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SUMMARY
Acute symptomatic epileptic seizures are among common complications of hematopoietic stem cell transplantation. The eti-
ological factors leading to the development of this condition differ from those in general population, while the significance of 
each of them is different and depend on the time point post-transplant. In this article, we analyze the literature data on the role 
of drug effects, metabolic disorders and infectious complications, as well as pathologies of brain substance in development of 
acute symptomatic seizures in patients with oncohematological diseases. We also considered the clinical features of symptomatic 
epileptic seizures and potential prognostic significance of their development in patients who has undergone hematopoietic stem 
cell transplantation.
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INTRODUCTION
Currently, hematopoietic stem cell transplantation (HSCT) is 
an effective treatment option for malignant (acute leukemia, 
myelodysplastic syndrome) and nonmalignant (e.g., aplastic 
anemia) diseases of the blood system, as well as a number of 
autoimmune diseases, solid tumors and hereditary diseases in 
children and adolescents [1, 2]. With introduction of new high-
ly effective polychemotherapy regimens into clinical practice, 
the use of HSCT has significantly increased the survival rate of 
patients with almost all clinical forms of leukemia [3-5]. Neu-
rological complications during HSCT can affect the survival 
rate of patients and alter the full implementation of the therapy 
protocol [6]. A similar statement can be formulated not only 
for neurological complications of HSCT in general, but also for 
acute symptomatic epileptic seizures (ASES) [7]. At present, 
the spectrum of neurological complications and the frequency 
of their occurrence was significantly changed due to a trend to 
decreasing intensity of conditioning regimens and expanding 
range of immunotherapy in patients with onco-hematolog-
ical diseases [8]. This fact determines the need for analyzing 
the currently available data regarding the incidence, etiology, 
clinical performance and prognostic significance of ASES in 
oncohematologic patients. The purpose of our study was to col-
lect, analyze and discuss the research publications on etiology, 

semiotics and prognostic significance of ASES in patients un-
dergoing hematopoietic stem cell transplantation.

MATERIALS AND METHODS
In accordance with the main goal, a search was made for 
scientific publications in the databases “Pubmed”, “Scopus”. 
The search algorithm included search queries for “allogeneic 
HSCT”, “stem cell”, “acute symptomatic epileptic seizures” 
and “epileptic seizures”.

ETIOLOGICAL FACTORS 
IN THE DEVELOPMENT OF ASES
In patients after HSCT, the incidence of ASES reaches 6.9-
11.7%, depending on the cohorts of patients. ASES are ob-
served significantly more often (52.6-75.0%) in presence of 
other neurological complications [9]. In oncohematologic 
patients, ASES may have distinct clinical features and vari-
able prognostic significance, and they can occur both be-
fore HSCT and in the post-transplant period. The profile of 
etiologic factors leading to the development of ASES in this 
cohort of patients differs from that in the general popula-
tion. Basically, this pattern has one main feature: the list of 
risk factors for seizures does not include febrile convulsions, 
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which are the cause of ASES in more than 1/3 of all cases in 
the general population [10]. In a cohort of oncohematologic 
patients, the etiologic factors for the development of ASES are 
as follows (Fig. 1):
• Drug therapy (immunosuppressants, antimicrobials, di-

methyl sulfoxide);
• Metabolic disorders;
• Structural damage of brain substance, e.g., ischemic stroke, 

intracranial haemorrhage, posterior reversible encephalop-
athy syndrome (PRES);

• Infectious complications (meningitis, encephalitis, systemic 
infection);

• Specific damage to the central nervous system (CNS) in leu-
kemia and other tumor diseases, including in the variant of 
extramedullary recurrence after HSCT.

Total or partial irradiation therapy as a part of conditioning 
regimens may be also added to this list. The mentioned eti-
ologic factors in development of ASES are also dominant at 
the pre-transplant period, differing in their significance for 
the patients who received polychemotherapy, and those who 
were not subject to such treatment. One may also argue that 
the relative significance of above mentioned factors depends 
on the terms after HSCT.

MEDICINAL DRUGS OF CONCERN 
General overview of HSCT-associated therapies
Drug-induced epileptic seizures account for under 6% of 
all cases of ASES in the general population [11]. Among the 

Figure 1: Etiological factors of acute symptomatic epileptic seizures during HSCT
Abbreviations: CR, cytokine release syndrome; D, drugs; IC, infectious complications; MD, metabolic disorders; SD, structural damage (of 
brain substance); PСT, polychemotherapy; PML, progressive multifocal leukoencephalopathy

causes of status epilepticus, drug toxicity is also far from the 
first place, being the cause of its development in less than 
5% of cases [12]. Meanwhile, the role of this factor for sei-
zure provocation is significantly higher (8-41.8%) among the 
HSCT patients [7, 9], especially in children (39%) [13]. In 
patients undergoing HSCT, a number of drugs may provoke 
ASES (Table 1).

It is difficult to evaluate the incidence of ASES depending on 
the specific drug because of the different definitions of the 
term ASES itself. Medical guidelines often use non-specific 
terms such as “seizures” and “convulsive seizures”, which may 
differ from the International League Against Epilepsy’s defini-
tion of ASES [47] and the definition in Common Terminolo-
gy Criteria for Adverse Events (CTCAE) 5.0 [48].

Cytostatic and immunosuppressive drugs 
Busulfan can be considered as one of the main drugs that can 
provoke the development of ASES. The results of retrospective 
registry studies show that the frequency of ASES in busulfan 
administration is 1.3-6.7% if provided prophylactic therapy 
with antiepileptic drugs (AEDs) for the period of this drug 
administration [14; 15]. Along with busulfan, a range of other 
cytostatic drugs, including those injected intrathecally, may 
lead to the development of ASES (e.g., methotrexate).

According to various reports, the incidence of ASES during 
therapy with calcineurin inhibitors (tacrolimus, cyclosporine 
A) is 5-11% [49, 50]. A number of studies have shown that 
a possible mechanism for the development of epileptic sei-
zures during cyclosporine therapy is the ability of this drug to 
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Table 1: Medical drugs used in the course of HSCT that can potentially provoke ASES

Group of drugs Drug Rate of ASES*, according to 
instruction**

Published ASES rate Reference

Preparations of the conditioning mode

Chemotherapy drugs

Bendamustine Side effect not specified No data -
Busulfan Rare (when using high doses) 1.3-6.7% [14, 15]
Carmustine Side effect not specified 9-38% (specific clinical situations)*** [16]
Melphalan Side effect not specified 3.1% (in combination with bortezomib therapy) [17]
Platinum drugs  Side effect not specified Specific clinical cases [18]

Thiophosphamide Side effect not specified Specific clinical cases 
(co-administration with carboplatin) [19]

Fludarabine Rare 0.5% [20]
Cyclophosphamide Side effect not specified Specific clinical cases [21, 22]
Cytarabine (high doses)  Rare Specific clinical cases [23]
Etoposide Side effect not specified Specific clinical cases [18]

Drugs accompanying the hematopoietic stem cells infusion
Cryoprotector Dimethylsulfoxide  Side effect not specified Specific clinical cases [24-26]

Drugs for the prevention and treatment of the graft-versus-host disease

Immunosuppressants

Methotrexate Rare 0.2%; specific clinical cases [27, 28]

Mycophenolatmofetil  Side effect not specified Specific clinical cases (including when combined 
with cyclosporine) [29, 30]

Ruxolitinib Side effect not specified No data –

Sirolimus Side effect not specified
No data (prospective randomized trials are being 
conducted to evaluate the epileptic effect of the 
drug)

[31]

Tacrolimus Frequent 9.1-14.8% [32, 33]
Cyclosporine A  Rare A large number of clinical cases [34]

Everolimus Side effect not specified
No data (prospective randomized trials are being 
conducted to evaluate the epileptic effect of the 
drug)

[35]

Etanercept Rare Specific clinical cases [36]
Drugs for the prevention and treatment of infectious complications

Antibacterial drugs****

Amikacin Rare No data –
Vancomycin Side effect not specified No data –
Imipenem Rare 0.4% [37]
Colistin Side effect not specified No data –
Co-trimaxosol Side effect not specified Specific clinical cases [38]
Linezolid Not frequent Specific clinical cases [39]
Meropenem Specific clinical cases 0.7% [37]

Penicillins Rare, or not indicated as a 
side effect

Series of clinical cases [40]

Tigecycline Side effect not specified No data –
Cephalosporins Rare Series of clinical cases [41, 42]
Ciprofloxacin Rare Specific clinical cases [43]

Antiviraldrugs****

Acyclovir Very rare No data –
Valganciclovir Very rare No data –
Ganciclovir Very rare Specific clinical cases [44]
Cidofovir Side effect not specified No data –

Antifungal drugs****

Amphotericin B Rare No data –
Anidulafungin Side effect not specified No data –
Voriconazole Rare No data –

Intraconazole Side effect not specified Specific clinical cases (in combination with 
vincristine) [45]

Caspofungin Side effect not specified No data –

Posaconazole Rare Specific clinical cases (in combination with 
vincristine) [46]

Note: *The definitions from the drug instructions were taken into account: “epileptic seizure”, “convulsive seizure”, “convulsions”. ** Frequency 
of side effect: very often (>1/10), often (from >1/100 to <1/10), infrequently (from> 1/1000 to <1/100), rarely (from >1/10000 to <1/1000), 
very rare (<1/10000). *** In the early postoperative period after surgical treatment of gliomas followed by implantation of carmustine reservoir. 
**** Indicates drugs and groups of drugs used for the prevention and treatment of infectious complications according to the in-hospital proto-
col at the Gorbacheva Research Institute for Pediatric Oncology, Hematology and Transplantation (St. Petersburg).
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reduce the concentration of gamma-aminobutyric acid 
(GABA) in neurons, decrease the activity of GABAergic 
neurons, and reduce the ability of GABA receptors to bind 
gamma-aminobutyric acid molecules [51, 52]. Such pharma-
cologic mechanisms may contribute to the development of 
ASES [53]. Also decreased N-acetylaspartate (NAA) concen-
tration [51], as well as electrolyte disturbances and microglia 
damage [54] may be considered the possible proconvulsive 
mechanisms of cyclosporine. Epileptic seizures have also been 
described as a side effect of tacrolimus, another drug from the 
group of calcineurin inhibitors. At the same time, the possi-
ble mechanism of ASES development during the therapy with 
this drug is different from that of cyclosporine. Given the 
presence of cyclophilin, calmodulin, and tacrolimus-binding 
protein in brain tissue, it is the direct effect of tacrolimus via 
calcineurin that can trigger a cascade of irreversible changes 
in brain matter with the generation of an epileptogenic sub-
strate [32, 55].

Dimethylsulfoxide (DMSO), being an essential component 
of stem cell cryopreservation, may also be a cause of ASES 
[24, 25]. Unfortunately, there are no cohort studies on the as-
sociation of DMSO with epileptic seizures, and only isolated 
observations are presented in the literature. For instance, in 
the publication of O. Hequet et. al. (2002), the development of 
a series of generalized tonic-clonic seizures was observed 10 
minutes after starting the stem cell infusion; when EEG was 
performed 3 hours after seizure control, diffuse discharges of 
“acute-slow wave” complexes were detected [26]. Formation 
of sulfite compounds is suggested among possible mecha-
nisms for development of epileptic seizures during DMSO 
administration which exert a dramatically negative effect on 
mitochondrial functions [56]. Even though this agent is quite 
safe in use, other neurological complications associated with 
usage of this compound have been described in the literature. 
For example, ischemic stroke and myocardial infarction that 
have been described elsewhere could develop due to pro-
longed and acutely developing vascular constriction [57]. In 
summary, the small number of reports on neurotoxic mani-
festations on the background of DMSO administration is as-
sociated with dose-dependent reactions to the drug adminis-
tration (currently, DMSO is used at lower concentrations than 
previously) [58].

One may assume that the development of ASES associated 
with the use of DMSO can be expected during injection, or 
within first hours after its administration. One may consider 
the possibility of concomitant ischemic damage to the brain 
substance due to vasoconstriction as an independent cause of 
subsequent ASES occurence.

Antimicrobial drugs
A range of antibiotics are neurotoxic and may cause epilep-
tic seizures. Antibacterial, antiviral, and antifungal therapy is 
prescribed to all HSCT patients, either for primary antimi-
crobial prophylaxis or to treat complications of transplanta-
tion (e.g., febrile neutropenia) [59]. Therefore, the possibility 
of epileptic seizures may be considered as a complication of 
such therapy when determining the possible causes of par-
oxysmal conditions. Linezolid-induced epileptic seizures [39] 
and status epilepticus upon usage of this drug [60] have been 
described in the literature. The status epilepticus has been also 
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been described during intravenous use of cephalosporins, and 
the risk of developing this side effect is particularly high in 
patients with impaired renal function [61]. Various types of 
epileptic seizures (including myoclonias) have been described 
with penicillin [62]. For some drugs there is no evidence of 
direct neurotoxic effect, however, their use may be accompa-
nied by the development of epileptic seizures due to meta-
bolic disorders, for example, marked hypoglycemia during 
therapy with co-trimaxol [38].

A meta-analysis published by Cannon et al. demonstrated 
that carbapenem use was associated with an 87% increased 
risk of epileptic seizures (OR 1.87; 95% CI 1.35-2.59; p=0.031; 
I2=30.8%) compared to the use of antibiotics of other classes 
(absolute value 2 cases per 1000 patients) [37]. The highest 
risk of epileptic seizures was observed with imipenem treat-
ment (OR 3.50; 95% CI 2.23 to 5.49; p=0.01); however, these 
data must be interpreted through a direct comparison of imi-
penem with other carbapenems. Indeed, imipenem was as-
sociated with a statistically insignificant increased risk of ep-
ileptic seizures compared with meropenem (OR 1.48; 95% CI 
0.54-4.04; p=0.92; I2=0.0%).

Antifungals have also been associated with the development 
of acute and symptomatic epileptic seizures in a series of clin-
ical cases [46]. The necessity to consider antibiotics as a risk 
factor for the development of epileptic seizures is confirmed 
by the results of a neurosurgical study [63] in which intraop-
erative use of antibiotics (cefazolin irrigation) during crani-
otomy was strictly associated with development of epileptic 
seizures.

Therefore, a wide range of drugs from different groups used 
in patients both at the pre-transplantation stage and at differ-
ent time periods in the post-transplant period can lead to the 
development of ASES. It should be noted that an extra risk 
factor for ASES development may be related to drug inter-
actions, both between chemotherapeutic drugs and between 
them and concomitant therapy drugs. The increased risk of 
ASES development in these situations may be due to both the 
increased concentration of the drugs themselves and the in-
creased number of cases of complications from the therapy. 
For instance, inclusion of phenytoin in the treatment regimen 
may lead to a higher incidence of renal failure requiring dia- 
lysis (OR 0, 44; 95% CI 0.28-0.71; p<0.001) compared with 
the use of other anticonvulsants (e.g., levetiracetam) [64].

Metabolic disorders in HSCT patients
Metabolic disorders and electrolyte disturbances present a 
well-known problem in oncohematologic patients but are not 
in the focus of systematic analysis [65]. Electrolyte distur-
bances are the cause of 8% of all ASES in the general popula-
tion [13], and in the group of patients who underwent HSCT, 
with increased significance of this factor for epileptic attacks, 
reaching 13.9% [7]. The role of electrolyte disturbances in 
the development of epileptic seizures and epileptogenesis is 
sufficiently studied and consists in disruption of synaptic (in-
hibitory/excitatory) interaction between neurons [66]. Onco-
hematological patients are characterized by a wide variety of 
electrolyte disturbances, which can be caused by the cancer 
process itself, infiltration of organs by malignant cells, tumor 
cell death, side effects of treatment [67], as well as observed in 
the structure of “genesis syndrome” (increased consumption 
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of potassium and phosphorus by the transplanted donor cells 
during active recovery of hematopoiesis) [68]. At the same 
time, specific types of electrolyte imbalances (in particular, 
hyponatremia) can be caused by relatively rare conditions, 
such as the development of the renal salt-wasting syndrome 
[69]. Patients undergoing HSCT may have an increased risk 
of electrolyte abnormalities compared to oncohematology pa-
tients who have not undergone the procedure. In a study by 
Philibert et al. [70] among patients who received autologous 
HSCT, 81% showed low potassium levels, and 67% developed 
hypomagnesemia. Meanwhile, the electrolyte disturbances in 
this group appeared on D+11 after HSCT.

The most common electrolyte disturbances associated with 
epileptic seizures are listed below (Table 2). Anticonvulsants 
can also cause electrolyte imbalances, such as hyponatremia. 
The epileptic seizure may transiently increase blood sodium 
levels, making it difficult to diagnose electrolyte disturbanc-
es. Therefore, it is important to monitor electrolyte levels in 
patients undergoing HSCT, as the development of these dis-
orders can have a diverse genesis and may occur at different 
times after HSCT. Confirmation or exclusion of an electrolyte 
imbalance should be a standard part of care for patients with 
ASES.

Structural brain damage
During HSCT, several complications may occur that can 
cause structural brain damage. These complications include 
acute ischemic and hemorrhagic strokes, development of sec-
ondary CNS tumors, autoimmune demyelination in CNS, as 
well as specific syndromes (e.g., PRES). PRES is of particular 
concern due to its higher incidence among oncology patients 
compared to the general population and its specific risk fac-
tors. PRES is the cause of ASES after HSCT in 1.1-22% of cas-
es, more often observed in children [74]. Compared to the 
clinical pattern of PRES in the general population (ASES in 
66% of patients) [75], ASES manifests in 97% of PRES cases 
in oncohematology patients, being more often observed in 
the early post-HSCT period (64% of all ASES patients) [74]. 
Cytotoxic therapy can be considered one of the major risk fac-
tors for PRES development [76]. Therefore, in a study by Ga-
ziev et al. (2017), all cases of PRES (n=31; 11% of total sample) 
were interpreted as a side effect of calcineurin inhibitor thera-
py (tacrolimus and cyclosporine) [77]. Several complications 
of HSCT may act as risk factors for PRES, as shown in a study 
by Q. Chen et al. (2020), in a mixed group of patients (adults 
and children); acute GvHD of II-IV degree was the risk fac-
tor for PRES (OR 2.370, 95% CI 1.277-4.397; p=0.006) [74]. 

Table 2: Threshold levels of electrolyte disturbances most commonly resulting in acute epileptic seizures (mmol/L)

Type of electrolyte disturbances Mild Moderate Pronounced
Hyponatremia 130-134 125-129 <125 
Hypernatremia 145-149 150-169 ≥170 
Hypocalcemia 1.9-2.2 ≤1.9 
Hypercalcemia 2.5-3 3.0-3.5 3.5-4.0 
Hypomagnesemia 0.8-1.6 <0.8 

The results of evaluating etiological factors for develop-
ment of this syndrome in the general population emphasize 
the special profile of risk factors for PRES in patients with 
HSCT. A retrospective analysis of 127 PRES cases showed that 
arterial hypertension was the main cause of its development 
(72%) [75].

Total body irradiation 
The use of total body irradiation (TBI) as a part of condition-
ing regimen before HSCT can lead to the development of 
complications, including stroke-like migraine attacks after ra-
diation therapy syndrome, known as SMART syndrome. Al-
though the SMART syndrome is usually associated with brain 
irradiation at doses of 50 Gy or higher [78], its occurrence has 
also been reported at lower doses [79; 80]. Therefore, it is pos-
sible that patients undergoing HSCT with TBI may develop 
SMART and related epileptic seizures. 

Immune damage to the nervous system is considered a po-
tential factor in the development of autoimmune and inflam-
matory diseases. The key concepts related to this issue are 
cytokine release syndrome and cytokine storm. These terms 
refer to the release of a large number of cytokines by activated 
immune cells, leading to systemic inflammation and multior-
gan damage [81].

Activation of immune cells can occur due to infectious agents 
[82] or drug therapy [83]. The leading mediators of systemic 
inflammation may vary, including tumor necrosis factor-al-
pha, interleukin-6, and interferon-gamma. As a result of these 
pathological conditions, immune effector cell-associated neu-
rotoxicity syndrome (ICANS) can develop. This condition is 
associated with damage to the blood-brain barrier (BBB) and 
endothelial dysfunction, leading to encephalitis, ischemic 
brain damage [84], or intracerebral hemorrhage [85]. In ad-
dition, increased permeability of the BBB may lead to devel-
opment of neurotoxicity during therapy [86]. As a result, the 
occurence of cytokine release syndrome and cytokine storm 
in patients may cause structural damage of brain substance, 
which is a risk factor for the development of ASES.

Based on the analysis of the etiological factors that contribute 
to the development of ASES in patients undergoing HSCT, 
one may conclude on significant diversity in these factors and 
that certain factors may have a greater impact in this pop-
ulation compared to the general population. Moreover, it is 
possible that several etiological factors for epileptic seizures 
occur concurrently, leading to a higher incidence of ASES 
when CNS complications are present.
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Clinical features of acute symptomatic seizures 
in HSCT patients
Generalized tonic-clonic seizures (GTCS) have been consid-
ered the most common type of epileptic seizures in patients 
with HSCT [6]. In a study by Zhang et al. [7], 60.8% of pa-
tients had a combination of focal motor seizures, focal seizures 
without motor manifestations, and GTCS. The analysis of se-
miotics of epileptic seizures in the pediatric population with 
HSCT revealed that eye deviation is one of the most common 
symptoms in seizures with and without loss of consciousness 
[9]. It is important to note that high doses of busulfan can lead 
to myoclonias [87], which may not be epileptic [88].

One of the important aspects to consider is the time after 
HSCT when ASES is most likely to occur. In a study by Zhang 
et al. (2013), the most frequent epileptic seizures (65.8%) oc-
curred in the early posttransplant period. These data are con-
sistent with other studies showing that CNS complications af-
ter HSCT generally occur in the early post-transplant period, 
both in adults [89] and children [6]. The study by Kang et 
al. [6] has also shown that the use of calcineurin inhibitors is 
associated with earlier development of neurological compli-
cations, including epileptic seizures. The increased frequency 
of ASES in the early post-transplant period is supported by 
the findings of Khan et al. [13] who have shown that ASES oc-
curred relatively early in oncohematology patients who were 
not referred for HSCT. The median time from diagnosis to 
ASES was 6 months during periods of remission and consoli-
dation [13]. This finding suggests that therapy for oncohema-
tological diseases is a major risk factor for ASES development. 
This confirms the importance of drugs in triggering epileptic 
seizures in this patient group.

Epileptic seizure cannot be considered as an independent 
factor influencing the survival rate of patients after HSCT, 
due to a wide range of its causes included in the structure of 
HSCT-associated mortality, or with recurrence of the under-
lying disease. Similar analysis was carried out only in single 
retrospective studies. Thus, in the study of Zhang et al., the 
survival rate of patients within first 100 days after HSCT 
was 83.8% in the group of patients with epileptic seizures 
and 93.2% in the group of patients without epileptic seizures 
(p=0.072). The statistically significant differences between 
these groups were obtained when assessing survival at 1 year 
(57.2% vs 75.7%; p=0.015) and 6 years after HSCT (31.1 vs 
71.4%; p<0.001) [7]. The same study has demonstrated that 
the survival rate depends on the cause of neurologic compli-
cations in the group of patients with epileptic seizures. Thus, 
patients who developed epileptic seizures due to drug neuro-
toxicity, or metabolic disorders had a higher 6-year survival 
rate (45.8% and 51.9%, respectively), compared to patients 
with epileptic seizures caused by infectious complications 
(10.8%).

DISCUSSION
The present literature review provides a comprehensive 
overview of the etiologic factors, clinical features, and prog-
nostic significance of ASES in oncohematological patients 
undergoing HSCT. However, there are several issues that 
require further discussion. E.g., a special problem concerns 
validity of prophylactic AEDs prescription when busulfan is 
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administered, since busulfan is an alkylating cytostatic drug 
that easily penetrates the blood-brain barrier and may cause 
seizures. According to the medical guidelines, seizures may 
occur during treatment with high doses of busulfan, and the 
patients should receive preventive anticonvulsant therapy. 
Benzodiazepines should be used preferably, rather than phe-
nytoin. The data on 1.3-6.7% frequency of ASES events in bu-
sulfan treatment may be compared with results of individual 
case reports, where this complication was not observed in any 
patient. One should also consider that most of these studies 
included patients treated with monotherapy using different 
AEDs (carbamazepine, levetiracetam, valproic acid, diphenyl, 
benzodiazepines) during the entire course of busulfan admi- 
nistration.

According to the literature, the neurotoxic effect of busulfan 
is thought to be due to its ability to cross the blood-brain bar-
rier. These data are supported by appropriate guidelines for 
usage of the drug, thus providing some legal justification for 
usage of AEDs in busulfan therapy. However, this information 
alone does not provide any scientific evidence for real efficacy 
of this approach.

In 2012, the American J Haematology published a letter to the 
editor with the eloquent title “Outdated Dogma? Busulfan, 
Epileptic Seizures and HSCT” [91]. The authors concluded, 
“we believe that routine use of anticonvulsant prophylaxis 
in patients receiving busulfan chemotherapy, regardless of 
the dose, or route of administration, is another example of 
an outdated clinical practice that persists despite a paucity of 
good-quality supporting medical evidence”. Indeed, the pre-
scription of anticonvulsants during busulfan therapy (prima-
ry prophylaxis of ASES) is very common and is mentioned in 
the protocols of allo-HSCT, taking into account local clinical 
guidelines. But did the authors rightly point out lacking evi-
dence for advantage of such approach? May be, the opposite 
strategy (non-use of AEDs in busulfan therapy) could be also 
proven?

Analysis of the literature on this topic reveals lacking data 
on phase II and phase III studies on busulfan clinical trials 
with free access, as well as any prospective or retrospective 
comparisons between AED prescription versus non-prescrip-
tion strategies during busulfan treatment. Most publications 
concern effectiveness of individual anticonvulsant drugs [14, 
90, 92, 93], as well as on comparing their relative efficiency. 
A common item in these studies is not only the comparison 
of efficacy, but also the safety of this therapy. The treatment 
safety is determined by the potential for drug interactions 
between busulfan and AEDs [94]. For instance, Carreras et 
al. (2010) showed that busulfan clearance was increased by 
more than 10% when combined with clonazepam compared 
to phenytoin [95]. These figures become even more import-
ant, given that phenytoin, as an independent drug, increases 
the busulfan clearance by 15%. No wonder that the emergence 
of new-generation AEDs with safer pharmacokinetic profile 
has changed the range of AEDs used to prevent busulfan-in-
duced ASES.

In a study by Tsujimoto et al. (2020), when comparing the ef-
ficacy of levetiracetam and clonazepam in children undergo-
ing busulfan treatment, levetiracetam showed a more favor-
able tolerance profile. Specifically, dizziness and irritability, 
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observed in the clonazepam group (54% and 62%, respective-
ly), were not reported in the levetiracetam group [15]. This 
study may be an example of shifting approach to prevention 
of epileptic seizures during busulfan therapy. It should be not-
ed, however, that the authors also mention the occurrence of 
other adverse events, such as ASES, without the use of AEDs. 
The authors refer to the review by Eberly et al. (2008), with 
data based on the analysis of available literature [98]. The fre-
quency of epileptic seizures in presence of busulfan therapy 
40% was obtained in a group of 5 patients [99]. The same re-
view referred to the studies with a larger sample size (n=57), 
with a significantly lower incidence of seizures (1.8%) [100]. 
The latter study was the largest to evaluate the results of AEDs 
application during busulfan treatment, but it was conducted 
more than 30 years ago.

Thus, the only conclusion that may be drawn is that the use of 
newer generation AEDs, such as levetiracetam, is preferable 
to that of the earlier used drugs, such as phenytoin. However, 
due to lack of sufficient scientific evidence, it is not possible to 
make a definitive statement about efficiency of AED prescrip-
tion during busulfan treatment.

In addition, it is important to consider the context of using 
preventive therapy with AEDs. When an epileptic seizure oc-
curs, busulfan treatment is usually canceled, or the drug dose 
is reduced, thus leading to reduced intensity in conditioning 
before HSCT. This, in turn, may affect the outcome of treat-
ment. Therefore, administration of AEDs appears to modify a 
risk factor by reducing the frequency of seizures and poten-
tially decreasing the risk of complications from treatment for 
the underlying disease.

In our opinion, the problem of AED usage in busulfan ther-
apy can only be resolved by conducting a prospective study 
comparing two treatment strategies: the prescription of AEDs 
or refusal of such therapy. At present, it is difficult to conduct 
such a study due to the following reasons:
• ethical issues (difficulty in conducting a placebo-controlled 

trial in oncohematologic patients).
• legal issues (presence of official instructions in the medical 

guidelinesfor the drug busulfan for the use of AEDs).
• practical issue (wide adherence of hematologists to routine 

administration of AEDs).
• institutional issues. In a study comparing two approaches 

(with and without AED prescriptions), given a known fre-
quency of epileptic seizures (0.5% on AED therapy versus 
1.8% without AED therapy), with a margin of error of 0.05 
and study power of 0.8, a group size of, at least, 1,000 pa-
tients would be required to detect statistically significant 
differences between the two approaches.

Another issue that needs to be addressed is the role of electro-
lyte disturbances as a risk factor for acute and chronic GvHD 
in patients after allogeneic HSCT. With allo-HSCT, electrolyte 
abnormalities are often seen in both acute and chronic GvHD. 
In acute GvHD, these disturbances may be due to damage to 
the gastrointestinal tract, manifesting as profuse diarrhea, re-
current vomiting, and impaired gut absorption, as well as an 
alimentary factor (the patients require a low-salt diet) [101].

When considering statistical methods for determining 
risk factors for ASES development, it should be noted that 
the published results are based on single-factor analysis. 

Multivariate analysis has been used in very few studies, e.g., 
a work by Zhang et al. (2013). It was found that, in subjects 
<18 years old, the type of HSCT donor, presence of acute 
GvHD, and hyponatremia (<135 nmol/L) were significant 
risk factors for ASES in a cohort of patients undergoing 
allo-HSCT [7]. Absence of a statistically significant contribu-
tion from a group of drugs or specific drugs to the multifacto-
rial model may be due to coinciding or overlapping effects of 
different factors on ASES risk. This phenomenon may explain 
why ASES is not included in multifactorial models predicting 
patient survival after HSCT.

CONCLUSION
ASES is a significant neurological complication in HSCT pa-
tients, which develops usually in the early post-transplant pe-
riod. The profile of factors causing ASES in HSCT differs from 
that in the general population. The same risk factor (e.g., drug 
use) may be both a direct cause of ASES and may lead to con-
ditions (e.g., PRES) that may cause this complication. The use 
of some medications may increase the risk of ASES earlier af-
ter HSCT. Assessment of ASES origins in distinct cases deter-
mines the differential prognostic value of this complication, 
depending on the specific causal and pathogenetic factors.
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РЕЗЮМЕ
Остро возникшие симптоматические эпилептические приступы являются вероятным осложнением трансплантации 
гемопоэтических стволовых клеток у пациентов с лейкозом. Развитие данного осложнения может наблюдаться на эта-
пе кондиционирования, в раннем и позднем пострансплантационном периодах. При этом этиологические факторы, 
приводящие к развитию данного осложнения, отличаются от таковых в общей популяции, а значимость каждого из 
них различна в зависимости от сроков после трансплантации. В статье проанализированы данные литературы, посвя-
щенные роли лекарственных препаратов, синдрома выброса цитокинов, метаболических нарушений и инфекционных 
осложнений, а также структурной патологии вещества головного мозга в развитии симптоматических эпилептических 
приступов у пациентов с лейкозом. Авторами рассмотрены клинические особенности симптоматических эпилептиче-
ских приступов при проведении трансплантации гемопоэтических стволовых клеток, оценено возможное прогности-
ческое значение их развития у пациентов.

Ключевые слова: лейкоз, эпилептический приступ, генерализованные тонико-клонические судороги, синдром выбро-
са цитокинов, трансплантация, гипонатриемия, гемопоэтические стволовые клетки, бусульфан.
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