine
synthesis inhibitors are rare and mild, usually manifesting as
depression and headaches. Cases of progressive multifocal
leukoencephalopathy (PML), caused by John Cunningham
Virus (JCV) infection, have been reported in renal transplant
recipients or lupus patients treated with MPA, and thus the
Food and Drug Administration warned against this possible
risk.

Glucocorticoids

Synthetic glucocorticoids exert a wide array of anti-inflam-
matory and immunosuppressive activities that are mainly
mediated by their genomic effects. Glucocorticoids bind
to their specific cytosolic receptors, enter the nucleus and
either activate response elements that induce anti-inflam-
matory genes, or repress inflammatory transcription factors
(e.g. NF-kB or activator protein-1). These drugs may also
produce non-genomic effects with rapid onset and short
duration, whose mechanism of action is incompletely under-
stood. At least part of this activity seems to be mediated by
membrane receptors that can modulate anti-inflammatory
and antioxidant effects [18].

Brain cells express two types of corticosteroid recep-
tors, i.e. mineralocorticoid and glucocorticoid receptors,
which differ in distribution and affinity and can exert mod-
ulatory effects on a variety of brain functions from early
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development through late life. The potential effects of glu-
cocorticoids on neuronal activity are determined predomi-
nantly by receptor distribution since glucocorticoids easily
pass the BBB and virtually reach all brain cells, although
local enzymatic conversion and the degree of cell accessibil-
ity contribute to the actual intracellular concentration [19].

The use of glucocorticoids in pediatric transplant recipi-
ents may be particularly problematic. Exposure to high-dose
glucocorticoids in early life can significantly affect the hypo-
thalamic—pituitary—adrenal axis and increase the susceptibil-
ity to develop metabolic, neuropsychiatric and neurodegen-
erative disorders [20]. In addition, elevated glucocorticoid
levels and prolonged exposure to stressful conditions can
induce structural remodeling of neurons with synaptic loss
and maladaptive alterations in glial functions [21].

mTOR inhibitors

Sirolimus (rapamycin) and its derivate everolimus inhibit
the mTORC1 complex, a master regulator of cell growth
and metabolism, interfering with signals leading to T-cell
proliferation. Both mTOR inhibitors can cross the BBB, but
there is considerable uncertainty regarding their potential
neuroprotection or neurotoxicity. In the nervous system, the
mTOR pathway regulates axonal sprouting, axonal regenera-
tion and myelination, ion channel and receptor expression,
as well as dendritic spine growth [22]. mTOR signaling
can also regulate mitochondrial function [23] and enhance
synaptic activity by promoting the synthesis and surface
expression of AMPA receptors, which are members of the
ionotropic class of glutamate receptors [24]. On the other
hand, chronic activation of mTOR signaling can aggravate
vascular senescence and ischemic injury, and may contrib-
ute to neuroinflammation and autophagy dysfunction in
degenerative neurological diseases [25]. In addition, mTOR
is involved in the upregulation of glutamate transporter 1
that is linked to several neuronal disorders such as stroke,
Alzheimer’s disease, and amyotrophic lateral sclerosis [26].
Accordingly, mTOR inhibitors are not considered neuro-
toxic drugs per se, and may even play a neuroprotective role
by suppressing the pharmacological effects of the mTOR
pathway. However, some data suggest that sirolimus could
enhance CsA-induced formation of reactive oxygen species
and their negative metabolic effects in brain cells, while
everolimus seems to antagonize CsA effects [27].

Other immunosuppressive agents

Rituximab is a monoclonal antibody with a high affinity for
the CD20 antigen, a membrane protein expressed on B cells.
Reports of PML cases in patients treated with Rituximab
have raised concerns about its use in renal transplant recipi-
ents, since the risk seems to be higher in patients treated
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with multiple immunosuppressive drugs [28]. However,
the incidence of this potentially fatal complication seems
to be very low both in patients with autoimmune disorders
and in renal transplant recipients [29, 30]. Alemtuzumab is
a humanized anti-CD52 monoclonal antibody that is used
as induction or anti-rejection therapy in renal transplant
recipients. Though alemtuzumab and other T cell-depleting
drugs have not been conclusively demonstrated as a direct
cause of neurotoxicity, they have a profound impact on the
immune system, and may therefore predispose to infections
and their neurological complications in the transplantation
setting [31].

Rabbit ATG are polyclonal antibodies that reduce the
number of circulating T cells through cell lysis. Bortezomib,
a broad-spectrum proteasome inhibitor, may cause neuro-
toxic effects through a dysregulation of neurotrophins and
blockade of nerve growth factor-mediated neuronal survival
induced by NF-xB inhibition. Belatacept is a fusion protein
with high affinity for CTLA-4 (CD152), a cell surface pro-
tein transiently expressed on T cells that attenuates their
activation. This drug blocks T-cell costimulation and may
increase the risk of post-transplant cerebral lymphoma in
Epstein Barr virus- (EBV) negative patients who receive a
kidney from EBV positive donors [32]. Finally, Eculizumab,
a monoclonal antibody that binds to the terminal comple-
ment component C5 and blocks its activating cleavage, is
currently used in renal transplant recipients diagnosed with
atypical hemolytic uremic syndrome; complement inhibi-
tion can increase the risk of infection by capsulated bacteria
(e.g. S. pneumoniae, N. meningitidis), which can be however
effectively prevented by vaccination against these pathogens.

Central nervous system
Acute clinical presentations
Seizures

Seizures have been reported in 6-36% of transplant recipi-
ents [33] and the most frequent causes include immuno-
suppressive drugs. CsA is epileptogenic and responsible for
seizure in 2-6% of patients, while TAC has been associ-
ated to seizures with a slightly higher frequency (5-11%)
[34]. A study evaluating 132 patients who underwent kidney
transplantation described seizures in 16.7% of them, none of
whom had a prior history of seizures [35]. It is worth men-
tioning that some of these studies report higher CNI targets,
which can contribute to the increased risk of seizure. How-
ever, seizures may occur even with actual standard doses
of CNI, especially in pediatric patients with underlying
metabolic abnormalities (hyponatremia, hypomagnesemia,
hypoglycemia) and infections.

Intravenous methylprednisolone pulses (MPP),
500-1000 mg per dose, are the standard treatment for acute
rejection and are frequently used for induction therapy.
Although MPP therapy may be considered for possible
treatment in patients with focal epilepsy, exceptional cases
of seizures have been reported after intravenous administra-
tion of steroids [36]. Complications occurred in severely
affected patients and when treatment was injected rapidly
and through a central venous line. To minimize the neu-
rological side-effects of intravenous high-dose MPP, they
should be infused in a peripheral vein over 30—60 min and
outpatients should be monitored for at least 2 h after infu-
sion [37].

Stroke

Several studies have consistently reported a higher frequency
of cerebral vascular events in kidney transplant recipients
compared to the general population, with an incidence of
5% in the first year and 9.4% in the second year post-surgery
[37-39]. This is in part due to predisposing factors such
as vasculopathy, accelerated atherosclerosis, hypertension
and diabetes, which are among the most frequent causes
of end-stage renal disease and are further exacerbated by
maintenance dialysis. Diabetes and age > 40 years have been
described as major risk factors for stroke occurrence after
transplantation, and kidney recipients may also present post-
transplant polycythemia with consequent hypercoagulabil-
ity [40]. Moreover, mTOR inhibitors, CsA (and TAC to a
lesser extent) may contribute to worsening dyslipidemia,
thus increasing the risk of ischemic stroke [41, 42]. CNIs
and steroids can also be responsible for hypertension (CsA
more than TAC) and diabetes (TAC more than CsA) devel-
opment or worsening, which represent leading causes of
both ischemic and hemorrhagic cerebral events [43, 44].
In general, transplant patients suffer from an increased risk
of ischemic rather than hemorrhagic events, but mortality
is higher with the latter. The risk of aneurysm rupture and
subarachnoid hemorrhage is increased in patients with a
diagnosis of autosomal dominant polycystic kidney disease.
Proper management of established risk factors is crucial in
the follow-up of kidney transplant recipients, with routine
carotid artery assessment by Doppler imaging playing a piv-
otal role.

Posterior reversible encephalopathy syndrome

Posterior Reversible Encephalopathy Syndrome (PRES)
is a severe neurological complication caused by vaso-
genic edema, which can lead to permanent deficits when
not properly identified and treated [45]. It usually affects
the posterior cerebral circulation and the clinical presen-
tation can include nausea, headache, visual impairment,
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seizures and consciousness alteration. Recently identified
alternative presentations involve spinal cord PRES, suba-
cute diencephalic angio-encephalopathy, as well as posterior
fossa edema and hydrocephalus [45]. Common radiologi-
cal lesions are localized to the parieto-occipital or posterior
frontal cortical-subcortical regions, and are usually revers-
ible [46]. Management is based on blood pressure control,
supportive therapy and correction of electrolyte disorders,
especially magnesium ones. Rapid withdrawal of the offend-
ing drug appears to prevent complications and hasten recov-
ery [47]. Antiepileptic drugs should be used to treat seizures,
keeping in mind that these drugs activate CYP450 and may
reduce the bioavailability of glucocorticoids and CNIs. In
particular, valproic acid, fosphenytoin and carbamazepine
use may result in both enzymatic and protein displacement
[48]. Safer alternatives with regard to their drug interaction
potential may be represented by Levetiracetam, Gabapentin,
Pregabalin and Lacosamide [49]. Anesthesia and mechanical
ventilation should be instituted in generalized status epilep-
ticus. Most frequently, immunosuppressant-related PRES
occurs within the first year after transplantation (mostly
in the first month), even though late-onset cases have been
described [50]. CNIs are the immunosuppressive drugs most
frequently associated with PRES development through brain
endothelial and astrocyte damage [51]. CNIs have been
shown to cause PRES even at therapeutic serum concentra-
tions and without concomitant hypertension. However, cases
of PRES related to rituximab and mTOR inhibitor treatment
have also been reported [52, 53].

Acute and subacute clinical presentations
Infections

Central nervous system infections are extremely frequent in
renal transplant recipients, and represent 9-10% of all neu-
rological complications in this population [54]. The subtle
clinical presentation typically displayed by these patients can
hinder prompt diagnosis and timely treatment, both of which
are crucial to prevent a fatal evolution. Indeed, immunosup-
pressive drugs, due to their anti-inflammatory effects, can
alter meningeal signs and clinical features typical of CNS
infections. Patients may only report mild symptoms like
headache, fever and confusion, which can abruptly evolve
to focal neurological deficits and consciousness impairment.
Thus, transplant recipients should be evaluated with a lower
threshold for suspecting CNS infections compared to the
immunocompetent population. In addition, CNS infections
can be unusually severe in these patients, making prompt
recognition and pathogen identification crucial.

To narrow down the exceptionally broad differential
diagnosis of responsible infectious agents, time from
transplantation should always be considered since specific
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pathogens are more likely to be responsible at different
time points (Table 1). In the first month, nosocomial or
pre-existing pathogens (e.g. latent tuberculosis reactiva-
tion) are most likely to be identified. During this time-
frame, transplantation recipients may also suffer from
donor-derived infections. The infectious risk is high-
est from one month to six months after transplantation,
when doses of immunosuppressive drugs are higher and
atypical pathogens are more prevalent. Fungal and viral
opportunistic infections are more frequent: among these,
cytomegalovirus (CMV) is the most common (up to 8%
of renal graft recipients) and may cause meningeal and
retinal complications. Many transplant centers recommend
CMYV prophylaxis with valacyclovir or ganciclovir in high-
risk patients such as seronegative recipients who receive a
graft from seropositive donors and/or patients treated with
T cell-depleting antibodies. Other centers prefer to start
preemptive treatment when signs of virus replication are
found before CMV disease develops [55]. Fungal infec-
tions are less frequent, but they are burdened by a high
mortality rate, with cryptococcus neoformans displaying
the highest incidence in this category [56].

Six months after transplantation, the infection risk starts
to decrease and the most frequently encountered pathogens
are EBV, Cryptococcus neoformans and JC virus, that can
lead to PML, which is a fatal neurological condition char-
acterized by subcortical white matter lesions with different
neurological manifestations and without any effective treat-
ment [57]. Nivolumab, a monoclonal antibody against PD-1
(programmed death-1), failed to obtain any improvement
in transplant recipients [58], although stopping or reduc-
ing immunosuppressive drugs was successful in some cases
[59]. Notably, infusion of allogeneic BK virus-specific T
cells achieved alleviation of clinical signs and clearance/
reduced load of JC virus in the cerebrospinal fluid (CSF) in
two immunosuppressed patients [60].

The work-up for CNS infection is based on lumbar punc-
ture, blood cultures and brain imaging. Cerebrospinal fluid
analyses should include glucose and protein concentration,
polymerase chain reactions for a comprehensive panel of
viral and mycobacterial nucleic acids, cryptococcal antigen,
cytology and microbiological cultures. Whenever available,
contrast-enhanced MRI is the preferred radiological exam,
since it can highlight leptomeningeal enhancement, paren-
chymal inflammation and potential abscesses.

It is important to rule out the cytokine-release syn-
drome as a differential diagnosis, since its manifestations
can resemble those of CNS infection with vomiting, fever
and seizures. This is a rare but severe systemic inflamma-
tory response due to initial immune system activation after
treatment with antilymphocyte antibodies (e.g. Rituximab,
Alemtuzumab and ATG), used for induction or anti-rejection
therapy [61]. These serious side effects are more frequent



545

Journal of Nephrology (2021) 34:539-555

A'1ygb 3y/3w (9 Jouredsoy 10
‘A'TYg1b 3y/3w ¢ maoporouen
(Kep 3y
/3w GT) o[0zexXO0yIoWeRJNS
yuidoyjowiy, 1o (p/3Yy
/30 GT-Q) URRRIY + (4
9b A'1 Sw (p¢) wouadruy
ITAOJOPID
10 )oUIRdSOJ “IAO[OIOURD)
Kep/3y
/3w )Z—G[ [oquieyd 1o Aep
3y/3w g1 uroAwoydons + Aep
/33/3w 0¢—Gg oprweurzeikd
:SUJUOW ¢ JO WINWIUTIA
‘Kep 3y/3w O]
urordwejir+ (3w (g durxop
-11Kd +) Aep/3y/3w G przeru
-0SI :SYIUOW @ JO WINWITUT]A

g uroujoydwe pue 9[0z
-BUOOLIOA SuIpnjoul sfeSunjnuy
skep 1 1589[
1e 10§ JBALY, "Y9b /3w 0701
9[0ZBXOWILI}-00 10 Yyb ‘A'T
3 g urrorxoure/uroIdury

skep 1z 01 dn
105 ygb "A'1 38w (] I1A0[9AOY
(s Kep
Kq paroaooar juaned 105 doys
ued JUIWIRAI) ‘SIPYISUIUIU
‘N 10J) sAep (] 1se9] e 10J Jeal],
(yueystsar urrodsof
-eydos pue urpporuad ji yg b
A[rexos a1 Sw 009 urorduwrejra
pue yz b ‘a1 8y/8ur 0g—¢1
UIOAWOOURA ppe aviuounaud
"¢ 10}) yz1b A1 8 7 suoxernja)

¥Dd 4SO TIN
uo juawedueyuo [ewApuadyg snreAw ‘sprunar ‘snieydoouyg

(uoneqnour
paguojoid) armno 4SO $S90sqe Urelq ‘SHISUIUIIA
(uaIp[myo Appsour)

ADd ASD pue wnids suors[nAuod ‘sreydoouyg

armymo 4SO pue (urjoxd |
‘@oueurwopaid onAooydwAy
)M SISOIAO0YN ‘9s0oN[3
1) stsreue JSO) “Aesse
9SBA[AI-ANT YA USIOS

Aqyedoredu ‘siis
-UIUOW ‘BUIO[NOIdQN) [BIGAID))
swsKInoue
‘spISuruaw ‘uonoIejuL
‘STIISNUIS ‘S9SS0SqQR UIeryg

Asdorq urerq ‘vIN
/TN ‘ueuuewoloees SO

(urjoad | “‘osoon[3 T ‘@ouru
-rwopai1d orydonnoau ‘prd
-wt Apuanbay) sisATeue JSO

spIeAW

¢59s590sqe ‘snieydao
-UQqUIOYT ‘SHISUTUSW 9JNOY

9qo] eroduwray

oy Surajoaut A[reord£)

VIW/TIN 9Dd 4SO snieydoousoSuruaw anoy

(uroyoxd
| “esoon(3 1 ‘ooururwiop
-a1d oriydomnau ‘Apnopd

Apuanbaiy) sisATeue JSD

(snwisiuruaur ‘snyejs ey
-UQW PAI)[E ‘OSTR[EW “TOADJ
‘QUoepeaY) SHISUIUAW N0y

SNA140]D32U0IL)

$2P10421SD DIPADION

9-AHH

S1SOINIL12GN] WNLIIODGOISPY

smpdnunf snjji3iadsy

sauadoiloouowt 1421y

sniip xajdung sadiafy

p2uanpfur snjrydowav gy
‘SIpUISUIUIUL D1IDSSIIN
‘aviuowmaud sn220201dai§

uonovJuI
[eaia onstunjzoddo 1o judre|

uon (suonoaur o1
-o9jur Tersjoeq onsrumioddg  -stumaoddo Apres) syjuowr g—1

UOT}OQJUT JUJe |

UOTJOJUI POALIDP-1UAIdIoNy

uon
-ojur [er1a30eq dnsrumaioddo

((suaSoyyed
[EILIOS0SOU UOWIWOD 0} NP
SUOIOJJUT PIALIOP-JURIdIoal

swsTuegIo [eordAT, pUE -I0UOP) YIUOW JSIT]

JUSWIRAI],

sisouger uonejudsaid reotur)

uadoyied

wsTUBYOoW ATewid juerdsuen 19yje o],

uonejue[dsue) [BUAI WOIJ Wi} 0} SUIPIOJOE SUOIIOYUI WIISAS SNOAISU [enjudd Suisned suagoyled | djqel

pringer

a's



Journal of Nephrology (2021) 34:539-555

546

OTWOPUD I SISBISIP Yons YoIym ur seare [eo1yder3093 woij siouop pue sjudnied Ul paIopIsuod 9q 0} padu os[e eAUNIUNYIYD) Pue J9A] [IN-ISOA\ SUIpn[oul SUOIOJYUI SNIIA0QIY,

9SeasIp

aanergjriordoydwA] juerdsuen-isod q774 ‘wonoear ureyd aserowkjod yHg ‘AydeiorSue ooueuosal onouUIeW Yy ‘SUISLWT 90URUOSAI ONQUSBW JY Y ‘SNOUARIUT ‘A’ ‘pIny [eurdsoIqaIdd J§)

stsou3oxd 1004 "uorssaid
-dnsounwwut Suronpar IopIsuo))

ULIOAOJNO] + 9UTZ
-BIPBJ[NS + QUTWRYIOWILIAJ
g urorujoydwe
‘9]0ZBUODLIOA ‘9[0ZBUOIN[]
oAne3aU I8 SAIMNO
ASD 191Je USAQ 9[0ZeuOONY
)M Jusuean) SUofeyIT "ouls
-01Aong-g + g uronsjoydwry
d1Ld 10J suotsnjut
[[99-, JOUOp pue qeUIIXMILI
‘uononpar uorssarddnsounwrwy
UOBATIORAI
juaaaid 03 pejean A[nj st
uonojur 19)je srxejAydoid
IIAO[OADBRA IOPISUOD) “A'T ABP
/33/3w ¢ mAo[d1OURS “A'T Aep
/33/3w 07106 1ouIedsoj ‘ygb
3y/Sw (] J1AO[oAo® snouaAeIU]

dOd 4SO
(so10zAyoey) sonssn
paajoaut jo Asdoiq ‘Surdewr
Uo SUOIS9[ Juroueyua-3uLl
“40d 4SO pue wniog

2Imnd pue JYdd 4SO
‘uonezifensia seydAyopnasq

dod
pue a1mno ‘(Aesse moy
[exarer) Suns9) uadnue JSO

alld
1oy KSojoypedorsty “YDd SO

ADd wnias pue 4SO

Ayredoreydaousoy
-NQ[ [eO0JN[NW JAISSAIS0I]

$98800sqe pI10o Teurds pue
ure1q ‘snireydooudo3urudjy

$9ss90sqe ‘sniSuruow ‘srsdog

SBW0300201dA10 ‘snry
-eydoouso3uruaw ‘SISuTuay

TLd ‘seInzias ‘sniguruawr
ondoase ‘snireydaouso3uruayy

eI3[RINAU o1jadIoy

-1s0d ‘sprjeAw-o3uruaw

‘erxeje Ie[[oqa1ad ‘Asted

QAU [eruRId ‘Ayjedornosea
[evojn N ‘SuoISI| UrYS

uonoJul

snaa O e onsmunyioddo 1o judre|

1npuosd puisvjdoxoy

§a102ds vpipuv)

(suonooyur

SUPULIOJOIU SNI20001dK4) paxmboe-fArunwwo) onstunroddo djep) syyuow 9 <

snaa 4ang-u12isdyg

SNAIA 12]SOZ D]]IILIDA

JUSWIRAI],

sisougerq

uonejudsald reorur)

uagoyled wsTuBYOoW Arewid juerdsuen 191je o],

(ponunuoo) | sjqey

pringer

Qs



Journal of Nephrology (2021) 34:539-555

547

in patients older than 65 years, however premedication with
methylprednisolone, paracetamol and antihistamines may
reduce the frequency and severity of side effects.

Treatment of CNS infections includes empiric antimicro-
bial therapy based on ceftriaxone, ampicillin and acyclovir
until the causal pathogen has been identified. A central issue
with the use of antiviral drugs in kidney transplant recipients
is represented by their potential nephrotoxicity. Cidofovir
and, to a lesser extent, acyclovir may cause direct tubular
toxicity and can also induce crystal deposition in the kidney
that may result in renal failure. Hydration, slow intravenous
administration and dose reduction in case of reduced glo-
merular filtration rate are important preventive measures.
Azole antifungals are significantly metabolized by CYP3A4
and can therefore inhibit the catabolism of CsA, TAC and
mTOR inhibitors, thus extreme caution is advised when
using these agents in kidney transplant recipients.

Immunosuppressive drugs are usually tapered in the acute
phase, unless the patient’s history suggests a disproportion-
ally high risk of graft rejection. Indeed, infections pose a
challenge in balancing antimicrobial therapy and inflamma-
tory response in transplant recipients. A reduction of the
immunosuppressive regimen to contain the infection might
also cause immune reconstitution inflammatory syndrome
[62]. This condition represents a diagnosis of exclusion and
needs to be considered when patients present novel or wors-
ening neurological clinical/radiological features associated
with negative cultures.

Psychiatric disorders

Glucocorticoids are extensively employed as maintenance
immunosuppression and for the treatment of acute rejec-
tion. Patients treated with glucocorticoids can suffer from
different behavioral disorders, ranging from minor mood
alterations and confusion to severe psychotic reactions
[63]. Dose reduction may be sufficient to reverse or improve
symptoms, even though antidepressant or neuroleptic treat-
ment is required in selected cases. In case of psychosis or
mania, prophylaxis with lithium and olanzapine may be
considered. The risk of these side effects is increased by
older age, previous history of psychiatric disorders, steroid
dose, and treatment duration. Behavioral disorders can also
complicate therapy with CNIs and mTOR inhibitors. The
BENEFIT and BENEFIT-EXT trials compared patients
undergoing maintenance immunosuppression with belata-
cept or CsA and observed that patients in the latter group
displayed higher frequency of emotion-related side effects,
such as depression, anxiety, or restlessness [64].

Chronic clinical presentations
Malignancy

Transplant recipients have a well-known increased risk of
malignancies compared to the general population, which is
a direct consequence of reduced immuno-surveillance and
increased susceptibility to infections with oncogenic viruses.
The risk of developing systemic lymphoma in the first year
after renal transplantation has been estimated to be 20 times
higher than in the general population [65]. Almost 30% of all
post-transplant lymphoproliferative disorders (PTLD) affect
the CNS [66] and the most frequent malignant form is rep-
resented by large diffuse B-cell lymphoma, which accounts
for only 2% of CNS malignancies in the general popula-
tion. Many PTLD cases result from prior EBV infection,
even though CSF and serum analyses might be negative for
EBV-DNA and the specific pathogenic mechanism remains
unclear [67]. EBV-negative patients are at high risk of cer-
ebral lymphoma if the donor is a carrier of EBV. In such
cases, immunosuppression should be maintained as low as
possible and the use of belatacept should be avoided.

Clinical manifestations are variable depending on site and
extension of the lesions with peripheral facial nerve palsy
representing an early sign of PTLD with meningeal involve-
ment. Definitive diagnosis usually requires a brain biopsy.
Careful reduction of the immunosuppressive regimen based
on the patient’s history of rejection is mandatory. Treatment
options include rituximab, chemotherapy and surgery if the
disease is localized.

Optic neuropathy

Optic neuropathy is a rare but well-recognized side effect of
tacrolimus administration, which may occur from months
to years after treatment initiation [68]. Patients may expe-
rience visual acuity impairment that can evolve into pro-
gressive severe visual loss, resulting in complete blindness.
This complication usually affects both optic nerves, but
unilateral symptoms have also been described, especially at
disease onset [69]. Ophthalmic examination can show vari-
able findings depending on disease stage, which may range
from unremarkable to optic disc edema or pallor [69]. Brain
and orbital MRI might reveal optic nerve inflammation in
the form of contrast enhancement and T2 hyperintensity.
The common clinical practice is to switch tacrolimus with
another immunosuppressive agent, although unfortunately,
visual impairment may be irreversible in many cases [68].
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Peripheral nervous system
Acute clinical presentations
Guillain—Barré syndrome

Guillain—Barré syndrome (GBS) is the most common acute
inflammatory polyradiculoneuropathy, affecting 0.8—1.9
patients per 100,000 per year [70]. The typical clinical evo-
lution includes a first phase of ascending, mostly symmetri-
cal, limb weakness and areflexia, progressing to its peak in
2-4 weeks, followed by a plateau phase that may last several
months, and a subsequent recovery phase, in some cases
incomplete with residual disability.

CMYV is the most common viral cause of GBS, and it has
been associated with most cases occurring in solid organ
recipients, supporting the hypothesis that in these patients
viral infections can act as relevant triggers for acute nerve
inflammation [71]. GBS has been observed in numerous
recipients of bone marrow transplant (BMT), particularly
in those undergoing allogeneic BMT [72], but it is rarely
seen after solid organ transplantation [73], although these
patients are more susceptible to opportunistic infections as
a result of immune suppression.

At present, 19 cases of GBS occurring in kidney recipi-
ents have been described in the literature [74, 75]. A sys-
tematic review already included the first 17 described cases,
identifying an infectious trigger in 15 of them (88%), the
most common being CMV infection or re-activation in
seronegative patients receiving a kidney from a seroposi-
tive donor (80%); immunosuppressive treatment alone was
possibly implicated in only two cases, although at least 13
patients (76%) were receiving CNIs [74]. Patients treated
with standard GBS therapy based either on immunoglob-
ulins (0.4 g/kg/day for 5 days) or plasma exchange (three
cycles) achieved full neurological recovery. Immunosuppres-
sive (TAC and/or MMF) dose reduction or suspension was
reported in only three patients.

A recent single-center retrospective analysis identified 2
patients developing GBS in a cohort of 143 alemtuzumab
treated kidney recipients, 92% of whom were receiving
TAC-based immunosuppressive therapy (including the 2
GBS cases), within a mean interval of 6 months from alem-
tuzumab infusion. No recent infection was identified in
either case [75]. However, the study found no causal link
between monoclonal antibody therapy and the development
of GBS, and therefore the role of possible reactivation of
CMY, at least in one of the two patients who was seroposi-
tive at the time of transplantation, cannot be excluded as a
predisposing factor for GBS.

Taken together, these data confirm that GBS is
rare in renal transplant recipients, suggesting that
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immunosuppression gives a certain degree of protection.
This hypothesis is supported by the immunomodulatory
effects of MMF, which could mitigate the immune mecha-
nisms underlying GBS development, and the effective use
of CsA in the treatment of inflammatory neuropathies [76].
However, more data are needed to understand the correct
management of immunomodulating treatment in these
patients.

An infectious etiology, particularly CMV re-activation,
is postulated or strongly suspected in most of the cases
described, which represents a higher percentage than that
reported for the general adult population. Moreover, all
patients receiving at least one approved immunotherapy for
GBS achieved full recovery, except for one CM V-associated
subject who did not fully recover lower limb strength.

Therefore, the combination of antiviral medications with
standard GBS therapy seems to determine the best outcome
and should be offered to all patients in whom a viral etiology
cannot be excluded. More information is needed to under-
stand which is the best therapeutic approach.

Myasthenia gravis

Myasthenia gravis (MG) is the most frequent disorder of
the neuromuscular junction. It is associated with antibodies
directed against the postsynaptic membrane at the muscle
endplate, manifesting as fatigue and muscle weakness. An
abrupt worsening of symptoms, called myasthenic crisis,
may lead the patient to require respiratory support. It can
occur spontaneously as part of the natural history of the
disease itself, but it can also be triggered by a number of
factors; infections, pregnancy, childbirth, surgery and dif-
ferent drugs.

To date, the literature reports only anecdotal cases of
myasthenic crises in patients treated with CNIs following
renal transplantation [77, 78]. However, it was not possible
to establish a direct correlation with immunosuppressive
anti-rejection therapy in any of these cases due to simultane-
ous confounding factors (i.e. surgical procedures, infection,
antibiotic therapy). Moreover, glucocorticoids, azathioprine
and CNIs are listed among the conventional immunosup-
pressants in the treatment of MG [79]. In the most recently
described case, muscle weakness began one year after the
transplant and the authors also excluded any correlation
between myasthenic crisis and alemtuzumab, which was
used as induction therapy 1 year before the onset of neuro-
muscular symptoms [78].

A direct association between MG and renal transplant is
therefore unlikely, but patients with an established MG diag-
nosis who undergo kidney transplantation must be tightly
monitored. It is crucial for physicians to be aware that MG
symptoms are likely to deteriorate suddenly during the peri-
operative period. Although there are few supporting data
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in the literature, conventional myasthenic crisis treatments
(pyridostigmine, i.v.immunoglobulins, plasma exchange)
also seem to be effective in these patients.

Chronic clinical presentations
Tremors

Tremors affect approximately one-third of renal transplant
recipients, with variable degrees of symptom severity rang-
ing from mild to highly incapacitating [80]. CNIs are mostly
responsible for this disorder, possibly due to their serotonin-
depletion effect on neurons [81]. Affected patients usually
develop fine resting and action tremors involving the upper
extremities, which may significantly impact on daily activi-
ties. Although tremors may develop following exposure to
any CNI, TAC has been more frequently associated with this
disorder compared to CsA [82-84].

CNI-induced tremors are generally regarded as a dose-
dependent effect due to over-exposure. Monitoring TAC and
CsA trough levels is frequently used as a method to assess
CNI exposure, but blood levels do not always correlate with
intracellular concentrations and pharmacologic effect [85].
CNI-induced tremors may also develop in patients with
TAC/CsA blood levels in the “correct” therapeutic range.

Dose reduction of CNIs may lead to significant improve-
ment in symptoms, and some patients may also respond to
beta-blockers. Extended-release formulations of tacrolimus
may provide some benefit over conventional forms, but ran-
domized controlled trials in this context are still lacking [86,
871.

Hearing complications

Hearing loss, tinnitus or otalgia may develop in CNI-treated
patients. A questionnaire administered to 521 liver trans-
plant recipients under treatment with TAC reported that 14%
developed hearing loss [88]. Hearing loss may also occur in
pediatric renal transplant recipients treated with high doses
of TAC [89] or CsA [90]. It has been suggested that deafness
might be initiated by a sudden spike in the TAC serum level,
which is later worsened by its cumulative toxic effect [91],
accordingly, dose correction may lead to hearing recovery.

Toxic neuropathies

Peripheral toxic neuropathy is the most frequent neurologi-
cal adverse event in renal transplant patients, with an overall
prevalence of more than 2% [54]. Among drugs used for
immunosuppression in kidney transplant patients, CNIs are
responsible for most of the toxic effects on the peripheral
nerve. A painful sensory peripheral neuropathy is also very

frequent in patients treated with bortezomib, a proteasome
inhibitor used for antibody-mediated rejection.

Patients receiving CNI therapy show nerve function
abnormalities, quantified through nerve excitability meas-
ures, consistent with nerve membrane depolarization. In
2007, the first two kidney recipients who developed sensori-
motor neuropathy while on therapy with TAC were reported,
showing different electrophysiological findings (either pre-
dominantly demyelinating or axonal) of neuropathic dam-
age [92]. One of these patients showed clinical, CSF and
neurophysiologic findings suggestive of relapsing chronic
inflammatory demyelinating polyneuropathy (CIDP), which
was responsive to repeated i.v. immunoglobulin treatments.
This case has many similarities to that of a kidney transplant
recipient who developed life-threatening sensory-motor
peripheral neuropathy 10 years after the graft, suggesting a
diagnosis of CIDP [93]. The authors postulated a causal role
of TAC, hinted at by the temporal relationship, the long-term
response after cessation of treatment and the exclusion of
other causes, and they theorized a TAC-induced trigger act-
ing on an inflammatory substrate given the quick response
to v i.v. immunoglobulin treatment. TAC was switched to
sirolimus, which was well tolerated. A prospective study on
solid organ recipients reported three more patients develop-
ing CIDP within a time interval between 8 and 36 months
while on CsA 400-600 mg/day [94]. All these patients
received a final diagnosis of typical definite CIDP. They
continued to take CsA and showed brilliant response to i.v.
immunoglobulin treatment and a monophasic disease course
with no relapses observed within a follow-up period of at
least 4 years.

Several factors may contribute to the occurrence of CIDP
in renal transplant patients. CNIs still play an unclear role
since they have been described as provoking demyelinating
neuropathy but also as having positive effects on CIDP [95].
Patients receiving CNIs should be carefully monitored for
neuropathic symptoms, and CIDP should be suspected in
all patients with compatible clinical and neurophysiological
characteristics, after excluding other etiologies. Reducing
CNI dose or switching to alternative drugs such as mTOR
inhibitors should be considered in such patients.

Bortezomib-induced peripheral neuropathy is a well-
known adverse event of the drug. A prospective study
evaluated the toxicity profile of bortezomib in 51 kidney
recipients undergoing antibody-mediated rejection [96].
The study revealed that 26.4% of patients showed typical
sensory new onset or worsening peripheral neuropathy of
mild degree. Patients exhibited improvement of symptoms at
the end of treatment, with complete resolution of new onset
peripheral neuropathy being observed in 91.7% of patients.
Since bortezomib toxicity on peripheral nerves seems to
be mild and reversible, patients should undergo periodic
clinical assessments, with appropriate dose changes until
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suspension. Tricyclic antidepressants, selective serotonin-
norepinephrine reuptake inhibitors, pregabalin and gabap-
entin should be used in the management of symptoms [97].

Finally, toxic neuropathy should be differentiated from
CNI-induced pain syndrome, a rare but severe side effect.
The disease should be suspected in patients complaining of
movement-related, lower limb symmetric deep aching pain,
especially soon after transplantation, and the diagnosis is
confirmed by bone scintigraphy and magnetic resonance
imaging. However, this syndrome is uncommon among kid-
ney transplant patients, with a prevalence of 0.8-5.8% [98,
99]. Pregabalin may be administered as the drug of choice.

Autonomic neuropathy

The involvement of the autonomous system is common in
patients with chronic kidney disease, especially due to the
high prevalence of diabetes in this population. Autonomic
neuropathies in these patients are frequently axonal, hence
longer nerves (e.g. the vagus nerve) are affected earlier.
Typical manifestations range from blood pressure disor-
ders (orthostatic hypotension, increased peripheral vascu-
lar resistance and reductions in day-to-night blood pressure
variations) due to impaired baroreceptor function, gastro-
intestinal symptoms (gastroparesis and alternating consti-
pation/diarrhea) and genitourinary disorders (incontinence,
erectile dysfunction). Some improvement in cardiovascular
autonomic function has been reported in dialysis patients
after renal transplantation [100], but other studies have
described the persistence of autonomic dysfunction in renal
transplant recipients [101, 102]. These effects may be in
part due to the use of immunosuppressive drugs, which may
affect autonomic function [103]. Symptomatic treatment
may provide some relief, but no study to date has explored
the effect of different immunosuppressive regimens on auto-
nomic neuropathy.

Myopathy

Steroid-induced myopathy can arise after a variable period
of time and involves proximal muscle weakness with atrophy
[104]. These forms preferentially affect the lower extremi-
ties and patients sometimes experience myalgia or cramps.
The diagnosis is clinical, muscular enzymes are usually not
elevated and treatment is focused on steroid tapering.

Prevention and management

Many neurological complications in transplant patients are
related to comorbidity, hence early treatment of hyperten-
sion, diabetes mellitus and dyslipidemia is of paramount
importance. Nevertheless, the best measure to prevent
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complications in an immunocompromised patient is to
minimize immunosuppressive therapy. However, since this
approach can expose transplant recipients to rejection and
graft failure, knowledge of the immune status of a patient
would be of great importance to decide the intensity of the
anti-rejection therapy.

Several studies have been conducted in the search for tests
able to assess the immunological status of transplant recipi-
ents, with the ultimate goal of predicting the risk of both rejec-
tion and of complications due to over-immunosuppression
[105]. Monitoring donor-specific anti-HLA antibodies can be
useful to predict the risk of antibody-mediated rejection and
poor renal outcomes [106], but this method cannot provide
quantifiable information regarding the degree of immunosup-
pression. Assays that test recipient T-cell reactivity against
donor cells (mixed lymphocyte reaction and cell-mediated
lympholysis) have been advocated as a possible tool to gauge
immunosuppression intensity [107], but these techniques are
time-consuming and difficult to standardize. Enzyme-linked
immunosorbent spot (ELISPOT) assays have been used to
assess cytokine production from donor-specific T-cells, to
investigate viral infection susceptibility, and to attempt with-
drawal of immunosuppressive medications in tolerant patients.
However, most studies conducted so far have been retrospec-
tive, and conflicting results have been reported [108], thus
further studies are needed to validate the role of this assay as
a marker of the immune status of transplant recipients [105].

Two additional assays were developed to characterize
immunosuppression intensity, based either on the quantifica-
tion of adenosine triphosphate released by CD4+T cells [109],
or on the measurement of IFNy levels in blood samples after
exogenous stimulation of both the innate and adaptive immune
systems [110]. Despite initial enthusiasm, none of these assays
have been translated to clinical practice.

More recently, monitoring replication of torque teno virus
(TTV), a non-enveloped single-strand DNA virus that is part
of the human virome, has been proposed as an additional tool
to assess immune function in renal transplant recipients. In a
prospective observational study, low TTV loads during the first
year post-transplant were associated with rejection, while high
levels predicted infectious complications [111]. An optimal
TTV range was defined, but further studies will be required
to evaluate whether TTV-guided immunosuppression could
improve short- and long-term outcomes in these patients.

Since standard methods to assess the intensity of immu-
nosuppression are still lacking, physicians should try to
adjust immunosuppressive therapy on the basis of features
such as age, clinical history, and comorbidities. Elderly
patients experience a decline in natural and adaptive immu-
nity [112], while the activity of cytochrome P450 enzymes
is reduced with advanced age [113]. Since these enzymes
regulate the catabolism of CNIs, mTOR inhibitors and
glucocorticoids, accumulation of these drugs can occur in
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elderly individuals. In addition, hypertension, diabetes, and
cardiovascular and cerebrovascular disease are common in
older candidates to kidney transplantation. Therefore, in
older individuals, immunosuppressive therapy should be tai-
lored to a less vigorous approach by avoiding or withdrawing
glucocorticoids after the induction phase [114].

Conclusions

Kidney transplant recipients are at risk of various neurologi-
cal complications, mainly due to immunosuppressive drugs,
and in general to their pre- and post-transplant comorbidi-
ties. These side effects can range from tremor, dizziness
and paresthesia to more complex and life-threatening clini-
cal conditions. Prevention, early diagnosis and appropriate
management of these complications are critical to prevent
irreversible lesions. In the past, neurological adverse events
mainly occurred within a few weeks from transplant and
were frequently related to opportunistic infections. In more
recent years, since CNIs and other effective immunosup-
pressive drugs have been made available, there have been
tremendous advances in the field of organ transplantation
with considerable improvement in the short- and long-term
survival of the patient and of the kidney allograft. Since the
main focus of this review is to provide a working summary
of the more common and potentially severe immunosup-
pression-related neurological complications in a framework
based on urgency and anatomic site, our work cannot be
regarded as exhaustively comprehensive, and readers inter-
ested in any of the covered topics are encouraged to pursue
additional information through the cited references. More
data from basic and clinical studies are needed to address the
knowledge gaps in both the pathogenesis and treatment of
many of these complications, and clinical decisions should
take into account inter-patient variability. For these reasons,
we also encourage close collaboration between nephrologists
and neurologists, not only to allow correct and rapid identifi-
cation of these neurological disorders, but also to provide the
best therapeutic strategy in managing the delicate balance
between immunosuppression and serious adverse effects.
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