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Abstract

Aim: To validate a case definition for foreign body airway obstructions (FBAO) using International Classification of Diseases version 10 (ICD-10)
codes to accurately identify patients in administrative health databases and improve reporting on this injury.

Methods: We identified prehospital patient encounters in Alberta, Canada between Jan 1, 2018 and Dec 31, 2021 by querying the provincial emergency
medical services’ (EMS) patient care records for FBAO-related presentations, EMS protocols, or treatments. We deterministically linked EMS patient
encounters to data on emergency department visits and hospital admissions, which included ICD-10 codes. Two physicians independently reviewed
encounters to determine true FBAO cases. We then calculated diagnostic accuracy measures (sensitivity, specificity, likelihood ratios) of various algorithms.
Results: We identified 3677 EMS patient encounters, 2121 were linked to hospital administrative databases. Of these encounters, 825 (38.9%) were
true FBAO. The combination of two ICD-10 codes (T17 = foreign body in the respiratory tract or T18.0 = foreign body in the mouth) was the most specific
algorithm (96.9% [95%Cl 95.8-97.8%]), while the combination of all FBAO-related ICD-10 codes and R06.8 (other breathing abnormalities) was the most
sensitive (75.0% [95%Cl 71.9-78.0]). We identified an additional 453 (35.4%) FBAO cases not transported by EMS (due to death or transport refusal),
and therefore not linked to the hospital administrative databases. Of these unlinked encounters, 44 (9.7%) cases resulted in the patient’s death.
Conclusions: FBAO can be identified with reasonable accuracy using health administrative data and ICD-10 codes. All algorithms had a trade-off
between sensitivity and specificity, and failed to identify a third of FBAO cases, of which 10% resulted in death.
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cases is important to minimize the risk of over- or under-estimating the
true FBAO burden. By validating a case definition using ICD codes,
researchers can apply it to large, population-based databases globally,

Introduction

Foreign body airway obstructions (FBAO or choking) result in signifi-
cant mortality and morbidity globally however contemporary epidemio-
logic data is scarce."” Without updated data we are unable to
determine the magnitude of the problem and develop strategies to pre-
vent and treat FBAO. One reason for the limited data is the challenge
of identifying FBAO; prospective data collection or detailed chart
review is usually required which is resource intensive. Using Interna-
tional Classification of Diseases codes (ICD) is one method that
researchers can use to overcome this limitation.>° However, an
administrative data case definition of FBAO has not been validated.
Evaluating the accuracy of ICD-based algorithms for identifying FBAO

where reference standard methods may not be feasible due to
resource constraints. We aimed to validate an ICD-based case defini-
tion to identify patients who experienced a FBAO.

Methods

Study design and setting

This observational cohort study using administrative health data val-
idated ICD-10 based case definitions of FBAO. The study adhered to
the modified Standards for Reporting of Diagnostic Accuracy
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(STARD) guidelines.” The Conjoint Health Research Ethics Board of
the University of Calgary (REB21-0690) approved the study on July
8, 2021.

The study occurred in Alberta, Canada between January 1 2018,
and December 31 2021. In Alberta, a single health authority (Alberta
Health Services) delivers healthcare services, including prehospital
care, to the 4.4 million people in Alberta.®

Data sources and cohort identification

Consecutive FBAO patient encounters were identified using Alberta
Health Services’ Emergency Medical Services (EMS) Patient Care
Record (Siren ePCR Version 4.6.26, Medusa Medical Technologies,
Halifax, NS). Each encounter represents the electronic medical
record created when EMS attends to a patient for assessment and
treatment. The ePCR is the sole paramedic prehospital electronic
charting system used in Alberta. It includes demographics, vital
signs, and standardized reporting of incident, patient, and treatment
details. It also includes a free-text narrative synopsis of the event,
including information provided by the patient or bystanders. Impor-
tantly, this data is not available for hospital-based diagnostic coders
limiting their knowledge of prehospital events to secondhand infor-
mation from the in-hospital clinicians.®

An EMS research specialist developed an algorithm to identify
patients in the cohort by querying the ePCR for patients with a rele-
vant primary impression (ePCR field: “PRIMARY_IMPRESSION”;
criteria: “Airway Obstruction”), EMS protocol name (ePCR field:
“PROTOCOL_NAME?”; criteria: “Foreign Body Airway Obstruction”)
or treatment (ePCR field: “TREATMENT_NAME?”; criteria: “Clear
Airway”).

We deterministically linked data on emergency department visits
from the National Ambulatory Care Reporting System (NACRS) and
hospital admissions from the Discharge Abstract Database (DAD) to
ePCR using a unique provincial healthcare number to obtain ICD
codes for each identified patient encounter. The province assigns a
healthcare number to individuals either at birth (if born in Alberta)
or when they register (if they move into the province and must be
completed within 3 months of arrival). Every healthcare encounter
for an individual is linked using this number. Prehospital EMS uses
an individual’s name and date of birth to identify their healthcare
number (if it is not readily available) and link the encounter. If a
patient remains unidentified prehospital, personnel work to identify
and link to health records upon arrival to the healthcare facility.

NACRS captures administrative, clinical, and demographic infor-
mation for hospital and community-based ambulatory care visits
including emergency departments. DAD captures similar data for
all hospital admissions. NACRS and DAD use the International Clas-
sification of Diseases—Tenth Revisions, Canada (ICD-10-CA) to
record up to 10 (NACRS) or 25 (DAD) diagnostic codes per
encounter.'® Both NACRS and DAD undergo regular quality testing
and validation. Data collection methods for the NACRS and DAD
are standardized and federally mandated.'"'> We included all ages
in the analysis and excluded patients without a provincial healthcare
number.

EMS patient encounters where the patient was not transported to
the hospital (due to refusal or death) would not have an associated
NACRS or DAD entry [as they did not become an ED or hospital
patient] and could not be linked. We therefore excluded these
encounters from the analysis. Descriptive statistics of these unlinked
cases are presented to identify the proportion of FBAO (and deaths)
missed by only using ICD-10 codes for patient identification. We

conducted a manual chart review of each unlinked case to determine
mortality. Age, sex, and ICD-10 codes were unique variables in the
database already and did not require extraction.

Foreign body airway obstruction definition

We used a pragmatic definition of FBAO as the reference standard.
Individuals with the injury were identified if there was a history of
object or substance not native to the airway introduced followed by
clinical signs of obstruction (e.g., stridor, cyanosis, hypoxemia,
inability to move air). Two physicians trained in emergency medicine
and prehospital care (CD, JC) independently reviewed the ePCR
synopsis, along with vital signs and treatment details, to determine
whether the patient encounter represented a true FBAO. Initially,
adjudicators were trained on the research protocol and FBAO defini-
tion using sample cases as examples. Next, they independently
reviewed a randomly selected 20 cases for training purposes and
had perfect agreement. Subsequently, a subset of encounters was
reviewed by both and interrater agreement was measured using
Cohen’s Kappa. Adjudicators were aware of the study’s purpose
but blinded to ICD-10 code assignment during the review phase.

Validation of ICD-10 codes

We identified six ICD-10 codes, in both NACRS and DAD, related to
FBAO (Table 1). Starting with T17.X (foreign body in the respiratory
tract), we then built more complex combinations of ICD-10 codes and
evaluated the performance of each.

Analysis
Descriptive statistics were calculated for patient demographic char-
acteristics of the cohort.

Our primary outcome was diagnostic accuracy (sensitivity, speci-
ficity, and likelihood ratios). We calculated the sensitivity, specificity,
and likelihood ratios (with associated 95% confidence intervals) for
each combination of ICD-10 codes. Sensitivity refers to the propor-
tion of FBAO cases that were correctly identified by the ICD-10 code
combination. Specificity refers to the proportion of controls that were
correctly not assigned a FBAO ICD-10 code. Positive likelihood
ratios (+LR) were calculated as sensitivity/(1 — specificity) and neg-
ative likelihood ratios (-LR) were calculated as (1 — sensitivity)/spe
cificity.'>'* Positive and negative predictive values were also calcu-
lated and presented in Supplemental Material One. For each algo-
rithm, Youden’s Index was calculated to summarize their
performance. A Receiver Operator Curve (ROC) was constructed
for each algorithm (Microsoft Excel, Microsoft Corporation [2018]).

Table 1 - International Classification of Disease (ICD)
Codes [Version 10] related to foreign body airway
obstructions.

ICD-10 Definition

Code

T17 Foreign body in the respiratory tract

T18.0 Foreign body in mouth

T18.1 Foreign body in esophagus

W78 Inhalation of gastric contents

W79 Inhalation and ingestion of food causing respiratory
obstruction

W80 Inhalation and ingestion of non-food substances

causing respiratory obstruction
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All analyses were performed using STATA 16 and the “diagt”
function was used for performance testing calculations.'® Diagnostic
accuracy was explored for several subgroups including age cate-
gories, sex, cases where an intervention was performed (i.e., greater
severity of FBAO), and cases involving hospital admissions (DAD
database) where coders would have more information available.

Results

The search of the ePCR identified 3677 unique patient encounters
during the study period (Fig. 1). Eighty-two cases (2.2%) were
excluded due to a missing Alberta healthcare number. Of the remai-
ning patient encounters, 2121 (58.3%) were subsequently treated at
an emergency department or admitted to hospital following EMS
assessment and assigned ICD-10 codes in NACRS or DAD,
respectively.

After review by the two adjudicators, 825 cases were true FBAO.
Agreement for classification of true FBAO was high (Cohen’s

3,677 EMS Patient
Encounters Identified

k = 0.802 [95%CI 0.688-0.910]). Table 2 describes the patient
demographic characteristics.

Performance of ICD-10 classification

Table 3 describes the sensitivity, specificity, and likelihood ratios for
combinations of FBAO-related ICD-10 codes. The combination of
T17 (foreign body in the respiratory tract) and T18.0 (foreign body
in the mouth) produced the greatest specificity (96.9% [95%CI
95.8-97.8%]), with the highest positive likelihood ratio (14.1 [95%
Cl 10.3-19.3]). Conversely, the combination including all related
ICD-10 codes produced the greatest sensitivity (73.5% [95%CI
69.9-76.1%]) and lowest negative likelihood ratio (0.333 [95%CI
0.296-0.375]). Accuracy was not affected when only considering
cases where an intervention was required to relieve the obstruction
(i.e, greater severity of obstruction) or when stratified by age or
sex (Supplemental Material Two). Diagnostic accuracy was also
unchanged when only ED visits (NACRS database) were evaluated.
When only hospital admissions (DAD database) were considered,
there were improved specificity for the combination of T17 or

3,595 EMS Patient
Encounters Reviewed

82 Excluded (no Alberta
healthcare number)

1,474 Patient Encounters

> Not Linked to an
Emergency Department or
2,121 Patients Linked to an Hospital Visit
Emergency Department or
Hospital Visit
* ¢ .| 1,021 Excluded (not Foreign
3 3 Body Airway Obstructions)
825 Foreign Body Airway 1,296 Control Cases
Obstruction Cases
v
453 Foreign Body Airway
Obstruction Cases
Unlinked
y
Unlinked Cases Outcome
409 Survived
44 Died
Fig. 1 - Flow diagram of study participants.

Table 2 - Comparison of foreign body airway obstruction cases and controls.
Characteristic Total Foreign body airway obstructions Controls p-value
Age (Median [IQR]) 50 (23-72) 58 (4-78) 46 (67-65) 0.004
Female 967 (45.7) 417 (50.7) 550 (42.4) <0.001

IQR = Interquartile Range; SD = Standard Deviation.
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Youden’s Index

0.394
0.385
0.453
0.396
0.208
0.444
0.433
0.509
0.452
0.516

0.593 (0.559-0.629)
0.597 (0.561-0.634)
0.527 (0.492-0.564)
0.572 (0.535-0.611)
0.778 (0.744-0.813)
0.514 (0.477-0.554)
0.518 (0.481-0.559)
0.395 (0.357—0.436)
0.505 (0.468-0.544)
0.386 (0.349-0.427)
0.389 (0.351-0.431)

—-LR

13.8 (10.1-18.9)
9.17 (7.09-11.9)
11.5 (8.8-15.0)

6.17 (5.04-7.56)
4.13 (3.27-5.21)
6.09 (5.05-7.34)
5.36 (4.49-6.39)
4.2 (3.67-4.81)

6.19 (5.13-7.46)
4.25 (3.72—4.86)
3.96 (3.48-4.50)

ions.
+LR

bstruct

irway o

96.9 (95.8-97.8)
95.3 (94.0-96.4)
95.7 (94.4-96.7)
92.4 (90.8-83.7)
93.4 (91.9-94.7)
91.3 (89.6-92.8)
90.0 (88.3-91.6)
84.1 (82.0-86.1)
91.3 (89.6-92.8)
84.1 (82-86.1)

body a
Specificity

42.5 (39.1-46.0)
43.2 (39.7-46.6)
49.6 (46.1-53.0)
47.2 (43.7-50.6)
27.4 (24.4-30.6)
53.1 (49.6-56.5)
53.3 (49.9-56.8)
66.8 (63.5-70.0)
53.9 (50.5-57.4)
67.5 (64.2-70.7)

Sensitivity

Table 3 - Performance characteristics of ICD-10 codes classi

T17 or W79 or W80 or T18.0 or T18.1

T17 or W79 or W80 or W78
T17 or W79 or W80 or T181
T17 or W79 or W80 or T18.0

T17 or W79 or W80

ICD Code

T17 or W78
T17 or W79
T17 or W80
W79 or W80

T17

0.507

82.9 (80.7-84.9)

67.8 (64.4-70.9)

T17 or W79 or W80 or T18.0 or T18.1 or W78

T18.0 codes (98.7% [95%CI| 97.2-99.5%]) and improved sensitivity

for the combination of all FBAO-related codes (88.8% [95%ClI

82.2-93.2%] (Supplemental Material Three). However, both
203y improvgments came with impaired sensitivity or specificity,
g <Or_ ér_ <or g respectively.

The most frequent principal diagnostic code used for FBAO
cases not coded accurately were: R06.8 (other abnormalities of
breathing = 20.9%), T18.8/9 (foreign body in alimentary tract, part

E@ggg unspecified or multiple parts = 14.1%), R13 (dysphagia = 12.5%),
$ g g g $ 146 (cardiac arrest, unspecified = 5.3%), and Z04.3 (examination
2 g' c,%‘ gL Q anFj observatlon.f.ollowmg other accident = 5..3%). Post-hoc analysis
Y T oA using these additional codes demonstrated improved accuracy only
s’ % E’ % S’ when R06.8 was added to the algorithm (Table 3).
BYSTBS
Socoso Unlinked cases
From the provincial EMS database, there were 453 FBAO that were
assessed by EMS and not transported (35.4% of total EMS patient
NemRom encounters for FBAO). Of these, 253 (55.8%) required at least one
9_" 3 g S 2 intervention by bystanders or EMS to resolve the obstruction.
<'|3_ é g' 5*'_) é Forty-four unlinked patients (9.7%) died prior to transport to hospital.
28 als
T5088F . .
o BN Discussion

2

§ This study found that the most specific case definition of FBAO was
Go"c\T’c\T’rCﬁ?E; the combination of T17 (foreign body in the respiratory tract) or
3‘ 5‘ 5‘ 8‘ g 2 W18.0 (foreign body in the mouth). This produced a false positive
e!._ 05 o{,_ cé? ¢{, § rate of only 3%, however missed over 55% of FBAO cases. Con-
35588 9 versely, the most sensitive case definition included every FBAO-
n©o<<le related ICD-10 code and R06.8 (other abnormalities of breathing).
8888 % § This combination detected 670 (31.6%) more cases but included

8 328 (15.5%) more false positives.

g By presenting multiple algorithms, users can select which bal-
sosGa *§ ance of diagnostic accuracy best suits the aim of their research. If
S' 5‘ s 5 'og' *5 researchers are conducting a surveillance study where they are esti-
c'_: c\lj <:'>_ ul) o"_ g mating the burden of injury or resource planning, then selecting a
g@ags s highly sensitive strategy which avoids underestimating the impact
T NY OO -(,93 is appropriate. Conversely, if researchers desire a cohort which min-
e5B88R g imizes non-FBAO cases (such as in an intervention study), then a

£ highly specific strategy should be selected. If a balance of both char-

é acteristics is desire, Youden’s Index suggests the optimal strategy is

.12 a combination of five codes (T17, W79, W80, T180.0 and T181).
2 % Researchers have previously used ICD codes to study FBAO;
2|5 however, different groups have used different algorithms.'®" In a
E é recent study conducted in ltaly, researchers used all subgroupings
E %’ of the ICD-9 codes 933.x (foreign body in pharynx and larynx) and
5|2 934.x (foreign body in trachea, bronchi, and lung) to identify cases.'®
- ‘g In contrast, a study in the United States of America used a similar
E z algorithm but without 933.0 (foreign body in the pharynx).'” Even a
5| slight change to the inclusion criteria can result in dramatic differ-
g ‘|' ences to case estimates. From our study, if we compare the algo-
s -% rithm using only T17 versus T17 and 180.1, it results in a 15.2%
-5 ) g increase in sensitivity (322 more cases included) and 7.3% decrease
E < 8 £8 in specificity (155 more false positives). This demonstrates the
5 = % T importance of a validated, standardized case definition to enable

g g OOd § é ;‘) improved comparison of FBAO burden between health regions.

CCE=2= % ICD code search algorithms have been developed to study
55585 5|8 the epidemiology of many medical conditions, such as epilepsy
E E E E E - and sepsis, as well as other injuries like drowning.?*~>* We were
E unable to identify any ICD algorithm validation studies for FBAO,
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however, this approach has been performed in cardiac arrest
research.?*2” Coppler et al. evaluated a single algorithm of
ICD-9 codes and found a remarkably poor sensitivity of 4%. They
noted that their gold standard registry had better outcomes than
the cases that the ICD algorithm identified, and when only con-
sidering cases with an improved outcome, the ICD algorithm
had a worse sensitivity (100% for those who never achieved
return of spontaneous circulation versus 19% for those who sur-
vived to ED disposition). Coppler hypothesized that coders better
identify cardiac arrests in those with active resuscitation upon
arrival or die in the emergency department compared to cases
where return of spontaneous circulation was achieved prehospi-
tal and then the patient stabilized.?® If this effect occurs for FBAO
also, it could impact the accuracy of FBAO algorithms as the
choking occurs and is treated prehospital in most cases. Patients
are often transported to the ED post-FBAO due to a complication
such as respiratory distress from aspiration. This likely explains
the significantly improved sensitivity in our study for identifying
FBAO when R06.8 (other abnormalities of breathing) was added
to the algorithm.

Another Canadian study investigated ICD codes for pediatric car-
diac arrest.?” They evaluated different algorithms for identifying
cases, starting with just the cardiac arrest code (146) and adding
codes for specific etiologies or whether they were admitted to hospi-
tal. This study found their tested algorithms had excellent specificity
(99.9-100%) and variable sensitivity (62.7-87.3%). They concluded
that using the cardiac arrest code had too low sensitivity (62.7%) to
use to identify cases, however, by adding further codes to algorithm
they were able to obtain adequate accuracy.?” This parallels our find-
ing that using T17 (foreign body in the respiratory tract) alone pro-
duced insufficient performance characteristics to use as a case
definition.

Regardless of case definition, over 35% of FBAO that require
EMS attendance were not transported to hospital, and therefore
not identified in DAD or NACRS. Over half of these cases required
a choking intervention, with 10% of patients dying. These cases must
be considered when assessing the population-level burden of FBAO.
Utilizing a separate database which also identifies all out-of-hospital
deaths and assigns ICD-10 codes based on cause (such as Vital
Statistics in Canada) could improve estimates of incidence and mor-
tality, but a study is needed to determine the accuracy of this
approach.

Limitations

Readers should view our results within the context of several limita-
tions. We obtained data from a single Canadian province, with its
present prehospital system and documentation processes, therefore
it may not be representative of other countries or regions. Although
we utilized prehospital, narrative data which was recorded at the time
of the incident to inform our gold standard, diagnosis of FBAO is
entirely reliant on the interpretation of signs, symptoms and preced-
ing events by the layperson responders and EMS. As a result, mis-
classification of cases is possible. Finally, we analyzed ICD-10 codes
for our case definition so it may not be transferable to other itera-
tions. Given the launch of ICD-11 codes in 2022, most countries will
be transitioning in the coming years.?® We have provided a sug-
gested conversion table for our included codes in Supplemental
Material Four, however, a future study to confirm equivalency will
be needed.

Conclusion

Accurate identification of foreign body airway obstruction is possible
using routinely collected, administrative health data with ICD-10
codes, which can facilitate the surveillance of FBAO moving forward.
However there exists a trade off in sensitivity versus specificity
depending on the case definition used. Over one-third of EMS for-
eign body airway obstruction encounters, 10% of which are fatal,
do not result in hospital transport and are not captured by ICD codes
in health administrate databases without prehospital data.
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