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Abstract

Introduction

Take-Home Naloxone programs have been introduced across North America in response to

rising opioid overdose deaths. There is currently limited real-world data on bystander nalox-

one administration, overdose outcomes, and evidence related to adverse events following

bystander naloxone administration.

Methods

The research team used descriptive statistics from Take-Home Naloxone administration

forms. We explored reported demographic variables and adverse events among people

who received by-stander administered naloxone in a suspected opioid overdose event

between August 31, 2012 and December 31, 2018 in British Columbia. We examined and

contextualized differences across years given policy, program and drug toxicity changes.

We used multivariate logistic regression to examine whether an association exists between

number of ampoules of naloxone administered and the odds that the recipient will experi-

ence withdrawal symptoms.

Results

A large majority (98.1%) of individuals who were administered naloxone survived their over-

dose and 69.2% had no or only mild withdrawal symptoms. Receiving three (Adjusted Odds

Ratio (AOR) 1.64 (95% Confidence Interval (CI): 1.08–2.48)) or four or more (AOR 2.19

(95% CI: 1.32–3.62)) ampoules of naloxone was significantly associated with odds of mod-

erate or severe withdrawal compared to receiving one ampoule of naloxone.
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Conclusions

This study provides evidence from thousands of bystander reversed opioid overdoses using

Take-Home Naloxone kits in British Columbia, and suggests bystander-administered nalox-

one is safe and effective for opioid overdose reversal. Data suggests an emphasis on titra-

tion during bystander naloxone training in situations where the person experiencing

overdose can be adequately ventilated may help avoid severe withdrawal symptoms. We

identified a decreasing trend in the likelihood of moderate or severe withdrawal over the

study period.

Introduction

North America is currently experiencing a crisis of opioid overdoses and overdose deaths

[1,2]. Since January 2016, over 16,000 people have died of opioid-related overdose in Canada

[3]. While prescription opioids are also implicated, over 75% of Canadian overdose deaths

involved the use of the illicit synthetic opioid fentanyl or its analogues [3]. In British Columbia

(BC), the most heavily impacted Canadian province, a number of opioid overdose interven-

tions have been introduced to curb rising deaths, including the establishment of overdose pre-

vention services and supervised consumption sites (OPS/SCS), increasing access to opioid

agonist therapy (OAT), and the ramp up of a provincial Take-Home Naloxone (THN) pro-

gram [4]. Research suggests that the combined impact of these interventions have averted

thousands of opioid overdose deaths in BC alone [5].

THN programs have been taken up widely in Canada [6]. Naloxone is a μ opioid receptor

antagonist used reliably to reverse the life-threatening symptoms of opioid overdose [7]. As

part of Canadian THN programs, individuals at risk of experiencing or witnessing an overdose

are trained in appropriate overdose response and equipped with a THN kit. While intranasal

formulations also exist as part of other territorial and provincial THN programs [6], and are

available for First Nations peoples across Canada, the province of British Columbia publicly

funds intramuscular injection [6]. The kits distributed by BC THN program include a carrying

case, non-latex gloves, alcohol swab, a face shield with a one-way valve, three safety syringes,

and three 1 mL naloxone ampoules (each ampoule contains 0.4 mg of naloxone and comes

with an ampoule breaker to protect the hands of responders from cuts when snapping open

the ampoule), as well as naloxone overdose response information forms (hereafter referred to

as ‘administration forms’) and an instructional overdose response infographic.

A growing body of research has shown that naloxone is a safe and effective intervention for

bystander opioid overdose reversal although its effects are time limited [8,9]. However, when

naloxone is administered to individuals who are opioid-dependent, it can precipitate acute

withdrawal syndrome which encompasses uncomfortable and often distressing symptoms

including agitation, sweating, pain, vomiting, and flu-like symptoms, and rarely may cause

more severe symptoms including pulmonary edema [10–13], seizure [14,15], and arrhythmias

and cardiac arrest [16,17]. People who use drugs report experiencing extreme pain related to

opioid withdrawal and health risks including receptive syringe sharing and overdose are asso-

ciated with experiences of withdrawal [18,19].

While adverse outcomes following naloxone administration by health professionals have

been found to be rare [20,21], there is little published research based on administrative data on

bystander naloxone administration and the risk of opioid withdrawal. As part of the BC THN
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program, individuals are asked to complete and return an Overdose Response Information

form to the BC Centre for Disease Control (BCCDC) after responding to an overdose. The

present study uses data from the BC THN program to add to the literature regarding naloxone

administration by bystanders to inform the increasing THN programs in North America, Aus-

tralia, and Europe.

Materials and methods

1.1. Data source

Since August 31, 2012, BCCDC has overseen a centralized THN program for the province of

BC, with support from the BC Ministry of Health. THN kits have been available to individuals

personally at risk of experiencing opioid overdose since program inception. The program was

expanded to include those likely to witness an opioid overdose, such as family and friends, in

September 2016. Training regarding overdose prevention, recognition and response including

practice injection was provided at THN distribution sites. However, as training may be time

consuming St. Paul’s Hospital emergency department providers, in collaboration with the

BCCDC and Hello Cool World, spearheaded a brief online training module to support stan-

dardized training for individuals receiving a THN kit at a distribution site [22,23]. THN kits

are available in a variety of locations including harm reduction and overdose prevention sites,

shelters, health centres, treatment service centres, and community pharmacies and through

peer outreach. A total of 150,618 naloxone kits were reported as distributed in the study time-

frame, August 31st 2012 to December 31st 2018; of these 41,338 kits were reported as distrib-

uted to replace a kit which had been used to reverse an overdose; 9% of kits reported as used or

3712 returned forms comprised the study sample [24]. Fig 1 describes the proportion of

returned forms relative to the number of kits distributed.

As part of the BC THN program, Overdose Response Information forms are available pub-

licly online, at THN distributions sites, and are physically included in each THN kit for indi-

viduals to complete and return to the BCCDC after administering naloxone (See S1 Fig)

[25,26]. We established validity of the Overdose Response Information form by consulting

with Harm Reduction sites across the province and with people with lived and living experi-

ence of using drugs. Individuals can choose to fill and return the forms by email to the

BCCDC directly, or complete and return forms to participating THN distribution sites, which

in turn submit the forms to the BCCDC. Data collection through the administration form is

anonymous, and information from paper forms is entered manually into a database at the

BCCDC. This study utilizes the Overdose Response Information form data from program

inception on August 31st 2012 to December 31st 2018. Please see supplementary materials for a

copy of the form.

1.2. Study variables

The current study sought to understand the prevalence of adverse events after community nal-

oxone administration in cases of suspected opioid overdose. The study participants who

responded to the overdose rated the observed severity of withdrawal as ‘none, mild, moderate

or severe’ based on their prior experience of withdrawal.

The research team created a binary outcome variable describing the prevalence of opioid

withdrawal symptoms from the question “Did the person who received naloxone have any

negative effects?” included in the administration form described above, where 0 = ‘None or

mild withdrawal symptoms and 1 = ‘Moderate or severe withdrawal symptoms’. Withdrawal

values were mutually exclusive.
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The primary independent variable in this study was number of naloxone ampoules admin-

istered (1, 2, 3, 4 or more). Potential covariates reported by the overdose responder on the

administration form included: age group of the individual who overdosed (under 19, 19–30,

31–60, over 60, unknown); gender of the individual who overdosed (male, female, trans and

gender expansive [identified as either trans or other], unknown); year of overdose (before

2016, 2016, 2017, and 2018), which of BC’s five health regions the overdose occurred (Fraser

Health, Interior Health, Island Health, Northern Health, and Vancouver Coastal Health); and

the site of the overdose (private residence, street/alley/park, Single Room Occupancy Hotel

[SRO]/supportive housing, shelter/tent, community agency/drop-in, and other settings

[including hotel/motel], prefer not to say, don’t know, and ‘other’).

Year grouping was determined due to timing of change in number of naloxone ampoules

in kits. At program inception each THN kit contained two naloxone ampoules. In response to

the rise of ultra-potent synthetic opioids on the illicit market, and evidence suggesting a need

for higher naloxone dosing [27,28], a third ampoule was added to the kits in March 2016. We

determined the health region by recoding the city or community where the overdose occurred.

Other variables included whether the individual survived the overdose (yes, no, unknown),

whether mouth-to-mouth rescue breathing was performed (yes, no, unknown), and whether

emergency services (911) were called (yes, no, unknown).

1.3. Statistical analysis

We conducted all analyses using R version 3.5.3 [29]. We used descriptive statistics to describe

characteristics of reported opioid overdoses in BC from THN program inception on August

31st 2012 to December 31st 2018. We also computed descriptive statistics for all covariates

stratified by the main outcome variable, experiencing withdrawal effects. Subsequently, we

used bivariable and multivariable logistic regression to examine correlates of experiencing

withdrawal effects. In adherence with Hosmer and Lemeshow’s model building strategy [30],

Fig 1.

https://doi.org/10.1371/journal.pone.0259126.g001
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we included variables with a p-value < 0.25 in bivariable regression, and non-statistically sig-

nificant but conceptually relevant covariates, in the multivariable regression model. We

selected the final model using backwards selection and based on Akaike’s Information Criteria

(AIC) [31]. Adjusted odds ratios (AOR) and 95% confidence intervals (CI). In the multivari-

able model, p-values under 0.05 are considered statistically significant.

1.4. Dealing with missing data

Complete cases analysis (CCA) was used for the primary analyses of this study. After examin-

ing patterns of missingness, missing observations were assumed to be missing at random and

were recategorized as ‘unknown’ for all variables. Of 3712 administration forms available for

the time period of interest, there were 488 records with missing information on age (13.1%),

380 on gender (10.2%), 414 on health region (11.2%), 370 on number of naloxone ampoules

administered (10.0%), 1333 on withdrawal effects (36.0%), 578 on rescue breaths (15.6%), 180

related to calling emergency services (911) (4.8%), 608 on whether the individual survived the

overdose (16.4%). For logistic regression analysis, unknown observations for the primary out-

come variable (withdrawal effects) and independent variable (number of naloxone ampoules)

were excluded, leaving 2027 in the analytical sample. Due to the high proportion of missing-

ness associated with withdrawal symptoms, the final multivariable regression model was re-

analysed using multiple imputation. Results were verified by running a parallel analysis using

eight imputed datasets using multiple imputation by chained equation (MICE) [32].

1.5. Ethics

This study analysed anonymous administrative data. Ethics approval was obtained from the

University of British Columbia Behavioural Ethics Board (H12-02557).

Results

1.6. Overview of administration records

Table 1 presents summary characteristics of the total 3712 records included in this study strati-

fied by year. Between 2012 and 2015 424 records (11.4% of the total) were returned, and 945

(25.5%), 1387 (37.4%), and 956 (25.8%) records returned in 2016, 2017, and 2018 respectively.

Most overdoses where sociodemographic data are known occurred among men (69.1%) and

those 31–60 years old (50.9%).

The vast majority of individuals administered naloxone during a suspected opioid overdose

survived their overdose when outcomes were known (3046/3104, 98.1%). Where presence/

absence of an adverse event was reported (n = 2372), most individuals (69.2%); 1642/2372)

were reported by the responder to have experienced no or mild withdrawal effects; while

24.2% (573/2372) experienced moderate or severe withdrawal effects. ‘Other’ adverse events

were reported experienced by 14.6% (345/2372) individuals, including those who responded

‘don’t know’ or who wrote additional comments on the survey reporting that the individual

who overdosed felt tired, hungry, shocked, grumpy, happy, frustrated, confused, and disori-

ented. Where number of ampoules were reported, the proportion of respondents administer-

ing four or more ampoules initially rose each year (6/391, 1.5% before 2016, 60/834, 7.2% in

2016, 158/1322, 12.0% in 2017) before decreasing (87/795, 10.9%) in 2018.

Most overdoses occurred in private residences (1351/3712, 36.4%); the next most common

setting reported for an overdose to occur was in a street, alley, or park (1143/3712, 30.8%).

There was a significantly increasing trend of proportion of overdoses occurring in private
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Table 1. Summary characteristics of Naloxone Administration Data, from program inception on August 31 2012 to December 31 2018.

Characteristics Before 2016 (N = 424) 2016 (N = 945) 2017 (N = 1387) 2018 (N = 956) Total (N = 3712) p value

n (%) n (%) n (%) n (%) n (%)

Gender < 0.001

Male 155 (36.6%) 583 (61.7%) 920 (66.3%) 648 (67.8%) 2306 (62.1%)

Female 67 (15.8%) 281 (29.7%) 400 (28.8%) 272 (28.5%) 1020 (27.5%)

Trans and Gender Expansive 0 (0.0%) 0 (0.0%) 0 (0.0%) 6 (0.6%) 6 (0.2%)

Unknown 202 (47.6%) 81 (8.6%) 67 (4.8%) 30 (3.1%) 380 (10.2%)

Age Group < 0.001

Under 19 4 (0.9%) 9 (1.0%) 32 (2.3%) 29 (3.0%) 74 (2.0%)

19–30 88 (20.8%) 296 (31.3%) 479 (34.5%) 341 (35.7%) 1204 (32.4%)

31–60 153 (36.1%) 515 (54.5%) 733 (52.8%) 488 (51.0%) 1889 (50.9%)

Over 60 8 (1.9%) 9 (1.0%) 24 (1.7%) 16 (1.7%) 57 (1.5%)

Unknown 171 (40.3%) 116 (12.3%) 119 (8.6%) 82 (8.6%) 488 (13.1%)

Health Region < 0.001

Fraser Health 35 (8.3%) 326 (34.8%) 711 (51.3%) 226 (23.7%) 1298 (35.1%)

Interior Health 27 (6.4%) 130 (13.9%) 221 (15.9%) 180 (18.8%) 558 (15.1%)

Island Health 19 (4.5%) 98 (10.5%) 114 (8.2%) 63 (6.6%) 294 (8.0%)

Northern Health 61 (14.5%) 232 (24.8%) 153 (11.0%) 152 (15.9%) 598 (16.2%)

Vancouver Coastal Health 5 (1.2%) 50 (5.3%) 159 (11.5%) 322 (33.7%) 536 (14.5%)

Unknown 273 (65.0%) 101 (10.8%) 28 (2.0%) 12 (1.3%) 414 (11.2%)

Number of ampoules administered < 0.001

1 208 (49.1%) 269 (28.5%) 314 (22.6%) 156 (16.3%) 947 (25.5%)

2 171 (40.3%) 341 (36.1%) 494 (35.6%) 344 (36.0%) 1350 (36.4%)

3 6 (1.4%) 164 (17.4%) 356 (25.7%) 208 (21.8%) 734 (19.8%)

4 or more 6 (1.4%) 60 (6.3%) 158 (11.4%) 87 (9.1%) 311 (8.4%)

Unknown 33 (7.8%) 111 (11.7%) 65 (4.7%) 161 (16.8%) 370 (10.0%)

Site of overdose < 0.001

Private residence 200 (47.2%) 329 (34.8%) 539 (38.9%) 283 (29.6%) 1351 (36.4%)

Street/alley/park 94 (22.2%) 307 (32.5%) 420 (30.3%) 322 (33.7%) 1143 (30.8%)

SRO/Supportive housing 59 (13.9%) 81 (8.6%) 75 (5.4%) 60 (6.3%) 275 (7.4%)

Shelter/tent 35 (8.3%) 91 (9.6%) 166 (12.0%) 146 (15.3%) 438 (11.8%)

Community agency/Drop-in 8 (1.9%) 37 (3.9%) 57 (4.1%) 43 (4.5%) 145 (3.9%)

Other 28 (6.6%) 100 (10.6%) 130 (9.4%) 102 (10.7%) 360 (9.7%)

Adverse events < 0.001

None 121 (28.5%) 112 (11.9%) 604 (43.6%) 460 (48.3%) 1297 (35.0%)

Mild withdrawal 30 (7.1%) 43 (4.6%) 166 (12.0%) 106 (11.1%) 345 (9.3%)

Moderate withdrawal 5 (1.2%) 31 (3.3%) 151 (10.9%) 70 (7.3%) 257 (6.9%)

Severe withdrawal 34 (8.0%) 82 (8.7%) 171 (12.4%) 29 (3.0%) 316 (8.5%)

Other A 19 (4.5%) 46 (4.9%) 59 (4.3%) 33 (3.5%) 157 (4.2%)

Unknown 215 (50.7%) 630 (66.7%) 233 (16.8%) 255 (26.8%) 1333 (36.0%)

Rescue breathing performed < 0.001

No 244 (57.5%) 386 (40.8%) 476 (34.3%) 286 (29.9%) 1392 (37.5%)

Yes 119 (28.1%) 388 (41.1%) 751 (54.1%) 484 (50.6%) 1742 (46.9%)

Unknown 61 (14.4%) 171 (18.1%) 160 (11.5%) 186 (19.5%) 578 (15.6%)

911 called < 0.001

No 173 (40.8%) 348 (36.8%) 639 (46.1%) 352 (36.8%) 1512 (40.7%)

Yes 241 (56.8%) 545 (57.7%) 664 (47.9%) 570 (59.6%) 2020 (54.4%)

Unknown 10 (2.4%) 52 (5.5%) 84 (6.1%) 34 (3.6%) 180 (4.8%)

(Continued)
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residences demonstrated using a Cochran-Armitage test. Most cases (57.2%) reported that 911

was called (2020/3532) and rescue breathing was performed in 55.6% (1742/3134) of cases.

1.7. Characteristics of individuals who experienced withdrawal effects

Table 2 presents summary characteristics of the analytical sample, stratified by withdrawal

effects. There were 2027 observations after removing ‘other’ adverse events and unknown

observations. A slightly larger, non-significant proportion of males (13.6%) experienced mod-

erate or severe withdrawal compared to females (10.2%). Of the health regions, Interior Health

had the highest proportion of moderate or severe withdrawal (25.8%). Moderate or severe

withdrawal symptoms increased with increasing number of naloxone ampoules administered;

9.8% (55/559) of individuals experienced moderate or severe withdrawal with one naloxone

ampoule, compared with 20.5% (36/176) of those who received four or more ampoules.

The proportion of moderate or severe withdrawal symptoms across sites of overdose did

not differ significantly; the highest proportion (15.8%) occurring among those who overdosed

in a private residence, and the lowest (6.5%) among those who overdosed in a community

agency or drop-in centre. In overdose events for which rescue breathing was performed,

13.6% of cases experienced moderate or severe withdrawal, compared with 10.9% who did not

receive rescue breathing.

1.8. Correlates of experiencing moderate or severe withdrawal symptoms

with naloxone administration

In the multivariable logistic regression model (Table 3), there was an increasing trend in the

odds of experiencing moderate or severe withdrawal associated with increasing ampoules of

naloxone administered compared to those who had received one ampoule of naloxone

(AOR = 1.29; 95% CI: 0.89–1.88 for two ampoules, AOR = 1.64; 95% CI: 1.08–2.48 for three

ampoules, and AOR = 2.19; 95% CI: 1.32–3.62 for four or more ampoules). Conversely, there

was a decreasing trend in the odds of moderate or severe withdrawal over time, compared to

the years before 2016 although these results were not significant. The association was statisti-

cally significant when comparing the odds of three or four or more ampoules to a single

administered ampoule; the association of two ampoules was non-significant compared to one

ampoule. There was no significant association between any gender or age group and the likeli-

hood of moderate or severe withdrawal. Compared to Vancouver Coastal Health, those who

experienced an overdose in Interior Health had three times the odds of experiencing moderate

or severe withdrawal (AOR = 3.16; 95% CI: 1.88–5.33). Analyses conducted with the imputed

data (S1 Table) showed associations were consistent with the non-imputed data. A similarly

increasing trend in the odds of experiencing moderate or severe withdrawal associated with

Table 1. (Continued)

Characteristics Before 2016 (N = 424) 2016 (N = 945) 2017 (N = 1387) 2018 (N = 956) Total (N = 3712) p value

n (%) n (%) n (%) n (%) n (%)

Survived the overdose <0.001

No 20 (4.7%) 9 (1.0%) 16 (1.2%) 13 (1.4%) 58 (1.6%)

Yes 380 (89.6%) 782 (82.8%) 1252 (90.3%) 632 (66.1%) 3046 (82.1%)

Unknown 24 (5.7%) 154 (16.3%) 119 (8.6%) 311 (32.5%) 608 (16.4%)

A Other effects included those who responded ‘don’t know’ or who reported that the individual who overdosed experienced feeling tired, hungry, shocked, grumpy,

happy, frustrated, confused, and disoriented.

https://doi.org/10.1371/journal.pone.0259126.t001
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Table 2. Summary characteristics of Naloxone Administration Data, from program inception on August 31 2012 to December 31 2018.

Characteristics No or mild withdrawal symptoms (N = 1772) Moderate or severe withdrawal symptoms (N = 255) Total (N = 2027) p-value

n (%) n (%) n (%)

Gender 0.16

Male 1098 (62%) 173 (67.8%) 1271 (62.7%)

Female 520 (29.3%) 59 (23.1%) 579 (28.6%)

Trans and Gender Expansive 6 (0.3%) 0 (0%) 6 (0.3%)

Unknown 148 (8.4%) 23 (9%) 171 (8.4%)

Age Group 0.39

Under 19 38 (2.1%) 2 (0.8%) 40 (2%)

19–30 592 (33.4%) 80 (31.4%) 672 (33.2%)

31–60 903 (51%) 143 (56.1%) 1046 (51.6%)

Over 60 29 (1.6%) 3 (1.2%) 32 (1.6%)

Unknown 210 (11.9%) 27 (10.6%) 237 (11.7%)

Year 0.003

Before 2016 162 (9.1%) 23 (9%) 185 (9.1%)

2016 196 (11.1%) 37 (14.5%) 233 (11.5%)

2017 819 (46.2%) 138 (54.1%) 957 (47.2%)

2018 595 (33.6%) 57 (22.4%) 652 (32.2%)

Health Region < 0.01

Fraser Health 652 (36.8%) 79 (31%) 731 (36.1%)

Interior Health 233 (13.1%) 81 (31.8%) 314 (15.5%)

Island Health 125 (7.1%) 14 (5.5%) 139 (6.9%)

Northern Health 200 (11.3%) 23 (9%) 223 (11%)

Vancouver Coastal Health 383 (21.6%) 34 (13.3%) 417 (20.6%)

Unknown 179 (10.1%) 24 (9.4%) 203 (10%)

Number of ampoules < 0.01

1 504 (28.4%) 55 (21.6%) 559 (27.6%)

2 726 (41%) 96 (37.6%) 822 (40.6%)

3 402 (22.7%) 68 (26.7%) 470 (23.2%)

4 or more 140 (7.9%) 36 (14.1%) 176 (8.7%)

Site of overdose 0.01

Private Residence 672 (37.9%) 126 (49.4%) 798 (39.4%)

Street/Alley/Park 525 (29.6%) 64 (25.1%) 589 (29.1%)

SRO/Supportive Housing 115 (6.5%) 16 (6.3%) 131 (6.5%)

Shelter/Tent 219 (12.4%) 24 (9.4%) 243 (12%)

Community Agency/Drop-in 86 (4.9%) 6 (2.4%) 92 (4.5%)

Other A 155 (8.7%) 19 (7.5%) 174 (8.6%)

911 called 0.21

No 788 (44.5%) 128 (50.2%) 916 (45.2%)

Yes 928 (52.4%) 121 (47.5%) 1049 (51.8%)

Unknown 56 (3.2%) 6 (2.4%) 62 (3.1%)

Rescue breathing performed 0.197

No 709 (40%) 87 (34.1%) 796 (39.3%)

Yes 975 (55%) 154 (60.4%) 1129 (55.7%)

Unknown 88 (5%) 14 (5.5%) 102 (5%)

A ‘Other’ includes hotels/motels, prefer not to say, don’t know, and ‘other’.

https://doi.org/10.1371/journal.pone.0259126.t002
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increasing ampoules of naloxone administered compared to those who had received one

ampoule of naloxone was observed (AOR = 1.09; 95% CI: 0.20–3.90 for two ampoules,

AOR = 1.31; 95% CI: 1.04–1.64 for three ampoules, and AOR = 1.77; 95% CI: 1.31–2.38 for

four or more ampoules).

Discussion

This study sought to examine the prevalence of adverse events associated with the BC THN

program since program inception on August 31, 2012, to the end of 2018, and to examine

Table 3. Main effects. Adjusted odds ratios and 95% confidence intervals for experiencing moderate or severe with-

drawal symptoms. (n = 2027).

Main Effects Model AOR (95% CI) P-value

Number of ampoules

1 1.00 -

2 1.29 (0.89–1.88) 0.17

3 1.64 (1.08–2.48) 0.02

4 or more 2.19 (1.32–3.62) <0.01

Year

Before 2016 1.00 -

2016 1.13 (0.55–2.32) 0.74

2017 0.92 (0.45–1.90) 0.82

2018 0.47 (0.22–1.02) 0.06

Gender

Male 1.00 -

Female, Trans and Gender Expansive 0.75 (0.54–1.04) 0.08

Unknown 1.09 (0.55–2.13) 0.81

Age Group

Under 19 0.35 (0.08–1.54) 0.17

19–30 0.85 (0.63–1.16) 0.30

31–60 1.00 -

Over 60 0.62 (0.18 = 2.11) 0.44

Unknown 0.78 (0.45–1.35) 0.38

Health Region

Fraser Health 0.90 (0.53–1.51) 0.68

Interior Health 3.16 (1.88–5.33) <0.01

Island Health 0.99 (0.48–2.03) 0.99

Northern Health 0.98 (0.54–1.78) 0.96

Vancouver Coastal Health 1.00 -

Unknown 1.13 (0.52–2.44) 0.76

Rescue breathing performed

No 1.00 -

Yes 1.38 (1.01–1.87) 0.04

Unknown 1.16 (0.61–2.19) 0.65

911 called

No 1.00 -

Yes 0.77 (0.58–1.03) 0.08

Unknown 0.54 (0.22–1.34) 0.19

Abbreviations: AOR, Adjusted odds ratio; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0259126.t003
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correlates of experiencing moderate or severe withdrawal. We found over 98% of individuals

who were administered naloxone to reverse an overdose in BC survived the overdose event,

and most individuals (69.2%) had no or only mild withdrawal symptoms. The study found

that receiving three (AOR 1.64 (CI: 1.08–2.48)), or four or more (AOR 2.19 (CI: 1.32–3.62))

ampoules of naloxone was associated with increased odds of moderate or severe withdrawal

compared to receiving one ampoule of naloxone. We also found a non-significant decreasing

trend in the odds of experiencing moderate or severe withdrawal symptoms over time.

To our knowledge, this is the first study examining the prevalence of adverse events associ-

ated with THN programs in Canada. Our findings are consistent with earlier studies from the

United States and Europe [8,33–36]. In a systematic review McDonald and Strang consoli-

dated data from five studies that did not contain duplicate samples and found that a survival

rate associated with THN of 99.1% (20 confirmed deaths per 2336 naloxone administrations)

[37]. The survival rate identified by McDonald and Strang was similar to that identified in our

study; an important consideration for our data is that it is unclear how many people were

found unresponsive and received naloxone after they were already deceased. McDonald and

Strang also consolidated data on adverse events, and report 65 instances of withdrawal symp-

toms for the 2336 naloxone administrations included a rate of 2.8%. A recent systematic review

by Moe et al. 2020 [27] found that 11% of individuals experienced withdrawal, and 1% experi-

enced pulmonary edema, after naloxone administration in community settings or emergency

departments. Our study reported a higher estimate compared to Moe et al. and McDonald &

Strang; 15.4% of the sample reported moderate or severe withdrawal [27,37]. The estimates of

withdrawal by Moe et al. and McDonald & Strang were generated by systematic reviews.

McDonald & Strang calculated their estimate based off articles ranging from 2001 to 2014 and

in countries including the United States, Canada, the United Kingdom, and Germany, while

Moe et al calculated their estimate based off articles identified in their larger systematic review

ranging from 1972 to 2018 from studies based in North America and Europe. The differences

in location and timeframe reasonably explain the difference in estimate of withdrawal

prevalence.

In most BC health regions, the number of naloxone ampoules administered increased over

time. Nevertheless, while fentanyl became more common in the illicit drug supply and the

amount of naloxone administered increased over time, the proportion of individuals

experiencing moderate or severe withdrawal did not increase (14.4% in 2017 vs 8.7% in 2018).

This may be indicative of improved overdose response in the community, increased overdose

awareness, and/or increased availability and accessibility of training materials. Importantly,

overdose response training emphasizing titration of doses has been shown to lessen with-

drawal symptoms and the experience and confidence of responders may have increased over

time [13,38].

After adjustment for covariates, we found evidence of higher moderate or severe with-

drawal with the administration of four or more naloxone ampoules which aligns with previous

research on withdrawal associated with high dose naloxone [13]. The vast majority of naloxone

kits were distributed after the introduction of a third ampoule; however, even after the intro-

duction of a third dose of naloxone in March 2016, most cases continued to use one to two

doses of naloxone to reverse an overdose (808/1322 (61.1%) in 2017 and 500/795 (62.9%) in

2018). Nevertheless, we found a consistent increasing trend in naloxone ampoules adminis-

tered over time, which we believe to be associated with the emergence of fentanyl and its ana-

logues in BC.

A systematic review by Moe et al. evaluated the relationship between naloxone dose and

overdose reversal/adverse events before and after the emergence of ultra-potent opioids and

provides evidence to support a potential association of an increase trend of naloxone ampoules

PLOS ONE Adverse events related to bystander naloxone administration in cases of opioid overdose

PLOS ONE | https://doi.org/10.1371/journal.pone.0259126 October 29, 2021 10 / 15

https://doi.org/10.1371/journal.pone.0259126


administered and the emergence of fentanyl and its analogues [27]. Moe et al. found among

patients with presumed exposure to fentanyl or ultra-potent opioids, 56.9% responded to an

initial naloxone dose�0.4 mg, compared with 80.2% of people who used heroin [39].

The illicit drug supply is constantly changing. Since 2020, benzodiazepines have been

increasingly identified in the opioid supply [34]. While naloxone may successfully reverse the

respiratory depression of opioid overdose, individuals may remain unconscious due to non-

opioid sedatives, including benzodiazepines and etizolam. Continued sedation may result in

responders administering more naloxone and precipitating withdrawal. Vomiting is a symp-

tom of opioid withdrawal associated with naloxone administration and may compromise an

individual’s airway if they remain unconscious. Understanding how to lessen the severity of

withdrawal following naloxone administration, including using titration, is increasingly

important [13,34]. Public health surveillance of opioid through drug checking [40], and

enforcement samples [41] of the drug supply changes allows for responsiveness and flexibility

in harm reduction interventions and education [42].

Our study shows that the vast majority of overdoses were successfully reversed using THN

with no or only mild withdrawal symptoms and suggest that a low dose of naloxone should be

administered initially and additional doses titrated until adequate reversal of respiratory

depression is achieved, as long as ventilation can be supported, in order to avoid precipitating

opioid withdrawal [13,38]. Administration of four or more ampoules of naloxone were associ-

ated with withdrawal symptoms, but on occasions are necessary with the increasing toxic drug

supply. Titrating doses may require more in-depth in-person training for bystanders, and

should be coupled with other actions, including providing ventilation/breaths to prevent respi-

ratory arrest and hypoxemia. In 2021 the U.S. Food and Drug Administration approved an

intranasal nasal spray which delivers 8mg compared to the previously approved 2mg and 4mg

doses; high dose naloxone disallows titration of doses within the community setting and

increases the risk of precipitating withdrawal for recipients [13,43,44].

Our study has some key limitations. Data collected relied upon individuals responding to

an overdose completing the Overdose Response Information form and on their understanding

of adverse events and withdrawal symptoms, and these data are susceptible to recall (inaccu-

rate or incomplete recollections) and reporting bias. While most people with THN kits use

opioids and are familiar with withdrawal symptoms and severity, the outcome variable of with-

drawal being reported by the naloxone administrator introduces the risk of bias to the study

[45]. Due to the low-barrier and voluntary nature of THN program reporting, we do not know

how these statistics compare to overdoses for which no administration form was completed

and this limits the generalizability of these results. A total of 150,618 kits were reported distrib-

uted during the study period; of these 41,338 were reported distributed to replace a kit that

had been used to reverse an overdose. We analysed 3712 returned forms thus our data repre-

sents 9.0% of the kits reported as used. This low response rate means we cannot generalize

findings to the larger population of people who use THN kits. We also cannot quantify how

many distinct individuals these data represent (individuals may have been administered nalox-

one more than once and responders may be reporting more than one administration event),

though we do not feel that this changes the interpretation of the results, as discrete overdose

events each have unique characteristics. We also do not know the final outcome i.e. survival

for individuals who were transported by ambulance. Nevertheless, our data provides valuable

insight into the THN program, as experimental data on this subject is largely precluded due to

the logistical and ethical issues related to conducting randomised experimental trials in

patients at risk of dying from opioid overdose.

This study offers important insights into experiences of people who receive naloxone

through the BC THN program. A large majority of the those who were administered naloxone
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to reverse an overdose, over 98%, survived the overdose event. Most experienced no or mild

withdrawal symptoms (69%). The prevalence of people experiencing moderate or severe with-

drawal symptoms after receiving naloxone was 15%, while a decreasing trend of withdrawal

symptoms throughout the study period was identified.

THN administration in BC is safe and effective to reverse opioid overdose. An emphasis on

titrating doses of naloxone where the person experiencing overdose can be adequately venti-

lated may help avoid moderate or severe withdrawal symptoms.
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