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 Introduction

Seizures are the second most common central nervous sys-
tem complication in solid organ transplant recipients. They 
are second to encephalopathy in liver, intestinal, and lung 
transplantation and stroke in cardiac and renal transplant 
recipients [1]. The incidence of seizures among solid organ 
transplant (SOT) recipients is wide with reports ranging 
from 1 to 13%, and 2 to 20% in hematopoietic stem cell 
transplant (HSCT) recipients [2, 3] (Table 15.1). Such a 
wide disparity in prevalence is not easily explained and 
may be related to a premorbid condition, use of certain 
immunosuppressive drugs, and control of hypertension 
causing posterior reversible encephalopathy syndrome. In 
most series it is unclear how the diagnosis of seizures was 
made or confirmed.

Seizures may be focal or generalized in onset. They are 
essentially a non-specific symptom of cerebral dysfunction. 
In the setting of organ transplantation, they may result from 
drug-induced neurotoxicity, metabolic/electrolyte distur-
bances, central nervous system (CNS) infections, malignant 
hypertension, ischemic or hemorrhage stroke, or CNS 
malignancy.

The general approach to the evaluation of seizures in this 
population differs little from the general population. The pri-
orities are: (1) to abort the seizure in order to minimize neu-
rologic and systemic morbidity, (2) to minimize seizure 
recurrence by identifying and treating the etiology when 
possible, and (3) to determine if there is need for long-term 
antiepileptic drugs (AEDs). A few additional considerations 
specific to this patient population also apply and are outlined 
in this chapter.

 Initial Patient Evaluation and Treatment

In the acute setting, the primary goal is to abort the seizure. 
Because most seizures are self-limited, there is a tendency to 
think that most patients will not require emergent treatment 
and can be observed, however, seizures in these fragile post-
operative patients may lead to major systemic complications 
(aspiration, myocardial demand ischemia, rhabdomyolysis). 
We opt for a short two week course with an antiepileptic 
with a good safety profile such as levetiracetam. Obviously 
in the case of recurrent seizures or status epilepticus, emer-
gent pharmacologic treatment with intravenous AEDs is 
recommended.

Most post-transplant seizures respond to first line treat-
ment with benzodiazepines with preferred agents being 
lorazepam or midazolam [4]. When seizures continue despite 
benzodiazepine administration efforts should be made to 
rapidly identify and correct any readily reversible precipitat-
ing factors (i.e., severe hyponatremia) and a second line 
intravenous AED should be administered. Options include 
phenytoin, fosphenytoin, valproic acid, phenobarbital, or 
levetiracetam [5].

The next step is to find a possible cause of the seizure 
(Table 15.2). This is especially pertinent in transplant patients 
who are immunosuppressed with antirejection medications 
and therefore at higher risk for infections and neurotoxicity 
related to the antirejection drugs. Investigation of serum 
electrolyte levels including magnesium, sodium, calcium, 
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and glucose as well as a complete blood count with differen-
tial, ammonia, blood cultures, and antirejection medication 
levels should be performed.

Because seizures are comparatively more common in 
CNS infections associated with transplantations an  infectious 
evaluation should be initiated if seizures occur one month 
after transplantation (CNS infections are exceedingly rare in 
the postoperative period). A history of preceding headache, 
confusion, signs of increased intracranial pressure including 
transient visual obscurations, morning headaches, or signs of 
meningismus on examination justifies a lumbar puncture but 
immunosuppressed post-transplant patients should undergo 
neuroimaging prior to lumbar puncture. Empiric antimicro-
bial therapy should be started while neuroimaging and lum-
bar puncture are performed.

Because of their immunosuppressed status, imaging is 
strongly considered in these patients, even when a clear trig-
ger (i.e., severe hypocalcemia) is present. A non-contrast CT 
is the first investigational step to rule out the presence of a 
lesion that may require emergent intervention. Non-contrast 
CT can also be useful in detecting the typical vasogenic 
edema of posterior reversible encephalopathy syndrome 

(PRES) (Fig. 15.1), a mass-like lesion such as brain abscess, 
intracerebral hemorrhage, or diffuse cerebral edema.

If initial investigations are unrevealing, MRI with contrast 
can be considered. Smaller brain abscesses, empyema, septic 
emboli, pachymeningeal or leptomeningeal enhancement, 
brainstem infarctions, radiologic signs of PRES, and central 
pontine myelinolysis are more readily identified on MRI 
compared with CT [5].

An electroencephalogram (EEG) is not performed in most 
settings due to the fact that the majority of seizures last less 
than 1 min and patients recover quickly from these seizures. 
However, patients who remain persistently encephalopathic 
following a seizure will need an urgent EEG in order to 
determine if the patient is in nonconvulsive status epilepti-
cus. Because undefined rhythmic movements are so common 
in the postoperative period an EEG can also be useful to 
characterize the nature of uncertain “spells” of unresponsive-
ness or abnormal movements. For example, to differentiate 
multifocal myoclonus (seen in metabolic encephalopathy) or 
tremors from seizures in unresponsive patients or in patients 
awakening from anesthesia [5].

 Seizures in Transplant Patients: Specific 
Causes

 Drug-Induced Seizures

Immunosuppressant agents such as cyclosporine, tacrolimus, 
mycophenolate mofetil, and corticosteroids are universally 
administered following organ transplantation to reduce the 
risk of rejection and improve graft survival. In the acute post-
transplant period, induction agents can be used including 
thymoglobulin, OKT3, and basiliximab. These are followed 
with maintenance steroids, mycophenolate mofetil, or calci-
neurin inhibitors such as cyclosporine or tacrolimus. Most 
transplant patients are then continued on a long-term regi-
men consisting of a calcineurin inhibitor or mycophenolate 
mofetil [6].

Because of the narrow therapeutic windows of antirejec-
tion drugs and the higher propensity for metabolic derange-
ments in the post-transplant period, drug toxicity from 
calcineurin inhibitors or mycophenolate mofetil can be con-
sidered as a potential cause for seizures. Post-transplant 
drug-induced encephalopathy affects up to 40% of patients 
with the incidence peaking within the early postoperative 
period due to high loading doses [7, 8]. Drug toxicity from 
antirejection agents is the most common cause of seizures 
and is the cause in about 25% of cases [9]. The calcineurin 
inhibitors have been mostly responsible for most drug- 
induced seizures due to their mechanism of action. They 
inhibit calcium signaling pathways that are essential to T-cell 
activations. However, calcineurin also plays an essential role 

Table 15.1 Incidence of seizures in organ transplant patients

Transplant organ Incidence of seizures (%)

Liver 4–8 [79–82]

Bone marrow transplant 2–20 [2–3, 83–85]

Heart 2–9 [76, 86–88]

Kidney 2–6 [1, 89]

Lung 6–10 [90–91]

Pancreas 13 [92]

Intestinal 17 [93]

Table 15.2 Possible causes of seizures in transplant recipients

Cerebrovascular events
• Arterial ischemic infarcts
• Intracranial hemorrhage
• Cerebral venous thrombosis

Malignancy
• B-cell lymphoma
• Post-transplant 

lymphoproliferative disorder

CNS infection
Bacterial
• Nocardia
• Listeria
• Tuberculosis
Viral
• JC virus
• Herpes Viruses (HSV, 

CMV, VZV, EBV, HHV-6)
Fungal
• Aspergillus
• Candida
• Cryptococcus
Parasite
• Toxoplasmosis

Medication induced 
neurotoxicity
Antirejection agents
• CNIs: Tacrolimus, cyclosporin A
• OKT3 (muronmonab-CD3)
• Chemotherapy: busulfan and 

carmustine
Antibiotics
• Quinolone Class
• Carbapenem class
Analgesics
• Meperidine

Metabolic derangements
• Hyponatremia
• Hypocalcemia
• Hypomagnesemia
• Hypoglycemia
• Hyperammonemia
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in regulating neuron excitability, blood–brain barrier perme-
ability, and sympathetic activation [9]. The neurotoxic effects 
of calcineurin inhibitors may be potentiated by pre- existing 
disruption of the blood–brain barrier in the perioperative 
period due to hepatic encephalopathy or perioperative hypo-
tension [10]. Ultimately, these disruptions can lead to vaso-
genic edema, posterior reversible encephalopathy syndrome 
(PRES), and seizures.

The diagnostic criteria for CNI induced toxicity include 
development of seizures or encephalopathy in patients 
receiving CNIs who have high serum trough levels of the 
drug at the time of symptoms onset and rapid increase in 
drug levels prior to symptomatic presentation. Neurotoxicity 
from CNIs is more commonly seen in the first month of 
post- transplant care due to the higher intravenous dosing 
[11]. Postural tremors and headaches are the most common 

symptoms encountered and can be seen with tacrolimus 
neurotoxicity. However, both tacrolimus and cyclosporine 
neurotoxicity can manifest with focal or generalized tonic- 
clonic seizures that can be seen with or without the presence 
of posterior reversible encephalopathy syndrome (PRES). 
Risk factors for CNI toxicity include hepatic dysfunction, 
hypertension, low magnesium levels, and administration of 
medications such as corticosteroids, amphotericin, and gan-
ciclovir which inhibit drug metabolism [12]. While it is 
important to monitor drug levels during the early phase of 
maintenance immunosuppression while on these therapies, 
it has been demonstrated that no correlation exists between 
seizures and drug levels themselves [13]. Rather, it is the 
rapid increase in drug levels that is thought to be a provok-
ing cause. In addition, levels of metabolites, rather than the 
drug itself, can be associated with seizures.

Fig 15.1 (a, b) Computed tomography and (c, d) magnetic resonance 
imaging fluid attenuated inversion recovery (FLAIR/T2 weighted 
sequences demonstrating a typical pattern of vasogenic edema associ-

ated with PRES). The edema is bilateral, asymmetric, predominantly 
subcortical, and preferentially affecting the posterior regions and fron-
tal lobes

15 Organ Transplant Recipients and Critical Care Seizures
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Over the past several years, there has been a switch from 
cyclosporine to tacrolimus as the antirejection agent of 
choice in organ transplant patients. Tacrolimus is associated 
with lower rates of hypertension, acute rejection, and 
 possibly a better neurotoxicity profile as compared to cyclo-
sporine. The incidence of seizures is similar when compar-
ing the two drugs [14].

Newer agents such as sirolimus and everolimus have been 
introduced to be used as either first line agents or calcineurin 
inhibitor (CNI) sparing agents in cases of neurotoxicity. 
Despite their similar appearing names, these medications are 
mammalian target of rapamycin (mTOR) inhibitors, not 
CNIs. There has not been any compelling evidence to suggest 
that sirolimus itself potentiates seizures. However, there have 
been few case reports of PRES associated with sirolimus, pre-
dominantly in association with hypertensive crises [15, 16].

In cases of neurotoxicity, the primary treatment strategy is 
reducing the dose or changing the offending agent [17, 13, 
18]. This decision should not be taken lightly as it puts the 
transplanted organ at potential risk for rejection. Various 
strategies exist for restarting the antirejection transplant regi-
men including transitioning one CNI to another or an alter-
native agent such as an mTOR inhibitor or muromonab-CD3 
(OKT3) [19]. OKT3 is a murine immunoglobulin monoclo-
nal antibody that is rarely used today for very limited indica-
tions such as acute steroid-resistant rejection of allogenic 
renal, cardiac and liver transplant patients. Neurotoxicity is 
uncommon with the most commonly reported manifestation 
being the development of an aseptic meningitis within 72 h 
of administration [20]. It is in this context that seizures have, 
rarely, been reported.

Busulfan is commonly used to condition patients in prep-
aration of hematopoietic stem cell transplantation. This agent 
has been frequently reported to cause seizures in HSCT 
patients. This complication typically occurs in the 3rd or 4th 
day of administration and appears to be dose dependent [21, 
22]. Although hard evidence is lacking regarding seizure 
prophylaxis, it has become a generally accepted practice 
when initiating high-dose busulfan. This is complicated by 
the fact that the seizure prophylaxis must not have any inter-
action or toxicity with the conditioning regimen, interfere 
with the donor cells, or interact with other medications that 
the patient is receiving. Phenytoin is not an ideal agent for 
prevention of seizures in this setting due to the risk of toxic-
ity and its ability to induce busulfan metabolism. Current 
data support the use of benzodiazepines such as clonazepam 
or lorazepam as seizure prophylaxis. Levetiracetam is 
another promising agent due to its limited drug–drug interac-
tions and adverse effects.

A number of other agents, both chemotherapeutic and 
immunosuppressive, have been associated with seizures in 
transplant patients. Carmustine is a chemotherapeutic agent 
used in preparation of HSCT. This agent has been associated 

with seizures in a number of studies [23, 24]. Azathioprine 
and mycophenolate mofetil have also been associated with 
seizures in the post-transplant setting [25].

Many antibiotics used to treat infections in immunosup-
pressed patients are associated with reductions in seizure 
threshold. Quinolone antibiotics have a variable effect on the 
seizure threshold. Trovafloxacin has the greatest potential for 
seizure induction and levofloxacin has the lowest rate of sei-
zure induction. Imipenem and meropenem have also been 
associated with seizures in prior studies [26, 27]. While the 
overall risk of seizures in these patients is low, close moni-
toring of transplant patients on these drugs is recommended 
[27] and they should probably be avoided entirely in patients 
with pre-existing epilepsy [28].

Post-transplant pain is often managed with opioid medi-
cations such as meperidine [29]. Meperidine has a high cen-
tral nervous system depressant effect, however, its metabolite 
is normeperidine, which has twice the CNS neurotoxic effect 
of meperidine and is a CNS excitatory agent. Accumulation 
of normeperidine in the CNS can result in generalized sei-
zures, myoclonus, tremors, and hyperreflexia. These effects 
cannot be reversed by opioid antagonists. Risk factors for 
meperidine related seizures include hepatic or renal dysfunc-
tion [30].

Management in the setting of drug-induced seizures is 
primarily cessation of the drug after which recurrent seizures 
are not expected. If seizures recur after the suspected causal 
drug has been discontinued and sufficient time to allow five 
half-lives of the drug has passed, an alternative cause for the 
seizures should be sought.

 Acute Metabolic Change

An acute metabolic change should be considered in all 
patients with post-transplant seizures as in many cases, these 
disturbances are easily reversible. Metabolic disturbances 
can result from acute electrolyte imbalances in the early post-
operative period. Delayed onset idiopathic hyperammonemia 
has also been reported and can result in refractory seizures, 
however, this rare complication is not easily reversible [31].

Hyponatremia and hypo-osmolality can contribute to sei-
zures in the early postoperative period [32]. In one study of 
seizures in children who seized within 24 h following a kidney 
transplant, the patients with seizures had more pronounced 
shifts in sodium levels and serum osmolality that those with-
out seizures [32]. Renal transplant patients are particularly 
prone to hyponatremia and shifts in serum osmolality due to 
their high rates of postoperative polyuria. This is due to renal 
tubular dysfunction and can be exacerbated by aggressive 
fluid resuscitation. Severe hyponatremia as a result of post-
transplant polyuria can result in generalized tonic-clonic sei-
zures [33]. Low sodium levels have also been associated with 
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seizure events in cystic fibrosis patients following lung trans-
plant [34] and rapid changes in sodium  levels have been asso-
ciated with seizures in liver transplant patients [35]. Treatment 
is often correction with hypertonic saline, however, care must 
be taken to not reverse the hyponatremia too quickly other-
wise the patient will be at risk for the development of central 
pontine myelinolysis (CPM) [36, 37].

Hypomagnesemia is another well-established risk factor 
for seizures in the post-transplant population [35]. This is 
especially true in the liver transplant population where hypo-
magnesemia is an independent risk factor of seizures as well 
as in patients receiving small bowel transplants and HSCT 
[35, 38, 39]. Hypomagnesemia can potentiate the effects of 
drug-induced neurotoxicity [40] and can also result from 
cyclosporine induced renal wasting [41, 42]. Hypomagnesemia 
frequently presents with muscle weakness prior to its more 
serious manifestations such as behavioral changes and sei-
zures. Reversal of the electrolyte deficiency is the only way to 
prevent further seizures in these patients.

Hypocalcemia is another side effect of CNIs such as 
cyclosporine. Like hypomagnesemia, it is due to increased 
excretion of the electrolyte in the urine. Hypocalcemia 
occurs with a nadir level at about one week post-transplant 
[43]. Hypocalcemia has been shown to be a predictor of 
PRES in patients with chronic kidney disease, including 
transplant patients [44].

Hypoglycemia induced seizures are also not uncommon 
and may be most likely to occur in patients receiving com-
bined pancreas-renal transplants.

Idiopathic hyperammonemia is a rare complication in 
organ transplant recipients but is often devastating [31, 45]. 
This most commonly occurs while patients are severely neu-
tropenic. Patients present with acute lethargy, confusion, sei-
zures, and then progress to coma. Serologic evaluation 
demonstrates ammonia levels over 200 μmol/L with mild 
elevation of liver enzymes [45]. Patients with liver failure or 
who are receiving valproic acid can also experience high 
serum ammonia levels. Imaging evaluation of these patients 
demonstrates diffuse cerebral edema. There are no pharma-
cologic treatments for idiopathic hyperammonemia although 
some have reported success with lactulose, nonabsorbable 
antibiotics, dialysis or sodium benzoate for trapping, and 
removal of ammonia [31, 46].

 CNS Infections

Infections most commonly occur one to six months follow-
ing solid organ transplantation [47]. In the first month fol-
lowing the transplant, patients are at high risk for pneumonia 
or wound infection. Patients with hematopoietic stem cell 
transplant are at higher risk of opportunist infections in the 
first month as they are under maximal immunosuppression 

during this period. This is in contrast to solid organ trans-
plant patients who are not on maximal therapy until about 1 
month following the transplant. Beyond 6 months, patients 
who have not experienced rejection, poor graft function, or 
GVHD are generally given a lower dose of immunosuppres-
sants and are thus at a lower risk for infectious complica-
tions. However, those who are maintained on high doses of 
immunosuppressant agent remain susceptible to many typi-
cal and opportunistic infections [47].

A CNS infection should be considered in any patient with 
headache, mental status changes, or seizure [47]. It is impor-
tant to keep in mind that initial CSF studies may be under-
whelming and even the imaging manifestations of a CNS 
infection may not be striking. Both the development of an 
inflammatory response in the CSF and formation of an 
abscess require a robust immune response; thus many of these 
patients may have only a mild CSF pleocytosis or a more 
phlegmon appearing lesion in their brain rather than an orga-
nized, diffusion restricting walled off fluid collection [47].

Bacterial infections account for a substantial proportion 
of infections in this population. Special consideration should 
be given to opportunistic infections such as Listeria and 
Nocardiosis. Nocardiosis presents as a pulmonary infection 
that is diagnosed with sputum, skin, or brain tissue and can 
present with a mass lesion. CNS involvement occurs in 50% 
of the cases and can present with fevers, meningismus, focal 
deficits, and seizures. It has been reported in <5% of renal 
transplant patients (1–6% of solid organ transplants [47–
49]). Listeria presents with gastrointestinal symptoms, 
fevers, focal deficits, and seizures. Diagnosis is made by 
identification of gram positive bacilli in the CSF or blood.

Immunosuppressed patients are at high risk for opportu-
nistic fungal infections such as aspergillosis, candidiasis, 
and cryptococcosis. All three of these fungal infections can 
present with disseminated pulmonary infiltrates and nodules 
while candida and cryptococcosis can also present in the 
lungs. These infections can manifest clinically as meningitis 
or with more focal symptoms suggestive of an abscess, both 
of which can lead to seizures [47]. Aspergillosis is unique in 
that it can present with septic and hemorrhagic infarctions. 
Presentation of fungal CNS infections includes encephalopa-
thy (90%), focal neurological deficits (33%), seizures (40%), 
and meningeal signs (20%) [50]. Diagnosis depends on CSF 
and blood cultures and rarely, brain histology.

Opportunistic viral infections include herpes virus infec-
tions such as cytomegalovirus (CMV), Epstein–Barr virus 
(EBV), varicella-zoster virus (VZV), human herpes virus-6 
(HHV-6), and herpes simplex virus (HSV) as well as JC 
virus induced progressive multifocal leukoencephalopathy 
(PML) [51]. These are generally the result of reactivation or 
primary infection and present with meningitis or limbic 
encephalitis. Mass lesions can be seen in the setting of EBV 
induced post-transplant lymphoproliferative disease (PTLD) 
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as well as in the setting of JC induced PML [51]. These viral 
infections are diagnosed with CSF and blood culture as well 
as by identification of virus specific serologies or antibodies 
in the CSF. Treatments for herpes virus infections include 
acyclovir, ganciclovir or foscarnet, and cytarabine for PML. 
These infections are particularly a problem in HSCT recipi-
ents and can cause headache, confusion, and seizures several 
weeks after transplantation due to limbic encephalitis [51].

Other opportunistic infections that can affect organ trans-
plant recipients include toxoplasmosis and tuberculosis. 
Toxoplasmosis can present with meningitis and abscess for-
mation and is diagnosed with serology and CSF markers. 
Tuberculosis can present with basilar meningitis, abscess, 
“tuberculomas,” and is diagnosed with CSF culture, smear, 
and serology [51].

One of the chief difficulties complicating the manage-
ment of CNS infections is the interaction between many of 
the pharmacologic agents used to treat them with antirejec-
tion drugs and AEDs. For this reason, consulting a pharma-
cist and a careful risks/benefits may be helpful; however, 
adequate treatment of the infection must take priority over 
other considerations.

 Post-transplant Malignancy

B-cell lymphoma and PTLD are the most common brain 
tumors seen in transplant recipients [52, 53]. These are most 
common after liver and small bowel transplants. PTLD is 
typically associated with EBV infection and should be con-
sidered in patients presenting with de novo seizures years 
following transplant (extreme cases 6 months post- 
transplantation have been reported. Lymphoma and PTLD in 
immunocompromised patients typically present with multi-
ple periventricular ring enhancing lesions, similar to toxo-
plasmosis [52, 53]. Classically, increased uptake on SPECT 
or FDG/PET has been used to differentiate CNS lymphoma 
or PTLD from toxoplasmosis. In cases of high clinical suspi-
cion, biopsy is recommended, followed by initiation of cor-
ticosteroids to reduce edema. In addition, reduction of 
immunosuppression therapy is advised [52, 53].

 Posterior Reversible Encephalopathy 
Syndrome

PRES is a usually reversible neurologic syndrome of subcor-
tical vasogenic brain edema in patients with acute neurologic 
symptoms (i.e., encephalopathy, headache, seizures, and 
visual disturbances) in the setting of renal failure, blood pres-
sure fluctuations, autoimmune disorders, or cytotoxic drug 
administration (i.e., CNI therapy). PRES occurs in up to 2% 
of solid organ transplant recipients and up to 10% of patients 
receiving hematopoietic stem cell transplants [54, 55]. Most 

cases of PRES occur within 30 days of transplant as it is dur-
ing this time that derangements in drug levels, blood pres-
sure, and other metabolic changes are most common [54–56]. 
However, late cases have been reported in renal transplant 
patients with malignant hypertension. Liver transplant 
patients are also at high risk of PRES due to blood–brain bar-
rier disruption from hepatic encephalopathy [57]. Seizures 
occur in the majority of patients with PRES [54–56, 58]. One 
recent study demonstrated that up to half of seizures in heart 
transplants were attributable to PRES [59]. Seizures in the 
setting of PRES are typically generalized tonic-clonic sei-
zures or less commonly, status epilepticus. EEG may show 
slowing, reflective of the encephalopathy, and periodic dis-
charges, most frequently affecting the bioccipital regions. It 
is thought that a substantial proportion of CNI induced sei-
zures are due to PRES [54, 55]. The diagnosis of PRES is 
generally made by a combination of both clinical and radio-
logic findings. Imaging is primarily useful to exclude alter-
native etiologies, but also often confirms the diagnosis. CT 
may show vasogenic primarily subcortical edema which is 
typically bilateral and asymmetric. MRI, particularly FLAIR/
T2 sequences, is more sensitive for the demonstration of 
vasogenic edema (Fig. 15.1) and may also show areas of 
associated restricted diffusion. Associated intracranial hem-
orrhage is not incompatible with a diagnosis of PRES and is 
in fact present in 10–25% of cases. Kidney transplant patients 
tend to develop PRES later (>1 year) when compared with 
liver transplant patients [60]. Treatment of PRES is focused 
primarily on reversal of the underlying cause, whether that is 
CNI neurotoxicity, acute on chronic kidney injury, or hyper-
tension [61]. The majority of cases resolve within 2 weeks.

 Cerebrovascular Disease

Cerebrovascular diseases including ischemic infarctions and 
intracranial hemorrhages most commonly occur within the 
first month post-transplant. Because acute symptomatic sei-
zures may complicate cerebrovascular events, prompt neuro-
imaging should be performed in all patients with new-onset 
seizure, especially those having focal neurological signs. 
Most studies quote a 2–4% incidence of these complications 
with higher rates in elderly patients and those with pre- 
transplant diabetes. In cardiac and renal transplant recipients 
acute ischemic stroke can occur in up to 3–10%, and 8% of 
patients, respectively [62, 63]. In orthotopic heart transplant 
patients, 15% (12 of 82 consecutive patients) had seizures, 
with the most common etiology being postoperative stroke 
[64]. In kidney transplant patients, acute ischemic stroke 
tends to occur several years following transplant. Most 
 poststroke seizures are focal and typically easily aborted 
with intravenous phenytoin, fosphenytoin, and valproic acid. 
However, status epilepticus can develop in 16–25% of all 
patients with poststroke seizures [65].
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Acute hemorrhage is more common in patients who have 
undergone bone marrow or liver transplantation. Up to 7% of 
liver transplant patients suffer from acute cerebrovascular dis-
ease, a majority of which are hemorrhagic [66, 67]. There is 
often a concomitant coagulopathy due to the underlying liver 
disease. Hemorrhage typically occurs in the frontal and parietal 
lobes and less commonly in the subcortical areas. Intracranial 
hemorrhage secondary to thrombocytopenia and infarction or 
hemorrhage secondary to fungal infection can occur in up to 
3% of BMT patients [65]. Cerebral venous thrombosis has also 
been reported in the HSCT population [68–70] and the most 
common presentation in those cases is seizures. The etiology 
and pathophysiology of this complication is unknown.

 Seizures in Transplant Patients: Treatment

Goals of treatment in the acute setting were discussed previ-
ously and the management of status epilepticus is discussed 
in a separate chapter. Many of the etiologies discussed above 
are reversible upon cessation of the offending process (i.e., 
infection, hypertension, PRES, mass effect, etc.), and there-
fore do not require long-term AED therapy. However, there 
are some cases where long-term seizure control with AEDs 
is required. In patients who have recurrent seizures or a 
patient with a single seizure and a structural epileptogenic 
focus identified by neuroimaging, pharmacologic therapy 
should be initiated. Some patients can have their AEDs dis-
continued after 3 months without risk of recurrence, such as 
those with seizures in the setting of PRES. Patients with 
uncontrollable metabolic imbalances or structural CNS 
lesions may require even longer term AED therapy [5].

The primary considerations in selecting AEDs are effi-
cacy and safety, in particular minimizing drug–drug interac-
tions and effects on other organ systems. The pharmacokinetics 
and pharmacodynamics of AEDs and their effect on immu-
nosuppressant agent metabolism need to be carefully consid-
ered. The ideal AEDs are those with minimal protein binding 
and minimal effects on induction or inhibition of drug 
metabolism pathways, especially among patients with liver 
transplants. For patients with renal transplants, AED agents 
may require dose adjustments due to variability in excretion. 
A number of AEDs have a more favorable profile in trans-
plant patients with seizures and provide broad coverage in 
that they can treat both partial and generalized seizures.

Phenytoin and fosphenytoin are generally considered first 
line agents in the setting of recurrent seizures or status epi-
lepticus. The benefit of these agents is that they are effica-
cious and can be loaded intravenously. Close blood pressure 
monitoring should be performed during administration of an 
IV load of these medications as they can cause hypotension. 
Also, it is important to consider that these agents can induce 
CNI metabolism which leads to lower doses of CNI and 
more vigilant titration of the agent is required to maintain 

therapeutic levels. Some transplant recipients may have 
hypoalbuminemia, and under those circumstances lower 
doses should be used as protein binding would be reduced. 
We advise that phenytoin levels be monitored by checking 
both free and total levels, as many of these patients have 
hypoalbuminemia and the total phenytoin level may not 
reflect the amount of free active drug.

Phenobarbital may be a good option in HSCT patients as 
it is one of a few AEDs that does not cause bone marrow sup-
pression. Patients should be closely monitored during admin-
istration of a loading dose as it can be complicated by 
hypotension and respiratory depression. This agent can also 
interact with CNIs by inducing the CYP450 enzymes.

Valproate, which does not induce CYP450, was histori-
cally used to treat seizures in renal transplant patients, but is 
now discouraged due to the association with hepatic failure 
[5, 71]. This medication is also highly protein bound and 
lower doses should be considered in patients with reduced 
binding proteins. There have also been reports of valproic 
acid causing a coagulopathy by platelet dysfunction akin to 
von Willebrand disease and the drug should be avoided alto-
gether in liver transplant recipients [72].

Levetiracetam has been gaining popularity for post- 
transplant seizures due to its broad spectrum efficacy and the 
fact that it is not extensively protein bound, or metabolized 
through the liver and lacks drug–drug interactions [71]. 
There is very sparse data on the efficacy of this medication in 
transplant recipients [73]. Levetiracetam can be taken orally 
or intravenously in patients of all ages and, when loaded, 
reaches therapeutic levels hours after the first dose. It does 
not affect CNI metabolism. Patients with impaired renal 
function may require a dosage decrease as it is primarily 
excreted through the urine [5]. It is also important to note 
that this medication is dialyzable and supplemental doses 
should be given after dialysis.

Lacosamide is another emerging option. It has been 
approved for refractory focal seizures and is available in both 
IV and oral formulations [74]. It has no known drug–drug 
interactions. It is primarily excreted in the urine and therefore 
must be renally dosed. Caution is advised in patients with 
severe cardiac disease or conduction defects and HSCT as it 
can cause PR prolongation, AV block, irregular atrial rhythms, 
and bone marrow suppression. Lacosamide has not been 
studied in the transplant patient population for monotherapy 
and its high cost may be preclusive in some patients (5).

If oral formulations are feasible, gabapentin and pregaba-
lin may be considered. Similar to lacosamide these are 
approved for focal seizures and efficacy of monotherapy has 
not been established. The side effect profile is generally 
benign and does not cause any myelosuppression. They also 
require renal dosing as they are primarily excreted through 
urine. These agents do not have any known drug–drug inter-
actions, are not heavily protein bound, and do not induce 
CYP450 enzymes.
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Carbamazepine (CBZ) is generally not recommended as 
initial therapy. It can be used to treat focal seizures. It is heav-
ily protein bound, and strongly induces CYP450 enzymes 
thereby lowering CNI levels. Close monitoring of CBZ levels 
should be considered in the first two weeks of administration 
as this agent has been known to undergo auto induction. Both 
10,11 epoxide metabolite and CBZ levels should be per-
formed in patients with liver failure if there is suspicion for 
medication toxicity as these patients can develop CBZ toxic-
ity secondary to accumulation of the active metabolite despite 
normal CBZ levels. One of its notable side effects is hypona-
tremia secondary to SIADH which may be especially prob-
lematic in transplant recipients who are already pre-disposed 
to electrolyte disturbances. Oxcarbazepine is a structural 
derivative of carbamazepine and has similar indications as 
CBZ. It is a milder CYP450 inducer but has a higher risk of 
producing hyponatremia as compared with CBZ.

Topiramate, lamotrigine, and zonisamide may be consid-
ered in generalized and focal seizures. They all have hepatic 
metabolism. Topiramate has dose dependent liver enzyme 
inducing properties at doses above 200 mg. These agents 
should be used with caution given the potential for drug–
drug interactions.

 Seizures in Transplant Patients: Significance 
for Outcome

Although some studies suggest that seizures are associated 
with worse outcomes in HSCT and cardiac transplant recipi-
ents [3, 75, 76] one should consider that prognosis is dependent 
on a number of factors. Seizure duration, etiology, and failure 
to respond to the initial AED are each important factors impact-
ing prognosis. A general principle is that patients with seizures 
resulting from CNS infection, cerebrovascular insults, or CNS 
malignancy will have worse outcomes than those with seizures 
resulting from drug toxicity or metabolic disturbances. This 
was demonstrated in previous studies on HSCT and liver recip-
ients [77, 78]. Post-transplant seizures should be considered in 
context and rarely should influence decision about goals of 
care unless they are truly treatment refractory as can be the 
case with delayed onset idiopathic hyperammonemia.
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