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Abstract Key quality parameters in diagnostic pathology in-
clude timeliness, accuracy, completeness, conformance with
current agreed standards, consistency and clarity in communi-
cation. In this review, we argue that with worldwide develop-
ments in eHealth and big data, generally, there are two further,
often overlooked, parameters if our reports are to be fit for
purpose. Firstly, population-level studies have clearly demon-
strated the value of providing timely structured reporting data
in standardised electronic format as part of system-wide qual-
ity improvement programmes. Moreover, when combined
with multiple health data sources through eHealth and data
linkage, structured pathology reports become central to
population-level quality monitoring, benchmarking, interven-
tions and benefit analyses in public health management.
Secondly, population-level studies, particularly for
benchmarking, require a single agreed international and
evidence-based standard to ensure interoperability and com-
parability. This has been taken for granted in tumour classifi-
cation and staging for many years, yet international
standardisation of cancer datasets is only now underway
through the International Collaboration on Cancer Reporting
(ICCR). In this review, we present evidence supporting the
role of structured pathology reporting in quality improvement
for both clinical care and population-level health

management. Although this review of available evidence
largely relates to structured reporting of cancer, it is clear that
the same principles can be applied throughout anatomical
pathology generally, as they are elsewhere in the health
system.
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Introduction

As diagnostic pathologists, our primary activity is the
analysis of human fluids, cells and tissues. Our primary
function, however, is to gather, process, synthesise and
communicate pathology information which is required
for, or useful in, the management of patient health. In
diagnostic pathology, information is everything. It is our
raison d'être, and our reports, in communicating this
information, underpin our contribution to the quality of
clinical care and public health.

Key quality parameters for reporting include timeli-
ness, accuracy, completeness, conformance with
current agreed standards, consistency and clarity in
communication.

Over the last two decades, national pathology organisations
in many countries have initiated programmes to develop
standardised cancer datasets in order to ensure the quality of
pathology reporting [1–4]. This is because, as the following
sections will demonstrate, there is ample evidence that
standardised structured reporting (SR) using agreed published
datasets significantly improves the quality of individual pa-
thology reports as defined above. In addition, although these
datasets were developed initially as checklists to assist com-
pleteness of reporting, it is clear that, since they define and
distil all the essential elements of what we produce as
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pathologists, they are central to quality activities within the
laboratory. Many of the monitoring and other system-wide,
quality-related activities detailed elsewhere in this special is-
sue of Virchows Archiv depend upon the extraction, collation
and analysis of individual elements of information contained
in pathology reports. Adoption and electronic implementation
of standardised SR are thus a powerful enabler for many of
these quality activities.

Furthermore, with accompanying explanation and
commentary, the same datasets are an important tool
for the education and training of individual pathologists
and, when made freely available globally, the same or
modified datasets can be used to inform resource allo-
cation within laboratories and the priorities of health
planners in developing countries.

To date, many standards for SR and much of the
published literature have centred on cancer and, for this
reason, these form the basis for this article, but infor-
matics standards have recently been developed to sup-
port SR across all of anatomical pathology, including
support for digital imaging [5–7]. It is acknowledged
that the same principles clearly apply to SR across all
disciplines of diagnostic anatomical pathology and in-
deed in healthcare in general. For example, surgeons
[8–10] and gastroenterologists [11–13] in selected prac-
tices have successfully adopted structured electronic
reporting templates for operation notes and, although
initially slow to adopt SR, diagnostic radiology is now
embracing the same paradigm [14, 15]. In tumour radi-
ology in particular, there is a need for accurate objective
measurement and comparison over time to assess re-
sponse to therapy, and clinical users require accurate
structured data [16]. Reflecting this imperative, current
DICOM standards in radiology include fields for struc-
tured diagnostic data [17].

Structured reporting is not a new concept in pathology.
Clinical laboratories have always reported results as struc-
tured atomic data elements. In morphological pathology,
Bethesda sys tems are an exce l len t example of
standardised structured reporting in both gynaecological
[18] and thyroid [19] cytology, the former having been
the basis for successful cervical screening programmes
worldwide for many years.

In the following sections, we discuss the differences
between structured formatting of reports and structured
data in the context of published literature, as well as the
nature of datasets and the processes required to stan-
dardise content. Implementation issues are examined,
and the benefits of SR in quality improvement are
discussed both in relation to individual clinical care
and population-level quality initiatives. A global per-
spective of standardisation in SR follows, with a brief
overview of future possibilities and directions.

Levels of implementation of structured
reporting—the Ontario scale

In 2009, Srigley et al. [20] described the spectrum of pathol-
ogy cancer reporting, from traditional narrative reports with
neither standardised content nor formatting (Level 1), through
to Level 6 with an agreed, standardised dataset and electronic
implementation with terminology binding (Fig. 1). Each in-
cremental level leads to an improvement in reporting, but as
the following sections will demonstrate, it is only at Level 6
that the full benefits for quality improvement can be achieved.

Standardising the content of reports (Ontario
Level 2)

Pathology datasets contain information that is required for, or
useful in, the management of patient health. In cancer datasets,
this includes keymacroscopic elements as well the microscop-
ic findings including specific cancer type, TNM staging and
all prognostic or predictive information relevant to patient
management. Most published datasets recognise mandatory
versus non-mandatory data elements. The International Col-
laboration on Cancer Reporting (ICCR) uses the terms “Re-
quired” and “Recommended” (Fig. 2), and the former are
those which are essential for clinical management—such as
TNM stage or classification, as well as prognostic or predic-
tive information which satisfies evidentiary standards to Level
III-2 [21]. Thus, the sum of all Required elements represents a
minimum dataset. An important component of any dataset is a
“Commentary” specific for each element. Commentary de-
fines the element and the context in which it is used, describes
how it is assessed or measured and provides the evidence to
support its inclusion in the dataset according to published
evidentiary standards.

Pathology cancer dataset content is necessarily reviewed at
least with every new AJCC/TNM staging, and WHO “Blue
Book” edition, but the rapid development of targeted thera-
pies, personalised medicine and prognostic assays using
in vitro diagnostics will drive ever-shortening development
and review cycles. Structured reporting will be an essential
component in the capture of biomarker data for both clinical
management and assessment of efficacy and cost analysis
across the healthcare system [22].

The process used to standardise content

The quality of a structured report depends upon the quality of
the underlying standardised dataset template, which, in turn,
depends upon the process that governs the development of
that template.
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In the ICCR [23–27] and other established programmes
[1–3], a defined series of steps is required (Fig. 3), beginning
with the selection of a chair of the Dataset Authoring Com-
mittee (DAC) and its multidisciplinary experts according to
defined criteria. Key steps include the assessment of existing
datasets worldwide, development of a draft dataset in conjunc-
tion with the chair and iterative review by the DAC with
evidentiary assessment using published standards [21]. The
adoption of evidentiary standards to ensure the validity of
required elements is a fundamental component of dataset de-
velopment. To ensure consistent quality and efficiency, an
ICCR Project manager assists and guides the DAC process
and a member of the ICCR Steering Committee is seconded
to each DAC. The resulting draft dataset is then published
worldwide for a period of 6 weeks open consultation and all
responses collated, reviewed and DAC responses and changes
published openly prior to final publication on the ICCR
website.

Structured formatting or synoptic reporting
(Ontario Level 3)

Valenstein in 2008 [28] reviewed the structured formatting of
pathology reports in the light of cognitive psychology and
principles adopted by the media, aviation and other industries.
The four guidelines presented in this review include the use of

diagnostic headlines and “white space”, the standardisation of
layout and continuity over time, the optimisation of informa-
tion density and the reduction of “clutter”.

Unstructured formatting by comparison is not organised in
any pre-defined way and may contain large blocks of text—
exemplified by traditional written reports. In this “paragraph-
ic” or narrative style, the lack of headings, white space or other
formatting makes the content impenetrable to normal eye
scanning; hence, the entire text must be read to find an indi-
vidual element, and it may be overlooked—or absent. Indeed
in 1991, Markel and Hirsch [29] noted that “… surgeons and
other clinicians frequently asked why certain information,
which was actually in the body of our reports, was not.” In
response to this, they described the now familiar “synoptic”
reporting format similar to that originally described by Hutter
and Rickert several years previously [30].

The term “synoptic reporting” is often used synonymously
with “structured reporting”, yet they are not identical [31].
Synoptic reporting as described by Hutter and Rickert refers
to the commonly used two-column layout structure in which
each line contains a single, separate data element. In most
laboratories, this is still achieved using a text-based word pro-
cessor, with no discrete data fields [32]. When standardised
datasets or checklists are combined with synoptic formatting
in a text-based system, the reports conform to Level 3
reporting on the Ontario scale [20] (Fig. 1). This achieves
many key elements of quality in reporting including
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Fig. 1 Implementation of
structured reporting in the Ontario
project [20] identified six levels.
Level 1 follows the traditional
text-based model in which there is
no defined content or formatting.
Synoptic-like reporting in most
countries currently conforms to
Level 3. The benefits of data
aggregation, analysis and
population-level quality
measurement and interventions
require Level 6 reporting
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completeness, consistency, conformance and clarity, yet it is
not structured data and cannot provide the many benefits of
Level 6 electronic implementation using structured data.

Fully structured reporting (Ontario Levels 5 and 6)

“Structured data” is a computer informatics term that de-
scribes indivisible or “atomic” data elements combined in
pre-defined way, multiple elements being combined to form
a “dataset” (Fig. 2). Any relationships or interdependencies
between the different data elements of any given data set are
defined by a “data model”, sometimes referred to as an
“archetype”.

Electronic implementation as a computer database is an
excellent example of structured data, being made up of dis-
crete data fields and, usually, defined value lists. Unstructured
data on the other hand is best exemplified by free text, manip-
ulated and stored in a word processor.

Implementation of structured data at Level 6, by enabling
machine readability, unlocks many possibilities for patholo-
gists including consistent and automatic structured formatting
of reports, decision support and improved efficiency. When
implemented at the population level, however, it opens up a

Fig. 3 Figure 3 illustrates the ICCR process of dataset development and
the governance behind it. Other programmes use similar principles except
for international open consultation [1–3]

Fig. 2 This excerpt from the ICCR melanoma dataset illustrates the
combination of data elements to form a structured dataset viz. element
names, prescribed value lists and measurement constraints as well as
conditional dependencies between different elements and Required

(bold) versus Recommended (grey) elements. The book icons are
hyperlinks to Commentary (bubble at right) describing what the
element is and how it is measured and providing evidence for its
inclusion in the dataset
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new vista for analysis at all levels of system-level health man-
agement and in particular, as discussed below, possibilities for
measuring and improving the quality of pathology reporting
and practice.

Impact of SR upon quality of patient care

A number of publications provide good evidence that SR sig-
nificantly improves the completeness of cancer reports [4, 20,
33–36]. In one study in particular [33], free text reports of
pancreatic resections provided information on TNM stage,
all resection margins, lymphovascular invasion and perineural
invasion in 44, 11, 66 and 84 % of cases compared with 100,
94, 100 and 100% for structured reports. One could argue that
there are reasons why this might be the case other than the
intrinsic value of SR: selection bias being the most obvious.
However, longitudinal studies identifying changes in perfor-
mance after staged introduction of SR also demonstrate highly
significant improvements in completeness of reports [20, 34].

There are a number of possible reasons why this might be
so. Datasets provide a “reminder” function akin to the check-
lists used by airline pilots prior to take off, but they also pro-
vide an educational component. The task of keeping abreast of
advances across the full range of cancers has become onerous
for pathologists, and cancer datasets ensure that all patholo-
gists are kept abreast of the latest minimum reporting stan-
dards for all tumours, including those outside their areas of
special interest. If the repetition and predictability of the ques-
tion set and the possible responses inherent in each specimen
type make structured reporting possible, it is the increasing
complexity of pathology reporting datasets which makes
structured reporting an imperative. Furthermore, the advent
of targeted therapies and a rapidly expanding repertoire of
accompanying biomarkers are currently adding significantly
to the complexity of pathology reports and the need for both
clarity and completeness in communication.

In addition to completeness, an important component of
reporting quality is conformance to standardised nomencla-
ture in order to avoid ambiguity. In the survey described by
Gill et al., 28 different names were used to designate resection
margins in 109 free text reports [33]. Standardised SR defines
not only the data elements but also the nomenclature, agreed
value lists and method of measurement.

Since standardised cancer pathology reports generally con-
tain the date of surgery and the date of pathology reporting, the
turnaround times can be derived and analysed at jurisdictional,
institutional or individual pathologist levels, thus providing
information on timeliness.

Accuracy is one of the most important determinants of
quality in reporting. Clearly, SR cannot substitute for training,
pathologist knowledge or skill in interpretation. Indeed, at one
symposium [37], a clinician made the comment that “…at

least with text reports, it is possible to tell whether the pathol-
ogist knows what they are talking about.” This is recognised
in the RCPA datasets in which emphasis is placed upon pro-
viding the facility for a free text overarching comment or
synthesis attached to the diagnosis line so that issues of un-
certainty and nuance can be finessed as required, independent-
ly of the discrete data elements. SR does, however, contribute
to accuracy by standardising methods of measurement (e.g.
capsular invasion in prostate cancer, or visceral pleural in-
volvement in lung cancer) and units (e.g. mitotic count per
square millimetre vs high-power field). Moreover, although
not yet widely explored or utilised, SR can enable decision
support. This could be as simple as auto-calculation of the
diagnosis line or TNM stage derived from the discrete data
elements entered. More complex computer modelling of the
patterns of data entered in real time could prompt the pathol-
ogist if unusual, inconsistent or forbidden combinations of
tumour data are entered. Accumulation of discrete data ele-
ments across a number of pathologists over a period of time
enables monitoring of reporting patterns that can form an im-
portant part of targeted quality peer review which may relate
directly to accuracy.

Finally, clinician demand for SR will be well known to all
pathologists and in many cases has been the driving force for
SR programmes. Clinician approval is generally self-evident;
however, the few published studies available indicate clinician
satisfaction with completeness and readability of both struc-
tured and synoptic reports [29, 38].

Impact of population-wide structured reporting
using quality indicators

There are many secondary users of pathology report informa-
tion including registries, health planners, government agen-
cies, research organisations and epidemiologists, and most of
these require consolidated data from large populations of
patients.

For secondary users, the same quality parameters apply as
in clinical use: timeliness, accuracy, completeness, confor-
mance with current agreed standards, consistency and clarity
in communication. However, for large, population-wide use,
there are two additional key considerations if the report quality
is to be “fit for purpose”.

Firstly, the burden ofmanual coding of pathology reports in
registries is prohibitively expensive and difficult, causing long
delays in registration and analysis. To be fit for purpose to
secondary users, the reports are best electronically encoded
as standardised structured information at Level 6 (Fig. 1).
By making pathology data available at atomic level on a
real-time basis with timely analysis, the role of cancer regis-
tries and data repositories is changing from historical review
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to real-time dynamic analysis and feedback, thus enabling
quality improvement in health systems.

In 2004, Cancer Care Ontario (CCO) [20] initiated a pro-
ject aimed at improving the quality of cancer pathology
reporting by standardising the content, format and transmis-
sion of reports to a central registry and enabling the informa-
tion to be available for planning, quality measurement and
quality improvement [39]. Clinically relevant quality indica-
tors were developed, and structured pathology data were elec-
tronically captured at the point of reporting and used to auto-
mate the timely generation of clinical performance indicator
analyses to support quality improvement in surgical oncology.
Quality indicators were agreed (colorectal lymph node retriev-
al rates >12, and pT2 prostatectomy margin positivity rates
<25 %), and institutional and aggregated data were made
available to participating institutions. Underperforming enti-
ties were assisted through a knowledge transfer programme
and in a cultural environment described as “shedding light not
heat”. Over the 2-year period reported, the province-wide fig-
ures for lymph node retrieval rate (>12) increased from 76 to
87 %, and pT2 prostatectomy margin positivity rates de-
creased from 37 to 21 % [39]. The early implementation of
Level 3, then Level 6 pathology structured reporting was an
essential foundational component of this quality improvement
process [20]. Significantly, although initially analysed and
published at an institutional level, the same data can be used
to monitor performance at individual practitioner level [40].

The second key consideration in report quality for second-
ary users is the level at which standardisation is applied.
Whilst it is possible to agree upon standardised cancer datasets
for clinical use at any level: institutional, state, provincial or
national, it is clear that population-wide studies, particularly
for benchmarking, require a single agreed international stan-
dard to ensure interoperability and comparability. This has
been taken for granted in tumour classification [41] and stag-
ing [42–44] for many years, yet international standardisation
of cancer datasets is only now underway through the Interna-
tional Collaboration on Cancer Reporting [27].

Global standardisation of structured reporting

The International Collaboration on Cancer Reporting was
formed in 2011 to develop common, internationally
standardised and evidence-based cancer protocols for
reporting in surgical pathology [27]. ICCR experience has
demonstrated that collaboration on a single international
reporting standard can

1. Attract the world’s best pathology domain experts and
pathology societies to the development process

2. Remove elements which are outmoded or lack evi-
dentiary support

3. Be readily achieved—often more simply than in smaller
jurisdictions

4. Significantly reduce cost and duplication of effort in
dataset development worldwide

5. Provide reporting standards for those countries which lack
the necessary resources

6. Enable global interoperability and flow of core cancer
data

7. Provide a single authoritative and evidence-based over-
view or template for education in cancer reporting
worldwide

8. Simplify and reduce the cost of necessary software devel-
opment , te rminology binding and elec t ronic
implementation

The quality of standardised pathology reporting templates
is further supported by strategic alliances which ensure close
working relations between other international standard setting
organisations including World Health Organisation (WHO)/
International Association for Research in Cancer (IARC),
American Joint Commission on Cancer (AJCC)/International
Union for the Control of Cancer (UICC), International Asso-
ciation of Cancer Registries (IACR) and the many down-
stream clinical and secondary users including registries, re-
search organisations and health planners throughout the
world. ICCR publishes datasets in synchrony with the WHO
Blue Books, necessitating WHO/IARC representation on the
ICCR Dataset Steering Committee and cross representation
between ICCR and a number of strategic partners such as
the UICC TNM Core Group Committee.

Data linkage and standardised structured pathology
reporting

Whilst initial studies focussed upon the importance of
standardised SR in managing quality through performance
indicators which are themselves derived directly from pathol-
ogy reports [39], it is only through data linkage that pathology
SR data can be linked meaningfully to health outcomes in-
cluding survival curves. This is achieved through combining
standardised pathology SR data with information from multi-
ple sources such as cancer registries, screening programmes,
clinical and multidisciplinary team (MDT) registries, radio-
therapy and radiology services, public and private health in-
surers, hospital and pharmaceutical databases and death reg-
istrations [45]. It is clear that pathology is fundamental to any
such data linkage analysis by providing key tumour stage and
profile information, central to all downstream analyses.

A recent data linkage study of bladder cancer outcomes
illustrates the importance of reporting the accurate pathologi-
cal stage as a prerequisite for clinical management [46]. Sig-
nificantly poorer patient outcomes were found in cases where
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muscularis propria was not mentioned in pathology reports
leading to uncertainty between categories pT1 and pT2, with
probable understaging and undertreatment.

Stage capture [43, 47] is a required element in SR cancer
datasets and has been shown to improve significantly with the
adoption of SR [20, 33, 34]. TNM stage, when combined with
other health data through data linkage, can be used to assess
the value of screening programmes and compliance with treat-
ment guidelines [48], and to direct and assess the value of
interventions in the health system [49, 50]. In a recent analysis
of ovarian and breast cancer outcomes across six countries, the
International Cancer Benchmarking Partnership excluded 54
and 52 % respectively of all patients due to lack of stage data
from the relevant registries [51–53]. With recognition of the
importance of TNM stage in population health management,
there is a worldwide drive to capture this data, and structured
pathology reporting is a key element [54]. Cancer Care On-
tario (CCO) launched the Stage Capture programme in 2007
with the aim of recording full TNM stage on all patients by
2012 [55]. As a result, in 2010, CCO was able to report a high
stage at presentation for First Nations women in Ontario,
highlighting a need for health intervention in this group [50,
56].

Similar programmes are underway in many countries in-
cluding the USA, UK and Australia, and through the Global
Initiative for Cancer Registration (GICR) initiated by IARC
[57].

Thus, pathology SR data lies at the core of data linkage
studies that are essential to system-wide, population-based
healthcare management. At one level, these can be used to
assess the quality and appropriateness of healthcare across
different geographical regions and socioeconomic or ethnic
groups, or adherence to clinical practice guidelines. At another
level, financial data coupled with SR information is integral to
the benchmarking of health system performance and cost-
effectiveness of different clinical pathways and healthcare
interventions.

Implementation issues and the future

We have presented evidence that standardised Level 3 or “syn-
optic” reporting provides real benefit for the clinical manage-
ment of patients and secondary users. There are no technolog-
ical barriers to Level 3 synoptic reporting as this can be
achieved using any word processor or text-based system—
even a typewriter, and many centres, institutions and individ-
uals around the world already practise this. Factors influenc-
ing adoption and retention of SR have been reported [4, 38,
58], and it is clear that some of the most important consider-
ations include the need for a local pathologist leader or cham-
pion, the use of incentives such as co-payments, jurisdictional

mandation and pathologist perception of the impact of SR
upon their efficiency and workflow.

The question of whether SR represents a burden on pathol-
ogist time is a complex one, and published evidence has been
inconclusive. Key to this is the need for an improved interface
between the pathologist and laboratory information system or
middleware solution. Providing electronic dropdown menus
(Level 4), with or without speech recognition, can lead to
improved laboratory efficiency and timeliness; however, this
requires some investment in IT infrastructure. Given the many
benefits of aggregated analysis, it is logical that IT investment
would be best directed to a coordinated programme of Level 6
reporting linked to system-wide registry and eHealth imple-
mentation, directed by government or other large health orga-
nisations who are the major beneficiaries of population-level
data linkage and analysis.

Standardised structured information is fundamental to in-
formation exchange in eHealth, but in time, technological im-
provements are likely to change the way that structured infor-
mation is generated. Intelligent assistants such as Siri manip-
ulate the interface between humans and computers, converting
unstructured speech into structured data—and back again. Im-
plementation of Level 6 reporting with an intelligent assistant
could change the current paradigm, ensuring that all the qual-
ity parameters are met, including timeliness.

For the clinical users of our reports on paper or screen,
there are further challenges in assimilating large amounts of
complex information. Already, some datasets are too large for
the traditional synoptic format, and more effective report ren-
dering will be needed. For specific users, reporting of only a
subset of the data may suffice, or more flexible electronic or
web-based displays may ultimately need to be considered.

Appropriate technology platforms will be key to many as-
pects of reporting and communication in the developing
eHealth environment. Nonetheless, globally standardised,
evidence-based datasets and good clinical governance in their
development are fundamental to both the quality of reporting
in diagnostic pathology, and downstream data linkage studies
essential for population health management.
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