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Standards to Support Information Systems Integration in
Anatomic Pathology

Christel Daniel, MD, PhD; Marcial Garcı́a Rojo, MD, PhD; Karima Bourquard, PhD; Dominique Henin, MD, PhD;
Thomas Schrader, MD; Vincenzo Della Mea, PhD; John Gilbertson, MD; Bruce A. Beckwith, MD

● Context.—Integrating anatomic pathology information—
text and images—into electronic health care records is a
key challenge for enhancing clinical information exchange
between anatomic pathologists and clinicians. The aim of
the Integrating the Healthcare Enterprise (IHE) interna-
tional initiative is precisely to ensure interoperability of
clinical information systems by using existing widespread
industry standards such as Digital Imaging and Communi-
cation in Medicine (DICOM) and Health Level Seven
(HL7).

Objective.—To define standard-based informatics trans-
actions to integrate anatomic pathology information to the
Healthcare Enterprise.

Design.—We used the methodology of the IHE initiative.
Working groups from IHE, HL7, and DICOM, with special
interest in anatomic pathology, defined consensual tech-
nical solutions to provide end-users with improved access
to consistent information across multiple information sys-
tems.

Results.—The IHE anatomic pathology technical frame-
work describes a first integration profile, ‘‘Anatomic Pa-
thology Workflow,’’ dedicated to the diagnostic process in-
cluding basic image acquisition and reporting solutions.
This integration profile relies on 10 transactions based on
HL7 or DICOM standards. A common specimen model was
defined to consistently identify and describe specimens in
both HL7 and DICOM transactions.

Conclusion.—The IHE anatomic pathology working
group has defined standard-based informatics transactions
to support the basic diagnostic workflow in anatomic pa-
thology laboratories. In further stages, the technical frame-
work will be completed to manage whole-slide images and
semantically rich structured reports in the diagnostic work-
flow and to integrate systems used for patient care and
those used for research activities (such as tissue bank da-
tabases or tissue microarrayers).

(Arch Pathol Lab Med. 2009;133:1841–1849)

Traditional anatomic pathology laboratory information
systems (LIS) collect and manage data on a complex

workflow from specimen collection to report creation. In
recent years, anatomic pathologists have begun to use im-
ages to document various steps in the diagnostic process.
Because imaging systems and traditional LIS are not typ-
ically integrated, information and image acquisition often
involves error-prone and time-consuming double data en-
try. Orders, images, and reports are spread out over dif-
ferent systems that do not interoperate. Although stan-
dardization efforts conducted by standardization bodies,
such as Health Level Seven (HL7)1 and Digital Imaging

Accepted for publication January 16, 2009.
From ADICAP; INSERM, UMR�S 872 eq20 and Université Paris Des-
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and Communication in Medicine (DICOM),2 are progress-
ing to provide integration solutions, HL7 or DICOM mes-
sages usually contain many optional or ambiguous data
fields so that being DICOM or HL7 compliant does not
guarantee simple and direct integration. In this sense, the
goal of the Integrating the Healthcare Enterprise (IHE) ini-
tiative is specifying how data standards should be imple-
mented to meet specific health care needs and making
systems integration more efficient and less expensive.3 The
IHE process is based on working groups that include both
health care providers and information systems vendors.
Within domain-specific technical frameworks, IHE defines
‘‘integration profiles’’ that are real-world situations de-
scribing exchange of information called transactions from
various functional components of a distributed health care
environment called actors. Integrating the Healthcare En-
terprise, which has developed in North America, Europe,
and Asia, provides implementation guides for transactions
by using established industry standards such as DICOM
or HL7. The annual definition cycle of new profiles by
users and suppliers—ending in the organization of inter-
national platforms of interoperability tests (called ‘‘con-
nectathons’’)—confers its unique efficiency, transforming
basic standards into ‘‘plug and play’’ solutions. Prior in-
tegration profiles developed for radiologic imaging have
been very successful.4

Multiple localized efforts have been launched previous-
ly to try to address portions of this issue in anatomic pa-
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thology. In Europe, in 1996, the ADICAP (Association for
the Development of Informatics in Cytology and Patholo-
gy), with the collaboration of different software vendors,
proposed a European de facto standard for image folders.5
In the United States, the Association for Pathology Infor-
matics’ Laboratory Digital Imaging Project tried to estab-
lish an open access, voluntary use specification for sharing
images generated in anatomic and clinical pathology lab-
oratories. In 2005, ADICAP, GMSIH (a group promoting
the modernization of hospital information systems in
France), SEAP (Spanish society of anatomic pathology),
SEIS (Spanish health informatics society), and IHE-Japan
launched the IHE pathology initiative in Europe.6 Relying
on this experience, these associations now aim to promote
the use of international standards (DICOM, HL7) in the
development of information systems in anatomic pathol-
ogy.

This article presents a use for the IHE methodology in
the anatomic pathology domain to more fully integrate
anatomic pathology laboratories into the electronic health
care environment. We first describe the IHE anatomic pa-
thology efforts to model the anatomic pathology workflow
and to define consensual technical solutions to provide
end-users improved access to consistent anatomic pathol-
ogy orders, reports, and images across all hospital infor-
mation systems.

We also describe the joint efforts of the IHE anatomic
pathology group, DICOM working group 26, and HL7 an-
atomic pathology special interest group to define a com-
mon specimen model to consistently identify and describe
specimens in both HL7 and DICOM transactions.

METHODS

Working Groups and Sessions

The ADICAP, GMSIH, SEAP, and SEIS solicited the following
participants to work on the IHE anatomic pathology technical
framework: 11 practicing pathologists and hematologists; 7 infor-
matics technology professionals; and 8 vendors from France,
Spain, Italy, Germany, Japan, and the United States. The IHE an-
atomic pathology working group conducted 13 working sessions
between September 2005 and May 2008.

If errors in existing standards or the need for extensions are
identified, IHE’s policy is to report them to the appropriate stan-
dards bodies (HL7 or DICOM) for resolution within their con-
formance and standards evolution strategy. American, European,
and Japanese groups agreed that, although specific DICOM ob-
jects are defined for anatomic pathology, modification and/or ex-
tension are necessary for 2 main reasons. First, the DICOM model
did not initially describe specimens in sufficient detail or asso-
ciate images with specimens with enough precision for the com-
plexity of anatomic pathology practice; and second, some pa-
thology-related image formats (whole-slide images, multispectral
images, flow cytometry, etc) do not have applicable DICOM in-
formation object definitions. To address these issues, a specific
DICOM pathology working group (WG26) was created in De-
cember 2005.7

Meanwhile, the HL7 laboratory special interest group began
working on a comprehensive messaging model for specimens
and a new special interest group (the anatomic pathology SIG)
was established to investigate the complex relationships between
specimens, observations, protocols, and documents in anatomic
pathology.

To date, 8 IHE anatomic pathology–DICOM WG26 joint work-
ing sessions have been organized to create the DICOM specimen
identification and description module. Joint meetings between the
IHE pathology working group and HL7 pathology SIG have also
been conducted.

Understanding the Workflow and the Needs
The IHE anatomic pathology working group first described the

workflow in the anatomic pathology laboratory and precisely de-
fined the structure and content of the data flow involved in the
business processes such as order entry, specimen processing, im-
age acquisition, and report creation. Since anatomic pathology is
a specimen-centric activity, a key issue was agreeing on the way
to identify and describe specimens that are the subject of 1 or
more procedure steps in the laboratory workflow.

Creating the IHE Anatomic Pathology Technical
Framework

The aim of IHE anatomic pathology group was to extend the
IHE initiative to anatomic pathology laboratories and to their in-
formation, automation, and imaging systems and equipment. Ac-
cording to the IHE methodology, this IHE working group created
the first version of IHE anatomic pathology technical framework.
An IHE technical framework in a given domain identifies the
workflow, the IHE actors (ie, functional components, application
roles) and describes how the transactions (ie, appropriate messag-
es exchanged between them) are implemented by using well-es-
tablished health care data standards. This description is orga-
nized into functional units called integration profiles that highlight
their capacity to address specific clinical needs.

The IHE anatomic pathology technical framework is organized
in 2 volumes. Volume 1 provides a high-level view of the domain,
identifying actors and transactions. Some of the actors and trans-
actions can be reused from existing profiles described within the
radiology, laboratory, or information technology technical frame-
works, whereas others need to be specifically defined to achieve
integration in the anatomic pathology domain. Volume 2 provides
a detailed technical description of each transaction and its mes-
sages.

RESULTS
Anatomic Pathology Workflow

The diagnostic process in anatomic pathology is based
on visual interpretation of cells and/or tissues. Despite
being based on visual interpretation, the diagnostic pro-
cess differs from that in radiology since the subject of an
examination is usually a specimen (not a patient) and a
single diagnostic study may involve multiple images of
multiple related specimens (parts, blocks, and/or slides)
captured with many different types of imaging equipment
(Figure 1). In some cases, an image can include more than
1 specimen or even tissue from more than 1 patient (eg,
tissue microarrays).

The diagnostic process in anatomic pathology also dif-
fers from that in clinical pathology because it relies exten-
sively on visual morphology and spatial relationships.
This makes imaging a crucial tool in anatomic pathology.

The 4 main steps of the anatomic pathology workflow
are order management, specimen processing, image ac-
quisition, and report creation. Information systems in an-
atomic pathology laboratories (laboratory information sys-
tems or LIS, image acquisition stations, tissue banking da-
tabases, etc) gather textual data and images produced
along the diagnostic process from specimen reception to
report creation. Integrating these different information
systems components requires sharing a coherent defini-
tion of the domain entities involved in the information
flow such as order, case, specimen, image, and report.

Order Management. In the case of computerized or-
der entry, the order for the anatomic pathologic exami-
nation is communicated between the order placer (of the
order entry system of the hospital information system or
HIS) and the order filler (of the LIS). Quality assurance
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Figure 1. The 4 main steps of the anatomic pathology workflow. A, Order management. B, Specimen processing. C, Image acquisition. D, Report
creation.

Figure 2. Detailed breakdown of the pro-
cedure steps of a clinical order for anatomic
pathology examination of specimen(s). In typ-
ical anatomic pathology practice, 3 levels of
specimen preparation are conventionally
identified: part, block, and slide. One or more
blocks may be sampled from each part and 1
or more slides may be sampled from each
block for different staining techniques.

about order forms provides a list of important items: order
identification (order ID); order date and time; identifica-
tion of the ordering physician; and the ordering care de-
partment (including callback telephone number), patient
identification (medical identification number, name, visit
number, etc), identification of the care unit of the patient
(if different from the ordering care department), and pri-
ority of the order (date and time when the results are
expected to be available). These items are either ‘‘re-
quired’’ or ‘‘required if available’’ in the order transac-
tions. An order, such as histopathologic examination of a
colon biopsy, usually results in 1 report with associated
codified, billable acts.

For each order, the basic or special techniques involved
in the processing of the corresponding specimen(s) may
require different devices (immunohistochemistry ‘‘autom-
aton,’’ slide-staining machines, image acquisition modality

(eg, digital camera). A procedure step is the smallest unit
of work in the workflow performed by a person or a ma-
chine (automaton, image acquisition modality, etc) on an
object (specimen, tissue sample, tissue section, etc). In the
anatomic pathology laboratory environment, the order filler
of the LIS also identifies the set of procedure steps that
have to be performed in the process of fulfilling the order.
Figure 2 depicts an example of the breakdown in proce-
dure steps of an order for anatomic pathology examina-
tion of specimen(s).

Specimen Processing. A specimen is defined as a
physical object (or a collection of several physical objects),
which is considered by the anatomic pathology laboratory
as a single, discrete, uniquely identified unit that is the
subject of 1 or more procedure steps in the workflow. A
specimen may include multiple physical pieces, as long as
they are considered a single unit in the workflow. For ex-
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Figure 3. In typical anatomic pathology practice, 3 levels of specimen
preparation are conventionally identified: part, block, and slide. There
is 1 specimen per container; the value of the specimen identifier (ID)
and container ID will be the same.

ample, when multiple fragments of tissue are placed in a
cassette, most laboratories would consider that collection
of fragments as 1 specimen (1 ‘‘block’’). Specimens are
sampled and processed during the workflow. Sampling
can create new (‘‘child’’) specimens. For example, in typ-
ical anatomic pathology practice, 3 levels of specimen
preparation are conventionally identified: part, block, and
slide. One or more blocks may be sampled from each part
and 1 or more slides may be sampled from each block.
These child specimens are full specimens in their own
right (they have unique identifiers and are direct subjects
in 1 or more process steps in the workflow). This property
of specimens (that can be created from existing specimens
by sampling) extends a common definition of specimen
that limits the word to the original object received for ex-
amination (eg, from surgery). However, child specimens
can and do carry some attributes from ancestors. For ex-
ample, a tissue section cut from a formalin-fixed block re-
mains formalin fixed, and a tissue section cut from a block
dissected from the proximal margin of a colon resection
is still made up of tissue from the proximal margin. A
description of a specimen, therefore, may require descrip-
tion of its parent specimens.

Specimen containers play an important role in labora-
tory diagnostic processes. In most, but not all, process
steps, specimens are held in containers. Sometimes the
container becomes intimately involved with the specimen
(eg, a paraffin block), and in some situations, such as ex-
amining tissue under the microscope, the container (the
slide and coverslip) become part of the optical path. Con-
tainers are often made up of components. For example, a
‘‘slide’’ is a container that is made up of the glass slide,
the coverslip, and the ‘‘glue’’ that binds them together.

A specimen must have an identifier that defines it as a
unique subject in the laboratory workflow. Containers
have identifiers that are important in laboratory processes
(including imaging processes such as whole-slide imag-
ing). In LIS, 3 levels of specimen preparation are conven-
tionally identified: part, block, and slide (Figure 3).

A part is the uniquely identified tissue or material col-
lected from the patient and delivered to the anatomic pa-
thology laboratory for examination. Examples of parts
would include a lung resection specimen, colon biopsy
specimen at 20 cm, peripheral blood sample, cervical bi-
opsy specimen, and cervical cells obtained via scraping or
brush. A part can be delivered in a wide range of con-
tainers, usually labeled with the patient name, medical re-
cord number, and a short description of the specimen such
as ‘‘cervical biopsy at the 2-o’clock position.’’ At accession,
the anatomic pathology laboratory creates a part identifier
and places it on the container. The container therefore con-
veys the part’s identifier in the laboratory.

A block is a uniquely identified container, typically a
cassette, containing 1 or more pieces of tissue dissected
from the part (‘‘tissue dices’’). The tissue pieces may be
considered, by some laboratories, as separate specimens.
However, in most laboratories, all the tissue pieces in a
block are considered a single specimen.

A slide is a uniquely identified container, typically a
glass microscope slide containing tissue or other material.
Common slide preparations include ‘‘tissue sections’’ cre-
ated from tissue embedded in blocks (1 slide typically
contains 1 or more tissue sections coming from 1 block);
‘‘touch preps’’ prepared by placing a slide into contact
with unprocessed tissue; and ‘‘dispersions,’’ which are

thin layers of cells created from a suspension, such as liq-
uid-based cytology preparations.

A specimen is defined by decisions in the anatomic pa-
thology laboratory workflow. For example, multiple tissue
sections cut from a single block and placed on the same
slide are considered a single specimen (as single unit iden-
tified by the slide number). However, if the histotechnol-
ogist had placed each tissue section on its own slide (and
given each slide a unique number), each tissue section
would be a specimen in its own right.

In many laboratories that have 1 specimen per container,
the value of the specimen identifier (ID) and container ID
will be the same (Figure 3). However, there are use cases
in which more than 1 specimen is present in a container.
During processing, more than 1 tissue item may be em-
bedded in the same block within the same cassette but
come from different clinical specimens (parts) (Figure 4).
These may represent different lymph nodes embedded in
1 cassette or different tissue dices coming from separately
submitted parts (eg, proximal margin [part A] and distal
margin [part B]) also placed in the same cassette. To main-
tain each sample as separate specimens (to maintain their
identity), the LIS can give them different IDs and record
the physical method of differentiation/identification (eg,
the tissue from part A is inked blue and the tissue from
part B is inked red). In this case, the specimen IDs must
be different from each other and from the container (cas-
sette) ID. If a section is made from the block, each tissue
section will include fragments from 2 specimens (red and
blue). The slide (container) ID will be different from each
tissue section ID, which will be different form each other.
If the slide is imaged, a single image with more than 1
specimen may be created, but the different specimens
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Figure 4. Two specimens from different parts. The specimen identifi-
ers (IDs) must be different from each other and from the container
(slide) ID.

Figure 5. Two specimen smears from different parts on 1 slide. The
specimen identifiers (IDs) must be different from each other and from
the container (slide) ID.

must be identified and unambiguously localized within
the container.

In cytology, the different directions of smears might
represent different parts (eg, portio cervix in gynecologic
smears) (Figure 5). The specimen IDs must be different
from each other and from the container (slide) ID. The
specimens may be localized, for example, by descriptive
text such as ‘‘short direction smear’’ or ‘‘long direction
smear.’’

Slides created from tissue microarray (TMA) blocks
have small fragments of many different tissues coming
from different patients, all of which may be processed at
the same time, under the same conditions, by a desired
technique. These are typically used in research. Tissue
items (spots) on the TMA slide come from different tissue
items (cores) in TMA blocks (from different donor blocks,
different parts, and different patients) (Figure 6). Each
specimen (spot) must have its own ID. The specimens may
be localized, for example, by x-y coordinates or by a tex-
tual column-row identifier for the spot (eg, ‘‘E3’’ for fifth
column, third row). If the TMA slide is imaged as a
whole—for example, at low resolution as an index—it
must be given a ‘‘pseudo-patient’’ identifier (since it does
not relate to a single patient). Images created for each spot
should be assigned to the real patients or research sub-
jects.

Image Acquisition. Digital Imaging and Communi-
cation in Medicine defines a hierarchy of concepts related
to medical imaging workflow. The highest level is the
study, which, for anatomic pathology, contains all infor-

mation (images and text) collected in the process of ful-
filling a given order. The study comprises 1 or more series.
Each series contains 1 or more images. Each study may
contain images acquired by different modalities (gross im-
aging, microscopic imaging, etc). A new series is created
whenever an imaging procedure step is performed on a
new specimen or by a new type of equipment. Since image
acquisition in anatomic pathology is a specimen-centric
activity, a key issue was agreeing across standards (HL7
and DICOM) on the way to identify and describe speci-
mens that are the subject of images.

Before the start of this work in 2005, DICOM had several
information object definitions useful in anatomic pathol-
ogy including the visible light photographic image for gross
specimens and the visible light slide-coordinates microscopic
image for slide-based microscopic imaging. However, these
information object definitions did not have a strong mech-
anism for describing the specimen being imaged or as-
sociating a particular specimen with a particular image.
In fact, while the relationship between patient and image
is straightforward in other imaging fields and accurately
captured by DICOM objects, in anatomic pathology there
is a need for a new specimen module that formally defines
specimen attributes at the image level.

To have LIS and digital imaging systems interoperate,
it is critical that they all be able to reference a particular
specimen according to the same model before associating
it with 1 or more reports or images. Therefore, IHE ana-
tomic pathology and HL7 pathology working groups con-
tributed to the DICOM WG26 efforts to define the speci-
men module in a new DICOM supplement (number 122).
The specimen module defines formal DICOM attributes
for the identification and description of specimens when
said specimens are the subject of a DICOM image. In sup-
plement 122, the ‘‘DICOM Model of the Real World’’ has
been extended for specimen with the addition of the ob-
jects ‘‘specimen,’’ ‘‘container,’’ ‘‘component,’’ and ‘‘preparation
step.’’ The relationships of these new objects to each other
and existing DICOM real world objects are shown in Fig-
ure 7. Attributes of the specimen, container, component,
and preparation step objects are represented in the spec-
imen module, which is focused on critical specimen infor-
mation necessary to interpret the image.

Specimen attributes include attributes that (1) identify
the specimen (within a given institution and across insti-
tutions); (2) identify and describe the container in which
the specimen resides as well as each component of the
container if required (eg, a ‘‘slide’’ is a container that is
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Figure 6. Different specimens from different parts and different patients. The specimen identifiers (IDs) must be different from each other and
from the container (slide) ID.

made up of the glass slide, the coverslip, and the ‘‘glue’’
that binds them together); (3) describe specimen collec-
tion, sampling, and processing; and (4) describe the spec-
imen or its ancestors when these descriptions help with
the interpretation of the image. The specimen module dis-
tinguishes the container ID and the specimen ID, making
them different data elements to allow maximal flexibility
for different situations. Even though the full history of
specimen processing is not required in every instance,
specimen attributes allow that processing history to be en-
coded. However, a unique specimen identifier is useful to
link a subject specimen to its processing history as man-
aged by an LIS. Attributes that convey diagnostic opinions
or interpretations are not within the scope of the specimen
module. The DICOM specimen module does not seek to
replace or mirror the pathologist’s report.

The specimen module has been harmonized with the
HL7 v2 SPM segment and the HL7 v3 specimen domain
information model.

Report Creation. Studies about quality assessment of
reports provide lists of mandatory items and stress the
positive role of checklists to enhance the reporting pro-

cess.8–10 According to ‘‘evidence-based pathology,’’ only
features that are reproducible and relevant—with dem-
onstrated diagnostic or prognostic significance—should be
reported in description.11 Since 1993, the Association of
Directors of Anatomic and Surgical Pathology has pub-
lished recommendations for pathologic reporting.8 In ad-
dition, national initiatives (College of American Patholo-
gists’ ad hoc committee on report standardization in the
United States and the efforts of the Cancer Institute and
French Society of Pathology in France) aim at defining
templates for structured reports in anatomic pathology.12

A generic model of structured reports can be derived from
these templates. A pathology report is a clinical document
and should have all of the dimensions of a clinical docu-
ment (author, date/time, patient ID, etc). It might include
findings and their supporting evidence expressed, for ex-
ample, in structured data, free text, and images. Obser-
vations should be tied to specific specimens and proce-
dures to laboratory manuals. A crucial issue is to identify
a technical solution to handle templates of structured re-
ports including findings and their related supporting ev-
idence.
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Figure 7. The ‘‘DICOM Model of the Real World’’ extended for specimens with the addition of the objects ‘‘specimen,’’ ‘‘container,’’ ‘‘component,’’
and ‘‘preparation step.’’

Currently there are 2 candidate approaches for imple-
menting structured reports. The HL7 group has defined
the clinical document architecture, which is an XML
(eXtensible markup language)–based design for interop-
erable clinical reports. In addition, the DICOM committee
has defined the structured reporting classes for transmis-
sion and storage of clinical documents. Efforts are cur-
rently underway to harmonize these approaches, which
should result in a system that will allow a wide variety of
information systems to create and consume such infor-
mation in a manner that is both human-readable and ame-
nable to computer processing.

IHE Anatomic Pathology Technical Framework

The integration profile ‘‘Anatomic Pathology Workflow’’
was proposed for a first IHE anatomic pathology cycle to
establish the continuity and integrity of basic pathology
data acquired for examinations ordered for an identified
inpatient or outpatient. It focuses on the main transactions
of the ordering, reporting, and imaging aspects of the
workflow. The ‘‘Anatomic Pathology Workflow’’ integra-
tion profile involves 8 actors and specifies 10 transactions
to maintain the consistency of ordering and specimen
management information in anatomic pathology images
and reports (Figure 8). For each transaction, the work-
group proposes the use of the most suitable format—HL7
(version 2 or 3) or DICOM.

Placer order management (PAT-1) contains all the HL7
messages required between the order placer (a component
of HIS) and the order filler (component of LIS) for the man-
agement of the life cycle of the order. Its main goal is to

keep a consistent vision of the order, content, and status
between the 2 actors. Sometimes the specimens may arrive
in the anatomic pathology laboratory without any order.
Pathologists are also sometimes responsible for collecting
the specimens. In these cases, the transaction filler order
management (PAT-2) contains all the HL7 messages re-
quired by the order filler (of the LIS) to send the notification
of a new filler order to the order placer (of the HIS).

For each order, image acquisition may require different
modalities (gross imaging, microscopic imaging, etc).
Query modality worklist (PAT-5) is based on a DICOM query
to the order filler (of the LIS) entered at the acquisition mo-
dality. In case of a general query, the list of scheduled im-
aging procedures with the associated patient and speci-
men information is returned to the acquisition modality. In
case of a query using the barcode identifying a given spec-
imen as the source of an imaging procedure (either part
or slide), the specific information about this specimen is
returned.

The procedure scheduled and updated (PAT-4) allows the
order filler to send updated information about the order to
the image manager.

Order results management (PAT-3) carries the report and
report status or changes (ie, corrections, cancellations)
from order filler (of the LIS) to the order result tracker (of the
HIS).

The transaction modality image stored and evidence docu-
ment stored are based on 2 transactions already defined in
the radiology domain (RAD-8 and RAD-43, respectively)
and allows an acquisition modality or an evidence creator to
send acquired or generated images to the image archive (of
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Figure 8. ‘‘Anatomic Pathology Workflow’’
involving 8 actors and specifying 10 trans-
actions to maintain the consistency of order-
ing information and specimen management
information in anatomic pathology images
and reports. The transaction prefixes, PAT and
RAD, denote their origin. HIS indicates hos-
pital information system; LIS, anatomic pa-
thology laboratory information system; PACS,
picture archiving and communication system;
PAT, anatomic pathology; RAD, radiology.

the picture archiving and communication system [PACS]).
The transaction storage commitment is also based on a
transaction already defined in the radiology domain
(RAD-10). Thanks to this transaction, the acquisition mo-
dality or evidence creator is able to request that the image
manager confirm ownership for the specified DICOM ob-
jects (images or evidence documents or any combination
thereof) stored in the image archive, thus allowing the send-
er to delete those objects. The transaction query/retrieve im-
ages (RAD-14/RAD-16) allows the querying of the image
manager/image archive (of PACS) for retrieving and dis-
playing the images.

COMMENT
Quality assessment studies in anatomic pathology show

that each of the different steps from specimen collection
to report editing may be a source of errors and that in-
tegration of information systems supports error reduc-
tion.9 This work, done in the framework of the IHE ana-
tomic pathology initiative, consisted of defining the needs
of systems integration in anatomic pathology, especially
between imaging systems, traditional anatomic pathology
LIS, and HIS. The IHE anatomic pathology working group
has defined standard-based technical solutions for system
integration for the basic diagnostic workflow in anatomic
pathology laboratories. The results are a new integration
profile, ‘‘Anatomic Pathology Workflow,’’ proposed for a
first IHE cycle in anatomic pathology and covering the
steps from order to report. The anatomic pathology tech-
nical framework, specifying the use of the most suitable
format for each transaction—HL7 (version 2 or 3) or DI-
COM—has been published for trial implementation.

The main contributions of this work consisted in ana-
lyzing the specificity of the anatomic pathology workflow
with regards to laboratory and radiology workflows and
in defining the structure and content of the information
flow involved during the 4 main steps of this workflow:
order management, specimen processing, image acquisi-
tion, and report creation. Since image acquisition in ana-

tomic pathology is a specimen-centric activity, a key issue
was agreeing across standards (HL7 and DICOM) on the
way to identify and describe specimens that are the sub-
ject of images.

A common specimen model and a specimen module
including critical specimen information necessary to in-
terpret the image were defined in the DICOM supplement
122. The specimen module has been harmonized with the
specimen description in HL7 version 2 or 3 information
constructs. The intent for the DICOM specimen module is
not to duplicate all the HL7 features, but rather to provide
sufficient linkages so that the DICOM images can fit into
an overall anatomic pathology laboratory environment
that may use HL7 version 2 or 3 messages for workflow
management (orders and observations).

Although the main output of the anatomic pathology
workflow is a timely and clear report of a diagnostic opin-
ion, there will be increasing desire to associate images as
evidence for textual reports. Therefore, the integration
profile ‘‘Anatomic Pathology Workflow’’ includes the issue
of archiving images in a picture archiving and commu-
nication system (PACS). Indeed, the main advantage of
using DICOM standard instead of proprietary file formats
is to store anatomic pathology images in PACS, like radi-
ologists or cardiologists do, and therefore to distribute
these images to clinicians through the same viewers that
they use for other medical images. The DICOM WG26 is
currently addressing the issue of archiving large whole-
slide images in PACS, and the specific DICOM objects that
will be defined in the near future will probably challenge
the existing DICOM viewers.

Integrating the Healthcare Enterprise technical frame-
works are continuously maintained and expanded on an
annual basis. Each year, the anatomic pathology technical
committee develops supplements to the current stable ver-
sion of the technical framework to support new function-
ality identified by the planning committees and issues
them for public comment. After the public comment pe-
riod, an updated version of the technical framework for
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‘‘trial implementation’’ is published to be used by vendors
in developing trial implementation software for the annual
Connectathon. The anatomic pathology committee also con-
siders change proposals to the trial implementation ver-
sion of the technical framework.

Two additional integration profiles have been proposed
for the next cycle that will be dedicated to the manage-
ment of semantically rich structured reports and also to
the integration of systems used for patient care and those
used for research activities (like tissue bank databases or
tissue microarrayers).

Because IHE is organized and driven by professional
organizations representing both health care providers and
information systems vendors, it is able to use a simple and
common language in the technical framework that pro-
vides a comprehensive guide for a coordinated implemen-
tation of information standards to achieve integration pro-
cesses. It is our hope that this work will lead to greater
adoption of standards within the anatomic pathology
community, allowing a proliferation of systems that will
seamlessly interoperate, similar to the experience in the
field of radiology, in which imaging equipment and infor-
mation systems from multiple vendors routinely work to-
gether, providing a rich environment for clinical imaging
activities.
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