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Abstract
Background—The role of preoperative gabapentin in postoperative pain management is not
clear, particularly in patients receiving regional blockade. Patients undergoing thoracotomy benefit
from epidural analgesia but still may experience significant postoperative pain. We examined the
effect of preoperative gabapentin in thoracotomy patients.

Methods—Adults undergoing elective thoracotomy were enrolled in this prospective,
randomized, double-blinded, placebo-controlled study, and randomly assigned to receive 600 mg
gabapentin or active placebo (12.5 mg diphenhydramine) orally within 2 hours preoperatively.
Standardized management included thoracic epidural infusion, intravenous patient-controlled
opioid analgesia, acetaminophen and ketorolac. Pain scores, opioid use and side effects were
recorded for 48 hours. Pain was also assessed at 3 months.

Results—One hundred twenty patients (63 placebo and 57 gabapentin) were studied. Pain scores
did not significantly differ at any time point (p=0.53). Parenteral and oral opioid consumption was
not significantly different between groups on postoperative day 1 or 2 (p>0.05 in both cases). The
frequency of side effects such as nausea and vomiting or respiratory depression was not
significantly different between groups, but gabapentin was associated with decreased frequency of
pruritus requiring nalbuphine (14% gabapentin vs. 43% control group, p<0.001). The frequency of
patients experiencing pain at 3 months post-thoracotomy was also comparable between groups
(70% gabapentin vs. 66% placebo group, p=0.72).
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Conclusions—A single preoperative oral dose of gabapentin (600 mg) did not reduce pain
scores or opioid consumption following elective thoracotomy, and did not confer any analgesic
benefit in the setting of effective multimodal analgesia that included thoracic epidural infusion.

Keywords
Pain; Postoperative; post-thoracotomy pain; Preanesthetic Medication; Acute Pain Service;
Patient-Controlled Epidural Analgesia; gabapentin

Introduction
Patients undergoing thoracotomy may experience significant postoperative pain.1 Previous
studies provide substantial support for the use of thoracic epidural infusion of local
anesthetics and/or opioids.2, 3 Management by an inpatient pain service also increases the
quality of perioperative analgesia in thoracotomy patients.4, 5 Unfortunately, severe pain,
particularly with cough or movement, is still common.2

Adjuvant drugs such as gabapentin may be beneficial in postoperative pain management.
Recent literature demonstrates that preoperative administration of a single dose of
gabapentin (600–1800 mg) decreases postoperative pain scores and opioid consumption.6, 7

However, it is not clear whether preoperative gabapentin is beneficial in older patients or in
conjunction with regional blockade.8, 9 To date, a single, small (n=51) study evaluated the
effect of 1200 mg gabapentin on post-thoracotomy shoulder pain in patients receiving
thoracic epidural infusions of bupivacaine and fentanyl.9 Gabapentin demonstrated no
analgesic benefit or opioid-sparing effect. However, several aspects of the study design limit
the generalizability of its results. Acetaminophen and non-steroidal anti-inflammatory drugs
(NSAIDS) were not utilized, although both have demonstrated benefit in decreasing post-
thoracotomy shoulder pain.10–12 Importantly, sedation scores at 4 hours postoperatively
were increased in the gabapentin group, and a 74 year-old patient in the gabapentin group
experienced postoperative respiratory arrest that required tracheal intubation and ventilation.
Indeed, typical side effects of gabapentin (e.g., sedation and dizziness) might be more
pronounced in older thoracotomy patients and confounded by fluid restriction and/or
epidural infusion-related hypotension. Clearly, the unique characteristics of the thoracotomy
population dictate a careful study design when evaluating sedating medications such as
gabapentin, and also call for adequately-powered, multimodal studies that utilize the full
range of medications with proven benefit including acetaminophen and/or NSAIDS.

We hypothesized that preoperative administration of gabapentin would decrease the severity
and incidence of overall acute postoperative pain in patients undergoing thoracotomy with
epidural analgesia and a multimodal analgesic regimen managed by an inpatient pain service
that includes oral acetaminophen, intravenous ketorolac, and patient-controlled intravenous
fentanyl. Our hypothesis was that a single preoperative dose of oral gabapentin (600 mg)
would decrease postoperative pain scores at rest (primary outcome) and with coughing for
the first 48 hours post-thoracotomy compared with active placebo. Secondary outcome
analyses included postoperative opioid consumption, side effects and the frequency of post-
thoracotomy pain syndrome at three months.

Methods
This randomized, placebo-controlled, double-blinded study was approved by the
Institutional Review Board and registered in ClinicalTrials.gov (NCT00588159). Patients
were recruited from the Mayo Clinic, in Rochester, Minnesota, and written informed consent
was obtained at their preoperative visit. Inclusion criteria were patients aged 45–75 years
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undergoing elective thoracotomy. Exclusion criteria included planned chest wall resection
(unplanned chest wall resections were included because these study patients had already
been randomized), cardiovascular surgery, and/or gastroesophageal surgery; current
enrollment in another post-thoracotomy analgesic research protocol; pre-existing pain
syndromes; daily opioid therapy in excess of 20 mg of oral morphine equivalents; current
gabapentin or pregabalin therapy; allergy to any study medication; coagulation or infectious
issues that would preclude epidural catheter placement; severe psychological disorders or
inability to understand the study protocol; prisoners or other institutionalized individuals;
and severe hepatic, renal or cardiovascular disorders. Women who could become pregnant
(premenopausal or lacking surgical sterilization) were not included in this study.

A randomized, double-blinded, placebo-controlled study design was employed. Operations
were performed by any of 6 board certified general thoracic surgeons at our institution.
Using a block randomization schedule stratified by surgeon (size =2), patients were
allocated to receive either 600 mg of gabapentin or active placebo (diphenhydramine 12.5
mg) orally within 2 hours preoperatively. Active placebo was utilized to assist patient
blinding, as a mild amount of sedation is consistent with the expected acute effects of 600
mg oral gabapentin. The placebo or the gabapentin treatment was provided in an identical
fashion. Placebo capsules of identical shape and size to commercially available gabapentin
were manufactured by the hospital pharmacy. All members of the surgical, nursing, and
acute pain service teams were blinded to group assignment. Preoperatively, a thoracic
epidural catheter at the T4–8 level was placed using standard technique. An epidural
infusion of 0.075% bupivacaine and 10 mcg/mL hydromorphone was delivered at 6 mL/hr.
General anesthesia was based on inhaled agents after intravenous induction at the attending
anesthesiologist’s discretion. Intravenous (IV) opioids were administered according to a
standardized protocol.

In the post-anesthesia care unit (PACU), the Richmond Agitation Sedation Scale (RASS)13

score was obtained if the numerical rating pain score (NRS; 0–10) could not be collected. IV
fentanyl was given for NRS ≥ 4 as needed, 25 mcg IV every 2 minutes up to a maximum
200 mcg in the PACU. If additional analgesia was required, 15 mg of IV ketorolac was
given once for NRS ≥ 4.

During the first 48 hours post-operatively, acetaminophen (650 mg orally every 6 hours) or
IV ketorolac (15 mg every 6 hours) was administered depending on pain severity. An IV
fentanyl patient-controlled analgesic (PCA) was initiated for rescue (NRS ≥ 4). Adjustments
to the epidural infusion (mixture and rate) were performed by the inpatient pain service team
depending on analgesic effect and side effect profile, according to a standardized protocol.
The epidural infusion could be temporarily stopped due to hypotension, excessive sedation,
or hypoventilation, and then restarted at 4 ml/hr. For moderate or severe pain, the epidural
infusion could be increased to 8 ml/hr. Initial IV PCA fentanyl settings were 10 mcg every
10 minutes with a 200 mcg 4 hour lockout. If a patient remained in moderate or severe pain
despite utilizing 4 or more PCA boluses of 10 mcg fentanyl in one hour, the PCA settings
could be increased to 20 mcg IV every 10 minutes with a 400 mcg four hour lockout, and
subsequently to 25 mcg every 10 minutes with a 600 mcg 4 hour lockout and a 25 mcg/hr
infusion if necessary. At any time, the patient, inpatient pain service or other members of the
attending staff could withdraw a patient from the study protocol.

For the first 48 hours following surgery, nursing staff collected NRS pain scores every 4
hours at rest (primary outcome). The inpatient pain service team members collected
standardized data on each postoperative morning regarding pain scores at rest and with
coughing (using the NRS scale), side effects such as nausea or vomiting, pruritus, sedation,
dizziness, respiratory depression, and medication use. Nausea or vomiting was queried by
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asking, “Do you have feelings of nausea or vomiting at this time?” and classified using the
following grading scale: mild: no antiemetic medications needed or given; moderate:
antiemetic medications needed and/or given; and severe: antiemetic medications given but
not beneficial. Pruritus was queried by asking, “Do you itch?” and the pruritus grading scale
was the same as that of nausea and vomiting except for utilizing antipruritic medications
instead of antiemetic medications. Sedation was graded by nursing staff every 4 hours using
the following sedation scale: 0=awake; 1=drowsy, dozes intermittently, easily arousable;
2=sedated, sleeps, but can be aroused; 3=difficult to arouse. Dizziness was queried by
asking, “Do you feel dizzy at this time?” Based on current practice at our institution,
postoperative day 0 (POD0) was defined as the day of surgery, postoperative day 1 (POD1)
as the first day after surgery, and postoperative day 2 (POD2) as the second day following
the day of surgery. A study coordinator contacted the patient 3 months postoperatively by
mail, or, if no response, by telephone, and asked whether they had experienced any surgical
site pain in the last week. All outcome assessors were blinded to group allocation.

Statistical analysis
Study data were collected and managed using REDCap (Research Electronic Data Capture)
electronic data capture tools hosted at Mayo Foundation.14 Demographic, intraoperative,
postoperative, and three-month follow-up data from the gabapentin treatment and placebo
control groups were summarized and compared between groups. The primary outcome of
the study was NRS pain scores at rest in the first 48 hours post-thoracotomy. To account for
the repeated assessments, NRS pain scores were compared between groups using
generalized estimating equations (GEE). To supplement the repeated measures analysis of
overall pain scores, the assessment of pain with coughing on the mornings of POD1 and
POD2 was compared using the two-sample t-test. Secondary analyses compared groups with
respect to total oral and IV opioid equivalent use15 and ketorolac use for 0–24 hours and 24–
48 hours. Additional secondary endpoints included pain scores at three-month follow-up.
For all secondary and exploratory analyses, continuous variables were compared between
groups using the two-sample t-test (or rank sum test) and categorical variables were
compared using the chi-square test or Fisher’s exact test. All analyses were performed using
SAS version 9.1 (SAS Institute Inc.; Cary, NC). The level of statistical significance for all
tests was p<0.05.

Power Calculation—Based on preliminary data from a retrospective review of 56
thoracotomy patients’ records, the mean pain rating at rest was 3.3 and the standard
deviation was 2.2 units. Using a standard deviation of postoperative pain scores of 2.0 units,
we determined that an effective sample-size of N=120 (60 per group) would be required for
the current study to provide statistical power (two-tailed, α=0.05) of 80% to detect a mean
difference between groups of 1.0 on the 11 point (0–10) NRS.

Results
Two hundred twenty-seven patients were evaluated for enrollment in the study (Figure 1,
CONSORT [Consolidated Standards of Reporting Trials]16 flow diagram). Six patients did
not meet inclusion criteria, and 75 declined to participate. The remaining 146 patients were
randomized on the day of surgery. After randomization, 26 patients were subsequently
excluded. One patient withdrew consent before taking the study medication, 7 patients were
excluded because the study medication was not administered due to logistical constraints (4
in the control group, 3 in the gabapentin group), 13 patients were excluded because they did
not undergo thoracotomy (4 in the control group, 9 in the gabapentin group), and 5 patients
were excluded because they did not receive a functioning thoracic epidural (3 in the control
group, 2 in the gabapentin group). The decision to exclude subjects from the analysis was
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made without knowledge of treatment assignment. There were no differences in patient
exclusion characteristics between the control and gabapentin groups. Thus, data were
analyzed for 63 control group patients and 57 gabapentin group patients.

Baseline patient and surgical characteristics did not differ across groups (Tables 1 and 2).
Postoperative pain scores over the first 48 hours were low and did not differ significantly
between treatment groups (p=0.98 from repeated measures GEE analysis). On postoperative
day 1 (POD1), mean NRS pain score (0–10) at rest was 2.9 ± 1.8 in the control vs. 3.1 ± 1.9
in the gabapentin group (p=0.53) (Figure 2). On POD2, mean NRS pain score at rest was 2.5
± 1.8 in the control vs. 2.5 ± 1.8 in the gabapentin group (p=0.92). On POD1, mean pain
scores with coughing were 5.2 ± 2.9 in the gabapentin group vs. 5.0 ± 2.6 in the control
group (p=0.74). On POD2, mean pain scores with coughing were 5.0 ± 2.2 vs. 5.1 ± 2.5 in
the gabapentin and control groups, respectively (p=0.78). There were no significant
differences between surgeons regarding pain scores at rest or with coughing.

Analgesic use did not differ between groups at any time point after surgery up to POD3
(Table 3). On POD1, 109 (91%) patients had an epidural infusion of 0.075% bupivacaine
and 10 mcg/mL hydromorphone and 6 (5%) patients had an epidural infusion of 10 mcg/mL
hydromorphone, with no difference between groups (p=0.56). On POD2, 101 (84%) patients
had an epidural infusion of bupivacaine and hydromorphone and 10 (8%) patients had an
epidural infusion of hydromorphone only, again with no difference between groups
(p=0.15). Epidural infusion rates on POD1 were not significantly different between groups
(mean 5.2 ± 2.3 mL/hr for the gabapentin group vs. 6.0 ± 1.5 mL/hr for control, p=0.08). On
POD2, epidural infusion rates were significantly lower in the gabapentin group compared to
control (mean, 4.9 ± 2.8 mL/hr for gabapentin vs. 6.0 ± 1.9 mL/hr for control, p=0.02). The
average duration that epidural catheters remained indwelling was not significantly different
between groups (60 ± 20 hours vs. 62 ± 13 hours in the gabapentin and control groups;
respectively; p=0.54).

Duration of stay in the PACU did not differ significantly between groups, but a trend was
noted toward longer PACU stays in the gabapentin group (2.3 ± 1.0 hours) compared to
controls (2.0 ± 0.8 hours, p=0.054). Naloxone administration for respiratory depression or
excessive sedation did not differ significantly between groups (2 [3.5%] patients in the
gabapentin group received naloxone in the PACU vs. no patients in the control group;
Fisher’s exact test: p=0.22). No patient received naloxone after PACU discharge.

The frequency of adverse side effects was not different between groups, with the exception
of pruritus requiring treatment with nalbuphine (14% gabapentin group vs. 43% control
group, p<0.001; Table 4). There was no significant difference in nausea, vomiting, or use of
antiemetics on POD1 or POD2 between groups. On POD1, 25% of patients in the
gabapentin group had nausea or vomiting compared with 18% of control patients. On POD2,
20% of gabapentin patients had nausea or vomiting vs. 13% of controls. Accordingly, there
was no significant difference in antiemetic administration (ondansetron or promethazine)
between groups. There was no significant difference in sedation on POD1 or POD2; mild
sedation was noted in 18% of gabapentin patients vs. 15% of controls on POD1, and in 10%
of gabapentin patients vs. 11% of controls on POD2. Dizziness did not differ significantly
between groups on POD1 (16% in both groups), or POD2 (16% of gabapentin group vs.
11% of control group).

The frequency of patients experiencing pain at 3 months post-thoracotomy did not differ
significantly between groups (70% in the gabapentin vs. 66% in the control group, P=0.72).
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Discussion
The most important finding in this study, and the primary outcome, is that a single
preoperative dose of 600 mg of oral gabapentin did not decrease acute postoperative pain
scores in the setting of multimodal analgesia. There were also no significant differences
between control and gabapentin groups in parenteral or oral opioid consumption,
acetaminophen or ketorolac administration. The generally older age and greater co-existing
morbidity of patients undergoing thoracotomy requires specific evaluation of the therapeutic
role of any new analgesic adjuvant added to multimodal regimens. While it may be
challenging to demonstrate an additional analgesic benefit of a systemic agent in the setting
of perioperative neuraxial analgesia, others have been successful in demonstrating improved
analgesia and/or reduced side effects with combination regimens.17 Of note, this is the first
adequately-powered multimodal study to evaluate preoperative gabapentin in thoracotomy
patients.9

Both patient and surgical characteristics may contribute to the varying efficacy of
gabapentin administration in reducing pain scores or opioid-related side effects across
surgeries and anesthetic techniques.18 Although some studies reported a decrease in acute
pain scores with gabapentin in the setting of regional analgesia or local anesthetic
infiltration,19–21 this beneficial effect of gabapentin was not found in other studies8, 9, 22–25

including ours. In the present study, gabapentin administration also did not decrease the
frequency of nausea or vomiting, as might be expected if opioid consumption was decreased
by gabapentin. In this regard, our results are also consistent with findings in abdominal
hysterectomy patients,26, lumbar laminectomy and discectomy patients,23 and a recent meta-
analysis.27 Our study population included a small fraction of patients (N=4; 3%) who
underwent unplanned chest wall resection in the course of their thoracotomy; there is a
paucity of data regarding differences in analgesic requirements in this subgroup of patients.
Regardless, if these patients had been excluded, none of the results would have changed
significantly. It is crucial to evaluate whether gabapentin or other anti-neuropathic pain
medications show greater effects in surgical populations with a higher incidence and/or
severity of postoperative pain (e.g., thoracotomy).

Post-thoracotomy pain syndrome, defined as pain that recurs or persists along a thoracotomy
scar at least two months following the surgical procedure,28 is unfortunately common.
Recent prospective studies have reported six month and one year residual pain rates of
62% 29 and 21%, respectively.30 Chronic post-thoracotomy pain is usually mild or
moderate, but in 5% of patients the pain is severe and disabling.31 The 68% overall
frequency of chronic post-thoracotomy pain at three months observed in our study is
consistent with these previous studies, and was not decreased by a single preoperative dose
of 600 mg of oral gabapentin. This contrasts with recent prospective studies that determined
that one dose of 1200 mg of oral gabapentin decreased neuropathic pain at 6 months in
patients undergoing hysterectomy, inguinal herniorrhaphy or thyroidectomy.21, 22, 32 These
studies however did not use multimodal analgesic regimens that included regional anesthetic
techniques. Unfortunately, there is a high frequency of post-thoracotomy pain despite
excellent perioperative analgesia.

Perioperative gabapentin dose-response data are lacking in thoracotomy patients, but our
selection of 600 mg was based on previous studies in a surgical setting. The optimal
preemptive dose of gabapentin for postoperative pain relief after single-level lumbar
diskectomy and its effect on fentanyl consumption was determined to be 600 mg.33 A larger
median effective analgesic ED50 dose of 21.7 mg/kg was determined in an up-down dose
finding study in patients undergoing lumbar spinal fusion.34 However, these were relative
young patients (mean age: 41 years33 and 51 years34). We expected and found that patients
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undergoing thoracotomy would be older than in many previous gabapentin studies (mean
age 64 years in our study). Therefore, the dose of gabapentin chosen (a single 600 mg dose
preoperatively) was selected to strike a balance between its potential anti-hyperalgesic effect
and age-related side effects that may affect patient comfort and safety. In contrast, a
previous study on thoracotomy patients that utilized 1200 mg of oral gabapentin
preoperatively resulted in respiratory arrest in one patient that required tracheal reintubation
and mechanical ventilation. Sedation scores in the gabapentin group in that study were also
higher at 4 hours postoperatively than in the placebo group.9

Of note, in our study, gabapentin administration was associated with a decreased incidence
of pruritus postoperatively on both POD1 and 2, and resulted in decreased nalbuphine
administration. A systematic review of randomized controlled trials of perioperative
gabapentin noted that six studies have reported on the incidence of postoperative pruritus,
and combined data showed that gabapentin was associated with less pruritus compared with
control.35 One possible mechanism is that decreased opioid requirements in gabapentin
groups contribute to decreased opioid-related side effects, such as pruritus. In our study, IV
and oral opioid consumption did not vary significantly between groups, but epidural infusion
rates did differ significantly between the groups on POD2 (not on POD1). The starting
epidural infusion was standardized in our protocol, and adjustments to the epidural infusion
(mixture and rate) were performed by the inpatient pain service team depending on analgesic
effect and side effect profile. It is likely that by POD2 the optimal epidural infusion for each
patient had been achieved. A reduced overall epidural hydromorphone dose may have
contributed to decreased pruritus in the gabapentin group, resulting in less nalbuphine
administration. Reduced epidural infusion rates reflected intervention by the acute pain
service in minimizing sedation or respiratory depression, i.e., dose-limiting side effects of
gabapentin. Interestingly, a previous study on gabapentin in thoracotomy patients also
demonstrated a trend toward decreased epidural infusion volume administered in the
gabapentin group compared to the placebo group (P=0.06), but without a significant
difference in pruritus scores.9

Increased sedation and/or prolonged PACU duration with gabapentin has been shown in
some studies.6, 9, 36 In the present study, PACU duration did not differ significantly between
groups, but a trend was present toward prolonged PACU stay (18 min) in the gabapentin
group. This prolongation was similar to that observed in patients undergoing lower
extremity surgery at our medical center, also utilizing a multimodal analgesic protocol that
included 600 mg of gabapentin and peripheral nerve blockade.8 A similar finding was also
seen in a recent thyroidectomy study utilizing 1200 mg of gabapentin.22 The actual reason(s)
for prolonged PACU stay cannot be ascertained in any of these studies. Of note, after
discharge from the PACU, no significant difference in sedation was noted as measured using
a validated sedation scale, and no patients received naloxone for sedation or respiratory
depression.

In the present study, a single dose of gabapentin was administered preoperatively. Adding
gabapentin to a multimodal analgesic regimen that includes regional anesthesia may have
limited our ability to demonstrate an impact on acute and/or chronic pain scores. Recent
studies in a variety of surgical patient populations have used longer courses (1–10 days) of
gabapentin administration with variable results.26, 37–41 Unfortunately, information on
adverse effects of gabapentin (e.g., sedation, dizziness) was not consistently and/or
prospectively collected. Thoracotomy patients may be particularly susceptible to the adverse
effects of gabapentin because of several factors including their generally advanced age,
coexisting morbid conditions and perioperative fluid management. Thus, future studies
should address whether longer administration of either low doses of gabapentin or even
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escalating regimens will prove beneficial to thoracotomy patients beyond the immediate
perioperative period, with an acceptable side effect profile.

In summary, a preoperative oral dose of gabapentin 600 mg did not reduce pain scores or
parenteral or oral opioid consumption in the first 48 hours following elective thoracotomy.
This dose did not confer any analgesic benefit in the setting of effective multimodal
analgesia. The frequency of pain at 3 months post-thoracotomy was 68% overall,
highlighting the importance of continued study of analgesic therapies or surgical
improvements that may impact this long-term outcome.
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Figure 1.
CONSORT16 diagram
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Figure 2.
Mean (± 1 SD) pain scores over the first 48 hours postoperatively for gabapentin and control
groups.
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Table 1

Patient Characteristics

Characteristic Gabapentin
(N=57)

Control
(N=63)

Age (years, mean ± SD) 64.4 ± 7.4 64.3 ± 6.8

BMI (kg/m2, mean ± SD) 28.1 ± 4.8 28.4 ± 4.3

Gender

.    Male (n, %) 32 (56%) 30 (48%)

.    Female (n, %) 25 (44%) 33 (52%)

ASA Physical Status (n, %)

.    1 0 (0%) 0 (0%)

.    2 24 (42%) 22 (35%)

.    3 33 (58%) 41 (65%)

.    4 0 (0%) 0 (0%)
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Table 2

Procedural Characteristics

Characteristic Gabapentin
(N=57)

Control
(N=63)

Type of surgery (n, %)

.    Lobectomy 32 (56%) 37 (59%)

.    Bilobectomy 4 (7%) 2 (3%)

.    Wedge resection 8 (14%) 16 (25%)

.    Segmentectomy 4 (7%) 3 (5%)

.    Pneumonectomy 2 (4%) 3 (5%)

.    Other 7 (12%) 2 (3%)

Chest wall resection (n, %)

.    No 56 (98%) 60 (95%)

.    Yes 1 (2%) 3 (5%)

Duration of anesthesia (hours, mean ± SD) 4.6 ±1.4 4.6 ±1.3
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