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C hildren with sickle cell anemia are at high risk of stroke; 

without stroke prevention efforts, 10% will have a stroke 

before they are 18 years old.1,2 These strokes are associated 

with morbidity and substantial health care spending, both in the 

short term and in the long term.3 The impact of pediatric stroke 

is significant because of the large burden it places on children, 

families, and society.4-7

Preventive care can significantly reduce the risk of stroke in 

children with sickle cell anemia. Specifically, annual transcranial 

Doppler (TCD) screening can identify children with a high risk of 

stroke. For these children, chronic blood transfusions can reduce the 

risk of stroke by more than 90%.8,9 Given the overwhelming evidence 

of the importance of TCD screening, an expert panel sponsored by 

the National Heart, Lung, and Blood Institute recommends that 

all children with sickle cell anemia receive annual TCD screening 

from age 2 years until at least age 16 years.10,11

Despite these recommendations, prior research indicates that 

annual TCD screening rates are suboptimal in children with sickle 

cell anemia enrolled in Medicaid.12-14 For example, in a study of 

Medicaid claims data from 6 states, just 44% of such children 

received this screening in 2010.15 It is unknown whether these 

findings generalize to privately insured children, who are estimated 

to represent 10% to 30% of children with sickle cell anemia.16-20 

The amount that families of privately insured children with sickle 

cell anemia pay out of pocket for TCD screening is also unknown. 

According to the principles of value-based insurance design, 

high-value services such as TCD screening should be subject to no 

or minimal cost sharing.21,22 However, private plans often do not 

follow these principles when making coverage designs. Finally, 

it is unknown whether the receipt of TCD screening and out-of-

pocket spending for this screening vary among families enrolled 

in high-deductible health plans (HDHPs) vs other plans. Several 

studies’ findings suggest that high out-of-pocket spending and 

HDHP enrollment are associated with decreased rates of utiliza-

tion of preventive services,23-33 suggesting that families enrolled 

in HDHPs might have lower rates of TCD screening than those 

enrolled in other plans.
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ABSTRACT

OBJECTIVES: National guidelines recommend that children 
with sickle cell anemia receive annual transcranial Doppler 
(TCD) screening to assess stroke risk. Our objectives were to 
estimate the rate of TCD screening among privately insured 
children with sickle cell anemia, estimate out-of-pocket 
spending for TCD screening, and evaluate the association 
between TCD screening and enrollment in high-deductible 
health plans (HDHPs).

STUDY DESIGN: Cross-sectional.

METHODS: Using the 2009-2017 IBM MarketScan 
Commercial Database, we identified children aged 2 to 
15 years who met a validated claims-based definition of 
sickle cell anemia. We calculated the proportion of children 
receiving annual TCD screening and out-of-pocket spending 
per TCD screen. Using logistic regression with generalized 
estimating equations, we modeled the receipt of annual TCD 
screening as a function of HDHP enrollment, controlling for 
demographics and year.

RESULTS: The 2519 children in the analysis accounted for 
7197 person-years of enrollment; 14% of person-years were 
from HDHP enrollees. During 2009-2017, the proportion 
of children receiving TCD screening ranged from 40% to 
44%. Median out-of-pocket spending for TCD screening was 
$20 overall and $65 among HDHP enrollees. Out-of-pocket 
spending exceeded $100 for 27% of all screens and 42% of 
screens among HDHP enrollees. HDHP enrollment was not 
associated with TCD screening (adjusted odds ratio, 0.99; 
95% CI, 0.85-1.15).

CONCLUSIONS: Among privately insured children with 
sickle cell anemia, fewer than half received annual TCD 
screening. Out-of-pocket spending exceeded $100 for 27% of 
TCD screens. Although HDHP enrollment was not associated 
with TCD screening, additional studies are needed to assess 
whether cost sharing might deter this screening.
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The objectives of this study were as follows: (1) to estimate 

the rate of TCD screening among privately insured children with 

sickle cell anemia and (2) to estimate out-of-pocket spending for 

TCD screening.

METHODS
Data Source

This serial cross-sectional study utilized data from the 2009-2017 

IBM MarketScan Commercial Database. This database includes 

claims data for nonelderly individuals with private employer-

sponsored coverage across the United States. Data were derived 

from more than 120 employers, most of which are large firms, 

and more than 40 health plans. In 2019, MarketScan contained 

approximately 27 million beneficiaries, representing approximately 

1 in 6 of those with employer-sponsored insurance in the United 

States.34 Owing to this broad coverage, MarketScan is one of the 

most commonly used commercial claims databases in health 

services and policy research.

The database captures a broad spectrum of care, including inpatient, 

outpatient, and pharmacy services. Key data elements on inpatient 

and outpatient claims include Current Procedural Terminology (CPT) 

codes and International Classification of Diseases, Ninth Revision, 

Clinical Modification (ICD-9-CM) and International Classification of 

Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) diagnosis 

codes. Because data are derived from a limited data set, the study 

was not regulated as human subjects research by the Institutional 

Review Board of the University of Michigan; informed consent 

was not required.

Study Population

The study population was children with sickle cell anemia aged 

2 to 15 years. Although National Heart, Lung, and Blood Institute 

guidelines recommend TCD screening from 2 years “until at least 

age 16 years,” clinicians might feasibly interpret this text as either 

including or not including 16-year-olds.10,11 Consequently, we cut 

off the sample at age 15 years. Children were identified as having 

sickle cell anemia based upon validated administrative claims-based 

definitions. These administrative claims-based definitions result 

from 2 separate validations. In Reeves et al,35 newborn screening 

records were used to test the accuracy of an 

ICD-9-CM–based algorithm for identifying 

children with sickle cell disease. Subsequently, 

the methods in that study were repeated to test 

the accuracy of an ICD-9-CM–based algorithm 

for identifying children with sickle cell anemia 

specifically. This study occurred during the 

process of National Quality Forum (NQF) 

endorsement of measures of preventive care 

for children with sickle cell anemia. The results 

of this additional validation are available on 

the NQF website. The case definition was 91.4% 

sensitive and 80% specific in identifying children with sickle cell 

anemia (positive predictive value, 80.4%; negative predictive value, 

91.3%). Second, in Reeves et al,36 newborn screening records were 

used to test the accuracy of an ICD-10-CM–based algorithm for 

identifying children with sickle cell anemia. The case definition 

had a sensitivity of 94% and a specificity of 92%.35,37-39 Given the 

results of these 2 validation studies, from 2009 through 2014, 

cases had an ICD-9-CM diagnosis code for sickle cell anemia 

(282.61, 282.62) on 3 or more claims during a calendar year. For 

2016 through 2017, cases had an ICD-10-CM diagnosis code for 

sickle cell anemia (D57.00, D57.01, D57.02) or sickle cell disease 

without crisis (D57.1) on 1 or more outpatient claims during a 

calendar year. For 2015, cases were identified if they met either 

the ICD-9-CM case definition based on claims from January to 

September 2015 or the ICD-10-CM case definition based on claims 

from October to December 2015. Both case definitions were used 

owing to the transition to ICD-10-CM in the United States on 

October 1, 2015. Outpatient visits, emergency department visits, 

and hospitalizations were identified using validated procedure 

codes and revenue codes used in national quality measures. As 

sickle cell anemia is an inherited, lifelong disorder, a case status 

was assigned to a child in all eligible measurement years once the 

case criteria were met in any year.

To be eligible for sample inclusion, children had to be enrolled 

for at least 1 calendar year in the same plan and meet criteria for 

having sickle cell anemia in any year during the study period. 

Children could contribute multiple person-years of data, including 

from nonconsecutive years; only person-years in which children 

were continuously enrolled were included. Person-years were 

excluded if there were any claims with coordination of benefit 

payments during the year; if enrollees were in capitated plans, 

which provide encounter records that may not reliably report 

spending; or if out-of-pocket spending for any TCD screen 

was negative. 

TCD Screening

Receipt of TCD screening was identified using CPT codes 93886, 

93888, 93890, 93892, and 93893.15 Any child with at least 1 claim 

for a TCD screen within a calendar year was considered to have 

received TCD screening.11

TAKEAWAY POINTS

 › We aimed to determine how often privately insured children with sickle cell anemia receive 
annual transcranial Doppler (TCD) screening, and how much families pay out of pocket for 
this screening.

 › In this cross-sectional analysis of administrative claims, fewer than half of privately insured 
children with sickle cell anemia received TCD screening. Median out-of-pocket spending for 
screening was $20; out-of-pocket spending exceeded $100 for 27% of screens.

 › A substantial proportion of families of privately insured children with sickle cell anemia pay 
more than $100 for TCD screening. Research is needed to determine whether there are 
cost-related barriers to accessing this high-value service.
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Out-of-Pocket Spending for TCD Screening
Out-of-pocket spending per TCD screen was defined as the sum of 

any deductible, coinsurance, or co-payments on claims containing 

a TCD procedure code. When multiple claims containing a TCD 

procedure code occurred on the same day (eg, separate professional 

and facility claims for a single procedure), out-of-pocket spending 

was summed across these claims. Out-of-pocket spending was 

inflated to 2017 US$ using the Consumer Price Index medical 

care component.40,41

Covariates

Age, sex, calendar year, rural residence, and US Census region were 

obtained from enrollment records. Data on US Census region were 

missing for 3.0% of enrollees, whereas data on rural residence were 

missing for 2.5% of enrollees. Multilevel multiple imputation was 

performed given that person-years were clustered within enrollees.42 

To construct a 2-level model, a deidentified beneficiary identifier was 

used as the cluster indicator to create subject-specific random effects. 

Health service encounters were identified, including outpatient 

visits, emergency department visits, and inpatient hospitalizations. 

Statistical Analysis

To characterize the study population, summary statistics on 

demographics, enrollment characteristics, and health care utiliza-

tion were calculated. The proportion of children receiving TCD 

screening was calculated overall by study year (2009-2017) and 

by HDHP enrollment status. CIs were obtained by a procedure 

described in Clopper and Pearson43 for the binomial distribution. 

Out-of-pocket spending per TCD screen was calculated overall and 

according to whether patients were enrolled in high-deductible vs 

non–high-deductible plans. 

To explore the association between HDHP enrollment and receipt 

of TCD screening, a logistic regression model with generalized 

estimating equations and an exchangeable working correlation 

matrix structure was used to estimate the odds of receiving TCD 

screening as a function of HDHP enrollment, controlling for age, 

sex, indicators for study year, rural residence, and US Census region. 

Generalized estimation equations were used to account for the 

fact that children could contribute multiple person-years during 

the study period.44

Sensitivity Analysis

In a sensitivity analysis, a doubly robust augmented inverse 

probability weights estimation method was used as an alternative 

method to account for selection bias in the analysis assessing the 

association between HDHP enrollment and receipt of TCD screening. 

A propensity score model was developed using logistic regression and 

the same set of covariates as in the primary analysis. Observations 

were weighted using the propensity scores, after which the same 

logistic regression model used in the primary analysis was fitted.45 

Analyses were performed using SAS version 9.4 (SAS Institute) and 

R version 3.5.1 (R Foundation for Statistical Computing).

RESULTS
Study Population

A total of 3227 children with sickle cell anemia aged 2 through 

15 years were eligible to be included in the sample. These children 

contributed a total of 9591 person-years. Of these person-years, 

593 were excluded owing to coordination of benefit payments, 

1797 owing to coverage by capitated plans, and 4 owing to nega-

tive out-of-pocket spending for TCD screens. The remaining 7197 

person-years were contributed by 2519 children; 708 (21.9%) of 

the 3227 eligible children were excluded from the sample entirely 

because they only contributed person-years in which exclusion 

criteria were not met.

Of the 2519 children in the final sample, 50.4% were male. The 

number of children enrolled each year varied from 699 (2017) to 

908 (2011). The Table displays demographic characteristics at the 

person-year level. Across the study period, the mean (SD) annual 

number of outpatient visits per person-year was 7.1 (5.7), the mean 

(SD) annual number of emergency department visits per person-

year was 1.1 (1.9), and the mean (SD) annual number of inpatient 

hospitalizations per person-year was 0.8 (1.3).

TCD Screening Rates

TCD screening rates ranged from 40.0% (2017) to 44.3% (2010) 

overall. Children enrolled in an HDHP had TCD screening rates 

TABLE. Demographic Characteristics of Children With Sickle Cell 
Anemia Aged 2-15 Years Continuously Enrolled in Private Insurance  
for at Least 1 Year, 2009-2017 (N = 2519 children; 7197 person-years)

Characteristics  Category n (%)

Sex
Male 3626 (50.4%)

Female 3571 (49.6%)

Birth cohort

1994-1996 349 (4.9%)

1997-1999 982 (13.6%)

2000-2002 1526 (21.2%)

2003-2005 1883 (26.2%)

2006-2008 1470 (20.4%)

2009-2011 727 (10.1%)

2012-2014 260 (3.6%)

Urban/rural 

Urban 6299 (87.5%)

Rural 516 (7.2%)

Unknown 382 (5.3%)

US Census region

Northeast 1179 (16.4%)

Midwest 1206 (16.7%)

South 4288 (59.6%)

West 307 (4.3%)

Unknown 217 (3.0%)

Plan type

Preferred provider organization 5075 (70.5%)

Point of service 838 (11.6%)

High-deductible health plan 992 (13.8%)

Other 292 (4.1%)
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ranging from 35.9% to 50.0%. Those who were not enrolled in an 

HDHP had screening rates ranging from 39.7% to 45.2% (Figure 144).

Out-of-Pocket Spending for TCD Screens

Across the study period, out-of-pocket spending for TCD screens 

ranged from $0 to $1808 (median [IQR], $20 [$0-$111]). This quantity 

was right-skewed, exceeding $100 for 27% of screens (Figure 2). 

Aggregate out-of-pocket spending for TCD screens across the sample 

constituted 16.6% of aggregate total spending for these screens (ie, 

the sum of out-of-pocket spending and insurer reimbursement).

Out-of-pocket spending for TCD screens was higher for HDHP 

enrollees (median [IQR], $65 [$0-$252]) compared with non-HDHP 

enrollees (median [IQR], $18 [$0-$98]). Among TCD screens for 

HDHP enrollees and non-HDHP enrollees, out-of-pocket spending 

exceeded $100 for 42% and 25%, respectively.

Association Between HDHP Enrollment 
and TCD Screening

In adjusted analyses, enrollment in an HDHP was not associated 

with receiving TCD screening (adjusted odds ratio, 0.99; 95% CI, 

0.85-1.15). A doubly robust, augmented inverse probability weights 

estimation method produced similar results (average treatment 

effect of HDHP enrollment on receipt of TCD screening, –0.01 

percentage points; 95% CI, –0.05 to 0.03).  

DISCUSSION
We found that fewer than half of privately insured US children with 

sickle cell anemia received recommended annual TCD screening 

and that the rate of annual TCD screening changed little over time. 

Although most families were subjected to modest cost sharing for 

TCD screening, some experienced out-of-pocket spending exceeding 

$100 for TCD screens.

This study provides the most recent national data on TCD 

screening rates among privately insured children. The low rates of 

TCD screening in our study are consistent with findings from older 

analyses of Medicaid claims and with an analysis of TCD screening 

rates among privately and publicly insured children at 28 clinical 

centers from 2012 through 2016.15,46 However, our results stand in 

contrast to those of a single-center study in which privately insured 

children with sickle cell anemia were more likely to adhere to TCD 

screens that were ordered.46

Pediatric stroke is a devastating morbidity associated with sickle 

cell anemia. More than half of children experience neurological 

deficits at discharge after a stroke. For the majority of children, 

these deficits continue to persist for at least 1 year post stroke.4,5 

Further, health-related quality of life is significantly lower among 

children who have had a stroke compared with their healthier 

counterparts.5 Rates of recurrence are high, with 25% of children 

having a recurrent stroke within 2 years of initial stroke.6 TCD 

screening can accurately identify children at highest risk of stroke. 

Our study indicates that quality improvement efforts to increase 

FIGURE 1. Annual Transcranial Doppler Screening Rates 
Among Privately Insured Children Aged 2-15 Years With Sickle 
Cell Anemia, 2009-2017, Stratified by Type of Health Plan 
(HDHP vs non-HDHP)44,a

FIGURE 2. Distribution of Inflation-Adjusted OOP Spending  
on Transcranial Doppler Screening (N = 2519 children;  
7197 person-years)a

HDHP, high-deductible health plan.
aShaded areas represent 95% CIs obtained by a procedure described by Clopper 
and Pearson44 for the binomial distribution.

OOP, out-of-pocket.
aThe shaded blue area represents the kernel density distribution of annual OOP 
spending per transcranial Doppler screening. p25, p50, and p75 correspond to 
the 25th, 50th, and 75th percentiles, respectively, of annual OOP spending per 
transcranial Doppler screening. Annual OOP spending was inflated to 2017 US$ 
using the Consumer Price Index medical care component.
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TCD screening initiated and implemented at the health plan level 

should include children with private insurance.

Health plans are uniquely positioned to implement quality 

improvement initiatives to promote TCD screening because they 

can track enrollees’ health services across time and across hospital 

systems.47 For example, children with sickle cell anemia may 

receive outpatient and emergency department care at separate 

institutions.48 Although this fragmented care may not be available 

for review at either institution, the health plan would be able to link 

these encounters together for a child. Further, health plans have 

opportunities to manage and coordinate all preventive services for 

sickle cell anemia. This allows health plans to leverage their data to 

identify children with sickle cell anemia, assess gaps in quality of 

care for preventive services such as TCD screening, and implement 

solutions to close these gaps. Preventing strokes in children with 

sickle cell anemia will also eliminate the high costs associated with 

pediatric stroke for the health plans, both in the year following 

the stroke as well as across the patients’ life span.3 Finally, health 

plans are increasingly addressing social determinants of health to 

assist patients and families, such as providing transportation to 

TCD screening appointments.49 Such interventions could increase 

TCD screening rates. As many health plans have both public and 

private insurance enrollees, solutions to improve TCD screening 

may be applied to children across payer types. Some strategies to 

reduce barriers to TCD screening, such as colocating screening 

within sickle cell outpatient clinics, could improve rates for both 

publicly and privately insured children.50

Multiple interventions may be needed to improve screening rates 

for privately insured children with sickle cell anemia. For example, 

a substantial proportion of children with sickle cell anemia lack 

access to hematologists, who may be more likely to order TCD 

screening than primary care pediatricians. However, it is unknown 

the degree to which deficits in TCD screening are driven by the lack 

of an opportunity to order this screen (eg, owing to lack of access), 

the lack of an order by clinicians conditional upon having such an 

opportunity, and the lack of completion of TCD screening by patients 

for whom this screening is ordered. Closing this knowledge gap is 

critical to inform the design of quality improvement interventions to 

increase TCD screening. Additionally, the families of many children 

with sickle cell anemia experience transportation and time costs 

when receiving TCD screening.51-53 These considerations suggest 

that an approach addressing barriers at multiple levels is needed 

to increase rates of TCD screening.

Our results indicate that approximately 60% of TCD screens 

received by privately insured children with sickle cell anemia had 

some level of cost sharing. Overall, 27% of TCD screens had cost 

sharing exceeding $100. For those enrolled in HDHPs, this propor-

tion was even higher at 42%.

The fact that cost sharing for TCD screening can sometimes be 

substantial raises the concern that cost sharing might deter use of this 

high-value service. In our study, we do not find evidence to support 

this hypothesis, as enrollment in an HDHP was not associated with 

lower rates of TCD screening. An important caveat, however, is that 

our study was cross-sectional in nature. Consequently, we could 

not account for unobserved differences between HDHP enrollees 

and non-HDHP enrollees that might affect the probability of TCD 

screening (eg, household income, disease severity, access to care). 

Future studies may be able to more rigorously assess the associa-

tion between cost sharing and TCD screening by exploiting natural 

experiments, such as instances in which employers force patients 

to switch from non-HDHP to HDHP plans.54,55

Limitations

This study has limitations. First, the database only included 

out-of-pocket spending among enrollees who completed TCD 

screening. Some families facing high potential cost sharing may 

have decided against TCD screening. However, this possibility 

could not be assessed because the database lacked information 

on benefit design or whether patients had met deductibles or 

annual out-of-pocket maximums at the time that TCD screening 

was being considered. 

Second, the database is not nationally representative of all 

privately insured plans. Third, our study population, children with 

sickle cell anemia, was identified using administrative claims as 

opposed to the gold standard of newborn screening. Additionally, 

there may be differences in the rates of misclassification of patients 

with sickle cell anemia depending on whether the ICD-9-CM or 

ICD-10-CM version of the algorithm was used. However, we note 

that rates of TCD screening were similarly low both before and after 

the transition to ICD-10-CM in October 2015. 

Finally, use of administrative claims to identify the study popula-

tion excludes children who did not receive sickle cell–related care 

within a year. It is important to tailor interventions to include 

this population when considering opportunities to improve TCD 

screening rates.

CONCLUSIONS
Privately insured children with sickle cell anemia have low rates 

of annual TCD screening. Cost sharing for this screening can be 

substantial for some patients. Although enrollment in an HDHP 

was not associated with TCD screening in this study, future research 

using alternative methods are needed to determine the precise 

relationship between cost sharing and TCD screening. n
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