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Maguire’s Model to Predict Abuse
Maguire and co-authors propose a model (logistic regression) to make 
diagnosis of SBS more objective. 

Authors’ suggestion: New child needs diagnosis? Doctor can use the model!                                                                   

Maguire, Sabine Ann, et al. Pediatrics 128.3 (2011): e550-e564.



Data Used by Maguire’s Model

Abuse Retinal hemorrhage Rib fracure Long bone fracture …

Yes Yes No No

No . Yes .

Yes Yes . .

• Obtained (proprietary) data from 6 physicians 
• Children under age 3 with intracranial injury 
• Sample size is 1,053 (348 were marked as abused) 
• Large portion of missing data in clinical features 
• Criteria: “Abuse confirmed in court or admitted by perpetrator or 

confirmed by multidisciplinary assessment or independently witnessed.”



Abuse Accident

Criteria used to define abuse:

Abuse confirmed by multi-agency 
child protection teams

Abuse confirmed by legal decision
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Physicians gathered to 
determine diagnostic codes

broad and narrow operational case definitions, with the former
emphasising greater sensitivity of case ascertainment and
recommended for general population-based surveillance and the
latter emphasising specificity and recommended for more
focused assessments (eg, individual-level case study).21 We
recently published the operational case definition for fatal AHT
applied to national vital statistics data22 which characterised the
incidence of fatal AHT in children under <5 years old. This
analysis applies the panel’s broad operational case definition for
non-fatal AHT to the Nationwide Inpatient Sample (NIS)
database from the Healthcare Cost and Utilisation Project
(HCUP) to characterise the incidence of non-fatal AHT in chil-
dren <5 years old and to characterise the epidemiological and
clinical characteristics of the subpopulations at highest risk.

METHODS
This study was based on a retrospective analysis of 6 years
(2003e8) of hospitalisation data using the HCUP-NIS database
which is compiled and maintained by the United States Agency
for Healthcare Research and Quality (AHRQ).23 The NIS is
a stratified probability sample of hospitals from the states that
submit data to HCUP, and is weighted to support national
estimates. It is the largest inpatient care database that is publicly
available in the USA, containing data on 5e8 million hospital
stays per year from about 1000 hospitals sampled to approxi-
mate a 20% stratified sample of US community hospitals. NIS
data represent hospital discharges and not individual persons, so
patients with multiple hospitalisations can be counted a number
of times.

For non-fatal AHT, the CDC panel’s broad operational case
definition is based on ICD-9-CM clinical diagnosis and cause-of-
injury codes.24 The recommended set of ICD-9-CM codes for the
broad case definition and the division of hospitalisations into
two categories of non-fatal AHTare shown in table 1. Column 2
is a list of ICD-9-CM codes that must be present in one of the 15
clinical diagnosis fields listed in each hospitalisation billing
record in NIS (see Appendix 1 in online supplement for
a description of clinical diagnosis codes). Column 3 includes
External cause-of-injury codes (E-codes) and abuse codes. For
each hospital billing record there must be either one of the listed
E-codes in one of the four external cause-of-injury fields or one of
the listed abuse codes in one of the 15 diagnosis fields (see
Appendix 2 in online supplement for a description of E-codes).

Patients aged 0e4 years with head trauma were classified into
one of three categories listed in table 1: definite or presumptive
AHT, probable AHTand non-AHT. Each patient was assigned to

a single category in the classification scheme if they had at
least one of the ICD-9-CM clinical diagnosis codes (column 2)
and one of the external cause-of-injury or abuse codes
(column 3) listed for that category. Patients with ICD-9-CM
clinical diagnoses code 995.55 (shaken infant syndrome) were
directly defined as definite or presumptive AHT without an
accompanying E-code or abuse clinical diagnosis code.
Several exclusions were applied to the data. Unless accom-

panied by the ICD-9-CM code 995.55 or other abuse clinical
diagnosis codes, hospitalisations with missing E-codes were
excluded. E-codes were missing for 9.9% of children aged
<5 years and 9.8% of children aged <2 years. Patients with
abuse clinical diagnosis codes 995.50 and 995.59 were also
excluded if they occurred with an unintentional fall-related
injury or other unintentional injury code including ICD-9-CM
E-codes E800eE807, E810eE838, E840eE848, E880eE888 and
E890eE928 (see Appendix 3 in online supplement for a descrip-
tion of excluded E-codes). Other excluded conditions and injury
mechanisms which can be mistaken for AHT (but were not
accompanied by indications of abuse) were birth trauma (967),
congenital anomalies (740.0e759.9), coagulation defects (286),
motor vehicle incidents (E810eE819) and unintentional gun-
related injuries (E922). Patients who died while in hospital were
also excluded from the study. An application of the CDC oper-
ational definition for fatal AHT to US vital statistics data has
been previously published.22

Population-based hospitalisation rates for patients with non-
fatal AHT were determined by year, age and sex. Rates, ORs,
p values and 95% CIs were calculated using SAS PROC
SURVEYFREQ to account for the sample weights and complex
sample design and to calculate the variances of the estimates.
The ORs estimate the odds of a case of a given variable category
(eg, male, summer) being classified as AHT as opposed to non-
AHT, relative to the reference category. All statistical analyses
were performed using SAS Systems for Windows V.9.2.

RESULTS
Using the CDC recommended definition for AHT, there were an
estimated 74 233 head trauma-related hospitalisations among
children aged <5 years in the USA during 2003e8. Of these,
10 555 hospitalisations met the broad CDC operational case
definition for AHT (average of 1759 per year; table 2). Owing to
missing E-codes, 8130 potential AHT hospitalisations were
unexplained. Among the AHT hospitalisations, 9595 (90.9%)
were definite or presumptive AHTand 960 (9.1%) were probable
AHT. Among all AHT hospitalisations (both definitive/

Table 1 CDC’s recommended operational case definition based on ICD-9-CMy diagnoses and external
cause-of-injury codes for defining non-fatal abusive head trauma in children aged <5 years

Clinical diagnosis code
External cause-of-injury
or abuse code

Definite or presumptive abusive
head trauma

781.0e781.4, 781.8, 800, 801, 803,
804.1e804.4, 804.6e804.9, 850, 851,
852.0e852.5, 853.0, 853.1, 854.0,
854.1, 925.1, 950.0e950.3, 959.01,
995.55z

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

Probable abusive head trauma All of those above (except 995.55) E987, E988.8, E988.9

Non-abusive head trauma 781.0e781.4, 781.8, 800, 801, 803,
804, 850, 851, 852, 853, 854.0,
854.1, 925.1, 950.0e950.3, 959.01

Excluding all those above

*Excludes cases in the presence of a fall or unintentional injury code: E800eE807, E810eE838, E840eE848, E880eE888 and
E890eE928.
yInternational Classification of Diseases, Ninth Revision, Clinical Modification.
zDoes not require an external cause or abusive code.

Original article
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Attempt to estimate prevalence of AHT
• The goal was to standardize the definition of AHT by asking 

a group of experts: 

• “The code-based case definitions for non-fatal AHT in 
children <5 years of age which were developed by a 
Centers for Disease Control and Prevention-convened 
expert panel has been successfully operationalised and 
applied to US death data. 

• < The proposed definition for non-fatal AHT can be a 
useful tool for standardising future public health 
surveillance activities related to head trauma in young 
children.” 

• But do all experts in the field agree about these codes?

Three papers: 

1. Parks, S., Sugerman, D., Xu, L., & Coronado, V. (2012). 
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. Injury Prevention, 18(6), 392-398. 

2. Parks, S. E., Kegler, S. R., Annest, J. L., & Mercy, J. A. 
(2012). 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. Injury prevention, 18(3), 193-199. 

3. Parks, S. E., Annest, J. L., Hill, H. A., & Karch, D. L. 
(2012). Pediatric abusive head trauma: recommended 
definitions for public health surveillance and research. 
CDC report.



Prevalence by age and calendar year

of the vault of the skull (40.7%) or fractures of the base of the
skull (14.6%). Most injuries in these two categories were closed
head injury without mention of intracranial injury (800.0,
801.0).

DISCUSSION
This is the first study to apply the CDC’s ICD-based operational
case definition for AHT morbidity to a national dataset. The
application of this consensus AHT definition to data from
NIS, a large nationally representative sample, demonstrates
a model procedure for using the definition to track and study
AHT, a relatively rare condition with serious and lifelong
consequences.

The CDC recommended that standard non-fatal AHT case
definition can help identify population subgroups at higher risk
for AHTrequiring hospitalisation by age, sex, race/ethnicity and
seasonality. Our findings indicate that rates of AHT hospital-
isations were highest in children aged 1e5 months and boys.

We observed a slight but statistically non-significant peak in
2005 and fluctuating rates from 2006 to 2008. Despite several
post hoc analyses exploring the peak hospitalisation rate for
both AHTand non-AHT in 2005, we were unable to identify any

factors that could have precipitated a rise and fall in incidence in
that period. Overlap in the CIs around the annual rates (not
shown) suggests the fluctuation may have been due to chance.
The overall non-fatal AHT-related hospitalisation rate among
children aged <2 years (18.7 per 100 000) was higher than
previous studies in which the incidence among this population
ranged from 14.0 to 17.0 per 100 000.5 25 Both previous studies
were conducted using state population data and slightly
different case inclusion/exclusion criteria (eg, case definitions
contained a less inclusive list of ICD-9-CM clinical diagnoses
and E-codes than the CDC AHT definition). Similar to that
found in the current study, the peak hospitalisation rate for
AHT in previous studies has occurred at 1e4 months.6 26

Consistent with several other studies, we found that both
AHT (60.0%) and non-AHT (57.6%) were more common among
boys, with a frequency of 58.4% in a study of AHT using
Pennsylvania child abuse registry data,8 57.2% in a North
Carolina review of hospital medical records,27 58% in a study of
California hospital inpatient data and 67.2% in an analyses of
North Carolina traumatic brain injury registry data.28

Our analyses did not reveal a notable peak in AHT during any
season. Findings regarding seasonality of AHT have been mixed.
One study found that children aged <2 years were less likely to
suffer AHT during April and more likely to be injured during
August and October.29 Others have shown a peak hospital-
isation rate for AHT during the Thanksgiving/Christmas
holiday months (OctobereDecember), especially among chil-
dren aged <3 years8 or during the summer months among
children aged 0e4 years.30 Two of these studies used state
trauma registry data8 29 and the third30 used data collected
prospectively in paediatric intensive care units in the UK. We
found a slightly higher hospitalisation rate for non-AHTamong
children aged <2 years during the summer months. In post hoc
analyses we found that the hospitalisation rate for autumn (fall)
and motor vehicle-related injuries peak during the summer
months were possibly due to higher rates of outdoor recreation
and vacation-related travel.
Because ICD-9-CM clinical diagnosis and E-codes are used

primarily for administrative/billing purposes, the validity and
reliability of the CDC operational AHT morbidity case defini-
tion needed to be studied. This study demonstrated a suggested
procedure for using the CDC operational case definition for
surveillance purposes. Future studies which assess and demon-
strate the validity and reliability of the definition will help to
advance the case for its utilisation.
This study was subject to several limitations. First, because

NIS data represent hospital discharges and not individual
persons, patients with multiple hospitalisations could be
counted a number of times. Second, the NIS underestimates the
total number of AHT discharges because it does not include
AHTs that are treated in federal hospitals and outpatient
settings or those that do not present for medical care. Third, for
those children aged <1 year, age in days is set to missing in
records for a number of hospitalisations (22.4%) so the number
of AHT hospitalisations by month of age for children aged
<1 year could also be underestimated.
A fourth potential limitation is that some AHT hospital-

isations may not be identifiable due to lack of sufficient infor-
mation to confirm child maltreatment. Furthermore, given the
similarity in the epidemiology of AHT and assault-related non-
AHT (traumatic head injuries that did not have a qualifying
AHT clinical diagnosis code but had an assault-related external
cause of injury or abuse code), it is possible that some hospi-
talisations in the latter category are misclassified due to incorrect

Figure 2 Estimated annual rates of non-fatal abusive head trauma
(AHT) and non-AHT hospitalisations by age based on the CDC expert
panel’s operational AHT definition, USA, 2003e8. Error bars represent
6SD for each rate.

Figure 3 Estimated rates of non-fatal abusive head trauma (AHT) and
non-AHT hospitalisations by year for children aged <2 years, USA,
2003e8. Error bars represent 6SD for each rate.
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presumptive and probable), 76.6% (n¼1348) occurred among
children <1 year of age compared with 39.3% (n¼4167 per year)
of non-AHT hospitalisations (table 2). Among children aged
<1 year, the majority of hospitalisations (66.3%) were at 1e5
months of age with a peak rate of AHTat 2 months of age (182
hospitalisations per year). In contrast, non-AHTamong children
aged <1 year peaked at 0 months of age (416 hospitalisations per
year), predominantly due to falls (81.2%), and progressively
declined with age (figure 1).
Because both our study and previous research show that most

hospitalisations for non-fatal AHToccur in children <2 years of
age (table 2 and figure 2), additional analyses were restricted to
that population. Among children <2 years of age, the hospital-
isation rate for both AHTand non-AHT peaked in 2005 (22.0 per
100 000 (95% CI 14.2 to 29.8) and 85.9 per 100 000 (95% CI 59.3
to 112.5), respectively; figure 3). Following that peak the annual
rate of head trauma among children <2 years of age declined
slightly, although the decline appeared to have been more rapid
for the non-AHT population (85.9e61.2 per 100 000 (95% CI
44.1 to 78.3)) than for the AHT population (22.0e17.1 per
100 000 (95% CI 11.1 to 23.1)).
Overall, for children <2 years of age, slightly more hospital-

isations for AHT (60.0%) and non-AHT (57.6%) were in boys
(table 3). Because of the large amount of missing data, we were
unable to calculate rates by race/ethnicity. Among children
<2 years of age, hospitalisations occurred in all calendar months
without any clear seasonality for AHT or non-AHT (table 3).
Compared with non-AHT hospitalisations, the odds of AHT
during summer and autumn (fall) were 0.8 times the odds of
AHT during winter months (p<0.005).
In post hoc analyses we found that, among the 9311 AHT

hospitalisations of children <2 years of age over the study
period, the most frequent injuries were subdural haemorrhage
following injury without mention of an open intracranial
wound (42.5%), retinal haemorrhage (41.2%), fractures of the
vault of the skull (27.2%) and closed fractures of the vault of the
skull with subarachnoid, subdural and extradural haemorrhage
(14.0%). Abuse-related codes (995.54 ‘Child Physical Abuse’ and
995.55 ‘Shaken Infant Syndrome’) were reported in 36.1% and
35.6% of hospitalisations, respectively. Among the 34 807 non-
AHT hospitalisations in children aged <2 years, 8.0% reported
having a subdural haematoma and 1.9% a retinal haemorrhage.
In the non-AHT group the most frequent injuries were fractures
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Figure 1 Estimated annual number of cases of non-fatal abusive head
trauma (AHT) and non-AHT hospitalisations by month of age, USA,
2003e8.
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Conclusion
• Circularity –– Both studies suffer from circularity, and try to get around it 

by appealing to “ground truth”. In 1, the “ground truth” is the model, and in 
2, is it he group of physicians. Neither succeeds. 

• Study 1 –– Given these cases, how common are the diagnostic 
features in cases of AHT? Also, for a new case with certain features, 
what is the probability that it is AHT? 

• Study 2 –– Given these diagnostic codes from a group of physicians, 
how many cases are there? 

• Recommendation –– We need to study the diagnoses excluding the 
subjective determinations. How?



Phone Call, December 2016
• Wisconsin Office of the State Public Defender, defending 

a 32-year-old mother. 

• Expert witness is certain a child was abused, backs it 
up with Maguire statistical article.

From the prosecutor statement: 

“The Maguire article establishes a predicted 
probability level for an abusive head trauma 

diagnosis at 100%, with a confidence interval of 
between 95% and 100%…additional factors only 

further increase the probability of abuse in this case.”



Questions?



Breakdown by sex, race, 
season of admission

Table 3 Estimated annual numbers and rates of non-fatal abusive head trauma (AHT) and non-AHT hospitalisations by selected demographic and admission characteristics for children aged <2 years,
USA, 2003e8

Definite/presumptive AHT Probable AHT Total AHT Non-AHT

OR (95% CI) p ValueNo. Rate 95% CI No. Rate 95% CI No. Rate 95% CI No. Rate 95% CI

Total 1409 17.0 14.2 to 19.8 143 1.7 1.2 to 2.2 1552 18.7 15.6 to 21.8 5801 69.8 60.8 to 78.8

Sex

Female 569 14.0 11.4 to 16.6 51 1.3 0.9 to 1.7 620 15.3 12.5 to 18.1 2434 59.9 52.0 to 67.8 1.0 (reference)

Male 839 19.7 16.4 to 23.0 92 2.2 1.5 to 2.9 931 21.9 18.3 to 25.5 3343 78.6 68.3 to 88.9 1.092 (0.981 to 1.216) 0.1084

Unknown 1 0 1 25

Race* y
White 478 45 523 2182

Black 199 28 227 672

Native American 5 1 6 32

Asian/PI 14 1 15 145

Hispanic 194 32 225 999

Other/unknown 518 37 555 1772

Month of admission

Winter (DecembereFebruary) 327 3.9 3.2 to 4.6 30 0.4 0.3 to 0.5 357 4.3 3.6 to 5.0 1115 13.4 11.5 to 15.3 1.0 (reference)

Spring (MarcheMay) 349 4.2 3.3 to 5.1 31 0.4 0.3 to 0.5 380 4.6 3.7 to 5.5 1327 16.0 13.7 to 18.3 0.896 (0.771 to 1.040) 0.1486

Summer (JuneeAugust) 328 3.9 3.1 to 4.7 36 0.4 0.2 to 0.6 364 4.4 3.5 to 5.3 1475 17.7 15.0 to 20.4 0.771 (0.660 to 0.900) 0.0011

Fall (SeptembereNovember) 314 3.8 3.1 to 4.5 33 0.4 0.2 to 0.6 347 4.2 3.4 to 5.0 1320 15.9 13.6 to 18.2 0.821 (0.718 to 0.940) 0.0047

Unknown 92 1.1 0.5 to 1.7 13 0.2 0.1 to 0.3 104 1.3 0.6 to 2.0 565 6.8 3.3 to 10.3

*White, white; non-Hispanic, black; Black, non-Hispanic; AI/AN, American Indian/Alaska Native; A/PI, Asian/Pacific Islander.
yDue to the large percentage of missing data the rates for race/ethnicity could not be calculated.
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