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Summary
Objectives: This paper is a survey on the problem of traceability in
healthcare. Traceability covers many different aspects and its
understanding varies among different players. In supply chains and
retails, traceability usually covers aspects pertaining to logistics. The
challenge is to keep trace of objects manufactured, to track their
locations in a production and distribution processes. In food
industry, traceability has received a lot of attention because of public
health problems related to infectious diseases. For instance, in
Europe, the challenge of traceability has been to build the tracking of
meat, from the living animal to the shell. In the health sector,
traceability has mostly been involved in patient safety around
human products such as blood derivates contaminants or implanted
devices and prosthesis such as mammary implants. There are
growing interests involving traceability in health related to drug
safety, including the problem of counterfeited drugs, and to privacy.
Traceability is also increasingly seen as a mean to improve efficiency
of the logistics of care and a way to better understand costs and
usage of resources.
Methods: This survey is reviewing the literature and proposes a
discussion based on the real use and needs of traceability in a large
teaching hospital.
Results and Conclusion: Traceability in healthcare is at the
crossroads of numerous needs. It is therefore of particular complexity
and raises many new challenges. Identification management and
entity tracking, from serialization of consumers' good production in
the supply chains, to the identification of actors, patients, care
providers, locations and processes is a huge effort, tackling
economical, political, ethical and technical challenges. New
requirements are needed, not usually met in the supply chain, such
as serialization and persistence in time. New problems arise, such as
privacy and legal frameworks. There are growing needs to increase
traceability for drug products, related to drug safety, counterfeited
drugs, and to privacy. Technical problems around reliability,
robustness and efficiency of carriers are still to be resolved. There is a
lot at stakes. Traceability is a major aspect of the future in healthcare
and requires the attention of the community of medical informatics.
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1. Introduction
Traceability is a well-known aspect in
numerous industries since decades.  In
logistics, traceability refers to the ca-
pability for tracing goods along the dis-
tribution chain, from the suppliers to
the retailers. In other activities, trace-
ability will include the production
chain, together with the unique identi-
f ication of all raw products and items
needed to create or build the final good,
as well as all steps involved in the pro-
duction processes. For example, trace-
ability is an important aspect in the
automotive industry, where it makes
recalls possible, or in the food industry
where it contributes to food safety [1-
3]. Food safety itself has become a sci-
entif ic discipline describing the han-
dling, preparation, and storage of food
in ways that prevent food borne illness.
Beside the formalization and descrip-
tion of numerous routines important to
respect in order to avoid potentially
severe health hazards, traceability in
food industry is also of major impor-
tance to allow the identif ication of the
origin of feed and food ingredients.
Food sources are of prime importance
for the protection of consumers, par-
ticularly when products are faulty, and
the identif ication of the source of the
problem is a health priority. Traceabil-
ity facilitates the withdrawal of foods
and enables giving consumers' targeted
and accurate information concerning
implicated products. Food safety is a
good model to understand the needs and
goals of traceability in healthcare.
Traceability can be defined as the abil-

ity to interrelate the uniquely identif i-
able entities in a way that matters. Fi-
nally, it is important to mention that
traceability can have serious impacts on
the public, as illustrated with food trace-
ability, which has been, in Europe, one
of the most important tools used to re-
store conf idence in meat originated
from beef after the cow's disease scan-
dal [4, 5]. The importance of traceabil-
ity related to the public's opinion and
conf idence in healthcare must not be
underestimated, especially when it
comes to privacy and safety [6].
Traceability and identification manage-
ment techniques applied to the
healthcare sector receive a growing at-
tention, both from the industry and from
the scientif ic community.
The increasing interest for traceabil-
ity in healthcare is well emphasized
in f igure 1 that shows the number of
yearly publications indexed in
Medline and that can be found with
the query traceabili ty[All Fields].
This f igures shows also that trace-
ability is a young and still small f ield
in the healthcare domain, with less
than 500 publications as of Decem-
ber 2007. When looking at these pub-
lications in more detail, most of them
relate to laboratory measures [7], donor's
banks and blood products [8-10] or en-
vironmental menaces. A few only are
devoted to non-human tissues or goods
traceability, such as drugs, implants or
devices; almost none address the prob-
lem of supply chain traceability in
healthcare and logistics. The very re-
cent creation of the Traceability work-
ing group of the European Federation
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Improved supply chain efficiency 

Prevention of errors 

Public health 

Medico-legal investigations 

Clinical research and epidemiological surveillance 

Flows and processes management 

Billing 

Counterfeit measures 

 

Traceability is an important domain of
healthcare, and is devoted to become a
major discipline of information tech-
nologies in this f ield. Comparably to
food safety, public health and indi-
vidual safety require a growing ability
to track faulty products.  However,
traceability is much more than that,
especially in the complex health world,
embedded in a very rich supply chain
and logistics networks.

2. Place of Traceability in the
Healthcare System
There are many benefits to expect from
track and trace management in the
healthcare sector. Among them, it is
worth to emphasize

Fig. 1 Yearly publications (MedLine)

Fig. 2   Publications by country

of Medical Informatics (EFMI),
launched in 2006, while there is still
no working group devoted to this topic
at the American Medical informatics
Association (AMIA) or at the Interna-
tional Medical Informatics Association
(IMIA) emphasizes the need to put

more attention on this f ield. Notice-
ably, the repartition of the publications
on the topic is not so well distributed in
countries, with f ive leading countries,
USA, England, Germany, France and the
Netherlands accounting for about 90%
of all publications (419 of 476).

Table 1   Expected benefits

1.   Improved Supply Chain Efficiency
Care providers, patients and healthcare
facilities are at the crossing roads of
many supply industries: pharmaceuti-
cal industries, medical devices, dispos-
able products, implantable devices to
quote the most evident, but also numer-
ous other suppliers, such as food and
groceries, beds, clothes, computers,
office equipments, etc. Many hospitals
are comparable to small cities, with
distributed stocks management and in-
ternal markets, embedded in the global
market, in a global world. Improving
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this challenge is tightly linked to the
ability to build interoperability between
all systems.

7.   Billing
Billing is certainly the domain of
healthcare best developed using infor-
mation technologies.  However, a lot
of work is still done by hand.  Avail-
ability of a robust actors and asset iden-
tif ication and management system is
mandatory in this f ield.

8.   Counterfeit Measures
Counterfeited drugs are increasingly
available in the world. While such drugs
were only available on specif ic mar-
kets segments, they are extending rap-
idly in most markets due to the use of
internet. Counterfeited drugs cause
important f inancial losses to pharma-
ceutical companies, and are the direct
cause of increased morbidity and mor-
tality in the world. One of the best
weapon against counterfeited drugs is
a complete track and trace management
systems able to authenticate drugs and
their origins. Several initiatives are
ongoing to help reducing counterfeited
drugs, such as the use of ePedigree and
serialization [11].
The list of benef its in Table 1 is not
exhaustive. However, traceability could
and should be much more developed
in the healthcare sector. As shown in
the f irst two f igures, traceability has
only recently come to the attention of
the scientific medical community, with
few important exceptions such as labo-
ratory and blood products. The same
remark applies to the medical
informatics community, where there are
only rare papers about implementation
of traceability in the patient record [12-
15]. One of the explanations is prob-
ably linked to the fact that traceability

able, such as pacemakers, for others,
such as drugs, it is almost non-existent.
In addition, the legal framework en-
forcing traceability is very dependent
from national or state level policies.
Therefore, a global approach would be
of highest value, as already proposed
for food [11].

4.   Medico-legal investigations
The use of an interoperable framework
of identif ication schemes allowing the
identif ication of actors, objects, loca-
tions and actions in a temporal net of
events is priceless for medico-legal in-
vestigations, facilitating the "reverse
engineering" of the cascade of events
leading to unwanted or unexpected in-
cident, or allowing to clarify the use of
the patient records when privacy
breaches are suspected.

5.   Clinical Research and
Epidemiological Surveillance
The high cost of clinical research, for
example in the domain of drugs side-
effects surveillance, would benef it
highly by moving from the current situ-
ation, with surveys limited in time and
populations towards continuous moni-
toring. A robust track and trace man-
agement system would be of great help,
leveraging the power of secondary us-
age of clinical data.

6.   Flows and Processes Management
One of the biggest challenges faced by
healthcare systems is around improv-
ing global care management. This in-
cludes clinical pathways in hospitals,
community networks, continuum of
care between in- and out-patients, all
along the life of patients, extending
towards wellness and citizens. However,

this management through greater vis-
ibility, accuracy and velocity is expected
to produce to the same improvement in
economic eff iciency as measured in
other industries.
Traceability is a crucial component of
logistics, which is the optimal manage-
ment of flows and resources. Logistics
includes physical flows, such as build-
ings, materials, objects, people; logi-
cal flows such as information or pro-
cesses descriptions and f inally f inan-
cial flows.

2.   Prevention of Errors
Numerous errors in medicine are di-
rectly or indirectly related to entities
identity management. Errors due to
erroneous patient identif ication or bad
drug identif ication are far from rare.
Unique identif ication of patients and
care providers as well as encoding of
the drug dose units or the packages units
of use to enable automated verification,
therefore enforcing the verif ication of
the right dose, for the right patient at
the right time, would be of great help
in this domain.

3.   Public Health
Public health has important needs re-
lated to the ability to track and trace
back population-based events to their
causal roots.  A complete track and trace
mechanism from the manufacturer to
the patient would be very helpful, es-
pecially when faulty products are de-
tected. These needs are illustrated in
many aspects, such as tracing all pa-
tients having received a specif ic drug,
or prosthesis, any kind of material,
drugs, immunizations, human products
that are used with patients. Unfortu-
nately, the availability of traceability
is very heterogeneous. For some type
of items, very good traceability is avail-

Traceability in Healthcare: Crossing Boundaries
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has only recently gained attention of
the medical informatics community is
because the field of traceability is usu-
ally associated with logistics and sup-
ply chains. Therefore, traceability re-
lates historically more to ordering,
stocks and assets management and,
therefore, more in charge of the IT
department. However, with the raising
attention given to patient safety, to pre-
vention of errors and the need for im-
proved eff iciency in care processes,
clinical information systems are receiv-
ing more and more focus and are in-
creasingly put at the center of the
healthcare industry. As such, the trend
is to consider clinical information sys-
tems to be at the heart of the health
information systems, embedded and
surrounded with the logistics on one
side, allowing the provision of care, the
f inancing on the other side, with bill-
ing and recovery and f inally the data
management on the last side. The data
management is related to secondary use
of data, covering governance, policy-
making, public health, clinical re-
search, etc. In this vision, traceability
along with track and trace mechanisms,
can be seen as a folding activity requir-
ing to build a deep network of links
between physical or virtual objects,
actors, locations or actions. Drug trace-
ability could be a good example to il-
lustrate this. The pharmaceutical indus-
try does encode worldwide all produc-
tion batches with GS1 identif ications
(see below). These numbers allow iden-
tifying both the company, the drug and
the production batch of the drug, a sort
of mix between classif ication (drug)
and instantiation (company and batch).
For some drugs, also a serialized GS1
Global Trade Item Number (GTIN)
will uniquely identify each orderable
item of that drug. Ordering mechanism
from the user, hospital, care-providing
facilities, pharmacy, can use the GS1
GTIN to identify the drug to be or-

dered. The same GS1 standard can be
used to track stocks and locations, vali-
date best-before dates, etc. When re-
leasing the items, these numbers can be
scanned at the same way they are at
checkout in general stores. In health-
care, the next step should be to track
the drug up to the pill and the patient
taking it, the nurse or pharmacist dis-
tributing it, the physician ordering it.
In order to close the loop, it will be
mandatory to extend the usage of trace-
ability to all items and actions.

3.   GS1: An Existing Solution
for Traceability
The GS1 organization was formed in
early 2005 from the joining of EAN
International and the Uniform Code
Council (UCC). GS1 is a folder orga-
nization grouping more than 100 mem-

Fig. 3   Traceability requires to cross IT boundaries

ber organizations, representing all points
in the supply chain, has over a million
companies doing business across 145
countries, over 20 represented sectors
(FMCG, healthcare, transport, customs,
etc.), and operates more than 5 billion
transactions a day. GS1 is a family of
standards developed since 30 years in
order to improve the eff iciency of the
supply and the demand chains. The GS1
standard is either ISO standards (unique
identif ications. Data carriers), part of
UN/CEFACT (messaging, classif ica-
tion) or ITU (radio frequencies) frame-
works. In short, GS1 covers standards
for automatic identif ication of assets,
items and locations; standards to im-
prove electronic business messaging, for
global data synchronization and busi-
ness transactions and standards on car-
riers, such as barcodes and RFID. A very
important point about the GS1 family
of standards is that, by the nature of
the domain of trading, these standards
are used worldwide, across political and
economical borders, across companies
and activity sectors. A barcode using
the GS1 encoding and representation
printed on items produced can be read
worldwide all along the supply chain,
up to the shelf and the final user. This
characteristic is becoming crucially
important in the healthcare sector with
the increased mobility of citizens.
A GS1 encoding is usually seen as an
alphanumeric sequence or a barcode. The
reality of the GS1 encoding is far more
complex and a complete discussion of
the GS1 anatomy, physiology and limi-
tations goes far beyond the purpose of
this paper. The GS1 model supports sev-
eral main groups, such as entities, iden-

Fig. 4   GS1-128 barcode for health,
AIs (17) expiry date, and (10) lot
number  ( Source : General EAN.UCC
Specifications, January 2005 - Versi-
on 6.0, Section 2.7 - Page 6 )
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AI Description digits 

00 SSCS (Serial Shipping Container Code) n 18 

01 (and 02) GTIN (Global Trade Item Number) n 14 

410-415 GLN (Global Location Number) n 13 

253 GDTI (Global Document Type Identifier) n…30 

8018 GSRN (Global Service Relationship Number) n 18 

8003 GRAI (Global Returnable Asset ID) an…30 

8004 GIAI (Global Inventory Asset ID) an…30 

 

AI Description digits 

00 SSCS (Serial Shipping Container Code) n 18 

01 (and 02) GTIN (Global Trade Item Number) n 14 

410-415 GLN (Global Location Number) n 13 

253 GDTI (Global Document Type Identifier) n…30 

8018 GSRN (Global Service Relationship Number) n 18 

8003 GRAI (Global Returnable Asset ID) an…30 

8004 GIAI (Global Inventory Asset ID) an…30 

 

tif ication, serialization, locations, trans-
actions, etc. An attempt of representa-
tion of the entity model found in GS1 is
represented in Figure 5 (see [16] section
5.4 page 231 for more information).
The usual elements of GS1, such as the
GCP (Global Company Prefix) uniquely
identifying the company or system user,
or the GLN (Global Location Number)
can be represented in a multiaxial and
combinatorial model. These elements are
usually referred as sequential informa-
tion in the encoding found on tradable
items, such as drugs and other medical
devices. For most items, the identifica-
tion is made by the mean of a GTIN, the
Global Trade item Number. The Global
Trade Item Number (GTIN) is used for
the unique identification of trade items
worldwide. A trade item is any item, in-
cluding products or services, upon which
there is a need to retrieve pre-def ined
information and that may be priced, or-
dered or invoiced at any point in any
supply chain. This includes individual
items as well as all their different con-
figurations in different types of packag-
ing. These data structures provide unique
identification when they are right justi-
fied in a 14-digit reference field. GTIN's
are based on the GCP, the Global Com-
pany Prefix, so they allow identifying
both the item and the brand owner.
The global adoption of GS1 throughout
the complete healthcare system would
have huge advantages, complying with
an existing system widely used in manu-
facturer and supply chains and that
proved already to be eff icient for pro-
cesses management. However, there are
problems to be solved in the GS1 sys-
tem. For example, the GLN is used to
identify both a function and a precise
location, such a (any) refrigerated place
or this very precise location, mixing
classes and instances. This problem
should be addressed with serialization,
allowing room to identify each specific
instance of a class of entities.

Fig. 5   GS1 - Model of entities

Table 2   Some Applications Identifiers (AI)
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Privacy, legal and ethical issues 

National, state level policies 

Actors identification 

Facilities unique identification 

Serialization and items unique identification 

Ontologies and information models 

Persistence in time 

Carriers and readers 

 

4. Limitations and Challenges
The limitations of the accessibility of
information are recognized as an im-
portant cause of medical errors and loss
of eff iciency in the healthcare sector
[17-21] and there are important initia-
tives worldwide to promote inter-
operability and improved availability of
information in the healthcare sector.
However, these numerous initiatives are
facing major obstacles.

billing needs without clear rules and
policies, a situation that might become
inextricable in the near future.

2.   National, State Level Policies
An interesting way of comparing
healthcare and trading businesses is to
compare the roles and actions of the
World Health Organization and the
World Trade Organization. The World
Trade Organization (WTO) def ines it-
self as the only global international or-
ganization dealing with the rules of
trade between nations. At its heart are
the WTO agreements, negotiated and
signed by the bulk of the world's trad-
ing nations and ratif ied in their par-
liaments. The goal is to help produc-
ers of goods and services, exporters,
and importers conduct their business1.
The WHO is the directing and coor-
dinating authority for health within
the United Nations system. It is re-
sponsible for providing leadership on
global health matters,  shaping the
health research agenda, setting norms
and standards, articulating evidence-
based policy options, providing tech-
nical support to countries and moni-
toring and assessing health trends2.
These two agencies reflect the major
differences in the legal and policies
framework existing between trading
and healthcare. Policies and rules in
healthcare are very heterogeneous,
between countries and often between
states. There are few policies, if any,
recognized and applicable at the in-
ternational level,  one example of
such a research being the IMPACT
project of WHO to f ight counter-
feited drugs. This is a clear hindrance

when it comes to build and create sys-
tems such as traceability that should
cross such boundaries, or at least be
compatible with all these various le-
gal environments.

3.   Actors Identification
Unique identif ication of all actors in-
volved, patients, care providers, but
also all actors of the supply chain, the
logistics, the billing, etc. will end up
in identifying uniquely the whole popu-
lation. Such identif ication could be
specif ic to each country, though com-
plying with some standards that could
be used worldwide, in order to allow
continuity of care, and informational
chain, cross borders. Switzerland, for
instance, allocates a unique GS1 iden-
tif ication to every physician. Because
of increased mobility of citizens, pa-
tients and care providers, an inter-
operable international identif ication
would be appropriate, such as the Glo-
bal Service Relationship Number
(GSRN), from the GS1 standard. How-
ever, in addition to be technically dif-
ficult to realize, such unique identif i-
cation leads to important political and
ethical concerns, not to speak about
authentication, which is of increasing
worries. Identities usurpation for insur-
ance fraud is already a problem. There-
fore, a completely closed system would
require both identification and authen-
tication, which is a long-term goal. The
current trend is towards interoperable
insurance and health professional smart-
cards, such as in the European Union.
These cards provide some identification
linked to the insurance coverage and re-
imbursement facilities. Cost control and
billing efficiency, more than patient
safety and continuum of care, appear to
be important driving forces towards ac-
tors identification, which may lead to
dangerous over simplif ications.

Table 3   Some limitations and challenges

1. Privacy, Legal and Ethical Issues
The most important goal to be achieved
by traceability is, by nature, a serious
breach to citizen privacy and is getting
in contradiction with most existing le-
gal and ethical frameworks. Traceabil-
ity should allow tracking and tracing
all actions, items, actors involved in
the process of requiring, deciding, or-
ganizing and providing care, includ-
ing short- and long-term outcomes. It
could result in creating a complete
transparency in the healthcare system,
which is by far not acceptable towards
citizen's privacy, citizens as patients or
care providers. The best solutions to
these contradictory needs are not yet
found, but it is clear that just avoiding
this problematic is not the right an-
swer. The traceability network is slowly
growing due to the supply chain and

1 http://www.wto.org/english/thewto_e/whatis_e/
whatis_e.htm

 2 http://www.who.int/about/en/
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6.  Ontologies and Information
Models
Serialization does not, per se, need un-
derstanding. It can easily be separated
from ontologies that are describing the
semantic of items, objects, actors, etc.
Serialization's role is tag every single
instances of entities, while the ontolo-
gies have the role of defining the mean-
ing of entities. Ontologies for items,
services and processes, actors, locations,
whatever else to be identif ied are not
at the same level of representation,
though this is sometimes confused, such
as in Snomed [22, 23]. In a same man-
ner, there should be no interference with
information models, though the same
confusion has also been reported [24].
Ontologies and information models
should allow supporting entity track-
ing and serialization, without trying to
substitute themselves to this role. To
illustrate this point, one can take the
numbering of houses in a street. Each
house receives number. The number
(serialization) is unique within a street.
The number does not say anything about
the house itself, which would be the
ontology.

7.   Persistence in Time
An important characteristic of health-
care, which is usually not the case in
the supply chain, is the very long per-
sistence in time of all elements. Espe-
cially when it comes to patient records,
or epidemiology, side effects on long-
term or drug safety, there is a need for
tracking and tracing all along the life
of patients and, sometimes, much more.
So, for example, an association has been
found between the clear cell adenoma
of the cervix in young women and the
intake of a drug, the stilbestrol, during
the pregnancy of their mothers [25-27].
Such a long lag-time over one genera-
tion of a side effect of a drug illustrates

dramatically the need for a high per-
sistence of traceability. The identif ica-
tion schemes used in healthcare must
therefore support persistence in time,
which means that once an ID has been
used, it can never been used anymore.
This is rather different from what is
required for usual good supply chain
encoding. This issue has been recog-
nized by GS1 and included in its guide-
line for GTIN allocation. It further
corresponds to regulatory expectations,
as from the US-FDA.
Epidemiology in public health would
be great benef iciaries of a comprehen-
sive and coherent tracking mechanism,
especially when it comes to post-mar-
ket surveillance, such as drug adverse
events or implantable devices follow-
up, to name only two examples.

8.   Carriers and Readers
An important aspect of entity tracking
is related to carriers and readers. Using
a standardized encoding is not suff i-
cient. Standardized carriers and read-
ers must also be used in order to have
the codes be carried by entities, read
and stored. There are many sort of pos-
sible carriers, such as barcodes, data
matrix, RFID, smartcards, etc. There
are several standards for each of these
carriers, such as barcodes or RFID's.
For example, RFID is used on three
different frequency ranges, 125 kHz,
13.56 GHz and the 900 MHz range,
each one having different physical char-
acteristics and, therefore, advantages
and disadvantages [28]. Barcodes are
the most common used identif ication
carrier and the GS1 standard is very
frequent. There are however still prob-
lems with reliability of the carriers. The
effect of unreadable data carrier is not
the same in retail as it is in healthcare.
While errors rate of about 1/1'000 are
acceptable in the supply chain, they are
largely too high in healthcare and reli-

4.   Facilities Unique Identification
The ability to identify uniquely, world-
wide, all care organizations by using
GS1 Global Company Pref ixes (GCP)
associated with GLN's (Global Loca-
tion Number) for their facilities, pro-
ducing a sort of general yellow pages,
would be of great help to facilitate the
accessibility of information in health-
care. It would help not only the logis-
tic part of suppliers, but also billing,
relationships with public bodies and
help to reference potential information
about patients. Implementations of this
kind exist or are in process in Switzer-
land, United States or Denmark.

5.   Serialization and Items Unique
Identification
An important aspect of traceability of
items is related to their unique identi-
fication. This is still an aspect that is
not well covered by existing systems,
even if the GS1 system provides some
item serialization. In order to imple-
ment traceability, one cannot have only
identification at the packaging or batch
level. Each single item shall be identi-
fied, getting to the serialization of each
code. Every single pill, single syringe,
or any other item used in healthcare
must have a unique identif ication
which could then be used within com-
plete system, from supplier, to the fa-
cilities or the retailers, to the patient.
Such an encoding is needed to imple-
ment, for example, bedside checking
when administrating drugs to patients
[12]. Serialization is, for now, expected
to be reserved for specif ic drugs or
regiments, such as chemotherapies or
devices. But, one can wish serializa-
tion to be extended to implants all
drugs, as the effects on long-term out-
comes is hard to predict, as shown in
many cases in the past (cox-inhibitors,
statins, etc.)
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ability, especially for RFID's. Limita-
tions of RFID in healthcare must still
be carefully assessed [29]. Good reli-
ability studies are missing. However,
RFID is a very promising technology
that will have a signif icant impact in
healthcare [30-32]. Figure 6 illustrates
one important advantage of RFID on
the example of sticker for chemo-
therapy infusions. RFID or data ma-
trix replacing barcodes leaves a lot of
room on the stocker to print important
information for nurses [12].
There is no ideal carrier. The choice of
the carrier will depend from many con-
straints, physical and environmental con-
straints, but also reliability, robustness
and cost. Some carriers, such as active
RFID's, can also measure local physical
characteristics, for example temperature,
which will be important for the logis-
tics. Such an usage is illustrated with
blood supply using carriers combining
traceability and cold chain controlling.
Readers are tightly linked to carriers.
Specific readers exist for each type of
carriers, and it is important to differ-
entiate between optical carrier and RF
carriers. Any optical carriers can be read
by image scanners. Unfortunately, there
are only few readers that can read sev-
eral types of radio-frequency carriers.
This is an important problem in health-
care where care providers, especially

nurses, would be confronted to the han-
dling of several readers to manage all
type of carriers, such as RFID's on
badges and optical codes on packaging
and dispensing units.

5.   Conclusion
Entity identif ication and tracking is a
major challenge in healthcare. Correct
identif ication of all entities involved,
including actors, will allow to increase
the supply chain eff iciency, to reduce
medical errors, to enforce clinical and
epidemiological research and gover-
nance by leveraging the management
understanding of processes involved in
healthcare. However, healthcare is a
complex sector, far more complex than
what is usually the case in consumers'
goods production. Numerous factors
are involved in this high complexity:
technology, persistence in time, serial-
ization, legal frameworks and privacy
concerns are major aspects that must
be taken into account in order to apply
what is well known about traceability
in the retail business to healthcare. Most
industrial sectors are involved in health-
care, from goods production to high
technology, drugs, devices and food
supply, making the health sector at the

crossroads of many different supply
chains, and being itself a service pro-
vider and therefore having to deal with
huge numbers of items from numer-
ous sources.
The legal framework is slowly moving,
at least in specif ic sectors, such as
drugs, mostly as a reaction to counter-
feited products. The US federal laws
require a certif ied chain of custody, or
pedigree, for pharmaceuticals, which
should help to identify all steps between
the raw production and the f inal end-
user [11, 33, 34]. The tracing of drugs
is increasingly implemented, though it
remains marginal compared to the over-
all use and production of pharmaceuti-
cals. It is remarkable to notice that such
type of "pedigree" has been widely
implemented in Europe with the Gen-
eral Food Law, which entered into force
on 1 January 2005. The new manda-
tory traceability requirement applies to
all food, animal feed, food-producing
animals and all types of food chain
operators from the farming sector to
processing, transport, storage, distribu-
tion and retail to the consumer. The
"mad-cow" disease crisis which make
such political decision possible and
which put a considerable public pres-
sure on food industries show the feasi-
bility of such approaches at very large
scales even on low cost items.

Fig. 6   Chemotherapy stickers: barcode (left) versus RFID or data matrix (right)
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Technical aspects, such as serialization
of all items in the supply chain, reli-
ability of carriers and readers, cross
linking of GS1 with healthcare stan-
dards such as HL7, SNOMED or
OpenEHR are still open issues. There
are important challenges around seman-
tic and knowledge representation. Solv-
ing these issues are mandatory steps to
facilitate and allow a wide implemen-
tation of traceability in healthcare.
Finally, one must not forget that each
progress of traceability is accompanied
with a breach in privacy and, poten-
tially, civil liberties. Building a safer
healthcare system needs a strong track
and trace mechanism, able to rebuild
all histories, from their early beginning
to late outcomes. This goal must be
achieved with the highest level of pri-
vacy respect. The future is at stakes [30].
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