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Abstract 

Background/Objective: Neurostimulants may improve or accelerate cognitive and functional recovery after intrac-
erebral hemorrhage (ICH), ischemic stroke (IS), or subarachnoid hemorrhage (SAH), but few studies have described 
their safety and effectiveness in the intensive care unit (ICU). The objective of this study was to describe amanta-
dine and modafinil administration practices during acute stroke care starting in the ICU and to evaluate safety and 
effectiveness.

Methods: Consecutive adult ICU patients treated with amantadine and/or modafinil following acute non-traumatic 
IS, ICH, or SAH were evaluated. Neurostimulant administration data were extracted from the electronic medication 
administration record, including medication (amantadine, modafinil, or both), starting dose, time from stroke to 
initiation, and whether the neurostimulant was continued at hospital discharge. Patients were considered respond-
ers if they met two of three criteria within 9 days of neurostimulant initiation: increase in Glasgow coma scale (GCS) 
score ≥ 3 points from pre-treatment baseline, improved wakefulness or participation documented in caregiver notes, 
or clinical improvement documented in physical or occupational therapy notes. Potential confounders of the effec-
tiveness assessment and adverse drug effects were also recorded.

Results: A total of 87 patients were evaluable during the 3.7-year study period, including 41 (47%) with ICH, 29 
(33%) with IS, and 17 (20%) with SAH. The initial neurostimulant administered was amantadine in 71 (82%) patients, 
modafinil in 13 (15%), or both in 3 (3%) patients. Neurostimulants were initiated a median of 7 (4.25, 12.75) days post-
stroke (range 1–27 days) for somnolence (77%), not following commands (32%), lack of eye opening (28%), or low 
GCS (17%). The most common starting dose was 100 mg twice daily for both amantadine (86%) and modafinil (54%). 
Of the 79 patients included in the effectiveness evaluation, 42 (53%) were considered responders, including 34/62 
(55%) receiving amantadine monotherapy and 8/24 (33%) receiving both amantadine and modafinil at the time they 
met the definition of a responder. No patient receiving modafinil monotherapy was considered a responder. The 
median time from initiation to response was 3 (2, 5) days. Responders were more frequently discharged home or to 

*Correspondence:  dgagnon@mmc.org 
4 Department of Pharmacy, Maine Medical Center, 22 Bramhall Street, 
Portland, ME 04102, USA
Full list of author information is available at the end of the article
Data were presented at the 15th Annual Meeting of the Neurocritical 
Care Society from October 10–13, 2017, in Waikoloa Village, Hawaii.

http://crossmark.crossref.org/dialog/?doi=10.1007/s12028-020-00986-4&domain=pdf


Introduction
Approximately 800,000 Americans suffer a new or recur-
rent stroke each year, including 87% that are ischemic 
(IS), 10% that are intracerebral hemorrhages (ICH), 
and 3% that are subarachnoid hemorrhages (SAH) [1]. 
Stroke is a leading cause of disability, with 2.4% of non-
institutionalized adults reporting stroke-related disabil-
ity, including 43–94% reporting ≥ 2 long-term comorbid 
medical conditions [2, 3]. The National Institute of Neu-
rological Disorders and Stroke recently identified early 
recovery after stroke as a research priority, highlighting 
specific interventions (including pharmacologic agents), 
for future investigation [4].

Early rehabilitation is a central component of post-
stroke care, with clinical practice guidelines recommend-
ing early mobilization and rehabilitation within 24–72 h 
[5] and inpatient rehabilitation rather than skilled nursing 
care whenever possible [6]. Efforts to provide early reha-
bilitation following acute stroke can be compromised by 
a variety of conditions, including apathy and hypersom-
nia, which may occur in up to 35% and 18% of stroke sur-
vivors, respectively [7, 8]. Disordered consciousness after 
ischemic or hemorrhagic stroke can result from damage 
to many different structures, including bilateral cerebral 
cortical injury, pontine tegmentum, midbrain, basal fore-
brain, hypothalamus and central thalamus, putamen, 
caudate, and pallidum [9]. Strategies to circumvent these 
impairments and increase participation in early rehabili-
tation are needed.

Neurostimulants such as amantadine and modafinil 
promote wakefulness and may increase patient partici-
pation in early rehabilitation, with data largely extrapo-
lated from patients with traumatic brain injury (TBI). 
Although amantadine is commonly administered to 
patients with disorders of consciousness, its mechanism 
of action remains unclear. It may modulate dopamine 
activity by increasing its release, blocking its reup-
take, and increasing postsynaptic dopamine receptors 
or altering their conformation and may also antagonize 
n-methyl-d-aspartate (NMDA) receptors [10, 11]. The 
mechanism of action of modafinil has been attributed to 
stimulation of  alpha1B noradrenergic receptors, reduced 

gamma-aminobutyric acid (GABA) release, increased 
glutamate or histamine release, or altered hypocretin 
activity [12]. Modafinil’s effects appear independent of 
serotonin, dopamine, GABA, adenosine, histamine-3, 
melatonin, and benzodiazepine receptors. Compared to 
conventional neurostimulants, modafinil appears to be 
devoid of dopaminergic effects, which may be of signifi-
cance as post-stroke dopaminergic system dysfunction 
has been recently described [12, 13].

Among the many neurostimulants available, amanta-
dine has the strongest evidence supporting its admin-
istration. When started 4  weeks post-TBI during acute 
rehabilitation, amantadine accelerates functional recov-
ery [14]. Smaller controlled studies treating TBI patients 
with amantadine during their acute hospitalization have 
shown improved Glasgow coma scale (GCS) and Mini 
Mental Status Examination (MMSE) scores [15, 16], but 
whether similar benefits would occur during acute hospi-
talization after stroke is unknown.

Amantadine and modafinil are administered to patients 
following acute stroke in our intensive care unit (ICU) 
on an ad hoc basis, but data supporting this practice 
are largely limited to delayed treatment in rehabilitation 
or outpatient facilities with very few reports during the 
acute care hospitalization [17–19]. The primary purpose 
of this study was to describe amantadine and modafinil 
administration practices during acute stroke care in 
patients initially treated in an ICU. We also sought to 
evaluate the safety and effectiveness of this practice.

Methods
Study Design
Consecutive acute stroke patients treated in the 32-bed 
medical, surgical, and neurological ICU and the 12-bed 
cardiac ICU at Maine Medical Center between Decem-
ber 2012 and July 2016 were evaluated in this retro-
spective cohort study. Patients were included if they 
were ≥ 18  years of age, admitted with an acute non-
traumatic ICH, IS, or SAH, and were treated with aman-
tadine, modafinil, or both for at least 72 h starting in an 
ICU. The 72-h window was chosen based on our anec-
dotal observation that patients generally respond within 

acute rehabilitation compared to non-responders (90% vs 62%, p = 0.006). Among survivors, 63/72 (88%) were pre-
scribed a neurostimulant at hospital discharge. The most common potential adverse drug effect was sleep disruption 
(16%).

Conclusions: Neurostimulant administration during acute stroke care may improve wakefulness. Future controlled 
studies with a neurostimulant administration protocol, prospective evaluation, and discretely defined response and 
safety criteria are needed to confirm these encouraging findings.

Keywords: Amantadine, Modafinil, Neurostimulant, Stroke, Critical care, Ischemic stroke, Subarachnoid hemorrhage, 
Intracerebral hemorrhage, Rehabilitation
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this time frame and shorter treatment intervals may be 
inadequate to assess response. Patients were excluded 
if they were receiving amantadine or modafinil prior to 
hospitalization, were admitted with TBI, encephalopathy 
(including hypoxic ischemic encephalopathy after car-
diac arrest), brain tumor, encephalitis, or had a history of 
seizures. Patients were identified using a pharmacy-gen-
erated report. The Institutional Review Board at Maine 
Medical Center reviewed this study design and deter-
mined it was exempt from regulatory review.

Demographics and Clinical Characteristics
Demographic information (age, gender, ethnicity), clini-
cal characteristics including type of stroke (ICH, IS, or 
SAH), stroke-specific severity grading (ICH score for 
ICH, Hunt and Hess scale for SAH, and National Insti-
tutes of Health Stroke Scale [NIHSS] for IS), laterality 
for ICH and IS, and presence or absence of an aneurysm 
for SAH were recorded. Descriptive clinical outcomes 
included ICU and hospital length of stay, ICU and hos-
pital mortality, and discharge disposition (home, acute 
rehabilitation, skilled nursing facility, hospice, or death). 
All information was obtained from the electronic medi-
cal record, including notes entered by physicians, nurse 
practitioners, physician assistants, nurses, pharmacists, 
and occupational, speech, and physical therapists.

Neurostimulant Administration Practices
A single pharmacist investigator (CSB) extracted aman-
tadine and modafinil administration data from the 
electronic medication administration record (MAR), 
including specific neurostimulant(s) initiated (amanta-
dine, modafinil, or both), starting dose, time from stroke 
to initiation, changes in dosing, and whether or not the 
neurostimulant was continued at hospital discharge. 
Discharge prescriptions were assessed for dose taper 
instructions, no taper instructions, or no mention of the 
neurostimulant. No protocol for neurostimulant admin-
istration following acute stroke existed during the study.

Clinical Effectiveness Outcomes
No single clinical effectiveness measure following neuro-
stimulant administration after an acute stroke has been 
defined. Accordingly, we adapted the approach used 
by studies evaluating acute administration of aman-
tadine to TBI patients [15, 20]. Acute stroke patients 
were characterized as responders if they met two of the 
following three criteria on any one calendar day within 
9  days after neurostimulant initiation: increase in GCS 
score ≥ 3 points from pre-treatment baseline, clinical 
improvement in wakefulness or responsiveness docu-
mented in caregiver notes, or clinical improvement in 
wakefulness or responsiveness documented in physical 

or occupational therapy notes. Caregiver notes and GCS 
scores were assessed by a neurocritical care Physician 
Assistant (AML), and physical and occupational therapy 
notes were assessed by a Doctor of Physical Therapy 
(KN) and a registered, licensed Occupational Therapist 
(JC). Supplement 1 describes the approach used by these 
chart reviewers. Patients who did not meet the definition 
for responsiveness were classified as non-responders. If 
patients had an additional neurostimulant added or sub-
stituted, the timing of this change was considered when 
interpreting which drug the patient responded to or did 
not respond to. Since there was no published literature 
to establish an expected duration of treatment prior to a 
response, if a patient responded after at least 24  h of a 
new combination, we considered them a responder to the 
new regimen.

Potential confounders of the clinical effectiveness 
assessment were identified a priori, including hydro-
cephalus, intracranial pressure (ICP) crisis, seizure, cer-
ebral vasospasm or ischemia, craniotomy for hematoma 
evacuation, and receipt of a concomitant psychoactive 
medication (including sedation for mechanical ventila-
tion). Hydrocephalus was defined as placement of a cer-
ebrospinal fluid (CSF) shunting device with radiographic 
evidence of ventriculomegaly. Intracranial pressure cri-
sis was defined as an ICP > 20  mmHg and/or dilated 
pupils requiring decompressive surgery or hyperosmo-
lar therapy. New seizures were defined as treatment (not 
prophylaxis) with an antiepileptic drug and/or electroen-
cephalographic seizures beginning after neurostimulant 
initiation. Radiographic cerebral vasospasm was present 
if diagnosed by transcranial Doppler ultrasound, com-
puted tomography angiography, or digital subtraction 
angiography. Delayed cerebral ischemia was present if 
focal neurological deterioration requiring fluid bolus, 
vasopressors, or intraarterial vasodilators occurred. 
Craniotomy for hematoma evacuation was identified by 
reviewing neurosurgical procedure notes. Mechanical 
ventilation was identified by reviewing respiratory flow 
sheets and required an endotracheal tube or tracheos-
tomy with use of a ventilator. Administration of psycho-
active medications (sedatives, opioids, antiepileptics, 
antipsychotics, or sleep aids) was identified by reviewing 
the electronic MAR. Supplement 2 includes a list of the 
potential confounders encountered in this study and sug-
gested approaches to account for them in future studies.

Safety Outcomes
Potential adverse drug effects were selected based on 
published studies [14, 21], the prescribing information 
for amantadine and modafinil [22, 23], and our anecdo-
tal experience. These included spasticity, confusion, sleep 
disruption, seizures, QTc prolongation (amantadine), 
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agitation, and delirium. Spasticity and confusion were 
identified by reviewing caregiver notes. Sleep disruption 
was present if the patient received a new sleep medica-
tion after starting a neurostimulant, and for the other 
adverse events, the medical record was reviewed for the 
48  h prior to initiating neurostimulant therapy, and if 
the adverse event was not described prior to initiation 
but was identified afterward, we considered it possibly 
drug related. Measurements of QTc were obtained from 
12-lead electrocardiograms (ECG) and were considered 
prolonged if > 450 ms after an initial ECG with a normal 
QTc. Agitation and delirium were assessed using a pre-
viously published algorithm [24]. The probability that an 
adverse reaction was related to neurostimulant admin-
istration was not assessed using grading scales (e.g., 
Naranjo scale or Bradford Hill criteria) because of the 
numerous confounders present in ICU patients, and the 
lack of demonstrated validity and reliability in critically ill 
patients. Instead, as is standard with good clinical prac-
tice for research, we reported all potential adverse drug 
effects [25].

Statistical Analysis
Continuous data are reported as median (interquartile 
range 25–75%), and categorical or dichotomous variables 
as number and percentage. Discharge status was grouped 
into two outcomes, either “home or acute rehabilitation,” 
or “skilled nursing facility, hospice or death.” Response 
rates according to neurostimulant administered and 
discharge locations were compared using Chi-square 
analysis or Fisher’s exact testing and p < 0.05 was statis-
tically significant. If a patient transitioned to another 

neurostimulant for non-response or adverse event, they 
were counted in both medication categories. Adverse 
events and responsiveness were assigned to the medi-
cation they were receiving at the time these were first 
detected.

Results
Demographics and Clinical Characteristics
Two hundred five patients received amantadine and/
or modafinil during the 3.7  year study period and 118 
patients were initially excluded: neurostimulant admin-
istered for an indication other than acute stroke (TBI 
[n = 50], cardiac arrest [n = 15], brain tumor [n = 6], 
encephalitis [n = 5], or encephalopathy [n = 4]); neuro-
stimulant prescribed prior to hospital admission (n = 27) 
or administered for < 72  h (n = 8); or history of seizures 
(n = 3). After our initial chart review of 87 patients, 
inconsistent data prompted a second review in which 8 
patients were confirmed to have received drug for < 72 h; 
these 8 were excluded from the effectiveness analysis 
but maintained in the safety analysis. The final evaluable 
cohort for effectiveness included 79 acute stroke patients.

The median age was 66 (56, 73) years, and most patients 
were male (n = 56; 64%) and Caucasian (n = 84; 97%) 
(Table 1). The cohort included 41 patients (47%) with an 
ICH, 29 (33%) with an IS, and 17 (20%) with a SAH (all 
aneurysmal). At the time of neurostimulant initiation, 
30 (34%) patients were receiving mechanical ventilatory 
support. The hospital mortality rate was 15/87 (17%); no 
death was associated with neurostimulant administra-
tion, and most patients (50/79; 63%) were discharged to 
acute rehabilitation (Table 2).

Table 1 Demographics and patient characteristics at time of neurostimulant initiation

Continuous variables are reported as median (IQR) and frequencies as number (%)

ICH, intracerebral hemorrhage; L, left; NIHSS, National Institutes of Health Stroke Scale; R, right; SAH, subarachnoid hemorrhage
a Five patients had a primary intraventricular hemorrhage, and 3 had brainstem ICH
b Two patients had multiple bilateral embolic ischemic strokes
c Both patients had a Hunt and Hess scale score of 5

All (n = 87) Amantadine (n = 71) Modafinil (n = 13) Both (n = 3)

Age, years 66 (56, 73) 66 (55, 74) 66 (61, 71) 64 (64, 67)

Male, no. (%) 56 (64%) 43 (61%) 10 (77%) 3 (100%)

Caucasian, no. (%) 84 (97%) 68 (96%) 13 (100%) 3 (100%)

ICH, no. (%) 41 (47%) 32 (45%) 9 (69%) 0

 ICH score 2 (1, 3) 2 (1, 3) 3 (3, 3) 0

 Laterality (L vs. R) L 10 versus R  23a L 7 versus R 14 L 3 versus R 5 0

Ischemic, no. (%) 29 (33%) 24 (34%) 4 (31%) 1 (33%)

 NIHSS 23 (16, 30) 23 (16, 33) 22 (17, 25) 28

 Laterality (L vs. R) L 14 versus R  13b L 10 versus R 12 L 3 versus R 1 L 1 versus R 0

SAH, no. (%) 17 (20%) 15 (21%) 0 2 (67%)

 Hunt and Hess scale 4 (3, 4) 4 (3, 5) 0 5c
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Neurostimulant Administration Practices
The initial neurostimulant administered was amanta-
dine in 71 (82%) patients, modafinil in 13 (15%), or both 
amantadine and modafinil simultaneously in 3 (3%). Neu-
rostimulants were initiated a median of 7 (4.25, 12.75) 
days post-stroke (range 1–27 days). Indications for neu-
rostimulant administration in caregiver notes included 
somnolence (77%), not following commands (32%), lack 
of eye opening (28%), or low GCS (17%); more than one 
indication could be documented for each patient. Time of 
day for neurostimulant administration was variable, but 
most twice daily doses were administered at 06:00 and 
14:00, and most daily doses were administered at 06:00.

The most common initial dose of amantadine 
in patients with an estimated creatinine clearance 
(CrCl) > 60 mL/min was 100 mg twice daily (n = 61; 86%), 
followed by 100 mg once daily (n = 6; 8%) or 200 mg once 
daily (n = 1; 1%). Among three patients with impaired 
kidney function, the initial dose was 50  mg once every 
other day (n = 1; 1%, CrCl = 13 ml/min), or once weekly 
doses of 100  mg or 200  mg (one patient each) for two 
patients receiving hemodialysis. The amantadine dose 
was increased in 15 (21%) patients a median of 6 (4, 7) 
days after initiation for persistent somnolence (n = 13; 
87%), not following commands (n = 8; 53%), lack of eye 
opening (n = 2; 13%), low GCS (n = 1; 7%), aphasia (n = 1; 
7%), or an undocumented reason (n = 4; 27%); more 
than one reason could be documented for each patient. 
The amantadine dose was decreased in 5 (7%) patients 
a median of 4.5 (3, 6) days after initiation due to delir-
ium (n = 1; 20%), agitation (n = 1; 20%), or an unknown 

reason (n = 3; 60%). Modafinil was added to 18 patients 
who initially received amantadine monotherapy a median 
of 4 (2, 5) days following amantadine initiation, with an 
initial modafinil dose of 200 mg once daily in 11 (61%), 
100  mg twice daily in 5 (28%), and 100  mg daily in 2 
(11%) patients.

The most common initial dose of modafinil was 100 mg 
twice daily (n = 7; 54%), less frequently 200 mg twice daily 
(n = 4; 31%), 200  mg once daily (n = 1; 8%), or 100  mg 
three times daily (n = 1; 8%). The modafinil dose was 
increased in 2 (15%) patients 5 and 6 days after modafinil 
initiation for somnolence or not following commands 
(n = 1 each). The modafinil dose was decreased in 2 
(15%) patients 2 and 7 days after modafinil initiation for 
agitation (n = 1) or an unknown reason (n = 1). Amanta-
dine was added to 5 (38%) patients who initially received 
modafinil monotherapy a median of 6 (1, 6.5) days fol-
lowing modafinil initiation, with an initial amantadine 
dose of 100  mg twice daily (n = 3; 60%), 100  mg once 
daily (n = 1; 20%), or 100 mg every 48 h (n = 1; 20%).

In patients starting both amantadine and modafinil 
simultaneously, the initial dose of amantadine was 
100  mg twice daily (n = 2; 67%) or 50  mg twice daily 
(n = 1; 33%) and for modafinil it was 100 mg twice daily 
(n = 2; 67%) or 200  mg twice daily (n = 1; 33%). The 
amantadine dose was increased from 100 mg twice daily 
to 200  mg twice daily 8  days after initiation in 1 (33%) 
patient because they were not following commands. With 
transitions to different medication groups, and includ-
ing patients in every medication group they received, a 
total of 73 patients received amantadine monotherapy, 27 

Table 2 Descriptive clinical outcomes and final response data

Continuous variables are reported as median (IQR) and frequencies as number (%). Responder denominators sum to more than 79 patients because patients were 
included in multiple groups if they transitioned to different medications

ICH, intracerebral hemorrhage; ICU, intensive care unit; SAH, subarachnoid hemorrhage; SNF, skilled nursing facility
a From the 87 enrolled subjects, 8 were excluded from effectiveness analysis, including 5 who died and 3 who were transferred to rehabilitation or skilled nursing 
facilities
b This single patient was discharged to hospice, expired 48 h after transfer, and was counted as a death in Fig. 1

All (n = 79)a ICH (n = 38) Ischemic (n = 25) SAH (n = 16)

ICU length of stay, days 14 (7, 18) 15 (11, 18) 8 (6, 14) 20 (14, 24)

Hospital length of stay, days 19 (13, 27) 21 (16, 26) 14 (10, 19) 24 (17, 32)

ICU mortality, no. (%) 5 (6%) 1 (3%) 3 (12%) 1 (6%)

Discharge disposition, no. (%)

 Acute rehabilitation 50 (63%) 24 (63%) 17 (64%) 9 (56%)

 Home 11 (14%) 2 (8%) 5 (24%) 4 (25%)

 Death 9 (11%) 4 (10%) 3 (12%) 2 (12%)

 SNF 8 (10%) 8 (21%) 0 0

 Hospiceb 1 (1%) 0 0 1 (6%)

Amantadine monotherapy responders, no. (%) 34/62 (55%) 16/30 (53%) 11/18 (61%) 7/14 (50%)

Modafinil monotherapy responders, no. (%) 0/15 (0%) 0/8 (0%) 0/6(0%) 0/1 (0%)

Amantadine + modafinil responders, no. (%) 8/24 (33%) 4/15 (27%) 3/5 (60%) 1/4 (25%)



received combined amantadine/modafinil therapy, and 
15 received modafinil monotherapy at some time during 
their hospitalization.

Of the 72 (83%) patients who survived to hospital 
discharge, 9 (12%) patients had their neurostimulant 
stopped prior to discharge, and 63 (86%) were provided 
neurostimulant prescriptions. Amantadine prescriptions 
were provided to 33 (52%) patients, 8 (13%) received a 
modafinil prescription, and 22 (35%) received a prescrip-
tion for both neurostimulants. Among the 63 discharge 
neurostimulant prescriptions, 45 (71%) included dosing 
without taper instructions, 4 (6%) had taper instructions, 
and 14 (22%) included no information about continuing 
or tapering the neurostimulant.

Clinical Effectiveness
Among the 79 patients included in the clinical effec-
tiveness analysis, 42 (53%) were considered respond-
ers, including 34/62 (55%) receiving amantadine 
monotherapy and 8/24 (33%) receiving both amantadine 
and modafinil at the time they first met the definition of 
a responder; no patient receiving modafinil monotherapy 
was a responder (p < 0.001; Fig.  1, Table  2). The median 
time from neurostimulant initiation to responder sta-
tus was 3 (2, 5) days (range 1–9 days). Responders were 
more frequently discharged to home or acute rehabilita-
tion compared to non-responders (90% vs 62%, p = 0.006; 
Fig. 2).

Many factors potentially confounded the effective-
ness assessment. The most common was hydrocephalus 
(n = 36; 41%), including 18/41 (44%) patients with ICH, 
16/17 (94%) with SAH, and 2/29 (7%) with IS. Most of 
these patients (n = 35; 97%) required CSF diversion. Sup-
plement 2 includes a complete list of confounders, their 
estimated impact on our assessments, and a recom-
mended approach for future studies.

Safety Outcomes
Among the 87 patients included in the safety analysis, 
the most common potential adverse drug effect was sleep 
disruption requiring administration of a new sleep medi-
cation (n = 14; 16%) (Fig. 3). Other potential adverse drug 
effects occurring after neurostimulant initiation included 
agitation (n = 9; 10%), spasticity (n = 9; 10%), and QTc 
prolongation (n = 6; 7%) with amantadine. New onset 
seizures requiring antiepileptic drug administration 
occurred in 5 (6%) patients (n = 3 with ICH and n = 2 
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with IS). Amantadine was discontinued due to seizure in 
one IS patient and continued in the other four.

Amantadine was discontinued in 10 patients a median 
of 6 (2, 18) days after initiation. The decision to stop was 
made by clinical teams, and included sustained wake-
fulness after 8 and 9  days of treatment (n = 2; 20%), or 
adverse drug effects including agitation (n = 2; 20%), 
anxiety (n = 1; 10%), delirium (n = 1; 10%), seizures 
(n = 1; 10%), QT prolongation without arrhythmia (n = 1; 
10%), and decision to transition to comfort measures 
only (CMO) (n = 2; 20%). Modafinil was discontinued in 
one patient 5  days after initiation due to insomnia and 
agitation.

Discussion
Participation in rehabilitation activities during acute 
stroke care and eventually in specialized rehabilitation 
settings is an important component of stroke recov-
ery and is prioritized in stroke guidelines [5, 6]. Neuro-
stimulants have proven beneficial for TBI patients when 
administered in rehabilitation units and, with weaker evi-
dence, earlier in their recovery during acute care [14–16]. 
This study represents the largest cohort of stroke patients 
treated with neurostimulants during their acute hospi-
talization, and suggests amantadine started in the first 
week after stroke may be associated with improved wake-
fulness or responsiveness in approximately half of treated 

patients. Responders showed a promising trend with 
more frequent discharge to home or acute rehabilitation 
compared to non-responders, but these findings must be 
considered hypothesis-generating.

Early rehabilitation after stroke is recommended by 
the American Heart Association and American Stroke 
Association [6], and efforts to increase rehabilitation par-
ticipation during acute stroke care with neurostimulants 
may be beneficial in somnolent or non-participatory 
patients. In our study, patients were started on neuro-
stimulants a median of 7 days after stroke, with a single 
patient starting in the first 24  h. The best time to start 
neurostimulants is not known, and caution has been 
advised to avoid very early, high-intensity mobilization in 
the first 24 h after acute stroke, since this has been asso-
ciated with a reduction in favorable outcome at 3 months 
[26, 27]. Several patients had neurostimulants started 
late in their hospital course and were either transferred 
or had support withdrawn prior to 72  h of treatment. 
It is not clear if a longer duration of monitored dosing 
would have resulted in a response or not, but because of 
the short administration time, we excluded them from 
our effectiveness analysis. Among our 42 responders, the 
median time to response was 3 days, providing some jus-
tification for this a priori threshold for minimal duration.

No valid and reliable clinical effectiveness measure 
exists to assess response to neurostimulants in the acute 
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care setting after stroke. Studies describing amantadine 
administration to one rehabilitation and five acutely 
hospitalized stroke patients utilized the Coma Recovery 
Scale-Revised (CRS-R) and Disability Rating Scale (DRS) 
[18, 28]. A randomized study comparing modafinil and 
placebo administration within 14 days of stroke reported 
the multidimensional fatigue inventory at 30, 90, and 
180  days post-stroke [17]. The lack of consensus sup-
porting a specific clinical effectiveness measure in the 
acute stroke setting and the retrospective nature of our 
study necessitated the development of a novel method. 
Glasgow coma scale was shown to increase during acute 
administration of amantadine to 19 and 41 TBI patients 
[15, 20]; we utilized a similar approach.

Assessing the effectiveness of neurostimulant admin-
istration during acute stroke care is complicated by 
patient care needs, which often persist into the reha-
bilitation phase (e.g., mechanical ventilation or medi-
cations for sedation, analgesia, or seizures). Even in the 
rehabilitation setting, medications confounded assess-
ment of responsiveness in prior studies for up to a third 
of patients [14]. The common sequelae of stroke (e.g., 
pain, seizures, vasospasm, hydrocephalus, and intrac-
ranial hypertension) also complicated our neurostimu-
lant response assessments. For example, hydrocephalus 
(which required CSF diversion 97% of the time) may have 
induced somnolence, while CSF diversion or unclamping 
external drains may have induced wakening. Similarly, 
intubated patients who are liberated from mechani-
cal ventilation may become more interactive as their 
communication improves and sedation is reduced. A 
recent study of TBI patients treated acutely with neu-
rostimulants in the ICU encountered many of the same 
confounders [21]. Supplement 2 includes a list of the 
potential confounders we encountered in this study and 
suggested approaches to them in future studies.

The most common potential adverse drug effect was 
need for a new sleep medication, suggesting sleep dis-
ruption may have been occurring. Our most common 
administration schedule of amantadine at 06:00 and 
14:00 may alleviate this, but this remains unproven. Two 
subjects were initially prescribed twice daily doses at 
08:00 and 20:00; both had insomnia noted and the timing 
of doses was adjusted to 06:00 and 14:00. The ideal dose 
and whether a predictable dose–response relationship 
exists for amantadine during acute stroke care is unclear. 
Amantadine may increase the number of postsynaptic 
dopamine receptors or alter their conformation over sev-
eral weeks, suggesting time of daily administration may 
not influence sleep [29]. The most concerning potential 
adverse drug effect during amantadine therapy was sei-
zures, though it was impossible to assess causality since 
seizures are not rare after the types of stroke we studied. 

Amantadine has been safely administered to patients 
with epilepsy since the mid-1980’s [30], but caution is 
still required. Many patients had multiple other reasons 
for potential adverse effects (i.e., confusion potentially 
caused by amantadine or modafinil, urinary tract infec-
tion, steroids, vasospasm, hydrocephalus, or hyperna-
tremia). Prior studies examining the accuracy of delirium 
screening following acute stroke using the CAM-ICU 
have suggested decreased accuracy results [31–33]. The 
number of patients with delirium in our study was low 
but use of accurate screening tests after stroke in future 
studies may increase recognition. All adverse events 
identified have been previously reported, though it is 
possible other adverse drug effects occurred and were 
not identified in our retrospective study.

Several limitations of this study warrant comment. 
Due to the paucity of published data for stroke patients 
treated with neurostimulants in the acute setting, no pro-
tocols or robust data were available to guide us or allow 
for a power calculation. We performed this retrospec-
tive evaluation to obtain baseline data and response esti-
mates to help design future studies. Reliance on caregiver 
notes was an additional limitation but prompted us to 
incorporate more consistent documentation regarding 
neurostimulant administration and response. It was not 
possible to control for changes in the quality of caregiver 
and PT/OT documentation over time as neurostimu-
lants were more frequently administered. Physical and 
occupational therapists used a semi-structured template 
including initial and subsequent evaluations, which dif-
fer in frequency and domains evaluated from patient-to-
patient. Future studies in the acute care setting should 
utilize a clinical effectiveness measure that evaluates the 
indication for neurostimulant use and regularly assesses 
response.

Whether adding a second neurostimulant (if no 
improvement is observed from the initial neurostimu-
lant) adds benefit, risk, neither, or both is unclear. Her-
rold and colleagues retrospectively evaluated 115 TBI 
patients treated with neurostimulants in a rehabilitation 
center, finding that those treated with multiple agents 
had no better outcome than those treated with a single 
medication [34]. Given the lack of an untreated control 
group in this retrospective study, we cannot be certain 
that any improvements resulted from the medications 
and it is possible they reflect the natural phase of recov-
ery over time after stroke. Not all patients were moni-
tored for the full 9-day period after starting or changing 
a neurostimulant, due to transfers to rehabilitation or 
skilled nursing facilities or decisions to withdraw life-
sustaining therapy. Ideally, a consistent follow-up period 
would have been maintained for all patients. Similarly, 
after a change in neurostimulant, a response within the 
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first few days could be from the new regimen or a delayed 
response from the initial treatment. It is possible our 
approach to assign credit for a response to the new regi-
men if > 24 h of drug had been given was incorrect.

Our results suggest modafinil may not be effective as 
monotherapy in the acute care setting, but larger, pro-
spective studies are needed. In a non-randomized study, 
potential bias related to gender, comorbidities, sever-
ity of illness, or other factors must be considered. Lack 
of response to modafinil in our study may have been the 
result of a mechanism of action separate from dopamine 
neurotransmission. Pre-clinical and clinical data suggest 
dopamine activity is disturbed following acute stroke, 
and dopamine supplementation or augmentation may be 
of benefit, but this requires confirmation [13, 35].

Analysis by stroke type and location was not possible 
due to the small sample size. Such an analysis may be 
important as previous studies have suggested stroke loca-
tion may play a role in neurostimulant responsiveness 
[36]. Due to small numbers, we did not include patients 
who received other neurostimulants, such as dextroam-
phetamine or methylphenidate. Prior data have been 
published for these agents [37, 38], and amantadine and 
modafinil were the two most prescribed stimulants in 
a recent acute TBI study [21]. Continuing medications 
started in the ICU at the time of hospital discharge may 
be inappropriate in some settings [39], but in the case of 
neurostimulants, declines were seen when medication 
was stopped after 4 weeks in TBI patients [14], suggest-
ing continuation may be appropriate.

Conclusion
Initiation of neurostimulants during the acute care of 
patients admitted with IS, ICH, or SAH is potentially 
associated with improved wakefulness. Those who 
responded were more frequently discharged home or to 
acute rehabilitation, but we can neither confirm these 
improvements were medication related, nor that these 
outcomes are generalizable to other settings. These 
results are encouraging but must be considered hypothe-
sis-generating given the uncontrolled nature of the study, 
and the many potential biases and confounders. Further 
study using standard dosing and escalation strategies, 
prospective assessment of response and drug safety, and 
appropriate controls is needed.
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