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A B S T R A C T

Neurologic complications after hematopoietic stem cell transplantation are frequently life-threatening, and
their clinical management can be highly challenging. A wide spectrum of causative factors—including drug-
related toxicities; infections sustained by virus, bacteria, or invasive molds; metabolic encephalopathy;
cerebrovascular disorders; immune-mediated disorders; and disease recurrence—may lead to potentially lethal
complications. Moreover, given that some neurologic complications are not uncommonly diagnosed postmortem,
their overall incidence is likely to be underestimated. Their prompt recognition and timely treatment are of
paramount importance to reduce the risk for transplantation-related death.

© 2017 American Society for Blood and Marrow Transplantation.

INTRODUCTION
As the total number of hematopoietic stem cell trans-

plantations (HSCTs) has steadily increased in recent years [1],
many complications have becomemore frequent despite im-
provements in supportive care. The introduction of less-
toxic conditioning regimens [2] allowed the expansion of HSCT
to more fragile elderly recipients [3], who are more prone to
developing post-transplantation complications. From a clin-
ical standpoint, neurologic complications vary widely both
in incidence, ranging from 3% to 44% [4,5], and in severity,
ranging frommild transient disorders to serious clinical illness
[6]. Causative agents and factors include, among others, neu-
rotoxic drugs, infectious pathogens, metabolic encephalopathy,
cerebrovascular illness, and immune-mediated diseases
(Table 1).

Neurologic complications may be classified by their time
of onset as pre-engraftment, early post-transplantation, and
late post-transplantation (Table 2). Early complications are
usually associatedwithdrugsused in theconditioning regimen,
whereas later events are often due to post-transplantation

immunodeficiency. Allogeneic HSCT-associated thrombotic
microangiopathyandpost-transplantation lymphoproliferative
disorders are clinical entities with frequent CNS involve-
ment that should be included in the differential diagnosis.
CNS recurrence of the underlying hematologic disease must
be ruled out in patients at high risk for relapse. Overall, clin-
icalmanifestations oftenmay be nonspecific andmisleading.
Assigning the correct diagnosis may be challenging for well-
trained clinicians aswell, and any significant delaymay cause
irreversible consequences. Neurologic consultation may be
helpful for complicated clinical cases. Awareness of the several
neurologic complications is of paramount importance to
improve clinical outcomes.

DRUG-RELATED TOXICITY
Calcineurin-inhibitors (CNIs), cyclosporine-A (CsA), and

tacrolimus (TaC), cytotoxic agents used in conditioning regi-
mens, and antimetabolites are among the most frequent
causes of drug toxicity (Table 3). Antibiotics used for either
prophylaxis or treatment of infections also may be in-
volved. Most importantly, drug–drug interactions may play
a pivotal role in a very complex scenario in which several
drugs with potentially different neurotoxicities—such as
immunosuppressors, antibiotics, cytotoxic agents, andmono-
clonal antibodies—are administered simultaneously.
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Calcineurin Inhibitors—Cyclosporine and Tacrolimus
CsA and TaC are molecules with marked immunosup-

pressive properties that are widely used to prevent organ
rejection in solid organ transplantation and as prophylaxis/
treatment of GVHD in HSCT. Second only to their renal side
effects, neurologic complications are reported in 25% to 59%
of HSCT recipients [7]. Both the CNS and peripheral nervous
system can be affected, with effects ranging from essential
tremors and headaches to seizures and serious encephalopa-
thy. Genetic polymorphisms in CYP3A5 and P-glycoprotein
encoded by the ABCB1 gene appear to influence CNI neuro-
toxicity [8]. Neurotoxic effects aremore frequent with elevated
serum levels, but can occur at therapeutical serum concen-
trations as well. Clear insights into the pathophysiology of
CNI-related neurotoxicity are lacking. Previous work identi-
fied a direct neurotoxic effect of CsA, independent of arterial

blood pressure or renal function variations, with neuronal
apoptosis and selective oligodendrocyte death [9]. Arterial
hypertension and electrolyte imbalances, including hypo-
magnesemia, hyponatremia/hypernatremia, or altered lipid
metabolism, are other putative factors in CNI toxicity [10-12].
Damage to the vascular endotheliummediated by endothelins,
implicated in cerebral vasospasm, is a well-recognized det-
rimental effect of CNIs [13]. One peculiarity is that CsA induces
neuroprotection from ischemia/reperfusion brain injury in
animal models [14]. The delicate balance between neuro-
toxicity and protection appears to be mediated by the
mitochondrial metabolism in several normoxic/hypoxic brain
metabolic conditions [15].

The clinical picture of CNI-induced neurotoxicity in-
cludes seizures, mainly single and generalized, sometimes
with transient postseizure deficits, such as cortical blind-
ness or behavioral abnormalities, ataxia, aphasia,
disorientation, confusion, lethargy, asterexis, and altered visual
perception, including hallucinations. In some 6% to 9% of HSCT
recipients, CNIs may induce posterior reversible encepha-
lopathy syndrome (PRES), a clinical neuroradiologic entity
described in the mid-1990s and consisting of a typical, albeit
nonspecific, magnetic resonance imaging (MRI) pattern of
multifocal areas of signal hyperintensity in T2-weighted se-
quences, most often in the white matter of occipital lobes and
occasional involvement of other sites, such as the cerebel-
lum, brain stem, or basal ganglia [16]. Most importantly, if
recognized early, this clinical syndrome, often preceded by
seizures and characterized by headache, lethargy, and con-
fusion as well as altered visual perception, is a reversible
condition after CNI suspension. Normal clinical conditions and
brain imaging may be restored in few weeks, although some
long-term resolutions have been reported [17]. Incomplete
recovery from PRES also has been described, especially if the
clinical syndrome is not promptly recognized and treated. Pa-
tients who develop PRES within day +100 after HSCT appear
to have shorter overall survival [18]. Substitution of CsA with
TaC might be helpful despite the drugs’ similar mechanism
of action [19]. The estimated incidence of TaC neurotoxicity
is around 30%, mostly consisting of mild symptoms, such as
fine tremor of the upper extremities (most common effect),
insomnia, headache, dysesthesia, and photophobia. Major neu-
rologic side effects were reported in a minority of patients,
with both early and late onset of symptoms after transplan-
tation. These included severe multifocal demyelinating
sensorimotor polyneuropathy, akinetic mutism, extrapyra-
midal syndrome with pseudobulbar dysarthria and
opisthotonus with severe rigidity, psychosis with maniacal
episodes, and PRES [20,21].

Metothrexate
Low-dose i.v. methotrexate used for GVHD prophylaxis

causes only occasional minor neurotoxic events, such as head-
ache, dizziness, and, very rarely, seizures. Although extremely
rare, diffuse necrotizing leukoencephalopathy, typical of high-
dose i.v. therapy [22] for malignant lymphomas or osteogenic
sarcomas, also has been reported after low-dose oral metho-
trexate therapy [23].

Cytotoxic Agents
Busulfan is associated with neurotoxicity and risk of sei-

zures in both adult and pediatric patients. The estimated
incidence of neurotoxicity is approximately 10% in the absence

Table 1
Categories of CNS Complications

Category Causative Agents

Drug-related Calcineurin inhibitors
Metothrexate
Cytotoxic agents
Monoclonal antibodies
Antibiotics

Metabolic Hepatic encephalopathy
Uremic encephalopathy

Infectious Bacteria
Viruses
Fungi
Protozoa

Cerebrovascular Hemorrhage
Ischemic stroke

Immune-mediated Myositis
Myasthenia gravis
Demyelinating diseases
CNS cGVHD
CRS

CNS indicates central nervous system; cGVHD, chronic graft versus-host
disease; CRS: cytokine release syndrome.

Table 2
Major Neurological Complications by Time of Onset from Allografting

HSCT, hematopoietic stem cell transplantation; GVHD, graft-versus-host
disease; CNS, central nervous system; TA-TMA, transplantation-associated
thrombotic microangiopathy; PTLD, post-transplantation lymphoproliferative
disorders; HHV-6, human herpesvirus 6; SIRS, systemic inflammatory re-
sponse syndrome.
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of adequate pharmacologic prophylaxis, and only 1.3% with
appropriate prophylaxis [24]. Busulfan crosses the blood-
brain barrier and may build up in potentially high
concentrations in the cerebrospinal fluid (CSF). It probably
causes direct neurotoxicity and decreases the threshold level
for seizures. Preventive treatment with phenobarbital sodium,
benzodiazepines, or phenytoin is recommended [25].

Fludarabine is a purine analog associated with the devel-
opment of dose-related neurotoxicity. Its manifestations may
be similar to those of PRES, referred to as an acute toxic leu-
koencephalopathy. Cognitive impairment associated with
visual and sensitive defects is the hallmark of this clinical syn-
drome. MRI of the brain may show bilateral signal alterations
in the deep white matter, rather distinct from the MRI find-
ings seen in PRES [26]. The neurotoxicity of other cytotoxic
compounds more commonly used in the autologous HSCT
setting is reported in Table 3 [27-34].

Monoclonal Antibodies and Tyrosine Kinase Inhibitors
Monoclonal antibodies have been associated with an el-

evated risk of progressive multifocal leukoencephalopathy
(PML), a demyelinating CNS disease most commonly caused
by John Cunningham virus (JCV) infection/reactivation [35].
Alemtuzumab, an anti-CD52 monoclonal antibody, a strong
lymphocyte-depleting agent [36], and the chimeric mono-
clonal antibody anti-CD20 rituximab, have been associated
with PML. The pathogenesis likely relies on a perturbation
of the immune system with as-yet unknown mechanisms.
Clinical symptoms include dysesthesia, ataxia, aphasia, and
cognitive decline, with onset at a median of 6 months after
the last dose. Clinical progression is very rapid, with a fatal
course in nearly all cases [37].

Recently,monoclonalantibodiesandtargeted therapies, such
as tyrosine kinase inhibitors (TKIs), have been combinedwith
allografting either as “bridge” to HSCT, to reduce the tumor
burden, or after HSCT, to allow for long-term disease control.
Potential neurologic toxicities associated with these agents
should be taken into account. Blinatumomab, a bi-specific T
cell engager with specificity for both CD19 and CD3, recently

used as bridge to transplantation in relapsed/refractory lym-
phoblastic leukemias, may cause neurotoxicities, such as as
encephalopathy, aphasia, hemiparesis, seizures, apraxia, and
tremor [38]. Moreover, TKIs are sometimes used before HSCT
in Philadelphia chromosome–positive disorders and sorafenib
in Flt3-positive acutemyelogenous leukemias, although these
agents are rarely associated with PRES [39,40].

Antibiotics and Supportive Medications
Neurologic toxicity during prophylaxis and/or treatment

of infectious complications has been reported. Aciclovir,
adopted for herpes simplex virus (HSV)/varicella-zoster virus
(VZV) prophylaxis and treatment, may cause such neuro-
logic complications as encephalopathy and posterior
leukoencephalopathy [41]. Amphotericine B therapy for in-
vasive fungal infections has been associated with the rare
development of reversible encephalopathy and Parkinson-
like syndrome [42], whereas altered visual perception
associated with voriconazole is a frequent daily-practice side
effect [43]. Cefepime, a fourth-generation cephalosporine, is
a broad-spectrum antibacterial agent that plays a putative role
in severe encephalopathy, especially during concomitant renal
insufficiency [44]. There are several reports on the neuro-
toxic effects of carbapenemics, particularly imipenem/
cilastatin [45]. Oxazolidinones are antibacterial drugs generally
reserved for vancomycin-resistant enterococcal infections for
which some correlations with neurotoxicity exist, particu-
larly with the peripheral nervous system, acting as a painful
peripheral neuropathy inducer with concomitant use of se-
lective serotonin reuptake inhibitors and as an optic
neuropathy agent [46]. Metronidazole neurotoxicity in-
cludes cerebellar disease, sensorimotor peripheral neuropathy,
optic neuropathy, and autonomic dysfunction [47,48]. Neu-
rologic manifestations of quinolone toxicity include seizures,
encephalopathy, myoclonus, and toxic psychosis [49]. Finally,
attention should be given to the neurodepressive proper-
ties of supportive care drugs, such as opioid narcotics,
antihistamines, benzodiazepines, and antiemetics, especial-
ly when used in combination.

Table 3
Neurotoxicity of Immunosuppressive Agents and Cytotoxic Drugs Used in Hematopoietic Stem Cell Transplantation

Drug Most common symptoms References

Cyclosporine A Tremor, confusion; PRES; cortical blindness; ataxia Reece et al., 1991 [7]
Bartynski, 2008 [16]
Ayas et al., 2008 [19]

Tacrolimus Tremor, confusion; PRES; cortical blindness; ataxia Eidelman et al., 1991 [20]
Hammerstrom et al., 2013 [21]

Metothrexate Leukoencephalopathy Bhojwani et al., 2014 [22]
Paudyal et al., 2010 [23]

Busulfan Seizures Caselli et al., 2014 [24]
Eberly et al., 2008 [25]

Fludarabine Severe encephalopathy Beitinjaneh et al., 2011 [26]
Alemtuzumab PML; demyelinating syndrome Isidoro et al., 2014 [36]
Rituximab PML Carson et al., 2009 [37]
Sorafenib PRES Tavil et al., 2016 [39]
Blinatuomab Encephalopathy; aphasia, ataxia; tremor, confusion Goebeler et al., 2016 [38]
Ifosfamide Severe encephalopathy Ajithkumar et al., 2007 [27]

Pelgrims et al., 2000 [28]
Carmustine Facial flushing; paresthesias; severe encephalopathy Woo et al., 1997 [29]

Jagannath et al., 1989 [30]
Cytarabine Cerebellar toxicity; seizures; lymphocytic meningitis Patel et al., 2012 [31]

Vaughn et al., 1993 [32]
Etoposide Peripheral neuropathy; PRES Imrie et al., 1994 [33]

Khanal et al., 2013 [34]

PRES indicates posterior reversible encephalopathy syndrome; PML, progressive multifocal leukoencephalopathy.
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Cognitive Dysfunction Secondary to High-Dose
Chemotherapy

Many patients treatedwith high-dose cytotoxic agents and/
or radiotherapy followed by HSCT suffer from cognitive
impairment. A prevalence of 20% to 60%, with an estimated
40% in long-term survivors, has been reported [50,51]. High-
dose chemotherapy, a total body irradiation–containing
conditioning regimen, metabolic impairment, GVHD, and its
treatments are recognized as major risk factors; global health
and fatigue could play roles as well [52]. The most common
symptoms are loss of motor dexterity, verbal recall and
fluency, and executive functions. Medications, such as meth-
ylphenidate or modafinil, have shown varying degrees of
efficacy [53] Rehabilitation strategies are warranted to treat
deficits and prevent long-term cognitive impairments [54].

METABOLIC COMPLICATIONS
Multiorgan failure resulting from a variety of clinical con-

ditions may induce CNS failure, mainly as a consequence of
systemic inflammatory response [55]. Pharmacologic seda-
tion with major opioids for mucositis-induced pain is quite
common in the setting of allografting; however, the wide
variations in opioidmetabolism and pharmacokinetics among
individuals results in frequent overdosing. Intrathecal
morphine-induced encephalopathy has been reported as well
[56]. Hepatic encephalopathy is not an unusual complica-
tion in the context of other life-threatening conditions, such
as veno-occlusive disease. Uremic encephalopathy has been
associated with CNI nephrotoxicity and thrombotic
microangiopathy/hemolytic-uremic syndrome. The clinical
syndrome involves depression of the sensorium, from leth-
argy to coma, without substantial lateralizing signs. Pupillary
light reflex and reflexive tracking eye movements are gen-
erally preserved, as opposed to what usually occurs in comas
from structural damage.

INFECTIOUS COMPLICATIONS
Several pathogens can cause CNS infection. In a large ret-

rospective survey of more than 650 autologous or allogeneic
HSCT recipients, cerebral toxoplasmosis was the most
common etiology, followed by infection with Aspergillus spp.
[57]. Other reports have confirmed toxoplasmosis and fungal
infections, particularly aspergillosis, as leading causes of CNS
infections, with lower rates of infections of bacterial and viral
origin [58,59].

Time of onset—early versus late post-HSCT—and the char-
acteristics of neurologic symptoms are relevant for a correct
differential diagnosis. Neurologic symptoms may be classi-
fied as 3 main syndromes: seizures, focal brain disease, and
diffuse processes. Seizures are a common finding in neuro-
logic infections, but are of an extremely nonspecific nature.
Focal brain parenchymal disease is most commonly due to
hematogenous spreading from sites outside the CNS. Diffuse
meningoencephalitis could also present without the classi-
cal signs of stiff neck and headache owing to an altered state
of consciousness from metabolic alterations or drug toxici-
ties. Disorientation, lethargy, and stupor are all possible clinical
manifestations of widespread brain effects and, the involve-
ment of cranial nerves is not infrequent. Diagnostic assessment
includes neuroimaging techniques, such as computed to-
mography (CT) or the more-sensitive MRI [60]; complete CSF
analysis for cell counts, glicorachie, and proteinorachie; Gram
staining, cultures, and PCR; and even brain biopsy if clini-
cally indicated.

Fungal Infections
Various fungal agentsmay cause infections, including brain

abscessesdue tofilamentous fungi suchasAspergillusandmen-
ingitis sustained by Candida or, rarely, Cryptococcus.Aspergillus
is themost frequent and could involve a CNS at any point post-
transplantation [61]. CNS aspergillosis is usually disseminated
from lung or cranial sinuses by secondary vascular dissemi-
nation. The clinical presentation is nonspecific andmay include
altered level of consciousness with either focal signs of neu-
rologicormeningeal irritation.Althoughrare,mycoticaneurysm
rupture in the subarachnoid space also may occur. CT scan of
the head, capable of identify the hemorrhagic component of
aspergillosis, is preferred over MRI. CNS aspergillosis com-
monlypresentswith lesions incerebralhemispheres, frequently
multipleandoftenassociatedwithedema,masseffect, andareas
of ischemia or hemorrhage. Concomitant demonstration of As-
pergillus in cultures obtained from lung and pleural fluids is
highly suggestive of CNS aspergillosis. The detection of
galactomannan in CSF by ELISA is a useful diagnostic tool to
confirm invasive aspergillosis [62]. Histopathological isola-
tion of Aspergillus spp. from brain tissue remains the gold
standarddiagnostic approach. Voriconazole and liposomal am-
photericin are current first-line treatments [63,64], although
azole-resistant Aspergillus strains remain of concern [65].

In a historical control, the incidence of Candida spp. CNS
infections was 3% in patients with systemic candidaemia [66]
and up to 6% in a postmortem analysis [67], indicating an un-
derestimated incidence.Most reported cases aredue toCandida
albicans, but non-albicans species are being increasingly re-
ported [68].Clinicalmanifestations includeprimarilymeningitis,
with diffuse encephalopathy owing to multiple brain ab-
scesses, ventriculites, and subarachnoidhemorrhage in the rare
event of amycotic aneurysm rupture. Fungemia on blood cul-
tures ispresent in70%of patients. The sensitivityof CSF cultures
for the diagnosis of Candida meningitis is relatively low. A
Candida antigen mannan/antimannan assay in CSF may be
helpful [69]. Polyenes, echinocandines, andfluconazole are the
most effective agents, although the response to treatment is
unpredictable, and mortality rates remain very high [70].

Mucorales—Mucor, Absidia, and Rhizopus—may cause CNS
infections in immunocompromised patients [71]. The infec-
tion initially presents with mucous involvement of nasal, oral,
or cranial sinuses and spreads rapidly to the orbit or the cranial
base. Biopsies of infected lesions are essential for timely treat-
ment and good clinical outcome. Surgical debridement of
infected/necrotic tissue is almost mandatory, even though it
may be extremely destructive for the patient. The infection
is invariably fatal within a few days without prompt, appro-
priate treatment. Combination therapywith lipid formulations
of amphotericin and echinocandins is standard treatment [72].

Cryptococcal CNS infection is typical of HIV-infected pa-
tients andpresents as subacute or chronicmeningitis. It is very
rarely reported inHSCTrecipients [73].Cryptococcusneoformans
has a perivascular tropism with formation of gelatinous mi-
croscopic abscesses in the Virchow-Robin spaces. It usually
follows a pulmonary route. MRI is themost sensitive imaging
technique, although brain scans often appear totally normal.
AntigendetectionandPCRof bodyfluidshavea sensitivity>90%
andare very specific. Polyenes, flucytosine, andfluconazole are
the backbone of therapy for cryptococcal meningitis [74].

Histoplasma capsulatum causes systemic infections in
endemic areas. It is far more common in patients with HIV
and in solid organ transplant recipients compared with HSCT
recipients [75]. Long-term lipid formulation amphotericin
B-based therapy is mandatory to prevent relapse [76].
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Coccidioidal meningitis is another CNS infection of
endemic areas of the southwestern United States and north-
ern Mexico [77]. In a recent retrospective analysis of 426
allogeneic HSCTs, the overall incidence of coccidioidomyco-
sis was 2.6%, with only 9% of infected patients having
extrapulmonary involvement [78]. Therapy is azole-basedwith
intrathecal polyene injection, but prognosis remains dismal.

Neurotoxoplasmosis
Toxoplasma gondii is an important cause of brain abscess

in allogeneic HSCT recipients and was the most frequent
pathogen isolated from CNS infections in 2 recent retrospec-
tive studies [57,58]. Altered level of consciousness and focal
neurologic deficits are frequent at onset. The increase in in-
tracranial pressure due to T. gondii’s tropism for the
periventricular location often results in obstructive hydro-
cephalus. Toxoplasmosis presents with multiple abscesses,
typically in the white or gray matter of the cerebral hemi-
spheres, associated with ring enhancement on both CT scans
and MRI [79]. Detection of toxoplasma-DNA by PCR in CSF
is the main diagnostic tool [80]. Stereotactic brain biopsy is
required to obtain a histological diagnosis. Trimethoprim-
sulphamethoxazole (TMP-SFX) with clindamycin or
pyrimethamine is the current therapy of choice. Prevention
strategies with antiprotozoal molecules have been recom-
mended [81].

Viral Infections
A retrospective multicenter study of allogeneic HSCT re-

cipients showed an incidence of 1.2% during the first 3 years
post-transplantation, with HHV-6 as the most frequent caus-
ative agent [82]. Viral encephalitis due to HHV-6 is being
increasingly recognized as a CNS pathogen in HSCT recipi-
ents [83], with a higher incidence in cord blood transplants
[84]. Fever, headache, obtundation, and a typical short-
term memory loss are the most common neurologic signs,
occurring as early as 2 to 6 weeks post-HSCT. Viral DNA de-
tection by PCR is a sensitive assay for HHV-6 in both blood
and CSF samples [85]. MRI commonly reveals bilateral ab-
normalities in the limbic system. Ganciclovir (GCV) and
foscarnet (FOS) are common treatments, although their ef-
ficacy does not appear to be optimal. Given the rapidly
progressive onset of neurologic symptoms, prompt initia-
tion of antiviral therapy is mandatory.

Cytomegalovirus (CMV) CNS disease is a rare clinical
finding and generally occurs late after transplantation, at a
median of >4 months. It carries a mortality rate >80% [86].
The increased use of T cell–depleted grafts, the rise of
antiviral-resistant CMV strains, and the increasing age of HSCT
recipients may contribute to an overall higher incidence of
CNS disease [87]. Ventriculoencephalitis with microglial
nodules is the classic major expression of CNS infection. PCR
analysis of CSF samples, confirmed by culture or brain biopsy,
is required for a definitive diagnosis. Treatment is based on
a combination of GCV and FOS, although GCV-resistant CMV
strains are an emerging concern [88].

VZV typically causes late infections, with a peak occur-
ring in months 4 and 5 post-HSCT. Before the widespread use
of antiviral agents, the reported incidence of clinical enceph-
alitis was 4% of all HSCT recipients with active VZV infection
[89]. In a recent retrospective single-center study in which
routine VZV prophylaxis was not provided, the authors re-
ported a 2-year incidence of VZV reactivation of 20.7% [90].
Overall, the most significant risk factor for VZV CNS disease
is chronic GVHD and its treatment [91]. Meningoencephali-

tis is the main manifestation, with fever, headache,
somnolence, and often seizures; however, other symptoms
due to spinal cord engagement, such as facial nerve palsy,
hearing loss, arm weakness, and neurogenic bladder, may be
present as well. Dermatomal zoster can precede the onset of
CNS disease. The clinical course is often fatal. High-dose
aciclovir is the recommended treatment [92].

HSV1-2 infections are not infrequent in HSCT recipients,
although their dissemination to the CNS is not common. They
cause encephalitis with or without meningeal involvement.
MRI may show alterations of the mesial temporal struc-
tures. HSV-PCR on CSF is a highly sensitive diagnostic
technique. Therapy consists of high-dose aciclovir; two-
thirds of the surviving patients will have long-term neurologic
disability despite prompt initiation of therapy [92,93].

PML is a rare demyelinating disease first described in 1958
caused by JCV infection/reactivation and characterized bymul-
tifocal demyelinating areas of the brain with progressive
neurologic deficits [94]. Recently, one group suggested a role
of B-lymphocytes in the development of PML, as a viral
reservoir/vector of CNS dissemination [95]. The usual pre-
sentation includes a unifocal neurologic syndrome involving
the cortex, brain stem, or cerebellum with sparing of optic
nerves and spinal cord. Visual deficits, hemiparesis, or frontal
lobe dementia with behavioral changes are common clini-
cal symptoms. The median time of symptom onset is usually
months after HSCT. Disease progression is subacute. MRI is
both sensitive and specific. T2-weighted and FLAIR MRI se-
quences show hyperintense multifocal asymmetric white
matter lesions without mass effect andminimum contrast en-
hancement after gadolinium injection. PCR on CSF is the most
helpful test for noninvasive diagnostic confirmation [96]. No
treatment has proven effective, including antivirals, antima-
larial drugs such as mefloquine, psychiatric medications, and
immune stimulants. Patients who survive the infection often
suffer from permanent neurologic deficits.

West Nile virus (WNV), a virus of the family Flaviviridae,
may cause potentially lethal neuroinvasive disease in an
immunocompromised host, with an estimated higher inci-
dence in HIV patients and in solid organ transplantation
recipients rather than HSCT recipients [97]. Although rare,
adenovirus infection in HSCT recipients, with fatal menin-
goencephalitis, also has been reported. Cidofovir or ganciclovir
therapy is the treatment of choice [98].

Bacterial Infections
Bacterial infections usually occur concomitantly with sys-

temic infection and neutropenia. They can present as either
meningitis or brain abscess. In the former, sensorium alter-
ation is quite common, but classical meningeal signs may be
mild or absent owing to an impaired inflammatory re-
sponse. In the latter, altered consciousness and a rapidly
evolving focal neurologic deficit, including hemiparesis, with
fever is present in 50% of patients. Meningitis is usually as-
sociated with a single organism, whereas brain abscess can
be of multimicrobial etiology. Gram-negative rods, as well as
gram-positive cocci and anaerobic organisms, may be in-
volved, including Staphylococcus aureus, coagulase-negative
staphylococci such as S. epidermidis or S. hominis, and alpha-
hemolytic Streptococcus, which can complicate i.v. line–
associated infections. Enterococci and nonfermenting gram-
negative bacilli can reach the CNS through the blood after
gastrointestinal translocation. Paranasal or other sinus sites
can be another relevant source of bacterial spread to the CNS.
Encapsulated bacteria—Streptococcus pneumoniae, Neisseria
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meningitidis, and Haemophilus influenzae—may cause
meningitis, especially in the context of long-lasting immu-
nosuppression. Vaccination against these agents is mandatory.
Mycobacterium tuberculosis CNS infection has been re-
ported after HSCT [99]. Listeria monocytogeneswas historically
one of the most common causes of bacterial CNS infection,
but its incidence has declined with improved supportive care
and TMP-SMX prophylaxis. Its common clinical manifesta-
tion is a subacute purulent meningitis occurring almost
invariably during bacteremia. Concomitant CSF and blood cul-
tures are of paramount importance to establish the correct
diagnosis. Real-time PCR is currently standard diagnostic prac-
tice. A combination of ampicillin and gentamicin is the therapy
of choice [100].

Nocardia is a gram-positive bacterium thatmay cause brain
abscess as a consequence of hematogenous dissemination,
commonly from primary pulmonary infection. Lymphope-
nia and steroid therapy represent major risk factors. Clinical
manifestations may appear several months after HSCT and
may include focal neurologic symptoms, depending on the
site of the abscess. Imaging studies reveal multiple or
multiloculated abscesses with ring enhancement after con-
trast. TMP-SMX is the treatment of choice along with
carbapenemics, aminoglycosides, and linezolid [101].

CEREBROVASCULAR DISEASE
Hemorrhagic or thrombotic complications are potential-

ly lethal events. Subdural hematoma is one of the most
frequent complications. An incidence of 2.6% was reported
in a retrospective analysis of 657 recipients of either autolo-
gous or allogeneic HSCT [102]. Refractoriness to platelet
transfusions was correlated with an increased risk of bleed-
ing [103]. Other factors, such as arterial hypertension,
fibrinogen serum level, and grade III-IV acute GVHD, have been
shown to play roles in cerebrovascular hemorrhagic events
[104]. The clinical picture is characterized by headache and
worsening sensorium without lateralizing signs. Diagnosis
sometimes may be challenging in sedated patients and pa-
tients with metabolic-driven encephalopathy. CT scans
generally show a hyperintense signal of blood at least 12 hours
before MRI. Nonetheless, 20% to 25% of patients have a neg-
ative CT scan. Neurosurgery is reccomended if clinically
possible, especially in those patients who present with pro-
gressive neurologic deterioration or voluminous lesions [105].
Conservative strategies may be considered in noncomplicated
cases. Parenchymal hemorrhages are most frequently asso-
ciated with long-lasting severe thrombocytopenia and are
almost invariably lethal [106]. An abrupt onset of neuro-
logic deficits, quickly followed by depressed sensorium and
brain stem signs from transtentorial herniation, is typical of
fatal large intracranial hemorrhages. The only treatment is
surgical, but its feasibility is very limited. In contrast, sub-
arachnoid hemorrhage is not frequent, and its severity
depends on its extension, localization, and causative trigger.
Cerebrovascular thrombotic events may be associated with
a hypercoagulative state or with thromboembolism from en-
docarditis or atrial fibrillation. A recent study of 431 allogeneic
HSCT recipients found that clinically significant cerebral bleed-
ing was more common than symptomatic thrombotic events,
and that the cumulative incidences of venous and arterial
thrombosis at 14 years were 11.8% and 4.1%, respectively [107].
Chronic GVHD and steroid treatment are major risk factors
for thrombotic events [108]. These events are often a com-
plication of underlying active infections, as reported in 36
allogeneic HSCT recipients who experienced cerebral stroke,

in whom one-third of the events were infection-triggered,
mostly of fungal origin [109].

IMMUNE-MEDIATED DISORDERS
Three main immune-mediated disorders have been de-

scribed in allogeneic HSCT recipients: myositis, myasthenia
gravis (MG), and Guillain-Barrè–like demyelinating polyneu-
ropathy. CNS manifestations of chronic GVHD also have been
reported. Cytokine release syndrome (CRS) is included as well.

Myositis
Myositis is a rare neuromuscular complication associ-

ated with chronic GVHD, with an estimated incidence of 2%
to 3% [110]. Moderate to severe proximal muscle weakness
is the hallmark of myositis [111]. Elevated levels of creatine-
phosphokinase are closely correlated with this complication’s
clinical course. Needle electromyography often shows a typical
myopathic pattern. To confirm the diagnosis, muscle biop-
sies are useful to demonstrate segmental muscle fiber necrosis
and regeneration, mononuclear cell inflammation, and a lym-
phocytic infiltration of donor origin. MRI is commonly used
to establish the diagnosis and monitor disease activity. Cor-
ticosteroids are the treatment of choice, with responses
expected after a few days to 4 to 6 weeks [112].

Myasthenia Gravis (MG)
This immune-mediated disorder involves the neuromus-

cular junctions, with an incidence lower than 1%. It is usually
diagnosed after the onset of chronic GVHD, generally several
months after HSCT [113]. Fatiguable muscle weakness, in-
cluding ptosis, dysphagia, dysarthria, diplopia, and facial, limb,
or axial weakness, are the main symptoms. No relationship
with thymoma has been observed in allogeneic HSCT recipi-
ents, unlike in idiopathic MG, where the association with
thymic neoplasms may be as high as 15% [114]. Serum anti-
acetylcholine receptor antibodies can be detected in a
proportion of patients; however, these autoantibodies are
present in up to 40% of allogeneic HSCT recipients without
disease, and their diagnostic reliability is questionable [115].
Electrophysiological testing showing a progressive decrease
in the muscle action potential supports a definitive diagno-
sis. Treatment consists of oral cholinesterase inhibitors and
steroids or other immunosuppressive agents for severe clin-
ical symptoms.

Acute Immune-Mediated Neuropathies
Immune-mediated neuropathies, including Guillain-Barrè-

like syndrome (GBS), have an estimated incidence of 1%
[116,117]. They usually developwithin the first 3months after
HSCT. GBS can be present with or without acute GVHD. Char-
acterized by a progressive symmetrical ascending motor
weakness, hyporeflexia, and numbness, GBS is accompa-
nied by respiratory insufficiency that may require artificial
ventilation in up to 25% of cases. GBS can be preceded by in-
fection, as in its idiopathic form. Electrophysiological
demonstration of slowed or blocked nerve conduction is es-
sential for diagnosis. Plasma exchange or i.v. polyclonal gamma
globulin therapy is the treatment of choice [118]. Rituximab
therapy has been used in patients with unresponsive disease
[119]. Worsening clinical condition has been reported in al-
logeneic HSCT recipients with preexisting GBS treated with
a total body irradiation–containing conditioning regimen
[120].
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CNS Manifestations of Chronic GVHD
The potential for neurologic manifestations of chronic

GVHD has been reported [121,122]. Threemajor clinical mani-
festations have been described: cerebrovascular disease,
demyelinating processes, and immune-mediated encepha-
litis. The first of these manifestations is characterized by
vasculitis of small- to medium-sized arterial vessels of me-
ninges and cerebral parenchyma, marked by inflammatory
infiltrates of monocytes and CD3+CD8+ T cells of donor origin.
Diseases of small vessels are accompanied by rather non-
specific symptoms. MRI frequently shows multifocal signal
changes in the white matter, along with ischemic lesions and
minute hemorrhages [123]. In contrast, diseases of medium
to large vessels present with hemiparesis or other focal neu-
rologic signs in cases of ischemic/hemorrhagic stroke.
Definitive diagnosis requires brain biopsy, although the sen-
sitivity is low. Treatment of biopsy-proven cerebral vasculitis
consists of corticosteroids, usually in combination with cy-
clophosphamide, for 3 to 6 months until the induction of
remission. Demyelinating disease has been observed in the
optic nerve, cerebral white matter, and spinal cord. A
relapsing-remitting course, as seen in multiple sclerosis, is
usual [124]. Diagnosis relies on MRI demonstration of white
matter lesions and inflammatory signs in the CSF. Cortico-
steroid pulses are the mainstay of treatment.

Finally, so-called immune-mediated encephalitis in-
cludes a group of pathological entities caused by CNS
infiltration of immune cells that cause functional neuro-
logic deficits. Differential diagnosis with infectious encephalitis
requires careful analysis of CSF cell counts and serology,
culture, and PCR results.

CRS
CRS is a potentially life-threatening complication usually

observed after haploidentical and, more recently, adoptive T
cell therapies for cancer, such as the infusion of chimeric
antigen receptor (CAR) T cells [125]. CRS is a systemic in-
flammatory response characterized by high levels of IL-6, IL-
2, IFN-γ, and tumor necrosis factor. If not managed promptly
and properly, CRS can result in multiorgan failure [126]. An
incidence of 50% has been reported after CAR T cell infu-
sion [127]. CNS involvement is rather similar to that reported
with the monoclonal antibody blinatumomab and includes
both encephalopathy and cranial nerve palsies, ataxia, aphasia,
and hemiparesis. Airway protection requiring intubation is
required in some cases. Patients receiving anti-CD19 CAR T
cells apparently are more prone to neurotoxicity [128].

ALLOGENEIC HSCT-ASSOCIATED THROMBOTIC
MICROANGIOPATHY

Transplantation-associated thrombotic microangiopathy
(TA-TMA) is a pathological entity of endothelial damage and
arteriolar thrombosis, distinct from classical hemolytic-
uremic syndrome and thrombotic thrombocytopenic purpura,
with an estimated incidence of 10% to 35% [129]. Patholog-
ical hallmarks included generalized endothelial dysfunction,
intravascular platelet activation, and formation of thrombi
within the microcirculation. Microangiopathic hemolytic
anemia with de novo thrombocytopenia, elevated lactate de-
hydrogenase, and >5% schistocytes in peripheral blood, in the
absence of coagulation abnormalities, are typical laborato-
ry findings. Clinical signs/symptoms depend on the extension
of organ involvement, including renal, gastrointestinal tract,
liver, lung, and CNS. Unlike in thrombotic thrombocytope-
nic purpura, ADAMTS-13 levels are normal or only slightly

reduced [130]. Activation of the complement system, with
increased C5b-9 serum concentration, plays a relevant role
in the induction of primary endothelial damage. Alterations
in the genetic expression of proteins involved in the alter-
native coagulation pathway have been reported as well [131].
Neurologic deficits may be present in 30% of patients with
TA-TMA [132]. Imaging studies suggestive of PRES are present
in only a minority of cases. No standard treatment exists;
however, new insights into the pathogenesis of TA-TMA have
drawn attention to antibody-mediated complement cascade
blockers and endothelial-protective agents [133]. Eculizumab,
a terminal complement blocker, appears to be the most in-
teresting new agent, with encouraging response rates [134].
In a cohort of 30 patients with high-risk TA-TMA, Jodele et al.
[121] reported a 1-year overall survival of 62% in eculizumab-
treated patients, compared with 9% in patients who received
other treatments. Defibrotide, an endothelial-protective drug
approved for the treatment of sinusoidal obstructive syn-
drome and capable of reducing the procoagulant activity and
increasing the fibrinolytic properties of endothelial cells, has
emerged as a potentially effective agent in TA-TMA treat-
ment, with a 55% response rate reported in 551 patients [129].
The monoclonal antibody anti-CD20 rituximab has shown ef-
ficacy in this context as well [135]. The discontinuation of CNI
therapy at the onset of TA-TMA may be beneficial.

POST-TRANSPLANTATION LYMPHOPROLIFERATIVE
DISORDERS AND DISEASE RECURRENCE

Post-transplantation lymphoproliferative disorders (PTLDs)
may involve the CNS as a systemic extranodal illness or, rarely,
as a single manifestation. Most PTLDs are associated with
Epstein-Barr virus (EBV) reactivation. PTLDs are classified as
4 clinicopathological entities with a highly variable clinical
spectrum, ranging from self-limited proliferation of lym-
phoid cells to rapidly fatal disease [136]. Isolated CNS PTLDs
present with nonspecific clinical symptoms. Multiple bilat-
eral hemispheric lesions with involvement of the subcortical
white matter and basal ganglia are the typical imaging find-
ings. Exclusion of infectious diseases, particularly of CNS
nocardiosis, CNS toxoplasmosis, and viral encephalitis, is man-
datory. Reduction of immunosuppression to restore host
immune competence is the first-line treatment of choice in
nonaggressive disease, with rituximab-based chemothera-
py for all other cases [137]. Intraventricular rituximab injection
has been used in patients with lymphomatous meningitis
[138]. Response rates are quite encouraging, but incom-
plete T cell immune recovery determines a high risk of disease
recurrence [139]. Importantly, hematologic malignancies with
primary CNS and/or craniofacial/paravertebral involvement
at diagnosis increase the risk of both disease relapse after
HSCT and nonspecific CNS complications. Prophylactic in-
trathecal therapy is mandatory in all patients at high risk for
CNS localization post-HSCT, especially in lymphoblastic leu-
kemia, acute myelogenous leukemia with CNS involvement,
CNS plasmocytomas, aggressive non-Hodgkin lymphomas
with CNS, and parasinus, intraocular, spinal, or testicular lo-
calizations at diagnosis [140].

DIAGNOSTIC ALGORITHM
Given that a large proportion of neurologic complica-

tions are attributable tometabolic anddrug toxicities, a careful
review of the medication history is mandatory. Further-
more, the time of onset of neurologic signs and/or symptoms
after HSCT may be very helpful. Based on physical examina-
tion findings, 2major neurologic syndromesmay be defined:
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one patient group with transient generalized signs and/or
symptoms (eg, seizures, altered consciousness) and another
groupwith focal signs suggesting a localized lesion (eg, mass
lesion of any origin, stroke). Neuroimagingwith CT scans and
MRI plays an important role, especially for ruling out cere-
brovascular events, parenchymal infiltrates, PRES, or early
disease relapse. Lumbar punctures allow CSF chemical and
physical analyses and cell counts, which are of great value
for diagnosing infectious diseases or early leukemic infiltra-
tion. Brain biopsy is very rarely performed because of its
invasive nature. It is clinically indicated for focal lesionswhere
other, less invasive procedures have not been useful. Among
others, diagnosis of complications such as opportunistic in-
fections, malignancies, PML, and vasculitis may require
histology studies. Nerve conduction studies should be con-
sideredwhenpolyneuropathies areobservedorneuromuscular
abnormalities are suspected. Electroencephalographymay be
very useful in critically ill patients with altered conscious-
ness or seizures. Finally, the ultimate opinion of a consultant
neurologist is highly recommended and should be consid-
ered mandatory in complex scenarios.

CONCLUSION
Neurologic complications after HSCT are not uncom-

mon, and their etiology is multifactorial. The toxic effects of
drugs used in conditioning, immunosuppressive agents, and
antibiotics for prophylaxis/treatment of infections account for
most of these complications in the early post-transplantation
period. Recently described CNS manifestations of chronic
GVHD and immune-mediated disorders, including neuro-
muscular and peripheral nerve diseases, are infrequent but
difficult to manage. Prompt diagnosis and timely treatment
are extremely important to avoid long-term neurologic dis-
abilities and improve clinical outcomes.
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