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Abstract

Background The most recent and 11th revision of the International Classification of Disease (ICD-11) is in use
as of January 2022, and countries around the globe are now preparing for the implementation of ICD-11 and transi-
tion from the 10th revision (ICD-10). Translation of current coding is required for historical comparisons.

Methods We applied the World Health Organization (WHO) mapping tables to current Centers for Disease Control
and Prevention (CDC) Lists of ICD-10 coding of underlying causes of death to assess what ICD-11 codes look like in an
Alberta sample of causes of death (COD). We prepared frequency tables for a single year of COD in Alberta based

on the CDC grouping of COD.

Results The mapping success rate at the ICD-10 code level for the adult population (> 18 years) was 96.6% and 100%
for children (1-17 years) and infants (< 1 year). The mapping success rate by patient was 99.5% for the adult popula-
tion patient deaths and 100% for children and infants. We mapped ICD-11 codes to identify the ten most frequently
reported underlying COD in Alberta for 24,645 deaths in adults, children, and infants in 2017.

Conclusions Apart from two codes, all ICD-10 codes could be mapped to ICD-11 for underlying COD. These findings
suggest that the ability to translate from the two iterations of coding will be feasible for future applications of health
services data.
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Background

A death certificate is completed at the time of death.
Information collected includes immediate causes, under-
lying causes, and significant conditions. These causes of
death (COD) are collected, processed, and presented in
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specificity and flexibility of the coding structure in ICD-
10, as well as new and revised medical conditions that
have arisen in our current medical system, the World
Health Organization (WHO) updated and revised the
ICD-10 system to improve specificity of its coding
capacity.

Approximately 8,000 ICD-10 codes are available for
underlying cause coding [11]. The 11th version of the
ICD (ICD-11) was released in 2018, adopted at the
World Health Assembly in May 2019, and has been in
use globally since January 1st, 2022 [2]. As of May 2024,
132 member states are in various stages of the ICD-11
implementation process [2]. It allows for more underly-
ing COD codes from a list that includes 55,000 more
clinical concepts and external causes compared with
ICD-10 [12]. Eynstone-Hinkins and Moran [13] reviewed
Australian mortality data features and pointed out that
ICD-11 allows for updated clinical terms and language,
multiple parenting, clustering of codes with both manda-
tory and optional postcoordination, integrated terminol-
ogy foundation and, most importantly, compatibility and
integration with electronic records. To facilitate adoption
of ICD-11, Popescu and Celik et al. [14] tested WHO
automated selection system of underlying COD for ICD-
11. Of 1248 death certificates, 62.8% were accurately
assigned underlying COD. The remaining certificates,
however, require expert intervention. Stausberg and
Vogel [15] coded 200 death certificates with 1292 ICD-11
codes and 1068 ICD-10 codes. Specifying ICD-11 codes
requires postcoordination. However, death certificates
commonly lack details such as disease stages for chronic
kidney disease stage 3a (GB61.2) and stage 3b (GB61.3)
so that more ICD-11 codes were selected than ICD-10
codes for the same certificates. For a seamless transition,
the WHO has developed mapping tools for international
use to ensure no data is lost in the transition process [16].
Due to the international implementation of ICD-11, the
mapping tools must be assessed using data from a “real-
world” setting. Thus, the WHO will revise or refine map-
ping tools further.

This study translated ICD-10 COD codes to ICD-
11 codes using the WHO mapping tool and identified
unmapped ICD-11 codes using a dataset from Alberta,
Canada. We then grouped ICD-10 and ICD-11 coded
COD using the US Centre for Disease Control (CDC)
mortality tabulation lists and compared the top underly-
ing COD between both datasets.

Methods

Translating ICD-10 to ICD-11 COD codes

WHO mapping lists were used to find one-to-one trans-
lation of ICD-10 to ICD-11 for each code at the 4-digit
level. The mapping identified a single ICD-11 code for
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each ICD-10 code. Where there was no ICD-11 code
to match the ICD-10 code, it was labeled as “no match”.
See Additional file 1 for the complete translation. Cat-
egories of more than one code included all the ICD-11
codes found at the individual ICD-10 level. Some clusters
of stem codes and extension codes are listed for systems
where extensions codes may be coded as these clus-
ters presented specific death information related to the
grouping.

The CDC has published two Mortality Tabulation
Lists (general, infant and child mortality) for categories
within most ICD-10 chapters for conditions and exter-
nal causes [17, 18]. We first translated the ICD-10 List
of 358 Selected COD and 130 Selected Causes of Infant
Death to ICD-11[18]. To do this, we used computational
and manual approaches to translation. We retrieved the
initially selected underlying COD from the CDC ICD10
COD Lists for Tabulating Mortality Statistics [19]. The
WHO crosswalk tables for ICD-10 to ICD-11 (the most
recent mapping retrieved WHO crosswalk tables on Feb-
ruary 5th, 2021) [4] were used to map codes from ICD-
10 to ICD-11. We identified the corresponding ICD-11
code for each ICD-10 code and then populated an Excel
spreadsheet row with the CDC grouping number, name,
ICD-10 code, and the matching ICD-11 code. If the line
from the grouping table only held one ICD-10 code, the
mapped ICD-11 code was identified. If a range of codes
was present, e.g. A00-A09, we included all mapped codes
for the full range. We manually input missing codes from
the spreadsheet by searching the code description from
ICD-10 in the ICD-11 Coding Tool [20]. All analyses
were done in Python [21].

Grouping ICD-11 COD codes

ICD-11 codes were then aggregated into groups mapped
to the CDC COD groupings [5, 6] based on the original
ICD-10 codes (Additional file 1). Finally, ICD-11 tabula-
tion lists were created from the current ICD-10 tabula-
tion lists.

Data sources

We used Vital Statistics data from Alberta, Canada, to
identify the total number of deaths (number of individu-
als) and the frequencies of underlying COD at the fourth
ICD digit level. The population consisted of Alberta resi-
dents who died in the fiscal year of 2017. Data from the
2017 fiscal year was used, as we were confident in the
availability of comprehensive and complete data from
vital statistics given that data extraction took place in
2020. Deaths and underlying COD were recorded in the
Vital Statistics Database and held within the Analytics
data warehouse of Alberta Health Services. In Canada,
the tabulation of the COD is based on the underlying
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COD, which the World Health Organization defines as
the disease or injury that initiated the chain of events
leading to death or as the circumstances of the accident/
violence that caused a fatal injury. The underlying COD
is selected from the causes and conditions listed on the
medical certificate of COD completed by a medical pro-
fessional, medical examiner or coroner. [22] Any indi-
viduals in the data that did not have an underlying COD
code were excluded from the analysis. This study was
approved by the Conjoint Health Research Ethics Board
at the University of Calgary (REB20-1557). To access per-
sonally identifiable health information, a waiver of con-
sent was provided on the conditions of Sect. 50 of the
Health Information Act of Alberta, Canada.

Statistical considerations

Aggregated counts for each grouping based on ICD-10
coding were retrieved, and stratified by adults (age >18),
children (age 1-17), and infants (age<1 year). Frequen-
cies were calculated for adults, children, and infants.
For each age category, we identified unmapped codes,
and the top ten COD in ICD-10 and 11 in Alberta were
reported.

Results

Deaths in Albertain 2017

In Alberta, there were 24,742 deaths in 2017. After
removing all records with no documented COD, 24,645
records remained. We excluded one record as it did not
have a documented age. Of the 24,644 deaths, 24,252
were adults, 147 were children, and 245 were infants.

Mapping results

The number of ICD-10 codes (rather than individual
deaths) and total deaths (based on individuals counted)
in mortality statistics for each age group are presented in
Table 1. The mapping provided ICD-11 codes for 96.6%
of the ICD-10 underlying COD codes for the adult pop-
ulation and 99.5% of the deaths were captured through
mapping. The mapping provided 100% of the ICD-10
underlying COD codes and deaths. Only two ICD-codes
were unmapped to ICD-11 for the adult population.
These codes were 113.1 (hypertensive heart and renal dis-
ease with renal failure) and L08.9 (local infection of skin
and subcutaneous tissue, unspecified).

COD in Alberta

We mapped ICD-11 codes and reported the ten most fre-
quently reported underlying COD in Alberta for adults,
children, and infants in 2017 (see Table 2). As the larger
category of malignant neoplasms was reported as the top
COD for adults in 2017, we undertook a separate analy-
sis to determine the top ten categories within malignant
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Table 1 2017 Alberta underlying COD by ICD-10 codes

Age category Frequency type* Count Mapped ICD-11
code

Adults (=18 years) Unique ICD-10 1,039 1,033 (96.6%)
Codes
Total number 24,252 24,134 (99.5%)
of deaths

Children (1-17 years) Unique ICD-10 87 87 (100.0%)
Codes
Total number 147 147 (100.0%)
of deaths

Infants (< 1 year) Unique ICD-10 97 97 (100.0%)
Codes
Total number 245 245 (100.0%)
of deaths

“ Unique ICD-10 codes represent the total number of CODs; total number of
deaths represent the number of deaths that occurred in the Albertan population
in the year 2017

neoplasms that contributed to this COD (see Table 3).
Deaths caused by malignant neoplasms of the trachea,
bronchus and lung occurred three times more than the
second leading malignant neoplasm (breast). Since the
ICD-11 results are simply mapped from the ICD-10
codes, ICD-10 results were not reported as they were the
same.

Discussion

The release of ICD-11 brings new mortality codes for
enhanced specificity and breadth of medical statistics
and surveillance. The imminent transition to ICD-11
also requires mapping to previous versions of ICD-10
to ensure minimal data loss during the adoption period.
The implication of the current study primarily included
the identification of unmapped ICD codes when applied
to a population-level, “real-world” dataset from Alberta,
Canada. We also provided ICD-11 Mortality Tabulation
Lists (see Additional file 1).

Overall, there was a good translation of ICD-10 to ICD-
11 with over 95% of ICD-10 COD codes being mapped to
an ICD-11 equivalent. We found two ICD-10 codes that
were not mapped in ICD-11 and did not find identifia-
ble codes through manual search. For these two specific
codes, it may be related to the introduction of post-coor-
dinated codes in ICD-11. Post coordinated codes is a new
feature of ICD-11, which requires information on the
sequence of disease from the COD certificate. This allows
the provision of multiple values, for the axes of “asso-
ciated with’, “causing condition’, and “medication,” as
examples. For instance, ICD-10 has one code (I13.1) for
hypertensive heart and renal disease with renal failure.
ICD-11 has specific code BAO1 for hypertensive heart
disease and BAO2 for hypertensive renal disease. Kidney
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Table 2 Top 101CD-11 Underlying COD in Alberta in 2017
Causes of Death Adults (> 18 years) N Cause of Death Children (1-17 years) N Cause of Death for Infants (< 1 year) N
Malignant neoplasms 6539 Intentional self-harm (suicide) 24 Newborn affected by maternal factors 63
and by complications of pregnancy, labor
and delivery
Ischemic heart diseases 3596 Malignant neoplasms 16 Disorders related to length of gestation 33
and fetal malnutrition
Other diseases of the respiratory system 2179 Benign neoplasms <10 Accidents (unintentional injuries) 10
Other heart diseases 1354 Accidents (unintentional injuries) <10 Influenza and pneumonia <10
Cerebrovascular diseases 1117 Accidental poisoning and exposure tonox- <10 Malignant neoplasms <10

jous substances

Accidental poisoning and exposure 739  lll-defined and unknown causes of mortal- <10
to noxious substances ity

Intentional self-harm (suicide) 601  Other diseases of the respiratory system <10
Hypertensive diseases 545 Assault (homicide) <10
Endocrine diseases 536  Event of undetermined intent <10
Diseases of liver 473 Zoonotic and other bacterial diseases <10

Table 3 Examples of Underlying COD within the Malignant
Neoplasm Category for adults in Alberta in 2017

Malignant Neoplasm top 10 causes of death N
Malignant neoplasms of trachea, bronchus, and lung 1565
Malignant neoplasm of breast 461
Malignant neoplasms of Colon 449
Malignant neoplasm of prostate 432
Malignant neoplasms of pancreas 419
Other malignant neoplasms of other and unspecified sites 368
Malignant neoplasm of brain 231
Non-Hodgkin's lymphoma 216
Malignant neoplasms of Rectosigmoid junction and rectum 185
Malignant neoplasms of esophagus 170

failure was coded as acute (GB60), chronic (GB61) and
unspecified (GB6Z). GB60/BAO02 is for coding acute kid-
ney failure that is caused by hypertensive renal disease.
When acute kidney failure is caused by both hyperten-
sive heart disease and kidney disease, the ICD-11 code is
GB60/BA02/BAO1.

US CDC developed mortality tabulation lists for three
age groups for ICD-10 data. These lists are mainly used
for reporting and surveillance causes of death. The US
CDC has published two Mortality Tabulation Lists (gen-
eral mortality, and infant and child mortality) that have
categories within most ICD-10 chapters for conditions
and external causes. We mapped ICD-11 to the ICD-10
List of 358 Selected COD and the List of 130 Selected
Causes of Infant Death, using computational mapping
and manual approaches. Our mapping identified two
ICD-10 codes that are subdivided into multiple codes in
ICD-11. Thus, ICD-10 and ICD-11 tabulation lists are
matched well. We reported the top 10 COD in ICD-11

and subdivided malignant neoplasms. The utility of ICD-
11 mortality tabulation lists in Alberta data demonstrated
coverage of concepts.

Our study has limitations. We do not have a dually
coded mortality database. We translated ICD-10 into
ICD-11 using WHO mapping and coding tools. Thus, the
utility of the ICD-11 mortality tabulation lists is available,
but we cannot provide validity of these lists as ICD-11
has not yet been implemented for coding death certifi-
cates in Canada and dually coded dataset is not availa-
ble for studying at this time. We only studied underlying
COD in this study. This was because most mortality sta-
tistics show a single COD for an individual, regardless
of how many conditions are reported on the certificate.
The underlying COD is the condition selected for such
single-cause tabulation. Mortality indicators that use
multiple causes of death, however, highlight health con-
ditions that contribute considerably to death but are less
likely to feature as underlying cause [23]. Multiple causes
of death capture is a valuable tool for public health. This
study however provides a more general use of ICD-11,
where only single-cause tabulation is done [24]. While we
have assessed the translation of ICD-10 to ICD-11 in one
Canadian provincial dataset, we highly recommend these
lists be tested in other datasets.

Conclusions

In conclusion, the WHO mapping table between ICD-10
and ICD11 works well in a “real-world” database from a
large Canadian province. Nearly all ICD-10 codes could
be mapped to ICD-11. We highly recommend ICD-11
mortality tabulation lists be tested and refined.
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