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Abstract

Background and aims: Pharmaceutical opioids are a significant contributor to the global

‘opioid crisis’, yet few studies have comprehensively distinguished between opioid

types. We measured whether a range of common pharmaceutical opioids varied in their

contribution to the rates and characteristics of harm in a population-wide indicator of

non-fatal overdose.

Design: Retrospective observational study of emergency department (ED) patient care

records in the Victorian Emergency Minimum Data set (VEMD), July 2009 to June 2019.

Setting: Victoria, Australia.

Cases: ED presentations for non-fatal overdose related to pharmaceutical opioid use

(n = 5403), where the specific pharmaceutical opioid was documented.

Measurements: We compared harms across the nine individual pharmaceutical opioids

most commonly sold, and considered where multiple opioids contributed to the over-

dose. We calculated supply-adjusted rates of ED presentations using Poisson regression

and used multinomial logistic regression to compare demographic and clinical character-

istics of presentations among nine distinct pharmaceutical opioids and a 10th category

where multiple opioids were documented for the presentation.

Findings: There were wide differences, up to 27-fold, between supply-adjusted rates

of overdose. When considering presentations with sole opioids, the highest supply-

adjusted overdose rates [per 100 000 oral morphine equivalents (OME); 95% confidence

interval (CI)] were for codeine (OME = 0.078, 95% CI = 0.073–0.08) and oxycodone

(OME =0.029, 95% CI = 0.027–0.030) and the lowest were for tapentadol

(OME = 0.004, 95% CI = 0.003–0.006) and fentanyl (OME = 0.003, 95% CI = 0.002–

0.004). These rates appeared related to availability rather than opioid potency. Most

(62%) poisonings involved females. Codeine, oxycodone and tramadol were associated

with younger presentations (respectively, 59.5%, 41.7% and 49.8% of presentations

were 12-34 years old), and intentional self-harm (respectively 65.2%, 50.6%, and 52.8%

of presentations). Relative to morphine, fentanyl [ 0.32 relative risk ratio (RRR)] and

methadone ( 0.58 RRR) presentations were less likely to be coded as self-harm. Relative
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to morphine–buprenorphine, codeine, oxycodone and tramadol presentations were

significantly more likely to be associated with the less urgent triage categories

(respectively 2.18, 1.80, 1.52, 1.65 RRR).

Conclusions: In Victoria, Australia, rates and characteristics of emergency department

presentations for pharmaceutical opioids show distinct variations by opioid type.
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INTRODUCTION

There has been a dramatic rise of opioid-related deaths during the

past two decades throughout a range of high-income countries [1]. In

the United States there are more than 300 000 emergency depart-

ment (ED) visits for non-fatal opioid overdoses per year [2], and in

Australia there are almost 150 hospitalizations for opioid harms each

day [3]. A substantial proportion of opioid-related mortality is attrib-

uted to pharmaceutical opioids—35% of deaths in the United States

[4] and 70% in Australia [5]. Further, almost two-thirds (61%) of

Victorian ED presentations for opioid overdoses are related to

pharmaceutical opioids [6]. Despite the substantial burden of harm

and some indications that this harm varies among opioid types [7–9],

there are few comprehensive investigations of how specific pharma-

ceutical opioids relate to real-world harms.

Pharmaceutical opioids are often either represented as a single

category or with various pre-determined groupings, which can make

understanding harms with individual opioids difficult. For example, the

Centers for Disease Control and Prevention (CDC) presents overdose

deaths involving pharmaceutical opioids under three categories:

(i) ‘natural and semisynthetic opioids’, which includes morphine,

codeine, hydrocodone and oxycodone, (ii) methadone and

(iii) ‘synthetic opioids other than methadone’, which includes fentanyl,

fentanyl analogues and tramadol [10]. The International Classification

of Diseases (ICD) coding categories for pharmaceutical opioids also

vary throughout countries. This lack of specificity is potentially

problematic to inform interventions, as risk profiles appear to vary by

opioid. One US study examining serious adverse events with different

opioids found a positive correlation between serious adverse drug

events and opioid potency [7]. Another adverse drug event study set

in Australia compared oxycodone–naloxone and tapentadol, and

found the organ system classifications and the most frequently

reported event (respectively, ‘drug withdrawal syndrome’ and

serotonin syndrome) varied between the opioids [8]. Analysis of

Australian ambulance data similarly found supply-adjusted rates of

harm varied across seven pharmaceutical opioids—the highest rate

was accounted for by the lowest potency opioid (possibly reflecting

greater availability), and characteristics such as suicidal intent also

varied by opioid [9].

Although forensic analyses of fatal overdoses typically compre-

hensively describe which opioids are implicated in the death there are

relatively small case numbers, and delays up to multiple years to

access confirmed results. In contrast, the analysis of non-fatal over-

dose data available in routinely collected ED data are suited for more

timely surveillance of opioid-related harms [2]. ED data contain infor-

mation on patient characteristics, poisoning intent and outcomes of

the ED which are important in order to understand the nature opioid

poisoning by different opioid types [2,11].

Opioid overdose is an acute condition which can result from

excessive consumption of opioids or other factors that increase the

effects of opioids (e.g. loss of tolerance to opioids or consumption of

combinations of substances that increase the effects of opioids). In

toxicology, ‘poisoning’ results from the excessive administration of

any pharmacological agent, psychoactive or not, so the term ‘opioid
poisoning’ is largely synonymous with the lay term ‘opioid overdose’
[12]. Non-fatal overdose is estimated to occur 13–30 times more

frequently than fatal overdose and is predictive of later fatal overdose

[13,14]. Although fatal overdose is routinely tracked [15], studies of

non-fatal overdose are less common.

We previously compared pharmaceutical opioids using the harm

indicator of ambulance callouts related to extramedical use of

prescription opioids [9]. This study seeks to extend this work using

ED data, and a more specific focus on opioid poisoning.

This study has two research questions:

1. Do rates of ED presentations for non-fatal opioid poisoning in

Victoria differ among nine pharmaceutical opioids, and do these

rates vary over time?

2. Do non-fatal opioid poisoning ED presentation characteristics vary

by opioid type and over time?

METHODS

The research questions and detailed methods were published a priori

[16]. The study is reported according to the REporting of studies

Conducted using Observational Routinely-collected health Data

(RECORD) Statement (Supporting information, Table S1).
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Study design

This was a retrospective analysis of administrative data from

Emergency Department (ED) presentations for non-fatal overdose

related to pharmaceutical opioid use.

Participants

This study is set in Australia, which has the eighth highest per-capita

licit pharmaceutical opioid consumption in the world [3]. The

catchment population is the state of Victoria, who comprise 26% of

the national population [17], and whose pattern of pharmaceutical

opioid related deaths [15] and ambulance attendances [9] are broadly

comparable with other Australian jurisdictions. Consistent with other

studies, we excluded individuals under the age of 12 years, as almost

all the pharmaceutical opioid poisonings under this age are classed as

unintentional ingestion [18–20].

Data sources

Emergency department data

Australia has a universal health-care scheme which covers the cost of

emergency treatment within public hospitals [21]. Data were obtained

from the Victorian Emergency Minimum Dataset (VEMD) which

aggregates ED presentation data from all 38 public hospitals with a

24-hour ED in Victoria. The VEMD database has comprehensive data

quality systems and is maintained by the state government [11]. We

extracted all VEMD records from July 2009 to June 2019 pertaining

to pharmaceutical opioid poisoning (n = 5403). Relevant presenta-

tions were identified using a combination of searching (1) narrative

data on pharmaceutical opioid drug names and poisoning terms

(including common misspellings of such terms) and (2) relevant

International Classification of Diseases 10th revision, Australian

modification (ICD-10-AM) poisoning diagnosis codes (‘poisoning by

narcotics and psychodysleptics’, code T40). As the ICD-10-AM does

not provide a comprehensive breakdown of poisoning types by opioid

type, the data extraction relied mainly upon narrative (free text)

searches.

An experienced data analyst (J.H.) manually checked all extracted

records to ensure that the presentation contained information on

specific opioids and to confirm the presentation related to a pharma-

ceutical opioid poisoning (and not, for example, instances where there

was a non-opioid drug poisoning and an opioid was used for analgesia

as a part of clinical care). A detailed description of the presentation

identification and coding are available in the protocol [16], and

search terms used and an extraction process flow-chart are available

in Supporting information, Fig. S1.

There were fewer than five deaths relating to opioid poisoning

recorded in the VEMD during the study period, so deaths were not

included in our analyses due to small cell sizes.

Eight presentation characteristics were examined, with response

categories aggregated where necessary to preserve cell sizes for

analysis:

i. Age (12–34, 35–54, 55–65, and > 65 years)

ii. Sex (male, female)

iii. Geographical region (metro, regional/rural, interstate/overseas/

unknown; home postcode-based)

iv. Country of birth [Oceania and Antarctica (including Australia)],

Europe and the Americas, Asia and Middle East and Africa)

v. Patient SEIFA (a proxy for socio-economic status where higher

numbers indicate greater advantage; home postcode-based;

split to reflect approximately evenly sized quintiles for multino-

mial regression analysis [22]

vi. Intent (intentional self-harm versus other intention)

vii. Admission outcome (hospital admission for further treatment or

ED presentation only)

viii. Triage category [presentations identified as Australasian Triage

Scale (ATS) categories 1 or 2 are the most acute and should be

taken immediately to an assessment and treatment area; ATS

categories 3–5 have a longer waiting time [23])

Opioids of interest

This study examined 10 opioid categories: (1) buprenorphine,

(2) codeine, (3) fentanyl, (4) methadone, (5) morphine, (6) oxycodone,

(7) oxycodone–naloxone, (8) tapentadol, (9) tramadol and (10) multiple

opioids. The first nine categories are the pharmaceutical opioids most

commonly used for analgesia in outpatient settings in Australia, with

our previous work indicating that less common opioids were captured

in too few numbers to report [9]. The 10th category captured ED

presentations that involved multiple opioids, at least one of which

was listed in the first nine categories.

Sales data

Data concerning individual pharmaceutical opioid products sold to

Victorian community pharmacies were acquired through the health

information company IQVIA (iqvia.com). These population-level data

were supplied per month, and included strength and unit information

to allow the calculation of oral morphine equivalents (OME) in

milligrams. As opioids vary in strength, the representation of supply in

OME is a method previously used [5,7] to represent the analgesic

effect of different opioids on the same scale [24].

Analysis

Aim 1: supply-adjusted rates of harm

Using sales data, we calculated supply per month in OME for the nine

opioids to represent harms as a proportion of supply. We used
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Poisson regression to generate incident rate ratios (IRRs) to estimate

the supply-adjusted rate of ED presentation of each opioid (the out-

come variable) and how the rate changed over time (the predictor).

The primary analysis considered each of the opioid categories as

mutually exclusive—that is, a presentation was included in the rate

calculation where the specific opioid was the only opioid involved in

the presentation (Table 1). A sensitivity analysis explored the effect of

selecting single-opioid poisonings versus multiple opioid poisonings.

To this effect, rates were calculated using presentations where the

specific opioid was the only opioid involved or was one of multiple

opioids involved in the presentation (Supporting information,

Table S3). Supply-adjusted rates were not calculated for the ‘multiple

opioids’ category due to the heterogeneity of the OME denominator

for each presentation. Rates were aggregated over 6-month periods

for analyses to enable minimum cell sizes of five, and were presented

by year for ease of interpretation.

Aim 2: characteristics of presentations

We used multinomial logistic regression to analyze opioid-poisoning

characteristics to explore how opioid type varies by presentation

characteristic. Opioid type was the outcome variable in all regressions,

with morphine serving as the reference category (the standard refer-

ence opioid for calculating opioid doses [24]). Separate regressions

were run, with each of the eight characteristics serving as the primary

independent variable. Year was included in all models as a secondary

independent variable to assess whether the opioid type variation by

presentation characteristic varied over time. The regressions also

controlled for age and sex (see Supporting information, Figs S3–S10).

Categories were aggregated where necessary to ensure that all

analyses reported cell sizes of at least five. All quantitative analyses

were conducted in SAS or Stata, with P-values less than 0.05 consid-

ered significant with no correction for multiple testing [25].

Missing data

There were minimal missing data (< 5%), with fewer than five presen-

tations missing data for sex, 75 with a missing birth country and

59 with unknown geographical region (which was grouped with

overseas and interstate presentations for the purpose of analysis).

Presentations with unknown geographical region were a subset of the

118 presentations with missing data for SEIFA, which is calculated

based on postcode. With the exception of country of geographical

region, all missing data were handled via list-wise deletion in the

multinomial regression.

We could not locate codeine content information on ‘Chemists

Own Cough Suppression Linctus 200 ml’ from the previous or current

brand owners (Aspen and Arrow). Available data states 6858 units

were sold January–August 2009 to August 2010 (of more than

63 million total codeine units supplied in the study period, or approxi-

mately 0.1% of all codeine sales). These units did not contribute to

the total volume of codeine used to calculate supply-adjusted rates.

T AB L E 1 Supply adjusted rates and trends for ED presentations by opioid type, Victoria, Australia, July 2009–June 2019.

Opioida

Frequency
Supply-adjusted rateb (per 100 000 mg OME
per year over entire 2009–19 study period)

Time trendc (per 100 000 OME per 6-month
increase)

n (%) Rate 95% CI IRR 95% CI P-value

Codeine 2008 (37.2%) 0.076 0.073–0.080 0.99 0.98–1.00 0.3

Oxycodone 1437 (26.6%) 0.029 0.027–0.030 1.05 1.04–1.06 <0.0001

Tramadol 542 (10.0%) 0.015 0.014–0.016 1.00 0.98–1.02 0.96

Morphine 201 (3.7%) 0.010 0.009–0.011 0.98 0.95–1.01 0.19

Oxycodone–naloxone 146 (2.7%) 0.008 0.007–0.010 0.97 0.93–1.01 0.14

Methadone 580 (10.7%) 0.007 0.006–0.007 1.01 0.99–1.03 0.36

Buprenorphine 90 (1.7%) 0.006 0.004–0.007 1.00 0.97–1.04 0.87

Tapentadol 36 (1.2%) 0.004 0.003–0.006 1.12 1.01–1.24 0.03

Tapentadol (2014–2019 only)d 36 (0.7%) 0.004 0.003–0.006 1.12 1.00–1.25 0.04

Fentanyl 71 (1.3%) 0.003 0.002–0.004 1.04 0.99–1.10 0.11

Multiple opioidse 289 (5.4%)

aOpioid category represents 10 mutually exclusive groups (the first nine specific opioids listed were the only pharmaceutical opioids involved in the

presentation).
bSupply-adjusted rate of emergency department (ED) presentations is per 100 000 mg oral morphine equivalents (OME) per year during the entire study

period (i.e. a yearly average from July 2009–June 2019).
cTime trend incident rate ratio (IRR) is calculated on 6-month intervals (time as a continuous variable) using Poisson regression per 100 000 mg OME.

CI = confidence interval.
dDue to low sales volume and no attendances related to tapentadol prior 2014, overall trends are also presented for January 2014–June 2019.
eSupply-adjusted rates not calculated for multiple opioids due to the heterogeneity of the OME denominator for each presentation.
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F I GU R E 1 Emergency department presentations for nine opioids,
per 100 000 mg oral morphine equivalents of opioids supplied to the
community. Rates not calculated for when emergency department
(ED) presentations were < 10 per year for that opioid, or drug was not
available on the Victorian market-place for that period of time. Search
criteria for ED presentations was a free-text search for all
pharmaceutical opioid drug names, including variations that include
generic and brand names for the opioids of interest together with
common misspellings, combined with overdose/poisoning terms,
and/or the ICD-10-AM code T40.3 (methadone). See bottom of
Supporting information, Fig. S1 for further detail on the search
strategy

Ethics

The Monash University Human Research Ethics Committee has

approved the Victorian Injury Surveillance Unit (VISU) at Monash Uni-

versity to analyze the VEMD for injury surveillance purposes (21427).

Cells fewer than five were not reported, as per approval requirements,

although zeros are preserved.

RESULTS

In the 10-year period between July 2009 and June 2019, there were

5403 public Victorian ED attendances for poisonings able to be asso-

ciated with specific pharmaceutical opioids.

Supply-adjusted rates of poisoning

The raw ED rates and raw opioid supply data used to calculate the

supply-adjusted rates are shown in Supporting information, Fig. S2a,

Sb. There was a 27-fold difference between the highest and lowest

supply-adjusted overdose rates for the opioids examined (Fig. 1 and

Table 1). When considering presentations with sole opioids, the

highest supply-adjusted overdose rates [per 100 000 OME; 95%

confidence interval (CI)] were for codeine (0.078, 95% CI = 0.073–

0.08) and oxycodone (0.029, 95% CI = 0.027–0.030) and the lowest

two were for tapentadol (0.004, 95% CI = 0.003–0.006) and fentanyl

(0.003, 95% CI = 0.002–0.004).

Rates appeared relatively stable over the study period for seven

of the nine opioids (Table 1, Fig. 1 and Supporting information,

Table S2). There was a significant increase in rate for oxycodone

(IRR = 1.05, 95% CI = 1.04–1.06, P < 0.0001) and tapentadol

(IRR = 1.12, 95% CI = 1.00–1.02, P = 0.03). A pattern of reducing

supply-adjusted rates of ED presentations associated with codeine

appeared in the final 2 years of the study period (Fig. 1), but was not

significant during the 10 years of the study.

Similar results were observed in the planned sensitivity analysis

where the opioid of interest could be one of multiple opioids involved

(Supporting information, Table S3). The only differences were that

morphine and oxycodone–naloxone swapped ranking between the

4th and 5th highest rate, and tapentadol no longer had a statistically

significant time trend.

Presentation characteristics

Presentation characteristics are presented for each opioid in Table 2.

We analyzed characteristics relative to our reference opioid,

morphine, while controlling for age and sex (Table 3), and report

significant differences below.

During the study period, morphine and codeine presentations

appeared to reduce over time in contrast to the temporal pattern for

most other opioid presentations, which increased or remained stable

(Fig. 1, Supporting information, Figs S3–S10 with probabilities

estimated from the model). Multinomial logistic regression modelling

showed a significant association between time and the probability of

presentation [relative risk ratio (RRR) = > 1, P < 0.05] for all opioids

relative to morphine, holding the primary characteristic and age and

sex constant (Table 3). This implies that the likelihood of a presenta-

tion involving other opioids relative to morphine increased during the

study period. The relative distribution of response options appeared

similar across time for all characteristics except for minor shifts across

the variable of country of birth.

A quarter (26%) of morphine presentations were for patients

aged < 35 years. For presentations involving codeine, methadone,

oxycodone, tramadol and multiple opioids, patients aged < 35 years

were more likely to present compared to morphine.

Just over half (53%) of the morphine presentations were male.

For presentations involving codeine, oxycodone, oxycodone–nalox-

one, tramadol and the multiple opioid category, females were more

likely to present compared to morphine presentations.

Sixty per cent of the morphine presentations were from the

metropolitan region (compared with approximately 75% of the study

state’s general population [26]). Presentations from regional areas

were less likely to present for buprenorphine, codeine, methadone,

tramadol and multiple opioids compared with morphine.

Most (84%) of the morphine presentations reported a country of

birth within Oceania (which includes Australia). In contrast, tramadol

presentations were more likely to report a Middle Eastern or African

origin compared to Oceania and multiple opioids were more likely to

involve patients from Europe and the Americas.

COMPARING PHARMACEUTICAL OPIOID OVERDOSES 627



T
A
B
L
E

2
P
at
ie
nt

an
d
pr
es
en

ta
ti
o
n
ch

ar
ac
te
ri
st
ic
s
fo
r
p
ha

rm
ac
eu

ti
ca
lo

pi
o
id
-r
el
at
ed

o
ve

rd
o
se
s
in

V
ic
to
ri
a,
2
0
0
9
–1

9
.

O
pi
o
id

ty
pe

A
ll

B
up

re
no

rp
hi
ne

C
o
d
ei
n
e

F
en

ta
n
yl

M
et
h
ad

o
n
e

Sa
m
pl
e
si
ze

fo
r
o
pi
o
id

ty
pe

(%
)

5
4
0
3
(1
0
0
)

9
0
(1
.7
)

2
0
0
8
(3
7
.2
)

7
1
(1
.3
)

5
8
0
(1
0
.7
)

C
ha

ra
ct
er
is
ti
c

n
%

n
%

n
%

n
%

n
%

A
ge

1
2
–3

4
ye

ar
s

2
5
8
9

4
7
.9

3
1

3
4
.4

1
1
9
5

5
9
.5

2
4

3
3
.8

2
4
2

4
1
.7

3
5
–5

4
ye

ar
s

2
0
8
0

3
8
.5

3
7

4
1
.1

6
5
0

3
2
.4

3
5

4
9
.3

2
9
9

5
1
.6

5
5
–6

5
ye

ar
s

4
0
8

7
.6

7
7
.8

1
0
6

5
.3

†
†

3
0

5
.2

>
6
5
ye

ar
s

3
2
6

6
1
5

1
6
.7

5
7

2
.8

†
†

9
1
.6

Se
x

M
al
e

2
0
5
6

3
8
.1

5
4

6
0

5
7
2

2
8
.5

4
1

5
7
.8

3
5
0

6
0
.3

F
em

al
e

3
3
4
7

6
2

3
6

4
0

1
4
3
6

7
1
.5

3
0

4
2
.3

2
3
0

3
9
.7

R
eg

io
n
a

M
et
ro
po

lit
an

M
el
bo

ur
ne

3
7
7
9

6
9
.9

7
2

8
0

1
4
9
0

7
4
.2

3
3

4
6
.5

4
4
6

7
6
.9

N
o
n-
m
et
ro
po

lit
an

1
6
2
4

3
0
.1

1
8

2
0

5
1
8

2
5
.8

3
8

5
3
.5

1
3
4

2
3
.1

C
o
un

tr
y
o
f
bi
rt
h

O
ce
an

ia
4
5
6
8

8
4
.6

7
0

7
7
.8

1
7
1
1

8
5
.2

5
9

8
3
.1

5
0
6

8
7
.2

E
U
an

d
A
m
er
ic
as

4
1
2

7
.6

7
7
.8

1
3
7

6
.8

7
9
.9

2
9

5

M
id
dl
e
E
as
t
an

d
A
fr
ic
a

2
0
6

3
.8

6
6
.7

8
2

4
.1

†
†

1
2

2
.1

A
si
a

1
4
2

2
.6

†
†

6
2

3
.1

†
†

9
1
.6

A
t
se
a/
no

t
st
at
ed

/o
th
er

7
5

1
.4

†
†

1
6

0
.8

†
†

2
4

4
.1

P
at
ie
nt

SE
IF
A
de

ci
le

1
–2

(le
as
t
ad

va
nt
ag
ed

)
6
0
2

1
1
.4

†
†

2
1
3

1
0
.8

1
8

2
5
.7

5
7

1
0
.5

3
–4

9
8
1

1
8
.6

†
†

3
5
5

1
7
.9

1
3

1
8
.6

5
4

9
.9

5
–6

9
4
9

1
8

†
†

3
6
8

1
8
.6

1
2

1
7
.1

8
8

1
6
.2

7
–8

1
6
7
4

3
1
.7

2
6

2
9
.2

6
7
2

3
3
.9

9
1
2
.9

1
6
2

2
9
.8

9
–1

0
(g
re
at
es
t
ad

va
nt
ag
e)

1
0
7
9

2
0
.4

2
8

3
1
.5

3
7
3

1
8
.8

1
8

2
5
.7

1
8
3

3
3
.6

In
te
nt

O
th
er

2
5
5
8

4
7
.3

6
9

7
6
.7

6
9
8

3
4
.8

6
0

8
4
.5

4
3
0

7
4
.1

In
te
nt
io
na

ls
el
f-
ha

rm
2
8
4
5

5
2
.7

2
1

2
3
.3

1
3
1
0

6
5
.2

1
1

1
5
.5

1
5
0

2
5
.9

A
dm

is
si
o
n
o
ut
co

m
eb

P
re
se
nt
at
io
n
o
nl
y

2
7
7
4

5
1
.3

4
7

5
2
.2

1
0
7
3

5
3
.4

4
3

6
0
.6

2
5
3

4
3
.6

A
dm

is
si
o
n

2
6
2
9

4
8
.7

4
3

4
7
.8

9
3
5

4
6
.6

2
8

3
9
.4

3
2
7

5
6
.4

T
ri
ag
e
C
at
eg

o
ry

R
eq

ui
re
s
im

m
ed

ia
te

as
se
ss
m
en

t
1
4
5
4

2
6
.9

1
8

2
0

4
4
7

2
2
.3

3
1

4
3
.7

2
3
6

4
0
.7

D
o
es

no
t
re
qu

ir
e
im

m
ed

ia
te

as
se
ss
m
en

t
3
9
4
9

7
3
.1

7
2

8
0

1
5
6
1

7
7
.7

4
0

5
6
.3

3
4
4

5
9
.3

† S
up

pr
es
se
d
ce
lls

(n
<
5
).

a
N
o
n-
m
et
ro
po

lit
an

re
gi
o
n
ca
te
go

ry
co

m
bi
ne

s
th
e
re
gi
o
na

l/
ru
ra
l(
2
8
%
)a

nd
th
e
in
te
rs
ta
te
/o

ve
rs
ea

s
(O

S)
/u
nk

no
w
n
(2
%
)p

re
se
nt
at
io
ns

to
al
lo
w

pr
es
en

ta
ti
o
n
o
f
sm

al
lc
el
ls
iz
es
.

b
E
m
er
ge

nc
y
de

pa
rt
m
en

t
(E
D
)p

re
se
nt
at
io
n
o
nl
y
in
cl
ud

es
di
sc
ha

rg
e
to

ho
m
e
o
r
le
ft
w
it
ho

ut
tr
ea

tm
en

t
co

m
pl
et
ed

;a
dm

is
si
o
n
ca
n
be

at
th
e
sa
m
e
h
o
sp
it
al
o
r
an

o
th
er

h
o
sp
it
al
ca
m
p
u
s.

628 LAM ET AL.



T
A
B
L
E

2
C
o
nt
in
ue

d

O
pi
o
id

ty
pe

M
o
rp
hi
ne

O
xy

co
do

ne
O
xy

co
do

ne
–n

al
o
xo

ne
T
ap

en
ta
d
o
l

T
ra
m
ad

o
l

M
u
lt
ip
le

o
p
io
id
s

Sa
m
pl
e
si
ze

fo
r
o
pi
o
id

ty
pe

(%
)

2
0
1
(3
.7
)

1
4
3
6
(2
6
.6
)

1
4
6
(2
.7
)

3
6
(0
.7
)

5
4
2
(1
0
.0
)

2
8
9
(5
.4
)

C
ha

ra
ct
er
is
ti
c

n
%

n
%

n
%

n
%

n
%

n
%

A
ge

5
2

2
5
.9

5
9
9

4
1
.7

4
0

2
7
.4

1
2

3
3
.3

2
7
0

4
9
.8

1
2
4

4
2
.9

9
0

4
4
.8

5
5
1

3
8
.4

6
5

4
4
.5

1
7

4
7
.2

2
0
6

3
8
.0

1
2
9

4
4
.6

2
7

1
3
.4

1
4
2

9
.9

2
7

1
8
.5

†
†

3
6

6
.6

2
5

8
.7

3
2

1
5
.9

1
4
4

1
0
.0

1
4

9
.6

†
†

3
0

5
.5

1
1

3
.8

Se
x

1
0
7

5
3
.2

5
5
3

3
8
.5

5
9

4
0
.4

1
3

3
6
.1

2
0
0

3
6
.9

1
0
4

3
6

9
4

4
6
.8

8
8
3

6
1
.5

8
7

5
9
.6

2
3

6
3
.9

3
4
2

6
3
.1

1
8
5

6
4

R
eg

io
n
a

1
2
1

6
0
.2

9
2
6

6
4
.5

9
3

6
3
.7

2
1

5
8
.3

3
7
2

6
8
.6

2
0
2

6
9
.9

8
0

3
9
.8

5
1
0

3
5
.5

5
3

3
6
.3

1
5

4
1
.7

1
7
0

3
1
.4

8
7

3
0
.1

C
o
un

tr
y
o
f
bi
rt
h

1
6
9

8
4
.1

1
2
2
2

8
5
.1

1
2
2

8
3
.6

2
7

7
5

4
3
7

8
0
.6

2
4
2

8
3
.7

2
1

1
0
.5

1
2
1

8
.4

1
6

1
1

†
†

3
8

7
3
1

1
0
.7

†
†

4
8

3
.3

†
†

†
†

4
3

7
.9

7
2
.4

†
†

3
4

2
.4

†
†

†
†

1
5

2
.8

†
†

†
†

1
1

0
.8

†
†

†
†

9
1
.7

†
†

P
at
ie
nt

SE
IF
A
de

ci
le

2
6

1
3
.2

1
6
3

1
1
.6

2
2

1
5
.6

†
†

5
3

1
0

3
9

1
3
.7

3
4

1
7
.3

3
0
9

2
1
.9

2
6

1
8
.4

†
†

1
1
5

2
1
.7

5
7

2
0

4
1

2
0
.8

2
4
6

1
7
.4

2
8

1
9
.9

†
†

1
0
3

1
9
.5

4
2

1
4
.7

5
1

2
5
.9

4
3
9

3
1
.1

4
8

3
4

1
0

2
9
.4

1
6
3

3
0
.8

9
4

3
3

4
5

2
2
.8

2
5
4

1
8

1
7

1
2
.1

1
1

3
2
.4

9
5

1
8

5
3

1
8
.6

In
te
nt

1
3
3

6
6
.2

7
1
0

4
9
.4

6
8

4
6
.6

1
6

4
4
.4

2
5
6

4
7
.2

1
1
4

3
9
.5

6
8

3
3
.8

7
2
6

5
0
.6

7
8

5
3
.4

2
0

5
5
.6

2
8
6

5
2
.8

1
7
5

6
0
.6

A
dm

is
si
o
n
o
ut
co

m
eb

8
9

4
4
.3

7
7
9

5
4
.3

7
6

5
2
.1

1
5

4
1
.7

2
5
8

4
7
.6

1
3
8

4
7
.8

1
1
2

5
5
.7

6
5
7

4
5
.8

7
0

4
8

2
1

5
8
.3

2
8
4

5
2
.4

1
5
1

5
2
.3

T
ri
ag
e
C
at
eg

o
ry

7
0

3
4
.8

3
7
0

2
5
.8

4
0

2
7
.4

7
1
9
.4

1
3
1

2
4
.2

1
0
4

3
6

1
3
1

6
5
.2

1
0
6
6

7
4
.2

1
0
6

7
2
.6

2
9

8
0
.6

4
1
1

7
5
.8

1
8
5

6
4

† S
up

pr
es
se
d
ce
lls

(n
<
5
).

a N
o
n-
m
et
ro
po

lit
an

re
gi
o
n
ca
te
go

ry
co

m
bi
ne

s
th
e
re
gi
o
na

l/
ru
ra
l(
2
8
%
)a

nd
th
e
in
te
rs
ta
te
/o

ve
rs
ea

s
(O

S)
/u
nk

no
w
n
(2
%
)p

re
se
nt
at
io
ns

to
al
lo
w

pr
es
en

ta
ti
o
n
o
f
sm

al
lc
el
ls
iz
es
.

b
E
m
er
ge

nc
y
de

pa
rt
m
en

t
(E
D
)p

re
se
nt
at
io
n
o
nl
y
in
cl
ud

es
di
sc
ha

rg
e
to

ho
m
e
o
r
le
ft
w
it
ho

ut
tr
ea

tm
en

t
co

m
pl
et
ed

;a
dm

is
si
o
n
ca
n
be

at
th
e
sa
m
e
h
o
sp
it
al
o
r
an

o
th
er

h
o
sp
it
al
ca
m
p
u
s.

COMPARING PHARMACEUTICAL OPIOID OVERDOSES 629



T
A
B
L
E

3
R
eg

re
ss
io
n
es
ti
m
at
es

fr
o
m

m
ul
ti
no

m
ia
ll
o
gi
st
ic
re
gr
es
si
o
n
fo
r
ea

ch
ch

ar
ac
te
ri
st
ic
.

O
pi
o
id

ty
pe

B
up

re
no

rp
hi
ne

C
o
de

in
e

Fe
nt
an

yl
M
et
h
ad

o
n
e

M
o
rp
h
in
e

C
ha

ra
ct
er
is
ti
c

R
R
R

9
5
%

C
I

R
R
R

9
5
%

C
I

R
R
R

9
5
%

C
I

R
R
R

9
5
%

C
I

R
R
R

9
5
%

C
I

A
ge

≤
3
4
ye

ar
s

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

3
5
–5

4
ye

ar
s

0
.6
7

0
.3
7

1
.2
1

0
.3
3

0
.2
3

0
.4
7

0
.8
3

0
.4
4

1
.5
4

0
.7
0

0
.4
8

1
.0
2

5
5
–6

4
ye

ar
s

0
.3
8

0
.1
5

0
.9
9

0
.1
7

0
.1
0

0
.2
8

0
.4
3

0
.1
6

1
.1
9

0
.2
1

0
.1
2

0
.3
9

≥
6
5
ye

ar
s

0
.7
3

0
.3
4

1
.5
7

0
.0
8

0
.0
5

0
.1
3

0
.3
8

0
.1
4

1
.0
4

0
.0
6

0
.0
3

0
.1
3

Y
ea

r
1
.2
4

1
.1
3

1
.3
6

1
.1
3

1
.0
7

1
.1
9

1
.2
2

1
.1
0

1
.3
4

1
.2
1

1
.1
4

1
.2
9

Se
x F
em

al
e

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

M
al
e

1
.3
5

0
.8
1

2
.2
4

0
.3
7

0
.2
8

0
.5
0

1
.2
2

0
.7
0

2
.1
1

1
.3
8

0
.9
9

1
.9
1

Y
ea

r
1
.2
4

1
.1
3

1
.3
6

1
.1
3

1
.0
7

1
.1
9

1
.2
2

1
.1
0

1
.3
4

1
.2
1

1
.1
4

1
.2
9

R
eg

io
n

M
et
ro
po

lit
an

M
el
bo

ur
ne

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

In
te
rs
ta
te
/O

S/
un

kn
o
w
n

0
.3
4

0
.0
4

3
.1
0

0
.5
2

0
.1
8

1
.5
4

0
.7
1

0
.0
8

6
.6
5

1
.7
5

0
.6
0

5
.0
7

R
eg

io
na

l/
ru
ra
l

0
.3
6

0
.2
0

0
.6
6

0
.5
0

0
.3
7

0
.6
8

1
.7
1

0
.9
8

2
.9
7

0
.3
3

0
.2
3

0
.4
8

Y
ea

r
1
.2
5

1
.1
4

1
.3
7

1
.1
3

1
.0
7

1
.2
0

1
.2
1

1
.1
0

1
.3
4

1
.2
1

1
.1
4

1
.2
9

C
o
un

tr
y
o
f
bi
rt
h

O
ce
an

ia
R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

E
U
an

d
A
m
er
ic
as

0
.9
2

0
.3
6

2
.3
6

1
.6
0

0
.9
5

2
.7
0

1
.4
1

0
.5
4

3
.6
7

0
.9
4

0
.5
0

1
.7
5

A
si
a

2
.1
3

0
.5
1

8
.8
3

1
.5
6

0
.5
5

4
.4
3

1
.4
2

0
.2
5

7
.9
9

0
.7
7

0
.2
3

2
.5
8

M
id
dl
e
E
as
t
an

d
A
fr
ic
a

3
.6
3

0
.9
9

1
3
.3
6

2
.7
1

0
.9
7

7
.5
5

0
.7
0

0
.0
8

6
.4
5

0
.9
7

0
.3
1

3
.0
7

Y
ea

r
1
.2
4

1
.1
3

1
.3
6

1
.1
3

1
.0
7

1
.1
9

1
.2
2

1
.1
0

1
.3
5

1
.2
1

1
.1
4

1
.2
9

SE
IF
A
qu

in
ti
le

a

1
–3

(le
as
t
ad

va
nt
ag
ed

)
R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

4
–5

0
.5
9

0
.2
2

1
.5
8

0
.6
7

0
.4
1

1
.1
2

0
.7
4

0
.3
3

1
.6
7

0
.6
5

0
.3
6

1
.1
8

6
–7

0
.9
3

0
.4
2

2
.0
7

0
.8
9

0
.5
7

1
.4
1

0
.2
5

0
.1
0

0
.6
2

1
.0
6

0
.6
3

1
.7
7

8
1
.5
3

0
.6
5

3
.5
9

1
.2
7

0
.7
5

2
.1
7

0
.4
2

0
.1
5

1
.1
3

1
.6
1

0
.8
9

2
.9
1

9
–1

0
(m

o
st

ad
va
nt
ag
ed

)
1
.5
8

0
.7
3

3
.4
2

0
.7
6

0
.4
7

1
.2
3

0
.7
0

0
.3
2

1
.5
0

1
.9
1

1
.1
3

3
.2
2

Y
ea

r
1
.2
5

1
.1
4

1
.3
7

1
.1
2

1
.0
6

1
.1
9

1
.2
1

1
.0
9

1
.3
4

1
.2
1

1
.1
4

1
.2
9

In
te
nt

In
te
nt
io
na

ls
el
f-
ha

rm
R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

O
th
er

1
.7
4

0
.9
8

3
.1
0

0
.3
5

0
.2
5

0
.4
8

3
.1
1

1
.5
3

6
.3
4

1
.7
1

1
.2
0

2
.4
4

Y
ea

r
1
.2
4

1
.1
3

1
.3
6

1
.1
2

1
.0
6

1
.1
9

1
.2
2

1
.1
0

1
.3
4

1
.2
1

1
.1
4

1
.2
8

(C
o
n
ti
n
u
es
)

630 LAM ET AL.



T
A
B
L
E

3
(C
o
nt
in
ue

d)

O
pi
o
id

ty
pe

B
up

re
no

rp
hi
ne

C
o
de

in
e

Fe
nt
an

yl
M
et
h
ad

o
n
e

M
o
rp
h
in
e

C
ha

ra
ct
er
is
ti
c

R
R
R

9
5
%

C
I

R
R
R

9
5
%

C
I

R
R
R

9
5
%

C
I

R
R
R

9
5
%

C
I

R
R
R

9
5
%

C
I

A
dm

is
si
o
n
o
ut
co

m
eb

A
dm

is
si
o
n

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

P
re
se
nt
at
io
n
o
nl
y

1
.5
1

0
.9
1

2
.5
3

1
.2
7

0
.9
3

1
.7
1

2
.0
1

1
.1
4

3
.5
4

0
.8
9

0
.6
4

1
.2
5

Y
ea

r
1
.2
5

1
.1
4

1
.3
7

1
.1
3

1
.0
7

1
.2
0

1
.2
3

1
.1
2

1
.3
6

1
.2
1

1
.1
3

1
.2
8

T
ri
ag
e
ca
te
go

ry

R
eq

ui
re
s
im

m
ed

ia
te

as
se
ss
m
en

t
R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

D
o
es

no
t
re
qu

ir
e
im

m
ed

ia
te

as
se
ss
m
en

t
2
.1
8

1
.2
0

3
.9
6

1
.8
0

1
.3
1

2
.4
7

0
.7
1

0
.4
1

1
.2
4

0
.8
1

0
.5
8

1
.1
4

Y
ea

r
1
.2
4

1
.1
3

1
.3
6

1
.1
3

1
.0
7

1
.1
9

1
.2
1

1
.1
0

1
.3
4

1
.2
1

1
.1
4

1
.2
8

O
pi
o
id

ty
pe

O
xy

co
do

ne
O
xy

co
do

ne
–n

al
o
xo

ne
T
ap

en
ta
do

l
T
ra
m
ad

o
l

M
u
lt
ip
le

o
p
io
id
s

C
ha

ra
ct
er
is
ti
c

R
R
R

9
5
%

C
I

R
R
R

9
5
%

C
I

R
R
R

9
5
%

C
I

R
R
R

9
5
%

C
I

R
R
R

9
5
%

C
I

A
ge

≤
3
4
ye

ar
s

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

3
5
–5

4
ye

ar
s

0
.5
5

0
.3
8

0
.7
9

0
.9
4

0
.5
5

1
.5
9

0
.7
9

0
.3
5

1
.7
9

0
.4
6

0
.3
1

0
.6
7

0
.6
2

0
.4
1

0
.9
5

5
5
–6

4
ye

ar
s

0
.4
3

0
.2
6

0
.7
2

1
.1
1

0
.5
6

2
.2
1

0
.2
6

0
.0
5

1
.2
7

0
.2
5

0
.1
4

0
.4
4

0
.3
7

0
.2
0

0
.7
0

≥
6
5
ye

ar
s

0
.3
8

0
.2
3

0
.6
2

0
.5
2

0
.2
4

1
.1
2

0
.5
9

0
.1
9

1
.8
8

0
.1
8

0
.1
0

0
.3
2

0
.1
4

0
.0
7

0
.3
0

Y
ea

r
1
.2
0

1
.1
3

1
.2
7

1
.5
5

1
.4
2

1
.6
9

2
.2
3

1
.8
0

2
.7
7

1
.1
8

1
.1
1

1
.2
6

1
.1
9

1
.1
1

1
.2
7

Se
x F
em

al
e

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

M
al
e

0
.5
7

0
.4
2

0
.7
7

0
.5
9

0
.3
8

0
.9
2

0
.5
1

0
.2
4

1
.0
7

0
.5
4

0
.3
9

0
.7
5

0
.5
1

0
.3
5

0
.7
4

Y
ea

r
1
.2
0

1
.1
3

1
.2
7

1
.5
5

1
.4
2

1
.6
9

2
.2
3

1
.8
0

2
.7
7

1
.1
8

1
.1
1

1
.2
6

1
.1
9

1
.1
1

1
.2
7

R
eg

io
n

M
et
ro
po

lit
an

M
el
bo

ur
ne

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

In
te
rs
ta
te
/O

S/
un

kn
o
w
n

0
.7
5

0
.2
6

2
.2
3

1
.4
1

0
.3
6

5
.5
2

2
.1
5

0
.3
5

1
3
.0
3

0
.9
4

0
.3
0

2
.9
8

0
.5
3

0
.1
3

2
.1
8

R
eg

io
na

l/
ru
ra
l

0
.8
0

0
.5
9

1
.0
9

0
.7
4

0
.4
7

1
.1
8

0
.8
4

0
.3
9

1
.7
9

0
.6
4

0
.4
5

0
.9
1

0
.6
2

0
.4
2

0
.9
1

Y
ea

r
1
.2
0

1
.1
3

1
.2
7

1
.5
5

1
.4
2

1
.6
9

2
.2
3

1
.8
0

2
.7
6

1
.1
8

1
.1
1

1
.2
6

1
.1
9

1
.1
1

1
.2
7

C
o
un

tr
y
o
f
bi
rt
h

O
ce
an

ia
R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

E
U
an

d
A
m
er
ic
as

1
.1
9

0
.7
1

2
.0
1

1
.4
7

0
.7
0

3
.0
8

1
.8
6

0
.5
4

6
.3
6

1
.3
6

0
.7
5

2
.4
6

2
.0
2

1
.0
8

3
.7
8

A
si
a

1
.1
5

0
.4
0

3
.3
1

1
.6
8

0
.4
3

6
.5
4

2
.4
9

0
.4
2

1
4
.9
5

1
.4
5

0
.4
7

4
.4
8

0
.9
1

0
.2
4

3
.4
8

M
id
dl
e
E
as
t
an

d
A
fr
ic
a

1
.9
5

0
.6
9

5
.5
2

0
.8
0

0
.1
4

4
.5
1

1
.7
9

0
.1
9

1
6
.9
4

5
.0
2

1
.7
6

1
4
.3
0

1
.4
1

0
.4
0

4
.9
3

Y
ea

r
1
.2
0

1
.1
3

1
.2
7

1
.5
5

1
.4
2

1
.7
0

2
.2
4

1
.8
0

2
.7
7

1
.1
8

1
.1
1

1
.2
6

1
.1
9

1
.1
1

1
.2
7

(C
o
n
ti
n
u
es
)

COMPARING PHARMACEUTICAL OPIOID OVERDOSES 631



T
A
B
L
E

3
(C
o
nt
in
ue

d)

O
pi
o
id

ty
pe

O
xy

co
do

ne
O
xy

co
do

ne
–n

al
o
xo

ne
T
ap

en
ta
do

l
T
ra
m
ad

o
l

M
u
lt
ip
le

o
p
io
id
s

C
ha

ra
ct
er
is
ti
c

R
R
R

9
5
%

C
I

R
R
R

9
5
%

C
I

R
R
R

9
5
%

C
I

R
R
R

9
5
%

C
I

R
R
R

9
5
%

C
I

SE
IF
A
qu

in
ti
le

a

1
–3

(le
as
t
ad

va
nt
ag
ed

)
R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

4
–5

1
.0
2

0
.6
1

1
.6
9

0
.7
3

0
.3
5

1
.5
2

0
.3
8

0
.0
7

1
.9
7

0
.8
9

0
.5
1

1
.5
4

0
.7
0

0
.3
8

1
.3
1

6
–7

0
.7
7

0
.4
9

1
.2
3

0
.8
1

0
.4
3

1
.5
4

0
.8
6

0
.2
7

2
.7
1

0
.9
0

0
.5
5

1
.4
9

0
.7
9

0
.4
6

1
.3
7

8
1
.3
5

0
.7
9

2
.3
1

1
.0
6

0
.5
2

2
.1
6

1
.2
7

0
.3
9

4
.1
2

0
.9
2

0
.5
1

1
.6
6

1
.0
3

0
.5
5

1
.9
5

9
–1

0
(m

o
st

ad
va
nt
ag
ed

)
0
.7
6

0
.4
7

1
.2
4

0
.4
5

0
.2
1

0
.9
4

1
.6
7

0
.5
8

4
.8
6

0
.7
2

0
.4
2

1
.2
2

0
.7
1

0
.3
9

1
.2
7

Y
ea

r
1
.1
9

1
.1
3

1
.2
6

1
.5
5

1
.4
2

1
.6
9

2
.1
9

1
.7
6

2
.7
3

1
.1
8

1
.1
1

1
.2
5

1
.1
9

1
.1
1

1
.2
7

In
te
nt

In
te
nt
io
na

ls
el
f-
ha

rm
R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

O
th
er

0
.5
7

0
.4
1

0
.7
8

0
.4
9

0
.3
2

0
.7
7

0
.4
3

0
.2
1

0
.9
1

0
.5
5

0
.3
9

0
.7
8

0
.4
0

0
.2
7

0
.5
9

Y
ea

r
1
.1
9

1
.1
3

1
.2
6

1
.5
5

1
.4
2

1
.6
9

2
.2
3

1
.8
0

2
.7
6

1
.1
8

1
.1
1

1
.2
5

1
.1
8

1
.1
1

1
.2
6

A
dm

is
si
o
n
o
ut
co

m
eb

A
dm

is
si
o
n

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

P
re
se
nt
at
io
n
o
nl
y

1
.5
3

1
.1
3

2
.0
8

1
.7
4

1
.1
2

2
.7
0

1
.2
2

0
.5
8

2
.5
4

1
.0
7

0
.7
7

1
.5
0

1
.1
1

0
.7
7

1
.6
1

Y
ea

r
1
.2
1

1
.1
4

1
.2
8

1
.5
7

1
.4
4

1
.7
1

2
.2
4

1
.8
1

2
.7
8

1
.1
8

1
.1
1

1
.2
6

1
.1
9

1
.1
1

1
.2
7

T
ri
ag
e
ca
te
go

ry

R
eq

ui
re
s
im

m
ed

ia
te

as
se
ss
m
en

t
R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

R
ef
.

D
o
es

no
t
re
qu

ir
e
im

m
ed

ia
te

as
se
ss
m
en

t
1
.5
2

1
.1
1

2
.1
0

1
.5
1

0
.9
4

2
.4
2

2
.3
4

0
.9
7

5
.6
8

1
.6
5

1
.1
6

2
.3
6

0
.9
6

0
.6
5

1
.4
0

Y
ea

r
1
.2
0

1
.1
4

1
.2
7

1
.5
5

1
.4
2

1
.7
0

2
.2
4

1
.8
1

2
.7
8

1
.1
8

1
.1
1

1
.2
6

1
.1
9

1
.1
1

1
.2
7

A
bb

re
vi
at
io
ns
:R

R
R
=

re
la
ti
ve

ri
sk

ra
ti
o
;C

I=
co

nf
id
en

ce
in
te
rv
al
;O

S
=

o
ve

rs
ea

s

P
ro
po

rt
io
n
o
f
ce
lls

w
hi
ch

co
nt
ai
ne

d
fe
w
er

th
an

fi
ve

o
bs
er
va
ti
o
ns

fo
r
th
e
re
gr
es
si
o
n:

ag
e
(5
6
%
),
se
x
(5
6
%
),
ad

m
is
si
o
n
(6
8
%
),
co

un
tr
y
o
f
bi
rt
h
(7
4
%
),
in
te
n
t
(6
7
%
),
re
gi
o
n
(7
1
%
),
SE

IF
A
q
u
in
ti
le

(8
2
%
)a

n
d
tr
ia
ge

(6
8
%
).
A
ll
m
o
de

ls
co

nt
ro
lle
d
fo
r
ag
e
an

d
se
x.

a S
E
IF
A
is
a
pr
o
xy

fo
r
so
ci
o
-e
co

no
m
ic
st
at
us
;c
at
eg

o
ri
es

w
er
e
sp
lit

to
re
fl
ec
t
ap

pr
o
xi
m
at
el
y
ev

en
ly

si
ze
d
qu

in
ti
le
s
fo
r
th
e
an

al
ys
is
.

b
P
re
se
nt
at
io
n
o
nl
y
in
cl
ud

es
di
sc
ha

rg
e
to

ho
m
e
o
r
le
ft
w
it
ho

ut
tr
ea

tm
en

t
co

m
pl
et
ed

;a
dm

is
si
o
n
ca
n
be

at
th
e
sa
m
e
ho

sp
it
al
o
r
an

o
th
er

ho
sp
it
al
ca
m
p
u
s.

632 LAM ET AL.



There were fewer morphine poisoning presentations in the

most disadvantaged of socio-economic status quintiles. Relative to

morphine, fentanyl and oxycodone–naloxone presentations skewed

towards disadvantage and methadone towards advantage.

A third (34%) of the morphine presentations were classed as

intentional self-harm. Codeine, oxycodone, oxycodone–naloxone,

tapentadol, tramadol and multiple-opioid presentations were more

likely to be related to intentional self-harm relative to morphine. In

contrast, fentanyl and methadone presentations were less likely to be

coded as self-harm relative to morphine.

Just over half (56%) of morphine presentations involved

hospital admission. Relative to morphine, fentanyl, oxycodone and

oxycodone–naloxone presentations were more likely to be ‘presenta-
tion only’ (including presentations which left prior to treatment

completion) rather than hospital admissions.

A third (35%) of the morphine presentations were triaged

as requiring immediate assessment and treatment. Relative to

morphine–buprenorphine, codeine, oxycodone and tramadol presen-

tations were more likely to be associated with the less urgent triage

categories.

DISCUSSION

This study examined a decade of ED presentations for pharmaceutical

opioids and found that both rates and characteristics of presentations

varied by opioid type. Overall, there were large differences in the

supply-adjusted rates of harm and diverging trends between opioids

in terms of characteristics such as age, gender and intent. The least

restricted opioid, codeine, appeared most commonly in intentional

self-harm with younger females. In contrast to most opioids, fentanyl

and methadone were relatively more likely to be involved in non-

intentional poisonings. The patterns observed here are broadly consis-

tent with previous work examining broader harms with extramedical

use of prescription opioids [9], despite the more specific focus on

opioid poisoning in this study.

These findings related to opioid poisoning raise a number of

important issues. First, there are clear differences between pharma-

ceutical opioids. As a result, rather than considering pharmaceutical

opioids as a single category of drugs, the unique patterns of poisoning

for different opioids suggest targeted prevention strategies for

different opioids are warranted, particularly where there are large

differences in populations or intent. When analyses consider these

opioids as a larger group much of this detail may be lost, preventing

the identification of the need for more targeted responses to address

harms with different opioids.

Secondly, the rank order of harms appeared to be linked more

clearly with access—the highest rates were for the two most widely

used opioids in Australia (codeine and oxycodone). In contrast, metha-

done, when represented as OMEs, was supplied in the largest volume,

yet there were relatively fewer poisonings associated with its supply,

which may reflect the tight control over methadone which is provided

predominantly in daily supervised doses in community pharmacies

under the framework of opioid agonist treatment [27]. Similarly,

following the removal of sale of codeine as an over-the-counter

medicine in Australia in 2018 [28], we observed clear reductions in

the rates of harm, consistent with reductions in codeine-related

hospitalizations [29] and poisons information centre calls [30]

reported elsewhere. Tapentadol and oxycodone–naloxone are of

interest, given their relatively large supply volumes in the later years

of observation yet relatively low rates of poisonings. Further work is

needed to understand why the rates of harm appear lower for these

strong opioids relative to others, and to observe if the pattern

continues.

Thirdly, there were marked differences in intent by opioid.

Opioids including buprenorphine, methadone and fentanyl and

morphine have a minority of presentations classed as intentional

poisonings, representing a stark difference from codeine where

two-thirds of presentations were classed as intentional self-harm. The

overall proportion of intentional harm seen with these pharmaceutical

opioids in this study (53%) was almost double that seen in an earlier

US study of ED visits (27%). This finding highlights that, in Australia,

targeted responses tailored for younger women are needed to address

intentional poisonings, while different responses such as naloxone

provision and overdose prevention education may remain appropriate

to address harms with opioids such as fentanyl, buprenorphine and

methadone.

Fourthly, in contrast to other opioids, we observed that people

born in the Middle East and Africa were associated with tramadol

presentations. This is perhaps reflective of distinct patterns of opioid

use from these original regions [31], and may reflect that within some

communities specific strategies are needed.

Fifthly, socio-economic status has been associated with drug-

related deaths [32], and opioid fatalities more specifically have been

shown to be associated with lower socio-economic status [33].

However, the link between prescription opioids poisonings and socio-

economic status appears less clear in this study. We saw diverging

trends depending on opioid type. This may be explained by the

measure of socio-economic status being based on the postcode, as

opposed to an individual’s income. Some areas postcodes in metro-

politan Victoria have extremes of wealth and disadvantage within a

single postcode, which may have led to conflicting or unexpected

findings.

Overall, the findings raise some broader issues for policy. There

are important differences between opioids, but also changing patterns

over time. This was most notable with oxycodone, highlighting the

importance of ongoing monitoring of harms. This will remain impor-

tant, given substantial changes in opioid policy and regulation in

Australia in the past 24 months [34]. In light of the mixed or unclear

impacts of policy changes such as prescription monitoring on opioid-

related harms in the United States [35,36], understanding how similar

policies impact on harms in Australia remains important for future
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study. Administrative data sets are useful for monitoring changes,

although this research may be extended through use of linked data to

determine the relationship between changes in access to opioids and

any experience of harm.

Strengths

This is one of the largest studies, to our knowledge, of opioid over-

dose ED presentations which encapsulates over 5000 events from

38 hospitals over 10 years (compared with previous studies with

substantially smaller samples of opioid related ED events [37,38]).

This data set is one of the few to have uniquely considered opioids

such as tapentadol and oxycodone–naloxone, which are newer, and

with rapidly increasing use in the community. A further strength of

this work was the manual checking of ED presentation text fields to

identify specific opioids and confirms that presentations were related

to poisoning. Measurement of opioid poisoning using coding alone

can be insensitive with high rates of missed cases [37]. Also, previous

studies estimate that 30% of ICD codes for opioid poisoning actually

relate to opioid exposure without an opioid poisoning [38]. This study

reinforces the utility of using a free-text search function in combina-

tion with ICD-10-AM codes and manual checking, and we estimate

that ICD codes alone only accounted for 3% of opioid poisoning

presentations. Use of supply-adjusted rates using sales data enables

adjustment for availability to determine if lesser-used opioids may be

associated with disproportionate amounts of harm and captures all

opioid supply, rather than being limited to those that are supplied on

reimbursed prescriptions.

Limitations

There are limitations to consider. Free-text ED data are limited to key

information that is clinically relevant, as opposed to being collected

for research purposes, and can vary in quality over time and between

hospitals as coding procedures change. Where the opioid type was

not specifically noted we are unable to capture it in our data. For this

reason, the results in terms of the absolute rates of harm are most

probably a substantial underestimate of opioid-related harm in the

population. However, we are not aware of any reason why this would

systematically affect one opioid over another to reduce our confi-

dence in the estimation of relative rates of harm. A final limitation is

that the source of opioids is not captured in the ED presentations

data, precluding assessment of diversion. In calculating rates as ED

presentations per oral morphine equivalents, per opioid type, ED

presentations were captured regardless of the source, whereas the

oral morphine equivalents (opioid supply) were based on legal sources

only (i.e. opioid products sold to Victorian community pharmacies).

However, to date, supply of opioids including fentanyl outside the

medical system is rare in Australia [39].

CONCLUSIONS

Rates of harm vary by opioid, and these are not necessarily ordered

by opioid potency. Harm metrics should disaggregate pharmaceutical

opioids where possible, as clear patterns relating to demographics and

intent differ by opioid type that can be used to inform more specific

prevention strategies.
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