Validating ICD-10 codes for adverse
drug events in hospitalised older adults:
protocol for a cross-sectional study

BM)J Open

To cite: Nohner M, De Lima B,
Drago K. Validating ICD-

10 codes for adverse drug
events in hospitalised older
adults: protocol for a cross-
sectional study. BMJ Open
2022;12:¢062853. doi:10.1136/
bmjopen-2022-062853

» Prepublication history and
additional supplemental material
for this paper are available
online. To view these files,
please visit the journal online
(http://dx.doi.org/10.1136/
bmjopen-2022-062853).

Received 12 March 2022
Accepted 07 October 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2022. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

General Internal Medicine and
Geriatrics, Oregon Health &
Science University, Portland,
Oregon, USA

Correspondence to
Dr Katie Drago;
drago@ohsu.edu

Mitchell Nohner @@ | Bryanna De Lima

ABSTRACT

Introduction Adverse drug events (ADES) among hospitalised
older adults are common yet often preventable. Efforts to
recognise ADEs using pharmacist review and electronic health
record adaptations have had mixed results. Our health system
developed and implemented a geriatric prescribing context
designed to offer age-friendly dose and frequency defaults for
hospitalised patients 75 years and older. The impact of this
context on ADES remains unknown. To measure its impact, our
team created a list of ADE-related International Classification
of Diseases (ICD) codes specific to 10 commonly used
medications at our institution. This protocol paper presents the
process of designing a screening tool for ADEs, validating the
tool with manual chart reviews and measuring the impact of
the context on ADEs.

Methods and analysis This retrospective cross-sectional
study will assess our list of ICD-10 codes against manual
chart review to determine its accuracy. An electronic
health record report for patients aged 75 years and older
admitted to the hospital for a minimum of two nights

was generated to identify 100 test positives and 100 test
negatives. Test positives need at least one code from

each level of our ICD-10 code list. The first level of codes
identifies any possible ADEs while the second level is
more symptom based. Test negatives must not have any
code from the list. Two physicians blinded to test status
will complete a structured chart review to determine if a
patient had an ADE during their hospitalisation. Acceptable
inter-rater reliability will need to be met before proceeding
with independent chart review. Positive predictive value
and negative predictive value will be calculated once all
the chart reviews are completed.

Ethics and dissemination The Oregon Health & Science
University Institutional Review Board approved this study
(#21385). The results of the study will be disseminated in
peer-reviewed journals and conference presentations.

INTRODUCTION

Hospitalised older adults are at uniquely
elevated risk of adverse drug events (ADEs)
compared with their younger counterparts.’
One recent meta-analysis by Jennings et al
calculated a pooled adverse drug reaction
prevalence of 16% among patients 65 years
and older in the hospital.” Age-indiscriminate
prescribing of medications is one, but not
the only, root cause for these events. Efforts,
however, to adapt the electronic health

, Katie Drago

STRENGTHS AND LIMITATIONS OF THIS STUDY

= A strength of this study is the modification of the
Institute for Healthcare Improvement Trigger Tool
to conduct confirmatory chart reviews for specific
adverse drug events potentially caused by 10 com-
monly used medications among hospitalised older
adults.

= One strength is the adverse drug event list was
carefully curated by two physicians to ensure com-
mon and high risk adverse events are captured.

= A limitation is that the list of adverse drug events
was tailored to the medications of interest, and will
not identify all possible in-hospital adverse drug
events for the older adult population.

= The study design did not allow for estimating sen-
sitivity and specificity or identifying all adverse drug
events in the population.

= As this is a single-site study, findings may not be
generalisable to other populations.

record (EHR) in order to reduce ADEs have
had mixed results.”® Our health system devel-
oped and embedded the Geriatric Prescribing
Context (GPC) into the EHR in July 2017.°
The GPC is an automated set of age-friendly
default doses and frequencies triggered when
prescribers write orders for patients 75 years
and older admitted to the hospital or emer-
gency department. There are no hard stops,
alerts or extra steps prescribers have to take
to write medication orders. The GPC offers
age-sensitive defaults for 51 high-risk medica-
tions but does not impact orders from proce-
dural units, the outpatient setting or from an
order set. Initial investigation demonstrated
10%-30% improvement in the number of
medication orders using the age-friendly
defaults in the top 10 most commonly used
inpatient medications adjusted by the GPC.’
Little is yet known about the effect of the GPC
on ADE:s as this is a novel adaptation.

The gold standard to identify ADEs is
through chart review but this process is time-
consuming and labour-intensive. Interna-
tional Classification of Diseases (ICD) codes
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documenting ADEs can be culled from the EHR easily and
quickly and have been identified as a possible proxy for
chart review. However, studies have found low sensitivity,
specificity and predictive values for multiple different sets
of ICD codes.'*™" Existing lists of ADE-related ICD codes
are not specific to older adults, the medications most
commonly prescribed to hospitalised older adults or the
most frequently experienced dose-related side effects.

Objectives

In an effort to understand the GPC’s impact on ADEs

among hospitalised older adults, our team created a

novel list of ADE-related ICD-10 codes for 10 commonly

used medications in the hospital. This list needs to be vali-
dated with chart reviews before being used to assess the
impact of the GPC on inpatient ADEs.

The aims of our study are to:

1. Design an effective tool (ICD-10 codes) to highlight
common ADEs related to 10 commonly used inpatient
medications specific to older adults.

2. Validate the tool against a manual chart review and
calculate positive (PPV) and negative predictive values
(NPV).

3. Use the validated ICD-10 list of ADE-related codes to
measure the GPC’s impact on ADEs, if any.

METHODS AND ANALYSIS

The conduct of our study will follow the Strengthening the
Reporting of Observational Studies in Epidemiology'* guide-
lines and our reporting will follow the Standard Protocol
Items: Recommendations for Interventional Trials."”

Study setting

This will be a retrospective cross-sectional study measuring
the number of ADEs in the 12 months before and after
the implementation of the GPC in July 2017. The study
population will be from three Oregon Health & Science
University (OHSU)-affiliated hospitals throughout
Oregon. Two of the participating sites are community
hospitals and one is a tertiary care, academic hospital.

Eligibility criteria

All patients 75 years or older admitted to one of the three
participating hospitals prescribed 1 of 10 commonly used
inpatient medications during their stay will be eligible
for this study. The inclusion age of 75 years or older was
chosen as that was the minimum age for the GPC to be
active within the EHR. Patients between 65 and 74 years
were thought to have more heterogeneous geriatric
prescribing needs. The medications included in this study
are the 10 most commonly prescribed medications of 51
total medications that had automatic dose adjustments
from the GPC. They are primarily pain and psychiatry
related as these are the most commonly prescribed inpa-
tient medications for older adults. These medications
include: acetaminophen, oral diphenhydramine, intra-
venous fentanyl, intravenous haloperidol, intravenous
hydralazine, intravenous hydromorphone, oxycodone,

intravenous prochlorperazine, quetiapine and trazo-
done. All study participants will need an inpatient stay of
2 nights or longer as the focus of this work is to assess
inpatient ADEs only. While older adults are certainly at
high risk of outpatient ADEs, this is not the focus of the
protocol or the GPC. Patients in rehabilitation and inpa-
tient psychiatry units will be excluded.

Intervention

Two separate lists of ICD-10 codes were generated to capture
ADE:s for the selected medications. The first set of ICD-10
codes was aimed at the broad identification of ADEs. With
guidance from inpatient coding experts, a list of 32 ICD-10
codes for poisoning and adverse effects related to the
study drugs was created. These codes were more general in
nature, for example, ‘Adverse effects of other opioids...’, to
help identify any possible ADE. The second set of ICD-10
codes was more specifically symptom based. This list was
refined from Hohl et als systematic review identifying codes
for ADEs."® Using Lexi-comp, a medical resident cross-
referenced that list with the common adverse events for the
study’s medications, only including the codes for ADEs with
an incidence rate of 5% or more.” For the rare but more
serious ADEs, a group of geriatric inpatient providers iden-
tified specific ‘sentinel event’ ADEs for several of the medi-
cations, and the corresponding ICD-10 codes were added to
the list above. For example, respiratory depression related to
oxycodone may occur in less than 5% of patients receiving
that medication, and as such would not have been included
per the Lexi-comp review outlined above. However, given the
higher risk of injury to the patient from this ADE, the ICD-10
code for such a reaction was included. Thus, a final list of
73 symptom-based ICD-10 codes was created that aimed to
cover both common and high-risk sentinel event drug reac-
tions. Through the combination of the broad ICD-10 code
list and the symptom-triggered code list, the goal was to build
an ICD-10 master list capable of identifying the majority of
ADEs. The full list of ICD-10 codes can be found in the online
supplemental appendix 1.

Outcome

Our primary outcome is the presence or absence of an ADE.
The Institute for Healthcare Improvement (IHI) Global
Trigger Tool for Measuring Adverse Events was created to
provide a structured method of conducting retrospective
chart reviews to identify possible ADEs."® This tool relies
on triggers (laboratory values, medication administration,
nursing notes, etc) to alert the reviewer that an ADE may
have occurred and to instigate further investigation of such
an event. The use of trigger tools focuses and expedites the
chartreview process. Trigger tool-based chart review has been
evaluated in the past, and found to have poor sensitivity and
very good specificity when compared with the gold-standard
expert chart review." Starting with the THI Global Trigger
Tool, our team cross-referenced the standard triggers with
our list of ADEs specific to the medications and population
of interest.'”® *” Of the initial 53 triggers, 37 were excluded
due to irrelevance to this project (eg, triggers related to
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surgical, perinatal and emergency department ADEs). The
remaining triggers were then bolstered with the addition
of 24 new custom triggers to assist in capturing ADEs perti-
nent to the study’s medications (for full trigger tool, see
online supplemental appendix 2). The two reviewers then
employed this modified trigger tool to complete structured
chart reviews. If a trigger was present, the reviewer then
determined if an ADE truly occurred by assessing for patient
harm (and if so, identifying the causative drug and stratifying
the harm via an adapted National Coordinating Council for
Medication Error Reporting and Prevention Index for Cate-
gorizing Error) 2

Timeline

The sample for validation was randomly selected from
the EHR from patients admitted between July 2017 and
August 2019. The sample for determining the GPC’s
impact will count all ADEs in the 12 months before and
after the GPC. These data will be aggregated to eliminate
seasonal variability in ADEs related to those times of year
when new providers tend to join in clinical care. The
study will be conducted from September 2021 to June
2023. The creation and validation of the ICD-10 code list
will take place between September 2021 and June 2022.
The impact on the GPC will be assessed starting in June
2022 with the goal of completing the analysis by the end
of June 2023.

Sample size

A research assistant calculated the sample size needed
using PPV, NPV and a Shiny app.” For 80% power and
80% minimally acceptable NPV, 57 test positives and 50
test negatives were needed. Our team decided to use 100
test positives and 100 test negatives to be conservative.

Data collection and management

Once we finalised the list of ICD-10 codes and the modi-
fied Trigger Tool, our next step was to validate the codes
through manual chart review. A patient with an ICD-10
code from both levels in the online supplemental
appendix 1 was considered a test positive and a patient
with no ICD-10 code from either level was considered
a test negative. The research assistant created two sepa-
rate reports in the EHR to identify test positives and test
negatives that met the eligibility criteria. Patients were
randomised and the top 100 from each report were
combined into one list. This list was randomised again
to be divided up among two reviewers. Reviewers were
blinded to ADE status. The gold standard for confirma-
tion was chart review conducted by experienced physi-
cian experts in the care of older adults using the modified
version of the IHI’s Trigger Tool. Reviewers documented
the trigger codes, category of harm and responsible
medication. Interrater reliability will need to be met
before reviewers can proceed with independent review.
A minimum Cohen’s kappa value of 0.60 is needed to
ensure moderate agreement between reviewers.”

Statistical methods

PPV and NPV will be calculated at the completion of the
chart reviews. PPV is calculated by dividing the true posi-
tives by the total number of test positives or those with
at least one ICD-10 code from each level. NPV is calcu-
lated by dividing the true negatives by the total number
of test negatives or those without any ICD-10 codes from
the lists. The research assistant will match the test positive
and test negative status based on ICD-10 codes with the
ADEs identified through chart review. The goal will be
to have at least 80% PPV and 80% NPV with our ICD-10
screening tool. If this is attained, our team will proceed
to assess the impact of the GPC on ADEs. This process
will use the report from the EHR with the chosen ICD-10
codes for 12 months before and after the GPC imple-
mentation. We will use control charts to track the data
to assess any shifts over time. We will do a hypothesis test
at the time of implementation to determine if there was
a significant change. However, if we do not reach 80%
PPV and 80% NPV, we will need to complete chart reviews
to confirm ADEs prior to adding data to the control
charts. If NPV is high but PPV is low, then we will need to
complete chart reviews on presumed positives. If PPV is
high but NPV is low, then we will complete chart reviews
on presumed negatives.

Patient and public involvement

Neither patients nor the public will be involved in the
design, conduct, reporting or dissemination plans of our
research.

DISCUSSION

This study protocol provides a potential screening tool to
identify ADEs related to the most commonly used inpatient
medications in a highly vulnerable group—hospitalised
older adults. Our team used existing ICD-10 code lists and
the IHI Global Trigger Tool to develop a targeted screening
tool to understand the impact of a single intervention, the
GPC. While the GPC intervention is currently limited to our
institution, we believe this screening tool could be widely
used across health systems to quickly identify ADEs among
older adults in the inpatient setting. ADEs among older
adults are a significant driver for morbidity, mortality and
increased healthcare-related costs. A demographic-specific,
validated ICD-10 screening tool has potential value to others
working to reduce the impact of ADEs among hospitalised
older adults.

Previous studies using ICD codes alone to detect ADEs
have shown suboptimal results with low sensitivity and
specificity.'’ '* The validation plan for this tool deliber-
ately takes a conservative approach to sampling with the
goal of maximising predictive values to detect ADEs but
there remains a possibility that predictive values for this
tool will also be low. In that event, the research team will
add a second layer of confirmatory chart review for all
positive screens. We believe that this alternative approach
is still reasonable for use beyond this study as it limits the
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amount of manual chart review. The use of this demo-
graphically targeted and validated screening tool to iden-
tify ADEs could be an acceptable substitute to save time
and effort for busy providers, even with the possibility of
suboptimal predictive values.

Ethics and dissemination

The study protocol has been approved by the OHSU
Institutional Review Board (#21385). Results will be
disseminated via scientific journals and conference
presentations, and individual data made available to the
interested parties.
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ICD-10 Code List

Level 1

ICD-10 Code Description

T39.1X1A
T39.1X2A
T39.1X3A
T40.2X1A
T40.2X2A
T40.2X5A
T43.211A
T43.212A
T43.215A
T43.3X5A
T43.4X5A
T43.501A
T43.505A
T43.591A
T43.592A
T43.595A
T43.595S
T45.0X1A
T45.0X2A
T45.0X3A
T45.0X4A
T45.0X5A
T46.5X1A
T46.5X2A
T46.5X5A
T39.1X4A
T39.1X5A
T43.214A
T40.2X4A
T40.411A
T40.415A
T43.594A

Poisoning by 4-aminophenol derivatives, accidental (unintentional), initial encounter

Poisoning by 4-aminophenol derivatives, intentional self-harm, initial encounter

Poisoning by 4-aminophenol derivatives, assault, initial encounter

Poisoning by other opioids, accidental (unintentional), initial encounter

Poisoning by other opioids, intentional self-harm, initial encounter

Adverse effect of other opioids, initial encounter

Poisoning by selective serotonin and norepinephrine reuptake inhibitors, accidental (unintentional), initial encounter
Poisoning by selective serotonin and norepinephrine reuptake inhibitors, intentional self-harm, initial encounter
Adverse effect of selective serotonin and norepinephrine reuptake inhibitors, initial encounter
Adverse effect of phenothiazine antipsychotics and neuroleptics, initial encounter

Adverse effect of butyrophenone and thiothixene neuroleptics, initial encounter

Poisoning by unspecified antipsychotics and neuroleptics, accidental (unintentional), initial encounter
Adverse effect of unspecified antipsychotics and neuroleptics, initial encounter

Poisoning by other antipsychotics and neuroleptics, accidental (unintentional), initial encounter
Poisoning by other antipsychotics and neuroleptics, intentional self-harm, initial encounter

Adverse effect of other antipsychotics and neuroleptics, initial encounter

Adverse effect of other antipsychotics and neuroleptics, sequela

Poisoning by antiallergic and antiemetic drugs, accidental (unintentional), initial encounter

Poisoning by antiallergic and antiemetic drugs, intentional self-harm, initial encounter

Poisoning by antiallergic and antiemetic drugs, assault, initial encounter

Poisoning by antiallergic and antiemetic drugs, undetermined, initial encounter

Adverse effect of antiallergic and antiemetic drugs, initial encounter

Poisoning by other antihypertensive drugs, accidental (unintentional), initial encounter

Poisoning by other antihypertensive drugs, intentional self-harm, initial encounter

Adverse effect of other antihypertensive drugs, initial encounter

Poisoning by 4-aminophenol derivatives, undetermined, initial encounter

Adverse effect of 4-aminophenol derivatives, initial encounter

Poisoning by selective serotonin and norepinephrine reuptake inhibitors, undetermined, initial encounter
Poisoning by other opioids, undetermined, initial encounter

Poisoning by fentanyl or fentanyl analogs, accidental (unintentional), initial encounter

Adverse effect of fentanyl or fentanyl analogs, initial encounter

Poisoning by other antipsychotics and neuroleptics, undetermined, initial encounter
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ICD-10 Code List

Level 2

ICD-10 Code Description

E86

E87

E87.1
E87.4
E87.5
E87.7
E87.8

FO5

F11
F13

F19

G21.0
G21.1
G21.2
G24.0
G25

G25.1

G25.3
G25.6
G40.5
G44.4
G711
G72
G92
G93.4
G93.41
H53

Volume depletion

Other disorders of fluid, electrolyte and acid-base balance
Hypoosmolality and hyponatremia

Mixed disorder of acid-base balance

Hypokalemia

Fluid overload

Other disorders of electrolyte and fluid balance, not elsewhere
classified

Delirium, not induced by alcohol and other psychoactive
substances

Mental and behavioral disorders due to use of opioids
Mental and behavioral disorders due to use of sedatives or
hypnotics

Mental and behavioral disorders due to multiple drug use and
use of other psychoactive substances

Malignant Neuroleptic Syndrome

Other drug-induced secondary parkinsonism

Secondary parkinsonism due to other external agents
Drug-induced dystonia

Essential Tremor

Drug-induced tremor

Myoclonus

Drug-induced tics and other tics of organic origin
Special epileptic syndromes

Drug-induced headache, not elsewhere classified
Myotonic disorders

Drug-induced myopathy

Toxic encephalopathy

Encephalopathy, unspecified

Metabolic encephalopathy

Visual disturbances

ICD-10 Code

Description

115.8
115.9
144
145.8
145.81
146.1
147.2

149.0

149.9
195

195.1

195.2
K59.03
K71
K71.1
K71.2
K71.6

K71.9
K72.0
K72.9
L29
N17
N19
R00.1
RO6
R06.0
R06.03

Other secondary hypertension

Secondary hypertension, unspecified
Atrioventricular and left bundle branch block
Other specified conduction disorders

Long QT syndrome

Sudden cardiac death

Ventricular tachycardia

Ventricular fibrillation

Cardiac arrhythmia
Hypotension

Orthostatic hypotension

Hypotension due to drugs

Drug induced constipation

Toxic Liver Disease

Toxic Liver Disease with hepatic necrosis
Toxic Liver Disease with acute hepatitis
Toxic Liver Disease with hepatitis, not elsewhere
classified

Toxic Liver Disease, unspecified

Acute and subacute hepatic failure
Hepatic failure, unspecified

Pruritus

Acute renal failure

Unspecified kidney failure

Bradycardia

Abnormalities of breathing

Dyspnea

Acute respiratory distress
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R09.02
R09.2
R11
R17
R33.0
R33.8
R33.9
R40
R41

R41.0
R42
R44

R44.0
R44.1
R44.2
R44.3
R51
R55
R74

Hypoxemia

Respiratory Arrest

Nausea and vomiting

Unspecified jaundice

Drug induced retention of urine

Other retention of urine

Retention of urine, unspecified

Somnolence, stupor and coma

Other symptoms and signs involving cognitive functions and
awareness

Disorientation, unspecified

Dizziness and giddiness

Other symptoms and signs involving general sensations and
perceptions

Auditory hallucinations

Visual hallucinations

Other hallucinations

Hallucinations, unspecified

Headache

Syncope and collapse

Elevations of levels of transaminase and lactic acid
dehydrogenase
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Medication Module Triggers + Event Description and Harm Cares Module Triggers Event Description and Harm
Category (E-1) Category (E-1)

M4 Glucose less than 50mg/ Code/arrest/RRT
dL
. c3 Acute Dialysis
M5 Rising BUN or serum
creatinine greater than 2 c7 Patient Fall
times baseline
M7 Diphenhydramine c8 Patient Ulcers
(Benadryl) use _ o
Cc9 Readmission within 30
M9 Naloxone (Narcan) use days
M10 Anti-emetic use c10 Restraint Use
M11 Over-sedation/ Cc13 Transfer to higher level of
care

hypotension

M12 Abrupt Medication stop Custom Cares Module Triggers Event Description and Harm
Category (E-I)
Custom Medication Module Trigg: + Event Description and Harm CPAP/BIPAP new start,
Category (E-I) Oxygen new start

M14 Dantrolene use
Cc17 Catheterization (Foley,
M15 IV Hydralazine use Straight Cath) and PVR
checks
Cc18 1:1 Therapeutic
M16 1V Fluid Bolus Companion or Video
Monitoring
M17 Atropine use C19 Epic Search: Tremor,

Parkinsonism, Clonus

mi18 Enema, disimpaction, or Intensive Care Module Triggers + Event Description and Harm
methylnaltrexone use Category (E-I)

M19 Tamsulosin use (new 12 Readmission to ICU
start)
M20 Hydroxyzine use 14 Intubation/Re-intubation
M21 Bilirubin > 1.5 x ULN Custom Consult Triggers + Event Description and Harm
Category (E-I)
L122 AST/ALT >2x ULN H1 Neurology Consult
M23 Potassium <3 or>5 H2 Cardiology Consult
12 g Ufgeear QUG H3 Geriatrics Consult
Ultrasound
M25 CT Head H4 Psychiatry Consult
M26 Delirium/Confusion Other Triggers or Adverse Events + Event Description and Harm
Category (E-I)
o1 Other
Patient Identifier Total Events, LOS

Harm Identification Qualification:
E — Temporary harm to the patient and required intervention F—Temporary harm to the patient and required initial or prolonged hospitalization
G — Permanent patient harm  H - Intervention required to sustain life | — Patient death
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