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CLINICAL RESEARCH
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cohort study
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Frank Scheuermeyera, Shannon Erdelyia, Robert Balshawd, Adrianna Rowea, Christopher K. Cochranea, Benjamin
Nga, Andy Jianga, Alessia Risie, Vi Hoa and Jeffrey R. Brubachera

aDepartment of Emergency Medicine, University of British Columbia, Vancouver, Canada; bBritish Columbia Drug and Poison Information
Centre, British Columbia Centre for Disease Control, Vancouver, Canada; cSchool of Population and Public Health, University of British
Columbia, Vancouver, Canada; dDepartment of Community Health Sciences, Faculty of Health Sciences, College of Medicine, University of
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ABSTRACT
Introduction: When managing opioid overdose (OD) patients, the optimal naloxone regimen should
rapidly reverse respiratory depression while avoiding opioid withdrawal. Published naloxone adminis-
tration guidelines have not been empirically validated and most were developed before fentanyl OD
was common. In this study, rates of opioid withdrawal symptoms (OW) and reversal of opioid toxicity
in patients treated with two naloxone dosing regimens were evaluated.
Methods: In this retrospective matched cohort study, health records of patients who experienced an
opioid OD treated in two urban emergency departments (ED) during an ongoing fentanyl OD epi-
demic were reviewed. Definitions for OW and opioid reversal were developed a priori. Low dose nalox-
one (LDN; �0.15mg) and high dose naloxone (HDN; >0.15mg) patients were matched in a 1:4 ratio
based upon initial respiratory rate (RR). The proportion of patients who developed OW and who met
reversal criteria were compared between those treated initially with LDN or HDN. Odds ratios (OR) for
OW and opioid reversal were obtained via logistic regression stratified by matched sets and adjusted
for age, sex, pre-naloxone GCS, and presence of non-opioid drugs or alcohol.
Results: Eighty LDN patients were matched with 299 HDN patients. After adjustment, HDN patients
were more likely than LDN patients to have OW after initial dose (OR ¼ 8.43; 95%CI: 1.96, 36.3;
p¼ 0.004) and after any dose (OR ¼ 2.56; 95%CI: 1.17, 5.60; p¼ 0.019). HDN patients were more likely
to meet reversal criteria after initial dose (OR ¼ 2.73; 95%CI: 1.19, 6.26; p¼ 0.018) and after any dose
(OR ¼ 6.07; 95%CI: 1.81, 20.3; p¼ 0.003).
Conclusions: HDN patients were more likely to have OW but also more likely to meet reversal criteria
versus LDN patients.
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Introduction

In 2015, an estimated 167,750 people worldwide died as a
direct result of drug use, in most cases involving opioids [1].
In 2017, opioid overdose (OD) claimed the lives of 47,600
people in the USA [2]. In 2018, in Canada, 3394 of 4588
(73%) opioid-related deaths involved fentanyl [3].

Opioid OD causes decreased level of consciousness and
potentially fatal respiratory depression. The competitive opi-
oid antagonist naloxone reverses these effects. Increased
availability of naloxone in take-home-naloxone programs
saves lives [4–7]. However, naloxone can cause opioid with-
drawal when given to opioid tolerant patients. Naloxone-pre-
cipitated opioid withdrawal syndrome is associated with
adverse events including pulmonary edema [8–14], hyperten-
sive emergencies [15–17], ventricular dysrhythmias [18], delir-
ium [19], agitation and aggression [20,21], seizures [19], and

death [22,23]. Patients with opioid withdrawal syndrome may
also leave hospital against medical advice [24,25], and use
opioids again to treat their symptoms, putting them at risk
of another OD [26].

It is thus important to optimize naloxone administration
so that life threatening opioid toxicity is rapidly reversed and
opioid withdrawal syndrome is avoided. Low-dose naloxone
regimens have been recommended to decrease the inci-
dence of opioid withdrawal syndrome [19,27,28]. However,
published naloxone administration guidelines-based on
expert opinion prior to the epidemic of ultrapotent opioids
exhibit great variability, with recommended initial naloxone
doses ranging between 0.04mg and 0.4mg [29]. Although
experts have recommended evaluation of naloxone dosing in
clinical settings [30], the association between naloxone dose
and occurrence of opioid withdrawal symptoms is not known
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and significant differences in the frequency of adverse events
including opioid withdrawal symptoms were not found in
two studies that compared different naloxone dosing regi-
mens [31,32].

The primary objective of this study was to determine the
proportion of patients who have OW after initial naloxone
dose when first treated with low dose naloxone (LDN;
�0.15mg) compared to those treated with high dose nalox-
one (HDN; >0.15mg) in a patient population in which fen-
tanyl OD is common. Secondary objectives were to
determine the proportion of patients who have OW after any
dose, opioid reversal within 30min of initial dose, and opioid
reversal within 30min of any dose, the total dose of nalox-
one used to reverse opioid toxicity, mean time to opioid
reversal, and the incidence and mean time to naloxone re-
dosing, if required.

Methods

Study setting

In this retrospective matched cohort study, emergency
department (ED) and ambulance service (EMS) records of
opioid OD patients treated in two urban EDs serviced by a
single EMS from Jan 1, 2013 to Dec 31, 2017 were reviewed.
Only ED and EMS records were available so patient outcome
information after admission or discharge was not available.
Naloxone administration was not based on a protocol. Each
patient’s attending physician directed the amount and tim-
ing of naloxone doses and infusions and naloxone could be
administered to patients after study criteria for opioid rever-
sal had been met. Drug testing was not routinely completed
on patients.

Definitions

LDN was defined as an initial dose �0.15mg naloxone and
HDN as >0.15mg naloxone. Presence of opioid withdrawal
symptoms (OW) was defined as the presence of any of the
following: new or worsening nausea requiring treatment,
new or worsening agitation, aggressive behavior towards
staff, restlessness, pulse >100, diarrhea, tremor, flushing,
sweating, gooseflesh skin, piloerection, bone or joint aches,
rhinorrhea, lacrimation, or yawning occurring any time after
administration of naloxone. Criteria for reversal was defined
as: Glasgow Coma Scale (GCS) >10 and either respiratory
rate (RR) >11 or O2 saturation >91% occurring within 30min
of naloxone administration before the administration of
another dose of naloxone. Definitions were developed a pri-
ori based on criteria used in frequently cited manuscripts
[29,33] and treatment guidelines [34,35].

Patient selection

Patients were identified by searching ED electronic records
for consecutive patients with the presenting complaint of
overdose ingestion, or substance misuse/intoxication, (Codes
751 and 752 in system of standardized triage presenting

complaints [CEDIS] used in all Canadian EDs) [36] and auto-
mated ED medication dispensing records for patients who
had been administered naloxone in the ED. Patients were
included if they were treated for an opioid OD with naloxone
administered by laypersons, paramedics or emergency per-
sonnel. Patients were excluded if they did not have an opi-
oid OD, did not receive naloxone, or if there was incomplete
or missing documentation of the initial naloxone dose or the
vital signs prior to the initial naloxone dose.

Chart review

A preliminary chart review determined eligibility and exclu-
sions, as well as naloxone dose and initial vital signs for
matching. Rates of opioid reversal and OW were unknown at
time of matching. Each LDN patient was matched with up to
four HDN patients based on initial RR as a proxy for severity
of OD. Matches were chosen randomly from exact matches,
where available, and then from HDN patients within 1 unit
of RR when no exact matches remained. Matching was
repeated three more times until all LDN patients had up to
four HDN matches. Full chart review including EMS records
was performed for the subset of patients selected for the
matched analysis. The proportion of patients who had (i) OW
or (ii) reversal of opioid OD toxicity after receiving treatment
with LDN or HDN was determined. If data was missing it was
assumed that an event had not occurred. If post naloxone
vital signs were missing, ODs were considered to be not
reversed. Seven reviewers, blinded to study hypothesis and
outcomes, collected demographics, patient vital signs and
symptoms, as well as prehospital and ED treatments.
Reviewers were trained on 20 health records and perform-
ance was evaluated at regular meetings. Each chart was
assessed independently by two reviewers to determine if the
patient had OW or opioid reversal. If a discrepancy occurred,
the case was referred to an adjudication team consisting of
two medical toxicologists and an emergency nurse.

Outcomes

Four binary outcomes were examined. The primary outcome
was occurrence of OW after initial dose. Three secondary
outcomes were occurrence of OW after any dose, meeting
reversal criteria within 30min of initial dose, and meeting
reversal criteria within 30min of any dose. For each outcome,
conditional logistic regression was used to estimate odds
ratios (OR) and 95% confidence intervals (95%CI) for
outcome in LDN versus HDN matches. Adjusted ORs were
then obtained from models that adjusted for age (years as a
continuous variable), sex, initial GCS (categorized as 3–8,
9–10, or 11–15), and the documented presence of non-opi-
oid drugs and/or alcohol (yes, no). Predictors were selected
a priori based on clinical experience with factors that affect
outcome following opioid OD in the ED. There was no
evidence of predictor multicollinearity, as the GVIFs (general-
ized variance inflation factors) were all less than 1.5.
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Survival analyses

Two post-hoc survival analyses using naloxone dosing times
were also performed. The first examined time to opioid
reversal, defined as the time between the initial dose and
the first dose when opioid reversal of the opioid toxicity
occurred within 30min. When reversal did not occur, patients
were right-censored at their final dose time. The second ana-
lysis examined time to re-dose following opioid reversal,
defined as the time between the dose resulting in opioid
reversal and a subsequent dose. Patients who did not receive
a re-dose post-reversal were right-censored at last follow-up
(discharge for 87% of censored patients, and time zero other-
wise). Hazard ratios (HR) were obtained via Cox proportional
hazards regression stratified by matched sets; adjusted HRs
were also obtained using the same covariates as for the
logistic regression models. The proportional hazards assump-
tion was verified by examining correlation between
Schoenfeld residuals and survival time, which was not statis-
tically significant for any predictor. Crude Kaplan-Meier
curves were constructed for LDN and HDN patients. Event
probabilities at specific times and event time quantiles (25th,
median, and 75th) were derived from these curves with 95%
confidence intervals.

Subgroup analyses: Four post-hoc subgroup analyses
were also performed with each model: i) excluding patients
with initial RR > 12; ii) including exact RR matches only; and,
iii) excluding patients who met study criteria for opioid
reversal before treatment with naloxone (pre-naloxone vitals
consistent with study definition for opioid reversal); iv)
including patients who received IV naloxone.

Statistical methods and ethics: p-values less than 0.05 are
described as statistically significant, and no attempt was
made to correct for multiple inference. All statistical tests
were two-tailed. Analyses were conducted using R (version
3.5.1). The research was approved by the Clinical Research
Ethics Board of the University of British Columbia: Certificate
number: H18-00099. This study was supported the Michael
Smith Foundation for Health Research under grant num-
ber 16794.

Results

A preliminary chart review to determine patient eligibility,
initial RR and initial naloxone dose was performed on 5917
health records and identified 2352 opioid OD patients who
were treated with naloxone and had full vital signs
(Figure 1). Eighty patients who received LDN were matched
to 299 patients who received HDN and the corresponding
records were reviewed in depth. Of the LDN patients, 76%
(n¼ 61) had four matches, 21% (n¼ 17) patients had three
matches, and 3% (n¼ 2) patient had two matches.

Age ranges in LDN patients and HDN patients were simi-
lar, LDN mean age 44.9 (SD 15.2) and HDN mean age 41.8
(SD 14.8). There were fewer patients with initial GCS �8 in
the LDN group (15.0%) vs the HDN group (39.5%) 33.8% of
LDN patients and 36.5% of HDN patients were exposed to
other drugs or alcohol. Patients reported exposure to the fol-
lowing co-ingestants: ethanol, cocaine, amphetamines, can-
nabis, gamma-hydroxybutyrate, gabapentin, benzodiazepines
and other sedatives.

More patients in the LDN group received naloxone in the
ED: (LDN 83.8%, HDN 33.4%) and by the intravenous (IV)
route (LDN 91.2%, HDN 38.8%). More patients in the LDN
group had opioid OD by IV injection (41.2%), vs the HDN
group (31.4%) (Table 1).

OW occurred in 101 (26.6%) patients. OW occurred in 4
(5.0%) LDN patients and 59 (19.7%) HDN patients after a sin-
gle dose of naloxone and 12 (15.0%) LDN patients and 89
(29.8%) HDN patients had OW after any dose of naloxone.
The most common symptoms were agitation and nausea/
vomiting (Table 2). In the adjusted analysis, OW was more
common in HDN patients than in LDN patients after initial
dose (OR ¼ 8.43; 95%CI: 1.96, 36.3; p¼ 0.004) and after any
dose (OR ¼ 2.56; 95%CI: 1.17, 5.60; p¼ 0.019). In a subgroup
analysis of 172 patients who received IV naloxone OW was
more common in HDN patients than in LDN patients after
initial dose (OR ¼ 3.43; 95%CI: 1.17, 10.07; p¼ 0.0251).
Results of primary analysis, subgroup analysis and informa-
tion on exclusions due to missing data is reported (Table 3).

5917 = Health Records Screened (presen�ng complaints: overdose, substance intoxica�on, substance
misuse, electronic pharmacy records indicate naloxone administered)

1692 Did not have an overdose

4225 = Treated for overdose

373 Not treated with naloxone

3852 = Treated for overdose with naloxone

1500 Ini�al vital signs not recorded

2272 = Treated with HDN: included in matching process
80 = Treated with LDN: included in matching process

299 = Treated with HDN: included in analysis
80 = Treated with LDN: included in analysis

Figure 1. Study flow chart.
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Thirty-four (42.5%) LDN patients and 96 (32.1%) HDN
patients met study criteria for reversal before they received
treatment with naloxone (pre-naloxone vitals consistent with
study definition for opioid reversal). Twelve (15.0%) LDN
patients and 114 (38.1%) HDN patients who did not meet
study criteria for reversal before treatment with naloxone but
met study criteria for reversal after an initial single dose of
naloxone. Overall, 46 (57.5%) of LDN and 210 (70.2%) of
HDN patients required exactly one dose of naloxone before
reversal (Table 2). After adjustment, HDN patients were more
likely than LDN patients to have opioid reversal after initial
dose (OR ¼ 2.73; 95%CI: 1.19, 6.26; p¼ 0.018) and after any
dose (OR ¼ 6.07; 95%CI: 1.81, 20.3; p¼ 0.003) (Table 3).

At any given time after the initial dose of naloxone, HDN
patients were more likely to have opioid reversal compared
with LDN patients (HR ¼ 1.43; 95%CI: 1.01, 2.03; p¼ 0.046).
The probability of reversal after 1 h was 75% (95% CI: 60, 84)
for LDN and 85% (95% CI: 80, 89) for HDN. Eight patients
with missing reversal dose times were excluded (Table 4,
Figure 2).

HDN patients were less likely than LDN patients to require
re-dosing of naloxone at any given time post reversal (HR ¼
0.53; 95%CI: 0.30, 0.92; p¼ 0.025). The probability of re-dose
after 30min was 26% (95% CI: 13, 37) for LDN and 8% (95%
CI: 5, 12) for HDN. Seventy-two patients whose opioid tox-
icity never reversed did not meet the inclusion criteria for
this analysis, and two additional patients with missing dose
times were excluded (Table 4, Figure 3).

LDN patients were treated with a mean total dose of 0.38
(SD 0.47) mg of naloxone: 0.22 (SD 0.41) mg before reversal
and 0.19 (SD 0.33) mg after study criteria for reversal was
met. HDN patients were treated with a mean total dose of
0.98 (SD 0.77) mg of naloxone: 0.66 (SD 0.43) mg before
reversal and 0.27 (SD 0.46) mg after study criteria for reversal
was met. LDN patients were treated with a mean of 1.5
doses of naloxone before reversal occurred and a mean of
1.0 doses of naloxone after study criteria for reversal was
met. HDN patients were treated with a mean of 1.2 doses of
naloxone before reversal occurred and 0.7 doses after study
criteria for reversal was met (Table 5).

Discussion

In this retrospective matched cohort study, patients treated
with initial HDN were more likely to have OW but also more
likely to have opioid reversal versus patients treated with ini-
tial LDN. It is important to understand the association
between naloxone dosing, OW and reversal of opioid toxicity
in order to optimize naloxone administration. Although LDN
has been recommended to prevent opioid withdrawal in
patients who are tolerant to opioids [19,27,28], it has not
been demonstrated in clinical studies that higher doses of
naloxone are associated with a higher incidence of OW. This
study demonstrates a strong association between naloxone
dose and the frequency of OW: four times as many HDN

Table 1. Characteristics of matched cohort.

All (n¼ 379) Low dose (n¼ 80) High dose (n¼ 299)

Demographics and initial vitals
Mean (SD)

Age (years) 42.5 (14.7) 44.9 (15.2) 41.8 (14.6)
Respiratory rate 11.7 (5.0) 11.7 (5.1) 11.7 (5.0)

Count (%)

Male n¼ 255 (67.3%) n¼ 57 (71.2%) n¼ 198 (66.2%)
Glasgow coma scalea

3–8 n¼ 130 (34.3%) n¼ 12 (15%) n¼ 118 (39.5%)
9–10 n¼ 52 (13.7%) n¼ 13 (16.2%) n¼ 39 (13%)
11–15 n¼ 157 (41.4%) n¼ 40 (50%) n¼ 117 (39.1%)

Other drugs detected n¼ 136 (35.9%) n¼ 27 (33.8%) n¼ 109 (36.5%)

Naloxone administration (Initial dose)
Count (%)

Location administered
ED n¼ 167 (44.1%) n¼ 67 (83.8%) n¼ 100 (33.4%)
EHS n¼ 210 (55.4%) n¼ 13 (16.2%) n¼ 197 (65.9%)
Pre-EHS (bystander) n¼ 2 (0.5%) n¼ 0 n¼ 2 (0.7%)

Route of administration
IM n¼ 96 (25.3%) n¼ 3 (3.8%) n¼ 93 (31.1%)
IV n¼ 189 (49.9%) n¼ 73 (91.2%) n¼ 116 (38.8%)
SC n¼ 82 (21.6%) n¼ 4 (5.0%) n¼ 78 (26.1%)
Unknown n¼ 12 (3.2%) n¼ 0 n¼ 12 (4.0%)

Opioid exposure
Count (%)

Route of administration
IH n¼ 11 (2.9%) n¼ 3 (3.8%) n¼ 8 (2.7%)
IM n¼ 1 (0.3%) n¼ 0 n¼ 1 (0.3%)
IN n¼ 8 (2.1%) n¼ 1 (1.2%) n¼ 7 (2.3%)
IV n¼ 127 (33.5%) n¼ 33 (41.2%) n¼ 94 (31.4%)
PO n¼ 56 (14.8%) n¼ 20 (25.0%) n¼ 36 (12.0%)
Unknown n¼ 176 (46.4%) n¼ 23 (28.7%) n¼ 153 (51.2%)

aGCS was significantly different between groups (v2¼13.5, p¼ 0.001). Other demographic factors were not significantly different.
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patients (19.7%) as LDN patients (5.0%) had OW after a sin-
gle dose of naloxone.

Other research has shown that adverse effects including
OW are common in patients treated with naloxone for opi-
oid OD. Incidence rates of OW varying from 3% to 40.6%
have been reported [6,37–41]. However, in contrast to
this study, significant differences in the frequency of
adverse events including OW were not found in two stud-
ies that compared different naloxone dosing regimens by
the same route of administration. Khosravi et al. compared
patients with opioid OD receiving IV naloxone 0.1mg in
2–3min intervals versus 0.04mg increasing to 0.4mg,
2mg, and 10mg in 2–3min intervals and found similar
incidence of withdrawal syndrome [31]. Similarly, Wong
et al. compared IV naloxone 0.4mg versus 1–2mg and

found similar rates of adverse events including symptoms
of withdrawal [32].

Our research also showed that, HDN patients were more
likely than LDN patients to meet our criterion for reversal
after the initial dose and after any dose of naloxone. In this
study, 15.0% of LDN patients and 38.1% of HDN patients
whose opioid OD toxicity was not reversed before receiving
naloxone had opioid reversal after an initial single dose of
naloxone, indicating HDN is more effective for reversing opi-
oid OD than LDN. However, it should be noted that the
adverse effects of opioid toxicity can be prevented by the
provision of ventilation and supportive care. Patients can be
ventilated while careful titration using small doses of nalox-
one is completed. When we analyzed the subgroup of 172
patients who received naloxone by the intravenous route,

Table 2. Patient outcomes for matched cohort.

All (n¼ 379) Low dose (n¼ 80) High dose (n¼ 299)

Adequate reversal within 30min
Mean (SD)

Time from first to reversal dosea (min)
All patients 11.6 (67.0) 18.9 (71.5) 9.9 (66.0)
Patients who were not already reversed 20.4 (88) 48 (109.1) 16.3 (84.1)

Time from first to last dose (min) 84.5 (158.9) 86.5 (158.3) 83.9 (159.3)
Time from reversal to subsequent dose (min) 95.6 (84.5) 59.8 (60.2) 105.4 (87.8)

Count (%)

Appeared reversed prior to initial doseb n¼ 130 (34.3%) n¼ 34 (42.5%) n¼ 96 (32.1%)
Cumulative number of patients who met reversal criteriac within 30minutes of:
1st dose n¼ 256 (67.5%) n¼ 46 (57.5%) n¼ 210 (70.2%)
2nd dose n¼ 292 (77.0%) n¼ 52 (65.0%) n¼ 240 (80.3%)
3rd dose n¼ 300 (79.2%) n¼ 53 (66.2%) n¼ 247 (82.6%)
Any dose n¼ 307 (81.0%) n¼ 57 (71.2%) n¼ 250 (83.6%)

Discharge disposition
Discharged n¼ 262 (69.1%) n¼ 45 (56.2%) n¼ 217 (72.6%)
Left against medical advice n¼ 44 (11.6%) n¼ 15 (18.8%) n¼ 29 (9.7%)
Admitted n¼ 71 (18.7%) n¼ 19 (23.8%) n¼ 52 (17.4%)
Died n¼ 2 (0.5%) n¼ 1 (1.2%) n¼ 1 (0.3%)

Adequately reversed or discharged/left n¼ 363 (95.8%) n¼ 71 (88.8%) n¼ 292 (97.7%)

Withdrawal and complications
Count (%)

Any withdrawal symptom after 1st dose n¼ 63 (16.6%) n¼ 4 (5%) n¼ 59 (19.7%)
Agitation n¼ 35 (9.2%) n¼ 3 (3.8%) n¼ 32 (10.7%)
Nausea/Vomiting n¼ 19 (5.0%) n¼ 2 (2.5%) n¼ 17 (5.7%)
Aggression n¼ 4 (1.1%) n¼ 0 n¼ 4 (1.3%)
Tachycardia n¼ 7 (1.8%) n¼ 0 n¼ 7 (2.3%)
Diaphoresis n¼ 7 (1.8%) n¼ 0 n¼ 7 (2.3%)
Restlessness n¼ 3 (0.8%) n¼ 0 n¼ 3 (1.0%)
Tremor n¼ 1 (0.3%) n¼ 0 n¼ 1 (0.3%)
Yawning n¼ 1 (0.3%) n¼ 0 n¼ 1 (0.3%)
Rhinorrhea n¼ 1 (0.3%) n¼ 0 n¼ 1 (0.3%)

Any withdrawal symptom after any dose n¼ 101 (26.6%) n¼ 12 (15%) n¼ 89 (29.8%)
Agitation n¼ 57 (15.0%) n¼ 9 (11.2%) n¼ 48 (16.1%)
Nausea/Vomiting n¼ 34 (9.0%) n¼ 4 (5.0%) n¼ 30 (10.0%)
Aggression n¼ 13 (3.4%) n¼ 0 n¼ 13 (4.3%)
Tachycardia n¼ 11 (2.9%) n¼ 0 n¼ 11 (3.7%)
Diaphoresis n¼ 11 (2.9%) n¼ 1 (1.2%) n¼ 10 (3.3%)
Restlessness n¼ 7 (1.8%) n¼ 0 n¼ 7 (2.3%)
Tremor n¼ 2 (0.5%) n¼ 0 n¼ 2 (0.7%)
Yawning n¼ 2 (0.5%) n¼ 0 n¼ 2 (0.7%)
Rhinorrhea n¼ 1 (0.3%) n¼ 0 n¼ 1 (0.3%)

Complications
Pulmonary edema n¼ 4 (1.1%) n¼ 0 n¼ 4 (1.3%)
Intubation n¼ 6 (1.6%) n¼ 0 n¼ 6 (2.0%)

aPatients who appeared already reversed or met reversal criteria within 30min of the initial dose have a value of 0min.
bBased on pre-dose vitals: GCS > 10 and either respiratory rate > 11 or O2 saturation > 91%.
cBased on post-dose vitals within 30min: GCS > 10 and either respiratory rate > 11 or O2 saturation > 91%. This also includes
patients who appeared to meet reversal criteria prior to the initial dose.
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we again found that OW and adequate reversal occurred
more often in HDN patients than in LDN patients but these
findings were not statistically significant. It should be noted,
however, that HDN patients were much more likely than
LDN patients to receive naloxone by the intramuscular or
subcutaneous route. Since circulating naloxone levels after
intravenous dosing would be at least as high as after intra-
muscular or subcutaneous dosing, it is reasonable to expect
that if naloxone had been administered IV to all HDN
patients that even higher rates of OW and adequate reversal
would have occurred in the HDN group.

We found no other studies comparing rates of opioid
reversal in patients treated with different dosing regimens of
naloxone. However, Khosravi et al. evaluated another meas-
ure of naloxone effectiveness, time to reversal of opioid tox-
icity, and found more rapid time to reversal with HDN –
(median 6min; IRQ 5–8min) versus (median 12.5min; IRQ
7–18min) for LDN [31].

Our study showed that LDN patients were more likely to
receive re-dosing at any given time post reversal. In contrast,
Wong et al. found similar time to re-dose in patients who
were treated with 0.4mg IV naloxone (median 72min; IQR
46–139min) compared to patients given 1–2mg IV naloxone
(median 70min; IRQ 44–126min), although the naloxone
doses used were far higher than doses used on our
study [32].

Most guidelines recommend an initial naloxone dose of
0.04mg to 0.4mg [29] but our LDN patients were treated

with a mean total dose of 0.38mg. This is less than the initial
dose of naloxone recommended in some guidelines [29].

The findings of this study suggest that different
approaches to naloxone dosing may be needed in different
settings. With the rapid expansion of take-home-naloxone
programs, an increasing number of opioid OD patients are
being resuscitated by lay rescuers in the community.
Although there is evidence that bystander resuscitation
attempts improve outcomes [42], lay rescuers may not have
the expertise to support ventilation until treatment with
naloxone restores adequate ventilation. Several experts have
stated that when patients are resuscitated by lay rescuers in
community settings where fentanyl is common, rapid rever-
sal of opioid toxicity using larger naloxone doses is the best
approach because life-threatening respiratory depression can
occur in 2–3min with fentanyl OD [43,44]. Restoring ventila-
tion must take precedence over avoidance of OW [45,46]. It
should be noted that currently HDN is the standard commu-
nity naloxone dosing regimen around the world, where
either 0.4mg injectable or 4.0mg intranasal are generally
used as an initial dose in take-home-naloxone kits.

However, the use of HDN may not be the best approach
for patients treated by health care professionals in medical
settings where patient monitoring and advanced respiratory
support is possible. Health care professionals can support
ventilation until opioid reversal is achieved, even if several
doses of naloxone are required. Several experts have recom-
mended that the best approach to naloxone dosing in

Table 3. Odds ratios (ORs) and hazard ratios (HRs) for outcome in patients treated with high dose versus low dose naloxone.

Conditional logistic regressiona

OR (95%CI) p-value
Cox proportional hazards regressiona

HR (95%CI) p-value

Withdrawal
symptoms after
initial dose

Withdrawal
symptoms at
any time

Met reversal criteria
within 30 mins of

initial dose

Met reversal criteria
within 30 mins of

any dose Time to reversalg
Time to re-dose
post reversalh

Primary analyses
Unadjusted OR ¼ 4.38 OR ¼ 2.34 OR ¼ 1.70 OR ¼ 2.01 HR ¼ 1.33 HR ¼ 0.54

(1.56, 12.35) (1.21, 4.52) (1.03, 2.83) (1.14, 3.55) (0.96, 1.84) (0.33, 0.88)
p¼ 0.0052 p¼ 0.0111 p¼ 0.0397 p¼ 0.0161 p¼ 0.0839 p¼ 0.0143

Adjustedb OR ¼ 8.43 OR ¼ 2.56 OR ¼ 2.73 OR ¼ 6.07 HR ¼ 1.43 HR ¼ 0.53
(1.96, 36.27) (1.17, 5.60) (1.19, 6.26) (1.81, 20.32) (1.01, 2.03) (0.30, 0.92)
p¼ 0.0042 p¼ 0.0187 p¼ 0.0181 p¼ 0.0034 p¼ 0.0458 p¼ 0.0251

Subgroup analyses
RR � 12c OR ¼ 4.68 OR ¼ 1.94 OR ¼ 2.40 OR ¼ 3.61 HR ¼ 1.77 HR ¼ 0.52

(1.08, 20.22) (0.85, 4.42) (1.26, 4.58) (1.70, 7.69) (1.34, 2.76) (0.28, 0.94)
p¼ 0.0390 p¼ 0.1143 p¼ 0.0077 p¼ 0.0008 p¼ 0.0115 p¼ 0.0317

Exact matchd OR ¼ 4.12 OR ¼ 2.31 OR ¼ 1.71 OR ¼ 1.92 HR ¼ 1.35 HR ¼ 0.58
(1.46, 11.64) (1.20, 4.47) (1.03, 2.84) (1.08, 3.41) (0.97, 1.88) (0.34, 0.96)
p¼ 0.0075 p¼ 0.0127 p¼ 0.0386 p¼ 0.0259 p¼ 0.0740 p¼ 0.0346

Not reversed
before initial dosee

OR ¼ 2.78 OR ¼ 1.89 OR ¼ 3.70 OR ¼ 3.43 HR ¼ 2.68 HR ¼ 0.49
(0.78, 9.92) (0.79, 4.52) (1.67, 8.20) (1.55, 7.59) (1.44, 4.98) (0.22, 1.09)
p¼ 0.1141 p¼ 0.1505 p¼ 0.0013 p¼ 0.0024 p¼ 0.0018 p¼ 0.0815

Naloxone
administered by IVf

OR ¼ 3.43 OR ¼ 1.93 OR ¼ 1.37 OR ¼ 1.36 OR ¼ 1.17 OR ¼ 0.77
(1.17, 10.07) (0.85, 4.39) (0.69, 2.71) (0.66, 2.80) (0.73, 1.88) (0.37, 1.61)
p¼ 0.0251 p¼ 0.1143 p¼ 0.3621 p¼ 0.4068 p¼ 0.5199 p¼ 0.4877

aModels are stratified by matched sets based on initial respiratory rate.
bModels include age in years, sex, pre-naloxone GCS (3–8, 9–10, and 11–15), and presence of other drugs; n¼ 40 (15 LDN, 25 HDN) patients with missing GCS
were excluded.

cModels include n¼ 239 (49 LDN, 190 HDN) patients with a respiratory rate less than or equal to 12.
dModels include n¼ 359 (78 LDN, 281 HDN) patients with exact respiratory rate matches.
eModels include n¼ 249 (46 LDN, 203 HDN) patients who did not already meet reversal criteria prior to the initial dose.
fModels include n¼ 172 (57 LDN, 115 HDN) patients whose initial dose was administered by IV (excludes patients whose match did not receive IV naloxone).
gn¼ 8 (1 LDN, 7 HDN) patients with missing dosage times were excluded. Patients who never met reversal criteria were censored at their last known dose time.
hn¼ 72 (23 LDN, 47 HDN) patient who never met reversal criteria and an additional n¼ 2 (2 HDN) patients with missing dosage times were excluded. Patients
who were never given a subsequent dose of naloxone were right-censored at last available follow-up (time of discharge or time 0 if unavailable).
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medical settings is careful titration of naloxone using small
doses [19,27,28,46–48]. Kim et al. recommends administration
of IV naloxone in a dose of 0.04mg administered every
2–3min as needed to reverse respiratory depression [19].
The results of this study will provide guidance for emergency
providers who must determine naloxone dosing when caring
for patients with opioid ODs. However, high quality prospect-
ive studies are required to determine the best naloxone dos-
ing regimens in different settings.

Limitations: Our urban setting has frequent opioid OD,
often initially managed by lay rescuers with naloxone. A

considerable proportion of patients decline transport when
the ambulance arrives. A single EMS agency provides all pre-
hospital care, and we collected data from two EDs where
opioid OD patient are managed frequently; consequentially
our results may not extend to all settings. Due to the retro-
spective nature of the study, it was not possible to control
for all possible confounding between the two groups, includ-
ing the severity of OD. Although we used RR in an attempt
to match OD severity, there were fewer patients with GCS
�8 in the LDN group. LDN patients were more likely to be
managed in the ED and to receive naloxone by the IV route.

Table 4. Kaplan–Meier estimates and 95% confidence intervals for event probabilities and event time quantiles.

Low dose High dose

Time to reversal (first dose to reversal dose)
Event rate 70.1% (56/79) 83.2% (243/292)
Event time quantiles (95%CI)a

25th 0 (0, 0) min 0 (0, 0) min
Median 0 (0, 10) min 0 (0, 0) min
75th 230 (14, –) min 8 (1, 17) min

Cumulative event probabilities
Time (min) At risk Events Prob. (95% CI) At risk Events Prob. (95% CI)

0 79 45 0.57 (0.45, 0.67) 292 204 0.70 (0.64, 0.75)
15 14 5 0.67 (0.54, 0.77) 45 22 0.79 (0.74, 0.84)
30 13 1 0.70 (0.56, 0.79) 33 8 0.83 (0.78, 0.87)
60 8 2 0.75 (0.60, 0.84) 22 4 0.85 (0.80, 0.89)
120 7 0 0.75 (0.60, 0.84) 17 1 0.86 (0.81, 0.90)
240 4 1 0.80 (0.62, 0.89) 7 1 0.87 (0.82, 0.91)
420 2 1 0.85 (0.65, 0.94) 5 0 0.87 (0.82, 0.91)

Time to re-dose (reversal dose to subsequent dose)
Event rate 49.1% (28/57) 41.5% (103/248)
Event time quantiles (95%CI)a

25th 30 (15, 87) min 86 (70, 127) min
Median 162 (87, –) min 255 (207, –) min
75th – –

Cumulative event probabilities
Time (min) At risk Events Prob. (95% CI) At risk Events Prob. (95% CI)

0 57 0 0.00 (0.00, 0.00) 248 0 0.00 (0.00, 0.00)
15 46 10 0.19 (0.08, 0.28) 222 11 0.05 (0.02, 0.08)
30 41 4 0.26 (0.13, 0.37) 211 8 0.08 (0.05, 0.12)
60 35 4 0.34 (0.20, 0.45) 185 23 0.19 (0.13, 0.23)
120 27 4 0.42 (0.27, 0.54) 135 27 0.31 (0.25, 0.37)
180 16 5 0.55 (0.38, 0.67) 104 13 0.38 (0.31, 0.45)
420 11 1 0.58 (0.40, 0.70) 30 20 0.54 (0.45, 0.61)
600 10 0 0.58 (0.40, 0.70) 18 1 0.55 (0.46, 0.63)

aQuantiles and confidence intervals are derived from the crude Kaplan-Meier curves. The median and its confidence limits, for example, are defined by drawing
a horizontal line on the survival curve when survival is 50%. Some quantiles cannot be estimated because the survival function is not defined at that quantile.
The upper confidence limit is not defined when the survival function is flat at that quantile.

Figure 2. Crude Kaplan–Meier curves for time from first dose (0min) until reversal dose among unmatched LDN (n¼ 79) and HDN (n¼ 292) patients whose dose
times were recorded. Confidence intervals are shown as colored bands around the survival function.
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Some health records had incomplete or missing data, and, in
particular, some OW may not have been recorded, and the
exact time of reversal may not have been accurately docu-
mented. Exclusion of patients because there was incomplete
or missing documentation of the initial naloxone dose or
vital signs prior to the initial naloxone dose was common in
patients who received naloxone administration by layper-
sons. The use of specific definitions of adequate reversal
because we did not have information on the physician’s clin-
ical judgement as to whether adequate reversal had
occurred may have introduced bias, although the magnitude
and direction of resulting bias are unclear. For some sub-
group and survival analyses, the event rate may be low, with
resulting wide confidence intervals, and potential model
overfit. Drug testing was not routinely completed in EDs, so
the proportion of patients with confirmed fentanyl OD

cannot be confirmed, but in our jurisdiction fentanyl is impli-
cated in the majority of cases of illicit opioid OD deaths [49].

Conclusions

HDN patients were more likely to have OW but also more
likely to have opioid reversal versus LDN patients.
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