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ABSTRACT
Introduction In 2016, a proposed International 
Classification of Diseases, Tenth Edition, Clinical 
Modification surveillance definition for traumatic brain 
injury (TBI) morbidity was introduced that excluded the 
unspecified injury of head (S09.90) diagnosis code. This 
study assessed emergency department (ED) medical 
records containing S09.90 for evidence of TBI based on 
medical documentation.
Methods State health department representatives 
in Maryland, Kentucky, Colorado and Massachusetts 
reviewed a target of 385 randomly sampled ED 
records uniquely assigned the S09.90 diagnosis code 
(without proposed TBI codes), which were initial 
medical encounters among state residents discharged 
home during October 2015–December 2018. Using 
standardised abstraction procedures, reviewers recorded 
signs and symptoms of TBI, and head imaging results. 
A tiered case confirmation strategy was applied that 
assigned a level of certainty (high, medium, low, none) to 
each record based on the number and type of symptoms 
and imaging results present in the record. Positive 
predictive value (PPV) of S09.90 by level of TBI certainty 
was calculated by state.
Results Wide variation in PPV of sampled ED records 
assigned S09.90: 36%–52% had medium or high 
evidence of TBI, while 48%–64% contained low or no 
evidence of a TBI. Loss of consciousness was mentioned 
in 8%–24% of sampled medical records.
Discussion Exclusion of the S09.90 code in surveillance 
estimates may result in many missed TBI cases; inclusion 
may result in counting many false positives. Further, 
missed TBI cases influenced by incidence estimates, 
based on the TBI surveillance definition, may lead to 
inadequate allocation of public health resources.

INTRODUCTION
Traumatic brain injury (TBI), a disruption of the 
normal function of the brain due to an external 
force, can be temporary or have life- long conse-
quences.1 TBI is preventable (https://www. cdc. gov/ 
traumaticbraininjury/ prevention. html). State and 
federal public health agencies monitor the burden of 
TBI and identify risk factors in a population, using 
public health surveillance definitions and existing 
data sources, such as administrative billing claims 
for emergency department (ED) visits and hospital-
isations. On 1 October 2015 in the USA, morbidity 

diagnosis coding in billing claims transitioned to the 
International Classification of Disease, Tenth Revi-
sion, Clinical Modification (ICD-10- CM).2 This 
necessitated the development of a new surveillance 
definition for TBI morbidity.

In 2016, the CDC proposed an ICD-10- CM 
surveillance definition for TBI morbidity that 
excludes the diagnosis code for ‘unspecified 
injury of head’ (S09.90),3 although the previous 
ICD-9- CM TBI morbidity surveillance definition 
included its complementary ICD-9- CM diag-
nosis code (959.01).1 In the ICD-9- CM coding 
era, multiple studies found that the ‘unspecified 
injury to the head’ codes represented a majority 
(50%–58%) of TBI morbidity records identified in 
their samples.4–6 Notably, in a prospective cohort 
study, only 25% of cases assigned the diagnosis 
code ‘unspecified injury to the head’ (ICD-9- CM 
959.01 code) met the clinical definition of TBI.5 
Currently, the positive predictive value (PPV) of 
the unspecified injury of head ICD-10- CM S09.90 
diagnosis code for identifying TBI morbidity is 
unknown. Given concerns about the validity of this 
code in ICD-9- CM, the purpose of this study was 
to assess a sample of ED medical records, identi-
fied from administrative billing data and assigned 
diagnosis code S09.90 (without the proposed TBI 
codes (referred to as uniquely assigned throughout 
the manuscript text and tables)), for evidence 
of TBI based on medical documentation in four 
states. At the national surveillance level, the effect 
of excluding the unspecified injury of head S09.90 
code from the CDC’s TBI morbidity surveillance 
case definition, on the magnitude of TBI- related 
ED visits, is unknown. Understanding the PPV of 
the S09.90 code for TBI in the ED is of paramount 
importance as prevention strategies and resources 
are influenced by incidence estimates based on the 
TBI surveillance case definition.

METHODS
State health department representatives in Mary-
land, Kentucky, Colorado and Massachusetts 
conducted a review of randomly sampled medical 
records to calculate the PPV of cases assigned code 
S09.90 (unspecified injury of head) without the 
proposed TBI codes. In coordination with CDC, the 
four states developed a study protocol that included 
sample selection criteria, a tiered TBI case confir-
mation strategy, an abstraction form and reviewer 
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instructions to standardise the process across states. Patients 
or the public were not involved in the design, or conduct, or 
reporting, or dissemination plans of our research.

Study protocol
Sample selection
Sample selection criteria included ED patients with an 
ICD-10- CM diagnosis code uniquely assigned S09.90 in any 
diagnosis field, an initial medical encounter (ie, a seventh char-
acter of ‘A’ or missing seventh character) and who were state 
residents and discharged home during October 2015–December 
2018. A random sample target of 385 records per state was 
chosen to provide sufficient records to achieve a 95% CI with a 
3% precision around the PPV estimate. Stratification was consid-
ered unnecessary for the review.

Medical record review processes varied in each state. To 
conduct this review, Maryland reviewers received access to patient 
electronic health records (EHRs) in the Epic system. Kentucky 
used full EHRs from a two- hospital system that included a level 
1 trauma centre. Colorado reviewers accessed full EHRs from 
some hospitals, and for other hospitals, Colorado requested the 
full ED report, ambulance/emergency medical technician (EMT) 
record (Emergency medical services (EMS) transport record), 
face sheet, radiology reports and toxicology reports. Massachu-
setts requested medical documents like those requested by Colo-
rado from acute care hospitals in the state.

Abstraction form
The states developed an abstraction form to record all medical 
record review documentation (see online supplementary 
appendix 1). Reviewed records included a confirmed recent 
injury event. Records with insufficient documentation of an 
injury event were not reviewed. Fourteen TBI- related signs and 
symptoms, positive TBI imaging results from a CT scan, MRI, 
or X- ray, and whether a TBI assessment tool was used in the ED 
were recorded.

Medical record reviewers from each state used a detailed 
reviewer manual (the initial detailed draft of a manual for the 
medical record review of TBI- related diagnoses was based on 
the multisite common abstraction form used in this study and a 

related Colorado study of the CDC proposed TBI ICD-10- CM 
case definition; see online supplementary appendix 2) drafted 
by Colorado that was finalised with the assistance of the other 
three states and the CDC TBI team. The manual described each 
variable to be collected and was used across the four states to 
standardise results. Based on input from subject matter experts, 
a TBI Imaging Definition was developed that included a list of 
clinical terms and phrases to assist medical record reviewers in 
assessment of results from a CT, MRI or X- ray image as positive 
or negative for TBI.

TBI case confirmation strategy
A tiered TBI case confirmation strategy was developed to assign 
a level of certainty to each record based on the number and type 
of symptoms and CT/MRI/X- ray imaging present in the record 
(table 1). This strategy aimed to represent the amount/quality 
of medical evidence documented in the record and the inherent 
uncertainty in making a TBI diagnosis at the milder end of the 
injury severity spectrum. Representing this uncertainty may be 
particularly important for diagnoses such as unspecified injury of 
head which can be used by physicians when they are uncertain as 
to whether a mild TBI has occurred. Signs and symptoms were 
separated into two groups. Group 1 included those symptoms 
more definitive of a TBI: loss of consciousness (LOC); being 
dazed, foggy or confused; or having memory problems.7 Group 
2 signs and symptoms are less definitive in determining whether 
a TBI occurred. These included nausea/vomiting, headache or 
pressure in head, dizziness/poor balance, change in vision, poor 
concentration, sensitivity to noise or light, irritability or change 
in mood or personality, drowsiness or change in sleep, speech 
problems, hearing problems or weakness/numbness.

Analysis
The four states, along with the CDC TBI Team, developed an 
analysis plan and a corresponding template for states to review 
results, including counts and percentages. To answer the central 
question, what percentage of reviewed records assigned an 
ICD-10- CM code for unspecified head injury (S09.90XA, 
without the proposed TBI codes) in the ED contain documented 
evidence of a TBI, the percentage of cases by level of TBI 

Table 1 Groups 1 and 2 traumatic brain injury (TBI)- related signs and symptoms and criteria used for categorisation of levels of certainty of TBI in 
sampled emergency department and shock trauma centre medical records uniquely assigned International Classification of Disease, Tenth Revision, 
Clinical Modification code S09.90 (‘unspecified injury of head’)

Groups 1 and 2 TBI- related signs and symptoms

Group 1 signs/
symptoms

Dazed/foggy/confused
Memory problems
Loss of consciousness

Group 2 signs/
symptoms

Nausea or vomiting
Headache/pressure in head
Dizziness/poor balance
Change in vision
Poor concentration
Sensitivity to noise/light

Irritable/change in mood
Drowsiness/change in sleep
Speech problems
Hearing problems
Weakness/numbness

Criteria and categorisation of levels of certainty of TBI:

  Documentation of injury event? Group 1 signs/symptoms Group 2 signs/symptoms CT, MRI or X- ray imaging is positive for TBI?

High Yes (and) 1 or more (or) 3 or more (or) Yes

Medium Yes (and) N/A 2 (or) Suspected

Low Yes (and) N/A Only 1 (and) No

None Yes (and) N/A No No

No N/A N/A N/A

CT scan, Computed tomography; MRI, Magnetic resonance imaging; N/A, not applicable.
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certainty was calculated. Percentages for case counts less than 11 
were suppressed. SAS V.9.3 or V.9.4, and IBM SPSS V.23.0 were 
used for data analysis.

Variations in methodology across states
Data access, data quality or other considerations impacted 
an individual state’s ability to fully standardise to the study 
protocol. Table 2 provides an overview of state variation in study 
methodology.

Maryland
Maryland collaborated with the University of Maryland School 
of Medicine National Study Center for Trauma and Emergency 
Medical Systems (UMNSC) and the Johns Hopkins Center for 
Injury Research and Policy (JHCIRP) to conduct chart reviews at 
the University of Maryland Medical System and Johns Hopkins 
Hospital, respectively. Ten medical records reviewers from 
UMNSC and eight from JHCIRP were involved in data abstrac-
tion. Two lead abstractors at UMNSC trained the JHCIRP 
reviewers and coordinated the medical records review process 
at both institutions.

The unique circumstances of the collaboration between Mary-
land Department of Health, UMNSC and JHCIRP required 
deviations from the overall study protocol. At the University of 
Maryland Medical System, TBI cases were obtained from the R 
Adams Cowley Shock Trauma Center (STC). STC is the primary 
adult neurotrauma referral centre for the state of Maryland, 
and state EMS triage and transfer protocols send the majority 
of applicable TBI study cases directly to STC. Data from Johns 
Hopkins Hospital ED, the state’s referral centre for paediatric 
trauma, were used according to the study protocol.

UMNSC identified 56 cases assigned a diagnosis code of 
S09.90 and all were reviewed, as well as a random sample of 
296 cases from JHCIRP. At UMNSC, data from 2016 through 
2018 were included in the study, while at JHCIRP data from 
2016 through 2017 were included.

Kentucky
Kentucky’s review included records from a two- hospital system 
with a level 1 trauma centre that provides care for most brain 
injury cases in the eastern half of the state. Review of sampled 
records were conducted by two experienced trauma nurses on 
staff at the participating hospitals. In compliance with Kentucky 
law, the use of participating hospital staff was necessary as public 
health authorities are not granted full medical record access in 
the absence of a public health emergency or court order.

Colorado
Colorado had several records that were coded as an initial 
encounter but on review, were found to be either subsequent 
encounters or the patient was not discharged home. These 
records were excluded from all analyses.

Massachusetts
Massachusetts was unable to distinguish initial medical encoun-
ters (denoted by a seventh character in the diagnosis code) 
except for those in the first- listed diagnosis field. All additional 
diagnosis fields were truncated to six alphanumeric characters.

RESULTS
Approximately, 80% (Maryland's paediatric cases came from 
Johns Hopkins Hospital only), 52%, 30% and 24% of sampled 
records from Maryland, Kentucky, Colorado and Massachu-
setts, respectively, were among paediatric (<16 years) patients. 
Documentation of ‘high certainty’ evidence indicative of a TBI 
in charts assigned diagnosis code S09.90 varied among states. 
Approximately 32%, 22%, 36% and 16% of medical records 
from Maryland, Kentucky, Colorado and Massachusetts, respec-
tively, had any group 1 sign/symptom (table 3). LOC was the 
most prevalent group 1 sign/symptom, documented in 8%–24% 
of medical records across the four states. Of all reviewed records, 
approximately 63%, 52%, 59% and 71% from Maryland, 
Kentucky, Colorado and Massachusetts had any group 2 sign/
symptom, respectively. Among the group 2 signs/symptoms, the 
most prevalent sign/symptom documented across all four states 
was headache/pressure in the head, ranging from nearly 35% 
to 61% of reviewed medical records. Nearly 65% of medical 
records reviewed in Maryland did not have evidence of imaging 
and 33% of total records had evidence of imaging but had no 
indication of TBI. Nearly 59% of medical records reviewed in 
Kentucky did not have evidence of imaging and 41% of total 
records had evidence of imaging but had no indication of TBI. 
The vast majority (97%) of medical records reviewed in Colo-
rado did not contain evidence imaging was conducted. Nearly 
41% of medical records reviewed in Massachusetts did not 
contain evidence of imaging and 59% of the remaining records 
contained evidence of imaging but had no indication of TBI.

After applying the most conservative criteria to the medical 
records, approximately 37%, 27%, 41% and 23% of sampled 
records from Maryland, Kentucky, Colorado and Massachu-
setts, respectively, contained evidence of a TBI with high 
certainty (table 4). In addition, approximately 10%, 10%, 
11% and 13% of sampled medical records from Maryland, 

Table 2 State- based details for medical record review of charts uniquely assigned ‘unspecified injury of head’ International Classification of 
Disease, Tenth Revision, Clinical Modification S09.90 code

Characteristic Maryland Kentucky Colorado Massachusetts

Dates January 2016–December 
2018

January 2016–June 2018 January 2017–December 
2017

October 2015–September 
2016

Type of hospital Large teaching hospital* Tertiary care and community hospital All acute care hospitals All acute care hospitals

Number of sampled hospitals 2 2 54 73

% of state population covered by sampled hospitals 14.5%† 38% 100% 100%

Number of diagnosis fields 30 25 30 34

Medical record
reviewer

18 clinical researchers 2 trauma nurses 1 professional coder 3 professional coders

*Maryland reviewed records from emergency department visits and a shock trauma centre.
†Maryland calculated the percentage of patient records corresponding to the two sampled hospitals out of the total records in a year within their healthcare administrative 
database.
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Kentucky, Colorado and Massachusetts, contained evidence 
of a TBI with ‘medium certainty’, respectively. Approximately 
23%, 23%, 19% and 38% of medical records from Maryland, 
Kentucky, Colorado and Massachusetts had ‘low certainty’ 
evidence of a TBI, respectively. Results presented here should 
not be interpreted as TBI prevalence for each state as they 
were drawn among a sample of cases.

DISCUSSION
An ongoing challenge in accurately identifying non- fatal TBI 
cases in healthcare administrative data is the frequent use of the 
‘unspecified injury to the head’ ICD diagnostic code. Multiple 
studies using the ICD-9- CM TBI morbidity surveillance case defi-
nition found that the ‘unspecified’ codes comprised a majority 
(50%–58%) of TBI cases in their sample.4–6 In 2016, a proposed 

Table 3 Frequency and proportion of signs/symptoms and imaging findings present within a sample of medical records uniquely assigned 
‘unspecified injury of head’ International Classification of Disease, Tenth Revision, Clinical Modification S09.90 code, by state*

Maryland
N=352

Kentucky
N=385

Colorado
N=382

Massachusetts
N=384

Count Percentage Count Percentage Count Percentage Count Percentage

Group 1 signs/symptoms (known or suspected)

  Dazed/foggy/confused 69 19.6 35 9.1 50 13.1 23 6.0

  Memory problems 29 8.2 31 8.1 41 10.7 14 3.6

  Loss of consciousness 69 19.6 62 16.1 91 23.8 31 8.1

  Any group 1 sign/symptom 112 31.8 85 22.1 138 36.1 63 16.4

  No group 1 signs/symptoms 240 68.2 300 77.9 244 63.9 321 83.6

  Total 352 100.0 385 100.0 382 100.0 384 100.0

Group 2 signs/symptoms (known or suspected)

  Nausea or vomiting 58 16.5 54 14.0 63 16.5 52 13.5

  Headache/pressure in head 138 39.2 134 34.8 152 39.8 233 60.9

  Dizziness/poor balance 45 12.8 43 11.2 59 15.4 62 16.4

  Change in vision 17 4.8 12 3.1 16 4.2 15 3.9

  Poor concentration 17 4.8 <11 – <11 – <11 –

  Sensitivity to noise/light <11 – <11 – <11 – <11 –

  Irritable/change in mood 27 7.7 11 2.9 12 3.1 <11 –

  Drowsiness/change in sleep 58 16.5 29 7.5 22 5.8 15 3.9

  Speech problems <11 – <11 – 14 3.7 <11 –

  Hearing problems <11 – <11 – <11 – 0 0

  Weakness/numbness 11 3.1 <11 – 21 5.5 23 6.0

  Any group 2 signs/symptoms 223 63.4 200 51.9 224 58.6 270 70.6

  No group 2 signs/symptoms 129 36.6 185 48.1 158 41.4 113 29.4

  Total 352 100.0 385 100.0 382 100.0 383 100.0

Imaging findings

  Total positive/suspected TBI <11 – <11 – <11 – <11 –

  Imaging not positive for TBI 117 33.2 158 41.0 <11 – 227 59.1

  No Imaging 228 64.8 226 58.7 372 97.4 156 40.6

*Due to the extent of methodological differences between the states, authors are unable to account for the variation in results seen across states. For this reason, state- specific 
results should not be compared. Percentages for case counts less than 11 were suppressed.
TBI, traumatic brain injury.

Table 4 Positive predictive value of a traumatic brain injury (TBI), based on the high, medium and low level of certainty, in emergency departments 
and a shock trauma centre among a sample of medical records uniquely assigned International Classification of Disease, Tenth Revision, Clinical 
Modification code S09.90 (‘unspecified injury of head’), by state*

Level of certainty

Maryland
N=352

Kentucky
N=385

Colorado
N=382

Massachusetts
N=384

Count Percentage Count Percentage Count Percentage Count Percentage

High 130 37.0 103 26.8 156 40.8 87 22.7

Medium 34 9.7 39 10.1 43 11.3 50 13.0

Low 82 23.4 90 23.4 74 19.4 146 38.0

High +medium levels 164 46.7 142 36.9 199 52.1 137 35.7

All levels of certainty 246 70.1 232 60.3 273 71.5 282 73.7

No signs/symptoms of TBI 105 29.9 153 39.7 109 28.5 103 26.3

*Due to the extent of methodological differences between the states, authors are unable to account for the variation in results seen across states. For this reason, state- specific 
results should not be compared.
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ICD-10- CM- based surveillance definition for TBI morbidity was 
introduced that excluded the unspecified injury of head (S09.90) 
diagnosis code.3 To examine the use of this code subsequent to 
the switch to ICD-10- CM, the current study randomly sampled 
charts uniquely assigned the S09.90 code (unspecified injury of 
head) and found wide variation in PPV; among the four states, 
23%–41% of sampled records contained high certainty evidence 
of TBI in the medical record. This finding is consistent with a 
previous prospective cohort study of patients presenting to an 
urban academic ED.5 Bazarian et al found that 75% (299 of 397) 
of charts assigned ICD-9- CM code 959.01, ‘head injury, unspec-
ified’, did not meet the clinical definition of mild TBI based 
on the absence of a documented LOC, mental status change or 
amnesia.5

Combining sampled cases with ‘high and medium certainty’ 
evidence of TBI resulted in a PPV of approximately 36%–52% 
among the states. These results suggest that among the large 
number of head injuries, coded solely with S09.90, a substan-
tial proportion of these records contain medium- to- high levels 
of documented evidence that a TBI occurred. In addition, there 
were a significant number of sampled charts assigned S09.90 for 
which there was low (ie, one TBI sign/symptom) or no docu-
mented evidence of TBI symptomatology. Results of this study 
present a significant conundrum for ICD-10- CM- based surveil-
lance of TBI- related ED visits given: (1) the large number of 
unspecified injury of head diagnoses in the USA annually8 and 
(2) the need to include all or none of these cases in incidence 
estimates due to the inclusion/exclusion of this code in the 
surveillance case definition. Overall, the decision to include or 
exclude cases with S09.90, as the sole TBI- related code, will 
have profound effects on estimates of TBI- related ED visits. 
Inclusion of S09.90 in the surveillance definition would result 
in the inclusion of cases for which there is little to no evidence 
of a TBI in the record; exclusion of the code would result in the 
omission of cases for which there is moderate- to- strong evidence 
of TBI in the record.

An important limitation of this study was that determination of 
case inclusion was based solely on documentation included in the 
medical record. For multiple reasons, the sign/symptoms docu-
mented in a record may not reflect the totality of signs/symptoms 
experienced by a patient after a head injury. First, some patients 
are seen in the ED soon after an injury and some signs/symptoms 
do not manifest until hours or days after the injury. Second, the 
absence of symptom documentation in the medical record may 
indicate this symptom did not occur, was brief, or was significant 
but not recorded. Third, it has been shown that a significant 
proportion of true TBI cases in the ED are not assigned a TBI 
code.5 9 A 2018 ED- based study conducted a brief TBI screening 
(study- trained triage nurses screened for mild TBI by asking 
patients two questions that were based on the CDC’s clinical 
definition of mild TBI. Specificity of the screening tool was 95% 
and showed that most patients with a negative screening result 
were not found to have a mild TBI- related ICD-10- CM code in 
their record) at triage with the results not conveyed to the ED 
physician.9 Among those that screened positive at triage, a subse-
quent review of the medical record found a documented mild 
TBI evaluation in only 45.9% of patients and a TBI diagnosis 
was assigned in only 37% of cases that screened positive. These 
studies suggest a longstanding issue related to the underdiag-
nosis, and potentially underassessment, of patients in the ED for 
TBI. Of concern, these studies suggest many patients with a TBI 
will leave the ED without instruction about how to best manage 
their injury. A secondary concern is that these TBIs will not be 
included in surveillance estimates, resulting in an underestimate 

of the public health burden of TBI and a potentially inadequate 
allocation of public health resources.

Findings in this manuscript are subject to additional limita-
tions. First, potential bias may have been introduced due to 
differences in methodology and medical professionals routinely 
documenting only positive findings in the record. The study’s 
medical record reviewers ranged from those with expertise in 
the clinical assessment of TBI to professional coders, who are 
required to rely on the physician’s documentation for diagnosis 
assignment. The number and types of hospitals varied across 
states. Sampled records were drawn from either one or multiple 
hospitals within a state and included critical access hospitals, 
acute care, trauma centres or teaching hospitals. Two of the four 
states sampled from 100% of the acute care hospitals in their 
states, while the others had less extensive coverage. Age distribu-
tion of the sampled patient population varied across states and 
its impact on study findings is unknown. Study years assessed 
varied by state: one state used the first year of data following 
implementation of ICD-10- CM, while the other states combined 
multiple study years. Therefore, readers should not compare 
state- specific results. Second, this study used a tiered TBI case 
confirmation strategy to characterise the level of certainty a 
TBI occurred. This strategy has not been validated and misclas-
sification of cases is possible. However, without an objective 
diagnostic aid for TBI and a validated consensus clinical defini-
tion, the magnitude of potential misclassification in our study is 
unknown. Third, our results reflect clinical practices in hospitals 
within four states and findings may not be generalisable to other 
states or different healthcare environments. Fourth, the lack of 
standardised training in injury coding could influence individual 
hospital coding practices and potentially bias the initial sample 
assessed. Fifth, misclassification of sampled records is possible 
as accurate assessment of diagnostic coding was challenging in 
states where not all medical documents that were requested were 
received.

This study found that some sampled charts uniquely assigned 
S09.90 that included a documented injury event contained 
medium or higher evidence that a TBI occurred. Future research 
should seek to understand why medical records containing 

What is already known on this subject

 ► In the International Classification of Disease, Ninth Revision, 
Clinical Modification (ICD-10- CM) coding era, multiple 
studies found that the ‘unspecified head injury’ codes 
comprised a majority of traumatic brain injury (TBI) morbidity 
cases in their emergency department samples. In 2016, the 
CDC excluded the ICD-10- CM complementary diagnosis code 
to ‘unspecified, head injury’ (S09.90) from the proposed TBI 
morbidity surveillance case definition.

What this study adds

 ► Results of this multisite medical record review of sampled 
emergency department cases assigned S09.90 ‘unspecified 
injury of head’ suggest the potential for missed TBI cases in 
a routinely used public health surveillance data source. Using 
our high and medium levels of certainty a TBI has occurred, 
individual state PPV ranged from 36% to 52% and represents 
a significant percentage of potentially missed TBI cases.
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medium- to- high levels of evidence indicative of a TBI were 
assigned the S09.90 code, rather than other diagnoses in 
the proposed TBI surveillance definition. While the primary 
purpose of ICD-10- CM codes is not for surveillance or research, 
these codes are often used to identify cases in surveillance and 
cohorts within research. In the ICD-10- CM era, surveillance 
and research efforts for TBI will be impacted as exclusion of 
S09.90 from CDC’s TBI surveillance definition will exclude 
some true TBI cases, while including S09.90 will include some 
false- positive TBI cases.

CONCLUSION
Results of this multisite medical record review of sampled ED 
cases assigned S09.90 unspecified injury of head (without other 
TBI codes) suggest the potential for missed TBI cases when 
conducting surveillance using ED administrative data. Individual 
state PPV ranged from 36% to 52% using criteria that assigned 
a medium or higher level of certainty a TBI occurred. TBI diag-
nosis and TBI surveillance using diagnostic coding is impeded by 
the transitory and variable manifestations of the condition itself, 
as well as the lack of objective diagnostic tools.
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