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Abstract
Objetive: To design a virtual antidote network between hospitals that could help to
locate on-line those hospitals that stocked those antidotes with the highest difficulty in
terms of availability, and ensured that the medication was loaned in case of necessity.
Methods: The application was developed by four hospital pharmacists and two clinical
toxicologists with the support of a Healthcare Informatics Consultant Company.
Results: The antidotes network in Catalonia, Spain, was launched in July 2015. It can be
accessed through the platform: www.xarxaantidots.org. The application has an open area
with overall information about the project and the option to ask toxicological questions
of non-urgent nature. The private area is divided into four sections: 1) Antidotes: data of
interest about the 15 antidotes included in the network and their recommended stock
depending on the complexity of the hospital, 2) Antidote stock management: virtual
formulary, 3) Loans: location of antidotes through the on-line map application Google
Maps, and virtual loan request, and 4) Documentation: As of June, 2016, 40 public
and private hospitals have joined the network, from all four provinces of Catalonia,
which have accessed the private area 2 102 times, requested two loans of silibinin, one of
hydroxocobalamin, three of antiophidic serum and three of botulism antitoxin. Thirteen
toxicological consultations have been received.
Conclusions: The implementation of this network improves the communication
between centers that manage poisoned patients, adapts and standardizes the stock of
antidotes in hospitals, speeds up loans if necessary, and improves the quality of care for
poisoned patients.
KEYWORDS: Antidotes++ Poisonings++ Virtual network++ Toxicology.

Resumen
Objetivo: Disefiar unared virtual de antidotos entre hospitales que permitiese localizar,
de forma online, en qué hospitales estin ubicados los antidotos con mayor dificultad de
disponibilidad y facilitase el préstamo de la medicacién en caso de necesidad.
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M¢étodo: La aplicacién fue desarrollada por cuatro farmacéuticos de hospital, dos
toxicologos clinicos y el soporte de una empresa informética.

Resultados: La red de antidotos de Catalufia entré en funcionamiento en julio de
2015. Puede accederse a través de la plataforma: www.xarxaantidots.org. La aplicacién
consta de una zona abierta con informacién general del proyecto y la posibilidad de
realizar consultas toxicoldgicas de cardcter no urgente. La zona privada se divide en
cuatro secciones: 1) Antidotos: datos de interés de los 15 antidotos en red y dotacién
recomendada en funcién de la complejidad del hospital, 2) Gestién del stock de
antidotos: botiquines virtuales, 3) Préstamos: localizacién de antidotos mediante el
servidor de aplicaciones de mapas en la web, Google Maps, y solicitud de préstamo virtual
y 4) Documentacién: Hasta junio de 2016 son 40 los hospitales ptblicos y privados de
las cuatro provincias de Cataluna adheridos; se han registrado 2.102 accesos a la zona
privada, solicitado dos préstamos de silibinina, uno de hidroxocobalamina, tres de suero
antiofidico y tres de suero antibotulinico. Se han recibido 13 consultas toxicoldgicas.
Conclusiones: La puesta en marcha de la red mejora la comunicacién entre centros que
atienden a pacientes intoxicados, adecua y homogeneiza la dotacién de antidotos de los
hospitales, agiliza los préstamos en caso necesario y aumenta la calidad de la atencién a
los pacientes intoxicados.

PALABRAS CLAVE: Antidotos, Intoxicaciones, Red virtual, Toxicologia.
Contribution to scientific literature

It is necessary to have an adequate availability of antidotes in those
healthcare settings with Emergency Care, because sometimes their
early administration might determine the prognosis of the poisoned
patient. Hospital Pharmacy Units are responsible for ensuring the
availability of antidotes in the hospital setting; however, this is a complex
matter, because some factors can determine their availability, such as
the frequency of a specific type of poisoning, the urgency of antidote
administration, difficult acquisition, the high cost of some of them, and
their short expiration period.

The attached manuscript presents the development and functioning of
a computer tool that will be helpful for the pharmacists and physicians of
different hospitals, in order to improve the availability of those antidotes
with higher availability issues. This is an application that allows the fast
location of those hospitals where a specific antidote is stocked, and to
speed up its loan if necessary.

Though different international and national studies have suggested the
creation of this type of application as a possible solution for the issue
of antidotes availability, very few experiences have been published about
this, and none of them as an initiative by the same hospitals managing
the antidotes. The most similar publication in literature is the initiative
by the Italian National Centre for Toxicological Information, which has
information and control on the antidotes stocked in different places in
the country.

Introduction

Acute poisoning and abuse drug overdoses represent 2-3% of the
Emergencies managed at hospitals. Most of them are mild exposures
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that can be treated with symptomatic measures only. However, in some
patients it might be necessary to administer an antidote in order to
minimize morbimortality risks, and in these cases, treatment success will
depend on the availability and sufficient quantity of the antidote required
at the place of patient care.

Numerous national and international publications have stated that
the required antidotes are quite often not available in those hospitals
managing poisoning. The first studies on antidote availability date from
the 90s. The Dart et al. group had already reported in 1996' the
insufficient stock of eight antidotes in the Pharmacy Units from 137
hospitals in Colorado, Montana and Nevada. Also in Spain, an article
published in 1998 by Nogué et al.* stated the lack of homogeneity in
terms of antidote availability, and in 2006, Aguilar et al.> showed that
Catalan hospitals did not stock all those antidotes required in order to
treat any poisoning, and that these deficiencies were both qualitative and
quantitative, and affected hospitals of all levels of care.

The availability of antidotes in the different settings of care is a complex
matter. Some factors can determine their availability at the points of
care, such as the frequency of presentation of a specific type of poisoning
in a geographical area, the urgency for antidote administration, the
difficulties for its acquisition, the high cost of some of them, and their
short expiration period. Hospital Pharmacy Departments are responsible
for the acquisition and custody of antidotes, as well as for ensuring
their availability when required. However, there are no rules regarding
which antidotes must be included in hospital formularies, and in which

quantity; therefore, their stock will depend on the involvement by

physicians and pharmacists in each centre*.

In this context, the Antidote Work Team from the Societat
Catalana de Farmacia Clinica (SCFC) was created in 2013, formed by
four pharmacists from hospitals in Catalonia with different levels of
complexity, and two clinical toxicologists with wide experience in acute
poisoning, both in adult and paediatric patients. The main objective of
this team was to establish updated recommendations about the antidotes
that should be stocked in hospitals, and in which quantity, according
to the level of care complexity; as well as to review and update the
toxicological indications for each one, and the recommendations with
the highest level of consensus about dosing for adults and children’.
The team was aware of the difficulties in order to implement these
recommendations in hospitals, taking into account the cost represented
by keeping the adequate stock of some antidotes. For this reason, it was
decided to design a virtual network of antidotes between hospitals, that
allowed to locate on-line those hospitals that stocked those antidotes
with the highest difficulty in terms of availability, and at the same time
ensured that the medication wasloaned in case of necessity. Therefore, the
Pharmacy Departments could hold a minimum stock in order to cover
the first hours of treatment for poisoned patients, and it would be possible
to complete treatment by requesting a loan of the antidote from a nearby
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hospital. This network has been functioning since July, 2015, and this
article describes its functioning and initial outcomes.

Material and methods

A computer application was developed with the assistance of a company
with experience in the development of computer tools and web-pages
associated with the healthcare setting. For this development, there was
funding by the SCFC. The four starting points for developing the
network of antidotes were the selection of the antidotes to be included,
the hospitals involved, the control of the stock of antidotes, and loan
management.

Antidotes

Initially, the work team conducted a bibliographic review of the scientific
evidence on the use of antidotes for treatment of poisoning. A final list
was prepared, including 34 medications recommended to be available in
any high-technology hospital, as well as in regional hospitals of reference;
it would be desirable that 22 of these medications were available in any
hospital, regardless of their level of care. There was also a calculation of
the quantity that would be advisable to have of each one, based on the
complexity of each hospital.

Based on this initial list, there was a selection of those drugs that
would become part of the antidote network, giving priority to factors
such as low use, high cost, and/or difficulties in availability. Said
difficulties could arise because these were foreign medications, magistral
formulations, or because the required doses to cover the treatment for
the toxicological indication were much higher than the rest of usual
indications, and therefore, the quantity available in hospitals was not
enough. Those antidotes that presented more frequent deficiencies in
the studies published on availability were also identified. The final
result was the selection of 15 antidotes to be included in the network:
anti-digoxin antibodies, methylene blue, deferoxamine, dimercaprol,
edetate calcium disodium, ethanol, physostigmine, fomepizole, glucagon,
hydroxocobalamin, pyridoxine, pralidoxime, silibinin, antibotulinum
serum, and antiophidic serum.

Hospitals involved

The creation of the Antidotes Network was informed to all Catalan
Hospital Pharmacy Departments, in order to create awareness about the
project, and to request the involvement by all public and private Catalan
hospitals. An application form for joining the network was attached,
requiring the incorporation of a pharmacist of contact (“farmatox”) and
a physician from the Emergency Unit of referral (“urgetox”). Data from
the Pharmacy Department and Emergency Unit were also requested, as
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well as the address of the centre and the GPS latitude and longitude
coordinates, if known.

Control of the antidote stock and management of loans

An application was designed that allowed to create virtual formularies of
those antidotes included in the network, so that each hospital involved
could record the entry and exit movements of the antidotes, and therefore
ensure that the stock was the real one at any time. In case of loan request,
the application also created the relevant movements, and generated an
email to the requesting hospital as a notification.

In order to facilitate a fast and easy location of the antidotes available in
the hospitals included in the network, a system of search by medication or
hospital was designed, using the on-line map applications Google Maps
and Google Earth.

Results

The Antidote Network in Catalonia started functioning on July, 2015.
It can be accessed through this on-line platform: www.xarxaantidots.org,
This application features an area open to all internet users, with general
information about the project, the centres included, documents prepared
by the team, links of interest, and the option to conduct non-urgent
toxicological consultations to the team experts. Thirteen queries had been
received until June, 2016, and these were relative to the specific treatment
of some poisoning, the review of the contents of antidote formularies, and
information on the availability and problems with antidote supply.

The private area of the application can be accessed by all hospitals
that have voluntarily joined the antidote network, with a username and
a password. Four profiles were created for each participant hospital:
“farmatox”, “urgetox”, a general Pharmacy user, and one for the ER,
which allow to access the application when the first ones are not working.
All profiles allow to locate antidotes and request loans, but only the
“farmatox” can record the entry and exit movements of medications in the
application, in order to keep the stock updated. A licence was also created
to access the Toxicological Information System from the National
institute of Toxicology and Forensic Science and the Spanish Foundation
of Clinical Toxicology, by express request of these organizations, and in
order to facilitate their job in terms of resolution of queries.

By June, 2016, there are 40 public and private hospitals from the four
provinces in Catalonia that have joined the Antidote Network (Table 1).



Raquel Aguilar-Salmerdn, et al. Creation of a virtual antidotes network between pharmacy departments of catalan hospitals

Table 1
Catalan hospitals included in the Antidote Network
Number of
Province Name of the Hospital City :,Esp;gfl E':‘“‘;me‘
(year 2015)*
Barcelona Hospital Municipal de Badalona Badalona public £1,165
Hospital de la Santa Creu | Sant Pau Barcelona public 130,679
SCIAS - Hospital de Barcelona Barcelona private N/A
Hospital Clinic de Barcelona Barcelona public 105,234
Hospital Universitari Vall d"Hebron Barcelona public 186,618
Clinica del Pilar Barcelona private N/A
Hospital del Mar Barcelona public 118,732
Clinica Mutua Midat Cyclops Barcelona private N/A
Hospital Universitari Sagrat Cor Barcelona public 17,821
Centro Médico Teknon Barcelona private N/AA
Hospital Universitari Quiron Dexeus Barcelona private A&
Hospital Sant loan de Déu - Barcelona Esplugues de Llobregat public 105,071
Hospital General de Granollers Granollers public 98,660
Consorci Sanitari de I'Anola lgualada public 55,915
Hospital de Matard Matard public 95,827
Hospital de Mollet Mollet del Vallés public 69,369
Corporacid Parc Tauli Sabadell public 122,752
Parc Sanitari Sant Joan de Déu Sant Boi de Llobregat public 86,100
Hospital Sant Joan Despl Moisés Broggi Sant Joan Despi public 63,791
Consordi Sanitari Garraf. Hospital Sant Camil Sant Pere de Ribes public 43,314
Fundacié Hospital de I'Esperit Sant Santa Coloma de Gramenet public 58,610
Consorci Sanitari de Terrassa Terrassa public 104,339
Hospital Mutua de Terrassa Terrassa public 126,664
Hospital General de Vic Vic public 22,252
Hospital de Viladecans Viladecans public 40,526
Hospital Comarcal de I'Alt Penedés Vilafranca del Penadés public 60,511
Hospital General de Catalunya Sant Cugat del Vallés private MIA
Hospital dels Nens Barcelona private h/A
Girona Clinica Salus Infirmorum Banyoles private 11,030
Hospital Comarcal de Blanes Blanes public 42,866
Hospital Sant Jaurne de Calella Calella public 42,866
Hospital de Campdevanol Campdevanol public 11,034
Hospital de Figueres Figueres public 63,232
Hospital Universitari de Girona Dr. Josep Trueta  Girona public 63,358
Clinica Girona Girona private 68
Hospital d'Olot | Comarcal de la Garrotxa Olot public 29,989
Hospital de Palamads Palamds public 56,799
Hospital Santa Caterina Salt public 44,194
Lisida Hospital Universitari Amau de Vilanova Lleida public 85,539
Tarragona Hospital Universitard Joan XXl Tarragona public 188,207

N/A= Data Not Available.
* Data provided by the Departament de Salut of Catalonia.

The private area is divided into four sections. The Antidote Section
contains information about the antidotes, that can be consulted on-
line. This is a dynamic list, maintained by the members of the group,
that collects data about the toxicological indications, dosing with the
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highest consensus both for adults and children, formulations available,
observations about the administration, stability, adverse reactions, and
other considerations to be taken into account, as well as the quantities
recommended to be stocked according to the complexity of each hospital

(Figure 1).
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Figure 1
Example of the information available in the application for each antidote.

The section for Antidote Stock Management collects the quantity
available of the antidotes in the network stocked in each hospital. The
application allows the “farmatox” to enter any entry and exit movements.
Each entry must include: medication, number of units, lot, expiration
date, and type of movement. For the latter, two types of entry movements
have been defined (purchase of medication and return of the loan to other
hospital), and three types of exit movements (own use, expiration, and

loan) (Figure 2).
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Figure 2
Management of the antidote stock movements.
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The pharmacist responsible in each hospital must conduct manually
all movements for stock maintenance (loan movements as well as for
own use). In order to facilitate this stock maintenance, the application
allows printing a document with the units entered from each lot, and the
expiration date for each one. Those units expired will appear highlighted
in red.

The application allows to conduct the search of antidotes by
medication or by hospital, in the section of the map showing the
information of all hospitals included in the network. When the search is
conducted by hospital, the following data can be consulted in the map:
names of the “farmatox” and “urgetox”, address, telephone number, e-
mail, fax, and working hours of the Pharmacy Department and telephone
number of the Emergency Unit. All antidotes available in the centre are
also displayed, with their number of units and the next expiration date
(Figure 3). When conducting the search by antidote, all hospitals where
it is available will be displayed, as well as the number of units available,
and the next expiration date (Figure 4).

I if |
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Figure 3
Search of antidotes by hospital in the network.
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Figure 4

Search by antidotes among the hospitals in the network.

Once the centre for requesting the antidote has been located, the
application allows the generation of a loan. In order to do this, the
requesting hospital must select the medication requested, its quantity
and to which hospital, from the Loan Section. Once this is completed,
the application will automatically send an e-mail to the “farmatox”, the
“urgetox” , and the general e-mail address of the Pharmacy Unit receiving
the request. However, it is recommended to make a phone call in order
to ensure the request has been received. A document is also generated in
the fax format typically used to request loans between Hospital Pharmacy
Units (Figure 5). When the application is accessed, the hospital receiving
the request will see that there is a pending application for loan. They can
reject it, accept to loan the total number of units requested, or modify
the number of units they can loan. Once accepted, the application will
generate the relevant use.

ENTS A UN ALTRE HOSPITAL

Figure 5

Example of application for loan through the application.
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Finally, the Documentation Section contains all materials that the
team prepares about use and availability of antidotes. The documents
incorporated include two guidelines (one for the “farmatox” and another
for the “urgetox”), explaining the network functioning in detail and
through graphs.

During the first year since the network was implemented, the private
area has been accessed 2,102 times, and nine loans between hospitals
have been conducted. In two cases, these were due to poisoning by
Amanita phalloides affecting various members of the same family, where
the hospitals only had silibinin available for the first hours of treatment,
and therefore requested a loan to another hospital. In both cases, the
poisoning occurred in the province of Girona; in the first case, the
regional hospital requested six vials of silibinin to the hospital of referral
in the province, and in the second case, this latter hospital requested
eight vials to a high-technology hospital in Barcelona. The third case
was about several patients intoxicated by the smoke of a home fire;
the regional hospital from the province of Barcelona that managed
the patients requested the loan of a vial of hydroxocobalamin to a
nearby regional hospital included in the network. The fourth case was
a Grade II poisoning by snake bite in an 11-year-old boy. The patient
was administered one vial of antiophidic serum at the hospital, and
another vial was requested as a loan to a nearby hospital, in case a new
dose was required; fortunately, this was not necessary. Two more loans
of antiophidic serum were requested by a high-technology hospital in
Barcelona to hospitals of referral in the province. The last case was a
botulinum poisoning that affected eight persons: all the antibotulinum
serum units available in Catalonia had to be set in motion (three loans).

Discussion

It is necessary to guarantee an adequate stock of antidotes in those
hospitals managing poisoned patients; however, this is not always easy.
The administration of antidigoxin antibodies, for example, can save the
life of a patient with severe digoxin poisoning, but numerous studies
have stated that not all hospitals stock this antidote, or a sufficient
quantity of it. There are various reasons for this lack of availability: it
is an expensive antidote, indicated for a non-frequent severe situation,
with a relatively short expiration period, and up to 20 vials could be
necessary to treat an adult patient. In such cases, the antidote network is
an efficient tool to ensure availability and to reduce the stock necessary
in hospitals. On a recent review of the recommendations for availability’,
the antidote group established a stock of only 10 vials of anti-digoxin
antibodies in high-technology hospitals and of reference at province level,
based on the recommendation for initial administration of 50% of the
estimated dose of antibodies, followed by response assessment after two
hours, in order to decide whether the administration of the rest of the
dose is necessary or not®. By including this antidote in the network,
the Pharmacy Unit initiating treatment would have some leeway to
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obtain the rest of the treatment from a nearby hospital, thus guaranteeing
treatment and reducing by half the expenses for maintaining a stock of
this medication at hospital.

To create a database with the updated antidote stocks accessible to
all hospitals managing hospital emergencies is not a new idea. The New
Zealand hospitals already suggested its creation as a solution for the
deficiencies found”®. Along the same line, the Centro Antiveleni di
Pavia - Centro Nazionale di Informazione Tossicologica’ created the
Banca Dati Nazionale degli Antidoti (BaNdA), based on a study of
antidote availability at the Italian Emergency Units. This is an on-line
platform that allows to find updated data about the qualitative and
quantitative availability of antidotes in all hospital units involved, to
search for a specific antidote by city or region, and to access all contact
details required in order to request a loan. Within the first five years

after its implementation, 20 different antidotes were requestedlo. Also
through the initiative of French Antitoxic Centres, the Banque de Sérums
Antivenimeux (BSA) was created, which collects eight antiophidic
serums for the treatment of poisoning by approximately 30 of the 160

species of venomous snakes registered“.

The case of the Antidote Network of Catalonia is the first experience
based on the initiative from the same pharmacists and physicians at
the hospitals managing poisoned patients. The number of antidotes
included is much lower that in the BaNdA, and it has been restricted
to those antidotes with higher difhiculties in terms of availability, with
the objective of simplifying their management and encouraging the
participation of hospitals. One of the limitations of the Antidote
Network is that it is not possible to connect it to the hospital systems
for electronic prescription or stock management; therefore, the success of
this project will depend on the direct involvement by the “farmatox” in
terms of updating their stock movements.

The list of antidotes included in the network will change according
to the needs of its hospitals, any epidemiological changes in poisoning,
the launch of new antidotes, and problems for supply of others. In fact,
antidotes initially included, such as methylene blue and pyridoxine, are
no longer part of the network as of June 2016, because an adequate
availability in hospitals has been observed, and these will be replaced by
others such as glucarpidase or idarucizumab.

Other antidotes that might be included in the Antidote Network are
antiophidic serums for bites by exotic venomous snake bites. The presence
of this type of snakes in people’s homes, zoos or travelling exhibitions
has become a reality in Spain and other European Union countries, as
well as the severe accidents generated, and the need for antivenom agents
of difhicult availability. The Antidote Network can help to solve this
problem.

The problems of drug shortages, frequent during the past months, can
have consequences on the efficacy, safety or cost of treatments, and affect
drugs from different classes. Some antidotes have been affected by failures
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in the production and supply chain'>!?. The impact of drug shortage
can vary according to the availability of other alternative options and
the duration of the supply problem. One of the drugs included in the
Antidote Network is fomepizole, which has presented supply problems
since 2010. In cases like this, as well as for drugs with difficult acquisition
(for example, an tidotes that must be imported as foreign medications),
the network can play an important role and facilitate access. In fact,
in a positioning document on the impact of the problems of antidote
shortage published by the American College of Medical Toxicology and
the American Academy of Clinical Toxicology'?, it is recommended to
implement regional strategies to facilitate loans and improve antidote
availability.

The establishment of an antidote network can allow to improve the
communication between centres managing poisoned patients, as well as
to adapt and standar dizethe antidote resources in different centres, and
to speed up loans if necessary. Ultimately, it can improve the quality of
care for poisoned patients.
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