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Purpose—To evaluate the performance of delirium-identification algorithms in administrative
claims and drug utilization data.

Methods—We used data from a prospective study of 184 older adults who underwent aortic
valve replacement at a single academic medical center to evaluate the following delirium-
identification algorithms: 1) International Classification of Diseases (ICD) diagnosis codes for
delirium, 2) antipsychotics use, 3) either ICD diagnosis codes or antipsychotics use, and 4) both
ICD diagnosis codes and antipsychotics use. These algorithms were evaluated against a validated
bedside assessment, the Confusion Assessment Method, and a validated delirium severity scale,
the CAM-S.

Results—Delirium occurred in 66 patients (36%), of which 14 (21%) had hyperactive or mixed
features and 15 (23%) had severe delirium. ICD diagnosis codes for delirium were present in 15
patients (8%). Antipsychotics were used in 13 patients (7%). ICD diagnosis codes alone and
antipsychotics use alone had comparable sensitivity (18% vs. 18%) and specificity (98% vs. 99%).
Defining delirium using either ICD diagnosis codes or antipsychotics use, sensitivity improved to
30% with little change in specificity (97%). This algorithm showed higher sensitivity for
hyperactive or mixed delirium (64%) and severe delirium (73%). Requiring both ICD diagnosis
codes and antipsychotics use resulted in perfect specificity, but low sensitivity (6%).

Conclusion—Delirium-identification algorithms in claims data have low sensitivity and high
specificity. Defining delirium using ICD diagnosis codes or antipsychotics use performs better
than considering either type of information alone. This information should inform the design and
interpretation of claims-based comparative effectiveness and safety research.

Keywords
Delirium; Case-Detection Algorithm; Claims Data; Antipsychotics

INTRODUCTION

Postoperative delirium is an acute brain dysfunction that affects 25-60% of older adults after
abdominal surgery, 33-46% after cardiac and vascular surgery, and 24-61% after orthopedic
surgery.12 It is associated with prolonged hospitalization, death, institutional discharge,
functional decline, and increased health care expenditure.3-8 Considering this enormous
public health and economic impact, it is essential to evaluate the burden, risk factors, and
outcomes of postoperative delirium in health care utilization databases.

Identification of delirium requires bedside cognitive assessments and application of
validated diagnostic methods, such as the Confusion Assessment Method (CAM)? or the
Diagnostic and Statistical Manual of Mental Disorders criteria.1 These assessments,
however, are not routinely documented in the medical records.1%-12 Moreover, they are
unavailable in health care utilization databases (e.g., claims data or hospital clinical data
repository) that contain information on diagnoses, procedures, medications, and laboratory
tests. The International Classification of Diseases (ICD) diagnosis codes that explicitly or
implicitly indicate delirium variably under-diagnose the condition.19-15 Some studies have
attempted to use antipsychotic drug administration as an indicator of delirium,16-18 but the
accuracy of this approach alone or combining ICD diagnosis codes and antipsychotics use
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has not been well established. Evaluating the performance and improving the existing
algorithms can enable measurement of delirium in health care utilization data and conduct of
drug effectiveness and safety studies on delirium.

The objective of this study was to determine the performance of case detection algorithms of
postoperative delirium based on ICD diagnosis codes and antipsychotics use in hospitalized
older adults who had cardiac surgery.

METHODS

Study Design and Population

We conducted a prospective cohort study of older adults who were undergoing transcatheter
or surgical aortic valve replacement at Beth Israel Deaconess Medical Center, Boston, MA,
to determine the role of preoperative frailty assessment in predicting changes in functional
status after aortic valve replacement. The enrollment began in February 2014 and ended in
March 2016. In October 2014, we launched the Delirium Substudy to determine the
incidence and risk factors of postoperative delirium. The Institutional Review Board of Beth
Israel Deaconess Medical Center approved the protocol.

We screened 445 patients from the outpatient clinic schedule, inpatient consult list, and
operating room schedule for eligibility. Individuals were eligible if all of the following
criteria were met: 1) 70 years or older; 2) undergoing transcatheter or surgical aortic valve
replacement for severe aortic stenosis; 3) able to provide informed consent. Those who met
any of the following criteria were excluded: 1) undergoing emergent surgery, 2) having a
surgery involving more than 1 valve or aorta; 3) clinically unstable (e.g., decompensated
heart failure, active myocardial ischemia, or abnormal vital signs) and unable to participate
in study assessment; 4) Mini-Mental State Examination score <15 or active psychosis; 5) not
English-speaking. Since the Delirium Substudy started 8 months after the study enroliment
began, 184 of 246 patients who met our selection criteria were included.

For the current study, we obtained administrative data from the hospital clinical data
repository that pooled data from hospital billing (with 39 diagnosis fields) and electronic
medical record. We only considered discharge diagnosis codes and daily inpatient
medication dispensing for 184 patients in the Delirium Substudy.

Assessment of Postoperative Delirium and Severity

Beginning on the first postoperative day, study geriatricians or trained research assistants
interviewed the patients, their family when present, and nursing staff daily; and administered
the CAM (or CAM for intensive care unit [CAM-ICU] if patients were on mechanical
ventilation), the Delirium Symptom Interview,1? after brief cognitive tests. Because the
patients’ mental status may fluctuate throughout the day, we attempted to standardize the
timing of our daily assessment by interviewing patients between 12:00 PM and 6:00 PM. As
discharges typically took place in the morning, most patients were not interviewed on the
discharge day. Cognitive tests included the Mini-Mental State Examination (purchased from
Psychological Assessment Resources, Inc.), digit span forward and backward, and backward
citation of days of the week and months of the year. The diagnosis of delirium was made if
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the patient showed 1) acute onset or fluctuating course, 2) inattention, and either 3)
disorganized thinking or 4) altered level of consciousness.® The diagnostic accuracy of CAM
(sensitivity 94% and specificity 89%)20:21 and CAM-ICU (sensitivity 93—100% and
specificity 97—-100%)22:23 has been well established. Based on all available CAMs
administered during the hospitalization, delirium was classified as normoactive if
psychomotor agitation and retardation were never present, hypoactive if psychomotor
retardation was present without agitation, hyperactive if psychomotor agitation was present
without retardation, or mixed if both psychomotor agitation and retardation were present
during the hospitalization.24 The inter-rater reliability between geriatricians and trained
research assistants was high for delirium diagnosis (agreement 95-100%, Cohen’s kappa
0.90-1.00) and psychomotor items (agreement 92—100%, Cohen’s kappa 0.83-1.00). Since
only four patients developed hyperactive delirium, we combined hyperactive and mixed
subtypes. We quantified the severity of delirium using a validated CAM-based severity scale,
CAM-S.25 The CAM-S assigns 0 (absent) or 1 (present) to acute onset or fluctuating course,
and 0 (absent), 1 (mild), or 2 (marked) to the remaining CAM features: inattention,
disorganized thinking, altered level of consciousness, disorientation, memory impairment,
perceptual disturbances, psychomaotor agitation, psychomotor retardation, and sleep-wake
cycle disturbance. The total CAM-S score ranges from 0 to 19, with higher scores indicating
greater severity. Based on the peak CAM-S score, we classified patients with delirium into
mild (<6), moderate (7-10), and severe delirium (11-19).25

Claims-Based Algorithms to Identify Delirium

We evaluated four different algorithms to identify delirium: 1) ICD diagnosis codes alone, 2)
antipsychotics use alone, 3) either ICD diagnosis codes OR antipsychotics use, and 4) both
ICD diagnosis codes AND antipsychotics use. For algorithms based on ICD diagnosis
codes, delirium was considered present if any of the following 32 explicit (i.e., including the
term “delirium”) or implicit ICD-9 diagnosis codes (e.g., “encephalopathy”) was used
among the in-hospital discharge codes (see Supplementary Table S1).14 In claims data from
October 1, 2015, the corresponding 52 ICD-10 diagnosis codes were used.4 For algorithms
based on antipsychotics use, delirium was considered present if any antipsychotic drugs
were used; in our study, we found that only haloperidol, olanzapine, and quetiapine had been
prescribed. We did not examine other drugs that could influence the risk of delirium (e.g.,
benzodiazepine or dexmedetomidine).

Statistical Analysis

We summarized clinical characteristics in proportions, mean and standard deviation, or
median and interquartile range. We used chi-square test to compare the proportion of
patients with ICD diagnosis codes for delirium and of those who received antipsychotics by
the delirium status, subtype, and severity. The performance of the four claims-based
algorithms was assessed in terms of sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), positive likelihood ratio, and negative likelihood ratio. The
exact binomial 95% confidence interval was computed. We also evaluated the performance
of the algorithms separately in patients who had surgery before implementation of ICD-10
version on October 1, 2015 (N=128 and 50 with delirium) and after implementation (N=56
and 16 with delirium). The overall diagnostic accuracy was evaluated using Youden’s Index,
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calculated as sensitivity + specificity — 1. To evaluate the potential impact of outcome
misclassification due to variable accuracy of delirium-identification algorithms, we assessed
the relative risk and 95% exact confidence interval estimates in a hypothetical claims-based
study to evaluate the association of a drug on the delirium risk in 1000 exposed and 1000
unexposed patients. All statistical analyses were performed using Stata 14 (College Station,
TX).

RESULTS

The study population had a mean age of 81.4 years (standard deviation [SD]: 6.4) and
consisted of 52.7% male and 88.6% whites. They had, on average, 14 years of education
(SD: 3.1) and scored 25.6 points on the preoperative Mini-Mental State Examination (SD:
3.2). After transcatheter aortic valve replacement (n=109) or surgical aortic valve
replacement (n=75), they had a median of 3 CAM assessments (interquartile range [IQR]: 2
to 5). Postoperative delirium occurred in 66 patients (35.9%) and lasted a median of two
days (IQR: 1 to 3). Hypoactive delirium (n=35) was more prevalent than normoactive type
(n=17) or hyperactive or mixed type (n=14). The median peak CAM-S score in 66 delirious
patients was 9 (IQR: 7 to 10). Thirty-five patients (53.0%) had moderate delirium and 15
(22.7%) had severe delirium.

Of 184 patients, ICD diagnosis codes were present in 15 patients (8.2%) and antipsychotics
were used in 13 patients (7.1%) (Table 1). Patients with delirium were more likely than those
without to have ICD diagnosis codes (algorithm 1) (18.2% [corresponding to sensitivity] vs.
2.5% [corresponding to false positive fraction], p<0.01), antipsychotics use (algorithm 2)
(18.2% vs. 0.9%, p<0.01), either ICD diagnosis codes OR antipsychotics use (algorithm 3)
(30.3% vs. 3.4%), p<0.01), or both ICD diagnosis codes AND antipsychotics use (algorithm
4) (6.1% vs. 0.0%, p<0.01). Of note, 46 of 66 patients with delirium (69.7%) had neither
ICD diagnosis codes nor antipsychotics.

In general, all four claims-based algorithms showed low sensitivity and high specificity in
identifying delirium (Table 2). The algorithms based on ICD diagnosis codes alone
(algorithm 1) and based on antipsychotics use alone (algorithm 2) had comparable
sensitivity (18% vs. 18%, respectively), specificity (98% vs. 99%), and NPV (68% vs. 68%),
but the latter showed slightly higher PPV (80% vs. 92%). When delirium was defined using
either ICD diagnosis codes OR antipsychotics use (algorithm 3), sensitivity improved to
30% with little change in specificity, PPV, or NPV. Requiring both ICD diagnosis codes
AND antipsychotics use (algorithm 4) resulted in perfect specificity and PPV, but
considerably lower sensitivity. The algorithm 2 showed the highest positive likelihood ratio
of 21.5, whereas the algorithm 3 had the lowest negative likelihood ratio of 0.72 and the
largest Youden’s Index (0.27). No formal comparison between ICD-9 code-based algorithms
and ICD-10 code-based algorithms could be made due to the limited number of assessments
based on the ICD-10 version. Among those with delirium who received antipsychotics,
initiation was a median of 2.5 days (IQR: 1 to 10) after the first day of a positive CAM.

In a hypothetical claims-based study to evaluate the association of a drug on the delirium
risk in 1000 exposed and 1000 unexposed patients (Table 3), the algorithm with perfect
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specificity and low sensitivity (algorithm 4) gives the unbiased relative risk estimate with a
wider confidence interval. Algorithms with near-perfect specificity and better sensitivity
(algorithms 1, 2, and 3) underestimate the relative risk, but with a narrower confidence
interval.

Among delirious patients (Figure, Panel A), ICD diagnosis codes (algorithm 1) appeared
more often in patients with hyperactive or mixed delirium (42.9%) than in those with
hypoactive (14.3%; p=0.03) or normoactive delirium (5.9%; p=0.01). No significant
difference was found between hypoactive and normoactive subtypes (p=0.37).
Antipsychotics (algorithm 2) were used more often in patients with hyperactive or mixed
subtype (28.6%; p=0.02) or hypoactive subtype (22.9%; p=0.03) than in those with
normoactive subtype (0%), with no difference between hyperactive or mixed subtype and
hypoactive subtype (p=0.67). The presence of ICD codes OR antipsychotic use (algorithm 3)
was more common with hyperactive or mixed delirium (64.3%) than with hypoactive
(28.6%; p=0.02) or normoactive delirium (5.9%; p<0.01). The difference between
hypoactive and normoactive delirium was not statistically significant (p=0.06). The presence
of ICD codes AND antipsychotic use (algorithm 4) was not significantly more common with
hyperactive or mixed subtype (7.1%; p=0.26) or hypoactive subtype (8.6%; p=0.21) than
normoactive subtype (0%), with no difference between hyperactive or mixed subtype and
hypoactive subtype (p=0.87).

None of the algorithms could detect mild delirium (Figure, Panel B). Except the algorithm
based on both ICD diagnosis codes AND antipsychotics use (algorithm 4), the algorithms
were more likely to detect more severe forms of delirium.

DISCUSSION

Identification of delirium in large-scale epidemiological studies using health care utilization
data is essential to evaluate the population burden, risk factors, and health care utilization
outcomes of delirium. In this study, we evaluated four claims-based algorithms based on the
ICD diagnosis codes for delirium and antipsychotic use against the validated CAM in
cardiac surgery patients. Although all four algorithms showed low sensitivity and high
specificity, we found that defining delirium using the ICD diagnosis codes OR
antipsychotics use had the highest sensitivity (30%) and maintained high specificity (97%).
In particular, this algorithm showed higher sensitivity to detect hyperactive or mixed
delirium (64.3%) and severe delirium (73.3%).

Our findings have important implications for conducting large-scale epidemiological studies
on delirium using inpatient claims database, such as Premier Database
(www.premierinc.com) or Vizient Database (www.vizientinc.com), or hospital clinical data
repositories that contain ICD diagnosis codes and inpatient medication use. Low sensitivity
of claims-based algorithms results in underestimation of the prevalence of delirium, in
particular, delirium without hyperactive psychomotor symptoms or mild delirium. Previous
studies reported that 1-22% of hospitalized patients had explicit or implicit ICD diagnosis
codes indicating delirium11:13-15.26.27 ang that 4-9% of patients received antipsychotics
during non-psychiatric hospitalization.16-18.28 These estimates are substantially lower than
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the rates of delirium diagnosed according to the reference standard: 11-29% in medical
wards, 11-51% in surgical wards, and 19-82% in the intensive care unit.2 Accordingly,
claims-based algorithms do not allow an accurate estimation of the delirium prevalence in
health care utilization databases; yet claims-based algorithms could be used to estimate the
prevalence of delirium with hyperactive psychomotor symptoms or severe delirium, given
the reasonable sensitivities of 64.3% and 73.3%, respectively. In addition, high specificity,
high PPV, and high positive likelihood ratio of claims-based algorithms ensure that the
majority of patients detected by the algorithms have delirium. Thus, claims-based algorithms
can be useful to select patients with delirium in health care utilization databases for
comparative effectiveness and safety research. When these algorithms are used to identify
delirium as a study outcome and the algorithm performance is non-differential between the
exposed and unexposed groups, the relative risk estimates for a binary exposure are unbiased
or minimally biased toward the null; low sensitivity decreases statistical power. Sensitivity
analysis methods based on algorithm performance are available to assess the impact of
outcome misclassification.29-31

A few studies evaluated the performance of algorithms based on ICD diagnosis codes
against a reference-standard diagnostic method (Table 4). Two studies that examined ICD
diagnosis codes only in patients with confirmed delirium reported sensitivity of 9%12 and
28%.10 Other studies reported sensitivity of 3-36%, specificity of 85-99%, PPV of 38-83%,
and NPV of 67-90%.11.13-15 |n our study, the same list of 32 ICD-9 codes and related
ICD-10 codes used by Bui et al. showed somewhat lower sensitivity (18%), yet similar
specificity (98%), PPV (80%), and NPV (68%). In general, studies that considered a larger
number of diagnosis codes to define delirium tended to have higher sensitivity. Differences
in patient population, clinical practice types, and documentation practice across hospitals
may be responsible for choice of coding and inconsistencies across studies. The performance
of antipsychotics use in identifying delirium has been evaluated by Herzig et al.,16 Loh et
al.,17 and Rothberg et al.18 In these studies, antipsychotics use had a PPV of 55-90% against
the medical record-based definition of delirium. Since these investigators only reviewed
medical records of patients who received antipsychotics, they were unable to estimate
sensitivity, specificity, and NPV. Moreover, considering the incompleteness of
documentation of delirium in medical records,10-12 their PPV estimates may have been
underestimated. We found that antipsychotics use had similar sensitivity and specificity to
ICD diagnosis codes and, when combined, it could offer better performance than the
algorithm based on either information alone. However, the performance of algorithms based
on antipsychotics use may depend on antipsychotic prescribing practice in hospitalized
patients. Use of antipsychotics for delirium is not approved nor supported by evidence.32
The off-label use may be clinically justified if behavioral symptoms of delirium interfere
with delivery of life-sustaining treatments or pose threats to safety of patients or others.
More antipsychotic use in patients with hypoactive delirium (22.9%) than in those with
normoactive delirium (0%) raises a suspicion that antipsychotic use might be implicated in
conversion of normoactive subtype to hypoactive subtype. Another possible explanation is
that some clinicians may use antipsychotics in all types of delirium. We expect that more
judicious prescribing of antipsychotics may result in further decrease in sensitivity but
increase in specificity for delirium with hyperactivity or severe delirium.

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kim et al.

Page 8

Our study has a few limitations. The algorithm performance was evaluated in a cohort of
patients undergoing aortic valve replacement at a single academic medical center. Although
inclusion of patients with Mini-Mental State Examination score =15 to ensure the quality of
self-reported data may have excluded those at the highest risk for postoperative delirium,
elective surgery for patients with severe cognitive impairment is not common. Therefore, our
results may not be generalizable to patients on the medical service, those having non-cardiac
or emergent surgery, or treated at community hospitals. Given the time and resource to
conduct a detailed bedside assessment of delirium and its severity on a large scale, it will be
useful to link the existing cohort studies designed to study delirium to electronic medical
records or administrative claims database for additional algorithm validation. Another
limitation is that the onset of delirium cannot be reliably determined using claims-based
algorithms during the hospitalization. Although a previous study defined the onset of
delirium using the date of antipsychotic initiation,18 variable lag time between the first day
of a positive CAM and initiation of antipsychotics makes this approach less reliable. In
addition, the small sample size of our study did not allow an accurate assessment of
algorithm performance based on ICD-10 diagnosis codes. The observed disparity in
algorithm performance between ICD-9 and ICD-10 diagnosis codes could be due to the
hospital’s inexperience in coding delirium using the ICD-10 version, which may improve
over time. Algorithms using ICD-10 diagnosis codes should be validated, once more ICD-10
data accumulate in the future.

In conclusion, the algorithm that defines delirium based on presence of one or more explicit
or implicit ICD diagnosis codes or antipsychotic use can identify delirium with sensitivity
30%, specificity 97%, and PPV 83%. This algorithm performs modestly better than the
existing algorithms based on either information alone. These results should be useful to
conduct comparative effectiveness and safety research of drugs on delirium using
administrative claims and drug utilization data.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Take-Home Points

. Algorithms based on the International Classification of Diseases diagnosis
codes and antipsychotic use in the inpatient administrative data have low
sensitivity (6-30%), high specificity (97—-100%), and high positive predictive
value (80-100%) against the Confusion Assessment Method in detecting
postoperative delirium.

. These algorithms are more sensitive in detection of hyperactive or mixed
delirium (64%) or severe delirium (73%).

. Given high specificity and high positive predictive values, delirium-
identification algorithms can be used to study delirium as an outcome in
claims-based comparative effectiveness and safety studies of drugs.
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A. Delirium Subtype

[J ICD diagnosis codes [0 Antipsychotic drug use
[ ICD diagnosis codes OR antipsychotic drug use M ICD diagnosis codes AND antipsychotic drug use
100%
80%
64.3%
& 60%
£
<3 o
o 42.9%
& 40%
28.6% 28.6%
22.9%
20% 14.3%
05% ~ens 34% 5.9% 5.9% 867 7.1%
- 0.9% p 0.0% [ 10.0% [ 0.0%
No Delirium (N=118) Normoactive (N=17) Hypoactive (N=35) Hyperactive or Mixed (N=14)
| ]
Delirium (N=66)
B. Delirium Severity
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& 60%
=
2
o 40.0% 40.0%
& 40% 2 2
25.7%
20% 171% 17.1%
8.6% 6.7%
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Mild Delirium (N=16) Moderate Delirium (N=35) Severe Delirium (N=15)

Figure. Delirium Subtype and Frequency of Delirium Diagnosis Codes and Antipsychotic
Medication Use in Administrative Claims and Drug Utilization Data?®

Abbreviation: ICD, International Classification of Diseases.
41CD-9 diagnosis codes (before 10/1/2015) and ICD-10 diagnosis codes (since 10/1/2015)
are listed in Supplementary Table S1.
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Table 1

Probability of Delirium According to the International Classification of Diseases Diagnosis Codes and

Antipsychotic Medication Use?

1CD Diagnosis Codes

APM Use Present Absent Total
Yes 4174 (100) 8/9(88.9) 12/13(92.3)
No 8/11(72.7) 46/160(28.8) 54/171(31.6)

Total  12/15(80.0) 54/169(32.0) 66/ 184 (35.9)

Abbreviations: APM, antipsychotic medication; ICD, International Classification of Diseases.

aN with delirium / N total (%) is presented for each combination.
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