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Abstract

Introduction: Gabapentin and pregabalin (gabapentinoids) can be given with opioids for opioid-sparing and
adjuvant analgesic effects. In the context of certain comorbidities and high dosages, coadministration of
these agents can lead to respiratory depression or oversedation, necessitating naloxone administration.

Methods: A retrospective chart review from January 2015 to December 2017 was conducted to include
patients who received naloxone and opioids with or without gabapentinoids. Exclusion criteria included
pregnancy or having received naloxone in the emergency department, intensive care, or pediatrics units. The
primary outcome was to characterize differences between groups regarding comorbidities, history of renal
or hepatic dysfunction, history of SUD, opioid tolerance, initiation and dose appropriateness of
gabapentinoids, and dose intensity of gabapentinoids and opioids. Secondary outcomes were concomitant
CNS depressant use and naloxone episodes for documented respiratory depression.

Results: Of 126 patients who met inclusion criteria, 36 received opioids and gabapentinoids (gabapentinoid
group) and 90 received opioids alone (nongabapentinoid group). There were 136 naloxone episodes between
the 2 groups. More than 50% of the naloxone episodes in the gabapentinoid group involved opioids of at
least 90 oral morphine mg equivalents. Respiratory depression accounted for 39% and 15.8% of the
naloxone episodes in the gabapentinoid and nongabapentinoid groups, respectively.

Discussion: There may be increased naloxone episodes among patients receiving opioids and gabapenti-
noids. Future studies are needed to evaluate the incremental risk of respiratory depression and oversedation
as it pertains to concomitant medication administration and patient-specific factors.
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Introduction

Gabapentinoids, gabapentin and pregabalin, are c-amino-

butyric acid (GABA) analogues that bind to the a-2-d
subunit of voltage-gated calcium channels.1,2 These agents

are widely prescribed and are considered first-line for
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neuropathic pain.2,3 However, clinicians use gabapentinoids

for various pain conditions to reduce opioid requirements.4

Although traditionally thought to have favorable safety

profiles, recent data have associated gabapentinoids with

potential misuse, particularly among those with opioid use

disorder.5 It has been hypothesized that gabapentinoids

may be misused to potentiate opioid effects.5,6

In excess, opioids may cause oversedation and respiratory

depression, which may be compounded by concomitant

gabapentinoids.5,7 Gabapentin exposure in those using

opioids was associated with a 60% increase in opioid-

related death, especially when gabapentin was used at

higher doses.7 Pregabalin similarly increased this risk.8

Although gabapentinoids do not act on opioid receptors

and the exact mechanism for this increased risk is

unknown, additive CNS depression or pharmacokinetic/

pharmacodynamic drug interactions may be responsible.

Naloxone, an opioid antagonist that displaces opioids at

receptor sites, can reverse opioid-induced respiratory

depression.9 Opioid use with concomitant CNS depressants

is a risk factor associated with requiring naloxone rescue

therapy. Additional risk factors include tobacco use and

comorbid renal, cardiac, or respiratory disease.10 In a

study11 of hospitalized patients who received naloxone,

gabapentin was the most commonly coadministered CNS

depressant with opioids. Another study12 evaluated pa-

tients who received gabapentinoids, opioids, and naloxone

versus patients who received opioids and naloxone and

found no significant difference in respiratory depression

between groups. However, the small sample size limited

the generalizability of these findings. Given these limited,

conflicting data, this study assessed differences in patient

and medication characteristics among those receiving

concomitant opioid and gabapentinoid therapy versus

opioid therapy alone in a hospital setting.

Methods

This was a single-center, retrospective chart review at a

large academic medical center. Patients admitted to a

general medical floor who were ages �18 years, had

received opioids with or without gabapentinoids, and

were administered naloxone from January 1, 2015 to

December 31, 2017 were included. Exclusion criteria

included pregnancy or having received naloxone in the

emergency department, intensive care, or pediatric units.

Emergency department and intensive care units were

excluded given the higher likelihood of fluctuations in

hemodynamics and renal function in critical illness. Two

groups were evaluated: patients who received gabapenti-

noids, opioids, and naloxone (ie, gabapentinoid group),

and patients who received opioids and naloxone without

gabapentinoids (ie, nongabapentinoid group). This study

was deemed exempt by the IRB.

Study Outcomes and Definitions

The primary outcome was to characterize patients in each

group. Specific characteristics evaluated included demo-

graphics and comorbidities that increase opioid-related

respiratory depression risk, such as age �65 years, COPD,
obstructive sleep apnea, and heart failure with reduced or

preserved ejection fraction, in addition to obesity (eg, BMI

�30 kg/m2), history of renal dysfunction (eg, chronic

kidney disease stage 3-5 or receiving hemodialysis or

peritoneal dialysis), history of hepatic dysfunction (eg,

hepatitis or cirrhosis [Child-Pugh class C or worse]),

history of SUD, and surgery the day prior to naloxone

administration. Other characteristics reviewed included

temporal initiation of the gabapentinoid (ie, continued

from home or started during hospitalization), opioid

tolerance (eg, �60 oral morphine milligram equivalents

[MME] per day for �7 days), appropriate gabapentinoid

dose (ie, not exceeding recommended dose based on

creatinine clearance), cumulative gabapentinoid dose (ie,

total dose during 48 hours preceding naloxone episode),

and cumulative opioid dose (ie, total dose during 24 hours

preceding naloxone episode).13 Characteristics were clas-

sified as patient specific or naloxone episode specific.

Patient-specific characteristics were those that did not

change if a patient had multiple naloxone episodes,

including high-risk comorbid conditions, history of renal or

hepatic dysfunction, history of SUD, opioid tolerance, and

initiation of gabapentinoids. The remaining characteristics

were categorized as naloxone episode–specific character-

istics, given that a single patient could have multiple

naloxone episodes.

Secondary outcomes included concomitant CNS depres-

sant use and naloxone episodes for documented respira-

tory depression. Respiratory depression was defined as

either �8 breaths/min, an oxygen saturation ,92%, or a

decrease of .5% from baseline in patients with a baseline

oxygen saturation of ,90%.11,12 Naloxone administration

for respiratory depression or oversedation was considered

to be 2 separate indications. However, naloxone episodes

for documented oversedation could not be evaluated

given the lack of use of a validated scale to assess

sedation in nonintubated patients at our institution. The

specific CNS depressants reviewed included benzodiaze-

pines, muscle relaxants, first-generation antihistamines, z-

hypnotics, antipsychotics, and sedating antidepressants

(defined in this study as those with histamine 1-receptor

antagonist effects; Table 1).

Gabapentinoid daily dose cutoffs were extrapolated from

previous studies and categorized as low (gabapentin

,900 mg; pregabalin ,150 mg), moderate (gabapentin
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900-1799 mg; pregabalin 150-299 mg), or high (gabapen-

tin �1800 mg; pregabalin �300 mg).7,12 Opioid daily dose

was categorized as low (,50 MME), moderate (50-89

MME), or high (�90 MME). These cutoffs follow Centers

for Disease Control and Prevention guidelines for

prescribing opioids for chronic pain, which state that

doses above 90 MME/d should be avoided if possible

because of overdose risk.14 The cumulative opioid amount

given in the 24 hours preceding a naloxone episode was

calculated by converting each opioid to oral MME using

the Practical Pain Management opioid conversion calcu-

lator and adding them together.15

Opioid tolerance and gabapentinoid initiation were

determined from preadmission medication lists. Renal

function was quantified by creatinine clearance (mL/min)

using the Cockcroft-Gault equation and calculated with

the patient’s highest serum creatinine in 48 hours prior to

a naloxone episode. Vital signs, including oxygen satura-

tion and respiratory rate, 1 hour before and after a

naloxone episode as well as doses and timing of naloxone

administrations were collected. A naloxone episode was

defined as administration of naloxone with ,2 hours

between naloxone doses.12 If �2 hours had elapsed

between doses, these administrations were considered

separate episodes.

Statistical Analysis

Baseline characteristics were analyzed using v2 test or

Fisher exact test for categoric data, as appropriate, and

Student t test or Mann-Whitney U test for continuous

data, as appropriate. The primary and secondary out-

comes were analyzed using descriptive statistics.

Results

In total, 126 patients met inclusion criteria, with 36

patients in the gabapentinoid group and 90 patients in the

nongabapentinoid group. Baseline characteristics were

similar between groups (Table 2). There were 136 total

naloxone episodes identified: 41 and 95 in the gabapenti-

noid and nongabapentinoid groups, respectively. The most

common high-risk demographics/comorbidities seen in

the gabapentinoid and nongabapentinoid groups, respec-

tively, were age �65 years (52.8% and 67.8%), obesity

(27.8% and 30.0%), history of renal dysfunction (25.0%

and 17.8%), and COPD (19.4% and 13.3%; Table 3). Hepatic

dysfunction was less prevalent among the gabapentinoid

and nongabapentinoid groups (2.8% and 0%, respective-

ly). A higher percentage of patients in the gabapentinoid

group had an SUD history compared with patients in the

nongabapentinoid group (11.1% and 4.4%, respectively).

Opioid-naive patients accounted for most patients who

received naloxone in both groups. For 11 patients, opioid

tolerance was unknown because of an incomplete

preadmission medication list.

A total of 67% of gabapentinoid group patients continued

gabapentinoid therapy from home upon admission, and

90.2% were receiving an appropriate gabapentinoid dose

(Table 4). The cumulative opioid dose in the 24 hours

preceding a naloxone episode was high (�90 MME) for

more than half of the episodes in the gabapentinoid group

and for about one third of episodes in the nongabapenti-

noid group (n¼21, 51.2% and n¼ 34, 35.8%, respectively).

For 1 patient in the nongabapentinoid group, the

cumulative dose was indeterminate because of additional

opioid exposure during the intraoperative period.

TABLE 1: Specific agents assessed in secondary outcome
regarding concomitant medications

Drug Class Medications Included

Benzodiazepines Lorazepam, clonazepam, alprazolam,
diazepam, midazolam, chlordiazepoxide

Muscle relaxants Carisoprodol, chlorzoxazone,
cyclobenzaprine, metaxalone,
tizanidine, baclofen

First-generation
antihistamines

Diphenhydramine, chlorpheniramine,
hydroxyzine, promethazine

Z-hypnotics Zolpidem, zaleplon, zopiclone

Antipsychotics Chlorpromazine, clozapine, olanzapine,
quetiapine, thoridazine

Sedating
antidepressants

Amitriptyline, doxepin, maprotiline,
trimipramine, nefazodone,
trazodone, mirtazapine

TABLE 2: Baseline characteristics of the study

Variable
Gabapentinoid

n ¼ 36
Nongabapentinoid

n ¼ 90 P Value

Sex, No. (%) .329

Male 17 (47.2) 34 (37.8)

Female 19 (52.8) 56 (62.2)

Age,
median (IQR),
y 65.5 (57.5-76.25) 73.5 (57.25-81) .159

Race, No. (%)

White 31 (86.1) 73 (81.1) .609

Other 3 (8.3) 6 (6.7) .714

Black 1 (2.8) 10 (11.1) .176

Asian 0 (0) 1 (1.1) ..999

Unknown 1 (2.8) 0 (0) .286

Weight,
median (IQR),
kg 75.6 (57.5-91.16) 74.8 (61.9-88) .928

BMI,
median (IQR),
kg/m2 26.5 (20.7-30.9) 26.1 (22.4-32) .473

Naloxone episodes,
No. 41 95
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Patients met criteria for respiratory depression in 39% and

15.8% of naloxone episodes in the gabapentinoid and

nongabapentinoid groups, respectively (Figure). In about

one quarter of these episodes for each group, criteria for

respiratory depression were indeterminate because of

incomplete documentation of vital signs before and after

naloxone administration. The most common concomitant

CNS depressants administered in both groups were

benzodiazepines (gabapentinoids, 43.9%; nongabapenti-

noids, 45.3%). In the gabapentinoid group this was

followed by sedating antidepressants (24.4%), first-

generation antihistamines (17.0%), antipsychotics (9.8%),

muscle relaxants (9.8%), and hypnotics (5.3%). In the

nongabapentinoid group, benzodiazepines were followed

by muscle relaxants (9.5%), first-generation antihista-

mines (9.5%), sedating antidepressants (8.4%), antipsy-

chotics (4.2%), and hypnotics (3.2%).

TABLE 3: Patient-specific characteristics of the study, No.
(%)

Characteristic
Gabapentinoid

n ¼ 36
Nongabapentinoid

n ¼ 90

High-risk comorbid
condition

Age �65 y 19 (52.8) 61 (67.8)

Obesity 10 (27.8) 27 (30)

COPD 7 (19.4) 12 (13.3)

HFrEF or HFpEF 6 (16.7) 11 (12.2)

OSA 1 (2.8) 8 (8.9)

History of renal
dysfunction 9 (25) 16 (17.8)

History of hepatic
dysfunction 1 (2.8) 0 (0)

History of SUD 4 (11.1) 4 (4.4)

Opioid tolerance

Naive 21 (58.3) 73 (81.1)

Tolerant 10 (27.8) 11 (12.2)

Unknowna 5 (13.9) 6 (6.7)

Initiation of gabapentinoid

Continued from home 24 (66.7)

Initiated inpatient 12 (33.3)

HFpEF ¼ heart failure with preserved ejection fraction; HFrEF ¼ heart
failure with reduced ejection fraction; OSA¼ obstructive sleep apnea.
aA total of 11 patients did not have complete documentation of dose and
frequency of opioids taken at home.

TABLE 4: Naloxone episode–specific characteristics, No.
(%)

Characteristic
Gabapentinoid

n ¼ 41
Nongabapentinoid

n ¼ 95

Appropriate gabapentinoid
dose 37 (90.2)

Opioid dose intensity

,50 MMEa 13 (31.7) 45 (47.4)

50-89 MME 7 (17.1) 15 (15.7)

�90 MME 21 (51.2) 34 (35.8)

Unknownb 0 (0) 1 (1.1)

Gabapentinoid dose
intensity

Low 14 (34.1)

Moderate 16 (39)

High 11 (26.8)

MME¼morphine milligram equivalents.
aFor 5 patients in the nongabapentinoid group, cumulative opioid
amount at 48 hours was used to determine opioid intensity.
bFor 1 patient in the nongabapentinoid group, dose intensity was
unknown because the patient received opioids in surgery only.

FIGURE: Naloxone episodes for documented respiratory depression
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Discussion

Among those receiving naloxone in the gabapentinoid

group, the most common patient characteristic was age

�65 years, which opposes the Beers Criteria recommen-

dation to avoid concomitant opioids and gabapentinoids

in this population.16 Similar precautions should be

extended to patients with obesity, history of renal

dysfunction, and COPD, because these were common

characteristics seen in this group.

With these findings in mind, prescribing of high-dose

opioids to those with gabapentinoids or other CNS

depressants, or to those considered opioid naive, should

be done cautiously because these factors were identified

in most of the naloxone episodes in this study. To mitigate

the risk of respiratory depression and oversedation in such

patients, clinicians may consider several approaches for

judicious prescribing. A conservative dosing approach for

opioids should be considered, especially if the patient is

opioid naive. Pain management should be optimized

using a multimodal approach with both nonpharmaco-

logic (ie, heat and cold compress, rest, or relaxation) and

nonopioid pharmacologic interventions other than gaba-

pentinoids (ie, nonsteroidal anti-inflammatories, acet-

aminophen, or lidocaine) for an opioid-sparing effect.

Hospitals may also consider additional monitoring for

high-risk patients who are prescribed concomitant opioids

and CNS depressants by routine use of continuous pulse

oximetry, frequent vitals, and sedation scores to help

prevent adverse effects.

Although the risk of respiratory depression with opioids is

well known, related concerns with gabapentinoids are

becoming more recognized. In December 2019, the FDA

added a warning to gabapentinoid prescribing information

regarding respiratory depression risk in patients using

gabapentinoids alone or concomitantly with opioids,

especially those who have respiratory conditions or are

elderly.17 They also recommended clinical trials be

conducted to assess these potentially synergistic effects

because this would inform clinical practice regarding

coprescribing of these agents.

To our knowledge, this is the first study to examine dose

appropriateness and prescribing patterns of gabapenti-

noids in patients who received naloxone and opioids. Few

patients were observed to have an inappropriate gaba-

pentinoid regimen based on renal function, and most

patients received a low to moderate gabapentinoid

cumulative dose. However, more than half of the patients

in the gabapentinoid group received �90 MME of opioids

in the 24 hours preceding a naloxone episode. Similarly,

Savelloni and colleagues12 previously observed that

patients in the gabapentinoid group received a higher

average daily MME than those not receiving gabapenti-

noids. We found that all 10 patients who were considered

to be opioid tolerant in the gabapentinoid group had

received a high daily dose of opioids. Although the current

study cannot discern whether adding a gabapentinoid led

to naloxone administration, it is prudent to consider the

possible compounding sedative effects of gabapentinoids

alongside high-dose opioids. Pharmacokinetic and phar-

macodynamic studies in humans are limited to explain the

interaction between these agents. However, studies18-20

evaluating rat models have demonstrated that concom-

itant gabapentin and morphine administration leads to

enhanced analgesic response, as evidenced by increased

morphine area under the curve compared with morphine

monotherapy. Extrapolating these data to humans may

explain the additive analgesic and adverse effects seen

when these agents are given together. Further research is

needed to determine whether these effects are dose

dependent.

The major limitation of this study was its retrospective

and descriptive nature, which is heavily reliant on

accurate chart documentation in the electronic medical

record. Furthermore, there was incomplete documenta-

tion of vital signs both before and after naloxone

administration, rendering it uncertain whether naloxone

was given for respiratory depression in some cases. The

amount of opioids administered in the intraoperative

period was difficult to ascertain because of incomplete

documentation. Therefore, intraoperative opioids were

not included in the calculated cumulative 24-hour

amount administered prior to a naloxone episode,

possibly affecting cumulative opioid dose calculated for

those patients. Lastly, our institution does not use a

validated sedation scale for monitoring opioid sedation,

which was used in other studies.11,12 Thus, we could not

account for naloxone administration for oversedation.

Finally, despite small sample size, this is the largest

study to date evaluating gabapentinoid and nongaba-

pentinoid populations who received naloxone, which

represents an important addition to the current body of

evidence.

Conclusion

This study of hospitalized patients receiving naloxone

characterized opioid overdose risk factors among patients

receiving opioids with or without gabapentinoids. As a

result of the findings, we aim to conduct a follow-up study

to determine if certain risk factors are associated with an

increased risk of respiratory depression and oversedation

when gabapentinoids and opioids are given concomitant-

ly. Data from future studies may help guide prescribing

practices and decrease potential adverse effects when

these agents are used together.
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