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Abstratc t—
To identi living with sickle cell disease (SCD) and study their healthcare
utilizatio chers can either use clinical records linked to administrative data or

use biIIiansis codes in stand-alone administrative databases. Correct

identifica dividuals clinically managed forSCDusing diagnosis codesin claims
databas ted by theaccuracy of billing codes in outpatient encounters.In this
critical re¥iew, we assess the strengths and limitations ofclaims-based SCD case-

findingalmin stand-alone administrative databases that contain both inpatient
atle

and outp ecords. Validation studiesconducted using clinical records and
newborn s ing for confirmation of SCD case statushave found thatalgorithms
that r or more non-pharmacy claims or one inpatient claim plus two or

more outgtient claims with SCD codes show acceptable accuracy(positive

seek to a

Introduc"on '

predictivﬁnd sensitivity) in children and adolescents. Future studies might

e accuracy of case-finding algorithms over the lifespan.

Sickle celingli e (SCD) is aninherited blood conditionthat is most common in
populatio ub-Saharan Africa, the Mediterranean basin, the Middle East, and
India.’ d healthcare use analyses for SCD conducted in the United

Statescommonlyrely onadministrative healthcare databases, notablyhospital
discharge and claimsdatabases.?°Researchers haveusedmultiple inpatient and
outpatient encounters from both institutional and non-institutional
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providerscontaininglnternational Classification of Diseases (ICD) billing diagnosis

codes for SCDto identify individualsliving with SCDand track use of healthcare

services S s inpatient and preventive servicesas well as expenditures. Most

have utilim' id data, since Medicaid is the leading payer of SCD-related
I — , , , 6

hospltallzstlons, followed by Medicare and private insurance.”The

methodowsues discussed in this focused review apply to claims databasesfor

any or all S.

Although this réyiew is restricted to U.S. administrative claims and

usS

encounter: ases, both public and private, that contain records on both inpatient

N

and outpaii inical encounters to identify people living with SCD, databases
which in@ical data can yieldmore accuratecase identification. For

ombine encounter records with problem lists of patient diagnoses

recorded b ians, and studies have demonstrated the accuracy of EMR
diagnosis codes for the identification of people living with SCD.”® Similarly, health
system dfftabases can identify those with clinical diagnoses of SCD.’This critical
review is @d to help researchers choose among algorithmsin stand-alone

administra atabases lacking clinical or laboratory records to identify individuals,

espec@en and adolescents,living with SCD.

=

We focus@types of case-finding algorithms, although other algorithms are
alsodiscus he firstis a generic health services research (HSR)algorithmthat
requires >1 inpatient claim with a diagnosis code for a condition or 22
outpatient claims (including emergency department [ED] encounters not resulting in
admission) on separate daysorassociated with distinct encounters during a reference
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period. This generic HSR approachis endorsed by the Centers for Medicare and
Medicaid Services (CMS) Chronic Conditions Data Warehouse (CCW) for analyses
of Medicar Medicaid claims data for 16 common chronic conditions, and also42
other chrm, mental health, and potentially disabling conditions.'°The
ratlonalegr the requirement of multiple outpatient claims with specified diagnosis
codes is mpatient claimsare more subject to coding errors and “rule-out” codes
for evalua

sits, laboratory tests or imaging procedures,whereas hospitals have

standard nd quality assurance procedures for coding.’'®A second, novel

S

type of algori requires =3 claims with diagnosis codes in any setting within a

reference

(O

; in June 2019 this approach was endorsed by the CCW for one

F

condition

ize the findings of studies that have used diagnoses in medical or

s or newborn screening program data asreferences to validate SCD

case-finding algorithms in children and adolescents using billing codes in
administrSive databases.’®* The most commonly used measuresofthe accuracy of

case-ﬁnd@rithms in generalare sensitivity and positive predictive value (PPV);

fewer stu eport specificity and negative predictive value.'®?*Low sensitivity, the

1

perce e cases detected by the algorithm in a validation sample, can

advers

[

the representativeness of cases in a study. A high PPV, the

proportion of cages identified in an algorithm confirmed to be true positive cases in a

G

validation ,minimizes misclassification of false—positives.18However, PPV may

be overs revalence is markedly higher in the validation sample than in the

A

administrative database.?* Calculations of specificity and negative predictive value

may be subject to overstatement if the validation cohort is enriched with cases, i.e.,
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not representative of the administrative population with diagnosis codes.**Therefore,
estimates of specificity and negative predictive in SCD validation analyses are not

available inal articles, but our focus in the text is on PPV and sensitivity.

necessar'l ﬁparable. We report in Table 1all measures using the information
—

L

2. Algori r detection of sickle cell disease

2.1 Algori sing 21 inpatient claim or 22 outpatient claims

The ICD w 9 Clinical Modification (ICD-9-CM) diagnosis codes for SCD overall
are 282.6x an;;eginning in 2003, 282.41 and 282.41 for sickle cell-beta
thalassenifa. corresponding ICD-10-CM codes, which have been used in U.S.
healthcare databases since October 1, 2015, include all D57 codes except D57.3 for

sickle ce he ICD-10-CM diagnosis codes include new 6-digit codes for the

preserEplications in combination with SCD subtypes.

Numerouspeer-reviewedstudiesthat analyzed public or private claims

databasehsquired either 1 inpatient claim with a diagnosis code for SCD or =2

outpatie with a diagnosis code for SCD on separate days to identify cases

of SCCD.Z'ﬁ;e of these studies excludedindividuals who also had a claim with a
diagn r sickle cell trait,*’citing a Wisconsin study that reported that
individua ad diagnosis codes for both SCD (282.60) and sickle cell trait were
confirme e trait.®

SCD studies Ee set minimum days between two outpatient claims from 1-30 days

apart. The number of years of claims data searched to identify SCD cases, i.e., the

reference period, has varied across this timespan among the cited studies. The
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influence of the length of the reference period on the number and characteristics of
identified cases using the generic HSR algorithm has not been assessed in the

literature. ﬁstudy that used a 5-year reference period noted that 12% of children

who met ase algorithm had no SCD claim in the most recent year; those

L H —— , 5
children Igd much lower healthcare expenditures.

Threepukpweports have reported information on the accuracy of the generic

HSR algaki identify cases of SCD in claims data using ICD-9-CM codes, two of

S

which were deSygned as validation studies (Table1). Reeves et al.linked newborn

U

screening program records of children with laboratory-confirmed SCD

b

diagnose months of Michigan Medicaid claims data in 2010 or 2011; in both

yearsan alg using 21 SCD inpatient claim or 22 outpatient claims on separate

a

days of 94.5%.%° That is the only published study to date that compared

the validity eneric HSR algorithm to the approach of using =23 claims in any

M

setting on separate dates to identify SCD cases.

[

Two studi d Tennessee Medicaid (TennCare) claims and encounters data to
identify lik D cases with confirmation by either NBS or clinical records. First,

Halas ertained probable SCD cases based on the presence of SCD codes

th

in1in m or 2 outpatient claims at least 30 days apart.** Among 363

children born ddiing 1996—-2003 who met the algorithm, 312 (PPV 86%) had SCD

H

confirmed i diagnoses. The authors also reported sensitivity of 91%.

N

Support ence comes from a non-validation study byEckrich et al. that
confirmed that 88.3% of 653 children who had Medicaid claims linked to medical

records at one of two SCD treatment centers in Tennessee and had SCD diagnosis
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codes in =21 SCD inpatient claim or 22 outpatient claims at least 30 days apart had

SCD.

T

2.2 Algor@ 3 or more claims with ICD diagnosis codes for SCD

Investigamhe University of Michigan and Michigan Department of Health and
Human Sgeviogs(2014) developed and validated an algorithm based on=3 claims on
separateg any setting and position in a single year of Medicaid claims to
ascertainw children.?**%*® The algorithm was derived from a data-driven
process t@s the predictive power of 37 claims-based algorithms for SCD. The
authors E algorithms that reflected combinations of settings (inpatient,

outpatie health care, emergency department, blood transfusion), medication

categorimmtic prophylaxis, hydroxyurea),evaluation or consultation claims,

and a unt of SCD claims, irrespective of type of service.?*The gold
standard of program records was linked to Michigan Medicaid claims data
during to compare the accuracy ofall 37 algorithms. The receiver operating

curve (RQC), which balances sensitivity and specificity, was high for four algorithms;

an algoriQuiring 23 SCD claims in any setting and position in 12 months

resulted in V of 95.0%, which was slightly higher than for thegeneric
HSRa@4.5%. Reeves et al. validated both algorithmswith 2011 Medicaid
claims SHEREUAl PPVs of 95.8% and 94.5%, respectively, although the HSR
algorithmEghtly higher sensitivity, 90.2% vs 89.7%. Reeves et al.argued that

the algorit uiring 23 SCD claims in any setting had the advantages of simplicity

and eas culation.
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The Sickle Cell Data Collection (SCDC) program is a collaboration with the Centers
for Disease Control and Prevention (CDC) in two states to date, California and

Georgia. CDC has used the presence of SCD diagnosis codes in 3 or more

23,49|n

claims or s in a 5-year reference period to ascertain SCD cases.

[oii

m
Californiag Paulukonis et al. used =3 clinical encountersin administrative databases
(Medicaidgelaimgs and state hospital and emergency department discharges) with
SCD ICD- during a 5-year period, 2004-2008, to identify probable SCD

cases.*| oggia,Snyder et al. reviewed medical, laboratory, and newborn

O

screening progfam records for individuals<21 years of age seen at Children’s

Healthcar anta during 2004-2008with medical records linked to three

1

administrgii ims and encounters databases(Medicaid, Children’s Health

Insuranc m, and State Heath Benefit Plan) for the same 5-year surveillance

dl

period ssessed the PPV and sensitivity of 12 administrative case
definitions on from 21 up to 6 SCD-related encounters, defined asnon-
pharmacy medical claims (including laboratory and radiology claims) on separate
service dates within a 5-year reference period (no restriction for continuous
enrollmer@ddition, they assessed a 13" algorithm, discussed in the next
section. T

V increased monotonically with the number of encounters, from

90.0% %,and sensitivity decreased from 100.0% to 90.0%. Using =3 or more

{h

encou e criterion, sensitivity was 96.0% and PPV was 97.4%, compared
with 98.4% and©4.8% for 22 or more encounters. The PPV wasunchanged when

the surveill eriod was reduced from 5 years to a 12-month period within

A

adjoinin dar years, although sensitivity was slightly reduced.
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In June 2019, CMS endorsed a CCW case-finding algorithm for SCD requiring 23

claims on separate dates with ICD-9-CM or ICD-10-CM codes for SCD within 5
years of Ioﬁick data.®®*! In place of a single 5-year look-back period ending with
the year ervices or expenditures are assessed, the current SCDC
N _ 5253 o
approacrsses a rolling 5-year period to assess SCD case status.” > No restriction

is placedwmum length of continuous enroliment.

2.3 Comw of diagnosis codes with SCD-associated treatments, procedures,

and complicatiogs

Some invgrs have considered using procedure or drug codes in addition to
SCD dia@odes to identify probable SCD cases in claims data. Paulukonis et
al. pro ombination ofan ICD-9-CM code for SCD in at least two healthcare
encounters,_igd@pendent of setting, andat least one code for an associated
treatment, procedure, or complication of SCD,**an approach recently adapted by
other resﬂers.‘r’f"56 However, Snyder et al. reported that algorithm hada false-

negative Qminus sensitivity) of 14.2%, compared with 4.0% for one requiring 3
c

diagnosti s.®

Administraii ta are often usedfor population-level assessments of utilization of
care o{ures, especially for conditions with low prevalence.For example,
U.S. insurancé%8laims databases, both Medicaid and private insurance,have been

2,3,32,33

3. Dis

used to estimate medical costs, uptake of antibiotic

19,26,28,31, 31,34,47,57

prophylaxis, 3484documented receipt of immunizations, use of
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hyd roxyurea, 35,37,55,58-63

and receipt of transcranial doppler (TCD) screening among
individuals with SCD.%":31:38:4647.64-6655me of those studies, especially ones published
in the Mrs,merged NBS or clinical databases, which were usedto identify
cases of inked claims datathat were used to track utilization of
service-s.ESome of those studies used clinical or NBS records to identify
cases of sigkleagell anemia associated with homozygous sickle disease (HbSS) or
hemoglotpeta thalassemia’tocalculate quality indicators for preventive services
with reco@ations specific to sickle cell anemia, e.g., TCD screening and

hydroxyujrea. 5489t js challenging to identify cases of SCD subtypes using

administr&ta.

Use of 2 §e f data to ascertain cases of certain chronic conditionshas been

O

67,68

ve performance relative to a single year of data,”"”"which is

consistent e default CCW algorithm for chronic conditions. Snyder et al. found
similar predictive value for SCDrequiring multiple claims to occur within either 5
years or Wnth period within adjoining calendar years, not limited to continuous
enrollmer@ugh the authors cautioned that their results might not be

generalizable™ Use of multiple years of claims data may lead to improved

identifi individuals with milder disease phenotypes who have fewer

th

health nters. Amendah et al. reported that among children with SCD

identified using® years of either Medicaid or Commercial claims data, 12% had no

Cl

SCD claim g the fifth year despite continuous enrollment during that year.?

A

Algorithms using =3 claims in any setting to identify children with SCD were found in

the Michigan study to have a slightly higher PPV than an algorithm that used 21
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inpatient claims or 22 outpatient (including ED) claims on separate days, although

the sensitivity of each algorithm was comparable (Table 1).%In the validation study
using Georgia pediatric data, an algorithm requiring =3 claims in any setting with a
SCD codmher PPV than an algorithm requiring =2 claims with SCD codes.
H . . . ,
HoweverShe advantage of requiring 3 claims in both studies was modest in

magnitud@ algorithms may have similar performance.

SCD dia isg€odes in inpatient claims were more predictive of SCD case status in

S

the Michigan stidythan were SCD codes in outpatient claims.?’A study using data

E

from achil

hospital found that onlya minority of individualswho had a single

I

admissio SCD codeand no outpatient SCD encounters had SCD.?*However,

that findi ot be generalized to claims data since false-positive SCD diagnoses

d

in inpati ings are more common in state-wide claims data than in records from

children’s h ls.??

The two gblished studiesthat sought to compare andvalidatemultiple claims-based

SCD casgg algorithms each have limits to generalizability. One limitation is
that the P Medicaid claims data, as used in the Michigan study, may be higher

thani -sponsored insurance (ESI). The Georgia study also included CHIP

h

[

data a data for state government employees and their dependents but did

U

not separately @valuate PPV byplan type.

i\

An impo itation is thatthe SCD validation studies only included pediatric
subjects. The Michigan study was restricted to children up to 18 years of age and the

Georgia study was restricted to individuals up to 21 years of age. It is unknown
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whether billing codes are equally predictiveof SCD case statusin adults. One study
reported that ICD-9-CM codes for SCDwere more predictive of case status in

not been claims data.

pediatric !ﬁ al EMRs than in adult hospital EMRs,®but similar comparisons have
—

L

Validationgdatagets can be either population-based or provider-based. Findings may
be more g lizable from the Michigan study, which encompassed Medicaid

enrolleesww by all types of providers in the state, than the Georgia study,

whose validatiog data were restricted to individuals seen at a children’s hospital with

a SCD CIE affiliated facilities.

A final cc@tion is the number of years of data used to validate claims. As
alread ioned, health services researchers have frequently found that use of
more than of claims data, specifically at least 2 years, improves the accuracy
of case-finding algorithms. The Georgia analyzed 5 years of claims data and
comparedithe accuracy of algorithms using 2 calendar years (12 months from first

claim) ve@alendar years. In contrast, the Michigan study used a single
f

calendary

I

data to identify SCD cases, 2010, which it replicated with a separate

analys claims data. It did not assess the accuracy of algorithms pooling the

12

2 year ble claims data.

In June 20 S endorsed a CCW case-finding algorithm for SCD requiring =3

Au

claims o ate dates with ICD-9-CM or ICD-10-CM codes for SCDwithin 5 years
of look-back data and used it to estimate the prevalence of SCD in Medicaid and
Medicare claims data.’**'The CCW condition algorithm is the same as the SCDC

This article is protected by copyright. All rights reserved.
12



algorithm used by Snyder et al., including use of the most recent 5 years of claims

data as the reference period and exclusion of pharmacy claims, even though CMS

pharmacy claims do not contain diagnosis codes. In place of a single 5-year look-

back periﬁ with the year for which services or expenditures are assessed,
N , _

the currept SCDC approach uses a rolling 5-year period to assess SCD case

status.szrwmtion is placed on minimum length of continuous enroliment.

Some rewrs use the presence of 21 claim in any setting with aSCD diagnosis
code to i@utative SCD cases.®"®*®¥3However,owing to thefrequency of false-
positive di s in outpatient claims, that approach can lead to misclassification

and resu

SCD.2 CB

4. Conclusion

erestimation of the use of services or costs among individuals with

Research&rs can use stand-alone administrative databases for research on

i

healthcamtion among persons living with SCD. Evidence from validation

studies co ed using data for children and adolescents indicates that algorithms

h

that re iple SCD codes, particularly in records of outpatient claims or

L

encou : yield acceptable accuracy of SCD case ascertainmentalthough the

accuracy may vary across the lifespan. Researchers can decide which algorithm

Gl

best suits t udy purposes, €e.g., the assessment of uptake of services

recomm or those with specific SCD subtypes,taking into account the number

A

of years of availabledata.
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g Pediatric Sickle Cell Disease in U.S. Healthcare Databases

Study Age Source of Validation Validation
C* period Group ICD-9-CM Data Source Results
and Data
reference
period for
m algorithm
(1) Algorithms using =1 inpatient or =22 outpatient claims or encounters
Halasa 10 years, | Children, | Tennessee Tennessee PPV 86.0% (312
et al. in 1995- bornin Medicaid NBS data, confirmed cases
(2007)3 2004, for | state, claims, 1995- | 1996-2003 out of 363 who
2 both 1996- 2004 met SCD case-
outpatient 2003 finding
aims algorithm)
a ith Sensitivity
91.2% (312 true
S positives and 32
c r false negatives
among 344
children with
- SCD confirmed
- by NBS records)
odes of
and i
wer
ed
Reeves | 1 1 year, Children, | Michigan Michigan NBS | 2010 data
et al. inpatient | 2010 or ages 0- | Medicaid data, 1987- PPV 94.5%
(2014)" | claim or | 2011, for | 18 claims, 2010 | 2010 Sensitivity
>2 both years, and 2011 90.2%
outpatient bornin Specificity
claims 21 90.4%

This article is protected by copyright. All rights reserved.

18




day apart state
with SCD 2011 data
codes PPV 94.5%
'urinﬁ '2- Sensitivity
90.2%
Specificity
I I
(2) Al sing 3 or more claims with ICD Codes for SCD
Reeves @e of 23 1 Children, | Michigan | Michigan 2010 data:
et al. C any setting) year, | ages 0- | Medicaid | NBS data, PPV 95.0%
(2014)" ate dates 2010 | 18 years | claims, 1987-2010 | Sensitivity
m codes or 2010 and 90.7%
2-month 2011, 2011 Specificity
i for 91.3%
s both
2011 data:
PPV 95.8%
Sensitivity
89.7%
Specificity
g 87.9%
Snyder e of 23 5 Children | Georgia Children’s PPV: 97.4%
et al. i ny setting on | years, | and Medicaid, | Healthcare | Sensitivity:
(2019) ate dates with 2004- | young Children’s | of Atlanta 96.0%
SC es during 5- | 2008, | adults, Health medical Specificity:
r period for ages 0- | Insurance | and 76.5%
both 21 years | Program, | laboratory NPV: 68.2%
Additional ICD-9-CM State records,
ode included: 282.6 Health Georgia
L Benefit NBS
Plan, records
Georgia
hospital
discharge
data,
2004-
2008
(3) ns of Diagnosis Codes with SCD-Associated Treatments,
Pr , and Complications
Snyder 33 on 5 Children | Georgia Children’'s | PPV: 97.4%,
etal. separaie dates with years, | and Medicaid, | Healthcare | Sensitivity
(2019)* | S@ D-9-CM 2004- | young Children’s | of Atlanta | 85.8%
1@ s and 21 claim 2008, | adults, Health medical Specificity:
Vithigede for a SCD- | for ages 0- | Insurance | and 79.0%
associated both | 21 years | Program, | laboratory NPV: 38.2%
treatment, State records,
procedure, or Health Georgia
complication Benefit NBS
Plan, records
Additional ICD-9-CM Georgia
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code included: 282.6 hospital
discharge
data,
2004-
2008

pt

1

*All case ns include the following ICD-9 codes unless otherwise indicated:
282.60-282.6%and 282.41,282.42

ED — emergency department ICD-9-CM -- International Classification of
Diseases n 9 Clinical Modification

NBS —n
PPV - p

C

creening NPV — negative predictive value

$

redictive value SCD - sickle cell disease

U

Author Man

This article is protected by copyright. All rights reserved.
20




