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Abstract

The World Health Organization’s (WHO) international classification of disease version 11 (ICD-11) contains several fea-
tures which enable improved classification of patient safety events. We have identified three suggestions to facilitate
adoption of ICD-11 from the patient safety perspective. One, health system leaders at national, regional, and local
levels should incorporate ICD-11 into all approaches to monitor patient safety. This will allow them to take advantage
of the innovative patient safety classification methods embedded in ICD-11 to overcome several limitations related
to existing patient safety surveillance methods. Two, application developers should incorporate ICD-11 into software
solutions. This will accelerate adoption and utility of software-enabled clinical and administrative workflows relevant
to patient safety management. This is enabled as a result of the ICD-11 application programming interface (or API)
developed by the WHO. Third, health system leaders should adopt the ICD-11 using a continuous improvement
framework. This will help leaders at national, regional and local levels to take advantage of specific existing initiatives
which will be strengthened by ICD-11, including peer review comparisons, clinician engagement, and alignment

of front-line safety efforts with post marketing surveillance of medical technologies. While the investment to adopt
ICD-11 will be considerable, these will be offset by reducing the ongoing costs related to a lack of accurate routine
information.
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Introduction
More than 20 years after the US National Academy of

for this, the root cause is a continued inability to con-
sistently measure adverse events and potential adverse

Medicine published “To Err Is Human’, health systems
are unable to confidently and unequivocally state patient
safety has improved [1]. While there are many reasons

*Correspondence:

Alan J. Forster

aforster@toh.ca

! The Ottawa Hospital Ottawa; Ottawa Hospital Research Institute, Clinical
Epidemiology Program; and Faculty of Medicine, University of Ottawa,
Ottawa, Canada

2 Schools of Medicine, Public Health, and Nursing, Johns Hopkins
University, Baltimore, USA

3 Irving Institute for Clinical and Translational Research and Department
of Psychiatry, Columbia University and New York State Psychiatric
Institute, New York, NY, USA

“ Office of the Vice President Research; and, The O'Brien Institute of Public
Health, University of Calgary, Calgary, AB, Canada

B BMC

events. Providers, hospitals, payers, and governments
continue to rely on different measurement approaches
lacking sensitivity, specificity, and reliability [2]. As a
result, improvement efforts are often unsuccessful and
the oft quoted maxim ‘You can’t manage what you can’t
measure’ continues to hold true for patient safety. While
measuring patient safety will not result in improvement,
efforts to improve can only be judged beneficial if there
are reliable measurements.

Adoption of the International Classification of Disease
version 11 (ICD-11) offers an opportunity to address
this gap. When the World Health Organization (WHO)
developed earlier versions of the ICD, the measurement
of patient safety was less of a priority. Consequently, the
ICD did not include a comprehensive and consistent
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approach for documenting patient safety events, and as
a result, the use of ICD codes fell short of the needs of
those responsible for tracking patient safety.

Unlike prior versions, the ICD-11 was built with
patient safety measurement in mind. The WHO assem-
bled an international group of experts and tasked them
with ensuring the ICD-11 met this use case. The so-
called Quality and Safety Topic Advisory Group created
the coding rules and reviewed the code content to ensure
all safety events could be tracked. The group incorpo-
rated leading patient safety nomenclatures and evidence
to establish its three-part model, which tracks the harm,
the cause, and the mode for every event (as described in
another article in this series). The ICD-11 also includes
new features such as clustering of diagnosis codes, diag-
nosis timing, and extension codes that enhance capture
of clinical information for quality and safety. This creates
a classification that is more flexible, intuitive, and clini-
cally aligned—ensuring it can be consistently applied to
several purposes and in diverse settings [3].

In order to take advantage of the opportunities afforded
by ICD-11, national and/or regional health systems will
need to manage the adoption of the new coding system.
A full implementation will take some time; however, it
is unnecessary to wait until full deployment for benefits
to be accrued, especially if certain issues are addressed.
First, it is necessary for leaders (within health systems
and at system/national levels) to consistently apply the
ICD-11 classification system across all approaches for
monitoring patient safety. Second, the adoption of ICD-
11 by manufacturers of health information systems and
electronic medical record components could accelerate
change. Third, leaders need to use the information gener-
ated from adoption of ICD-11 to guide system improve-
ment. We address each of these in turn.

Suggestion 1: Incorporate ICD-11 into all
approaches to monitor patient safety

There are four basic approaches to monitor patient safety.
These include voluntary reporting of safety events, min-
ing healthcare administrative data, mining clinical data,
and prospectively observing care for safety events [4].
As described in Table 1, each method has specific ben-
efits and drawbacks. Currently, the ICD is predominantly
used only for mining healthcare administrative data.
While using ICD for mining administrative data is ben-
eficial, ICD-11 creates an opportunity to extend a single
classification system to each of the four approaches men-
tioned above, as ICD-11 was designed to incorporate
conceptual elements from pre-existing taxonomies, such
as the WHO’s International Classification for Patient
Safety (the key elements of which are now embedded
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within ICD-11) and the Agency for Healthcare Research
and Quality’s Common Formats [3].

The current state (prior to ICD-11) leaves us with a
lack of interoperability across different measurement
approaches. This is because there is no single terminol-
ogy applicable to all safety measurement approaches.
Therefore, it is essentially impossible to compare events
across the measurement approaches as different termi-
nologies are used to define and group concepts. Differ-
ences in approaches lead to variation in measures that are
unacceptable to most users. By applying the same frame-
work inherent to ICD-11 to all the use cases, this prob-
lem immediately goes away.

For example, if a harm associated with a long-used
medical device becomes apparent today it is very diffi-
cult (and perhaps) impossible to scan results from all the
different approaches to identify any signals that could
help to estimate the overall risk. This is because all four
methods for tracking patient safety use different nomen-
clatures to describes the events. ICD-11 on the other
hand makes this relatively straightforward because a
single nomenclature and coding rules can be applied for
all four methods to track safety [5]. If all the four meth-
ods employed all components of the ICD-11 including
the three-part model (described elsewhere in this article
series), then this type of analysis would be greatly facili-
tated. By creating an ability for patient safety leaders to
compare information arising from all four methods using
a common language, they will be in a better position to
select priorities and monitor impact of interventions.

A second limitation of the existing situation is a failure
to adopt standards even within a measurement approach.
For example, voluntary reporting systems typically have
their own proprietary embedded classification that dif-
fer from one another [6]. Similarly, electronic medi-
cal records do not routinely map safety concepts to an
accepted standard [3]. Thus, comparing results across
institutions with different systems becomes impossi-
ble. Further, if developers in an institution code a set of
electronic triggers indicating events, then it is likely their
results will not be comparable to other institutions. Pro-
spective observations also share this limitation; however,
they are all obviated by consistent implementation of
ICD-11.

A third limitation of the existing situation is scalability.
Even if existing systems can capture basic components of
a patient safety event there is an inability to grow them.
For example, within existing classification systems, when
new pharmaceutical products or medical devices become
available, then it is necessary to update the entire coding
system to accommodate additions of the new products
and their relationships to other concepts.
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The ICD-11 exists within the WHO’s Family of Inter-
national Classifications [7]. This introduces an opportu-
nity to integrate the International Classification of Health
Interventions, the International Classification for Func-
tioning and Disability, and controlled terminologies for
medications and devices embedded with the extension
code section of ICD-11. These other classifications sys-
tems can evolve independently while maintaining appro-
priate relationships within the ICD-11 and importantly
the three-part patient safety framework.

A transition to these three WHO systems is certainly a
tall order for any country but it is the type of large-scale
change that could transform health information systems.
Using standard nomenclature within these core con-
cepts will allow for more accurate measurement, which
in turn will support more effective improvement actions
[1]. Moving forward, the classification systems and code
sets related to these embedded concepts can change and
evolve without impacting ICD-11 while remaining rel-
evant to the patient safety use case.

Suggestion 2: Incorporate ICD-11 into software
solutions

To achieve success, it is important to build the ICD-11
into solutions facilitating the workflow of busy patients,
clinicians, and health system leaders [8]. Specifically,
we recommend ICD-11 be built into solutions related
to incident reporting, clinical documentation, perfor-
mance reporting, and automated artificial intelligence-
based approaches for safety event detection. Physicians
and hospital staff document care using natural language
or free text, not using controlled terminology or alpha-
numeric codes. Thus, most health systems must employ
staff to manually translate free text within records into
the ICD codes, which are then used for a number of pur-
poses. This process is inefficient and can lead to errors
in code assignment [9]. Now that the WHO has created
code finder software and an associated Application Pro-
gramming Interface (or API), there are now relatively
straightforward approaches for software developers to
automatically link free text within their applications to
controlled clinical terminologies (i.e., the terms embed-
ded within the foundation layer of ICD-11, or proprietary
terminologies such as SNOMED) and then to ICD-11
codes (see Figs. 1 and 2) [10, 11]. This capability means
that we can theoretically obtain globally consistent cod-
ing irrespective of the language or system used to doc-
ument care, if developers use the WHO Code Finder
software and APIL. Of course, there remains a need to
confirm the accuracy of code assignment. However, with
increasing numbers of software solutions created using
the API, we predict coding accuracy will also increase.
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Incident reporting is a cornerstone of patient safety
management. One limitation of existing applications is
the inconsistent classification across voluntary reporting
systems, which limits comparisons between institutions
using different applications [6]. Another limitation is
the limited clinical acceptability of existing classification
systems [6]. The terminology used in voluntary report-
ing systems do not match clinical terminologies [6]. This
makes the information contained within the incident
reporting systems cumbersome to use and limits uptake
by healthcare workers. Furthermore, the existing systems
do not lend themselves to patient-reported outcomes. By
using clinically relevant terms, it is easier for patients to
report into the systems. This might greatly enhance the
utility of incident reporting systems, and in turn, patient
safety culture, which is thought to be a prerequisite to
improving safety [6].

A second domain for potential improvement is within
clinical documentation systems themselves. Histori-
cally, clinical documentation has been based on free text.
This is a legacy of written notes. With electronic medi-
cal records, there remains a free text component, but it
is now possible to create required fields with structured
responses. If done correctly, it becomes possible to struc-
ture the documentation within the medical record to
include appropriate information for each safety event.
For example, for a medication-induced rash, a structured
response could include a) documentation of the type and
extent of the rash (e.g., maculopapular rash on trunk and
extremities), b) the causative agent (e.g., amoxicillin), and
c) whether the therapy was appropriately prescribed and
administered (e.g., correct dose and route and no history
of a drug allergy). By requiring documentation in a stand-
ard manner, the electronic record will provide much
higher quality information. Importantly, systems need to
be built to consider clinician workflow.

A third domain of application development is within
performance reporting systems that extend beyond indi-
vidual hospitals. Frequently, electronic medical record
systems are built at the clinic, nursing unit, and hospital
level without thinking of the higher-level system goals.
As a result, clinical workflows for individual patients
are considered, without incorporating population health
management needs [12]. This limits ability to track event
rates at a population level because it is difficult to deter-
mine the true at-risk population. One way to address
this is to define the performance reporting needs at the
population level and build automated reports to present
the information. From this higher-level perspective that
considers system needs, developers can then map the
required data elements.

For example, if tracking medical device related harms
(e.g., implanted pacemakers), it is likely that system
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Free-text clinical note (authored by physician):

58-year-old male with class Ill CHF presents with acute pulmonary edema
due to inappropriate low furosemide dose in the setting of chronic LV
dysfunction (EF30%)

Controlled terminology (underlined terms):

Patient harm:
e Qutcome: Pulmonary oedema caused by: underdosing as a mode
of injury
Patient’s underlying condition:
e Diagnosis: Left ventricular failure with reduced ejection fraction;
Duration: Chronic; Severity: NYHA Class Il

ICD-11 Codes:

Patient harm: CB01/PL13.7
Patient’s underlying condition: BD11.2/XT8W/XS9T

Fig. 1 Example of ICD-11 terms and codes derived from a clinical note

Incident Reporting Application WHO ICD-11 Code
Software Programming Finder Solution
Interface (API)

Software ‘sends’ free text
string to code finder via the API

> ‘— O‘ >

API ‘returns’ the ICD-11 code and
controlled terms to the software

Pulmonary oedema caused by
¥ underdosing as a mode of injury

“Patient developed pulmonary “pulmonary edema
edema secondary to underdosing of secondary to underdosing € 4
diuretic medication” of diuretic medication”

v
* CB01/PL13.7

Fig. 2 Application programming interface facilitates patient safety workflow by linking software solutions (for example incident reporting software)
and the WHO ICD-11 code finder solution

managers will want to track utilization of devices (e.g., by  resulting from the device, and the mechanisms by which
type/manufacturer), the proportion of utilization result- harm occurs for a particular device (e.g., battery prob-
ing in harm (and type of harm), the severity of harm lems). Further, the manager will want to link information
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on harms with information on the patients affected, the
providers involved, and the settings in which the device
was used. Rich details describing the harms within a par-
ticular device will allow the manager to be more precise
in action to improve safety. By anticipating the report
content, developers can develop reports that will take
advantage of the rich information contained within elec-
tronic records. This benefit becomes extremely mean-
ingful because of the ability to work across electronic
systems and safety measurement approaches.

A final domain of development is related to event
detection using artificial intelligence. To enable accurate
detection, it is necessary to have consistent outcomes
[13]. For example, renal dysfunction following prescrip-
tion of an angiotensin converting enzyme inhibitor. The
application of machine learning to patient safety detec-
tion will be greatly improved, as consensus grows around
agreed upon outcomes (e.g., the extent of renal impair-
ment considered minimally clinically relevant) that need
to be evaluated across systems [13]. Thus, if an algorithm
can detect outcomes in one system, then the same algo-
rithm can be calibrated in other systems. Without a con-
sistent classification of outcomes across systems, this
would not be possible.

Suggestion 3: Health system leaders adopt

the ICD-11 using a continuous improvement
framework

There are several opportunities to improve health system
management with respect to patient safety. It is impor-
tant, however, for health leaders to recognize where
adoption of ICD-11 will reinforce their efforts and to use
these opportunities as a burning platform upon which to
stimulate change. These areas might include the follow-
ing—engagement of clinicians in safety, improved peer
comparison, and alignment of efforts between grass roots
quality improvement teams and health technology regu-
lators [14].

A significant downstream impact of measurement
challenges is consistent buy-in from clinicians and other
stakeholders [15]. If measures are non-sensical, then cli-
nicians will not find the results compelling enough to
change their behavior, especially if the desired change is
less efficient. Thus, a consistent measurement approach
that is clinically relevant and consistent across measure-
ment approaches will be a powerful catalyst for engag-
ing local professionals to work together on common
problems (and directly link this work to similar efforts at
national and even global levels).

For example, if the administrative data suggest that
surgical site infections are a problem, then several inves-
tigations could be launched to investigate. The incident
reporting system can be interrogated to determine the
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cases with infection, a prospective surveillance program
could be launched to identify infections going forward,
and the EMR could be interrogated to investigate the
association of case duration, intra-operative tempera-
ture loss, and compliance with perioperative antibiotics
with the risk of outcome. ICD-11 creates a consistent
approach for outcome determination, making it much
more likely to get clinicians involved in believing the
results of the administrative data and to participate in
such reviews.

The second area where leaders need better information
is related to comparisons [15]. The lack of an accurate
and reliable measurement system results in expensive
efforts to improve and an inability to judge the impact.
For example, in order to set priorities, it is often neces-
sary to judge relative performance—either against peers
or over time. If a provider has a higher adverse outcome
rate than peers or their outcome rate is getting worse
over time, then it makes sense to set actions to prevent
the adverse outcome as a priority. This type of logic
only works if the information guiding the priority set-
ting is valid [16]. The more structured ICD-11 content in
patient safety has the potential to yield greater confidence
in measurements.

The third opportunity is to align the efforts of grass
roots clinical teams and system leaders responsible for
post-marketing surveillance of regulated products. Cur-
rently, there are a variety of approaches and ontologies
are being used at national levels and, consequently, there
are inconsistent approaches to aligning terminologies and
concepts [17]. The ICD-11 can facilitate post-marketing
surveillance by making it possible to more easily search
for outcomes related to the use of products or looking
for any outcomes related to products. Upon establishing
a common classification system for use across all safety
measurement systems, the ability to perform surveillance
then increases many-fold.

There is a need for caution with these suggestions.
For example, there are several very effective initiatives
at national levels to engage patients and providers in
patient safety activities. These include the FDA’s Adverse
Event Reporting System, the Vaccine Adverse Event
Reporting System and the Manufacture and User Facil-
ity Device Experience Reporting System, amongst others.
If leaders accountable for these systems changed the user
interface, then the people using the system may experi-
ence challenges using the reporting system, which may
diminish their willingness to report. One way to lessen
this potential negative impact is to leave the user inter-
face unchanged (i.e. how reporters submit events) while
mapping the reported events to the ICD-11 coding sys-
tem. This would allow the user experience to remain
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unchanged but would enable data to be compared with
other data systems as described.

Furthermore, while these opportunities are compel-
ling for change, it is important to consider cost. From our
perspective, the cost of moving to standardized informa-
tion systems and frameworks, while not inconsequential,
is likely be dwarfed by the massive unseen cost of con-
tinuing with the status quo. Table 1 outlines the impact
of the status quo on patient safety measurement and the
benefits of implementing ICD-11 for that measurement
system. There is a cost of maintaining the existing non-
standard approach to measurement, including the cost of
reconciling the different sources of information. This is
non-trivial and may alone cost more than converting to
a new standard approach. Second, the management costs
of engaging clinicians to work on something is extraordi-
nary. Third, money can be spent on improvement activi-
ties of uncertain significance. Thus, leaders may divert
resources to something relatively unimportant when
there are critical issues that remain unaddressed.

Discussion and conclusion
An important question for health leaders is whether
patient safety is truly at the foundation of their organi-
zations’ efforts to improve healthcare quality? If their
answer is yes, then the adoption of ICD-11 must be
considered as a key early step toward organizational
transformation. The adoption of ICD-11 will establish a
foundation for defining patient safety events. Upon this
foundation, it becomes possible to develop a consistent
measurement approach derived from innovative elec-
tronic documentation systems, thus enabling strategic
approaches to improving system performance. In short,
a failure to implement ICD-11 will likely ensure that in
another twenty years after the publication of ‘To err is
human; we will continue to be asking ourselves whether
patient safety has truly improved.

The clinical note consists of free-text documentation by
a clinician, meaning the clinician was ‘free’ to document
whatever they please in the manner of their choosing.
This results in terms being used which can be imprecise
and inconsistently applied, in turn making it difficult to
use by a computer. The controlled terminology consists
of ‘approved’ words and phrases to describe the intended
concepts within the clinical note. These terms are pre-
cise and consistent, which enables a machine to unam-
biguously use them for processing. The ICD-11 codes are
groups of alpha-numeric characters assigned to concepts
by the WHO. These codes are precise and consistent and
allow for the creation of relationships between codes
which simplifies their incorporation in coding applica-
tions. Concepts described by groups of codes are linked
using the ‘forward slash! For example, the patient harm
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event has been reconciled to two codes (CBO1 for pul-
monary edema and PL13.7 for underdosing as a mode
of injury’ linked by the forward slash. The WHO has
published and made available an Application Program-
ing Interface or API to support the incorporation of the
WHO'’s code finder software (which automatically links
free text to terms and codes) into other applications, such
as electronic medical records. This API will enable sup-
ported workflows in which free text clinical notes can be
automatically translated into controlled terms and codes,
which can be verified for accuracy.

A clinical user enters the incident using the user inter-
face embedded in the reporting software. The API ena-
bles interaction between the incident reporting software
and the WHO ICD-11 Code Finder Solution. This appli-
cation identifies the terms and codes associated with the
free text. The API provides those data to the reporting
software. The user can use this information to refine or
confirm what they have entered and to support statisti-
cal analysis and reporting. This capability is very power-
ful because it automatically solves the problems related
to different users employing different free text with the
same meaning.
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