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Abstract

Introduction

Administrative health data from emergency departments play important roles in understanding health
needs of the public and reasons for health care resource use. International Classification of Disease
(ICD) diagnostic codes have been widely used to code reasons of clinical encounters for administrative
purposes in emergency departments.

Objective
The purpose of the study is to examine the coding agreement and reliability of ICD diagnosis codes
in emergency department records through auditing the routinely collected data.

Methods

We randomly sampled 1 percent of records (n=1636) between October and December 2013 from 11
emergency departments in Alberta, Canada. Auditors were employed to review the same chart and
independently assign main diagnosis codes. We assessed coding agreement and reliability through
comparison of codes assigned by auditors and hospital coders using proportion of agreement and
Cohen’s kappa. Error analysis was conducted to review diagnosis codes with disagreement and
categorized them into six groups.

Results

Overall, the agreement was 86.5% and 82.2% at 3 and 4 digits levels respectively, and reliability was
0.86 and 0.82 respectively. Variations of agreement and reliability were identified across different
emergency departments. The major two categories of coding discrepancy were the use of different
codes for same condition (23.6%) and the use of codes at different levels of specificity (20.9%).

Conclusions

Diagnosis codes in emergency departments show high agreement and reliability, although there are
variations of coding quality across different hospitals. Stricter coding guidelines regarding the use
of unspecified codes are needed to enhance coding consistency.
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Introduction

Code assignment is an onerous process with many po-
tential sources of errors(2). Coding personnel generate data,

Routinely collected administrative health data are increas-
ingly used in population based health services and policy re-
search(1). Administrative health data are created when clin-
ical information is coded using International Classification of
Disease (ICD) system through reabstraction of clinical doc-
umentation by coders or physicians(2, 3). Validation stud-
ies have been conducted to assess validity of ICD codes in
identifying clinical conditions through comparison with chart-
reviewed data. Validity of ICD codes varies across different
conditions and health care systems and depends on how data
is collected(4).
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and are key determinants of ICD code quality(3). Therefore,
knowledge on coding reliability and agreement among coders
provide important information about data quality of adminis-
trative health data. Canadian Institute of Health Information
(CIHI) conducts routine reabstraction studies to assess coding
quality on hospital discharge abstract data through auditing.
Selected charts are re-coded by CIHI coders and agreement
of codes between CIHI and hospital coders are compared(5).
Similar studies on hospital administrative data were also con-
ducted in Australia and UK(6, 7). Emergency and ambulatory
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care are some of the largest-volume patient activities, mak-
ing these settings key components of the continuum of health
services(8). Emergency care is different from inpatient care
in terms of reasons for visits and length of patient-physician
interaction. Coding reliability and agreement in administrative
health data from emergency care is still unknown.

The aim of this study was to assess the coding relia-
bility and agreement of ICD-10 codes in emergency depart-
ments. We audited selected charts from emergency depart-
ments, which were previously coded by certified health infor-
mation coding specialists.

Method

Data source

Following national guidelines developed by CIHI, clinical infor-
mation from emergency visits are collected in Alberta. There
are up to ten ICD-10th revision, Canada (ICD-10-CA) diagno-
sis codes in each record. For each record, the first diagnosis
code is the main problem, which is deemed to be the most clin-
ically significant reason for the client's visit and that requires
evaluation and/or treatment or management. The main prob-
lem can be a diagnosis, symptom, sign, abnormal test result,
or reason for encounter(9). This study focused on the assess-
ment of the main diagnosis code.

We randomly sampled 1 percent (n=1636) of the total
visits from 11 emergency departments between October and
December in 2013. Hospital coders code the charts based on
the Canadian coding guideline. Auditors were employed as
external coders to re-code the sampled records following the
same coding guideline. One auditor was a coding coordinator
who conducted the audit of all records from Calgary. In other
Alberta hospitals, the initial audit was performed by students
enrolled in health information management (HIM) programs
as part of their mandatory practicum for their certification
program and were subsequently validated by experienced cod-
ing coordinators. The HIM program is an accredited program
in Canada to train for a career in managing personal health
information.

Analysis

Following the Guidelines for Reporting Reliability and Agree-
ment Studies (GRRAS) (10), we used reliability and agreement
to assess the reproducibility of ICD-10-CA coding in emer-
gency departments. Agreement is whether ICD-10-CA codes
assigned by auditor and hospital coders are identical for the
same record and is reported as the proportion of agreement.
The proportion of agreement was calculated by dividing the
number of records with identical codes by the total number of
records. Reliability is the ability of a coding method/system to
differentiate among subjects (e.g. patients who visited emer-
gency departments in this study) and is closely related to set-
ting where method/systems are applied. We used Cohen's
kappa to assess the reliability. Cohen's kappa is calculated
by dividing the difference between observed agreement and
expected agreement by the difference between 1 and the ex-
pected agreement. The value of Cohens' kappa ranges from -1

to +1. The agreement and reliability were assessed at 3-digits
and 4-digits level of ICD-10-CA codes.

We also assessed the agreement between auditor and the
hospital’'s coder on the top 20 most frequently used diagnosis
codes. Sensitivity and positive predictive value (PPV) were
calculated with the auditor’s codes as the reference. Sensitiv-
ity indicates the proportion of records with a diagnosis code
assigned by the auditor in which hospital coders also assigned
the same codes. PPV measures the proportion of records with
a diagnosis code assigned by hospital coders in which auditors
also assigned the same code.

Error analysis was conducted on the records with differ-
ent diagnosis codes. We invited one clinical nurse and one
coding specialist to review the diagnosis code and categorized
the codes with disagreements into 6 different categories(7).
First, the nurse and coding specialist independently reviewed
the codes and assign the codes into one of the 6 categories of
discrepancy. Records assigned into different categories were
discussed between the nurse and coding specialist and final
category was assigned after consensus was reached. Detailed
descriptions and examples for each category can be found in
the results section. The proportion of records in each category
was presented. All the analysis was conducted in R software
and 95% confidence intervals were provided for all the statis-
tics.

Results

Eight HIM students and 2 coding coordinators were involved in
the audit of 1636 records. Overall, the agreement was 86.5%
and 82.2% at 3 and 4-digits levels respectively, and reliabil-
ity was 0.86 and 0.82 respectively (Table 1). At the hospital
level, agreement ranged from 68.4% to 95.2% at the 3-digits
level and from 57.9% to 93.4% at the 4-digits level; reliability
ranged from 0.68 to 0.95 at the 3-digits level and from 0.57
to 0.93 at the 4-digits level. There were 3 out of 11 hospitals
with agreement below 70% at 3-digits level and below 65%
at the 4-digits level. There were no significant differences in
agreement and reliability between teaching and non-teaching
hospitals. Edmonton had significantly lower agreement and
reliability at 3 and 4-digits level than Calgary and other re-
gions.

Table 2 presents the agreement on the top 20 diagnosis
codes at 3 digits level, which accounted for 35% of sampled
records. Hospital coders and auditors had similar coding fre-
quency for the top 20 diagnosis, in which 17 codes has coding
frequency difference less than 3. Using auditor codes as the
reference, 13 of 20 diagnosis codes had both sensitivity and
PPV above 0.9, although only 1 code showed perfect agree-
ment. Three out of the 20 codes had sensitivity below 0.9
while 2 out of the 20 codes had PPV below 0.9. Codes J18
(pneumonia, organism unspecified) and SO1 (open wound of
head) had both sensitivity and PPV below 0.9.

Results of error analysis on the records with different di-
agnoses are shown in Table 3. The most common category of
discrepancy was that coders assigned different codes for the
same condition (23.6%). The issue with coding specificity is
the second most common category of discrepancy (20.9%) as
one coder assigned more specific codes than the other coder.
There were around 16.5% with completely different codes.
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Table 1: Overall agreement and reliability for coding at 3 and 4 digit levels

3-digits level 4-digits level
Agreement Reliability Agreement Reliability
Category N (%) (Cohen'’s kappa) (%) (Cohen'’s kappa)
Type of hospital

Teaching 1249 86.9 (84.9, 88.7) 0.87 (0.85, 0.89) 83.1(80.9, 85.1) 0.83 (0.81, 0.85)

Non-teaching 387  85.0 (81.0, 88.3) 0.85 (0.81, 0.88) 79.1 (74.6, 82.9) 0.79 (0.75, 0.83)
Location

Calgary 806 93.9 (92.0, 95.4) 0.94 (0.92, 0.96) 91.1(88.8,92.9) 0.91 (0.89, 0.93)

Edmonton 443  74.3 (69.9, 78.2) 0.74 (0.70, 0.78) 68.6 (64.0, 72.9) 0.68 (0.64, 0.73)

Others 387 85.0 (81.0, 88.3) 0.85(0.81, 0.88) 79.1 (74.6, 82.9) 0.79 (0.75, 0.83)
Hospitals

1 166 95.2(90.4,97.7) 0.95(0.92,0.98) 93.4(88.2,96.5) 0.93(0.89, 0.97)

2 128 84.4(76.7,90.0) 0.84(0.78,0.90) 76.6 (68.1,83.4) 0.76 (0.69, 0.84)

3 182 94.0(89.2,96.8) 0.94 (0.90, 0.97) 90.7 (85.2, 94.3) 0.91 (0.86, 0.95)

4 95 68.4(58.0,77.4) 0.68(0.58,0.77) 57.9 (47.3,67.8) 0.57 (0.48, 0.67)

5 185 93.5(88.7,96.5) 0.93(0.90,0.97) 90.3(84.8,94.0) 0.90 (0.86, 0.94)

6 164 95.1(90.3,97.7) 0.95(0.92,0.98) 93.3(88.0,96.4) 0.93(0.89, 0.97)

7 190 93.7 (89.0,96.5) 0.94 (0.90, 0.97) 92.6 (87.7, 95.8) 0.93 (0.89, 0.96)

8 156 69.9(61.9, 76.8) 0.69 (0.62, 0.77) 61.5 (53.4, 69.1) 0.61 (0.54, 0.69)

9 83 92.8(84.4,97.0) 0.93(0.87,0.98) 85.5(75.7,92.0) 0.85(0.78, 0.93)

10 134 84.3(76.8,89.8) 0.84(0.78,0.90) 81.3(73.5,87.3) 0.81 (0.74, 0.88)

11 153 69.9 (61.9, 76.9) 0.70 (0.62, 0.77) 64.7 (56.5, 72.1) 0.64 (0.57, 0.72)

Overall 1636 86.5 (84.7, 88.1) 0.86 (0.85, 0.83) 82.2 (80.2, 84.0) 0.82 (0.80, 0.84)

Discussion

Overall, there was high agreement and reliability of coding for
emergency visits, although variability of coding was observed
across different emergency departments. Coders and auditors
showed high agreement with each other on individual codes
based on assessment of the top 20 diagnosis codes. The main
categories of disagreement between coders and auditors were
different codes for the same condition and the issue of coding
specificity.

What is the coding quality in emergency departments com-
pared to other settings? The proportion of agreement on
the main diagnosis at the 3-digit level in Canadian hospital
data was around 77%(11), which is lower than emergency
department data. There are 14 different diagnosis types in
Canadian hospital inpatient data to reflect clinical significance
and timing of diagnosis. If diagnosis type in hospital set-
ting is ignored, the agreement in hospital setting data was
around 85.4%, which is very close to the proportion of agree-
ment (86.5%) in the emergency department data. Compared
with Canadian emergency department data, Australian hospi-
tal data has similar agreement at the 3-digit (around 86 %)
and 4-digit levels (around 80.3%) on main or principal diag-
nosis(6). At the individual code level, emergency department
data had higher reproducibility than coding in hospital settings
in Canada, as the sensitivity (median (interquartile range):
0.82 (0.71 to 0.89)) and PPV (0.82 (0.74 to 0.89)) for 50
most frequent main diagnosis codes is lower than the sensitiv-
ity and PPV for the 20 most frequent main diagnosis codes
in emergency departments. Inpatient hospital care is more
complex and has more clinical information documented during

the patient’s stay, which increases the difficulty for coders to
translate clinical notes into standardized diagnosis codes and
diagnosis types. However, high coding reproducibility does not
directly imply high validity of coding in the emergency depart-
ment. For example, a validity study on emergency department
diagnosis codes for identifying acute heart failure (AHF) con-
ducted in Edmonton, Alberta showed moderate sensitivity and
high PPV but low specificity (0.50 (95% confidence interval:
0.398, 0.601)), with the chart review as the reference within a
cohort with suspected AHF(12). In another study, for hyper-
kalemia and hyponatremia, ICD-10 codes had very high speci-
ficity (>0.99) but very low sensitivity (0.15 for hyperkalemia
and 0.075 for hyponatremia) (13). Therefore, it is cautioned
when using these ICD diagnosis codes for research purposes,
as further studies on coding validity of emergency department
data are still needed.

How to improve the coding quality in emergency depart-
ments? The issue of different codes for similar conditions is
partly due to the use of “not otherwise specified (NOS) or
unspecified” and “not elsewhere classified (NEC)" in code de-
scription. The NOS code description was created to meet the
challenge that a specific diagnosis is often hard to achieve in
practice, and is therefore not documented by physicians, while
the NEC is created to classify residual categories or categories
not explicitly specified in other codes. This gives the room
for flexibility in coding which in turn can result in coding dis-
crepancies. For example, one study found almost half of food
allergy patients were found with unspecified allergy codes(14).
The issue of coding specificity is another main reason for dis-
crepancy. This could be related to lack of specificity in clinical
documentation as coders reported vague terms or ambiguity
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Table 2: Agreement on top 20 frequently used diagnosis codes

# of records Sensitivity” PPV*
ICD-10 codes at three digits levels Hospital ~ Audit (95% CI) (95% CI)
Symptom and sign:
RO7: Pain in throat and chest 61 66  0.92(0.83,0.97) 1.00 (0.94, 1.00)
R10: Abdominal and pelvic pain 84 84  0.95(0.88,0.99) 0.95 (0.88, 0.99)
R11: Nausea and vomiting 26 27 0.93 (0.76, 0.99) 0.96 (0.80, 1.00)
R50: Fever of unknown origin 22 22 0.95(0.77,1.00) 0.95 (0.77, 1.00)
R51: Headache 15 15  0.93 (0.68, 1.00) 0.93 (0.68, 1.00)
Disease of the respiratory system:
J02: Acute pharyngitis 24 24 1.00 (0.86, 1.00) 1.00 (0.86, 1.00)
JO5: Acute obstructive laryngitis (croup) and epiglottitis 31 30  1.00(0.88, 1.00) 0.97 (0.83, 1.00)
J06: Acute upper respiratory infections of multiple and unspecified 34 36 0.89 (0.74,0.97) 0.94 (0.80, 0.99)
sites
J18: Pneumonia, organism unspecified 20 17 0.88 (0.64, 0.99) 0.75 (0.51, 0.91)
J45; Asthma 22 21 1.00 (0.84, 1.00) 0.95 (0.77, 1.00)
Infectious and parasitic diseases:
A09: Diarrhea and gastroenteritis of presumed infectious origin 33 31  0.97 (0.83, 1.00) 0.91 (0.76, 0.98)
B34: Viral infection of unspecified site 25 27 0.93(0.76, 0.99) 1.00 (0.86, 1.00)
Injury, poisoning and other sequence of external causes:
S01: Open wound of head 15 17 0.82 (0.57, 0.96) 0.93 (0.68, 1.00)
S61: Open wound of wrist and hand 24 23 0.96 (0.78, 1.00) 0.92 (0.73, 0.99)
S82: Fracture of lower leg, including ankle 15 15  0.87 (0.60, 0.98) 0.87 (0.60, 0.98)
S93: Dislocation, sprain and strain of joints and ligaments at ankle 15 16  0.94 (0.70, 1.00) 1.00 (0.78, 1.00)
and foot level
Other Problems:
F10: Use of alcohol 36 34 0.91(0.76, 0.98) 0.86 (0.71, 0.95)
M54: Dorsalgia 31 34 0.85(0.69, 0.95) 0.94 (0.79, 0.99)
N39: other disorder of urinary system, including urinary tract 30 32 0.94(0.79, 0.99) 1.00 (0.88, 1.00)
infection (unspecified site)
L03: Cellulitis 19 17 1.00 (0.80, 1.00) 0.89 (0.67, 0.99)

*Sensitivity and PPV are calculated using the auditors’ codes as the reference.

Table 3: Proportion of cases in each category of discrepancy on ICD codes showed disagreement between hospital coder and

auditor.
Category Categories of discrepancy N (%)

1 One coder recorded a symptom while the other coder recorded a diagnosis related to the symptom. e.g. 49 (16.5)
N76.0: acute vaginitis and N93.9: Abnormal uterine and vaginal bleeding, unspecified

2 Coders recorded codes for similar but not identical condition; often one coder is more specific than 62 (20.9)
the other. E.g. T78.4: allergy, unspecified and T78.1: Other adverse food reactions, not elsewhere
classified

3 Coders recorded obviously different codes for similar conditions. E.g. T09.5: injury of unspecified 35 (11.8)
muscle and tendon of trunk, NOS and M54.5: low back pain

4 Coders recorded codes for conditions which were not similar but obviously related conditions. E.g. 32 (10.8)
149.5: sick sinus syndrome and 147.1: supraventricular tachycardia.

5 Coders recorded completely different conditions. E.g. F43.0: acute stress reaction and T48.5: poisoning 49 (16.5)
by anti-common-cold drugs

6 The coders recorded different codes for the same conditions. E.g. R07.4: chest pain unspecified and 70 (23.6)

R07.3: other chest pain

NOS: not otherwise specified
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in physician’s documentation(3). Therefore, improvement of
clinical documentation is necessary to improve coding speci-
ficity. There were also cases with different codes for similar
conditions or completely different codes. This could be due
to different understandings of clinical documentation by dif-
ferent coders or possibly codes without clear definitions in the
coding standards. Precise code definitions, as well as continu-
ous education for coders is necessary to ensure current clinical
knowledge, for the best possible coding consistency(15).

What is the generalizability of our results to administra-
tive data from other provinces and countries? Alberta follows
the same coding guidelines and practices as other provinces
in Canada. Therefore, overall emergency department data
quality should be comparable across Canada. However, high
variability of coding quality in different hospitals should be
expected as different hospitals might have different clinical
practice patterns, charting requirements, and coding manage-
ment. Coding quality is closely associated with the data collec-
tion and use of data. Canada has trained health information
professionals to assign the codes while some countries uses
physicians, medical clerks, or nurses to assign the codes. Use
of administrative health data to classify disease related groups
for purpose of payment could also affect how codes are as-
signed, as more specific codes are often required for billing
purpose. In summary, within Canada, generalizability is pos-
sible as the provinces use similar coding standards. Greater
variation from our findings would be expected in countries
with very different documentation and coding practices.

This study has the following limitations. First, our study
only focused on one province and at one time point. Spa-
tial and temporal variation of data quality cannot be assessed.
Second, we used health information management students as
the auditors to recode the chart. This might increase the
level of discrepancy due to their lack of coding experience.
However, codes assigned by students were also reviewed by
an experienced coder and found that they were likely to agree
with students if there was a coding discrepancy. Third, this
study only assessed coding reproducibility. Validity in emer-
gency department coding still needs further investigations.

Conclusion

Alberta emergency department administrative health data had
high agreement and reliability of ICD code assignments. The
main reasons of coding discrepancies between coders were due
to use of codes at different levels of specificity and use of un-
specified codes in coding practice.
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