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A system-wide solution to antidote stocking

in emergency departments: the Nova Scotia
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ABSTRACT

Objective: Inadequate stocking of essential antidotes in

hospitals is an internationally documented problem. A

concrete and sustainable system-wide solution for easy

access to antidotes in emergency departments (EDs) was

developed and implemented in Nova Scotia, Canada.

Methods: Antidote stocking guidelines and a systemwide

antidote management strategy were established. A standar-

dized collection of antidotes housed in highly visible containers

in provincial EDs was implemented for timely access. Antidote-

specific online administration guidelines were developed.

Using the poison centre for surveillance, the antidote program

maintained a database of antidote utilization patterns; 11 years

of data were available for analysis.

Results: 2/2 (100%) tertiary care, 9/9 (100%) regional EDs, and

21/25 (84%) community EDs in Nova Scotia stock antidote kits,

for an overall compliance rate of 32/36 (89%). A total of 678

antidotes (excluding N-acetylcysteine) were used for 520

patients. The distribution of antidote use by hospital type was

99/678 (14.6%) at community hospitals, 379/678 (55.9%) at

regional hospitals, and 200/678 (29.5%) at tertiary care hospitals.

The five most commonly used antidotes were: naloxone

143/678 (21.1%), fomepizole 111/678 (16.4%), glucagon 94/678

(13.9%), calcium 70/678 (10.3%), and sodium bicarbonate 67/678

(9.9%). Of the 520 patients in whom antidotes were used, death

occurred in 3% (15/520), major outcomes in 35% (183/520), and

moderate outcomes in 39% (205/520).

Conclusion: The Nova Scotia Antidote Program demonstrates

that a solution to inadequate antidote stocking is achievable

and requires a system-wide approach with ongoing main-

tenance and surveillance. The frequency and distribution of

antidote usage documented in this program supports the

need for enhancement of emergency preparedness. The

poison centre and hospital pharmacies are crucial to

surveillance and maintenance of this program.

RÉSUMÉ

Introduction: L’approvisionnement insuffisant en antidotes

essentiels dans les hôpitaux est un problème mondialement

reconnu. Une solution concrète, durable et applicable à

l’échelle du réseau pour faciliter l’accès aux antidotes dans

les services des urgences (SU) a été élaborée et mise en

œuvre en Nouvelle-Écosse, au Canada.

Méthode: Une équipe a conçu des lignes directrices sur

l’approvisionnement en antidotes ainsi qu’une stratégie de

gestion des antidotes à l’échelle du réseau. Un assortiment

uniforme d’antidotes conservés dans des contenants très

visibles a été mis en réserve dans divers SU à la grandeur de

la province en vue d’un accès rapide. Ont été élaborées des

lignes directrices sur la gestion en ligne de différents

antidotes. Les gestionnaires du programme d’antidotes, aidés

du centre antipoison pour la surveillance, ont entretenu une

base de données sur les habitudes d’utilisation des antidotes;

les chercheurs disposaient de données cumulées sur une

période de 11 ans pour en faire l’analyse.

Résultats: Les trousses d’antidotes sont entreposées dans 2

hôpitaux de soins tertiaires sur 2 (100 %), dans 9 SU régionaux

sur 9 (100 %) et dans 21 SU communautaires sur 25 (84 %) en

Nouvelle-Écosse, et le taux général de conformité aux recom-

mandations est de 32/36 (89 %). En tout, 678 antidotes (à

l’exception de la N-acétylcystéine) ont été administrés à 520

patients. L’utilisation des antidotes selon les types d’hôpitaux

était répartie comme suit : 14,6 % (99/678) dans les hôpitaux

communautaires; 55,9 % (379/678) dans les hôpitaux régionaux

et 29,5 % (200/678) dans les hôpitaux de soins tertiaires.

Les cinq antidotes utilisés le plus souvent étaient la naloxone :

143/678 (21,1 %), le fomépizole : 111/678 (16,4 %), le glucagon :

94/678 (13,9 %), le calcium : 70/678 (10,3 %) et le bicarbonate de

sodium : 67/678 (9,9 %). Sur les 520 patients qui ont reçu des

antidotes, 15 (3 %) sont morts, 183 (35 %) ont connu des effets

graves et 205 (39 %), des effets modérés.

Conclusions: Le programme de gestion des antidotes en

Nouvelle-Écosse est la preuve qu’il est possible de trouver

une solution au problème d’approvisionnement en antidotes,

solution fondée sur l’ensemble du réseau, qui nécessite

une surveillance et un entretien continus. La fréquence

d’utilisation des antidotes et la répartition dans le réseau,

documentées dans le programme, étayent la nécessité
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d’améliorer le degré de préparation aux situations d’urgence.

Le centre antipoison et les pharmacies hospitalières jouent un

rôle crucial dans la surveillance et l’entretien du programme.

Keywords: antidote, poison centre, emergency preparedness

INTRODUCTION

Antidotes can be an essential part of the emergency
management of poisoned patients. Inadequate antidote
stocking in hospitals is a well-documented occurrence
on an international level. Several survey studies in dif-
ferent countries have documented inadequate stores of
and accessibility to time-sensitive antidotes.1-14 Cana-
dian studies have also highlighted the scope of this
problem in British Columbia (BC), Ontario, and Que-
bec.1-6 The BC group published consensus guidelines
for antidote stocking as a response to this issue and
provided strategies for appropriate population- and
hospital-based distribution. A follow-up survey
demonstrated improved yet suboptimal compliance
with recommendations.5,6

Potential reasons for these deficiencies included cost,
a lack of awareness of the importance of antidotes, the
absence of national standards, hospital size, and anti-
dote availability.2-4 Certain antidotes are not readily
available in Canada and require procurement through
the Special Access Program (Health Canada) that may
present a challenge for some hospitals. These barriers
are more significant for smaller hospitals that have
limited resources.1-3

A solution to inadequate antidote stocking and
accessibility was presented in one publication in which a
toxicology cart with all necessary antidotes within an

emergency department (ED) was implemented.16 The
Nova Scotia (NS) program has a similar premise but was
extrapolated to an entire province. A 2004 local antidote
stocking survey7 based on consensus guidelines was con-
ducted in EDs in the district that contain both adult and
pediatric tertiary care centres. It revealed deficiencies
similar to those in the literature, indicating an overall
compliance of 62.5% for 14 of the currently recommended
antidotes (Appendix A). This provided the impetus for a
comprehensive district-wide pilot program, which resulted
in 100% compliance with the antidote stocking guidelines
at all eight sites. The pilot program then evolved into a
province-wide program in 2009. Guidelines for antidote
stocking were developed for the province, but the main
features of the program that differed from other approa-
ches in the literature are as follows:

- Placement of a highly visible room temperature
antidote kit (Figure 1) and refrigerated antidote kit
within each ED.

- Surveillance and maintenance of the kits in each
district by a designated pharmacy.

- Antidote-specific administration instructions avail-
able online.

- Support from provincial hospital administration.
- Antidote-specific data collection obtained through real-

time surveillance through poison centre consultations.

Figure 1. (a) The antidote kit. (b) Three tiers of standardized antidotes.
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- Biannual interdisciplinary antidote committee meetings.
- Ongoing communication with ED chiefs, pharmacy

directors, and ED nurse educators.

This paper outlines the complex process of planning
and implementing such a program and describes anti-
dote utilization patterns over an 11-year period in NS.

METHODS

This section outlines the methodology for antidote
program development and implementation, followed by
the methodology for data extraction and analysis. This
study was approved by the research ethics board at the
IWK Health Centre, in Halifax, NS.

Methods part one: Antidote program development and
implementation

A multidisciplinary committee including a medical
toxicologist, an emergency physician, pharmacists,
pharmacy technicians, and a poison centre specialist was
established. Five objectives were identified and are
described below.

1. Approval and funding
Approval was obtained from the provincial hospital
administration, and hospitals were encouraged to commit
to the program; however, no dedicated provincial funding
for this program was secured. Costs were absorbed by the
pharmacy and EDs in each district. The costs included
procurement and maintenance of antidotes and a room
temperature and refrigerated storage box to house anti-
dotes in EDs, as well as sharing the salary cost of a pro-
vincial antidote coordinator. The procurement cost4 for
recommended antidotes in 2005 was approximately
$9,600 and is currently estimated to be $11,760.

2. Antidote stocking guidelines
The committee used the current literature and advice
from expert consultants to determine recommended
antidotes. Recommended quantities were based on the
estimated 24-hour treatment supply for a 70-kg patient,
accessibility to other sites for rarely required or
expensive antidotes, the likelihood of use, expert opi-
nion, and cost. Geographic distribution of provincial
EDs allowed sharing of antidotes. Antidotes that were
designated ward stock antidotes were generally stocked

in larger quantities as they could be used for indications
other than toxicity.
Two types of antidote kits were developed: a “full”

kit containing original antidote quantities and a
“modified” kit for smaller EDs with quantities that
provided four hours of treatment. Current recommen-
dations for antidotes and quantities in NS are listed in
Table 1.
The designated central pharmacy for the program

was located at the adult tertiary care centre. This
pharmacy stocks two rarely used antidotes, sodium
thiosulfate and black widow spider antivenin. The
program recommends three antidotes available through
the Special Access Program (SAP; black widow spider
antivenin, Dimaval®, and pralidoxime). The central
pharmacy is benefitted by an SAP pharmacy technician
who procures SAP antidotes for that district and assists
other districts as required.

3. Access to antidotes
A three-tiered yellow plastic box containing most of the
antidotes (Figure 1) enhanced the visibility and acces-
sibility of antidotes within EDs. Four antidotes were
designated as ED ward stock and not included in the
kits (Table 1). Antidotes requiring refrigeration were
placed in a small labelled red box and located in a
designated ED refrigerator.

4. Antidote administration guidelines
Evidence-informed antidote-specific monographs were
developed in a standard format with information
including toxicologic indications, dosing specific to
antidote use, detailed preparation and administration
guidelines, adverse effects, intravenous (IV) compat-
ibility, and stability. These monographs were developed
and maintained by the poison centre and are located on
their website.

5. Maintenance and surveillance of the program
Stocking and replenishment. For the purposes of the
program, NS was divided into nine geographical dis-
tricts. Stocking and replenishment were the responsi-
bility of the pharmacy director at each district site
and was typically carried out by a trained pharmacy
technician. Although specific pharmacy procedures may
differ, kits are assembled at one designated district
hospital and dispensed to EDs as a sealed entity with an
expiry date. Each district has a policy and procedure for
restocking kits in instances in which an additional
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supply of an antidote or antidotes are required imme-
diately, after a kit is used, and when the stock is
required on an urgent basis.

To facilitate cost containment, central tracking of
expiry dates is performed in each district, and antidotes
are recycled prior to expiry if possible (e.g., naloxone to
operating rooms). If recycling is not successful, expired
products are returned to the manufacturers for credit
as permitted. For antidotes designated as ED ward
stock (Table 1), a quality assurance survey is conducted
annually.

Education. Education was provided by the provincial
antidote coordinator to ED staff across the province.
The program was publicized through multiple con-
tinuing medical education (CME) activities in the
region and in written communications with ED chiefs,
pharmacy directors, and ED nurse educators.

Management and data collection. The provincial
antidote committee was responsible for management of
the program and met biannually. The committee
reviewed utilization data, advised on issues of drug

Table 1. Antidote stocking recommendations in NS

Antidote Toxin/indication
Stock required for
full kit

Stock required for
modified kit Stock location

Acetylcysteine
(6 g/30mL vial)

Acetaminophen, other
hepatotoxins

72 g (12 vials) 72 g (12 vials) ED ward stock

Atropine
(0.6mg/mL ampoule)

Cholinesterase inhibitor
insecticides, nerve agents, and
drug-induced bradycardia

96mg (160 ampoules)* 96mg (160 ampoules)* Antidote kit

Black widow spider antivenin
(Antivenin Latrodectus mactans)
(1 vial)

Black widow spider envenomation none none 1 vial in central
pharmacy
SAP antidote

Calcium chloride
(1 g/10mL syringe)

Calcium channel blocker, toxin-
induced hypocalcemia

8 g (8 syringes) 8 g (8 syringes) Antidote kit

Calcium gluconate
(2.5% gel)
(1 g/10mL ampoule)

Hydrofluoric acid exposure 2 tubes (30 g) and
25 g (25 ampoules)

1 tube (30 g) and
25 g (25 ampoules)

Antidote kit

Deferoxamine (desferrioxamine)
(2 g vial)

Iron toxicity 6 g (3 vials) 4 g (2 vials)* Antidote kit

Digoxin immune Fab
(40mg vial)

Digoxin and other cardioactive
steroids

240mg (6 vials) 240mg (6 vials) Antidote fridge kit

Dimaval®
250mg/5 mL ampoule

Arsenic, lead, and mercury 2 ampoules* 1 ampoule* Antidote kit
SAP antidote

Flumazenil
(0.5mg/5mL vial)

Benzodiazepine toxicity 2.5mg (5 vials)* 2.5mg (5 vials)* ED ward stock

Fomepizole
(1.5 g/1.5mL vial)

Ethylene glycol,
methanol,
and glycol ethers

3 g (2 vials)* 1.5 g (1 vial)* Antidote kit

Glucagon
(1mg kit)

Beta blocker, calcium channel
blocker toxicity

40mg* 40mg* Antidote kit

Hydroxocobalamin (Cyanokit)
1 × 5 g vials

Cyanide toxicity 5 g 5 g Antidote kit

Insulin Regular 100 units/mL) Beta blocker, calcium channel
blocker toxicity

20mL (2×10mL) 20mL (2× 10mL) Ward stock,
refrigerator

Lipid emulsion 20% (Intralipid) Local anesthetic toxicity, drug-
induced hemodynamic instability,
or cardiac arrest

1000mL (2× 500mL) 1000mL (2×500mL) Antidote kit

Methylene blue
(50mg/5mL vial)

Methemoglobinemia 500mg (10 vials) 150mg (3 vials)* Antidote kit

Naloxone
(0.4mg/mL ampoule)

Opioids 16mg (40 vials)* 10mg (25 vials)* Antidote kit

Octreotide
(100mcg/mL ampoule)

Sulfonylurea-induced
hypoglycemia

400mcg (4 ampoules) 100mcg (1 ampoule)* Antidote fridge kit

Pralidoxime (2-PAM)
(1 g vial)

Cholinesterase inhibitor
insecticides, nerve agents

2 g (2 vials)* 2 g (2 vials)* Antidote kit
SAP antidote

Pyridoxine (vitamin B6;
3 g/30mL vial)

Isoniazid, Gyromitra mushroom,
hydrazine, undifferentiated status
epilepticus, and adjunctive
therapy for ethylene glycol
toxicity

21 g (7 vials) 12 g (4 vials)* Antidote kit

Sodium bicarbonate 8.4%
(50mEq/50mL syringe)

Cyclic antidepressants, other
sodium channel blocker toxicity,
drug-induced metabolic acidosis,
and urine alkalinisation

1000mEq (20 syringes) 1000mEq (20 syringes) ED ward stock

Sodium thiosulfate 25%
250mg/mL (100mL vial)

Cyanide toxicity none none 25 g (1 vial)
central pharmacy

*In the event of an overdose, additional stock will be required to treat a patient for 24 hours
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procurement and shortages, and incorporated new
evidence into recommendations. The provincial anti-
dote coordinator disseminated quarterly communica-
tions about the program to provincial stakeholders.

Antidote surveillance was recorded in a database with
data collected from calls to the poison centre and direct
communications with hospital pharmacists. Information
collected included patient identifiers, site, date, indica-
tion, antidote(s) used, and adverse events, as well as an
assessment of the final medical outcome (no effect,
minor effect, moderate effect, major effect, or death, as
per the American Association of Poison Control
Centers [AAPCC]).15

Methods part two: quantitative analysis of compliance
with stocking recommendations and antidote usage

Study design
This is a retrospective, non-comparative, and
descriptive study.

Data sources and collection
The IWK Regional Poison Centre in Halifax, NS,
serves a population of approximately 1.2 million people
and receives approximately 9,000 calls annually. Health
care in NS is delivered by 2 tertiary care hospitals, 9
regional hospitals, and 25 community hospitals providing
emergency care. The tertiary care hospitals have 912
(adult) and 90 (pediatric) acute care beds; regional
hospitals have a median of 103 acute care beds (range
73-436); and all community hospitals have less than 50
acute care beds.

Antidote utilization data for this study were extracted
from the database maintained by the provincial antidote
coordinator. Compliance with the antidote program
was determined by direct communications with phar-
macy directors at least annually in each district from
May 2005 to May 2016.

The following three fields were extracted from the
database for each case in which an antidote was admi-
nistered: antidote used, the size of the hospital (tertiary,
regional, or community), and the medical outcome as
per the AAPCC.15

Outcome measures

1. Hospital compliance with antidote stocking
recommendations.

2. Antidote utilization from May 2005 to May 2016,
including type and frequency of antidote use and
distribution of antidote use across hospital types.

3. Patient outcomes, as defined by the AAPCC.

Data analysis
Descriptive statistics were used to summarize the data
using Microsoft® Excel.

RESULTS

Compliance with the program

From 2005 to 2009, the pilot project in the largest health
district, which included the only adult and pediatric
tertiary care EDs, a regional ED, and five community
EDs, showed 100% compliance. After provincial
expansion in 2009, 7 of the 9 regional EDs and 8 of the
25 community EDs were compliant. By 2011, all nine
(100%) regional EDs were compliant; by 2013, 21 of the
25 (84%) community EDs were compliant (Appendix B).
The overall compliance with the program is 89%

(32/36) of the provincial EDs that was achieved during
a four year period. No EDs have withdrawn from the
program.

Antidote utilization and distribution

A complete description of usage patterns is presented in
Table 2. It should be noted that use of N-acetylcysteine
(NAC) was not officially tracked by the program
because it has been consistently well stocked. To
establish context, there were 1,257 reported cases in
which NAC was used during the study period.
From May 2005 to May 2016, a total of 678 antidotes

were used for 520 patients. Of the 19 recommended
antidotes (excluding NAC and grouping calcium for-
mats), 17 were used during the study period. The five
most commonly used antidotes were: naloxone (143/
678, 21.1%), fomepizole (111/678, 16.4%), glucagon
(94/678, 13.9%), calcium chloride or gluconate (70/678,
10.3%), and sodium bicarbonate (67/678, 9.9%). Anti-
dotes considered to be rarely indicated were also used,
including dimercaprol, pralidoxime, and hydro-
xocobalamin. Antidote utilization by hospital type was
as follows: 99/678 (14.6%) at community hospitals, 379/
678 (55.9%) at regional hospitals, and 200/678 (29.5%)
at tertiary care hospitals (Table 3).
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Patient outcomes

Outcome definitions were based on standard criteria
established by the AAPCC.15 Of the 520 patients for
whom antidotes were used, death occurred in 15 of the
520 (2.9%), major outcomes (e.g., life-threatening
effects such as hemodynamic instability) occurred in
183 of the 520 (35.2%), moderate outcomes (e.g., not
life-threatening but requiring treatment, such as iso-
lated seizure) occurred in 205 in the 520 (39.4%), minor
outcomes (e.g., transient, mild symptoms) occurred in
45 in the 520 (8.7%), and no effect occurred in 17 in the
520 (3.3%). The outcome was unknown in 54 of the
520 patients (10.4%), and one case was confirmed as a
non-exposure case (Table 4).

DISCUSSION

The NS antidote program represents a tangible solution
to the problem of inadequate antidote stocking and is, to
our knowledge, the first of its kind. This program
demonstrates that concrete and sustainable antidote
stocking is achievable but requires a system-wide
approach to ongoing maintenance and surveillance by a
multidisciplinary group. Despite the lack of dedicated
funding, overall compliance of 89% was achieved during
a four year period and has been sustained since 2013, and
no ED has dropped out of the program once involved.

Table 2. Antidote utilization, 2005-2016

Total usage Distribution of usage

Antidote No. of uses Total antidotes used (%) Tertiary Regional Community

Naloxone 143 21.1% 22 (15.4%) 85 (59.4%) 36 (25.2%)
Fomepizole 111 16.4% 35 (31.5%) 66 (59.5%) 10 (9.0%)
Glucagon 94 13.9% 32 (34.0%) 53 (56.4%) 9 (9.6%)
Calcium chloride/gluconate 70 10.3% 17 (24.3%) 42 (60.0%) 11 (15.7%)
Sodium bicarbonate 67 9.9% 21 (31.3%) 35 (52.2%) 11 (16.4%)
Insulin 61 9.0% 21 (34.4%) 31 (50.8%) 9 (14.8%)
Digoxin Fab fragment 41 6.0% 19 (46.3%) 20 (48.8%) 2 (4.9%)
Intralipids 19 2.8% 9 (47.4%) 10 (52.6%) 0
Octreotide 17 2.5% 10 (58.8%) 5 (29.4%) 2 (11.8%)
Atropine 15 2.2% 2 (13.3%) 10 (66.7%) 3 (20.0%)
Pyridoxine 13 1.9% 3 (23.1%) 10 (76.9%) 0
Flumazenil 11 1.6% 1 (9.1%) 6 (54.5%) 4 (36.4%)
Deferoxamine 3 0.4% 1 (33.3%) 2 (66.7%) 0
Ethanol* 3 0.4% 1 (33.3%) 1 (33.3%) 1 (33.3%)
Cyanide antidote/hydroxocobalamin 3 0.4% 1 (33.3%) 1 (33.3%) 1 (33.3%)
Methylene blue 3 0.4% 3 (100%) 0 0
Pralidoxime 2 0.3% 0 2 (100%) 0
Dimercaprol 1 0.1% 1 (100%) 0 0
Cyanide antidote/Lilly kit† 1 0.1% 1 (100%) 0 0
Sodium thiosulfate 0 0 0 0 0
Grand total 678 200 379 99

*Antidote previously recommended by the NS antidote program
†Lilly kit was initially recommended; hydroxocobalamin is the current recommendation

Table 3. Antidote use by hospital type

Type of hospital
Number of antidotes

used (N = 678)

Community 99 (14.6%)
Regional 379 (55.9%)
Tertiary 200 (29.5%)

Table 4. Medical outcomes of antidote cases

Medical outcome Number of cases (N = 520)

Death 15 (2.9%)
Major 183 (35.2%)
Moderate 205 (39.4%)
Minor 45 (8.7%)
Confirmed non-exposure 1 (0.2%)
No effect 17 (3.3%)
Unknown 54 (10.4%)
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The goal of this program is to ensure that all EDs
have immediate access to time-sensitive antidotes,
regardless of hospital size and geographic location. The
cost for each individual hospital to be compliant with
currently published stocking guidelines may represent a
significant financial burden. Our program mitigates the
cost of maintaining antidote stocks while considering
patient safety by establishing a network of antidotes
over large geographic areas. Mechanisms for the shar-
ing of antidotes are crucial to this model and should be
developed by hospital pharmacies and EDs in the event
that larger doses of antidotes are required for a
specific case.

The procurement cost of antidotes is a barrier to
stocking, but this must be weighed against other, pos-
sibly more significant costs arising from poisonings that
are not rapidly reversed with an antidote. Such costs
may include those associated with the treatment of
toxin-induced renal failure or another organ injury,
prolonged hospital stays, patient transport, or extra-
corporeal methods of toxin removal. In our experience,
cost has been a concern for hospital pharmacies and
EDs. Efforts to contain costs were made by recom-
mending a “modified kit” (Table 1) for smaller EDs,
recycling antidotes to other areas of the hospital prior
to expiry, and returning antidotes to manufacturers for
credit if possible. In addition, antidote utilization pat-
terns have informed alterations to antidote stocking
recommendations. For example, pralidoxime was
stocked in all antidote kits; based on our data showing
rare usage, as well as the fact that atropine is the initial
treatment in cholinergic toxidrome, we will be recom-
mending that it be stocked only at regional hospitals
while maintaining an overall provincial stock that could
still treat a patient for a few days. Additional cost
reductions have been achieved by reducing the gluca-
gon stock. Glucagon is expensive: if the maximum dose
of 10 mg/hour is administered, it costs approximately
$8,000 per 24 hours. New evidence-based consensus
guidelines do not include glucagon as an antidote for
calcium channel blocker (CCB) toxicity,21 and it is
typically used as only adjunctive therapy, if at all, in
beta-blocker (BB) toxicity.22 Insulin is supported in the
literature as an antidote for both CCB and BB toxicity
and is inexpensive (approximately $50 per 24 hours).
Maintaining an appropriate supply of insulin while
reducing glucagon is a cost-effective approach that is
supported by the evidence available. Digoxin immune
Fab fragments were rarely used by community EDs

during the study period. This antidote is still required
for immediate treatment of digoxin toxicity, but the
stocking recommendations for community hospitals
will be reduced in our program as a result. This is
supported by recent studies, which have called into
question the current empiric dosing of digoxin immune
Fab fragments as being overestimated and have
documented that calculated doses are low.17-20 This
antidote costs approximately $850 per vial, which has
doubled since 2005 and is no longer returnable if
unused. The current stocking recommendations of six
vials per site for our program already reduces this cost
to some extent by providing each ED the ability to
initiate treatment. Further stock can be obtained as
needed. In summary, by monitoring the utilization data
and regularly evaluating the evidence, costs can be
reduced while preserving patient safety.
The program did increase workload within hospital

pharmacies, and compliance with the antidote stocking
guidelines placed a financial burden on ED and phar-
macy budgets for drug procurement. At some point,
this may not be sustainable without dedicated funding,
and we recommend that this issue be addressed during
the planning stages of any similar program.
A small hospital size has been described as a barrier to

sufficient antidote stocking because of limited resour-
ces, a lack of specialist physicians, and the perception
that treating poisoned patients is rare. In NS, 70.5% of
antidote usage during the study period was by regional
and community EDs. This contradicts the assumption
that smaller hospitals do not need to stock “expensive”
antidotes. The frequency of antidote use was higher
than expected, every six days (excluding NAC), on
average, which supports the necessity of stocking anti-
dotes for emergency preparedness.
Most patients who required antidotes had a final

recorded outcome demonstrating important morbidity
and mortality information. These patients presented to
the community and regional EDs in significant num-
bers. Our data support that having ready access to time-
sensitive antidotes in these hospitals is an essential
aspect of hospital emergency preparedness.
The need for consistent preparation, administration,

and dosing guidelines was evident at the inception of the
antidote program. Most hospital IV manuals contained
information about only the non-antidotal use of medica-
tions such as insulin or glucagon. In addition, there is a
multitude of resources with varying recommendations,
with no step-by-step preparation instructions. In our
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opinion, dedicated antidote administration guidelines are
essential while implementing an antidote program for
consistency, clarity, and timely administration.

Poison centre involvement proved essential to the
NS antidote program. Poison centre staff promote
awareness of the antidote program and administration
guidelines while managing cases in real time with
on-call physician backup. Poison centres are the only
health care service to provide continuity of care for the
poisoned patient from the time a call comes from the
home to prehospital, ED, and intensive care; thus,
poison centres are vital for optimizing care for this
patient population.

NS was an ideal province for such a pilot program,
given its relatively small geographic area and population
densities, as well as its infrastructure including a poison
centre, an advanced prehospital system, and two tertiary
care centres serving adult and pediatric populations.
The basic principles of this program could be extra-
polated to larger provinces or countries to achieve
success in antidote stocking.

LIMITATIONS

Antidote and patient tracking in our program relied on
voluntary reporting through the poison centre, hospital
pharmacies, and/or hospital pharmacy inventory
systems. In addition, NAC use was not included, and it
was more difficult to track antidotes not contained in
the kit. Antidotes with which clinicians have a high level
of comfort (e.g., naloxone) may not prompt a call to the
poison centre. Therefore, actual antidote usage is
undoubtedly much larger than what was reported. This
study was not designed to evaluate whether antidote use
was appropriate, any potential relationship between
antidote stocking and patient outcome, or cost-
effectiveness. Future research will examine these issues.

Another limitation was that compliance with the
antidote program is not mandatory. Each district used
its discretion regarding antidote kit stocking; as a result,
implementation took years to achieve. Nonetheless,
overall compliance is currently excellent.

CONCLUSIONS

Front-line healthcare providers need timely access to
necessary antidotes, regardless of geographic location,
and standardized, up-to-date guidelines for antidote
administration. The NS antidote program is, to our

knowledge, the first large scale program to demonstrate
that a concrete and sustainable solution to ED antidote
stocking is achievable with a system-wide approach
and ongoing maintenance and surveillance. The fre-
quency and distribution of antidote use in this program
support the need for adequate antidote stocking in
all EDs regardless of hospital size. Poison centres
provide consultations to large geographic areas
through telecommunication and are uniquely poised to
support surveillance and improvement of an antidote
program.
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APPENDIX A. LOCAL ANTIDOTE STOCKING SURVEY BEFORE

IMPLEMENTATION OF THE ANTIDOTE PROGRAM (2004)

Antidote T 1 T 2 R 1 C 1 C2 C3 C4 C5

Acetylcysteine Y Y Y Y Y Y N Y
Atropine Y Y Y Y Y Y Y Y
Calcium chloride Y Y Y Y Y Y Y Y
Calcium gluconate Y Y N N N Y Y Y
Cyanide antidote kit Y Y Y Y N N N N
Deferoxamine Y Y Y N N N N N
Digoxin immune Fab Y Y Y Y N N N N
Dimercaprol N N N N N N N N
Ethanol Y Y Y N Y Y N N
Fomepizole Y Y N N N N N N
Glucagon Y Y Y Y Y Y Y Y
Methylene blue Y Y Y Y Y N N N
Naloxone Y Y Y Y Y Y Y Y
Physostigmine N Y Y N N N N N
Pralidoxime N Y N N N N N N
Sodium bicarbonate Y Y Y Y Y Y Y Y

Note: Quantities of antidotes were not documented, only whether they were stocked in
the hospital. After implementation in 2005, all sites were 100% compliant with the
recommended antidotes. Ethanol and physostigmine were not included in the final
recommendations.
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APPENDIX B. COMPLIANCE OF EDS WITH THE NS ANTIDOTE PROGRAM BY YEAR, HOSPITAL TYPE, AND ANTIDOTE KIT TYPE

Year 2009 2010 2011 2012 2013 2014
2015
2016

Health zone 1 Regional 1 FK FK FK FK FK FK FK
Regional 2 FK FK FK FK FK FK FK
Regional 3 None None FK FK FK FK FK
Community 1 PK PK PK PK PK PK PK
Community 2 PK PK PK PK PK PK PK
Community 3 FK FK FK FK FK FK MK
Community 4 FK FK FK FK FK FK MK
Community 5 None None None FK FK FK FK
Community 6 None None None FK FK FK FK

Health zone 2 Regional 4 FK FK FK FK FK FK FK
Regional 5 FK FK FK FK FK FK FK
Regional 6 None FK FK FK FK FK FK
Community 7 MK MK MK MK MK MK MK
Community 8 None None None None None None None
Community 9 None None None None None None None

Health zone 3 Regional 7 None None FK FK FK FK FK
Regional 8 None FK FK FK FK FK FK
Community 10 None None None FK FK FK FK
Community 11 None None None FK FK FK MK
Community 12 None None None FK FK FK FK
Community 13 None None None FK FK FK MK
Community 14 None None None None FK FK FK
Community 15 None None None None FK FK FK
Community 16 None None None None FK FK FK
Community 17 None None None None FK FK FK
Community 18 None None None None FK FK FK
Community 19 None None None None FK FK FK
Community 20 None None None None FK FK FK

Health zone 4 Tertiary 1 FK FK FK FK FK FK FK
Tertiary 2 FK FK FK FK FK FK FK
Regional 9 FK FK FK FK FK FK FK
Community 21 FK FK FK FK FK FK FK
Community 22 FK FK FK FK FK FK FK
Community 23 FK FK FK FK FK MK MK
Community 24 FK FK FK FK FK MK MK
Community 25 FK FK FK FK FK FK FK

Regional compliance 7/11 9/11 11/11 11/11 11/11 11/11 11/11
(64%) (82%) (100%) (100%) (100%) (100%) (100%)

Community compliance Modified or full kit 8/25 8/25 8/25 14/25 21/25 21/25 21/25
(32%) (32%) (32%) (56%) (84%) (84%) (84%)

Partial kit (not fully compliant
with recommendations)

2 2 2 2 2 2 2

No kit 15 15 15 9 2 2 2
Overall 15/36 17/36 19/36 25/36 32/36 32/36 32/36

42% 47% 53% 69% 89% 89% 89%

FK = full kit; MK = modified kit; None = ED does not stock an antidote kit; PK = partial kit (not fully compliant with program stocking recommendations).
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