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Abstract
Study design Prospective observational cohort study.
Objectives To assess the effects of gabapentin on neuropsychological variables including memory, attention, and executive
function in individuals with spinal cord injury.
Setting Santa Clara Valley Medical Center inpatient spinal cord injury unit.
Methods Ten patients (three females, seven males) with traumatic spinal cord injury underwent testing, with a mean age of
35.6 years (range 19–59, SD ±15.74). There were five patients with tetraplegia and five with paraplegia. Nine tests to assess
neuropsychological function and two tests to assess pain were performed at 1 week post initiation of therapy, and at 4 weeks
post initiation of therapy. The neuropsychological tests assessed aspects of memory, attention, and executive function.
Results The average score for six out of the nine neuropsychological items administered at 1 week post initiation of
gabapentin displayed a decrease in cognitive function when compared to baseline. The average score for five out of nine
neuropsychological items improved from 1 week post initiation of treatment to 4 weeks post initiation of treatment.
Conclusions Gabapentin therapy is associated with a tangible decline in memory, executive function, and attention in
individuals with spinal cord injury. However, owing to small sample size, loss of patient follow-up at the 4 week post-
treatment assessment, and lack of a control group, we cannot definitively state that any decreases in cognition are solely
attributable to treatment with gabapentin.

Introduction

Acute and chronic pain are common and well-described
consequences of spinal cord injury (SCI) that are con-
sistently reported to occur in over 70% of patients [1–3].
Chronic pain is defined as pain lasting longer than
12 weeks, and has been found to be associated with more
depressive symptoms, more perceived stress, and poorer

self-assessed health in individuals with SCI [1]. Neuro-
pathic pain is a subtype of acute and chronic pain that is
prevalent in SCI, affecting from 38 to 77% of patients [4–
6].

Neuropathic pain is defined by the International Asso-
ciation for the Study of Pain (IASP) Special Interest Group
on Neuropathic Pain as “pain arising as a direct con-
sequence of a lesion or a disease affecting the somatosen-
sory system” [7]. The clinical manifestation of neuropathic
pain varies, but has been summarized as “a sensory deficit
and the presence of paradoxical pain in the same region”,
leading to allodynia, hyperalgesia, paroxysms, paresthesias,
and dysesthesias in the affected area(s) [8]. The cause of
neuropathic pain is unknown, but some hypotheses suggest
it is due to increased excitatory glutaminergic activity,
which leads to upregulation of neuronal excitability and loss
of endogenous inhibition [9].

Conventional pain medications, such as non-steroidal
anti-inflammatory medications and opioids, are less effec-
tive for the treatment of neuropathic pain and also have
subjective side-effects including decreased arousal and
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difficulty maintaining attention [10]. Gabapentin, an antic-
onvulsant, is generally regarded as a first line treatment for
neuropathic pain though its mechanism of action is not
completely understood [10]. It is hypothesized that gaba-
pentin increases the concentration of GABA in the brain
and reduces the release of several monoamine neuro-
transmitters [11]. The pharmacokinetics of gabapentin vary
widely among patients, but the average time to reaching
mean maximum plasma concentration is 2–3 h following a
300 mg dose, with a drug half-life of 5–7 h [11]. Multiple
studies have found gabapentin to be effective in reducing
the severity and frequency of neuropathic pain in patients
with both traumatic and non-traumatic SCI [12–16]; how-
ever, several studies have shown that gabapentin may have
a negative effect on cognition [17–21].

The purpose of this study was to assess the effects of
gabapentin on cognitive domains in individuals with trau-
matic SCI. For this study, we chose specific neuropsycho-
logical tests to isolate a subset of cognitive domains
including attention, executive function, and memory. We
hypothesized that if patients admitted to inpatient rehabili-
tation for SCI were administered gabapentin daily, they
would experience a decrease in overall cognitive perfor-
mance at the end of the first week, with a return to baseline
during assessment at 4 weeks post treatment.

Methods

This study was approved by the Institutional Review Board
of the medical center, and was a prospective, observational
cohort study in individuals with traumatic SCI who were
prescribed gabapentin for the symptoms of neuropathic pain
during inpatient rehabilitation. When describing the neuro-
logic status of each patient, the ASIA Impairment Scale was
employed. Epidemiological data such as age, gender, time
since injury, and level of injury were recorded. Data
regarding gabapentin use including initial dose, final ther-
apeutic dose, duration of use, and, if indicated, reason for
cessation of use was collected. Neuropsychological tests
were administered prior to initiation of gabapentin therapy
and then re-administered after 1 week and 4 weeks post
initiation of therapy. Pain level and pain interference with
normal activity were assessed at the same time using the
Brief Pain Inventory (BPI short form) [22].

Potential subjects were excluded if they were over the
age of 70 because the prevalence of dementia has been
found to be 13.9%, which could confound the cognitive
outcome measures of our study [23]. Patients under the age
of 18 were also excluded, as their status as minors would
have required parental consent at each stage of evaluation,
which may not have been feasible during their hospital stay.
Subjects were excluded if they had: an inability to speak

English, less than a 6th grade education (the 6th grade
education or reading level is usually considered as a mini-
mum to ensure people understand the direction and/or
questions), concomitant brain injury (ruled out through
neurologic exam, imaging review, and self reporting), sig-
nificant cognitive impairment that would have interfered
with the subject’s ability to complete the neuropsychologi-
cal testing, pregnancy, seizure disorder, the use of tricyclic
antidepressants or other anticonvulsants, major depressive
disorder (via self reporting), significant hepatic or renal
insufficiency, diabetes mellitus, history of peripheral neu-
ropathy, medical and psychiatric instability judged by the
treating physician, prior history of sleep apnea, multiple
sclerosis, or Guillain Barre syndrome.

The 11 measures used included Digit Span Forwards and
Digit Span Backwards [24], Mental Control [24], Stroop
Test [25], Word List for Immediate Recall and Word List
for Delayed Recall [26], Controlled Oral Word Association
Test [27], Oral Trail Making Test [28], Letter-Number
Sequencing [29], and Pain Level and Pain Interference with
Activity (both measured using Brief Pain Inventory Short
Form) [29]. The three main aspects of cognitive function we
attempted to isolate were executive function, memory, and
attention. It should be noted that some of the neu-
ropsychological tests assessed more than one cognitive
function, resulting in an overlap in assessed cognitive
domain among the various tests. In addition, Pain Level and
the Pain Interference with Activity level as measured by the
BPI were monitored concurrently with the other variables at
one week and four-week post initiation of gabapentin.
Please refer to Table 1 for information about administration
of each test and the respective cognitive domain(s) assessed.

Instruments that could be administered without the use of
upper extremities were chosen with attention to the
robustness of their sensitivity, reliability, standardization,
size of normative base, and wide-spread usage in the
assessment community. All instruments were administered
and scored in accordance with the providers’ administration
manuals or instructions. Because of the small sample size in
the study and loss to follow-up of four patients, a com-
parison of demographic information such as age, gender and
level of injury, and concomitant use of other pain medica-
tions with the neuropsychological results was not done.

Results

Ten individuals (three females, seven males) with SCI
undergoing inpatient acute rehabilitation, who started
gabapentin for the treatment of neuropathic pain, were
prospectively included in this study. The mean age was 35.6
years (range 19–59, SD= 15.74). The ethnicities of the
subjects were six Caucasians and four Hispanics. Five of the
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participants had tetraplegia and five had paraplegia. There
were four persons with ASIA A SCI, two with ASIA B, two
with ASIA C, and two with ASIA D SCI. The etiologies of
SCI were: motor vehicle accident (n= 4), gunshot wound
(n= 3), fall (n= 1), sports (n= 1), and other trauma (n= 1)
(Table 2).

The mean starting dose for gabapentin was 300 mg. The
mean daily gabapentin dose was 1163 mg (SD ± 994 mg) at
week one (range 300–2100 mg) and 2340 mg (SD± 910
mg) during weeks 2 and 3 (range 1200–3600 mg). The
dosage increases after week 1 were not initiated by the
treating physicians, but by the patients if they felt their pain
was not well controlled. All patients were taking various
opioid medications such as morphine, oxycodone, tramadol,
etc. during the study period. Given that all patients in this
study had trauma and pain is prevalent in persons with SCI
acutely, many patients were prescribed opioid medications
by the surgeons prior to transferring to acute rehabilitation
unit and were continued on them during rehabilitation.

Four out of 10 individuals completed only 1 week of this
study. Three subjects were discharged from the hospital
sooner than expected after the 1 week follow-up and one
subject was discontinued on gabapentin by the treating
physician as it was causing significant sedation and decline
in cognitive function clinically. There were no statistical
differences in pain level and level of pain interference
between the patients who completed the study and those
who dropped out.

The results of the neuropsychological tests are presented
as following: a comparison of the baseline versus 1 week
post treatment averages of the measured variables, and a
comparison between the 1 and 4 week post treatment
averages.

The results of the neuropsychological testing at baseline
were compared with those of 1 week post initiation of
gabapentin. Overall, the average scores for six out of the
nine neuropsychological tests displayed decreased results
during this period when compared with baseline values. The
raw data and specific percentage changes of the neu-
ropsychological test averages from baseline to 1 week post

treatment and from 1 week post treatment to 4 weeks post
treatment are displayed in Tables 3 and 4, respectively.

Of the neuropsychological measures most sensitive to
attention, three out of the five test results displayed a
decrease in cognitive function when assessed 1 week post
treatment with gabapentin. Three out of the four neu-
ropsychological measures sensitive to memory displayed
decreases in cognitive function, with mental control as the
variable that increased from baseline to 1 week post treat-
ment. Three out of the six neuropsychological test averages
sensitive to executive function showed a decrease
(COWAT, Letter-Number Sequencing, and Oral Trail
Making Test) at 1 week post treatment compared with
baseline, while two out of the six (Mental control and Digit
Span backwards) showed an increase in cognitive function.
One test (Stroop test) remained unchanged 1 week post
treatment with gabapentin.

A comparison of the 4 week post-treatment results to the
1 week post treatment scores revealed an increase in cog-
nitive function in five out of nine neuropsychological
variables. However, it is important to note that the results
represent the average score of six patients, as four patients
were lost to follow-up after the 1 week post treatment
assessment. There was also a 22.75% increase in Pain Level
and a 26.83% increase in Pain Interference with activity
during this same interval. The average score for three out of
the five neuropsychological measures sensitive to attention
increased during this period. Three out of the four neu-
ropsychological measures sensitive to testing memory dis-
played an increase as well, and three out of the six
neuropsychological measures sensitive to executive func-
tion displayed increases during the same interval period.

Discussion

Neuropathic pain is a very common pain condition experi-
enced by the individuals with SCI. Gabapentin is being used
frequently as the first drug of choice in SCI patients with
neuropathic pain, but its adverse effect on cognition in this
patient population has not been studied previously. In this
study, we have found that gabapentin negatively impacts
performance during testing of neuropsychological variables
within one week of initiation of the medication. Without
previous literature published on this population, and with
decreases in the average score of six out of the nine neu-
ropsychological tests in the 10 subjects at the 1 week post
treatment assessment, we felt this warranted presentation of
the preliminary results of this pilot study.

In comparison with the other medications used to treat
neuropathic pain such as carbamazepine, valproic acid, and
amytriptyline, gabapentin has been historically recognized
to be well tolerated in general with a relatively mild side-

Table 2 Patient demographic information

Number of patientsa 10

Average patient age (SD) 35.6 (15.74)

Number of males 7

Number of females 3

Number of patients with tetraplegia 5

Number of patients with paraplegia 5

Average days since injury (SD)b 32.5 (37.4)

a Four patients were lost to follow-up after the 1 week assessment
b Values calculated based on nine patients, as one of the patient’s time
since injury was over 4 years and treated as an outlier
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effect profile [16, 17]. Side effects that have been reported
for gabapentin include: somnolence, dizziness, ataxia, fati-
gue, diarrhea, hypoventilation, visual field deficits, and
sexual dysfunction [30, 31]. There are also reports of mis-
using and abusing gabapentin in up to 15% of patients [30].
In addition, several studies have indicated that gabapentin
may also affect cognition [18, 19]. In a cross-over study
comparing cognitive effects of carbamazepine vs gaba-
pentin in healthy adults, Meador et al. [19] found that
cognitive performance while taking gabapentin was statis-
tically better than while taking carbamazepine in 8 out of 31
neuropsychological variables; however, when compared
with performance while not taking either carbamazepine or
gabapentin, four of the variables were significantly worse

while on gabapentin. In another cross-over study, Meador
et al. [19] compared the cognitive effects of carbamazepine
vs gabapentin in healthy senior adults. When compared
with the nondrug condition, both medications resulted in
significantly worse performance on tests of verbal memory
and motor speed, and participants reported a high incidence
of sedative effects. Frequently reported side-effects for
gabapentin included fatigue, unsteadiness, and dizziness. In
addition, a study by Salinsky et al. [21] found that use of
both carbamazepine and gabapentin resulted in EEG slow-
ing in healthy volunteers, and they had significant effects on
several objective and most subjective measures of mood
and cognition.

In this study, gabapentin appears to negatively impact
attention, memory, and general executive functioning in
patients with SCI. Six out of the nine neuropsychological
tests displayed a decrease when assessed 1 week after
gabapentin treatment was initiated. The significance of these
findings is perhaps more pronounced than the tables imply
given that they are based on an equal expectation that the
subjects would improve, decline, or remain unchanged. The
expectation that the subjects would improve stems from the
clinical perspective that most subjects would show some
practice effect on some measures, resulting in a skewing
toward improved performance over the trial period. At the
time of admission, patients are also under a heavy stress
burden owing to unfamiliar hospital environment, inex-
perience with injury, and potential lack of comfort with
different modalities such as physical and occupational
therapies. This may manifest as decreased baseline cogni-
tive function values that improve as the patient becomes
more acclimated with his/her surroundings. Instead, many
neuropsychological measures exhibited decreased or stag-
nant performances at 1 week post treatment when compared
with the baseline measurement, which may suggest that
either initiation of gabapentin treatment and/or some other

Table 3 Average
neuropsychological test score
over 4 weeks

Tests Baseline (SD)a 1 week (SD)a 4 weeks (SD)b

Digit Span Forwards (points) 9.6 (2.1) 8.7 (1.4) 8.7 (2.3)

Digit Span Backwards (points) 5.6 (1.8) 6.4 (1.5) 5.5 (2.8)

Mental Control (seconds) 36.6 (38.8) 28.7 (20) 27 (8.3)

Stroop test (seconds) 13 (2.1) 13 (3.2) 11.7 (3.1)

Word List: Immediate Recall (points) 37.1 (7.2) 34.9 (8.5) 36.17 (8.7)

Word List: Delayed Recall (points) 7.4 (2.7) 5.6 (3.3) 7.5 (3.1)

COWAT (points) 41.6 (12.7) 35.4 (11.8) 32.3 (11.2)

Oral Trail Making Test (seconds/errors) 42.7 (21) 52.7 (32.3) 40.4 (22.3)

Letter-Number Sequencing (points) 9.7 (2.8) 8.9 (3.1) 10 (3.3)

BPI: Pain Level (points) 19.2 (6.9) 16.7 (6) 20.5 (10.3)

BPI: Pain Interference (points) 35.5 (24.2) 28.7 (22.6) 21 (18.1)

a Scores listed in table represent the average score among the 10 subjects for each category
b Values in table represent average score of 6 out of 10 patients owing to loss of follow-up

Table 4 Percentage changes in average scores of neuropsychological
tests

Tests Baseline vs 1 week
%change

1 week vs 4 week
%changea

Digit Span Forwards 9.38% decrease No change

Digit Span Backwards 14.29% increase 14.06% decrease

Mental Control 21.58% decrease 5.92% decrease

Stroop Test No change 10.69% decrease

Word List: Immediate
Recall

5.93% decrease 3.63% increase

Word List: Delayed
Recall

24.32% decrease 33.93% increase

COWAT 14.9% decrease 8.76% decrease

Oral Trail Making Test 23.42% increase 23.34% increase

Letter-Number
Sequencing

8.25% decrease 12.36% increase

BPI: Pain Levelb 13.02% decrease 22.75% increase

BPI: Pain Interferenceb 19.15% decrease 26.83% increase

a Values represent average % change of six patients owing to loss of
follow-up of four patients after 1 week
b Not considered a neuropsychological test
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variable was negatively counteracting the benefit of practice
effect and acclimation. An increase in five out of the nine
tested neuropsychological variables at 4 weeks post treat-
ment compared with 1 week post treatment suggests that the
patients may have gotten used to the effects of gabapentin
longer term. Once again, it is important to emphasize that
the sample size was six individuals after the 1 week post-
treatment assessment owing to loss of patient follow-up.

The association between pain and cognitive function is
also worth discussing, as pain can act as a confounding
variable in this study. It is hypothesized that pain competes
with other attention-demanding stimuli, resulting in
impaired cognitive domains such as attention and memory
[10]. Complex tests of attention, such as those that involve
interference or attention switching, may require executive
function, and chronic pain patients perform poorly on such
tests [10].

The average Pain Level score decreased from 19.2 to
16.7 (13.02% decrease) from baseline to 1 week post
treatment, whereas the average Pain Interference score
decreased from 35.5 to 28.7 (19.15% decrease). This
improvement in pain levels with concurrent decline in
various cognitive domains (six out of nine tests) suggests
that pain is perhaps not the primary contributing cause of
the observed decrease in cognitive results. However, given
the small sample size and high drop-out rate, we could not
conduct more detailed correlation of pain level and cogni-
tive function.

Still, pain remains an under-reported, and under-treated
problem across multiple venues of care. When the decision
is being made whether or not to initiate gabapentin therapy,
it is very important to adopt a shared decision-making
approach that fosters discussion between the clinician and
patient. Patients should be encouraged to weigh the possible
benefits of gabapentin treatment against the potential con-
sequences of sedation and cognitive decline in order to
arrive at a decision that is appropriate for their particular
plan of care.

Diminished cognition could have significant impact on
one’s ability to participate and learn during rehabilitation for
SCI, as patients who struggle to follow and remember
instructions from modalities such as physical or occupa-
tional therapies can experience prolonged hospital admis-
sions. With the plethora of changes the patient is
experiencing as a result of the injury, reducing their ability
to process information, learn, and apply it could seriously
impact the success of rehabilitation and their ability to
transfer learned skills to the “outside world.” This could
ultimately impact long-term functional outcomes, indepen-
dence, length of hospital stay, and community reintegration.
Given the tangible effect that gabapentin appears to have on
cognition, future studies should include control subjects
with SCI who are not on gabapentin. Evaluation of the

control group results will help determine whether some of
the decreases in cognitive performance may be owing to the
stresses of acute rehabilitation or other confounding factors
such as other medications the patients may be on simulta-
neously. For example, seven of the subjects were also on
baclofen and all subjects were on opioid medications, which
may have also affected the cognitive function in these
subjects. Although opioid effects on arousal and attention
are well documented, there is conflicting evidence in the
current literature regarding objective cognitive decline with
opioid use. Despite subjective experiences of mental dull-
ness and sedation, objective tests of cognitive functioning
do not always demonstrate marked changes following
opioid administration [32].

The results of this study may not be generalizable owing
to the small sample size, loss of patient follow-up, lack of a
control group, and inability to stratify patients to determine
whether any decrease in cognitive function is attributable to
gabapentin treatment versus other concurrently taken med-
ications. However, the results of this pilot study can be used
as justification to warrant future investigation, with the goal
of raising further awareness regarding the potentially sig-
nificant adverse effects of gabapentin. With a larger sample
size, control group, and longer treatment duration, the
results of a future study can provide statistically significant
results that can influence the treatment regimen of SCI
patients suffering from neuropathic pain. Furthermore, more
recently, pregabalin is also being used for the treatment of
neuropathic pain in individuals with SCI. Because of
similarities of these two medications, future study should
include subjects who are treated with pregabalin to track
trends in cognitive performance.

Conclusions

In this study, gabapentin therapy was found to be associated
with a decline in the average values of six out of the nine
neuropsychological tests when measured at 1 week post
initiation of gabapentin. Three out of the five tests sensitive
to attention, three out of four sensitive to memory, and three
out of the six tests sensitive to executive function displayed
decreases in cognitive function at the 1 week post treatment
assessment. Both measures of pain (level and interference)
decreased during this interval. At the 4 week assessment
post treatment, five out of the nine neuropsychological tests
revealed an increase in cognitive function when compared
with the 1 week post treatment values. Because of the lack
of controls in this study, small sample size, and loss of
patient follow-up, our results have limited generalizability,
and we cannot definitely conclude that only the initiation of
gabapentin caused the decline in cognitive performance. We
feel that healthcare providers who are considering providing
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gabapentin to individuals with SCI for the treatment of
neuropathic pain should be aware of potentially significant
negative effect on cognitive function in these patients.
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