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Abstract

Neurological disturbances including encephalopathy, seizures, and focal deficits complicate the 

course 10–30% of patients undergoing organ or stem cell transplantation. While much or this 

morbidity is multifactorial and often associated with extra-cerebral dysfunction (e.g. graft 

dysfunction, metabolic derangements), immunosuppressive drugs also contribute significantly. 

This can either be through direct toxicity (e.g. posterior reversible encephalopathy syndrome from 

calcineurin inhibitors such as tacrolimus in the acute post-operative period) or by facilitating 

opportunistic infections in the months after transplantation. Other neurologic syndromes such as 

akinetic mutism and osmotic demyelination may also occur. While much of this neurological 

dysfunction may be reversible if related to metabolic factors or drug toxicity (and the etiology if 

recognized and reversed), cases of multifocal cerebral infarction, hemorrhage, or infection may 

have poor outcomes. As transplant patients survive longer, delayed infections (such as progressive 

multifocal leukoencephalopathy) and post-transplant malignancies are increasingly reported.
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Introduction

Techniques in organ and stem cell transplantation have greatly advanced over the past 

decades, dramatically improving the survival and outlook for patients with end-stage organ 

failure and other life-threatening diseases. This has resulted in an increase in the numbers of 

even sicker patients undergoing these complex surgical procedures, involving significant 

hemodynamic, hematologic, and physiologic derangements followed by exposure to high-

dose immunosuppressive regimens. This complex milieu places transplant recipients at high-

risk for a spectrum of neurologic complications both in the immediate post-transplant period 

and in a delayed fashion. Early complications tend to occur in those with concomitant organ 

or graft dysfunction as part of a complicated post-operative course but can also result from 

specific toxicity from the numerous medications they are exposed to. While many 

complications are seen after almost any type of transplant types (e.g. drug toxicity), others 
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are more common and idiosyncratic to certain transplants (e.g. central pontine myelinolysis 

after liver transplantation).

Methods

We searched PubMed using the MeSH terms, “organ transplantation/adverse effects” (or 

“hematopoietic stem cell transplantation/adverse effects”) combined with the keywords: 

encephalopathy, seizures, neurologic. We prioritized cohort studies that prospectively 

ascertained complications over case reports or retrospective studies. We also prioritized 

contemporary studies published within the past ten years over older studies. We reviewed the 

reference lists of recent articles and reviews for further relevant citations. Additional focused 

searches were carried out for specific complications.

Epidemiology

The frequency of neurologic complications has been studied more thoroughly in the acute 

period after transplantation. This has predominantly been through retrospective 

ascertainment, meaning that the true incidence of both subtle and delayed complications is 

likely underestimated by such studies. Nonetheless, neurologic complications seem to occur 

after 10–30% of organ transplants, with encephalopathy being the most common [1,2]. 

Older studies found that seizures were frequent, but contemporary studies have 

demonstrated a reduced incidence, likely as a result of more careful initiation and titration of 

drug regimens [3]. A recent study of 134 adult liver transplant recipients involved serial 

prospective evaluations by a neurologist [4]. Central nervous system (CNS) complications 

occurred in 33% of cases, including a 6% rate of seizures. Most morbidity was transient, 

reversible, and associated with systemic toxic-metabolic derangements. As is expected, such 

complications were associated with low mortality compared to the less frequent group 

associated with structural CNS disorders (e.g. cerebrovascular events, infections) that carried 

a higher mortality rate. Rates of neurologic complications do appear higher after more 

complex procedures such as liver and lung transplants and lowest after kidney 

transplantation. Timing of complications can also inform the likely etiology: early 

complications such as encephalopathy and seizures tend to be related to drug toxicity (when 

high-doses are often used) or organ dysfunction and toxic-metabolic derangements, while 

opportunistic infections more often occur one to six months after transplant, when 

immunosuppression has reached its peak.

As operative techniques and drug regimens have been refined, frequency of acute 

complications may be decreasing, while more recipients are surviving for years and delayed 

complications are increasing in relative frequency (for example, post-transplant 

malignancies are emerging as a larger problem). Patient-related factors may place certain 

recipients at higher risk of complications; for example, those with alcoholic cirrhosis and/or 

pre-operative hepatic encephalopathy appear to have a higher rate of delirium and post-

operative encephalopathy after liver transplant [5,6]. Those with recurrent organ failure 

undergoing a second transplant also appear to be a higher risk [4]. Although cerebral edema 

is a major source of morbidity in acute liver failure (ALF), successful liver transplantation 

can result in complete resolution of edema and gratifying neurological recovery if it is 
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performed prior to herniation [5]. Nonetheless, in a study of 60 patients with ALF who 

underwent transplantation (most with severe pre-operative encephalopathy) presence of 

moderate-severe radiographic edema was associated with a higher post-operative 

complication rate [7]. Therapeutic hypothermia may be utilized as a bridge to transplantation 

in such severe cases [8].

Hematopoietic stem cell transplantation (HSCT) involves the delivery of allogenic or 

autologous stem cells after ablation of native bone marrow. Myeloablative conditioning 

regimens have typically involved a combination of cyclophosphamide and total-body 

irradiation but newer lower-intensity regimens are utilizing alemtuzumab (a monoclonal 

antibody that depletes T and B cells). These patients lack a functioning immune and 

hematopoietic system till engraftment of new stem cells occurs, making them extremely 

susceptible to infections and bleeding complications. Allogenic HSCT (especially for 

leukemias) involves longer-term immunosuppression and ongoing risk of graft-versus-host 

disease (GVHD) and is therefore associated with a higher rate of complications than 

allogenic HSCT [9–11]. Lower-intensity regiments may be associated with fewer neurologic 

complications, but adequate studies to address this are lacking.

Clinical Syndromes

Encephalopathy

The most common presentation of a neurologic disturbance is altered mental status 

(encephalopathy), encompassing states of delirium, lethargy and coma. Rates of 

encephalopathy as high as 30–40% have been reported after liver, small bowel, and lung 

transplantation, reflecting the complexity of these procedures and the frequency of 

perioperative metabolic derangements. While systemic toxic-metabolic causes are the most 

common contributors to postoperative encephalopathy, multifocal CNS processes such as 

strokes and infections must also be considered.

Failure to awaken after surgery usually relates to a serious intraoperative event affecting the 

CNS. This can be diffuse cerebral ischemia (i.e. hypoxic-ischemic encephalopathy, HIE) 

related to hypotension (e.g. blood loss, cardiac arrhythmias / arrest) or hypoxia, which can 

usually be uncovered by review of the operative record. Immediate CT imaging may be 

unrevealing while MRI usually shows diffusion restriction in a cortical laminar, patchy, or 

sometimes subcortical pattern [12]. Graft failure can also result in encephalopathy, whether 

related to hypoxia after lung transplantation, hypotension or prolonged need by bypass after 

heart transplant, or hepatic or uremic encephalopathy. Diffuse or multifocal vascular insults 

can result from air emboli or atheroma during vascular manipulation [13]. CT may only 

reveal subtle hypodensities (or intracranial air) while MRI will usually show an embolic 

pattern of strokes. Occasionally reversible drug effects can mimic a neurological 

catastrophe; delayed clearance of anesthetic or neuromuscular blocking agents may occur 

with hepatic or renal dysfunction and lead to slow awakening or prolonged paralysis. 

Finally, non-convulsive seizures should be excluded as a cause of persistent coma after organ 

transplantation with EEG [14]. Unless associated with massive anoxic encephalopathy, 

seizures represent an important reversible cause of coma.

Dhar Page 3

Neurocrit Care. Author manuscript; available in PMC 2019 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Encephalopathy after transplantation can also occur later during the acute hospitalization. 

This may manifest as agitation, confusion, or hallucinations in a patient recovering on the 

transplant service [15]. While such delirium is frequently multifactorial, certain common 

threads emerge. Those with pre-operative risk factors such as history of hepatic 

encephalopathy or alcohol/drug abuse may be at greater risk [5,6]. Post-operative metabolic 

derangements (from uremia, hyponatremia, to hypercalcemia) also play an important role. 

Drug toxicity comprises perhaps the largest contributor to encephalopathy, specifically the 

polypharmacy of neurotoxic medications such patients are commonly exposed to. This 

ranges from effects of common sedative-hypnotics and narcotics used post-operatively to 

more specific transplant-related medications such as immunosuppressive agents (see later 

section on Drug Toxicity). A specific encephalopathy relating to renal allograft rejection has 

been observed (distinct from consequences of uremia), termed, rejection encephalopathy and 

postulated to occur secondary to cytokine release [16]. Encephalopathy related to toxic or 

metabolic causes usually reverses once the offending agent or abnormality has been 

identified and removed.

However, in approx. one-third, encephalopathy is due to a primary CNS insult such as 

infection, stroke (including hemorrhage) or osmotic demyelination syndrome (ODS), where 

the prognosis is more guarded. If patients do not improve with correction of recognized 

toxic-metabolic factors, then further testing for CNS insult should be performed (e.g. MRI to 

look for stroke, ODS, or other lesion, CSF testing for occult infection).

Osmotic demyelination syndromes encompass the classic central pontine myelinolysis 

(CPM) as well as extra-pontine regions of injury from osmotic myelin injury [17]. Patients 

with chronic liver disease often have chronic hyponatremia and then experience 

perioperative shifts in serum sodium around the time of transplantation. This may result in 

oligodendrocyte injury and myelin loss in vulnerable brain regions. Mental status may be 

preserved in some who present in a locked-in state, while others develop concomitant 

encephalopathy (which may be delayed days to weeks post-operatively). Incidence of CPM 

after liver transplantation is estimated at 1–2%, although newer series report an incidence 

below 1% [3,18–20]. A large contemporary but retrospective review found 11 cases among 

almost a thousand transplant recipients, including a significant proportion with extra-pontine 

involvement [21]. This study also demonstrated that those with ODS had larger perioperative 

sodium shifts (17 vs. 10 mEq/l in those without ODS). Although CPM was once either only 

discovered at autopsy or in those devastated with locked-in states, the spectrum is now 

considerably broader and prognosis not as dire with milder cases diagnosed by MRI [22].

Akinetic mutism may be seen where patients appear awake but do not speak fluently or 

move spontaneously [23]. This syndrome has been primarily attributed to calcineurin 

inhibitors (CNI, i.e. cyclosporine and tacrolimus) and is reversible on stopping these 

medications [24]. A similar clinical picture has been reported in amphotericin treatment of 

HSCT patients and can be seen with extrapyramidal involvement from ODS [25,26]. The 

monoclonal antibody OKT3 also appeared to trigger akinetic mutism in a heart transplant 

recipient, reversible once the drug was discontinued and CD3+ lymphocyte counts 

normalized [27]. Mutism has been reported in 1% of liver transplant recipients during the 

acute post-operative period (often in association with seizures) and has been attributed in 
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most of those to CNI toxicity [23]. Any patient with rigidity and mutism should also be 

evaluated for neuroleptic malignant or serotonin syndromes, especially in concert with fever 

and elevated creatine kinase levels [28].

Seizures

Seizures have been reported in 5–10% of transplant recipients, clustered mostly around the 

acute post-operative period [18]. They may occur in isolation or, more commonly, in 

association with encephalopathy and share many etiologic factors in common. Management 

and prognosis is again determined by whether seizures are due to a systemic and usually 

reversible derangement (e.g. hypoglycemia, sepsis, drug toxicity) or a structural CNS 

disorder. Although seizures associated with CNS lesions are more likely to be focal in 

origin, the focal features at seizure onset are often missed. CNI toxicity is the most common 

cause of seizures, where the ictal event is frequently preceded by behavioral or mental status 

changes. In fact, half of seizures in a heart transplant series were associated with CNI 

toxicity [29]. Drug levels may not be elevated but instead toxicity may occur with a rapid 

rise in levels [30–32]. The diagnosis instead may rest on: 1) excluding other etiologies; 2) 

neuroimaging; 3) normalization of encephalopathy and cessation of seizures after drug 

discontinuation. Status epilepticus (SE) is not a common manifestation of seizures in adult 

transplant recipients, but appears to be more common in pediatric series. In fact, more than 

two-thirds of seizures in a series of pediatric HSCT presented with SE and drug toxicity 

accounted for over half these seizures [33]. Occasionally myoclonic movements can occur 

transiently after emergence from anesthesia (especially with propofol) and can be mistaken 

for seizures [34]. EEG is useful for those not regaining normal mentation after an isolated 

seizure (to rule out persistent non-convulsive seizures) or to evaluate unexplained 

movements.

Transplant patients will not require prolonged anticonvulsant therapy in most cases, 

especially if a reversible etiology is found and corrected. Phenytoin is not optimal for most 

transplant patients; it has significant drug interactions, including induction of cyclosporine 

metabolism and a high level of protein binding (leading to variably higher free levels in 

these sick patients with low albumin) [35]. Metabolism may be further impaired in patients 

with hepatic dysfunction. Rapid administration of phenytoin can also result in arrhythmias 

and hypotension, accentuated in hemodynamically susceptible transplant patients. For all 

these reasons, there is a shift toward using newer anticonvulsants such as levetiracetam or 

lacosamide; both can be loaded intravenously, do not undergo hepatic metabolism, and lack 

major drug interactions. They can be discontinued once the period of acute risk has abated, 

unless a persistent CNS lesion is present.

Drug Toxicity

The first calcineurin inhibitor, cyclosporine, revolutionized organ transplantation by 

dramatically improving graft survival [36]. Tacrolimus (FK506) is now more frequently used 

due to lower rates of rejection and other complications [37,38]. Most patients also receive 

corticosteroids and mycophenolate mofetil (MMF). Induction agents such as OKT3, 

basiliximab, daclizumab, and thymoglobulin may be given immediately after transplantation 

to prevent acute rejection. Most of these agents have narrow therapeutic windows and 
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potential for neurotoxicity (Table 1). CNIs remain the leading cause of drug-related 

neurotoxicity (including encephalopathy, seizures, and tremor) after transplantation. These 

drugs bind to immunophilins to inhibit the calcineurin-mediated calcium-dependent 

signaling pathways that activate T cells and IL-2 [39]. Calcineurin is also a mediator of 

neuronal function and drug toxicity is postulated to occur through dysregulation of the 

blood-brain barrier (BBB) and impaired vasoconstriction of blood vessels in the brain [40]. 

This disruption results in the formation of vasogenic edema, with a predilection for the 

posterior cerebral hemispheres, i.e. posterior reversible encephalopathy syndrome 
(PRES). This can manifest with a myriad of neurologic symptoms, ranging from headache, 

confusion, and visual disturbances, to seizures and coma. Some patients have subtle 

prodromal symptoms of toxicity such as paresthesias, insomnia, or tremor [41].

PRES associated with CNIs is similar to that seen with hypertension and other etiologies 

(although most patients with PRES after transplantation are normotensive, an exception 

being after renal transplantation who may develop delayed PRES with hypertension). It 

predominantly but not exclusively affects white matter and can also affect frontal regions, 

cerebellum, and the brainstem. With the increased use of MR imaging in those with 

neurological symptoms after transplantation, it is apparent that most cases of overt CNI 

toxicity are associated with radiologic findings of PRES [42]. The incidence of PRES was 

0.5% in one study of 4222 solid organ transplant recipients compared to 1.6% in a study of 

HSCT [42,43]. These are likely underestimates as no prospective study has evaluated all 

potentially symptomatic patients with MRI; however, a prospective series in HSCT found 

PRES in 7%, with most occurring within the first thirty days [44]. Other factors may also 

precipitate PRES in transplant recipients, including hypertension, sepsis, renal failure, and 

other medications such as rituximab [45].

Both ODS and PML (progressive multifocal leukoencephalopathy) cause white matter 

abnormalities in transplant recipients but usually be differentiated from PRES based on 

imaging and presentation. ODS occurs mainly in the acute period after liver transplantation 

and presents with predominant motor/bulbar abnormalities (although encephalopathy and 

coma have been reported). MRI shows involvement of the central pons (classically in a 

trident or bat-shaped pattern) but basal ganglia and external capsule white matter can also be 

affected (not typical in PRES). PML occurs in a more delayed fashion and while it affects 

subcortical white matter, it is more often asymmetric and multifocal.

If CNI toxicity is suspected, dose should be reduced or drug discontinued, if possible. 

Improvement in symptoms (typically within days) after such interventions is supportive of 

the diagnosis. CNI therapy can be cautiously reinstituted (if symptoms were mild) or a new 

agent (such as sirolimus or everolimus, which have not been associated with toxicity) can be 

substituted to avoid rare cases of PRES recurrence [31,46]. Radiographic finding may take a 

week or more to fully resolve [47].

Focal deficits after transplantation can have a number of causes. Both ischemic and 

hemorrhagic stroke can occur, especially after cardiac surgery or in the setting of 

coagulopathy (e.g. with HSCT-induced bone marrow ablation or with hepatic dysfunction). 

However, other disorders such as brain abscesses, drug toxicity (e.g. asymmetric PRES), or 
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Todd’s paresis after seizures can mimic stroke. Infectious processes can also cause stroke: 

for example, VZV infection can cause a cerebral vasculitis while CNS aspergillosis can 

cause vascular disruption and multiple hemorrhagic lesions. Hemorrhage can also occur in 

the setting of severe PRES [48]. Conversely, many strokes in this setting are multifocal (e.g. 

shower of emboli) and may present with nonspecific mental status changes rather than clear 

and abrupt focal deficits. Brain imaging is required to evaluate those with focal deficits or 

non-resolving encephalopathy after transplant, to exclude CNS lesions such as stroke or 

infection. One series of 384 heart transplant recipients found strokes in 7% [49]; most of 

these were ischemic and were detected in the early post-operative period.

Neuromuscular syndromes may also be seen in transplant recipients. For example, 

entrapment neuropathies and plexopathies related to positioning or surgical manipulation 

can follow transplant surgeries (e.g. femoral neuropathy in 2% of renal transplants) [50]. 

Phrenic nerve injury can be seen after heart or lung transplantation and can impair 

respiratory mechanics and ventilator weaning [51]. Generalized weakness may be seen as a 

result of critical illness polyneuropathy and/or myopathy (exacerbated by corticosteroid 

exposure), described in 7% of one liver transplant series [52]. Severe hypophosphatemia, 

hypokalemia, or hypermagnesemia can also results in diffuse weakness, and Guillain-Barre 

syndrome has been described after surgery or with viral reactivation. Inflammatory 

myopathies may occur more frequently after HSCT, sometimes in associated with GVHD 

[53]. Polymyositis has also been described with tacrolimus exposure [54].

GVHD after HSCT merits special mention as it may be associated with peculiar 

complications. It results from immune-mediated attack by donor leukocytes on recipient 

tissues and most commonly involves skin (incl. oral mucosa), intestinal tract, liver, and 

lungs. Bowel involvement in GVHD can induce thiamine deficiency and precipitate acute 

Wernicke’s encephalopathy [55]. Inflammatory myopathies may occur [56], but CNS 

involvement is infrequent and controversial; a diagnosis of CNS GVHD should only be 

made after exclusion of other processes such as opportunistic infections [57]. Nonetheless, a 

few cases of CNS vasculitis or immune-mediated encephalitis related to GVHD have been 

described [58]. Supportive features include concurrent involvement of other organs and clear 

response to immunosuppressive treatment. MRI has shown white matter lesions similar to 

those seen in multiple sclerosis [59]. Rarely, brain biopsy may be necessary if infectious 

etiologies cannot be excluded by imaging or serologic/ CSF testing.

Idiopathic hyperammonemia is a rare but potentially fatal syndrome seen in HSCT 

recipients during the period of severe neutropenia [60]. It shares features with Reye 

syndrome, with lethargy often progressing to seizures and coma, in association with diffuse 

brain edema and elevated ammonia levels; liver enzymes are usually normal or mildly 

elevated. MRI may reveal signal abnormality in the insular and cingulate cortices [61]. Urea 

cycle defects should be excluded by measurement of urinary amino acids and orotic acid. 

Effective therapies are lacking but hemodialysis or sodium benzoate to trap ammonia have 

been attempted [62].
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CNS Infections

Improvements in immunosuppression have prolonged graft and patient survival after 

transplantation. However, this has placed more survivors at risk for opportunistic infections 

(OI). A full discussion of CNS infections is beyond the scope of this review but has been 

reviewed elsewhere [63]. Risk appears proportional to degree of immunosuppressive 

exposure (placing heart and intestinal recipients at highest risk) and presentation may be 

subtle and less acute than in those with functioning immune systems. Fever may be mild and 

neck stiffness is often absent with subacute/chronic meningitis. Any patient with subacute 

onset of encephalopathy or even persistent headache in the months to years after transplant 

should be evaluated for CNS infections. Specifically, reactivation of latent infections may 

occur; there is increasing recognition that pathogens such as human herpesvirus 6 (HHV-6, 

commonly acquired in childhood as a cause of roseola, with exanthema subitum) may cause 

CNS infections after transplantation. HHV-6 reactivation produces an encephalitis with 

predilection for the temporal lobes and may present with mental status changes, 

hallucinations, and an amnestic syndrome [64]. MRI may show abnormality in the limbic 

cortices (similar to herpes simplex encephalitis) and diagnosis requires high clinical 

suspicion and PCR testing for the virus in CSF (as CSF pleocytosis may be mild or absent) 

[65]; treatment is with foscarnet. A complete review of other viral infections can be found 

elsewhere [66].

Patients are also at risk for transmission of infections from donor tissue, including viruses 

such as rabies, West Nile, and lymphocytic choriomeningitis virus (LCMV) [67]. For this 

reason, undiagnosed cases of encephalitis or suspicious brain lesions represent exclusionary 

factors for organ donation. Inadvertent transmission usually results in clusters of similar 

infections in those receiving organs from a single donor [68]. Immunosuppressed transplant 

recipients may develop progressive multifocal leukoencephalopathy (PML) due to 

reactivation of the JC polyomavirus. Infection of oligodendrocytes results in myelin loss, 

with multifocal, asymmetric white matter lesions seen on MRI. Symptoms usually begin a 

year or more after transplant and evolve over weeks to months, including cognitive and 

motor impairments. CSF analysis can detect JC virus by PCR, avoiding need for brain 

biopsy. While there are currently no established therapies, a reduction in 

immunosuppression is often attempted, along with a trial of cytosine arabinoside or 

cidofovir. Along the same time frame, patients may develop post-transplant 

lymphoproliferative disorders (PTLD). While primary involvement of the CNS is rare, in 

such cases tumor is more often parenchymal (as seen in HIV/AIDS patients), with multiple 

periventricular enhancing lesions. Presentation can be similar to PML and CSF cytology can 

be negative (although EBV PCR may be detected) [69].

Immune Reconstitution Inflammatory Syndrome

IRIS reflects an exaggerated immune response as pathogen- and iatrogenic 

immunosuppression is reversed, commonly with treatment of an OI and concomitant 

reduction in immunosuppressive medications. Inflammatory involvement of the nervous 

system is reflected in leptomeningeal enhancement and CSF pleocytosis; it can mimic 

recurrent or relapsed infection as it is more likely to occur in those with CNS infectious 

involvement. In a recent series of 89 patients with post-transplant cryptococcosis, 14% 
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developed IRIS [70]. A reduction in cryptococcal antigen titers suggests IRIS over recurrent 

infection. Treatment is with corticosteroids.
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Table 1

Differential diagnosis of neurological symptoms and syndromes, including drug toxicity

Symptom or Syndrome Medications Alternate Etiologies

Headaches CNI, MMF, Sirolimus
OKT3 & ATG (aseptic meningitis)

Structural lesion
Opportunistic infection

Tremor / Myoclonus CNI, Steroids, Sirolimus
Cephalosporins, ketamine

ODS
Post-anoxic / HIE

Psychiatric disturbances (anxiety, 
insomnia, hallucinations)

CNI, Steroids, MMF Encephalitis (e.g. HHV-6)

Encephalopathy, delirium CNI, OKT3, Steroids, Ganciclovir
May be multifactorial (consider concomitant 
psychoactive meds)

Organ / graft failure, Sepsis
Metabolic disturbances
Non-convulsive seizures
Multifocal or diffuse CNS lesions, ODS, OI
Wernicke encephalopathy

Seizures CNI, Busulfan, OKT3 (rare), other medications 
(imipenem, beta-lactams, metronidazole, theophylline)

Hypoglycemia, metabolic
Structural brain lesion
Opportunistic infection

Akinetic mutism CNI, OKT3, amphotericin (with TBI) ODS
NMS

PRES (white matter disease) CNI PML, ODS
GVHD

Paresthesias / neuropathy CNI, chemotherapy for HSCT, GVHD, thalidomide, 
triazole antifungals

CMV reactivation

Myopathy Steroids GVHD (polymyositis)

Epidural lipomatosis Steroids

ATG = antithymocyte globulin; CIP = critical illness polyneuropathy; CMV = cytomegalovirus; CNI = calcineurin inhibitors; GVHD = graft-
versus-host disease; HIE = hypoxic-ischemic encephalopathy; HHV-6 = human herpesvirus 6; MMF = mycophenolate mofetil; NMS = neuroleptic 
malignant syndrome; ODS = osmotic demyelination syndrome; OI = opportunistic infections; PML = progressive multifocal leukoencephalopathy; 
TBI = total body irradiation
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