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Central nervous system complications (CNSC) after allogeneic hematopoietic cell transplantation (allo-HCT) are relatively common
and may have a major impact on patients” outcomes. Neurological symptoms may occur at any point during the post-transplant
course, although they are more common early after HCT, with a wide range of possible presentations. As many of CNSC symptoms
are non-specific, the initial assessment is often difficult, and early decisions regarding the diagnostic work-up can influence the
identification of the underlying cause. Blood tests, neuroimaging and cerebrospinal fluid (CSF) analyses are particularly important,
as they frequently provide the first clues that help narrow the very wide differential diagnoses. In view of these challenges, an
international EBMT working group composed of haematologists, infectious disease specialists, neurologists, a neuroradiologist, and
a microbiologist developed symptom-based recommendations for the early evaluation of CNSC after allo-HCT. The work
summarizes key aspects of the clinical presentation and outlines practical steps for the initial diagnostic approach. These
recommendations are intended to support haematologists, who are usually the first to assess these patients, in promptly
recognizing CNSC so to start timely appropriate management.
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QUESTIONS ASKED/ISSUES TO BE ADDRESSED
In these recommendations, the following challenging questions
are addressed:

® What is the prevalence and timing of central nervous system
complications (CNSC) after allogeneic hematopoietic cell
transplantation (allo-HCT), and how do they typically present?

® What are the main challenges in diagnosing CNSC early after
allo-HCT?

® Which diagnostic tools and procedures are most useful for the
initial assessment of CNSC?

® What symptom-based recommendations can guide haematol-
ogists in the early recognition and management of CNSC?

CURRENT STATE OF THE ART
Central Nervous System neurological complications (CNSC) after
allogeneic hematopoietic cell transplantation (allo-HCT) encompass

a heterogeneous group of disorders with multifactorial causes,
including infectious, neoplastic, vascular, metabolic, immune-
mediated, toxic/drug-related and psychological mechanisms which
interfere with the normal functioning of the nervous system (Fig. 1).
Their diagnosis and management are complex, as clinical manifesta-
tions may be subtle, nonspecific, or subjective, commonly requiring
inpatient neurology consultation [1]. However, the initial evaluation
is usually performed by the haematologist, who plays a key role in
early recognition of neurological symptoms and initiating the
diagnostic work-up [2, 3]. Establishing a differential diagnosis, based
on the presenting symptoms, is key guiding the choice of
neuroimaging, cerebrospinal fluid (CSF) studies, and/or other testing.

The frequency of CNSC depends on individual risk factors and
on the patient population. In an EBMT prospective study, the
overall CNSC frequency was 2.9%, higher after allogeneic (4.6%)
than autologous HCT (0.3%) and in children (4.3%) compared with
adults (2.5%) [4]. A retrospective allo-HCT study reported a 17%
incidence over a 20-year period, with a median follow-up of 6.8
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Fig. 1

Graphical representation of the main neurological symptoms affecting the CNS and their key potential underlying aetiologies. The

outer ring represents symptoms/signs, and the inner ring represents the main neurologic etiologic categories.

years, and a decline in recent years [5]. Described frequencies of
CNSC after allo-HCT largely vary and may exceed 50% [6-9].

CNSC can be divided into infectious and non-infectious [4, 6, 7].
In a recent retrospective study over a 20-year period, calcineurin
inhibitors (CNI)-associated CNSC were most common (42%),
followed by infections (30%) and vascular complications (13%)
[5]. Non-infectious CNSC include drug toxicities, metabolic
disorders, immunological (including graft versus host disease
(GVHD) and Guillain Barré-Syndrome), disease relapse, and
vascular complications such as posterior reversible encephalo-
pathy syndrome (PRES), cerebral haemorrhage, and stroke, as well
as psychological causes [4, 5, 10, 11].

CNS infections can be classified based on their anatomical
involvement, in encephalitis, meningitis, myelitis, or brain
parenchymal disease [12-15]. Infectious CNSC are predominantly
viral, with Human herpesvirus 6 (HHV-6) as the leading cause [4, 7].
Invasive fungal infections of the brain, historically associated with
Aspergillus spp., and Mucorales, remain one of the most common
causes of brain space occupying lesions [4, 7, 16-18].

CNSC may occur at any time after allo-HCT, depending on the
underlying cause, conditioning, GVHD prophylaxis, presence of
GVHD, immune reconstitution, among other factors [13, 19-21]. In
the above mentioned EBMT study, the median onset was 31 (IQR
15-57) days [4]. Another prospective study reported median time
at onset of 101 days for infectious and 50 days for non-infectious
CNSC [7].

Risk factors for CNSC include the type of allo-HCT, post-HCT
phase, neutropenia, corticosteroid use, specific drug exposures,
prior neurosurgery, intracerebral devices, and prior CNS involve-
ment [14, 15, 22, 23]. Some proposed risk factors may reflect
confounders or shared predisposing conditions [24].

CNSC are associated with worse outcomes after allo-HCT. In a
recent prospective EBMT study, the 24-month overall survival (OS)
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was lower in patients with a CNSC (53%) as compared to controls
(82%) [4]. In another study, the development of a CNSC was also
associated with increased mortality (HR=4.62) and treatment
related mortality (HR =5.37) [5]. In paediatric cohorts, older age,
alemtuzumab use, and neurological sequelae were the strongest
predictors of mortality [9].

The prognosis regarding mortality rates and neurological
sequelae might be generally better for non-infectious than
infectious CNSC. However, it might differ significantly between
specific CNSC subtypes (e.g. major CNS bleeding vs. CNI
neurotoxicity). Patients with vascular CNSC have a poorer
prognosis (mortality >50% in distinct subgroups) than those with
non-vascular CNSC, such as drug-related pathologies [7, 25, 26]. In
children, CNSC other than CNI-associated neurotoxicity have been
linked to reduced OS [25].

METHODOLOGY

Recommendations were developed according to the methodol-
ogy published by the EBMT practice harmonization and guidelines
committee [27]. Experts on hematology (n=16), neurology
(h=5), infectious diseases (n=4), microbiology (n=1), and
neuroradiology (n = 1), were invited to contribute. Experts from
all these disciplines were responsible for preparing sections of the
recommendations in advance based on their area of expertise.
These sections were then presented and reviewed during a 2-day,
in-person meeting held in Berlin (Germany) on Sept 29-30, 2025,
where in-depth discussions to reach a consensus on best practice
were performed.

The aim of this document is to establish best practice
recommendations for the initial approach to CNSC in patients
undergoing allo-HCT and to assist clinicians in the initial
diagnostic evaluation. A companion paper in this issue addresses
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complementary aspects of epidemiology, neuroimaging, and
paediatric-specific considerations.

EBMT RECOMMENDATIONS

In allo-HCT recipients, new neurological symptoms should be
initially considered potentially transplant- or disease-related and
warrant a careful, systematic evaluation [2]. The assessment
should incorporate the primary diagnosis, disease status at
transplantation, risk of CNS relapse, prior/current exposure to
neurotoxic agents, immune reconstitution status, the risk/pre-
sence of GVHD, cardiovascular risk profile, psychological state and
any procedures or complications occurring before, during and
after allo-HCT, together with the patient’s overall medical history
(Fig. 1).

Clinicians should evaluate the onset, severity, and progression
of symptoms, noting whether they are new or not, and whether
any ‘red flag’ is present (Table 1). Symptoms may present abruptly
or follow a progressive course, with mono- or polysymptomatic
patterns. CNSC manifestations can be generalized or localized; the
most common generalized symptoms are headache, seizures, and
altered consciousness [4, 28, 29]. CNS infection should be
suspected when new neurological signs occur with fever,
although the absence of fever does not exclude infection [2].

When CNSC are suspected, first-line diagnostic testing should
include basic blood tests (complete blood count, coagulation
profile, glucose, electrolytes, liver and renal function tests) and
brain imaging (computed tomography (CT) or preferably contrast-
enhanced brain magnetic resonance imaging (MRI)). Neurological
examination is essential but often insufficient to exclude structural
brain injury [2]. MRI remains the cornerstone for diagnostic
clarification. In patients with sudden onset or rapidly progressive
CNS symptoms, cranial CT can also be indicated in emergency
settings, particularly to exclude haemorrhage, stroke, mass effect,
or hydrocephalus. If seizures are observed or suspected, electro-
encephalography (EEG) should be performed (Fig. 2).

If a CNS infection is suspected, a lumbar puncture (LP) should
be performed (provided that CT scan rules out any contra-
indication) for differential cell count, protein and glucose levels,
Gram stain, fungal stain, culture, and pathogen-specific or
multiplex PCR or antigen (such as pneumococcal or cryptococcal
antigens) or, if available, next-generation sequencing (NGS)
testing. First-line CSF PCR assays depending on the clinical and
radiological pattern, may include bacterial, viral (HHV-6, EBV, CMV,
HSV-1, HSV-2, VZV, JCV/BKV, adenovirus, enterovirus), fungal
(Aspergillus, Mucorales, Cryptococcus) and parasitic (toxoplasmo-
sis) agents. Additional investigations should be guided by the
differential diagnosis, for example include tests for fungal markers
(such as galactomannan) and mycobacteria. Broader viral or
fungal testing should be based on the clinical, biological, and
epidemiological context. In these cases, CSF NGS as a hypothesis-
free approach to assay for a wide range of different infections may
be considered [29].

Noteworthy, CNSC in allo-HCT may present with atypical clinical,
radiological, or CSF findings, underscoring the need for a high
index of suspicion and a multidisciplinary diagnostic approach,
including a neurological and an ophthalmological consultation.

Table 1 summarizes the main symptoms suggestive of CNSC
in allo-HCT recipients and provides a structured framework for
clinical assessment. For each symptom, clinicians should
consider: [1] key questions regarding onset, evolution, severity
and associated features; [2] relevant examination findings; [3]
context-dependent factors related to transplant phase, comor-
bidities, or treatment exposures; [4] red flags indicating a
possible neurological emergency; and [5] the principal differ-
ential diagnoses, including relapse, infectious, vascular, meta-
bolic, toxic/iatrogenic, immune-mediated and psychological
causes. Importantly, not all investigations are required in every
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patient; rather, diagnostic testing should be individualized and
guided by a dynamic differential diagnosis process that is
continuously refined based on clinical evolution and initial
results. This structured approach facilitates early recognition,
proper prioritization of investigations, and timely management
of CNSC.

SPECIFIC NEUROLOGICAL SYMPTOMS OR SIGNS

Headache arises from pain-sensitive extracranial tissues (skin,
muscles, vessels, sinuses, dental structures) or intracranial
structures, including large arteries near the circle of Willis, venous
sinuses, dura, and cranial nerves [30]. Acute, severe, or new-onset
headache in patients without a prior history, for example of
migraine, should promptly be evaluated for intracranial haemor-
rhage, infection, PRES or any other CNS involvement [5, 31, 32].
Orthostatic headache suggests low CSF pressure, often after LP or
intrathecal chemotherapy; symptoms not improving with support-
ing measures warrant evaluation for venous sinus thrombosis or
intracranial hypotension [33].

The clinical context is critical. A history of CNS disease, prior
irradiation, or intrathecal chemotherapy raises concern for relapse
or neurotoxicity; coagulopathy or thrombocytopenia predispose
to intracranial bleeding; fever or neck stiffness should prompt
evaluation for infectious or aseptic meningitis (although their
absence does not formally exclude meningitis). Hypertension may
suggest PRES, particularly in patients on CNI or Cushing triad with
increased intracranial pressure [34]. On the other hand, a previous
history of recurring migraine or tension headache might decrease
the level of suspicion for other complications, especially if the
headache is of mild or moderate intensity.

Seizures are relatively uncommon after allo-HCT [32, 35-38],
occurring mainly within the first year, particularly during the first
100 days [35, 36, 39]. In a recent paediatric study, seizures were
associated with a higher risk of long-term epilepsy (OR = 14; 95%
Cl=2.87-68.97) [35]. The most frequent causes include drug-
related neurotoxicity such as PRES, metabolic disturbances,
cerebrovascular events, CNS infections, and leukemic or lympho-
matous relapse. Agents such as certain B-lactam antibiotics (e.g.
carbapenems), CNI, and busulfan may precipitate seizures [40].
Furthermore, antipsychotic medications can lower the seizure
threshold [40, 41].

Generalized seizures account for about 65% of episodes,
followed by focal seizures. In PRES, occipital lobe seizures,
including those presenting with non-motor symptoms such as
visual disturbances or amaurosis, and status epilepticus may
predominate [37, 40], particularly in a paediatric population [35].
Early presentations may be subtle, with minor motor activity or
focal non-convulsive signs such as gaze deviation, ocular clonus,
visual hallucinations, or altered consciousness. EEG monitoring is
critical for detection, as clinical signs may be subtle or nonspecific
[42]. In critically ill patients with depressed level of consciousness,
seizures should be excluded by early use of bedside long-term
EEG monitoring, particularly in the presence of drugs such as
cefepime or carbapenem that can mimic multifocal myoclonus
and are known to lower seizure threshold [3, 43, 44] (Fig. 2).
Distinguishing seizures from non-epileptic events can be challen-
ging [45].

Motor weakness may arise from injury to any part of the motor
pathway, including the cortex, spinal cord, peripheral nerves,
neuromuscular junction, or muscle. CNS causes of focal weakness
include ischemic or haemorrhagic stroke, PRES, and less com-
monly leukemic or lymphomatous relapse. Strokes induced by
infection (e.g. VZV or fungi) should also be considered
[13, 14, 29, 46]. Spinal cord involvement may present as
paraparesis or quadriparesis with a sensory level and may result
from infectious myelitis, radiation- or intrathecal-chemotherapy
induced myelopathy, vascular aetiologies, or metabolic and

SPRINGER NATURE

807



R. Velasco et al.

808

SV 99S m

Ayzedojeydadus aydiuIap| =
suoleupn|jey

|eNSIA PaJNPUI-9|0ZRUODLIO/ |
ewIaPa JejNd)UI|
/ewodne|6/1oeleled padNpul-ploIdlS m
S3Ud =

siunNau dido =

uoisuspadAy [eluedenu| =

dHAD =

A11D1X030INdU padnpul-auigesepn|q =
SII9AN ‘SIIURBIOLIOYD

‘S1313BJY :SUOIIDAYUI 9T m
1B|NJSeA0IgDId) |

sbnip aAnepss =
siijeydasuaquioyy =

S3dd =

(AZA “B9) snondsjul-1sod =
ssew essoj Joua1sod [ed0 m
Ayredojeydsduy m

S1}||9G190 padnpul-auigeleif) m
Je|NJSeA0IgaIa) |

(239 “TINd

‘ss9dsge ‘siyijeydadsus) uondaul SND =
SNYD| =

Ayredojeydsduy =

SJUIAS JB|NDSBAOICDID) m

uoneAldap das|s =

sisdag m

VLW / S34d =

(elwa13euodAy ‘ewod

JnRgelp “6'9) sIapIosIp dijogeld|y =
sploido ‘syusabe

s1dosioydAsd ‘sonjoiqiue :suonedIpa| m
ainjie} uebio Jofeyy =

Ayredojeydsduy =

uoidajul SND =

QHAD SND =

abeyriowsy ujeig m

(Adesayyounwwi ‘Adessylowsyd ‘|91
“6'9) A1D1x0) SND Adeiayy Jownynuy =

(49pJo cnaqeydje ui) paiapisuod aq
0} sisoubeiq |enuaiajiq |ed1bojoinaN

‘sonjsoubelp paseq-1xa1uod aleudoidde ‘sbuipuy uoneuiwexa payabiel ‘K101siy aane|ai/auaned buijielap ‘syuaididas ] HH-ofje ul swoldwAs [edibojoinau utew o} yoeoidde |ediuld painidnis

skem|y =

pouad juejdsuesy
-1sod Ajje3 m
ewsapa)|ided =
ayoepesay
paleossy =

pouad juejdsuesy
-1sod Ajje3 =
19s5u0 1dniqy =

19s5uo 1dniqy =

pouad juedsuesy
-1sod Ajje3 =
A1anas

Jo apeib ybiH =
195U0 USpPpPNS =
S2INZI9S W
subis/swoidwAs
|eJ0j JO SDUISAUH W

£>uabiawg
jo sbeyq pay

x«SIsAjleue 45O m

PEER

[9A3] BIUOWIWY W

usa42s bnup d1xo| m
Aydeiboibue + Huibew uleig m
41591 poojq diseg m

9s0on|6 AJejjided m

]oued

gy saunwuwioine /onsejdosueied m
[9A9] ulwely] =

(ewsejdoxol

‘69) Bulusaids uonddyuU| B
Adodsopuny

Buipnppul A6ojowjeyiydo =
Buibew| ueig m

1x(9sdeaa

SND uoIsnpxa “b9) siskjeue 45D m
qy dnsejdosueled m

[9A3] 719 UlWeA m

[4W p40d |eulds pue ujeig m

xsSIsAjeue 45y m

PEERL]
Buibew| ujelg m

xSISAleue 45y m

puibew| ujeig =

DEER]

(Swidaged

‘IND ‘s9|0ze) s|aAd| bnig m
[9A9] ulwely] =

[9A9] BlUOCWIWY

«1S91 poo|q diseg m
9s0on|b Aiejide) m

ipa1apisuod
aq Aew saipnys snsoubelp Yym

subis |elp =
SSDUYNS YOoN =
J919welp |1dnd =

uonen(eAs gHAD =
eipiedApelq ‘IH =

eixele yuni| =
159} Biaquioy m

ueb buunp

pue uonisod pajess sy u| =

sanljiqe bunum ‘buipesy =
Bujweu ‘uoiyiadai
‘uoisusayaidwod ‘Aouan|{ m

SuonedIPaW dAI3RPIS W
elwaxodAy 69 uonounysAp
uebio Jofew jo subis m
snwbeisAu

‘snuUojDOAW ‘SIX1IDIse
Jowal} PaIedosSSy
3X21U0D UOI1D9ju| m
SS9USNOIDSUOD JO [9ADT] W

iAjied1uypd> 104 3j00] 03 3eyMm

9|eds ewo) mobsen m

sbnig m

uoneAudsp joyodjy =
uled 943 m
suoneuN|jey [ensip =
|eJale|iq 4O Je[NJOUO|\ =

snjels uonuINN =
sbnup ‘joyod|y =

abenbue| anneN =

ewneJ} djjeydasuaoiuel) m
asn

suonedipaw 21do1joydAsq =
sbnup [eba)|1 ‘joyod|y =
saposida

Joud o (IDN) uswaedwil
SAINUBOD Bunsixaald m
91endoidde sbe juswssasse
9AIIUBOD 10) BjEdS W

iS9AneRM
/auaned ay) yse 03 yey\

ewo>

uoisia Aunjg

eixely

eiseydy

(SWv) smeis
[e3UB pRIdYY
woydwAg
|es160j0in3aN

‘sasoubelp |elruaIap |ed1bojoinau JueAd|as pue ‘sbeyy pas Aousbisws

‘L 9|qeL

Bone Marrow Transplantation (2026) 61:805 - 815

SPRINGER NATURE



R. Velasco et al.

809

uoneAldsp dos|s m

SPI0J)S ‘WeIadeINdAY) padNpul-bnig m
asdej@s SND =

uoldajul SND =

(Ayredojnbeod) ewoleway seosd m
ss9dsqe / 9seasip ulelq [ewAyduaied m
U3Jp|IYD Ul SILYEe/SIRAWOo1SO B
SISOWXNS|0ININ m

¥o43s dibeyriowsy/dIWaYyds| m
Ayedoxa|d >jusboiie| m
Ayredoinauouow aAIssaidwo) m
asde@s SND =

eibjeinau diydonoAwy =

Ayredojeydadus aydiuIp) =
Ayredojeydsousoyns| dixo| =
SN1e)S SAIS|NAUOD-UON =
siijeydasus 9-AHH =

snieydasus sunwwioine / HAD =
(oswa)

s||92 Jonusboid Jo uoisnjul yum
pa3eidosse elssuwe jusisues} [eqojo) m
JAVL/1DYD =

ARIXUy =

16uny 1o AZA Aq pasdnpul sax041S =
IAd =

ss22sqge / 9seasip ulelq [ewAydualed m
oyo41s d1beyiiowsy/dIWayds| =
asdej@s SGND =

ayoepeay Aiewld =

S3dd =

(3yoepeay

Jeuoinsod) ainyound Jequinj-3sod =
oas dibeyiiowsy/DIWwayds| .
asdejas SND =

uoldajul SND =

(VLH) uoisuauadAy / A1dIx01 [ND =
SISOQUWIOIY} SNOUSA |eigala) =

sbnup d1dosjoydAsd m
(eruayiseAw) JendsNWoINaN =
(sn1jeydsouaquioys

‘SS925CjE) SUOIIDDJU| m

dHAD =

Ayredojeydsduy =

asdej@s SND =
Je[NdSeAoIqRIa) m

(49pJo cnaqeydje ui) paiapisuod aq
0} sisoubeiq |jennuaiajiq |ed1bojoinaN

swoldwiAs
d1OYdASq =
uoisnjuod m
A)jepdins 3Ndy =

19s5uo 1dniqy =

19suo 1dniqy =

19suo 1dnuqy =

A1119ASG m

pouad juedsuesy
-1sod Ajje3 m
subis/swoydwAs
|ea160joInau D04 W
subis |esbulusy =
19s5uo 1dniqy =

subis

Jeq|nqg pajeossy =
pouad juejdsuesy
-1sod Ajje3 m

19suo 1dniqy =

£>uabiawg
jo sbeq pay

x«(dsdej@1 SND

Jo uoisnpxa ‘H9) siskleue 45D m
puibew| SND =

sased p|iw

ul [el} dnAjoixue/yuessaidapnuy =
uoIRUIWIIBP HSL =

3INSU0D DlIRIYIAS] W

VOON =

159 dag m

(9sdea1 SND

JO uolisnPxa 6'9) siskjeue 45D m
punoses}n aAISN =

[HW snxs|d =

DNI-SON =

buibew suids -/+ ujeig m
£1591 poojq diseg m

]oued

gy sunwwioiny/onsejdosaueled m
[9A3] 91e[0} ‘71 g ‘ulwely) =

(VNG 9-AHH '63) xsSishleue 45O m
DEER]

(VYDOIN) 1591 [ed160joydAsdoinaN =
4N utelg m

PEER

%x(239 TNd

se yons uondajul ‘asdej@1 SND

JO uoisnxa 69) siskjeue 45D m
Aydeiboibue -/+ Buibew uleig m

x«SISAeue 45O m
Adodsopun{ =
puibew| ujeig =

»»(95de[d4 SND

JO uolIsnpxa ‘H9) sisAjeue 45O m
Buibew| ujeig m

41591 poo|q diseg m

ipa1apisuod
aq Aew saipnys onsoubelp Yym

Ajjepping =

onseds ‘sA pdde|4 =
Aydouze spsnyy =
Aydeibodoy |edjwojeuy =

ainjeu Bujuem/buixep| =
(e1ssuwe

SpeiboISIUR IO WISY HUOYS
‘6-9) adAigns Alows|\ =
SHOYSP |euonuSNY =

Ayredo|nbeor) m
eI IALY =

SS9USNOIDSUOD
JO |9A9)] ‘s3PYaP

|e20y ‘elpiedApelq ‘VIH =
SSDUYIIS YOON =

95e3sIp SND J0lid =

(spinby|

yum buiybnod/bupoyd
‘69) eibeydsAp pajenossy =
Aujiqebneq =

24njeu bujuem/buixep m
uiened yosads m

iAjied1uypd> 104 3j00] 03 3eyMm

Ayjenb das|s =
uonedipaw didosjoydAsqd m
sbnip ‘joyod|y =

Aio3s1y Joud m

ssauyeam Jo AJLISASS m
UOIJUSAIDIUI JUDRY m
$sO| YbIop\
swoydwAs A10susg m
|nyuied/sssjuied m

uonedipaw didosnoydAsq m
sbnup ‘joyod|y =

Ayjenb das|s m

IgL Jold m

(abueyd
Joineyaq/Aijeuosiad ‘69)
Allwey 3yl yum sissuweuy =
jusisuel| =

swoydwAs A10susg m
A11419ASS m
JUSWISA|OAU] [l m

BILUSUE 9IDAS W
swoldwAs 1Yo =

dl

/Adeiay) |edayieaiul JUSISY W
A11I9ASS m

uoled|paw 0} dAlsuodsay m
195U0 ‘uopeinp ‘a1el ‘odA] =
s9posids Jold =

uonedipsw didosloydAsd =

sbnip |ebaj|1 ‘joyod|y =
oony =
eibeydsAig =
yinow Aig =

iS9AneR
/auaned ay) yse 03 yey\

siapJosip
3160]0Yyd£Asd/pooN

sisasedouopy

sanss| Klowa|y

sisasedjway

aydepesH

eryyuesig

woydwAg
|es160j0in3aN

p=nunuod

‘L °|qelL

SPRINGER NATURE

Bone Marrow Transplantation (2026) 61:805 - 815



R. Velasco et al.

810

19pJo dnegeydie ul paisi| e swoldwAs
"SNUIA 191S0Z-B||adLEA AZA ‘DuowioH Buneinuwns-ploiAyl HS) ‘uonelpel] Apog [e10] jg] ‘UOIRIUSIN PaISl|y paiedossy-uoljeiuejdsuel|

JWyL ‘Ayredoibueoiniyy dnoquioyl paledossy-jueidsuel] yAL-YL ‘SIoNqiyu] 93eidnay UIUOI0IDS DANIDIRS SiYSS ‘Dwolpuks Ayledojeydadul 3|qisianay J0LRISOd STYd ‘Ayredojeydadusoyna |edopny
AAISS2160.1d TWd ‘UoIIDeRY iRy asesdwA|od ¥Od ‘AydeiboAwo11d9)3 - S21pNIS UOIIdINPUOD) SAIIN DNF-SON ‘@1eX3I0YIB XL ‘Bulbew| aoueuosay daube [y ‘AUBWSSISSY SAINUBOD) |BIIIUOI YIOW ‘@in3dund
Jequin 47 ‘@WoIpUAS ALIDIX010INSN Pa1RIDOSSY-{[9D) 4101993 dunwiwl| SN/ ‘UolsuslddAH v H ‘9-sniinsadisH uewnH 9AHH ‘9seasiq 1SOH-SNSI9A-1JelD gHAD ‘DWoIpuAs auleg-ule||ing sgo ‘weibojeydsdusotlds|]
D33 ‘welbolpied0d3[3 DHF ‘OpIX0NS |AYIBWIA OSWA ‘PINi4 |euldsoigald) 45D ‘audwdiedw] SAIMUBOD paiejas-1adued DY ‘IONUGIYU] upnaupdE) [N ‘WSISAS SNOAISN [eludd) SND ‘sniinojebawolf)
AWD ‘aseury auneasd yd ‘Ayiedoinsn [essyduad paonpul-Adessypowayd NdD ‘Ayredoinaukjod BuneunpAwsg Alojewwepul diuodyd d4gD ‘duiqelelf) d-pbiy ‘sbnip dndsjidsnue sgjy ‘Apoquuy gy

YWL-VL / S3Hd =
S92UBCUNISIP I|OqRIDN =

043s dIbeyLIoWwaY/dIWaYdS| &
aseasip bulk|apun ay3 jo asdejas SND =
uond3jul SND =

aHAD SND =

sbnip Jayio 3 sonoiqnue

wauadequed ‘uejnsng ‘s|ND =

uolIssaIdwod SAISN =

sPAN =

Sgo =

NdID “A21x03-|ND :sbnig m
9seasip jueubijew gND =

(AZA 10 Ss90sqe) uoldajul SND =
Je|NDSPAOICRID) W

AyredoAw plosals =

(9seasip onsejdoau |einpids
‘21n1oely [RIGIMIA ‘snIdsIpojApuods
“69) uoissaidwod piod jeuids =
(AWD “63) sniinoipey m
AyredojaAw jeuoniinN =
suonedljdwod JenNdSNWOoINaN u
(O-eay

“X1W) A11d1X0101N3U0|NdIpel/-0j9AN =
(AZA “6°3) siiRAN =

AHAD ddID /Sgo =

9sdej@s SND =

UOoIDRJUI SND =

Aydose s|psnw 219n9S m
(usap|iyd) 3seasip SND dljogeaw
bunsixs-a1d ay) Jo uoissaiboid m

(snuojpoAw) uonedixojuil pioidQ =
(Aup1bu)

swolipuAs dnndsjoinau jueubijely =
snwsi|jeqiuay

pasnpul-eiwadA|619dAH =
(op1weidoppoldw “6°9) padnpul-bnig =
asdej@s GND =

Jowias) padnNpuUl-|ND =

(1apJo >naqeydje ui) paisapisuod aq
0} sisoubeiq |enuatayiq [es160joinaN

19A9) yum siuaned ul 47 buiwiopiad 1oy pjoysaiyl Mo 4SD g«
‘uolduNy [eUAJ ‘UuoidUNY JBA]l ‘@1eydsoyd ‘wnissubew ‘wnidjed ‘wnipos ‘9sodn|b ‘uone|nbeod Qunod poojq |e10) SpPN|dUl PINOYS 153} POO|q diseq 4

x«SISAleue 45y m

PEER
buibew uleig m sbnup |eba)|1 ‘joyod|y =
[9A9] BlUOCWIWY ewneJ} Jold =
SELE]] uonduNnysAp uebiQ = (92ueldwod-uou
snondajids snieis m (s@3y ‘@widsyed ‘IND'B3) sbnig = uoneing = ‘lemeipyum) sgiy JoLd m
SS3USNOIDSUOD JO «1S9) poo|q diseg m 2InZz|13s Jo 3dA| = sainz|as jo A1oisiy Ajiwey
uonesadndas UON = 9s0on|6 Ase|jided m VIH = ‘saunz1as Jo Aioisiy Jold m $34nzIvS
Joyod|y =
so19geiq =
xx(95dej21 SND sso|uled/|njuied m
Jo uoisnpxa ‘69) siskjeue 45O = (uonounysAp 1sppe|q
DNI-SON = “6°3) subis dWoUoINY m
subis |eaibojoinau Buibewi piod |euids/SND = sbnip
|ed0) J9YlO W 41591 poojq diseg m Aydeibodoy [esiwoleuy = JIX0}0JN3U 1ULIND IO JOLd W eisayjsaled
UONeUIWISBP YD) = Adeiayy |edayiesyul Jold =
gy aunwuwiony/onsejdosueled = JSTIEVEINE |
<«SIsAleue 45D m uon|JuI uoPpuNysAp 1931oulyds m
DN +SON = Joud 4o JusNdUo) m ssajuled/|njuied =
aAIssaiboid A|pidey m buibew piod |euids + uleig m S9[ISIA Snoauein) m |19A9] Aiosuas m sisaiedesyaj/esed
x»(95deja4 SND
JO uoisnxa 69) siskjeue 45D m
uoneUIWISIBP HSL = |emeipyim
UONBUIWIDIBP YD = SIYSS ‘sonaupjoid m
SS9USNOIDSUOD DEER pioido ‘IND :sbnig =
Jo sso m puibew| ujeig m ISTIEYEIS |
ejwayadAy x1S9] poojg diseg m uoeAudap [oyod|y = Jowdly/ sivpiosig
2I9N3S m 9s0on|6 Aejjided m eluwIBYMRdAH K10151y Ajiwey/jeuosisad = JUBWIBAO
£>uabiawg {paJapisuod iS9AneRA woydwAs
Jo sbej4 pay aq Aew saipnjs cni3soubelp yoiym ZAjes1uip 103 >ooj 03 3eym auaned ayj yse 03 Jeym |es1b6ojoanaN

psnunuod ‘L 3|qe]

Bone Marrow Transplantation (2026) 61:805 - 815

SPRINGER NATURE



R. Velasco et al.

New onset acute CNS symptoms
e Focal vs generalized

e Severity

* Progression

r ( -
Intracranial
Haemorrhage* .
No bleeding

Vital signs: check blood pressure, pulse
oximetry, fever

Blood test: complete blood count,
glucose, electrolytes, renal/liver function
¢ Urgent CT-scan

Review drugs and blood level (e.g. CNI,...)
Lab tests (PCRs, blood cultures, fungal
assays, viral load)

CSF if infection or relapse is suspected
Consider fundoscopy, brain MRI, EEG

PRES
TA-TMA
Ischemic stroke

Metabolic or
therapy-related

encephalopathy /

GVHD-related

CNS malignancies:

EBV-PTLD, relapse CNS infection

neurotoxicity

*If intracranial haemorrhage is present and CT findings raise suspicion for an underlying structural aetiology, further evaluation with brain MRI should be considered.

Fig. 2 Algorithm for management of acute neurological symptoms. CNS Central nervous system, CT Computed tomography, CNI Calcineurin
inhibitor, PCR Polymerase chain reaction, CSF Cerebrospinal fluid, MRl Magnetic resonance imaging, EEG Electroencephalography,
PRES Posterior reversible encephalopathy syndrome, TA-TMA Transplant-associated thrombotic microangiopathy, GVHD Graft-versus-host
disease, EBV Epstein-Barr virus, PTLD Post-transplant lymphoproliferative disorder, EBV-PTLD Epstein-Barr virus-associated post-transplant

lymphoproliferative disorder.

nutritional deficiencies (e.g. cobalamin or copper deficiency)
affecting the corticospinal tract [47].

There are also several peripheral nervous systems—related
causes of motor weakness, including chemotherapy-induced
neuropathy, immune-mediated neuropathies, compressive mono-
neuropathies, corticosteroid-induced myopathy, and GVHD-
associated neuromuscular disorders.

Dizziness may manifest as vertigo, disequilibrium, (pre)
syncope, or light-headedness, each pointing toward different
vestibular, neurologic, cardiovascular, or functional causes [48]. A
comprehensive evaluation integrating neurologic, otologic, infec-
tious, systemic, cardiovascular and metabolic assessments is
essential [49].

Ataxia is a gait disturbance due to impaired coordination or
loss of proprioception (sensory ataxia), and may result from
neurotoxicity, metabolic imbalance, infectious, post-infectious or
immune-mediated mechanisms, or secondary complications of
prolonged hospitalization and systemic illness. Cytarabine is the
most frequent chemotherapeutic cause, which can sometimes
result in dysarthria, limb and truncal ataxia, as well as nystagmus,
particularly in older patients or in those with renal impairment
[50, 511. CNIs can induce reversible cerebellar dysfunction through
direct toxicity or during PRES. Infectious rhombencephalitis should
also be considered in immunosuppressed patients. Thiamine
deficiency may present with acute ataxia, ophthalmoplegia, and
confusion. Immune-mediated causes, including autoimmune
cerebellitis related to GVHD or immune reconstitution, are rare
but recognized [50, 52]. Sensory ataxia may arise from nutritional
disorders such as vitamin B12 deficiency causing subacute
combined degeneration or copper deficiency myeloneuropathy
[53], occasionally linked to prolonged parenteral nutrition or
excess zinc intake [54]. Infectious, immune-mediated or
methotrexate-induced myelopathies may also be considered
[50, 52].

Bone Marrow Transplantation (2026) 61:805 - 815

Movement disorders in allo-HCT recipients include tremor,
chorea, athetosis, myoclonus, and asterixis [55], and often reflect
drug-induced neurotoxicity, metabolic disturbances, or secondary
CNS relapse. Tremor is the most frequent manifestation, usually
related to CNI-based immunosuppression [56]. Although more
common with elevated CNI levels, it may occur within the
therapeutic range [56, 57]. Corticosteroid-induced tremor resolves
with dose tapering [51, 58].

Myoclonus may occur in metabolic encephalopathy, drug
toxicity [59] or infectious and immune-mediated CNSC. Although
often reversible, it may signal serious encephalopathic processes
that require prompt recognition and treatment. Non-ketotic
hyperglycemia—associated chorea is an uncommon metabolic
complication [60]. Several drugs used in the allo-HCT setting may
induce acute dystonia, parkinsonism, or tardive dyskinesia,
including CNI [5, 61], dopamine-blocking antiemetics (metoclo-
pramide), and antipsychotics commonly used for post-transplant
delirium (haloperidol, risperidone) [62].

Altered mental status (AMS) refers to a disturbance of
consciousness, attention, cognition, or perception, ranging from
mild confusion to deep coma, and reflects dysfunction of cortical
and/or brainstem components of the CNS [63]. Impairment of
attention and concentration is an early hallmark of global cerebral
dysfunction. The American Society for Transplantation and Cellular
Therapy (ASTCT) recently proposed a new diagnostic framework
to better characterize the acute neurocognitive changes after HCT:
Transplantation-Associated Altered Mentation and Encephalopa-
thy (TAME) [64]. AMS is a common and sometimes multifactorial
neurological potential emergency in allo-HCT [50, 65]. Delirium is
frequently related to metabolic or toxic causes, and is associated
with longer hospitalization, higher rates of intensive care unit
admission and poor outcomes [66].

Dysarthria and aphasia Aphasia reflects a language-processing
disorder caused by cortical involvement of the dominant

SPRINGER NATURE
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hemisphere, whereas dysarthria results from motor impairment of
speech due to cerebellar, brainstem, or neuromuscular dysfunc-
tion [67]. In allo-HCT recipients, aphasia may occur acutely due to
ischemic or haemorrhagic stroke, thrombotic microangiopathy,
infection, or PRES. Less commonly, CNS relapse of the underlying
hematologic malignancy, viral encephalitis, or metabolic ence-
phalopathies may produce aphasic symptoms. Blinatumomab can
also cause aphasia in the setting of ICANS [47].

Dysarthria may result from cerebellar toxicity due to cytarabine
[51], brain lesions associated with PRES, stroke, or infection, or
cranial neuropathies secondary to viral reactivation, disease
relapse, or immune-mediated processes. CNI neurotoxicity can
also produce slurred or ataxic speech [68]. Metabolic abnormal-
ities such as hyponatremia or hypomagnesemia, and sedative
drugs (e.g., benzodiazepines, opioids), can also induce dysarthria.
GVHD-associated myasthenia gravis may present with fluctuating
dysarthria [69].

Visual disturbances Blurry vision may arise from ocular or
neurological disorders, and can be caused by infectious, vascular,
or medication-related factors. In PRES, visual disturbances may
include blurred vision, visual field defects, or even cortical
blindness. Ischemic or haemorrhagic stroke (including from
infections) or CNS relapse involving the occipital lobes may also
impair vision acutely. Other causes include optic neuropathies
related to radiation, infection, immune-mediated processes, or
disease relapse. Rarely, they are a manifestation of fludarabine-
associated neurotoxicity, and can even present long after
fludarabine has been discontinued [50, 70, 71]. Diplopia suggests
oculomotor nerves involvement, which may result from infiltrative,
infectious, vascular, or immune-mediated causes, brainstem
lesions, or GVHD-associated myasthenia gravis. Post LP intracranial
hypotension can cause horizontal diplopia [3].

Visual hallucinations can arise from metabolic encephalopa-
thies, CNS infections, vascular lesions, or medication-related
neurotoxicity. CNIs may cause visual hallucinations in PRES;
high-dose corticosteroids, opioids, and antibiotics can also
precipitate visual disturbances or psychotic symptoms. Among
antifungals, voriconazole-induced hallucinations is an early
concentration-dependent adverse event, which may resolve in
some patients if delivery is switched from intravenous to oral [72].

Sensory disturbances may present as paresthesia (abnormal
sensations without external stimulation) and dysesthesia (abnor-
mal sensations evoked by a normally nonpainful stimulus) in allo-
HCT patients [73]. A sensory level suggests myelopathy, which
may result from infectious, vascular, or immune-mediated causes,
or from metabolic and nutritional deficiencies, particularly vitamin
B12 or copper deficiency affecting the posterior columns.
Radiation- or intrathecal chemotherapy-induced myelopathy or
leukemic/lymphomatous spinal infiltration may also occur, produ-
cing ascending sensory disturbances [50].

Trigeminal neuropathy should be considered in patients
presenting with facial numbness or hypoesthesia, as it may result
from CNS infection, leptomeningeal disease, or immune-mediated
mechanisms related to chronic GVHD. Leukemic or lymphomatous
infiltration of the bone marrow, or local infection should also be
considered [50]. Other peripheral neuropathies should likewise be
considered but fall outside the scope of this review.

Memory disturbances after allo-HSCT range from mild
forgetfulness to severe amnesic syndromes [74]. High-dose
chemotherapy, total-body irradiation (TBI), immunosuppressive
agents and corticosteroids may damage hippocampal-limbic
structures and induce reversible cognitive or mood-related
memory deficits [58]. Posttransplant acute limbic encephalitis
(PALE), usually presenting with anterograde amnesia and mild
CSF/EEG abnormalities, is most often related to HHV6 infection
[3, 20, 75, 76]. Wernicke encephalopathy due to thiamine
deficiency causes AMS, ataxia and/or oculomotor disturbances,
although the triad is often incomplete [77, 78]. GVHD, prolonged
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or imbalanced parenteral nutrition, and treatment-related gastro-
intestinal toxicity predispose to this condition. Thiamine must be
administered immediately at first suspicion to prevent progression
to Korsakoff syndrome with irreversible anterograde amnesia [77].
Chronic GVHD, anaemia, metabolic disturbances and psychologi-
cal factors such as depression, anxiety and fatigue also contribute
to memory problems.

Psychological and Mood disorders are frequent. In the pre-
transplant phase, patients often experience anxiety and depres-
sion related to fear of death, uncertainty about outcomes, and
separation from family. In the early post-transplant period
(0-100 days), depression and anxiety are common, frequently
driven by isolation, immunosuppressive medications such as
corticosteroids and CNIs, and infection risk. In the late post-
transplant phase (>100 days), patients may develop chronic
depression or post-traumatic stress disorder, persistent fatigue,
cognitive impairment, and loss of social or occupational roles
[79-81]. Chronic GVHD, particularly when severe, has been
associated with adverse psychological outcomes and lower quality
of life [82-84]. Neurological causes, including CNS infections,
are rare.

CONCLUSION

As allo-HCT continue to increase and survival improves [85],
heightened clinical vigilance and early recognition of CNSC remain
essential to optimizing outcomes. Initial evaluation prioritizes
accurate syndrome definition and the selection of targeted, cost-
effective diagnostic studies. Neurological consultation with an
experienced specialist is strongly recommended, as it aids not only
in identifying common complications but also in detecting subtle
early or atypical manifestations. Distinguishing among the many
potential causes is challenging and often requires rapid, coordinated
multidisciplinary diagnostic efforts to ensure timely and appropriate
management to prevent irreversible neurological injury.
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