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Abstract

Background: Traumatic brain injury (TBI) is an acute injury that is understudied in civilian
cohorts, especially among women, as TBI has historically been considered to be largely a
condition of athletes and military service people. Both the Centres for Disease Control and
Prevention (CDC) and Department of Defense (DOD)/ Veterans Affairs (VA) have developed case
definitions to identify patients with TBI from medical records; however, their definitions differ.
We sought to re-examine these definitions to construct an expansive and more inclusive definition
among a cohort of women with TBI.
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Methods: In this study, we use electronic health records (EHR) from a single healthcare system
to study the impact of using different case definitions to identify patients with TBI. Specifically,
we identified adult female patients with TBI using the CDC definition, DOD/VA definition and a
combined and expanded definition herein called the Penn definition.

Results: We identified 4446 adult-female TBI patients meeting the CDC definition, 3619
meeting the DOD/VA definition, and together, 6432 meeting our expanded Penn definition that
includes the CDC ad DOD/VA definitions.

Conclusions: Using the expanded definition identified almost two times as many patients,
enabling investigations to more fully characterise these patients and related outcomes. Our
expanded TBI case definition is available to other researchers interested in employing EHRs to
investigate TBI.

INTRODUCTION

Traumatic Brain Injury (TBI) is an acute injury, defined as an alteration in brain function

as a result of mechanical energy transmitted to the head from external forces.! TBI is
prevalent in the USA, where 1.5-2 million Americans experience a TBI annually, and
approximately 80% are treated in the emergency department (ED).2 Described as a ‘silent
epidemic’,3 TBI is a pervasive and significant public health concern. Yet, our understanding
of its epidemiology is limited, particularly among women in community settings. Although
recent collaborative efforts have improved TBI surveillance,3 differences defining and
classifying TBI, measuring true TBI incidence, and the availability of quality data remain as
challenges.!

Importance of studying diverse populations with TBI obtainable from EHRs

Peer-reviewed TBI literature in the USA has focused mainly on young adults from

athletic* and combat-veteran populations,® where the majority of participants are men.
Similarly, in national studies such as the level-1 trauma centre-based Transforming Research
and Clinical Knowledge in Traumatic Brain Injury (TRACK-TBI) study, two-thirds of
patient-participants are men.® Therefore, the resulting TBI literature, which informs the
identification, treatment, and management of patients with TBI, is heavily male-focused.’-10
Initiatives to study the epidemiology and clinical trajectories of female athletes and combat-
veterans with TBI have emerged.11 12 However, more work is needed, particularly among
women in community, hospital and outpatient settings. Electronic health record (EHR) data
remain an underutilised resource for better understanding TBI in these settings.

TBI definitions from the CDC and DOD/VA

In the ED setting, the Glasgow Coma Scale (GCS) traditionally aids clinicians in classifying
TBI by estimating an individual’s clinical status and injury severity, measured via verbal
responses, motor responses and eye movement following a TBI.1314 The GCS score is
calculated on a 15-point scale, where 13-15 is mild TBI (mTBI: approximately 80% of all
TBIs fall into this category), 9-12 is moderate TBI (approximately 10% of all TBIs), and <8
is severe TBI (also roughly 10% of all TBIs).1 1
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Aligning with this classification by GCS, the US Centers for Disease Control and Prevention
(CDC) and Department of Defense (DOD)/Veterans Affairs (VA) developed their own
surveillance case definitions to classify TBI severity in the EHR using International
Classification of Diseases, 9th and 10th revision (ICD-9 and ICD-10) billing codes. The
CDC code sets were designed for emergency admissions to estimate the rate of TBI and
exclude patients outside the hospital setting, such as primary care, urgent care, and specialty
clinics.

Differences between TBI definitions: TBI severity

Objective

There have been efforts to classify TBI along a severity continuum, typically as mild,
moderate or severe, according to duration of loss of consciousness and/or presence of
post-traumatic amnesia.l However, the value of these measures as indicators of true severity
is questionable, since neither are mandatory diagnostic criteria for TBI. Still, the DOD/
VA’s surveillance case definition outlines codes in terms of TBI severity (mild, moderate,
severe, penetrating, not classifiable).16-18 However, the DOD/VA codes have been validated
in the military health system, where patients are predominantly men with health insurance,
and may not reflect patients in community settings. A re-examination of these definitions
towards an inclusive set of diagnostic codes that capture TBI diagnosed in community
settings, that is, the locations where women with TBI are typically diagnosed, is warranted.
Importantly, the CDC definition of TBI does not include a breakdown by TBI severity,
making it impossible to capture when using the CDC’s definition alone. Thus, we harness
both CDC and DOD/VA definitions to create our expansive definition, as described in this

paper.

The purpose of this study was to explore how cohorts change by use of different case
definitions for TBI. We also sought to develop an inclusive, expansive definition of TBI that
may be applicable to adult female patients identified from hospital electronic health records
(EHRS). By using both CDC and DOD/VA TBI case definitions, we compare and highlight
potential differences among a cohort of female patients from the EHR of a large university
hospital system.

METHODS

Patient data source

Our source population consisted of 1 060 100 adult female patients with inpatient or
outpatient clinic visits to Penn Medicine. We defined adult as age =18 years at the time

of TBI diagnosis encounter. We also verified age by determining the time between date of
birth and TBI diagnosis encounter to ensure this value matched the patient age recorded

at the time of TBI diagnosis encounter. These data were obtained from the Penn EHR

from four different hospitals within the Penn Medicine system; Hospital of the University
of Pennsylvania, Pennsylvania Hospital, Penn Presbyterian Hospital (level-1 trauma centre)
and Chester County Hospital along with several ancillary outpatient clinics and centres.19
Penn Medicine follows standard coding practices, whereby clinical providers report full
diagnoses from a healthcare encounter, and professional coders assign as many codes as
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needed to fully explain the healthcare encounter. All patient diagnoses occurred between
2010 and 2017. The Institutional Review Board (IRB) at Penn Medicine approved this study
(IRB protocol #851731, #828000), which is a retrospective analysis of existing clinical
records. This study is reported per the Strengthening the Reporting of Observational Studies
in Epidemiology guidelines. Patients were not directly involved in the conduct of this
research.

TBI surveillance case definitions

We identified patients with TBI using International Classification of Diseases, 9th Revision,
Clinical Madification (ICD-9-CM) and ICD, 10th Revision (ICD-10-CM) billing codes.

We extracted patient demographic information from encounter records. We used 1CD-9-
CM and ICD-10-CM codes from CDC20 and US Department of Defense (DOD),21
Department of Veterans Affairs,16-18 surveillance case definitions to identify patients with
TBI. The DOD/VA previously assigned TBI severity classifications (mild, moderate, severe/
penetrating, unclassified severity) to each ICD-9-CM and ICD-10-CM diagnosis code,6-18
and we applied this classification to determine TBI severity in our cohort among patients
meeting DOD/VA and CDC definitions. Importantly, the CDC does not provide mapped TBI
diagnosis codes with TBI severity status. We were only able to map CDC TBI patients to
known severity when those patients were also identified using DOD/VA criteria.

The Penn definition included CDC and DOD/VA definitions, and some additional codes.
We cross-mapped codes between ICD9 and ICD10, which revealed a few TBI-related codes.
In total, we identified 181 codes through this process. Since these codes were new (ie,

not included in CDC or DOD/VA TBI definitions), we initially coded these patients” TBI
severity as indeterminate, and made them part of our Penn definition. We were able to cross-
map some of these codes with known TBI severity when they mapped to a corresponding
ICD9/ICD10 code with a severity related to it. Other TBI codes were identified through
previously published manuscripts.1’ 22 23 Ultimately, we identified 77 codes unique to our
definition where it was not possible to characterise TBI severity. Therefore, 77 (42.5%) of
the 181 new codes that we added in our definition were indeterminate TBI severity.

Cohort sample selection

We first identified patients who were diagnosed with a TBI-related code, including codes
for all healthcare encounter types of initial medical care, subsequent encounter, and sequela.
To do this, we applied a decision-tree algorithm of TBI date to extract the most severe TBI
diagnosis and used the corresponding earliest date of the most severe TBI diagnosis. We
excluded patients with GCS-ICD code diagnoses if they did not have a corresponding injury
code, as these likely indicate other aetiologies of coma. This yielded a preliminary cohort of
6856 patients with TBI.

Defining outcome death and survival time

We used two sources to determine patient death due to any cause: death in one of our

Penn Medicine facilities and the Social Security Death Index (SSDI).24 Penn Medicine
periodically links the SSDI with patient records to determine whether patients are currently
living or dead for insurance purposes. Survival time was defined as time from TBI diagnosis
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encounter to death date. In cases where the patient record indicated a patient had died and
death date was available, we used that date (n=175). When death date was missing (and
patient status was known as dead or living), and to try to account for any potential lag
between patient death and that information being provided to the SSDI, we censored both
living and dead patients at a fixed date, which was a minimum of six months after the latest
TBI diagnosis date in our cohort, and a maximum of five years. When information on death
status was unknown (neither confirmed deceased nor living) and death date was missing,
we excluded these cases (n=424) after determining via sensitivity analysis that these patients
did not differ in terms of TBI severity and age. This resulted in a final cohort of n=6432
patients for analysis. We then stratified our cohort to determine subcohorts of patients by
TBI definition (eg, CDC or DOD/VA).

Statistical analysis

RESULTS

We present descriptive characteristics overall and stratified by case definition: (1) CDC

or (2) DOD/VA and (3) Penn definition. To examine whether the addition of these codes

in our Penn definition was reliable at identifying TBI, we performed a case validation,
whereby a board-certified neurologist (ALCS) manually reviewed the charts from a random
sample of 50 indeterminate cases that were new (using the Penn definition only, not CDC

or DOD/VA). These cases were reviewed based on standard TBI diagnostic criteria.2> 26
Results showed percent agreement among our sample as 72% definite and possible/probable
TBI, comparable to other TBI validation studies.2” A full list of all ICD9 and ICD10 codes
used to define TBI and TBI severity from the EHR are provided in Appendices available on
GitHub (https://github.com/bolandlab/TBI_Definition).

To elucidate potential differences in survival among TBI severity groups and across patients
meeting the three TBI case definitions, we conducted survival analysis from time of TBI
healthcare encounter to outcome death (in years) by TBI severity (mild, moderate/severe/
penetrating, indeterminate severity), with administrative censoring at five years following
TBI diagnosis. We grouped moderate, severe and penetrating TBI severities together due

to small sample sizes. We used Kaplan-Meier curves with log-rank tests to present overall
differences in survival time by TBI severity among the three TBI definition groups (CDC,
DOD/VA and Penn-definition). We conducted analyses with R version 4.0.3 using the
Survival and survminer packages,?® and created Kaplan-Meier curves with ggsurvplot.2®

Penn Medicine cohort sample characteristics

From 1 060 100 adult female patients, we identified 6432 diagnosed with TBI (n=4446
CDC, n=3619 DOD/VA) at Penn Medicine between 2010 and 2017 and and observed

their survival over five years. Among them, TBI severity was most commonly mild

(n=2931, 45.6%) and ‘indeterminate’ (n=2327, 36.2%). Median age at time of TBI diagnosis
encounter was 47 years (25th—75th percentiles: 29-63) and patients were most commonly
white (n=4126, 64.0%). Injury mechanism was typically missing in coded data related to the
TBI (78.0%), but when present, the most common mechanism was fall (13.0% of all TBIs)
followed by collision/crash (2.9% of all TBIs). Around 3% of patients with TBI died within
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five years (2.7%, n=175). Patient demographic characteristics across TBI case definitions
(CDC, DOD/VA, Penn) are presented in table 1.

Differences between TBI definitions in terms of cohort

We found some overlap between CDC and DOD/VA definitions (figure 1), including 3045
patients who would be identified as having TBI by both definitions. These 3045 patients
were 68.5% of those identified using the CDC definition, and 84.1% of those identified
using the DOD/VA definition. Patient age was similarly distributed across definitions (figure
2). Patient TBI severity using the different definitions is depicted in figure 3.

Differences in survival among TBI definition group

Overall, there were significant differences in the time from TBI diagnosis encounter to
death within five years between TBI severity levels (mild, moderate/severe/penetrating and
indeterminate severity) across the three TBI definition groups (CDC, DOD/VA and Penn).
The probability of survival at five years was similar across definition groups. Kaplan-Meier
curves depicting time from TBI to five-year survival among the three TBI definition groups
(panels A, B and C) are presented in figure 4. Note, each panel contains an embedded,
scaled version of the figure to assist with readability.

DISCUSSION

The purpose of this study was to compare existing TBI definitions from the CDC and
DOD/VA, which revealed gaps and led to developing an inclusive set of diagnostic

codes for identifying TBI in community settings. Our cohort of adult female patients

would typically be diagnosed with TBI in community hospital settings, which required

an expansive definition of diagnosis codes to capture TBI appropriately. We used the CDC
and DOD/VA TBI case definitions, and literature to develop our definition,17 22 23 and
highlight potential differences among a female cohort from the EHR at Penn Medicine. This
expansive definition yielded a larger cohort than would have been obtained if we used either
the CDC or DOD/VA TBI definitions alone. We are not aware of prior studies that have used
the CDC and DOD/ VA TBI case definitions together, which is a novel contribution.

Differences between cohorts obtained by TBI definitions

We found similarities among patients meeting TBI definitions (CDC, DOD/VA, Penn) in
terms of age at TBI diagnosis, race, ethnicity, TBI severity, injury mechanism, visit type
(inpatient/outpatient) and provider department. Our findings align with some descriptive
studies, demonstrating a bimodal distribution in TBI incidence by age; whereby, TBI
incidence is highest during younger and older adulthood.3% 31 Qur finding that all-cause
mortality was associated with TBI severity, regardless of TBI definition, builds on several
prior findings of decreased survival associated with TBI among patients with inpatient and
outpatient health records data,32 33 and this should be explored further.

Patients of indeterminate TBI severity: not included in DOD/VA or CDC definitions

Our Penn TBI definition (N=6432 patients) yielded a large number of patients with
indeterminate TBI severity (n=2327, 36.2%). Some examples include postconcussion
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syndrome, post-traumatic headache, post-traumatic hydrocephalus, post-traumatic seizures,
occipital flow blowout, broken mandible. While in general neurology practice, another
corresponding TBI code would typically accompany these injury codes, we found

some patients without these TBI codes. One possible explanation is that trauma and
emergency medicine clinicians, who are focused on treating the immediate injury,

may code these injuries without their corresponding TBI codes. Thus, TBI patients

of ‘indeterminate’ severity may actually be patients initially coded by non-neurologist/
neurosurgeon specialists.22 34 This is further evidenced by our finding that diagnoses in our
cohort were primarily given by either general practitioners or non-neurologist specialists.
This has important implications for future TBI research using cohorts from the EHR to
consider provider department in the assignment of TBI diagnosis.

Potential for inadequate controls in TBI research studies using EHR data

We identified a group of female patients with ‘indeterminate’ TBI severity, suggesting that
existing case definitions may be at risk of missing or misclassifying some patients with

TBI. If this is the case, studies utilising these EHR data may not be capturing all patients
with TBI. Or if patients with TBI are not coded as such in the EHR, labelled as ‘healthy’,
and used as clinical research controls, this has downstream effects including threats of
differential misclassification and Berkson’s bias. Future work should consider these findings
when designing studies utilising EHR data.

Focus on female TBI patients using existing TBI definitions: CDC and DOD/VA

Existing TBI studies (and case definitions they inform) have focused on specialised athletic
or military populations, where patient cohorts are often men, young, otherwise healthy
individuals (with the exception of older, veteran populations). Prior studies have also been
limited to examining sex as an effect modifier.8 33 The size of our all-female cohort permits
us to investigate characteristics within this population.

Limitations and future work

There are some limitations of our work that also spur future research directions. We used
two established TBI case definitions from the CDC and DOD/VA, and reviewed additional
ICD codes to create a more inclusive definition of TBI based on literature and on the
premise that individuals with significant structural or tissue damage (ie, facial fracture/
trauma) may be triaged with diagnosis and treatment focusing on the observable injury,

and a TBI may be missed. Future work, including clinical validation of patients meeting
neither CDC nor DOD/ VA TBI definitions, would aid in further testing hypotheses related
to these definitions and applications broadly to patients with TBI in community and hospital
settings. These steps may also strengthen the clinical utility of our expanded Penn definition.
There are some inherent limitations to using ICD codes. Prior literature suggests that ICD
code-based TBI definitions are susceptible to misclassification, particularly for mild TBI,
with validation studies reporting 55%-72% sensitivity and 80%-85% specificity, depending
on the ICD-code definition used.> 27 In this study, we used standard ICD codes as used

by the CDC and DOD/VA to identify patients with TBI. Therefore, we did not re-evaluate
these code sets but employed them on our cohort. We note the differences in cohort sizes
obtained by the different methods. Our cohort includes patients from hospitals, clinics
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and centres within one large health system in Philadelphia, PA, and results may only be
generalisable within the greater Philadelphia area. Much of our sample received a TBI
diagnosis from a provider outside of neurology/neurosurgery, primarily general practitioners
and other specialists. We consider this an important finding that speaks to diversity in our
sample and highlights a subset of patients who may go understudied in TBI EHR research.
Our retrospective study limited us to information collected in each patient’s EHR. Finally,
we originally hoped to examine injury mechanism, but as noted, this was not included in
roughly 70% of our sample. Still, our finding that falls was a common injury mechanism
reflects the range of ages in our sample, and is consistent with prior literature.30

CONCLUSIONS

Funding

In this study, we compared two common methods for identifying patients with TBI, the
CDC and DOD/VA case definitions. We developed an inclusive case definition for TBI that
combines and expands these definitions and applied it in a female cohort from the EHR

at Penn Medicine. In doing so, we identified a larger number of patients with TBI. Others
interested in studying TBI using EHRs should consider using this definition (available on
GitHub). Also, by focusing on female patients, we highlight an often understudied group in
the TBI literature. Our work fills this gap.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

. Traumatic brain injury (TBI) surveillance and research in the USA has
focused mainly on youth and young adults from athletic and combat-veteran
populations. A gap in knowledge exists for TBI among women across
the lifespan, who may be diagnosed in hospital settings outside of these
populations.

WHAT THIS STUDY ADDS

. We found that prior definitions did not capture all TBI diagnosed in our
community hospital setting, and our expansive definition yielded a larger
cohort of female patients than would have been obtained if we had used either
the Centres for Disease Control and Prevention or the Department of Defense/
Veterans Affairs TBI definitions alone.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR POLICY

. By using an inclusive case definition, we were able to identify a larger
number of female patients with TBI, representing a distinct, and potentially
understudied TBI patient population. Our method and definition is useful
and important for other researchers and clinicians using Electronic health
records from community settings. By focusing on community settings, where
female patients are typically diagnosed, we are also highlighting a population
under-explored in TBI research.
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Penn Combined Definition

(N=6432)

CDC &
DOD/VA
{n=3036)

Figure 1.

Indeterminate
TBI severity

(n=403)

Venn diagram depicting TBI definitions (N=6432). We also include the ‘indeterminate’ TBI
severity here to show that the CDC, DOD/VA and our combined Penn definition all include
patients that cannot be classified in terms of TBI severity. This diagram is an illustration;
please note that shapes in this diagram are not all proportional, for example some shapes are
shown to be similar in size when the n is rather different. CDC, Centres for Disease Control
and Prevention; DOD, Department of Defense; TBI, traumatic brain injury; VA, Veterans

Affairs.
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Penn Cohort CDC Definition DOD/VA Definition
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Distribution of age by TBI definition. (A) Penn definition cohort, (B) CDC definition
cohort, (C) DOD/VA definition cohort (N=6432). All cohorts are derived from an underlying
population of Penn Medicine females. CDC, Centres for Disease Control and Prevention;
DOD, Department of Defense; TBI, traumatic brain injury; VA, Veterans Affairs.
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TBI Severity Level by TBI Definition
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Figure 3.
Distribution of TBI severity by TBI definition (N=6432). Each cohort is represented: Penn

definition cohort, CDC definition cohort, DOD/VA definition cohort. All cohorts are derived
from an underlying population of Penn Medicine females. CDC, Centres for Disease Control
and Prevention; DOD, Department of Defense; TBI, traumatic brain injury; VA, Veterans
Affairs.
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Figure 4.
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Kaplan-Meier curves depicting time from TBI diagnosis encounter to death by TBI severity
across the TBI case definition groups (A, B, C), N=6432. The shaded bands around each line
represent the 95% Cls. At-risk tables for each definition are displayed below each cohort’s
Kaplan-Meier curve. Each panel (A, B, C) contains an embedded, scaled version of the
figure to assist with readability. CDC, Centres for Disease Control and Prevention; DOD,

Department of Defense; TBI, traumatic brain injury; VA, Veterans Affairs.

Inj Prev. Author manuscript; available in PMC 2025 August 25.



Page 16

D’Alonzo et al.

Author Manuscript

juawiLredap Japinoid

(91) €8 (02 18 (CRIR] jwabin/Aousbiswsa usireding
(e'6L) 6605 (9°02) 9552 (zT8) TT9E 1wenedino
(L'02) geeT ('62) €90T (8'81) 5¢€8 juanedul

kmab nwpy
(0'82) 6105 (e'2L) 9192 (8'€L) 8Lee umouxun
(eq) b€ (59) vee (1) L2z JBuyo
(r1)os 1) 18 (z1)ss ¥nesse [eaisAyd
(0eT) 618 (0'sT) 956 (091) €02 IIed
(62) 8T (8v) zLT (6€) LT yselo/uols||od

wsiueydsw Ainfu)
(z9¢) Leee (9°'51) ¥9S (8'0¢) 69€T Auianss sreulwsiepu|
(2'81) ¥L11 (1'18) 9211 (0'52) ¥TTT Bunensusd/aisnss/erelapon
(9'sv) 1862 (e€9) 6261 (¢vv) €961 PIIIA

lans] A1ianas 19

S213S14810BIBYD [BDIUI|D JUBlIed

(8'2) 281 (eQ)v8 (g9 otr Auoluyss oluedsiH
(2¢) see (9¢) zet (¥e) est umouxun
(¥e) L1e (e€) 81T (e€) ovT JBuyo
(0'v9) 92T (0'99) 062 (8'59) 9z6¢ 3HUM
(0'92) 8991 (5'v2) 988 ('v2) 980T UedLIBWY UBdLYY/Xoe|g
(62) 981 (92) €6 (Te) et uelsy

90ey

(528) 012 (9°g¢) L8¢T (5'6€) ¥SLT s1eah 56z ‘dnosb aby

(€9-62) L¥ (29-12) ¥ (vo-gz) gy STeek’, (sanuealad Lhg.-sz) uetpaw ‘aby

solydeabowaq 1usired

(zev9=U) uusd

(619¢=U) vA/QOA (9¥¥¥=u) DAD

(9%%) Jequinu ‘sfenpiaipul

T alqeL

Author Manuscript

uoniuyap 191 Aq salydeibowap 10yod uaned |[elenQ

Author Manuscript

Author Manuscript

Inj Prev. Author manuscript; available in PMC 2025 August 25.



Page 17

D’Alonzo et al.

"SIRYY SURIBIBA WA ‘8suajeq Jo Juswiedag ‘QOQ ‘UonusAald pue |00 asessiq Joy sanusd ‘0ad

's1eak anly Je (palosuaaun pue aalfe) Buiurewsal uoniodoid pue Jaquinu ay suasaiday

't

‘uairedul se papnjoul ‘Jusiiedino pue jusiredul Y1og 8Ism %T>

/
(19.1) Aanfur ureiq o1rewne.) Je 8y
*

(5'TY) 596 (0'Ty) T€T (L'9v) 6€9 A11anss areulwIalapul
(Lve) LoV (T9¢) Lov (5'9¢) Lov Bunesnauad/e1anas/erelapoin
(0'9€) ¥50T (6'TY) 608 (0'zv) Ges PIIN

uwag 3Nl 18 PAAINING

(L) sLt (8'2) 00T (82) 9ztT paseasaq
(5'92) 901 (z'62) 5501 (e'g2) 0211 Islferoads
(8'8¥) evie (2T¥) 60ST (6'09) G9¢¢ Jauonnoeld [essus9
(¢9) Lee (L) Lee (¥'9) 982 91AJ8s ewnesl/audIpaw Aousbisw
(5'61) 2G2T (r'12) 6LL (L1) 8L KiabBinsoinau/ABojoinaN

(zev9=u) uusd

(619¢=U) YA/QOA  (9¥¥y=u) DAD

(%) 4equinu ‘sfenpiaipul

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Inj Prev. Author manuscript; available in PMC 2025 August 25.



	Abstract
	INTRODUCTION
	Importance of studying diverse populations with TBI obtainable from EHRs
	TBI definitions from the CDC and DOD/VA
	Differences between TBI definitions: TBI severity
	Objective

	METHODS
	Patient data source
	TBI surveillance case definitions
	Cohort sample selection
	Defining outcome death and survival time
	Statistical analysis

	RESULTS
	Penn Medicine cohort sample characteristics
	Differences between TBI definitions in terms of cohort
	Differences in survival among TBI definition group

	DISCUSSION
	Differences between cohorts obtained by TBI definitions
	Patients of indeterminate TBI severity: not included in DOD/VA or CDC definitions
	Potential for inadequate controls in TBI research studies using EHR data
	Focus on female TBI patients using existing TBI definitions: CDC and DOD/VA
	Limitations and future work

	CONCLUSIONS
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1

