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Abstract

OBJECTIVES—Health consequences of shaken baby syndrome, or pediatric abusive head
trauma (AHT), can be severe and long-lasting. We aimed to estimate the multiyear medical cost
attributable to AHT.

METHODS—Using Truven Health MarketScan data, 2003-2011, we identified children 0 to 4
years old with commercial or Medicaid insurance and AHT diagnoses. We used exact case—
control matching based on demographic and insurance characteristics such as age and health plan
type to compare medical care between patients with and without AHT diagnoses. Using regression
models, we assessed service use (ie, average annual number of inpatient visits per patient) and
inpatient, outpatient (including emergency department), drug, and total medical costs attributable
to an AHT diagnosis during the 4-year period after AHT diagnosis.

RESULTS—We assessed 1209 patients with AHT and 5895 matched controls. Approximately
48% of patients with AHT received inpatient care within 2 days of initial diagnosis, and 25% were
treated in emergency departments. AHT diagnosis was associated with significantly greater
medical service use and higher inpatient, outpatient, drug, and total costs for multiple years after
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the diagnosis. The estimated total medical cost attributable to AHT in the 4 years after diagnosis
was $47 952 (95% confidence interval [CI], $40 219-$55 685) per patient with AHT (2012 US
dollars) and differed for commercially insured ($38 231 [95% ClI, $29 898-$46 564]) and
Medicaid ($56 691 [95% ClI, $44290-$69 092]) patients.

CONCLUSIONS—Children continue to have substantial excess medical costs for years after
AHT. These estimates exclude related nonmedical costs such as special education and disability
that also are attributable to AHT.

Keywords

child abuse; shaken baby syndrome; economic analysis

The health consequences of shaken-baby syndrome, or pediatric abusive head trauma
(AHT), can be severe and long-lasting. Survivors of AHT, which refers to conditions
resulting from assaults on infants and young children that include violent shaking and blunt
impact, can experience physical, neurologic, and behavioral impairments; an estimated two-
thirds have significant disability.1> From 2003-2007, an estimated 780 (0.76 per 100 000
person-years) US children age 0 to 4 years old died of AHT, and there were 1759 (8.6 per
100 000 population) nonfatal AHT hospitalizations annually.>8 These national estimates
were derived by using a new administrative code—based definition of AHT from the Centers
for Disease Control and Prevention.” Even these figures probably underestimate the extent
of AHT. In a detailed single-institution study, 30% of patients with AHT were at first
inaccurately diagnosed, and 28% of them were subsequently reinjured.8

A recent systematic review assessed available estimates of the medical cost of child
maltreatment.® Authors examined 12 studies, including 2 that estimated medical costs for
pediatric head trauma and brain injury due to abuse,®10 and reported notable limitations.
Previous studies assessed medical costs based on charges that medical providers submitted
to payers, although payments received by providers are a more relevant measure of medical
costs. Previous studies did not use recommended statistical techniques to estimate the
medical cost attributable to specific health conditions. All studies identified maltreated
children primarily through inpatient treatment, and most assessed the cost of a single
inpatient admission. Such an approach does not account for victims not treated as inpatients,
nor the longer-term associated medical costs.

The comprehensive medical cost of AHT should be quantified, both to estimate a
component of the financial impact of AHT and to facilitate comparisons of AHT medical
costs with costs for interventions that might reduce AHT occurrence.1112 This study aimed
to estimate medical costs specific to AHT and to address limitations of previous related
medical cost studies. In this study, we estimated the multiyear medical cost attributable to
AHT.
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Data and Costs

To isolate the medical cost of AHT from other, unrelated medical costs among patients
diagnosed with AHT, we compared a sample of patients with AHT diagnoses with a
simulated control cohort of patients without AHT diagnoses who resembled patients with
AHT in observable ways. The medical cost attributable to AHT is the cost difference
between a child experiencing AHT and a child not experiencing AHT, and not, for example,
the cost difference between AHT and nonabusive head trauma. A statistical model that
compares the difference in medical cost between children with AHT and those without
yields a direct estimate of the cost that could be saved by preventing AHT.

We identified patients with AHT and matched control patients in the Truven Health
MarketScan database, 2003-2011.13 MarketScan reports paid insurance claims and
encounters from a selection of large employers, health plans, and government and public
organizations.13 MarketScan reports payments to providers for patients’ medical care;
charges submitted by providers are not reported. The database is not a population-based
surveillance system, and the duration of patient records in MarketScan varies based on
patients’ insurance coverage. Mortality was not examined in this analysis because
MarketScan does not systematically capture mortality data. All costs reported here represent
payments to medical providers adjusted to 2012 US dollars, based on the gross domestic
product deflator.14.15

Outcome Measures

The primary outcome measures were per-patient average number of medical services by
type (ie, numberof inpatient admissions, outpatient visits including emergency department
[ED], and drug prescriptions) and per-patient average cost of services by type attributable to
AHT at selected endpoints after initial abuse diagnosis. Secondary outcome measures
included descriptive characteristics among patients with AHT, such as age at first AHT
diagnosis, gender and racial or ethnic distributions, and location of medical services (ie,
inpatient or outpatient) where patients were treated immediately after their initial abuse
diagnosis. We also estimated 2 episodic costs: the per-patient average costs of an inpatient
admission and the ED visit during which AHT was initially diagnosed.

Patient Samples

We scanned all inpatient and outpatient MarketScan records for patients with commercial or
Medicaid insurance to identify payment records with definite or probable AHT diagnoses
among children 0 to 4 years old. AHT was defined by a combination of International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes and
External Cause of Injury codes, based on a recent Centers for Disease Control and
Prevention definition (Table 1).” Because we were interested in multiyear costs, we limited
our analysis to patients with AHT who had =6 months of insurance claim data after their
initial AHT diagnosis.
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We identified approximately 5 control patients without AHT diagnoses for each patient with
AHT based on selected characteristics. Among commercially insured patients, we exactly
matched control patients to patients with AHT based on age, gender, residential location (ie,
metropolitan statistical area), and health plan type (eg, health management organization,
plus an indicator for mental health and substance abuse treatment coverage). Among
Medicaid patients, we exactly matched control patients to patients with AHT based on year
of birth, gender, race or ethnicity, health plan type (in the same manner as commercially
insured patients, plus indicators for drug coverage and Medicare dual eligibility), and basis
for Medicaid eligibility (ie, foster care). For matching purposes, we defined patients’
residential location, health plan type, and Medicaid eligibility as the first such entry for each
patient. Age and residential location were not reported for Medicaid patients, and race or
ethnicity was not reported for commercially insured patients. Selected control patients had
insurance coverage during exactly the same period as patients with AHT, although control
patients could have start and end dates for coverage up to 2 years before and after AHT
patients’ coverage to improve the rate at which we were able to exactly match patients with
AHT to those without AHT based on selected sociodemographic criteria. To improve the
likelihood that we captured all medical costs for patients in our sample, we examined
MarketScan enrollment data files to exclude all patients with >10% missing insurance
coverage days between the patient’s first and last dates of insurance coverage. We also
excluded all patients enrolled in capitated payment plans; payments to providers under such
plans are probably not a valid reflection of medical costs.

Data analysis was conducted primarily withSAS9.2 (SAS Institute, Inc, Cary, NC),
including exact matching with a greedy algorithm to select control patients with a 5:1 ratio
with patients with AHT.16:17 Stata 13 (Stata Corp, College Station, TX) was used for
regression modeling. We first reported descriptive statistics for patients with AHT and
control patients, separately for commercially insured and Medicaid patients, including
statistical tests (paired t tests) for group differences of key characteristics to confirm the
validity of the case—control matching. We also reported the locations (ie, inpatient hospital)
where patients with AHT received separately billed medical care on the day of and day after
their initial AHT diagnosis (referred to hereafter as within 2 days of initial AHT diagnosis).
For example, a patient might have received an initial AHT diagnosis in a nonhospital
setting, such as a doctor’s office or ambulance, followed by hospital-based care later that
day. We included the day after AHT diagnosis because admission and visit times were not
reported; therefore, an early-morning inpatient admission after a late-night ED visit would
not be captured if we assessed care only on the day AHT was diagnosed. We also reported
the average costs of an inpatient admission and of an ED visit during which AHT was
initially diagnosed among patients with AHT treated in those settings.

Using each patient’s initial AHT diagnosis date as the index date (Day 0), we calculated
each AHT and control patient’s subsequent number of and cost for inpatient admissions,
outpatient visits, and drug prescriptions between the index date and selected endpoints: 0 to
6 months, 6 months to 1 year, 1 to 2 years, 3 to 4 years, and the cost for the entire period, 0
to 4 years. With increasing time since AHT diagnosis, the number of patients for analysis
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declined. We lacked information to analyze the reasons for this sample attrition, although it
is reasonable to assume that changes to patients’ or their families’ health insurance, related
employment changes, and patient mortality were contributing factors. Beyond 4 years after
AHT diagnosis, the number of patients with AHT was too small (n < 50 commercially
insured patients) for analysis. MarketScan data include multiple billing transaction records
per visit or admission, per patient; for example, each billable service during an outpatient
visit could appear as a separate record. We combined inpatient payment records for
admissions beginning on the same date for the same patient and attributed the sum of those
payments to a single admission. We combined outpatient payment records for visits to the
same type of provider (ie, general practitioner), on the same date, for the same patient. We
combined prescription drug payment records for the same drug (based on National Drug
Codes!8) on the same date for the same patient.

We used multivariable regression models to estimate the number of medical services and
costs attributable to AHT diagnosis by service type and time since AHT diagnosis.

Estimates of attributable medical services were based on negative binomial count models
with robust standard errors. Estimates of attributable medical costs were based on
generalized linear models (GLMs) with gamma, inverse Gaussian, or Poisson variance based
on data distribution, the log link function, and robust standard errors.19 We used primarily 2-
part GLMs, except where <5% of patients had zero costs in a particular service category. All
models included as independent variables indicators of patients’ AHT diagnosis status and
the amount of time each patient’s medical service use and costs were observed for this
analysis (ie, the number of days between AHT diagnosis and either 4 years after AHT
diagnosis or the end of the patient’s insurance record in MarketScan, whichever was earlier).
Each reported estimate of service use or cost attributable to AHT diagnosis represents the
average marginal effect of an AHT diagnosis in the regression models, with all other
variables at their observed values. We examined separate models for commercially insured
and Medicaid patients as well as models that included all patients plus a Medicaid indicator
variable.

Patient Characteristics

We assessed medical service use and costs for 1209 patients with AHT and 5895 control
patients (Fig 1). No significant group differences existed between AHT and control patients
in terms of gender, race or ethnicity (Medicaid only), health plan type, or basis of Medicaid
eligibility (Medicaid only; Table 1). Among patients with AHT with commercial insurance
(n =668) and Medicaid (n = 541), approximately the same proportions (69% and 67%,
respectively) were <2 years old at the time their first AHT diagnosis was recorded (Table 2).
Approximately 60% of patients with AHT were male (Table 2). A majority (66%) of
Medicaid patients with AHT were White (Table 2). Within 2 days of initial AHT diagnosis,
48% of all patients with AHT received inpatient hospital care, 34% received outpatient
hospital care, and 25% received ED care (data shown separately for patients with
commercial and Medicaid insurance in Table 2). These measures were not mutually
exclusive (ie, a patient could have been separately billed as both an outpatient and an
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inpatient), and in total 83% (n = 1006/1209) of patients with AHT were treated in an
inpatient, outpatient, or ED setting within 2 days of initial diagnosis (data not shown).
Among patients not treated in any hospital setting (n = 203/1209), >76% (n = 155) had the
ICD-9-CM diagnosis code 995.55, indicating “shaken-baby syndrome” (data not shown).

Estimated Episodic Costs of an Initial AHT ED Visit and Inpatient Admission

Among patients with AHT treated in an ED within 2 days of initial AHT diagnosis (n =
310), the average cost of that ED visit was $685 (95% confidence interval [CI], $567-$802)
(or $299 [95% CI, $192-$405] for n = 105 Medicaid patients and $882 [95% CI, $718-
$1045] for n = 205 commercially insured patients) (data not shown). Among patients with
AHT treated as inpatients within 2 days of initial AHT diagnosis (n = 546), the average cost
of that hospitalization was $29 791 (95% Cl, $25 612-$33 971) (or $22 279 [95% CI, $17
933-%26 626] for n = 256 Medicaid patients and $36 423 [95% ClI, $29 618-$43 227] for n
=290 commercially insured patients) (data not shown). A small number of patients with
AHT with a record indicating inpatient services within 2 days of initial diagnosis lacked
procedure and payment records for inpatient admissions (n = 17 Medicaid patients and n =
34 commercially insured patients) and were not included in these estimates.

Estimated Medical Services and Costs Attributable to AHT

AHT was significantly associated with excess medical services and costs for multiple years
after initial AHT diagnosis among commercially insured and Medicaid patients (Table 3). In
the 6 months after AHT diagnosis, AHT was significantly associated with 0.6 (95% Cl, 0.6—
0.7) more inpatient admissions, 14.7 (95% CI, 13.4-16.0) more outpatient visits, and 2.7
(95% ClI, 2.2-3.1) more drug prescriptions per patient, with patients’ insurance type (ie,
commercial or Medicaid) controlled for (Table 3, last column). AHT diagnosis among
Medicaid patients was significantly associated with excess inpatient admissions, outpatient
visits, and prescriptions throughout the 4 years after the abuse diagnosis, with the exception
of inpatient admissions from 2 to 3 years after AHT diagnosis (Table 3). AHT diagnosis
among commercially insured patients was significantly associated with excess outpatient
visits throughout the 4 years after initial diagnosis and inpatient admissions and drug
prescriptions up to 2 years after initial diagnosis (Table 3).

AHT was associated with an estimated excess medical cost of $47 952 (95% CI, $40 219-
$55 685) per patient during the 4 years after that diagnosis (Table 3). Much of that excess
cost was for inpatient care in the 6 months after AHT diagnosis. However, among
commercially insured and Medicaid patients, AHT diagnosis continued to be associated with
hundreds or thousands of dollars of excess inpatient, outpatient, and drug costs per patient
for multiple years after AHT diagnosis (Table 3).

DISCUSSION

Results suggest patients with AHT had significantly greater medical service use and
substantially higher inpatient, outpatient, and drug costs for multiple years after their abuse
diagnosis, amounting to tens of thousands of dollars in avoidable medical care per child with
AHT.
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This study was limited in several ways. We may have failed to identify children affected by
AHT because of physician underreporting or misdiagnosis.” We relied on a code-based
definition of AHT that uses External Cause of Injury codes, which are known to be
incompletely recorded.” We attempted to select control patients who resembled patients with
AHT in relevant ways; however, based on available data we were not able to match patients
based on socioeconomic details, family configurations, or parental characteristics, and we
were limited in our ability to match precisely based on patients’ age and residential location
among Medicaid patients and race or ethnicity among commercially insured patients.
Research has indicated that gender, age, race or ethnicity, having a young mother, and low
socioeconomic status are among the risk factors for AHT.29 We did not match patients
based on non-AHT health conditions, including comorbidities; for any factor not included in
the matching algorithm we implicitly assumed an even distribution of that factor among
AHT and non-AHT patients, which is a limitation. Our objective was to determine how
much medical care for a child with AHT costs above and beyond medical care for a typical
child. Because some children, including some with AHT, have chronic conditions, a
randomly selected control group without AHT appropriately includes some children with
chronic conditions and some without any.

Despite careful implementation of case—control matching, such techniques cannot account
for unobserved characteristics. Based on the large number of patients in the MarketScan
database, we were able to match 5 control patients to nearly all patients with AHT. Matching
>1 control patient per case patient is intended to improve the precision of comparative
estimates in observational studies, although evidence from propensity score matching
studies suggests that matching >1 control per case can increase bias.1” Although it would
have been ideal to compare pre—index date service use and costs for patients with AHT and
controls as an additional check of our case—control matching approach, such a comparison
was not realistic primarily because AHT diagnosis peaks at 2 months of age.>¢ Within such
a narrow time period, a meaningful comparison of medical services and costs between
patients with AHT and controls was not feasible.

We were not able to account for patient mortality during the observation period. Our sample
criteria would have excluded patients with AHT who died soon after AHT diagnosis because
we limited our sample to children who had insurance claim data for at least 6 months after
AHT diagnosis. An assessment of nationally representative hospital discharge data estimated
that 7% of inpatient admissions for AHT among patients 0 to 4 years old ended in death
during 2000-2009.20 The data used for this study did not permit investigation of AHT
victims’ relationships to perpetrators, which might have been associated with patients’
insurance coverage after AHT diagnosis. This study examined only the direct medical cost
of AHT and did not examine other, probably substantial long-term costs attributable to
AHT, such as developmental services, special education, and lifelong medical care and
support, such as assistive eating devices, that some AHT victims need. Our medical service
use and cost estimates were based on a sample of patients with AHT that diminished in size
as time passed since AHT diagnosis. Using regression models, we attempted to control for
this sample attrition. However, this data arrangement and modeling approach meant the
adjusted mean estimates of medical costs by service type and time since diagnosis did not
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sum precisely to the total estimated cost attributable to AHT in the 4 years after initial AHT
diagnosis.

A number of patients with AHT (n = 203/1209, or 17%) included in our sample were not
treated in hospitals during what might be interpreted as the diagnostic and acute treatment
period (ie, within 2 days of initial AHT diagnosis). A lack of hospital care might be
surprising to clinicians and other professionals involved with AHT victims. Based on
available data, we were not able to further examine the circumstances surrounding these
children. The patients in question had significantly lower total medical costs compared with
the other patients with AHT in our sample. Excluding such patients from the model of total
medical costs had a modest effect on overall estimates (an increase of 5% for the mean
estimate, from $47 952 to $50 291, still within the 95% CI of the original estimate).

Despite limitations, this analysis benefitted from a large sample of patients with AHT, many
followed up to 4 years after AHT diagnosis. We took steps to improve the likelihood that
this analysis captured all reimbursed medical services for patients in the sample. We used
matching techniques to create a control cohort for comparison; this approach facilitated an
estimate of medical costs directly attributable to AHT, as opposed to a description of
medical costs for all services received by patients diagnosed with AHT. We separately
estimated inpatient, outpatient, and prescription drug use and costs attributable to AHT at
several endpoints relative to AHT diagnosis. Through this analysis we have produced what
might reasonably be regarded as an estimate of the excess and preventable medical cost of
AHT. These estimates could be compared with the cost of AHT preventive programs to
assess such programs’ cost-effectiveness.

CONCLUSIONS

Based on a simulated case—control analysis of patients with AHT from a large health
insurance claim database over several years, our results suggest that the excess medical cost
of AHT is substantial and that excess costs continue for years after this type of physical
abuse is diagnosed. These results may confirm the assumptions of medical and social service
professionals who work with AHT victims, although our analysis appears to be the first to
quantify the multiyear medical cost of AHT. These estimates represent only the medical cost
of AHT and therefore represent a minimum identifiable cost attributable to AHT for affected
children, families, and society. Given the high average per-patient medical cost of AHT
estimated in this analysis, a range of evidence-based prevention efforts could conceivably be
deemed cost-effective. Cost estimates presented here could be weighted against future
estimates of the cost of AHT intervention programs. Additional information on AHT
prevention program costs and effectiveness is desirable.
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ABBREVIATIONS
AHT abusive head trauma
Cl 95% confidence interval
ED emergency department
GLM generalized linear model
ICD-9-CM International Classification of Diseases Ninth Revision Clinical
Modification
REFERENCES
1. Barlow KM, Thomson E, Johnson D, Minns RA. Late neurologic and cognitive sequelae of inflicted

10

11.

12.

13.

14.

traumatic brain injury in infancy. Pediatrics. 2005; 116(2) Available at: www.pediatrics.org/cgi/
content/full/116/2/e174.

. Halldorsson JG, Flekkoy KM, Arnkelsson GB, Tomasson K, Magnadottir HB, Arnarson EO. The

scope of early traumatic brain injury as a long-term health concern in two nationwide samples:
prevalence and prognostic factors. Brain Inj. 2012; 26(1):1-13. [PubMed: 22149441]

. Hymel KP, Makoroff KL, Laskey AL, Conaway MR, Blackman JA. Mechanisms, clinical

presentations, injuries, and outcomes from inflicted versus noninflicted head trauma during infancy:
results of a prospective, multicentered, comparative study. Pediatrics. 2007; 119(5):922-929.
[PubMed: 17473092]

. Chiesa A, Duhaime AC. Abusive head trauma. Pediatr Clin North Am. 2009; 56(2):317-331.

[PubMed: 19358918]

. Parks SE, Kegler SR, Annest JL, Mercy JA. Characteristics of fatal abusive head trauma among

children in the USA: 2003-2007: an application of the CDC operational case definition to national
vital statistics data. Inj Prev. 2012; 18(3):193-199. [PubMed: 22015935]

. Parks S, Sugerman D, Xu L, Coronado V. Characteristics of non-fatal abusive head trauma among

children in the USA, 2003-2008: application of the CDC operational case definition to national
hospital inpatient data. Inj Prev. 2012; 18(6):392-398. [PubMed: 22328632]

. Parks, SE.; Annest, JL.; Hill, HA.; Karch, DL. Pediatric Abusive Head Trauma: Recommended

Definitions for Public Health Surveillance and Research. Atlanta, GA: Centers for Disease Control
and Prevention; 2012.

.Jenny C, Hymel KP, Ritzen A, Reinert SE, Hay TC. Analysis of missed cases of abusive head

trauma. JAMA. 1999; 281(7):621-626. [PubMed: 10029123]

. Brown DS, Fang X, Florence CS. Medical costs attributable to child maltreatment a systematic

review of short- and long-term effects. American Journal of Preventive Medicine. 2011; 41(6):627—
635. [PubMed: 22099241]

. Dominguez TE, Chalom R, Costarino A. The severity and cost of child abuse in the pediatric
intensive care unit. J Intensive Care Med. 2001; 16(1):35-41.

Ettaro L, Berger RP, Songer T. Abusive head trauma in young children: characteristics and
medical charges in a hospitalized population. Child Abuse Negl. 2004; 28(10):1099-1111.
[PubMed: 15519438]

Barr RG, Rivara FP, Barr M, et al. Effectiveness of educational materials designed to change
knowledge and behaviors regarding crying and shaken-baby syndrome in mothers of newborns: a
randomized, controlled trial. Pediatrics. 2009; 123(3):972-980. [PubMed: 19255028]

Dias MS, Smith K, DeGuehery K, Mazur P, Li V, Shaffer ML. Preventing abusive head trauma
among infants and young children: a hospital-based, parent education program. Pediatrics. 2005;
115(4) Available at: www.pediatrics.org/cgi/content/full/115/4/e470.

Truven Health Analytics MarketScan databases. 2013 Available at: www.truvenhealth.com/
your_healthcare_focus/pharmaceutical_and_medical_device/
data_databases_and_online_tools.aspx.

Pediatrics. Author manuscript; available in PMC 2015 December 11.


http://www.pediatrics.org/cgi/content/full/116/2/e174
http://www.pediatrics.org/cgi/content/full/116/2/e174
http://www.pediatrics.org/cgi/content/full/115/4/e470
http://www.truvenhealth.com/your_healthcare_focus/pharmaceutical_and_medical_device/data_databases_and_online_tools.aspx
http://www.truvenhealth.com/your_healthcare_focus/pharmaceutical_and_medical_device/data_databases_and_online_tools.aspx
http://www.truvenhealth.com/your_healthcare_focus/pharmaceutical_and_medical_device/data_databases_and_online_tools.aspx

1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Peterson et al.

15.

16.

17.

18.

19.

20.

21.

Page 10

Agency for Healthcare Research and Quality. [Accessed August 12, 2013] Using appropriate price
indices for analyses of health care expenditures or income across multiple years. 2013. Available
at: http://meps.ahrg.gov/about_meps/Price_Index.shtml.

US Office of Management and Budget. [Accessed August 22, 2013] Gross domestic product and
deflators used in the historical tables: 1940-2018. 2013. Available at: www.whitehouse.gov/omb/
budget/Historicals/.

Locally written SAS macros. 2003 Available at: www.mayo.edu/research/departmentsdivisions/
department-health-sciences-research/division-biomedical-statistics-informatics/software/locally-
written-sas-macros.

Rassen JA, Shelat AA, Myers J, Glynn RJ, Rothman KJ, Schneeweiss S. One-to-many propensity
score matching in cohort studies. Pharmacoepidemiol Drug Saf. 2012; 21(Suppl 2):69-80.
[PubMed: 22552982]

US Food and Drug Administration. [Accessed December 9, 2013] National Drug Code Directory.
2013. Available at: www.accessdata.fda.gov/scripts/cder/ndc/default.cfm.

Manning WG, Basu A, Mullahy J. Generalized modeling approaches to risk adjustment of skewed
outcomes data. J Health Econ. 2005; 24(3):465-488. [PubMed: 15811539]

Niederkrotenthaler T, Xu L, Parks SE, Sugerman DE. Descriptive factors of abusive head trauma
in young children—United States, 2000-2009. Child Abuse Negl. 2013; 37(7):446-455. [PubMed:
23535075]

Pediatrics. Author manuscript; available in PMC 2015 December 11.


http://meps.ahrq.gov/about_meps/Price_Index.shtml
http://www.whitehouse.gov/omb/budget/Historicals/
http://www.whitehouse.gov/omb/budget/Historicals/
http://www.mayo.edu/research/departmentsdivisions/department-health-sciences-research/division-biomedical-statistics-informatics/software/locally-written-sas-macros
http://www.mayo.edu/research/departmentsdivisions/department-health-sciences-research/division-biomedical-statistics-informatics/software/locally-written-sas-macros
http://www.mayo.edu/research/departmentsdivisions/department-health-sciences-research/division-biomedical-statistics-informatics/software/locally-written-sas-macros
http://www.accessdata.fda.gov/scripts/cder/ndc/default.cfm

1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Peterson et al.

Page 11

WHAT’S KNOWN ON THIS SUBJECT

Children with shaken-baby syndrome, or abusive head trauma (AHT), have lasting health
and development problems. The long-term medical cost of AHT is unknown.

WHAT THIS STUDY ADDS

Patients with AHT had higher inpatient, outpatient, and drug costs compared with other
children for 4 years after their abuse diagnosis, amounting to tens of thousands of dollars
in excess and preventable medical care per patient with AHT.
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Commercial insurance

n=1111 (100%)

n=1110 (99%)

n=1100 (99%)

n=1021(92%)

n="712 (64%)

n =686 (62%)

n =668 (60%)
Total matched controls: n = 3211

Number of AHT/control patients for

>6 mo: 668/3211
>1y: 438/2635

>2 y: 193/1309
>3 y: 96/575
>4 y: 52/292

analysis by time since AHT diagnosis:

FIGURE 1.

Linked enrollment record

Noncapitated health insurance

Continuous coverage®

Coverage >6 months after initial AHT
diagnosis

Complete information for analysis (no
missing values)”

Successful match with >1 patients
without AHT diagnosis®
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Medicaid

n=23115 (100%)

n=3107 (99%)

n =898 (29%)

n =153 (24%)

n =566 (18%)

n =548 (18%)

n=>541 (17%)
Total matched controls: n = 2684

Number of AHT/control patients for
analysis by time since AHT diagnosis:

>6 mo: 541/2684
>1y: 430/2498
>2 y:273/1784
>3 y: 160/1101
>4 y: 132/719

Sample selection of patients 0—4 years old with pediatric AHT in MarketScan, 2003

2011. 2Continuous coverage defined as <10% missing enrollment days between the patient’s
first and last enrollment day in the database. PPatients with commercial insurance excluded
based only on missing residential location (n = 5) and health plan type (ie, preferred
provider organization) information (n = 21). Patients with Medicaid insurance excluded
based only on missing health plan type information (n = 18). °Exact match based on age
(commercial) or year of birth (Medicaid), gender, race (Medicaid only), residential location
(based on metropolitan statistical area, commercial only), health plan type (including mental
health and substance abuse coverage [both] and drug coverage [Medicaid only]), basis of
Medicaid eligibility (Medicaid only), and Medicare dual eligibility (Medicaid only).
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TABLE 1
Definition of AHT

Page 13

Clinical Diagnosis Code (ICD-9-CM)

External Cause-of-Injury or Abuse Code

Definite or presumptive 781.0-781.4, 781.8, 800, 801, 803, 804.1-804.4, 804.6—

abusive head trauma 804.9, 850, 851, 852.0-852.5, 853.0, 853.1, 854.0, 854.1,
925.1, 950.0-950.3, 959.01, 995.558

Probable abusive head All of those above (except 995.55)

trauma

E960.0, E967, E968.1, E968.2, E968.8, E968.9,
995.50,0 995.54, 995.59P

E987, E988.8, E988.9

Partially reproduced from Parks et al (2012).6

a . .
Does not require an external cause or abusive code.

bE><c|udes cases in the presence of a fall or unintentional injury code: E800-E807, E810-E838, E840-E848, E880-E888, and E890-E928.
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