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In randomised controlled trials (RCTs), bleeding outcomes are often assessed using definitions
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Objectives
To present a novel algorithm to identify ISTH-defined major and clinically-relevant non-major
(CRNM) bleeding events in a US Electronic Health Record (EHR) database.

Methods

The ISTH definition for major bleeding was divided into three subclauses: fatal bleeds, critical
organ bleeds and symptomatic bleeds associated with haemoglobin reductions. Data elements from
EHRs required to identify patients fulfilling these subclauses (algorithm components) were defined
according to International Classification of Diseases, 9th and 10th Revisions, Clinical Modification
disease codes that describe key bleeding events. Other data providing context to bleeding severity
included in the algorithm were: ‘interaction type' (diagnosis in the inpatient or outpatient setting),
‘position’ (primary/discharge or secondary diagnosis), haemoglobin values from laboratory tests,
blood transfusion codes and mortality data.

Results

In the final algorithm, the components were combined to align with the subclauses of ISTH definitions
for major and CRNM bleeds. A matrix was proposed to guide identification of ISTH bleeding events
in the EHR database. The matrix categorises bleeding events by combining data from algorithm
components, including: diagnosis codes, ‘interaction type’, ‘position’, decreases in haemoglobin
concentrations (> 2 g/dL over 48 hours) and mortality.

Conclusions

The novel algorithm proposed here identifies ISTH major and CRNM bleeding events that are
commonly investigated in RCTs in a real-world EHR data source. This algorithm could facilitate
comparison between the frequency of bleeding outcomes recorded in clinical trials and RWE.
Validation of algorithm performance is in progress.
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Introduction

Antithrombotic therapies, such as anticoagulants, are
recommended for the prevention of thrombotic events, for
example, in patients with atrial fibrillation or after an
acute myocardial infarction [1, 2]. Anticoagulants target
the blood coagulation cascade to reduce the risk of blood
clotting [3]. As such, all currently existing anticoagulation
treatments have an associated possible risk of bleeding
complications [1, 3].

The investigation of bleeding outcomes is an essential
part of safety analyses in antithrombitic clinical trials [4]. In
these trials, it is beneficial for such events to be described
according to consistent definitions; this is important to
facilitate comparisons between studies that have been run
independently [5]. In the context of clinical studies, including
randomised controlled trials (RCTs), bleeding events are often
assessed according to the definitions recommended by the
International Society on Thrombosis and Haemostasis (ISTH)
guidelines. ISTH published a definition for major bleeding in
2005 [5] and added a definition for clinically relevant non-major
(CRNM) bleeding in 2015 [6].

In addition to the evidence from RCTs, real-world evidence
(RWE) is increasingly used as a valuable resource for
informing clinical practice. Moreover, researchers may wish
to extend the evidence base by considering the real-world
validity of the data generated from clinical trials [7]. Large
volumes of healthcare data are captured in the real-world
setting, in which key information such as bleeding events
may be recorded. In order to identify these bleeding events
in real-word data sources, algorithms have been proposed
that aim to guide the evaluation of bleeding events based
on diagnostic codes and other information collected in
databases [8-10].

The Cunningham algorithm is a validated scheme that
may be used to identify bleeding-related hospitalisations as
a surrogate for major bleeding events in RWE studies of oral
anticoagulant use [8]. This algorithm guides the identification
of bleeding-related hospitalisations and classification of the
site of bleeding based on relevant International Classification
of Diseases, 9th Revision, Clinical Modification (ICD-9-CM)
codes [8]. As such, it has been broadly utilised in RWE
studies of oral anticoagulants [11-13]. However, there are
many key differences between the conceptual definition of
bleeding as defined by the Cunningham algorithm and the
ISTH, which can impede comparisons between RWE studies
reporting Cunningham-based bleeds and RCTs reporting
ISTH-based bleeds. Firstly, the Cunningham algorithm does
not distinguish between major bleeds and CRNM bleeds
(i.e. it does not stratify by severity). Secondly, compared
with the ISTH bleeding definition, the Cunningham algorithm
places a larger emphasis on different types of bleeds; for
example, there is a particular focus on gastrointestinal (GI)
bleeds, with distinctions made between upper and lower
Gl bleeds. Moreover, the Cunningham algorithm includes a
‘trauma exclusion’ procedure whereby any bleeding events
that occur in the temporal vicinity of a traumatic event are
fully removed; for example, bleeds that occur shortly after
a fall are not included. In contrast, trauma-related bleeds,
except for surgery-related bleeds, are not explicitly excluded
by the ISTH definitions. Lastly, the Cunningham algorithm

was designed to identify events in health claims databases and
thus is not informed by laboratory or mortality data that are
available in other RWE data sources such as electronic health
records (EHR).

Consequently, there remains a need for algorithms that can
be used to identify bleeding events in RWE data sources that
align with the definitions used for bleeding events in clinical
trials. The aim of this study was to develop a novel algorithm
to identify the occurrence of ISTH major and CRNM bleeding
events in the Optum de-identified Electronic Health Record
(Optum de-identified EHR) dataset to support the comparison
of RWE studies with clinical trials assessing ISTH bleeds.

Methods

Source ISTH bleeding definition

Key specifications from the ISTH definitions of bleeding
in studies of atrial fibrillation and non-surgical venous
thromboembolism were used to construct the algorithm
[5]. An ISTH major bleed is defined as bleeding with
symptomatic presentation and fatal bleeding and/or bleeding
in a critical area or organ (e.g. intracranial, intraspinal, intra-
ocular, retroperitoneal, intra-articular or pericardial bleeds,
or intramuscular bleeds with compartment syndrome) and/or
bleeding causing a fall in haemoglobin levels by at least
2g/dL (1.24 mmol/L) leading to transfusion of two or more
units of whole blood or red cells [5]. An ISTH CRNM bleed
is defined as any sign or symptom of haemorrhage that
does not fit the definition of a major bleed but does meet
one of the following criteria: requires medical intervention
by a healthcare professional; leads to hospitalisation
or increased level of care; or prompts a face-to-face
evaluation [6].

Concept development

To inform the design of the algorithm, the ISTH major
bleeding definition was first divided into logical subclauses
to focus on the key components. Three subclauses were
identified within the definition of ISTH major bleeding, and
each subclause was named and implemented independently.
If any of these three criteria were fulfilled, a bleed could
be classed as an ISTH major bleed: 1) fatal bleed: a bleed
resulting in death; 2) critical organ bleed: a bleed in a
critical area or organ, defined as intracranial, intraspinal, intra-
ocular, retroperitoneal, intra-articular or pericardial bleeds,
or intramuscular bleeds with compartment syndrome; or 3)
symptomatic bleed: a bleed causing a fall in haemoglobin levels
by at least 2 g/dL (1.24 mmol/L) leading to transfusion of two
or more units of whole blood or red cells [5]. CRNM bleeding
was defined primarily as a bleeding of lesser clinical severity
but still requiring physical interaction with a healthcare
provider [6].

We assessed the database information required to identify
patients fulfilling the subclauses of the bleeding definitions.
These types of information are referred to as ‘algorithm
components’.
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Algorithm components
Disease codes

The algorithm was designed using individual-patient level
information as collected in the Optum de-identified EHR
dataset, a US RWE data set including health records for
over 100 million insured and uninsured people. This source
incorporates EHR data across various therapeutic areas with
data from 150,000 providers, 2000 hospitals and 7000 clinics
and is considered representative of US demographics, critically,
age, sex and race across a broad range of geographic locations
[14]. International Classification of Diseases (ICD) codes are
the global standard system for diagnostic health information
and are used for recording health and statistics in primary,
secondary and tertiary care [15]. Owing to the global use of
the ICD system, these codes are standard entries in many
RWE data sources. ICD-Clinical Modification (ICD-CM) codes
are used in the Optum de-identified EHR dataset to collect
information on disease diagnosis [16].

Firstly, lists of diagnosis codes relating to events described
in the ISTH bleeding subclauses were derived. The initial code
lists were developed with reference to the published codes
described for the Cunningham algorithm [8]. In alignment
with the Cunningham algorithm, relevant disease codes were
initially grouped as codes for ‘probable bleeds’ that require no
verification or codes for ‘possible bleeds' that need verification.
An example of a probable bleed is ‘531.0x Acute gastric ulcer
with hemorrhage', while an example possible bleed is '285.9
Anemia, unspecified'.

Although the initial search for bleed codes began
with the Cunningham ICD-9-CM codes, translation into
International Classification of Diseases, 10th Revision, Clinical
Modification (ICD-10-CM) codes was necessary, as |CD-10-
CM coding widely replaced the ICD-9-CM coding from 2015
(the Cunningham algorithm was published in 2011) [17].
However, there are known ICD-9-CM to ICD-10-CM mapping
issues — ICD-10-CM contains medical information with more
granularity than ICD-9-CM, such as additional information
relating to the position of a haemorrhage on the left or right
side of the body, or specification of location in the sub-branch
of an artery. Forward and reverse mappings were performed by
using the most recently available general equivalence mappings
provided by Centers for Medicare and Medicaid Services in
2018 [18], and the final mapping was defined as the union of
forward and reverse mappings.

To check the completeness and identify potentially missing
bleeding codes that were not included in the Cunningham
algorithm or missed by mapping, an additional search,
informed by clinical knowledge, was conducted across the ICD-
9-CM and ICD-10-CM ontologies, including keyword searches
for the terms ‘contusion’ and ‘hemorrhage’. Additions to
bleeding code lists were proposed by a single physician,
and unanimous agreement of two further physicians was
required for all changes. This resulted in the addition of
several bleeding codes. Firstly, intraocular bleeds were added;
intraocular bleeds are identified as a ‘critical organ or area’
by ISTH but are not included in the Cunningham algorithm.
Secondly, traumatic intracranial haemorrhage (ICH) codes
were included; although the Cunningham algorithm includes
non-traumatic ICH, trauma codes are not included. Notably,

in patients receiving anticoagulation treatments, there is
an associated risk of traumatic bleeds, such as a subdural
haematoma (occurring when bridging veins tear in the context
of a head trauma); therefore, these types of bleeds were
considered of importance for inclusion [19]. Further codes
added included those for ruptured aortic aneurysms, as obvious
retroperitoneal bleeds, and injury to blood vessels, which can
lead to visible haemorrhaging. Finally, codes for contusions,
characterised by visible bleeding into soft tissues, were also
included.

Following the identification of a full list of relevant
diagnostic codes, the category ‘probable bleeds' was separated
into the two subsets, critical organ bleeds and overt bleeds.
This is because the ISTH major bleed definition distinguishes
between bleeds in a critical area or organ (which do not
require verification) and those occurring elsewhere. As such,
critical organ bleeds included intracranial, intraspinal, intra-
ocular, retroperitoneal, intra-articular and pericardial bleeds,
and intramuscular bleeds with compartment syndrome while
the remaining probable bleed codes were labelled overt bleed.
The third subset, named possible bleeds, contained bleed
codes that could be inferred from clinical presentation but
could not be clearly established based on a diagnosis code
alone. Therefore, in total, three mutually exclusive categories
were defined for bleeding, named critical organ bleed, overt
bleed and possible bleed (Figure 1). The full lists of disease
codes relevant to each category are shown in Supplementary
Tables 1-3.

Finally, codes in the critical organ bleed and overt bleed
code sets were subdivided into ‘trauma’ or ‘not trauma’,
allowing for sensitivity analyses in which bleeds due to trauma
could be excluded. ‘Trauma’ codes included International
Classification of Diseases categories for trauma (ICD-10 S00-
T88; ICD-9-CM 958-959.99, 996-999.99) or parent codes
including the words ‘trauma’ or ‘injury’. We also included
ICD-10-CM codes with labels of ‘intraoperative complications
due to hemorrhage' or ‘post procedural hemorrhage' in the
‘trauma’ category.

Other information from diagnosis records

Further diagnostic details in the Optum de-identified EHR
dataset were considered relevant to understanding bleeding
severity and were therefore incorporated into the algorithm
(Figure 1). In addition to the data derived from ICD-CM
disease codes, data were obtained from Current Procedural
Terminology-4 (CPT-4), Healthcare Common Procedure
Coding System (HCPCS), International Classification of
Diseases, and 10th Revision, Procedure Coding System (ICD-
10-PCS).

Firstly, ‘interaction type’ included details of where the
diagnosis occurred (in an inpatient, emergency department
or outpatient setting). These data can provide context for
the bleeding events to give an indication of severity; for
example, a code reported during hospitalisation may be more
likely to be severe than one from an outpatient setting.
Interaction types that denoted physical encounters were
included and were separated into inpatient and outpatient
categories. Interactions over email or telephone were not
included, as these represented non-physical encounters. The
term ‘inpatient interaction type' was applied for either an



Hartenstein A et al. International Journal of Population Data Science (2023) 8:1:21

inpatient or emergency department patient, but all other
interaction types found in the Optum de-identified EHR
dataset (excluding non-physical encounters) were considered
‘outpatient interaction types’.

Secondly, ‘position’ provided information on the relationship
between the diagnosis code and visits with healthcare
professionals; for example, a diagnosis code associated with
the primary position for a visit may indicate the reason for
the visit or the severity of the event coded in this position.
The Optum de-identified EHR dataset provides two columns
of either ‘primary’ or ‘discharge’ diagnosis; the values in these
columns are either 0, 1, or NULL (entries which the algorithm
treats as 0). Primary diagnosis or discharge diagnosis were
treated as equal indicators of severity for the purposes of
this algorithm, (i.e. ‘primary diagnosis position’ referred to
either primary or discharge diagnosis). Diagnosis codes not
in the primary or discharge diagnosis position were considered
‘secondary position’.

The Optum de-identified EHR dataset includes all blood
laboratory test results ordered for all patients. As such, data
for haemoglobin values over time were available for each
patient. A windowing function was included to identify drops
in haemoglobin levels of at least 2 g/dL over a maximum 48-
hour time window. A time frame of 48 hours was selected
to indicate a clear temporal relationship of an event and the
consequence (haemoglobin drop), as is used in other bleeding
algorithms [20].

Moreover, data were also included for ‘blood transfusion
procedures’. Procedure codes relating to whole blood, red
blood cell or frozen red blood cell transfusions were identified.

In addition, mortality data were incorporated in the
algorithm. Mortality information is available as ‘month of
death’ in the Optum de-identified EHR database. These data
are retrieved from various sources, such as the Death Master
File, the Center for Medicare and Medicaid Services, claims
records and clinical records indicating death; however, the
reported cause of death is not included. For the algorithm
presented here, the month of death provided in the Optum de-
identified EHR database was translated into a date by setting
the date of death to the end of the month.

Building the algorithm

The algorithm components were combined with logical
operators ‘or’ or ‘and’ to translate the ISTH major definitions
and to identify different types of bleeds. By combining
information from the algorithm components, the types of
bleeds that occur in a diverse range of scenarios can be
represented. Figure 2 presents three possible examples of
combinations of algorithm components that could represent
major bleeds and one possible combination that could
represent a CRNM bleed.

The diagnosis code position and interaction types were
used as proxies for bleeding severity. As such, by combining
the data inputs obtained from the Optum de-identified EHR
dataset, an informed picture of the occurrence and context of
bleeding events can be constructed, allowing for estimation
of the bleeding severity. The interaction of these variables
forms levels of severity; thus, a bleeding diagnosis in the
inpatient/emergency department setting at the primary or
discharge position is the most severe possibility for a code,

whereas an outpatient diagnosis in a secondary position is
the least severe. A matrix was developed to illustrate all
possible combinations of the three diagnosis code sets and
four possible combinations of diagnosis code information. Each
possible intersection of these dimensions was systematically
assigned to a subclause of ISTH major or CRNM
bleeding.

Results

The final bleeding algorithm matrix is summarised in Figure 3.
In this algorithm, identification of bleeding events and
classification according to ISTH major bleeding or CRNM
bleeding events depends on the combinations of different items
from the input list.

An ISTH major bleeding event is identified as fulfilling the
conditions of any of the following subclauses:

1. Critical organ bleed: critical organ bleed code in the
inpatient setting in any diagnosis position.

2. Fatal bleed: critical organ bleed code preceding death by
at most 45 days in either of the following circumstances:
a) inpatient setting in any diagnosis position, or b)
outpatient setting as the primary or discharge diagnosis.
It should be noted that any critical organ bleed in the
inpatient setting is already considered an ISTH major
bleed, as defined by the critical organ bleed subclause.
The 45 day-timeframe was selected because of the low
resolution of mortality data (only the month of death is
reported); for example, if a patient were to have a date
of death on the first of the month, their date of death
would be artificially set to the last day of the month.
Therefore, this timeframe ensured EHR records prior to
death were captured.

3. Symptomatic bleed: an overt bleed code in the inpatient
setting in the primary or discharge diagnosis position
that fulfils the bleeding verification criteria.

For codes that require verification, the bleed verification
criteria are defined as either a procedure code for a blood
transfusion or detected haemoglobin drop in the laboratory
test results, as described above.

An ISTH CRNM bleed is identified when the bleeding
event does not meet the criteria for major bleeding but does
meet the following requirements: 1) overt bleed code in an
inpatient setting; 2) overt bleed code in the outpatient setting
as the primary or discharge diagnosis; 3) overt bleed code and
diagnosis in the outpatient setting that is not in the primary
or discharge diagnosis position and that satisfies the bleeding
verification criteria; or 4) possible bleed code and diagnosis
occurs in any setting and any diagnosis position but that also
satisfies the bleeding verification criteria.

In instances of major bleeding, the criteria of a CRNM
bleed are often also fulfilled; therefore, a 14-day window,
centred around an ISTH major bleed event, was defined, during
which a CRNM bleed cannot occur. This window was selected
based on the estimated length of hospital stay for a major
bleed and clinical knowledge of CRNM bleeds that progress to
major bleeding events.
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Figure 1: Components included in the bleeding algorithm

Diagnosis

Codes Position

Three mutually exclusive

Interaction types
Where diagnosis code occurred

Procedures and labs = Death

Importance of diagnosis

sets composed of ICD-9-CM code for HCP visit
and ICD-10-CM codes define
diagnoses of interest Physical encounter Any position

(Inpatient or ED )
( Outpatient )

reason for visit

Overt

Primary or discharge
Flagged as most important

Blood transfusion
Procedure codes to detect
transfusion of red blood cells
or whole blood

Death
Last day of the month of death

Visible and documented

bleeding, regardless of
severity

Telephone/email

Possible
No visible bleeding thus
requires verification

Haemoglobin drop
Detection of haemoglobin
drop of a certain amount
over a certain time

ED, emergency department; HCP, healthcare professional; ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical
Modification; ICD-10-CM, International Classification of Diseases, 10th Revision, Clinical Modification; ISTH, International Society

on Thrombosis and Haemostasis.

Figure 2: Examples combining algorithm components to identify a bleeding event

Codes Interaction Position Procedures and labs Death

types
e N g D\

Example 1: a . 8 . "

Major bleed <~ | Inpatient <~ | Primary or discharge
- J - J

Example 2: ( ) ( ) Blood transfusion or

Major ble e;l Overt bleed <= | Inpatient <= | Primary or discharge | -~ | haemoglobin drop 2 2 g/dL
\ ) G ) over 2 days
e A s N

Example 3: R . 2 . . s

Major bleed <= |Outpatient | -}~ |Primary or discharge
. 5 N\ J

Example 4: ( ) @ ) Blood transfusion or

ple 4: - 2 " 2 = s N <

CRNM bleed Possible bleed <= | Inpatient <}~ | Primary or discharge | - |haemoglobin drop 2 2 g/dL

3 ) \ ) over 2 days

Algorithm components, including diagnosis codes, interaction types, diagnosis positions, laboratory and blood transfusion
procedures, and death, can be combined with logical ‘AND’ operators (shown as '+') to construct subclauses of the ISTH
major bleed and CRNM bleed definitions. Shown here are three possible examples of how algorithm components can be combined
to form the different subclauses that meet the major bleed or CRNM bleed criteria. Three of the example combinations shown
define ISTH major bleeds and one example combination defines a CRNM bleed.

Discussion

In this study, a novel algorithm was developed to identify
ISTH bleeding events from the Optum de-identified EHR
dataset, a large database that is an exemplary RWE source.
By introducing an approach that incorporates disease codes
and variables such as laboratory and mortality data, this
algorithm can identify events with different levels of severity
to assist with accurate translation of clinical definitions of
bleeding events. Future validation studies will be conducted
to investigate the performance of this algorithm in EHR
databases.

RWE sources, such as EHRs, insurance claims data
and product/disease/patient registries, provide large volumes
of healthcare data. Regulatory bodies are considering the
potential relevance of these data for the generation of
healthcare evidence to support regulatory decisions about
effectiveness and safety of new treatments; this may be

particularly relevant for cases in which it is not feasible to
gather the necessary data in RCTs [21]. As a result, it is
highly desirable that results from studies using secondary data
sources, such as EHRs or claims databases, are comparable
not only to other observational studies, but also to results
from clinical trials. Standardised definitions of outcomes are
essential to enable such comparisons. RWE generation is an
integral part of the drug development process. RWE supports
decision making from the early pre-clinical research through
the life-cycle management of a new therapy. To investigate
“real-world” treatment effects of a drug, for instance, patient
populations and clinical events should be identifiable in RWE
data sources, at least for common diseases.

Efforts to standardise definitions in clinical trials, such
as the publication of bleeding definitions by the ISTH, are
ongoing and it is important that RWE studies attempt to
align with standardisation processes in clinical trials. As
the utilisation of data from RWE studies becomes more
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Figure 3: Bleeding algorithm for identification of bleeding events from real-world records

Diagnosis position:

primary/discharge diagnosis or not?

Interaction type:
inpatient or outpatient?

Critical organ bleed codes

Overt bleed codes

Possible bleed codes
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> IN Vv
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Critical organ bleed

Fatal bleed

paajq Jolep

‘Symptomatic’ bleed

CRNM bleed

Transfusion or haemoglobin
drop 2 2 g/dL over 48 hours

D Death
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‘Primary’ refers to a diagnosis code in the primary or discharge diagnosis position.
CRNM, clinically relevant non-major; IN, inpatient interaction type; OUT, outpatient interaction type.

prominent, it is hoped that learnings from the implementation
of coding algorithms in RWE will influence the development of
outcome definitions in clinical trial standardisation processes.
One of the major improvements that could occur is the
development of more rigorous definitions that leave less
room for ambiguity. Outcome definitions, such as the ISTH
bleeding definitions, often do not explicitly list clinical
conditions and how to assess them; this is acceptable in
the clinical trial setting, as patient outcomes are assessed
by physicians or an independent adjudication board that can
assess and define the outcome. However, upon implementation
of such a definition in RWE, the problems associated with
ambiguities become clear; for example, in the ISTH bleeding
definition, it is not clear if traumatic events or large-scale
haematomas should be classified as bleeding events. In the
algorithm reported here, codes for contusions (indicated by
the presence of primary or discharge diagnosis flags for a
contusion code, or verification by a transfusion or drop
in haemoglobin in the bleeding algorithm) were included
if they were the primary reason for a patient to seek
medical care; it could be advantageous to include such
detailed information in clinical outcome definitions to ensure
comparability and standardisation. Additionally, the definition
for ISTH bleeds does not specifically address surgical bleeds;
we included ‘intraoperative complications due to hemorrhage’
and ‘postprocedural hemorrhage' in the ‘overt bleed’ and
‘critical organ bleed’ code sets with justifications that these
codes either indicated bleeding beyond that expected for
an operative procedure (i.e. ‘complications’ that also require

‘bleeding verification’ by transfusion or haemoglobin drops),
or bleeding that occurred during procedures that were not
surgeries, respectively. However, it would be best if all
these cases were specifically addressed in a standardised
definition. A further instance of ambiguity is for the intraocular
bleeds, defined as a critical area and organ by ISTH. A
vitreous haemorrhage is, by definition, an intraocular bleed
and is quite alarming for patients, thus often prompting
a visit to the emergency room; such an event would thus
likely be classified as major bleeding by the algorithm
presented here. However, it is likely that a physician
adjudicator would closely assess the severity of the bleed
and may not classify these bleeds as major. In the algorithm
presented here, we have chosen to faithfully implement
ISTH definitions as published, and have thus included
vitreous haemorrhages among critical organ bleed codes.
However, one can imagine a future standardised definition
providing guidance with higher granularity for specific medical
conditions.

Algorithms that guide the identification of bleeding
outcomes from RWE data sources may be important to
extend our understanding of treatment by enriching data
sets. In a randomised, phase 2, dose-finding clinical trial,
PACIFIC-AF (ClinicalTrials.gov: NCT04218266), the safety of
a once-daily anticoagulant, asundexian 20 mg or 50 mg, was
demonstrated when compared with apixaban in patients with
atrial fibrillation [22]. However, this study was not powered
to test the differences in rates of thrombotic events, and
the short follow-up time (12 weeks) limited the potential to
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study bleeding and thrombotic events outside of this time
window. A follow-up study has been conducted that utilised
RWE to supplement the data from the PACIFIC-AF trial.
This ‘hybrid"” RWE study incorporated an external control arm
that utilised data from the Optum de-identified EHR dataset
to augment the control arm of the PACIFIC-AF RCT and
allowed long-term ‘projection’ of safety and efficacy events
[Vaitsiakhovich et al. — manuscript in preparation]. Moreover,
the study demonstrated the use of the novel bleeding algorithm
reported here with successful mapping of bleeding events in the
PACIFIC-AF external control arm.

The aims and applications for the novel bleeding algorithm
presented here are distinct from the previously validated
Cunningham algorithm in several ways. The Cunningham
algorithm is designed to identify a different conceptual
definition from the algorithm proposed herein, namely to
detect bleeding-related hospitalisations in health claims data
sources. Here, we identify bleeds and attempt to faithfully
implement the conceptual definition proposed by the ISTH, by
distinguishing between major and CRNM bleeds in both the
inpatient and outpatient settings. Additionally, the algorithm
here uses EHR data sources that allow the incorporation of
bleeding verification data based on laboratory test results.
Of note, the algorithm applied to identify bleeding events
from real-world sources can have a substantial impact on
the estimated rate of bleeding outcomes. Differences in
methodologies used to identify bleeding events may contribute
to the heterogeneity in reported rates across studies; indeed, a
recent study that compared three algorithms for identifying
bleeding-related hospitalisations observed varying levels of
agreement [12].

There were some limitations associated with this study.
Firstly, a validation study to determine positive predictive
values, negative predictive values, or sensitivity and specificity
has not yet been performed (but is in progress). Secondly, this
algorithm was designed for use in the Optum de-identified EHR
dataset; therefore, there are several conditions that must be
fulfilled if this algorithm is to be adapted to other RWE data
sources. The algorithm requires diagnosis and procedure codes
to be coded in ICD-9-CM or ICD-10-CM, CPT-4, HCPCS
or ICD-10-PCS; however, translation or mapping to other
coding systems is possible. The diagnosis position information
and interaction type information are also required because
the algorithm relies on this additional information as a proxy
for severity; therefore, using this algorithm with RWE data
sources that do not contain this information would not be
possible. Of note, interaction type and diagnosis code position
information are commonly reported in RWE data sources,
meaning that the Optum de-identified EHR dataset structure
of this algorithm may be generalisable to other RWE data
sources. An additional point to highlight is that different data
sources, especially from different countries, vary in terms of
scope and purpose, and the granularity of data may depend
on the healthcare systems in place; this means that the varied
use of primary and discharge diagnosis position flags may
influence the performance of this algorithm, for example, if
usage is for remuneration requirements versus simply hospital
documentation. Including codes with primary or discharge
diagnosis flags also introduces complexity for determining
the actual event of a date; in cases in which a bleed has
occurred at the beginning of a hospital stay, and the patient

is discharged a week later, the bleed would be assigned to the
date of discharge rather than when the bleed actually occurred.
Future adaptation of the algorithm could look to resolve this
challenge by using primary/discharge diagnosis as an indicator
of severity with additional retrospective assessment to identify
the first bleeding code that occurred in the visit. Laboratory
information is also required for this algorithm, specifically the
haemoglobin test results. It is possible that this algorithm
could be adapted to solely utilise blood transfusion procedure
codes for this purpose for future versions. Lastly, no direct
input from the ISTH was sought. As such, the information used
to develop the algorithm relied on published descriptions of the
bleeding definitions, combined with input from clinicians with
several years of clinical trial experience, in order to translate
ambiguities into the precise programmatic language required
to implement code algorithms on RWE.

Future efforts are required to assess the validity of this
algorithm in EHR systems. Features of the algorithm, such as
the 14-day window (centred at a major bleed) in which CRNM
bleeds cannot occur, were selected using expert clinician
knowledge; in a validation study, the impact of such decisions
on algorithm performance will be assessed.

Conclusion

In conclusion, this novel algorithm was developed to identify
ISTH major and CRNM bleeding events in real-world EHR
data sources. Such clinical endpoints are often utilised in
cardiovascular clinical trials. Further research is required to
validate this algorithm.
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Supplementary appendices

The full lists of disease codes relevant to critical organ bleeds, overt bleeds and possible bleeds are shown in Supplementary
Tables 1-3.

Supplementary Table 1: Critical organ bleed disease codes

Code Description

ICD-9-CM

360.43 Haemophthalmias, except current injury
362.43 Haemorrhagic detachment of retinal pigment epithelium
362.81 Retinal haemorrhage

363.6 Choroidal haemorrhage and rupture
363.61 Choroidal haemorrhage, unspecified
363.62 Expulsive choroidal haemorrhage
363.63 Choroidal rupture

363.72 Haemorrhagic choroidal detachment
364.41 Hyphema of iris and ciliary body
376.32 Orbital haemorrhage

379.23 Vitreous haemorrhage

423.0 Haemopericardium

423.3 Cardiac tamponade

430 Subarachnoid haemorrhage

431 Intracerebral haemorrhage

432 Other and unspecified intracranial haemorrhage
432.0 Non-traumatic extradural haemorrhage
432.1 Subdural haemorrhage

432.9 Unspecified intracranial haemorrhage

441.1 Thoracic aneurysm, ruptured

441.3 Abdominal aneurysm, ruptured

441.5 Aortic aneurysm of unspecified site, ruptured
441.6 Thoraco-abdominal aneurysm, ruptured

719.10 Haemarthrosis, site unspecified
719.11 Haemarthrosis, shoulder region
719.12 Haemarthrosis, upper arm

719.13 Haemarthrosis, forearm

719.14 Haemarthrosis, hand

719.15 Haemarthrosis, pelvic region and thigh
719.16 Haemarthrosis, lower leg

719.17 Haemarthrosis, ankle and foot

719.18 Haemarthrosis, other specified sites
719.19 Haemarthrosis, multiple sites

729.71 Non-traumatic compartment syndrome of upper extremity
729.72 Non-traumatic compartment syndrome of lower extremity
729.73 Non-traumatic compartment syndrome of abdomen
729.79 Non-traumatic compartment syndrome of other sites
998.11 Haemorrhage complicating a procedure

ICD-10-CM

H05.23 Haemorrhage of orbit

H05.231 Haemorrhage of right orbit
H05.232 Haemorrhage of left orbit
H05.233 Haemorrhage of bilateral orbit
H05.239 Haemorrhage of unspecified orbit
H21.0 Hyphema

H21.00 Hyphema, unspecified eye
H21.01 Hyphema, right eye

H21.02 Hyphema, left eye

Continued
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Supplementary Table 1: Continued

Code Description

H21.03 Hyphema, bilateral

H31.30 Unspecified choroidal haemorrhage

H31.301 Unspecified choroidal haemorrhage, right eye

H31.302 Unspecified choroidal haemorrhage, left eye

H31.303 Unspecified choroidal haemorrhage, bilateral

H31.309 Unspecified choroidal haemorrhage, unspecified eye

H31.31 Expulsive choroidal haemorrhage

H31.311 Expulsive choroidal haemorrhage, right eye

H31.312 Expulsive choroidal haemorrhage, left eye

H31.313 Expulsive choroidal haemorrhage, bilateral

H31.319 Expulsive choroidal haemorrhage, unspecified eye

H31.41 Haemorrhagic choroidal detachment

H31.411 Haemorrhagic choroidal detachment, right eye

H31.412 Haemorrhagic choroidal detachment, left eye

H31.413 Haemorrhagic choroidal detachment, bilateral

H31.419 Haemorrhagic choroidal detachment, unspecified eye

H35.6 Retinal haemorrhage

H35.60 Retinal haemorrhage, unspecified eye

H35.61 Retinal haemorrhage, right eye

H35.62 Retinal haemorrhage, left eye

H35.63  Retinal haemorrhage, bilateral

H35.73 Haemorrhagic detachment of retinal pigment epithelium

H35.731 Haemorrhagic detachment of retinal pigment epithelium, right eye

H35.732 Haemorrhagic detachment of retinal pigment epithelium, left eye

H35.733 Haemorrhagic detachment of retinal pigment epithelium, bilateral

H35.739 Haemorrhagic detachment of retinal pigment epithelium, unspecified eye

H43.1 Vitreous haemorrhage

H43.10  Vitreous haemorrhage, unspecified eye

H43.11  Vitreous haemorrhage, right eye

H43.12  Vitreous haemorrhage, left eye

H43.13 Vitreous haemorrhage, bilateral

H44.81 Haemophthalmos

H44.811 Haemophthalmos, right eye

H44.812 Haemophthalmos, left eye

H44.813 Haemophthalmos, bilateral

H44.819 Haemophthalmos, unspecified eye

123.0 Haemopericardium as current complication following acute myocardial infarction
131.2 Haemopericardium, not elsewhere classified

131.4 Cardiac tamponade

160 Non-traumatic subarachnoid haemorrhage

160.0 Non-traumatic subarachnoid haemorrhage from carotid siphon and bifurcation
160.00 Non-traumatic subarachnoid haemorrhage from unspecified carotid siphon and bifurcation
160.01 Non-traumatic subarachnoid haemorrhage from right carotid siphon and bifurcation
160.02 Non-traumatic subarachnoid haemorrhage from left carotid siphon and bifurcation
160.1 Non-traumatic subarachnoid haemorrhage from middle cerebral artery

160.10 Non-traumatic subarachnoid haemorrhage from unspecified middle cerebral artery
160.11 Non-traumatic subarachnoid haemorrhage from right middle cerebral artery
160.12 Non-traumatic subarachnoid haemorrhage from left middle cerebral artery

160.2 Non-traumatic subarachnoid haemorrhage from anterior communicating artery
160.3 Non-traumatic subarachnoid haemorrhage from posterior communicating artery
160.30 Non-traumatic subarachnoid haemorrhage from unspecified posterior communicating artery
160.31 Non-traumatic subarachnoid haemorrhage from right posterior communicating artery
160.32 Non-traumatic subarachnoid haemorrhage from left posterior communicating artery
160.4 Non-traumatic subarachnoid haemorrhage from basilar artery

160.5 Non-traumatic subarachnoid haemorrhage from vertebral artery

160.50 Non-traumatic subarachnoid haemorrhage from unspecified vertebral artery
160.51 Non-traumatic subarachnoid haemorrhage from right vertebral artery

11
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Supplementary Table 1: Continued

Code Description
160.52 Non-traumatic subarachnoid haemorrhage from left vertebral artery
160.6 Non-traumatic subarachnoid haemorrhage from other intracranial arteries
160.7 Non-traumatic subarachnoid haemorrhage from unspecified intracranial artery
160.8 Other non-traumatic subarachnoid haemorrhage

160.9 Non-traumatic subarachnoid haemorrhage, unspecified

161 Non-traumatic intracerebral haemorrhage

161.0 Non-traumatic intracerebral haemorrhage in hemisphere, subcortical
161.1 Non-traumatic intracerebral haemorrhage in hemisphere, cortical
161.2 Non-traumatic intracerebral haemorrhage in hemisphere, unspecified
161.3 Non-traumatic intracerebral haemorrhage in brain stem

161.4 Non-traumatic intracerebral haemorrhage in cerebellum

161.5 Non-traumatic intracerebral haemorrhage, intraventricular

161.6 Non-traumatic intracerebral haemorrhage, multiple localised
161.8 Other non-traumatic intracerebral haemorrhage

161.9 Non-traumatic intracerebral haemorrhage, unspecified

162 Other and unspecified non-traumatic intracranial haemorrhage
162.0 Non-traumatic subdural haemorrhage

162.00 Non-traumatic subdural haemorrhage, unspecified

162.01 Non-traumatic acute subdural haemorrhage

162.02 Non-traumatic subacute subdural haemorrhage

162.03 Non-traumatic chronic subdural haemorrhage

162.1 Non-traumatic extradural haemorrhage

162.9 Non-traumatic intracranial haemorrhage, unspecified

171.1 Thoracic aortic aneurysm, ruptured

171.3 Abdominal aortic aneurysm, ruptured

171.5 Thoraco-abdominal aortic aneurysm, ruptured

171.8 Aortic aneurysm of unspecified site, ruptured

M25.0 Haemarthrosis

M25.00  Haemarthrosis, unspecified joint

M25.01 Haemarthrosis, shoulder

M25.011 Haemarthrosis, right shoulder

M25.012 Haemarthrosis, left shoulder

M25.019 Haemarthrosis, unspecified shoulder

M25.02 Haemarthrosis, elbow

M25.021 Haemarthrosis, right elbow

M25.022 Haemarthrosis, left elbow

M25.029 Haemarthrosis, unspecified elbow

M25.03 Haemarthrosis, wrist

M25.031 Haemarthrosis, right wrist

M25.032 Haemarthrosis, left wrist

M25.039 Haemarthrosis, unspecified wrist

M25.04  Haemarthrosis, hand

M25.041 Haemarthrosis, right hand

M25.042 Haemarthrosis, left hand

M25.049 Haemarthrosis, unspecified hand

M25.05 Haemarthrosis, hip

M25.051 Haemarthrosis, right hip

M25.052 Haemarthrosis, left hip

M25.059 Haemarthrosis, unspecified hip

M25.06 Haemarthrosis, knee

M25.061 Haemarthrosis, right knee

M25.062 Haemarthrosis, left knee

M25.069 Haemarthrosis, unspecified knee

M25.07 Haemarthrosis, ankle and foot

M25.071 Haemarthrosis, right ankle

M25.072 Haemarthrosis, left ankle

M25.073 Haemarthrosis, unspecified ankle

12
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Supplementary Table 1: Continued

Code Description

M25.074 Haemarthrosis, right foot

M25.075 Haemarthrosis, left foot

M25.076  Haemarthrosis, unspecified foot

M25.08 Haemarthrosis, other specified site

M79.A Non-traumatic compartment syndrome

M79.A1 Non-traumatic compartment syndrome of upper extremity

M79.A11 Non-traumatic compartment syndrome of right upper extremity
M79.A12 Non-traumatic compartment syndrome of left upper extremity
M79.A19 Non-traumatic compartment syndrome of unspecified upper extremity
M79.A2 Non-traumatic compartment syndrome of lower extremity

M79.A21 Non-traumatic compartment syndrome of right lower extremity
M79.A22 Non-traumatic compartment syndrome of left lower extremity
M79.A29 Non-traumatic compartment syndrome of unspecified lower extremity
M79.A3 Non-traumatic compartment syndrome of abdomen

M79.A9 Non-traumatic compartment syndrome of other sites

ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification; ICD-10-CM, International Classification of
Diseases, 10th Revision, Clinical Modification.

Supplementary Table 2: Overt bleed disease codes

Code Description
ICD-9-CM

246.3 Haemorrhage and infarction of thyroid

287.8 Other specified haemorrhagic conditions

287.9 Unspecified haemorrhagic conditions

374.81 Haemorrhage of eyelid

377.42 Haemorrhage in optic nerve sheaths

456.0 Oesophageal varices with bleeding

456.20 Oesophageal varices in diseases classified elsewhere, with bleeding
459.0 Haemorrhage, unspecified

530.21 Ulcer of oesophagus with bleeding

530.7 Gastro-oesophageal laceration-haemorrhage syndrome
530.82  Oesophageal haemorrhage
531.0 Acute gastric ulcer with haemorrhage

531.00 Acute gastric ulcer with haemorrhage, without mention of obstruction

531.01 Acute gastric ulcer with haemorrhage, with obstruction

531.2 Acute gastric ulcer with haemorrhage and perforation

531.20 Acute gastric ulcer with haemorrhage and perforation, without mention of obstruction
531.21 Acute gastric ulcer with haemorrhage and perforation, with obstruction

531.4 Chronic or unspecified gastric ulcer with haemorrhage

531.40 Chronic or unspecified gastric ulcer with haemorrhage, without mention of obstruction
531.41 Chronic or unspecified gastric ulcer with haemorrhage, with obstruction

531.6 Chronic or unspecified gastric ulcer with haemorrhage and perforation

531.60 Chronic or unspecified gastric ulcer with haemorrhage and perforation, without mention of obstruction
531.61 Chronic or unspecified gastric ulcer with haemorrhage and perforation, with obstruction

532.0 Acute duodenal ulcer with haemorrhage

532.00 Acute duodenal ulcer with haemorrhage, without mention of obstruction

532.01 Acute duodenal ulcer with haemorrhage, with obstruction

532.2 Acute duodenal ulcer with haemorrhage and perforation

532.20 Acute duodenal ulcer with haemorrhage and perforation, without mention of obstruction
532.21 Acute duodenal ulcer with haemorrhage and perforation, with obstruction

532.4 Chronic or unspecified duodenal ulcer with haemorrhage

Continued
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Supplementary Table 2: Continued

Code Description

532.40 Chronic or unspecified duodenal ulcer with haemorrhage, without mention of obstruction

532.41 Chronic or unspecified duodenal ulcer with haemorrhage, with obstruction

532.6 Chronic or unspecified duodenal ulcer with haemorrhage and perforation

532.60 Chronic or unspecified duodenal ulcer with haemorrhage and perforation, without mention of obstruction
532.61 Chronic or unspecified duodenal ulcer with haemorrhage and perforation, with obstruction

533.0 Acute peptic ulcer of unspecified site with haemorrhage

533.00 Acute peptic ulcer of unspecified site with haemorrhage, without mention of obstruction

533.01 Acute peptic ulcer of unspecified site with haemorrhage, with obstruction

533.2 Acute peptic ulcer of unspecified site with haemorrhage and perforation

533.20 Acute peptic ulcer of unspecified site with haemorrhage and perforation, without mention of obstruction
533.21 Acute peptic ulcer of unspecified site with haemorrhage and perforation, with obstruction

533.4 Chronic or unspecified peptic ulcer of unspecified site with haemorrhage

533.40 Chronic or unspecified peptic ulcer of unspecified site with haemorrhage, without mention of obstruction
533.41 Chronic or unspecified peptic ulcer of unspecified site with haemorrhage, with obstruction

533.6 Chronic or unspecified peptic ulcer of unspecified site with haemorrhage and perforation

533.60 Chronic or unspecified peptic ulcer of unspecified site with haemorrhage and perforation, without mention of obstruction
533.61 Chronic or unspecified peptic ulcer of unspecified site with haemorrhage and perforation, with obstruction
534.0 Acute gastrojejunal ulcer with haemorrhage

534.00  Acute gastrojejunal ulcer with haemorrhage, without mention of obstruction

534.01 Acute gastrojejunal ulcer with haemorrhage, with obstruction

534.2 Acute gastrojejunal ulcer with haemorrhage and perforation

534.20  Acute gastrojejunal ulcer with haemorrhage and perforation, without mention of obstruction

534.21 Acute gastrojejunal ulcer with haemorrhage and perforation, with obstruction

534.4 Chronic or unspecified gastrojejunal ulcer with haemorrhage

534.40 Chronic or unspecified gastrojejunal ulcer with haemorrhage, without mention of obstruction

534.41 Chronic or unspecified gastrojejunal ulcer with haemorrhage, with obstruction

534.6 Chronic or unspecified gastrojejunal ulcer with haemorrhage and perforation

534.60 Chronic or unspecified gastrojejunal ulcer with haemorrhage and perforation, without mention of obstruction
534.61 Chronic or unspecified gastrojejunal ulcer with haemorrhage and perforation, with obstruction

535.01 Acute gastritis, with haemorrhage

535.11 Atrophic gastritis, with haemorrhage

535.21 Gastric mucosal hypertrophy, with haemorrhage

535.31 Alcoholic gastritis, with haemorrhage

535.41 Other specified gastritis, with haemorrhage

535.51 Unspecified gastritis and gastroduodenitis, with haemorrhage

535.61 Duodenitis, with haemorrhage

535.71 Eosinophilic gastritis, with haemorrhage

537.83  Angiodysplasia of stomach and duodenum with haemorrhage

537.84  Dieulafoy lesion (haemorrhagic) of stomach and duodenum

562.02 Diverticulosis of small intestine with haemorrhage

562.03 Diverticulitis of small intestine with haemorrhage

562.12 Diverticulosis of colon with haemorrhage

562.13 Diverticulitis of colon with haemorrhage

568.81  Haemoperitoneum (non-traumatic)

569.3 Haemorrhage of rectum and anus

569.85  Angiodysplasia of intestine with haemorrhage

569.86  Dieulafoy lesion (haemorrhagic) of intestine

578 Gastrointestinal haemorrhage

578.0 Haematemesis

578.1 Blood in stool

578.9 Haemorrhage of gastrointestinal tract, unspecified

593.81  Vascular disorders of kidney

596.7 Haemorrhage into bladder wall

599.71 Gross haematuria

602.1 Congestion or haemorrhage of prostate

620.7 Haematoma of broad ligament

621.4 Haematometra

14
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Supplementary Table 2: Continued

Code Description

623.6 Vaginal haematoma

624.5 Haematoma of vulva

626.2 Excessive or frequent menstruation

626.5 Ovulation bleeding

626.6 Metrorrhagia

626.7 Postcoital bleeding

626.8 Other disorders of menstruation and other abnormal bleeding from female genital tract
626.9 Unspecified disorders of menstruation and other abnormal bleeding from female genital tract
627.1 Postmenopausal bleeding

629.0 Haematocele, female, not elsewhere classified

729.92 Non-traumatic haematoma of soft tissue

782.7 Spontaneous ecchymoses

784.7 Epistaxis

784.8 Haemorrhage from throat

786.3 Haemoptysis

786.30 Haemoptysis, unspecified

786.31 Acute idiopathic pulmonary haemorrhage in infants [AIPHI]

786.39 Other haemoptysis

790.01 Precipitous drop in haematocrit

ICD-10-CM

D68.32 Haemorrhagic disorder due to extrinsic circulating anticoagulants

H47.02 Haemorrhage in optic nerve sheath

H47.021 Haemorrhage in optic nerve sheath, right eye

H47.022 Haemorrhage in optic nerve sheath, left eye

H47.023 Haemorrhage in optic nerve sheath, bilateral

H47.029 Haemorrhage in optic nerve sheath, unspecified eye

H60.32 Haemorrhagic otitis externa

H60.321 Haemorrhagic otitis externa, right ear

H60.322 Haemorrhagic otitis externa, left ear

H60.323 Haemorrhagic otitis externa, bilateral

H60.329 Haemorrhagic otitis externa, unspecified ear

H92.2 Otorrhagia

H92.20 Otorrhagia, unspecified ear

H92.21 Otorrhagia, right ear

H92.22 Otorrhagia, left ear

H92.23  Otorrhagia, bilateral

185.01 Oesophageal varices with bleeding

185.11 Secondary oesophageal varices with bleeding

J94.2 Haemothorax

K20.81 Other oesophagitis with bleeding

K20.91 Oesophagitis, unspecified with bleeding

K22.11 Ulcer of oesophagus with bleeding

K22.6 Gastro-oesophageal laceration-haemorrhage syndrome

K25.0 Acute gastric ulcer with haemorrhage

K25.2 Acute gastric ulcer with both haemorrhage and perforation

K25.4 Chronic or unspecified gastric ulcer with haemorrhage

K25.6 Chronic or unspecified gastric ulcer with both haemorrhage and perforation
K26.0 Acute duodenal ulcer with haemorrhage

K26.2 Acute duodenal ulcer with both haemorrhage and perforation

K26.4 Chronic or unspecified duodenal ulcer with haemorrhage

K26.6 Chronic or unspecified duodenal ulcer with both haemorrhage and perforation
K27.0 Acute peptic ulcer, site unspecified, with haemorrhage

K27.2 Acute peptic ulcer, site unspecified, with both haemorrhage and perforation
K27.4 Chronic or unspecified peptic ulcer, site unspecified, with haemorrhage
K27.6 Chronic or unspecified peptic ulcer, site unspecified, with both haemorrhage and perforation
K28.0 Acute gastrojejunal ulcer with haemorrhage

K28.2 Acute gastrojejunal ulcer with both haemorrhage and perforation
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Supplementary Table 2: Continued

Code Description

K28.4 Chronic or unspecified gastrojejunal ulcer with haemorrhage

K28.6 Chronic or unspecified gastrojejunal ulcer with both haemorrhage and perforation
K29.01  Acute gastritis with bleeding

K29.21  Alcoholic gastritis with bleeding

K29.31  Chronic superficial gastritis with bleeding

K29.41  Chronic atrophic gastritis with bleeding

K29.51 Unspecified chronic gastritis with bleeding

K29.61 Other gastritis with bleeding

K29.71 Gastritis, unspecified, with bleeding

K29.81  Duodenitis with bleeding

K29.91 Gastroduodenitis, unspecified, with bleeding

K31.811 Angiodysplasia of stomach and duodenum with bleeding

K50.011 Crohn's disease of small intestine with rectal bleeding

K50.111 Crohn's disease of large intestine with rectal bleeding

K50.811 Crohn's disease of both small and large intestine with rectal bleeding

K50.911 Crohn's disease, unspecified, with rectal bleeding

K51.011 Ulcerative (chronic) pancolitis with rectal bleeding

K51.211 Ulcerative (chronic) proctitis with rectal bleeding

K51.311 Ulcerative (chronic) rectosigmoiditis with rectal bleeding

K51.411 Inflammatory polyps of colon with rectal bleeding

K51.511 Left-sided colitis with rectal bleeding

K51.811 Other ulcerative colitis with rectal bleeding

K51.911 Ulcerative colitis, unspecified with rectal bleeding

K55.21 Angiodysplasia of colon with haemorrhage

K57.01  Diverticulitis of small intestine with perforation and abscess with bleeding

K57.11  Diverticulosis of small intestine without perforation or abscess with bleeding

K57.13  Diverticulitis of small intestine without perforation or abscess with bleeding

K57.21 Diverticulitis of large intestine with perforation and abscess with bleeding

K57.31 Diverticulosis of large intestine without perforation or abscess with bleeding

K57.33  Diverticulitis of large intestine without perforation or abscess with bleeding

K57.41  Diverticulitis of both small and large intestine with perforation and abscess with bleeding
K57.51 Diverticulosis of both small and large intestine without perforation or abscess with bleeding
K57.53 Diverticulitis of both small and large intestine without perforation or abscess with bleeding
K57.81 Diverticulitis of intestine, part unspecified, with perforation and abscess with bleeding
K57.91 Diverticulosis of intestine, part unspecified, without perforation or abscess with bleeding
K57.93 Diverticulitis of intestine, part unspecified, without perforation or abscess with bleeding
K62.5 Haemorrhage of anus and rectum

K63.81 Dieulafoy lesion of intestine

K66.1 Haemoperitoneum

K92.0 Haematemesis

K92.1 Melena

K92.2 Gastrointestinal haemorrhage, unspecified

K94.01  Colostomy haemorrhage

K94.11 Enterostomy haemorrhage

K94.21 Gastrostomy haemorrhage

K94.31 Oesophagostomy haemorrhage

M79.81  Non-traumatic haematoma of soft tissue

N30.01  Acute cystitis with haematuria

N30.11  |Interstitial cystitis (chronic) with haematuria

N30.21 Other chronic cystitis with haematuria

N30.31  Trigonitis with haematuria

N30.41  Irradiation cystitis with haematuria

N30.81  Other cystitis with haematuria

N30.91 Cystitis, unspecified with haematuria

N42.1 Congestion and haemorrhage of prostate

N83.7 Haematoma of broad ligament

N85.7 Haematometra
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Supplementary Table 2: Continued

Code Description
N92.0 Excessive and frequent menstruation with regular cycle

N92.1 Excessive and frequent menstruation with irregular cycle

N92.3 Ovulation bleeding

N92.4 Excessive bleeding in the pre-menopausal period

N93 Other abnormal uterine and vaginal bleeding

N93.0 Postcoital and contact bleeding

N93.1 Pre-pubertal vaginal bleeding

N93.8 Other specified abnormal uterine and vaginal bleeding
N93.9 Abnormal uterine and vaginal bleeding, unspecified
N95.0 Postmenopausal bleeding

R04.0 Epistaxis

R04.1 Haemorrhage from throat

R04.2 Haemoptysis

R04.81  Acute idiopathic pulmonary haemorrhage in infants
R04.89  Haemorrhage from other sites in respiratory passages

R04.9 Haemorrhage from respiratory passages, unspecified
R23.3 Spontaneous ecchymoses

R31.0 Gross haematuria

R58 Haemorrhage, not elsewhere classified

R71.0 Precipitous drop in haematocrit

ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification; ICD-10-CM, International Classification of
Diseases, 10th Revision, Clinical Modification.

Supplementary Table 3: Possible bleed codes

Code Description
ICD-9-CM

280.0 Iron deficiency anaemia secondary to blood loss (chronic)
285.1 Acute post-haemorrhagic anaemia

285.9 Anaemia, unspecified

455.0 Internal haemorrhoids without mention of complication
455.1 Internal thrombosed haemorrhoids

455.2 Internal haemorrhoids with other complication

455.3 External haemorrhoids without mention of complication
455.4 External thrombosed haemorrhoids

455.5 External haemorrhoids with other complication

455.6 Unspecified haemorrhoids without mention of complication
455.7 Unspecified thrombosed haemorrhoids

455.8 Unspecified haemorrhoids with other complication

455.9 Residual haemorrhoidal skin tags

530.10 Oesophagitis, unspecified

530.11 Reflux oesophagitis

530.12  Acute oesophagitis

530.13 Eosinophilic oesophagitis

530.19  Other oesophagitis

531.10 Acute gastric ulcer with perforation, without mention of obstruction

531.11 Acute gastric ulcer with perforation, with obstruction

531.30  Acute gastric ulcer without mention of haemorrhage or perforation, without mention of obstruction
531.31 Acute gastric ulcer without mention of haemorrhage or perforation, with obstruction

531.50  Chronic or unspecified gastric ulcer with perforation, without mention of obstruction

531.51 Chronic or unspecified gastric ulcer with perforation, with obstruction

531.70 Chronic gastric ulcer without mention of haemorrhage or perforation, without mention of obstruction
531.71 Chronic gastric ulcer without mention of haemorrhage or perforation, with obstruction

Continued
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Supplementary Table 3: Continued

Code Description

531.90 Gastric ulcer, unspecified as acute or chronic, without mention of haemorrhage or perforation, without mention of
obstruction

531.91 Gastric ulcer, unspecified as acute or chronic, without mention of haemorrhage or perforation, with obstruction

532.30 Acute duodenal ulcer without mention of haemorrhage or perforation, without mention of obstruction

532.31 Acute duodenal ulcer without mention of haemorrhage or perforation, with obstruction

532.50 Chronic or unspecified duodenal ulcer with perforation, without mention of obstruction

532.51 Chronic or unspecified duodenal ulcer with perforation, with obstruction

532.70 Chronic duodenal ulcer without mention of haemorrhage or perforation, without mention of obstruction

532.71 Chronic duodenal ulcer without mention of haemorrhage or perforation, with obstruction

532.90 Duodenal ulcer, unspecified as acute or chronic, without haemorrhage or perforation, without mention of obstruction

532.91 Duodenal ulcer, unspecified as acute or chronic, without mention of haemorrhage or perforation, with obstruction

533.10 Acute peptic ulcer of unspecified site with perforation, without mention of obstruction

533.11 Acute peptic ulcer of unspecified site with perforation, with obstruction

533.30 Acute peptic ulcer of unspecified site without mention of haemorrhage and perforation, without mention of obstruction

533.31 Acute peptic ulcer of unspecified site without mention of haemorrhage and perforation, with obstruction

533.50 Chronic or unspecified peptic ulcer of unspecified site with perforation, without mention of obstruction

533.51 Chronic or unspecified peptic ulcer of unspecified site with perforation, with obstruction

533.70 Chronic peptic ulcer of unspecified site without mention of haemorrhage or perforation, without mention of obstruction

533.71 Chronic peptic ulcer of unspecified site without mention of haemorrhage or perforation, with obstruction

533.90 Peptic ulcer of unspecified site, unspecified as acute or chronic, without mention of haemorrhage or perforation, without
mention of obstruction

533.91 Peptic ulcer of unspecified site, unspecified as acute or chronic, without mention of haemorrhage or perforation, with
obstruction

534.10 Acute gastrojejunal ulcer with perforation, without mention of obstruction

534.11 Acute gastrojejunal ulcer with perforation, with obstruction

534.30 Acute gastrojejunal ulcer without mention of haemorrhage or perforation, without mention of obstruction

534.31 Acute gastrojejunal ulcer without mention of haemorrhage or perforation, with obstruction

534.50 Chronic or unspecified gastrojejunal ulcer with perforation, without mention of obstruction

534.51 Chronic or unspecified gastrojejunal ulcer with perforation, with obstruction

534.70 Chronic gastrojejunal ulcer without mention of haemorrhage or perforation, without mention of obstruction

534.71 Chronic gastrojejunal ulcer without mention of haemorrhage or perforation, with obstruction

534.90 Gastrojejunal ulcer, unspecified as acute or chronic, without mention of haemorrhage or perforation, without mention
of obstruction

534.91 Gastrojejunal ulcer, unspecified as acute or chronic, without mention of haemorrhage or perforation, with obstruction

535.00 Acute gastritis, without mention of haemorrhage

535.10 Atrophic gastritis, without mention of haemorrhage

535.20 Gastric mucosal hypertrophy, without mention of haemorrhage

535.30 Alcoholic gastritis, without mention of haemorrhage

535.40 Other specified gastritis, without mention of haemorrhage

535.50 Unspecified gastritis and gastroduodenitis, without mention of haemorrhage

535.60 Duodenitis, without mention of haemorrhage

562.00 Diverticulosis of small intestine (without mention of haemorrhage)

562.01 Diverticulitis of small intestine (without mention of haemorrhage)

562.10 Diverticulosis of colon (without mention of haemorrhage)

562.11 Diverticulitis of colon (without mention of haemorrhage)

599.70 Haematuria, unspecified

599.72 Microscopic haematuria

790.92 Abnormal coagulation profile

ICD-10-CM

D50.0 Iron deficiency anaemia secondary to blood loss (chronic)

D62 Acute post-haemorrhagic anaemia

D64.9 Anaemia, unspecified

K20.0 Eosinophilic oesophagitis

K20.8 Other oesophagitis

K20.9 Oesophagitis, unspecified

K21.0 Gastro-oesophageal reflux disease with oesophagitis

K25.1 Acute gastric ulcer with perforation
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Supplementary Table 3: Continued

Code Description

K25.3 Acute gastric ulcer without haemorrhage or perforation

K25.5 Chronic or unspecified gastric ulcer with perforation

K25.7 Chronic gastric ulcer without haemorrhage or perforation

K25.9 Gastric ulcer, unspecified as acute or chronic, without haemorrhage or perforation
K26.3 Acute duodenal ulcer without haemorrhage or perforation

K26.5 Chronic or unspecified duodenal ulcer with perforation

K26.7 Chronic duodenal ulcer without haemorrhage or perforation

K26.9 Duodenal ulcer, unspecified as acute or chronic, without haemorrhage or perforation
K27.1 Acute peptic ulcer, site unspecified, with perforation

K27.3 Acute peptic ulcer, site unspecified, without haemorrhage or perforation

K27.5 Chronic or unspecified peptic ulcer, site unspecified, with perforation

K27.7 Chronic peptic ulcer, site unspecified, without haemorrhage or perforation

K27.9 Peptic ulcer, site unspecified, unspecified as acute or chronic, without haemorrhage or perforation
K28.1 Acute gastrojejunal ulcer with perforation

K28.3 Acute gastrojejunal ulcer without haemorrhage or perforation

K28.5 Chronic or unspecified gastrojejunal ulcer with perforation

K28.7 Chronic gastrojejunal ulcer without haemorrhage or perforation

K28.9 Gastrojejunal ulcer, unspecified as acute or chronic, without haemorrhage or perforation

K29.00  Acute gastritis without bleeding

K29.20  Alcoholic gastritis without bleeding

K29.30  Chronic superficial gastritis without bleeding

K29.40  Chronic atrophic gastritis without bleeding

K29.50 Unspecified chronic gastritis without bleeding

K29.60 Other gastritis without bleeding

K29.70 Gastritis, unspecified, without bleeding

K29.80  Duodenitis without bleeding

K29.90  Gastroduodenitis, unspecified, without bleeding

K56.699 Other intestinal obstruction unspecified as to partial versus complete obstruction

K57.00  Diverticulitis of small intestine with perforation and abscess without bleeding

K57.10  Diverticulosis of small intestine without perforation or abscess without bleeding

K57.12  Diverticulitis of small intestine without perforation or abscess without bleeding

K57.20  Diverticulitis of large intestine with perforation and abscess without bleeding

K57.30 Diverticulosis of large intestine without perforation or abscess without bleeding

K57.32 Diverticulitis of large intestine without perforation or abscess without bleeding

K57.40  Diverticulitis of both small and large intestine with perforation and abscess without bleeding
K57.50  Diverticulosis of both small and large intestine without perforation or abscess without bleeding
K57.52  Diverticulitis of both small and large intestine without perforation or abscess without bleeding
K57.80 Diverticulitis of intestine, part unspecified, with perforation and abscess without bleeding
K57.90 Diverticulosis of intestine, part unspecified, without perforation or abscess without bleeding
K57.92  Diverticulitis of intestine, part unspecified, without perforation or abscess without bleeding
K64.0 First degree haemorrhoids

K64.1 Second degree haemorrhoids

K64.2 Third degree haemorrhoids

K64.3 Fourth degree haemorrhoids

K64.4 Residual haemorrhoidal skin tags

K64.5 Perianal venous thrombosis

K64.8 Other haemorrhoids

K64.9 Unspecified haemorrhoids

R31.1 Benign essential microscopic haematuria

R31.2 Other microscopic haematuria

R31.21 Asymptomatic microscopic haematuria

R31.29 Other microscopic haematuria

R31.9 Haematuria, unspecified

R79.1 Abnormal coagulation profile

ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification; ICD-10-CM, International Classification of
Diseases, 10th Revision, Clinical Modification.
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