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Abstract
Background: Gabapentin is routinely prescribed preoperatively to decrease
postoperative pain intensity. It is included in the enhanced recovery after
surgery (ERAS) recommendations. Objective: To analyze correlation of gabapentin dosage and post anesthesia care unit (PACU) length of stay (LOS)
and cost. Study Design: A retrospective chart review of patients who underwent general anesthesia and received preoperative oral gabapentin from June
2017 to August 2017 for pelvic and breast procedures. The main outcome was
correlation between PACU LOS and gabapentin dosage in the outpatients.
Financial analysis was performed to assess the cost to the hospital associated
with increased LOS. Results: Of the 636 patients, 405 patients received 300
mg and 231 patients received 100 mg gabapentin. Mean dosage per kg
(mg/kg ± SD) was 3.12 ± 1.51 (range: 0.86 to 6.12). PACU LOS was 96 ± 77
(minutes ± SD) in patients receiving 100 mg and 120 ± 96 in patients receiving 300 mg capsule (p = 0.001). Linear regression analysis, failed to show a
statistically significant correlation between per kg dosage and PACU LOS
(p = 0.13). Using multiple regression analysis, we calculated the correlation
coefficient to be +1.71 minutes per 1mg/kg gabapentin (95% CI: −3.75 to
+7.10, p = 0.54) after adjusting for confounders. Adding 3 mg/kg to pre-op
gabapentin dosage of all outpatients cost on average, an extra $9794 per month
in this cohort. Conclusion: Every 1mg/kg increase in gabapentin dosage adds
an estimated 7.1 minutes to PACU LOS. A 3 mg/kg increase in gabapentin
adds estimated 22 additional minutes in PACU LOS. Unfortunately, increase
LOS is associated with increased hospital costs.
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1. Introduction
Gabapentin is an anti-epileptic drug utilized in postoperative pain management
since 2002. It conveys its effects through α2δ-subunits of voltage-gated calcium
channels, causing a decrease in excitatory neurotransmitters and leading to anti-hyperalgesia effects [1]. The use of gabapentin in gynecologic and breast surgeries is encouraged in Enhanced Recovery After Surgery (ERAS)—based approaches [2]. Despite lack of evidence, surgeons avoid high dose preoperative
gabapentin fearing increased sedation and dizziness [1] [3] [4]. This study assessed the impact of high-dose preoperative gabapentin in all patients who received preoperative gabapentin for their gynecologic and breast procedures in
our facility in three months. Our primary endpoint was a correlation between
gabapentin dosage and Post Anesthesia Care Unit (PACU) length of stay (LOS)
in outpatients. PACU LOS was chosen not simply for its cost but also as an indicator of gabapentin adverse effects that result in delayed PACU discharge [5].
To ensure the reliability of the results, we also analyzed the data of all patients
before excluding inpatients. The secondary aim of this study was to define costs
associated with the increased PACU LOS to aid health systems in cost-conscious
value-based decision-making.

2. Materials and Methods
This retrospective study was approved by the institutional review board (IRB) of
INOVA Fairfax Hospital, Falls Church, Virginia, USA. We used the Epic medical records system to gather data from the computerized files of gynecology patients who A) underwent general anesthesia and B) received preoperative oral
gabapentin from June 1, 2017 to August 31, 2017. The outpatient stay was defined as Medicare’s definition of fewer than 24 hours stay in the facility [6], and
they were analyzed both with inpatients and separately to assess selection bias.
Patient demographics, American Society of Anesthesiologists (ASA) score, procedure type, and duration were recorded. For analysis, procedures were divided
into minimally invasive surgeries versus others and hysterectomies versus others. Prescribed gabapentin dosage was divided by patient weight to calculate per
kilogram dosage (mg/kg). The primary outcome was a correlation of PACU LOS
to gabapentin dosage per kg.
Institutional cost accounting data for outpatient surgery was evaluated and
compared to available cost estimation models available for PACU LOS. The first
hour of outpatient PACU stay is estimated to cost $591 [7]. In most hospitals,
one minute of PACU stay costs $8 to $10 (average $9) [7] [8]. Based on instituDOI: 10.4236/ojog.2021.1112171
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tional cost accounting principles, the PACU LOS was further divided into inpatient and outpatient. At our institution, the costs are reported based on timedriven activity-based costing standards across the industry [9].
All statistical analyses were performed using Stata/IC version 14.2 (StataCorp
LLC, Texas). After ensuring data normality, a One-sided t-test or Pearson-chi2
analyses were used for independent variables. Regression analyses were used to
assess the primary outcome. Possible confounding effects of patient age, BMI,
procedure duration, procedure type, and American Society of Anesthesiologists
(ASA) score were adjusted using multiple regression analysis to assess PACU
LOS. A 95% confidence interval (CI) was applied, and a p-value of less than .05
was considered statistically significant. To prove non-inferiority, we specified a
clinically acceptable delta of maximum 30 minutes increase in PACU LOS given
the favorable analgesic effect of gabapentin. Based on preliminary data on PACU
LOS in the hospital, we calculated a standard deviation of 90 minutes in PACU
LOS. We calculated that 155 patients per group would have 90% power to detect
a 30 minutes difference between the groups. Therefore, we reviewed all gynecology surgical patient charts in three months to cover this amount of patients.

3. Results
A total of 775 patient charts were reviewed. The median age was 51, and the
mean age was 51.5 ± 13.7. Details of the procedures are illustrated in Table 1.
Overall, 512 patients (66%) received 300 mg gabapentin and 263 patients (34%)
received 100 mg gabapentin (all Neurontin). Median and mean per kg dosage
(mg/kg) were 3.32 and 3.33 ± 1.49, respectively (range: 0.89 to 6.12). PACU LOS
was 100 ± 77 (minutes ± SD) in patients receiving 100 mg and 120 ± 90 in patients receiving 300 mg dosages (one-sided t-test: p = 0.001). However, per kg
dosage was not significantly correlated with PACU LOS in simple linear regression analysis (correlation coefficient [CC] = 2.54, r2 = 0.002, p = 0.23).

Factors affecting gabapentin dosage: Patients were more likely to receive 300
mg gabapentin if they were undergoing hysterectomy (83% vs. 57%, p < 0.001),
minimally invasive surgery (77% vs. 56%, p < 0.001) (Table 1), or if they were
African American (p < 0.001). They were also more likely to be inpatients (73.6%
vs. 63.9%, p = 0.018). Patients who received the 300 mg dosage were younger
(48.8 vs. 56.8, p < 0.001) and more obese (BMI 29.2 vs. 27.5, p = 0.001). Patients’
gabapentin dosage did not significantly differ in terms of procedure duration (p
= 0.080), or ASA score (p = 0.64) (Table 2).
In our multiple regression model, we adjusted PACU LOS to the effects of
BMI, procedure duration, age, ASA score, and procedure type. The primary
outcome (per kg association with PACU LOS) was assessed after the adjustments: Gabapentin dosage was not significantly correlated with PACU LOS (p =
0.38). After adjusting to the mentioned variables, the calculated correlation coefficient was +2.12 minutes per every 1mg/kg increase in gabapentin dosage (95%
CI: −2.57 - +6.80). Furthermore, hysterectomy patients had borderline higher
DOI: 10.4236/ojog.2021.1112171
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Table 1. Procedures and percentage of patients receiving 100 mg vs 300 mg gabapentin
capsule.
100 mg

300 mg

N (%)

N (%)

Abdominal hysterectomy

3 (5)

54 (95)

57

Breast procedures*

121 (73)

44 (27)

165

Hysteroscopy ± biopsy

6 (35)

11 (65)

17

MI (not hysterectomy)

29 (23)

95 (77)

124

MI hysterectomy

45 (20)

179 (80)

224

Laparotomy

7 (18)

32 (82)

39

Other^

31 (35)

58 (65)

89

Vaginal hysterectomy

3 (25)

9 (75)

12

Pearson Chi2

p Value < 0.001

Procedure category

Total

*Mastectomy, lumpectomy, breast biopsy; MI: Minimally Invasive; ^Lymph node dissection, vulvar surgeries, Transvaginal Tape insertion.
Table 2. One-sided t-test analysis of all patients who received 100 mg vs 300 mg gabapentin.
100 mg

300 mg

Mean ± SD (95% CI)

Mean ± SD (95% CI)

Per kg

1.47 ± 0.36 (1.43 - 1.52)

4.08 ± 1.01 (3.99 - 4.17)

<0.001

BMI

27.5 ± 6.7 (26.7 - 28.31)

29.2 ± 7.6 (28.5 - 29.9)

0.001

PACU duration
(min)

101 ± 77 (91 - 110)

120 ± 90 (112 - 128)

0.001

Inpatient duration
(hour)

71.3 ± 86.1 (45.7 - 96.9)

73.9 ± 80.1 (59.9 - 87.9)

0.428

Age

56.8 ± 14.8 (55.0 - 58.6)

48.8 ± 12.2 (47.7 - 49.9)

<0.001

Procedure duration
(min)

97 ± 66 (89 - 106)

104 ± 62 (99 - 110)

0.080

ASA

2.2 ± 0.6 (2.1 - 2.2)

2.2 ± 0.6 (2.2 - 2.3)

0.184

p Value

PACU LOS (CC = +14.0, p = 0.050) when adjusted for other variables. Patients
who underwent minimally invasive surgery were significantly more likely to have
higher PACU LOS (CC = +29.2, p = 0.001) when adjusted for other variables.
Patients with an ASA score of four also had substantially higher PACU LOS after
adjusting for other variables (CC = 98.7, p < 0.001). Age, BMI, and procedure
duration were not significantly associated with PACU LOS (p = 0.60, 0.157,
0.171; respectively).
After excluding inpatients, 636 outpatients remained. In the outpatients, 405
(64%) received 300 mg and 231 (36%) received 100 mg gabapentin. Mean dosage
per kg (mg/kg ±SD) was 3.12 ± 1.51 (range: 0.86 to 6.12). PACU LOS was 96 ±
DOI: 10.4236/ojog.2021.1112171
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77 (minutes ±SD) in patients receiving 100 mg and 120 ± 96 in patients receiving 300 mg capsules (One-sided t-test: p = 0.001). Simple linear regression analysis failed to show a statistically significant correlation between per kg dosage
and PACU LOS (CC = +3.62, r2 = 0.002, p = 0.13). Results of the outpatient
multiple regression analysis were similar to the previous model: per kg, the dosage was not significantly correlated with PACU LOS; we calculated the correlation coefficient to be +1.71 minutes per 1mg/kg increase in gabapentin dosage
(95% CI: −3.75 to +7.10, p = 0.54) after adjusting for BMI, procedure duration,
age, ASA score, and procedure type. Furthermore, hysterectomy patients had
borderline higher PACU LOS after adjusting for other variables (CC = +17.6, p =
0.054). Patients who underwent minimally invasive surgery were significantly
more likely to have higher PACU LOS after adjusting to other variables (CC =
+30.5, p = 0.001). Patients with an ASA score of 4 had borderline significantly
higher PACU LOS (CC = 89.9, p = 0.050). Age, BMI, and procedure duration
were not significantly associated with PACU LOS (p = 0.79, 0.163, 0.119, respectively).
Cost analysis: Average extra per person cost of increasing pre-op gabapentin
dosage by 3 mg/kg (provided overall dose < 6 mg/kg) was calculated to be 1.71 ×
3 × $9 = $46.2. The maximum per person cost was estimated to be 7.1 × 3 × $10 =
$213. In three months period, our hospital had 636 patients (average 258 per
month). For the hospital, adding 3 mg/kg to the pre-op gabapentin dosage of all
outpatients would cost on average an extra $9794 per month.

4. Structured Discussion/Comments
Principal Findings: In this study, we used PACU LOS as an indicator of the
overall positive and negative effects of preoperative gabapentin administration as
part of ERAS protocol in outpatient pelvic and breast surgery patients. Patients
in the PACU are carefully monitored for vital signs, nausea, vomiting, signs of
bleeding, level of consciousness, and pain intensity. These patients are unlikely
to be discharged if they have significant adverse events. After accounting for
confounding factors, we have safely presumed that length of PACU stay is a
good indicator of short-term surgical adverse events such as pain, nausea, and
vomiting [5].
Results: According to our calculation, every 1 mg/kg increase in dosage adds
an additional 7.1 minutes to PACU LOS, which means a 3 mg/kg increase in
dose of gabapentin adds an estimated additional 22 minutes PACU LOS.
Clinical implications: We have concluded that adding 3 mg/kg for the overall
dosage of <6 mg/kg is unlikely to have statistically significant adverse effects in
the short period following surgery. This finding should encourage surgeons to
consider utilizing the higher dose of gabapentin to their ERAS utilization in the
preoperative phase.
Research Implications: Additionally, future studies should include creating
algorithms to assist surgeons in deciding to use higher versus lower doses of gaDOI: 10.4236/ojog.2021.1112171
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bapentin to ensure safe practices to assist in same-day surgeries. Proposals for
future research should include creating electronic documentation to better track
patient progress in the PACU to analyze barriers to same-day discharge for patients scheduled to have outpatient procedures.
Strengths and Limitations: There are several weaknesses in our study. If we
presume that any patient showing significant adverse effects to gabapentin will
most likely be admitted as an inpatient for observation, excluding inpatients may
lead to selection bias. To assess for such bias, we performed a thorough analysis
of all patients before excluding the inpatients to determine for a significant difference. Our calculations did not show any significant difference between the
two analyses. We believe it is safe to assume that this bias was not present in our
study. We did not include other medications prescribed to each patient. It is
possible that patients who received higher doses of gabapentin also received different doses of other medications to decrease the adverse effects of gabapentin
(e.g., decreased pre-op benzodiazepine). Or those patients received lesser of
drugs that have a similar positive effect of gabapentin (e.g., anti-emetics).
This was a retrospective study, and patients were not randomized. The procedures’ duration and PACU lengths of stay were recorded for routine hospital
record-keeping and not for the specific reason of this research. Furthermore,
data for pain intensity and scale was not available in our dataset. There are studies in the literature that adding gabapentin to a multimodal pain regimen does
not reduce acute pain, opioid consumption, or chronic pain after surgery [10].
An optimal dose of gabapentin for various gynecologic surgeries has not been
established. There is limited data in other disciplines about the optimal dose of
gabapentin for a specific surgery [11]. In a study of minor gynecological procedures involving hysterectomy, single preoperative dose of 100 mg pregabalin did
not reduce acute pain or improved recovery [12]. Preoperative oral gabapentin
and acetaminophen prior to abdominal and vaginal hysterectomies, in addition
to intravenous dexamethasone, has been shown to be ineffective for decreasing
opioid consumption [13]. Another publication, showed that total dose of opiates
administered in PACU was lower in patients on the standardized laparoscopic
hysterectomy multimodal pathway, demonstrating better post-operative pain
control. Mean PACU fentanyl dose fell from 49.17 mcg to 24.19 mcg with use of
the pathway; median went from 25 to 0 mcg [14]. Studies on enhanced recovery
after gynecologic surgery are limited but seem to have similar outcome benefits
to populations who have had colorectal surgery [15]. Despite mixed literature on
the utility of gabapentin for postoperative pain, it is generally established that
gabapentin decreases post-op pain intensity. As such, participants in a cost-effectiveness study should be assessed for pain intensity for an accurate conclusion. There are other considerations besides pain for gabapentin usage. For example, a 600 mg of gabapentin two hours before diagnostic gynecological laparoscopy has been shown to decrease the frequency and severity of postoperative
nausea and vomiting [16].
DOI: 10.4236/ojog.2021.1112171
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Average increase in cost for extra 3 mg/kg gabapentin was calculated to be
about $46 per person in our hospital. Since the PACU to floor transfer is initiated only when the patient has an acceptable pain level, the higher dose of gabapentin and associated increased length of stay does not confer any additional
benefits to the patient. The annual estimated cost savings to switch to lower dose
gabapentin in this group of patients undergoing outpatient surgeries in our hospital is $120,000. Six thousand gynecologic surgeries awere performed at our
hospital, but the analysis was performed for a fraction (1/10th) of these surgeries.

5. Conclusion
Deciding to lower gabapentin dosage to decrease hospital costs largely depends
on the hospital costs and budget. Based on the current analysis at our hospital,
we have calibrated our processes for this group of patients to receive the lower
dose of gabapentin. In conclusion, this study highlights the fact that although the
difference in some medical interventions may not show statistical significance,
the financial considerations should be taken into account during continued
process improvement in a value-based cost-conscious environment.
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