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Abstract:
Introduction: Traumatic brain injury (TBI) in children can result in cognitive, emotional and
somatic neurological impairments. In adults, post-traumatic hypopituitarism can extend or
exacerbate these impairments, likely due to mechanical damage to the pituitary and
hypothalamus. The pituitary in the pediatric brain likely suffers similar mechanical damage,
inducing endocrinopathies as in adults, but injury-induced endocrinopathies are infrequently
reported in children. Unrecognized hypopituitarism may lead to elevated risks of metabolic
syndrome, diabetes, delayed or absent puberty, short stature, and other endocrinopathies.
However, screening for endocrine deficiencies in susceptible patients and initiating appropriate
hormone replacement therapy may prevent these sequelae and improve the prospects for
recovery.
Methodology: To address this issue, we identified patients who had experienced a TBI and
subsequently developed a new-onset hypothalamically-regulated endocrine disorder. We
hypothesized that pediatric patients who were diagnosed with a TBI were at a higher risk of
being diagnosed with a central endocrinopathy than those without a prior diagnosis of TBI. We
retrospectively analyzed patients from 2008-2016 at Phoenix Children’s Hospital (PCH), a
nationally-recognized level-1 Trauma Children’s center and hospital serving the greater
Phoenix, Arizona metropolitan area, and identified two patients who sustained TBIs in infancy
and subsequently diagnosed and treated for central endocrinopathies at PCH. To expand these
cases into an epidemiological assessment, we also identified 511 pediatric patients enrolled in
the Arizona Health Cost Containment System (AHCCCS) from 2008-2014 who were diagnosed
with one of 40 TBI ICD-9 codes and subsequently diagnosed with one of 14 central
endocrinopathy codes. Additionally, by utilizing ICD-9 code data from over 650,000 Arizona
pediatric patients, we are the first to successfully estimate the epidemiology, relative risk, odds
ratio, and number needed to harm, of developing a central endocrinopathy after sustaining a
TBI in Arizona Medicaid pediatric patients.

Results: We determined that TBI victims were 3.18-times higher risk of developing a central
endocrinopathy compared with the general population (CI=0.264), pediatric AHCCCS patients
with a central endocrinopathy had a 3.2-fold higher odds of a history with TBI than those
without a central endocrinopathy (CI=0.266), of the central endocrinopathy in TBI victims is
attributable to the TBI, and the number of patients who need to be exposed to a TBI for 1
patient to develop an endocrinopathy was 154.2 (CI=7.11). We also determined that more
males than females presented with central endocrinopathies after TBI compared with the
general population of TBI victims.
Conclusion: These biostatistical measures are the first, consortium-based, epidemiological
study conducted to determine the risk of developing a central endocrinopathy after a TBI as a
pediatric patient. Our results contribute to a body of knowledge advising physicians to consider
a TBI etiology for idiopathic endocrine disorders, which can be screened through preventative
therapy approaches. This work was made thanks to the generous support of the Valley
Research Project P1 Grant.
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Introduction/Significance:
Background for the research question
Traumatic brain injuries (TBI) are a leading cause of childhood mortality and morbidity in
industrialized countries, and are a major public health concern, if not an epidemic. TBI survivors
are at risk for poor developmental and functional outcome, with increased risk for developing
endocrine disorders. Mechanically, the forces of injury can selectively damage the
hypothalamic-pituitary axis, an integral system in regulating neuronal with hormonal function.
Despite increased understanding of both TBI and hypothalamic-pituitary dysfunction, few have
bridged the fields of neurology and endocrinology to study the interaction on functional
outcome; and when investigated, these reports focus on adult patients. Dissecting this
connection between nervous and endocrine systems has the potential to advance diagnosis and
open rapid treatment for children recovering from TBI.
The pituitary gland is a major endocrine gland in the brain that secretes a variety of hormones
necessary for normal physiologic functioning: growth hormone (GH), thyroid stimulating
hormone (TSH), adrenocorticotropic hormone (ACTH), prolactin (PRL), luteinizing hormone (LH),
follicle stimulating hormone (FSH), anti-diuretic hormone (ADH) and oxytocin. The pituitary gland
is regulated by a centrally located collection of neurons, the hypothalamus. Injury to this axis due
to TBI has therefore been shown to promote endocrine dysfunctions due to imbalance of any or
all of these hormones. Such dysfunctions are a well-documented complication in adults following
TBIs, and are less studied in children.
Prevalence in the adult literature:
In adults, the prevalence of hypopituitarism was unexpectedly high (23–69%) and the most
common deficiency described was GH deficiency (2–66%) and gonadotropin deficiency (0–
29%).12, 13, 21-27 A recent systematic review including 1203 adult patients with TBI reported a
pooled prevalence of hypopituitarism of 27.8% and 6.2% of multiples deficiencies. The authors
highlighted it has a relevant impact to public health worldwide.28 Between 1977 and 2004, only
a total of 20 paediatric cases of hypopituitarism after TBI were reported. Interestingly, in those
reports, the cases had an interval episode between injury and diagnosis ranging from 1 to 42
years.29 The prevalence in paediatric studies ranged from 5% to 57% (up to 86% in studies
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including hyperprolactinaemia as abnormality). Previously published studies in children differed
in the eligible population, inclusion criteria and methodological design, with differences in
hormonal assessment including baseline profile and dynamic tests sometimes restricted to
selected patients, and accordingly, sometimes reducing comparability.14-24
After reviewing recent data in children, the first difference observed was the inclusion criteria;
in all the studies except Salomón’s, the inclusion criteria were defined by GCS, but some studies
included only severe-to-moderate TBI while others such as Khadr et al11 and Casano-Sancho et
al33 also included minor TBI with additional skull fracture. Heather et al18, Auble et al35 and
Salomón-Estébanez et al34 restricted studies to those patients with structural abnormalities
after TBI. Another difference was the rate of inclusion reported by different studies, ranging
between 20% and 70%, which may obviously influence the estimation of the prevalence of
hypopituitarism.14-20 The protocol and methodology used to evaluate endocrine function is
crucial when comparing studies. In retrospective studies, such as those performed by
Poomthavorn et al30, the authors restricted the hormonal assessment to those patients who
had symptoms suggestive of possible hypopituitarism after they responded to a questionnaire.
Other retrospective studies, such as the one published by Eunadi14, restricted the dynamic tests
to patients with low growth velocity; Norwood et al31 and Khadr et al11 carried out crosssectional studies, showing a wide range of hypopituitarism from 48% to 25%. Prospective
studies such as those by Kaulfers et al16, Niederland et al15, Casano-Sancho et al33, and
Personnier et al32 used functional hormonal testing irrespective of clinical symptoms and found
a high prevalence of pituitary dysfunction.
A large number of studies have reported long-term hypopituitarism in up to 11-69% of TBI
survivors.1-7 In a systematic review in 2007, Schneider et al. analyzed 19 clinical studies involving
1137 patients reporting on pituitary function after TBI. In the chronic phase a 27.5% prevalence
of pituitary dysfunction was found in general.2 Again, these studies primarily focus on adult
patients.
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Prevalence in the pediatric literature:
Retrospective and prospective pediatric studies, however, reported highly variable rates of
hypopituitarism after TBI.3-7 The reported 4-86% prevalence of endocrine dysfunction 6 months
after TBI, and 10-38% at 1 year after TBI in children are not instructive. Variations in overall
prevalence of pituitary dysfunction after TBI can result from different methods of endocrine
testing, and patient selection from a small number of severe TBI cases. This indicates a lack of
large epidemiological studies to evaluate endocrine dysfunction subsequent to pediatric TBI.
The majority of endocrine dysfunction post-TBI in pediatric patients are GH deficiencies, but
children can also experience ACTH deficiency, diabetes insipidus, central hypothyroidism, and
elevated prolactin reported between 6 months to a year after TBI.8 Several publications report
endocrine dysfunctions up to 5 years after the initial TBI, suggesting the continuous need for
monitoring of TBI survivors 9. Elevated prolactin, abnormal thyroid function, short stature, and
low GH peak were shown to be present in a study evaluating children with previous TBI

41.

Recovery of pituitary function can occur in up to 50% of patients with major hormonal
deficiencies diagnosed at 3 months post-injury.10-12 Risk factors of pituitary dysfunction after TBI
are controversial. Some previous studies failed to show a definitive relationship between injury
factors and hypopituitarism.13-19 On the other hand, according to Kelly et al., the severity of brain
injury on acute CT is the strongest predictor of subsequent pituitary dysfunction (p=0.02).9
Overall, the “typical” symptomatology of these patients has shown to be acute and/or chronic
changes in GH, ACTH, prolactin and TH levels. In addition, many of these and other acute and
chronic endocrine sequelae have been reported in children post-TBI, though the data remain
inconsistent and controversial. For this study, we have identified the ICD-9 diagnostic codes
associated with these potential endocrine dysfunctions to develop inclusion criteria.
International Classification of Diseases, Ninth Revision (ICD-9):
ICD-9 Diagnostic and Current Procedural Terminology (CPT) Billing codes for reimbursement
is a vital part of health-care operations.20 Codes are specific to the particular disease, syndrome,
and diagnosis of each patient, and are entered for every patient visit, regardless of acuity. For
example, a patient at her 11th office visit for growth hormone deficiency will have the relevant
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diagnostic code entered, despite it being the 11th visit for this chronic condition. The physician
will also submit a billing code along with the diagnostic code for growth hormone deficiency.
Billing codes are coupled with diagnostic codes to help health insurance companies determine
the reason for the visit as well as the appropriate reimbursement rate. ICD-9 codes have inherent
flaws both with the level of detail and selection of codes by the physician. These shortcomings
inherent in any large database are recognized and assumed to be equal among age, sex, and race.
Significance and rational for the research question
Despite the wide-ranging reports on pediatric TBIs affecting endocrine dysfunction, there is
little published epidemiological data analyzing large cohorts of patients to identify correlations
with location, sex, race, and age, nor is it commonly considered in a clinician’s differential
diagnosis for a patient presenting to the office after TBI, nor is a history of TBI routinely asked for
in a patient presenting with fatigue, weight gain, obesity, delayed puberty, and growth stunting.
Such studies provide the basis for developing predictive screening needs and measures. It is also
clear that predictive measures are needed in order to better determine which children should
undergo further examination for endocrine dysfunction after TBI, and for how long. Predictive
methods remain one of the greatest unanswered questions in the field and one of the most
needed answers to further care for these patients.
Hypothesis/Research Question
Pediatric patients who were diagnosed with a TBI were at a higher risk of being diagnosed with a
central endocrinopathy than those without a prior diagnosis of TBI.
Goals for this study
Results from this project can contribute to a screening tool for children who sustain a TBI that
guides physicians to the awareness and potential testing of endocrine disorders. The second
objective for this thesis is to increase awareness among pediatricians, pediatric endocrinologists,
pediatric neurologists, and other clinicians treating children with TBIs, of the incidence, risks, and
presenting symptoms, of hypopituitarism among TBI survivors.
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Research Methods and Materials:
We conducted a preparatory to research query with ASU’s ChiR program and PCH to evaluate
feasibility of the approach. The AHCCCS patient records query included data beginning in 2007
until December 2014, and identified more than 9,000 patients diagnosed with an ICD-9 TBI
diagnosis (appendix 1) followed by the diagnosis of an ICD-9 endocrine diagnosis (appendix 2)
at least 6 months after initial TBI diagnosis, whereas the PCH study included over 200 patients.
The number of patients found in these records was sufficient to conduct an epidemiological
study to determine the relationships between age, race, sex, and income of patients diagnosed
with a TBI and patients subsequently diagnosed with an endocrine disorder.
Refined inclusion/exclusion criteria for the research study identified cases of TBI followed by
an endocrine diagnosis at least 6 months later, all before the age of 18. In addition, we included
only patients who have been continuously enrolled in AHCCCS for a specific period of time
(determined by empirical evaluation by CHiR).
Inclusion Criteria
● Age range ≤18
● Geography = AZ
● Years of data = 2007 – 2014 (calendar year)
● Diagnosis of TBI (Please see ICD-9 codes in Appendix 1)
● Diagnosis of endocrine disorder (Please see ICD-9 codes in Appendix 2)
● Diagnosis of an endocrine dysfunction ≥6 months after a TBI diagnosis (or multiple TBI
diagnoses), all diagnoses prior to the age of 18
● Patients diagnosed with a TBI prior to 18 years old, without an endocrine disorder
● Patients diagnosed with an endocrine disorder prior to 18 years old, without a TBI
● Continuous enrollment in AHCCCS (no more than 30 days not enrolled per year)
Exclusion Criteria
● Patients diagnosed with an endocrine disorder or TBI >18 years of age
● Diagnosis of an endocrine dysfunction prior to a TBI
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For the research study, two queries were required to evaluate the development versus risk
of endocrine dysfunction after TBI. The first query extracted a limited data set regarding
individual ICD-9 diagnosis and billing codes, in order to follow individual cases for the
development of specific endocrine disorders after TBI. The second query extracted population
data for four groups: (1) only TBI, (2) only endocrine disorders, (3) both TBI and endocrine
disorders, and (4) neither TBI nor Endocrine diagnoses. The second query provides data to
analyze the prevalence stratified by age, gender, and race, relative risk, odds ratio, attributable
risk, and humber needed to harm, of endocrine disorders subsequent to a TBI.

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑐𝑐𝑐𝑐ℎ𝑜𝑜𝑜𝑜𝑜𝑜 𝑎𝑎/𝑐𝑐𝑐𝑐ℎ𝑜𝑜𝑜𝑜𝑜𝑜 𝑏𝑏

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 (𝑅𝑅𝑅𝑅) = [𝑎𝑎/(𝑎𝑎 + 𝑏𝑏)]/[𝑐𝑐/(𝑐𝑐 + 𝑑𝑑)]
𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 (𝑂𝑂𝑂𝑂) = (𝑎𝑎𝑎𝑎)/(𝑏𝑏𝑏𝑏)

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 (𝐴𝐴𝐴𝐴) = [𝑎𝑎/(𝑎𝑎 + 𝑏𝑏)] − [𝑐𝑐/(𝑐𝑐 + 𝑑𝑑)]
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑡𝑡𝑡𝑡 ℎ𝑎𝑎𝑎𝑎𝑎𝑎 = 1/𝐴𝐴𝐴𝐴

We discerned these results by grouping our ASU study patients into 4 cohorts: a, b, c, and d,
based on the contingency table seen in table 1.
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Endo +

Endo -

TBI +

Cohort a

Cohort b

TBI -

Cohort c

Cohort d

2x2 contingency
table

Table 1: 2x2 contingency table utilized to analyze ASU cohort data.
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Results:
ASU cohort:
2x2 contingency table
TBI +
TBI -

Endo +

Cohort A (n=511)
Cohort C (n=13,355)

Endo Cohort B (n=145,413)
Cohort D (n=656,680)

Table 2: Patient cohorts and number of patients and each cohort
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Value

Relative risk

Odds ratio

Attributable risk

NNH

3.21 (0.26)

3.31(0.27)

0.016 (0.0003)

154.2 (7.11)

(95% CI)
Table 3: Epidemiological biostatistics comparing cohorts A, B, C, D. TBI victims were 3.2-fold
(CI=0.264) higher risk of developing a central endocrinopathy compared with the general
population, pediatric AHCCCS patients with a central endocrinopathy had a 3-fold (CI=0.266)
higher odds of a history with TBI than those without a central endocrinopathy, 1.6%
(CI=0.000299) of the central endocrinopathy in TBI victims is attributable to the TBI, and the
number of patients who need to be exposed to a TBI for 1 patient to develop an endocrinopathy
was 154.2 (CI=7.11).
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Figures 1a-c. Prevalence of patients in cohort A based on age (A), gender (B), and race (C). The Y
axis represents the prevalence measure of patients diagnosed with a central endocrinopathy
after a TBI.
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Figures 2a-b: Female TBI victims are more likely to be diagnosed with central endocrinopathies
at an earlier age than males with TBIs. (A) Patients on Y-axis, age (years) on x-axis, solid lines in
red (female) and blue (male) representing age at TBI diagnosis depicting age at each central
endocrinopathy diagnosis. (B) Quantity of patients on the x-axis for males and females.
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PCH Cohort:
Age at TBI

TBI diagnosis

Age at endocrine
referral (year,
month)

Endocrine
diagnosis(es)

Intervention(s)

Outcome

Patient 1 3 months
Non-accidental
4 months and 1
and 27 days trauma resulting in day
R>L frontal white
matter
encephalomalacia,
skull fracture,
subdural
hematomas.

Diabetes
Insipidus

DDAVP
supplementation

Likely life-long
diabetes
insipidus
requiring daily
DDAVP
supplementatio
n and frequent
sodium
monitoring

Patient 2 2 years

Fell from kitchen
Unknown
table resulting in
non-depressed left
parietal skull fx
w/underlying
small, less than
4mm subdural
hematoma w/o
mass effect

Central
hypothyroidism,
growth hormone
insufficiency

Levothyroxine
and growth
hormone
supplementation

Unknown

Patient 3 3 months

Non-accidental
14 years and 3
trauma involving
months
the frontal lobe -->
pending outside
record retrieval

Low prolactin,
central
hypothyroidism,
low
testosterone,
morbid obesity

Levothyroxine
supplementation

Weight loss,
improved
attention, more
engaged in sports
and school

Patient 4 5 months,
30 days

Non-accidental
1 year, 3 months
trauma resulting in
large accumulating
right
frontoparietal
mixed densities
subdural
hematoma with
midline shift

Hypogonadism,
failure to thrive,
central
hypothyroidism,
low growth
hormone

Levothyroxine
and Growth
Hormone
supplementation

Normalized growth
velocity, stature
and weight.
Improved
attention,
developmental
milestones

Table 4: Representation of PCH patients that were found to have a TBI and subsequently
diagnosed with a central endocrinopathy that did not meet any exclusion criteria. Pertinent
information revealed in this table includes age at TBI, TBI diagnosis, Age at referral to a PCH
endocrinologist, each patient’s endocrine diagnoses, Intervention(s), and outcome.
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Discussion:
Significance, ASU Study:
TBI is a leading cause of childhood morbidity and mortality in industrialized countries, and
establish a major public health concern, if not an epidemic. Mechanically, the forces of injury
can selectively damage the hypothalamic-pituitary axis, an integral system in regulating
hormonal influence on neuronal function. Despite increased understanding of both TBI and
hypothalamic-pituitary dysfunction, few have bridged the fields of neurology and endocrinology
to study the interaction on functional outcome; and when investigated, these reports focus on
adult patients. Dissecting this connection between nervous and endocrine systems has the
potential to advance diagnosis and open rapid treatment for children recovering from TBI. Our
data represent the first large epidemiological study to evaluate endocrine disorder onset
subsequent to pediatric TBI. As such, we are the first to determine that patients can present
with central, new-onset endocrinopathies days to years after a TBI. Therefore, physicians must
be aware of endocrine symptoms years after a TBI and, most importantly, add TBI-induced
central endocrinopathies to their differential diagnosis when treating a patient with a history of
a TBI. For now, central endocrinopathies can be diagnosed up to 6 or 7 years after TBI
diagnosis. Which can represent (1) a half-dozen year delay in endocrinopathy onset, (2) an early
onset endocrinopathology that has a delayed diagnosis, or (3) procedural issues with patients
entering and exiting the AHCCCS system when earlier diagnosis occurred. These initial results
provide a basis for developing predictive screening needs and measures in the vulnerable
pediatric population. For example, discrete predictive measures can identify children who
would benefit from further endocrine function testing at specific times after TBI. Predictive
methods remain one of the greatest unanswered questions in the field and one of the most
needed answers to further care for these patients.
Significance, PCH Study:
Our PCH study identified 4 patients who were treated for both their TBI and subsequent
endocrinopathies. These 4 patients did not have any past medical history that could have
otherwise explain the development of their endocrinopathies. These 4 patients further
demonstrate that unrecognized hypopituitarism in TBI survivors in may lead to elevated risks of
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metabolic syndrome, diabetes, delayed or absent puberty, short stature, and other
endocrinopathies. However, screening for these deficiencies in susceptible patients and
initiating appropriate hormone replacement therapy (HRT) may prevent these sequelae, and
enhance the prospects for rehabilitation, as in our patients.
Affected patients may experience deficits for many years. It is also associated with significant
acute and chronic health care costs. However, pediatric central endocrinopathy due to TBI
remains underrecognized by caregivers and health care providers due to subtle and nonspecific
presentation.
Differential Diagnosis:
Patients can present with a variety of chief complaints depending on the extent of their
endocrine derangement. The differential diagnosis for failure to thrive in an toddler include
insufficient supply/nutrition, insufficient absorption, or excess energy expenditure. Patient
number 4 (table 4) underwent endocrine testing as a result of his microphallus in addition to his
failure to thrive on physical exam, as well as past medical history of TBI.
Though our patients presented with signs and symptoms suspicious of hormone deficiency,
derangements of hypopituitarism can be subtle, or can mimic the sequelae of post-concussive
syndrome, and must regarded with a high index of suspicion in TBI survivors.
Management:
High indices of suspicion for life threatening endocrine deficiencies should be maintained
during acute care immediately after TBI. There are currently no screening guidelines for
children for non-life threatening deficiencies that are managed primarily in the outpatient
setting, after stabilization from their injury. However, it has been suggested by multiple
pediatric studies to extrapolate from existing adult screening guidelines that apply all survivors
of moderate-to-severe TBI (Moderate defined as GCS of 9-12, severe defined as GCS of 3-9).9-11
Proposed screening guidelines include performing a baseline hormonal profile with fT4/ TSH
and 08:00 cortisol between 3 and 6 months after TBI, considering the effect of thyroxine and
hydrocortisone in patient recovery and functional outcome.10 Supplementation with sex
hormones in hypogonadal patients should be considered in pubertal patients to optimise
pubertal growth, and in symptomatic postpubertal patients, but the effects on cognitive
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outcome are unclear. The evaluation of GH could be delayed till 1 year after TBI, after growth
velocity monitoring.9
In addition to screening guidelines, post-TBI hypopituitarism should remain in a clinician's
differential diagnosis in every TBI survivor, regardless of age of the patient, or length of time
after the injury. This is because the onset and resolution of post-TBI endocrinopathies are
extremely variable. The time of onset of an endocrinopathy after a moderate to severe TBI has
been found to be approximately 15% within a month, 75% between 1 to 6 months, and 29%
between 6 and 12 months after injury.8,11,12 The incidence of any endocrinopathy in children
who had moderate to severe head injury has been shown to be 15% at 1 month after injury,
75% at 6 months, and 29% at 12 months after TBI. Interestingly, many of the endocrine
abnormalities found in the first few months after injury resolved by 1 year.13 Thus, children
should have continued close endocrine surveillance until at least 1 year after TBI. However,
suspicion of central endocrinopathies in TBI survivors cannot be extinguished 1 year after their
injury. Multiple studies have reported onset of these deficiencies many years after TBI, even
into adulthood.4,6,7,14 Therefore, it is imperative to keep post-TBI endocrinopathies on the
differential diagnosis of any patients with a history of head trauma, regardless of age of injury.
No risk factors for post-TBI endocrinopathy have yet to be identified in the literature, such as
TBI severity, GCS, presence or absence of cranial fractures, or intracranial hematomas.8
If identified, hypopituitarism can be readily treated with the appropriate HRT.
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Future Directions:
We have completed the cost expenditures for the Valley Research Project Grant (2017) and
presentation at the National Neurotrauma Symposium in July 2016. In the near term, we will
stratify the data based on income level, similar to the approach regarding race. Additionally,
data for patients diagnosed with TBI without endocrinopathy will permit a risk analysis in
developing an endocrinopathy after TBI for pediatric patients, compared to the general
population. These findings will be incorporated in a manuscript for peer-review within the next
year. Finally, following the submission of our manuscript, we will be pursuing additional
funding next year by developing a prospective trial further delineating the link between
pediatric TBIs and the subsequent development of central endocrinopathies. Regarding our PCH
study, we are currently pursuing publication in the American Academy of Pediatrics Journal
under the Index of Suspicion section.
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Conclusions:
This study is the first to determine the epidemiology of new-onset central endocrinopathies after
TBI in the pediatric population in the Arizona Medicaid System from 2007-2014. We determined
that TBI victims were 3.18-times higher risk of developing a central endocrinopathy compared
with the general population (CI=0.264), pediatric AHCCCS patients with a central endocrinopathy
had a 3.2-fold higher odds of a history with TBI than those without a central endocrinopathy
(CI=0.266), and that the number of patients who need to be exposed to a TBI for 1 patient to
develop an endocrinopathy was 154.2 (CI=7.11). This data also helped illustrate that patients can
present with central, new-onset endocrinopathies days to years after TBI; physicians must be
aware of endocrine symptoms after TBI and add TBI-induced central endocrinopathies to their
differential diagnosis when treating a patient with a history of TBI. We also identified 4 patients
treated at PCH for both their TBI and central endocrinopathies, patients will help further solidify
the relationship between TBI and central endocrine disorders. Further prospective studies are
needed to better determine correlation between TBI severity and endocrinopathies.
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Appendix 1: Traumatic Brain Injury ICD-9 Codes
800

Fracture of vault of skull

800.01

Closed fracture of vault of skull without mention of intracranial injury; with
no loss of consciousness

800.02

Closed fracture of vault of skull without mention of intracranial injury; with
brief [less than one hour] loss of consciousness

800.03

Closed fracture of vault of skull without mention of intracranial injury; with
moderate [1-24 hours] loss of consciousness

800.05

Closed fracture of vault of skull without mention of intracranial injury; with
prolonged [more than 24 hours] loss of consciousness; without return to preexisting conscious level

800.06

Closed fracture of vault of skull without mention of intracranial injury; with
loss of consciousness of unspecified duration

800.09

Closed fracture of vault of skull without mention of intracranial injury; with
concussion; unspecified

800.1

Closed fracture of vault of skull with cerebral laceration and contusion;
unspecified state of consciousness

800.11

Closed fracture of vault of skull with cerebral laceration and contusion; with
no loss of consciousness

800.12

Closed fracture of vault of skull with cerebral laceration and contusion; with
brief [less than one hour] loss of consciousness

800.13

Closed fracture of vault of skull with cerebral laceration and contusion; with
moderate [1-24 hours] loss of consciousness

800.14

Closed fracture of vault of skull with cerebral laceration and contusion; with
prolonged [more than 24 hours] loss of consciousness and return to
pre-existing conscious level

800.15

Closed fracture of vault of skull with cerebral laceration and contusion; with
prolonged [more than 24 hours] loss of consciousness; without return to
pre-existing conscious level

800.16

Closed fracture of vault of skull with cerebral laceration and contusion; with
loss of consciousness of unspecified duration

800.19

Closed fracture of vault of skull with cerebral laceration and contusion; with
concussion; unspecified

800.2

Closed fracture of vault of skull with subarachnoid; subdural; and extradural
hemorrhage; unspecified state of consciousness

800.21

Closed fracture of vault of skull with subarachnoid; subdural; and extradural
hemorrhage; with no loss of consciousness
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800.22

Closed fracture of vault of skull with subarachnoid; subdural; and extradural
hemorrhage; with brief [less than one hour] loss of consciousness

800.23

Closed fracture of vault of skull with subarachnoid; subdural; and extradural
hemorrhage; with moderate [1-24 hours] loss of consciousness

800.24

Closed fracture of vault of skull with subarachnoid; subdural; and extradural
hemorrhage; with prolonged [more than 24 hours] loss of consciousness and
return to pre-existing conscious level

800.25

Closed fracture of vault of skull with subarachnoid; subdural; and extradural
hemorrhage; with prolonged [more than 24 hours] loss of consciousness;
without return to pre-existing conscious level

800.26

Closed fracture of vault of skull with subarachnoid; subdural; and extradural
hemorrhage; with loss of consciousness of unspecified duration

800.29

Closed fracture of vault of skull with subarachnoid; subdural; and extradural
hemorrhage; with concussion; unspecified

800.3

Closed fracture of vault of skull with other and unspecified intracranial
hemorrhage; unspecified state of consciousness

800.31

Closed fracture of vault of skull with other and unspecified intracranial
hemorrhage; with no loss of consciousness

800.32

Closed fracture of vault of skull with other and unspecified intracranial
hemorrhage; with brief [less than one hour] loss of consciousness

800.35

Closed fracture of vault of skull with other and unspecified intracranial
hemorrhage; with prolonged [more than 24 hours] loss of consciousness;
without return to pre-existing conscious level

800.36

Closed fracture of vault of skull with other and unspecified intracranial
hemorrhage; with loss of consciousness of unspecified duration

800.39

Closed fracture of vault of skull with other and unspecified intracranial
hemorrhage; with concussion; unspecified

800.4

Closed fracture of vault of skull with intracranial injury of other and
unspecified nature; unspecified state of consciousness

800.41

Closed fracture of vault of skull with intracranial injury of other and
unspecified nature; with no loss of consciousness

800.42

Closed fracture of vault of skull with intracranial injury of other and
unspecified nature; with brief [less than one hour] loss of consciousness

800.45

Closed fracture of vault of skull with intracranial injury of other and
unspecified nature; with prolonged [more than 24 hours] loss of
consciousness; without return to pre-existing conscious level

800.46

Closed fracture of vault of skull with intracranial injury of other and
unspecified nature; with loss of consciousness of unspecified duration
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800.49
800.5

Closed fracture of vault of skull with intracranial injury of other and
unspecified nature; with concussion; unspecified
Open fracture of vault of skull without mention of intracranial injury;
unspecified state of consciousness

800.51

Open fracture of vault of skull without mention of intracranial injury; with no
loss of consciousness

800.52

Open fracture of vault of skull without mention of intracranial injury; with
brief [less than one hour] loss of consciousness

800.53

Open fracture of vault of skull without mention of intracranial injury; with
moderate [1-24 hours] loss of consciousness

800.54

Open fracture of vault of skull without mention of intracranial injury; with
prolonged [more than 24 hours] loss of consciousness and return to
pre-existing conscious level

800.56

Open fracture of vault of skull without mention of intracranial injury; with
loss of consciousness of unspecified duration

800.59

Open fracture of vault of skull without mention of intracranial injury; with
concussion; unspecified

800.6

Open fracture of vault of skull with cerebral laceration and contusion;
unspecified state of consciousness

800.61

Open fracture of vault of skull with cerebral laceration and contusion; with
no loss of consciousness

800.62

Open fracture of vault of skull with cerebral laceration and contusion; with
brief [less than one hour] loss of consciousness

800.65

Open fracture of vault of skull with cerebral laceration and contusion; with
prolonged [more than 24 hours] loss of consciousness; without return to preexisting conscious level

800.66

Open fracture of vault of skull with cerebral laceration and contusion; with
loss of consciousness of unspecified duration

800.7

Open fracture of vault of skull with subarachnoid; subdural; and extradural
hemorrhage; unspecified state of consciousness

800.71

Open fracture of vault of skull with subarachnoid; subdural; and extradural
hemorrhage; with no loss of consciousness

800.72

Open fracture of vault of skull with subarachnoid; subdural; and extradural
hemorrhage; with brief [less than one hour] loss of consciousness

800.74

Open fracture of vault of skull with subarachnoid; subdural; and extradural
hemorrhage; with prolonged [more than 24 hours] loss of consciousness and
return to pre-existing conscious level
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800.75

Open fracture of vault of skull with subarachnoid; subdural; and extradural
hemorrhage; with prolonged [more than 24 hours] loss of consciousness;
without return to pre-existing conscious level

800.76

Open fracture of vault of skull with subarachnoid; subdural; and extradural
hemorrhage; with loss of consciousness of unspecified duration

800.79

Open fracture of vault of skull with subarachnoid; subdural; and extradural
hemorrhage; with concussion; unspecified

800.8

Open fracture of vault of skull with other and unspecified intracranial
hemorrhage; unspecified state of consciousness

800.81

Open fracture of vault of skull with other and unspecified intracranial
hemorrhage; with no loss of consciousness

800.84

Open fracture of vault of skull with other and unspecified intracranial
hemorrhage; with prolonged [more than 24 hours] loss of consciousness and
return to pre-existing conscious level

800.85

Open fracture of vault of skull with other and unspecified intracranial
hemorrhage; with prolonged [more than 24 hours] loss of consciousness;
without return to pre-existing conscious level

800.86

Open fracture of vault of skull with other and unspecified intracranial
hemorrhage; with loss of consciousness of unspecified duration

800.9

Open fracture of vault of skull with intracranial injury of other and
unspecified nature; unspecified state of consciousness

800.91

Open fracture of vault of skull with intracranial injury of other and
unspecified nature; with no loss of consciousness

800.93

Open fracture of vault of skull with intracranial injury of other and
unspecified nature; with moderate [1-24 hours] loss of consciousness

800.95

Open fracture of vault of skull with intracranial injury of other and
unspecified nature; with prolonged [more than 24 hours] loss of
consciousness; without return to pre-existing conscious level

800.99

Open fracture of vault of skull with intracranial injury of other and
unspecified nature; with concussion; unspecified

801

Fracture of base of skull

801.01

Closed fracture of base of skull without mention of intra cranial injury; with
no loss of consciousness

801.02

Closed fracture of base of skull without mention of intra cranial injury; with
brief [less than one hour] loss of consciousness

801.03

Closed fracture of base of skull without mention of intra cranial injury; with
moderate [1-24 hours] loss of consciousness
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801.05

Closed fracture of base of skull without mention of intra cranial injury; with
prolonged [more than 24 hours] loss of consciousness; without return to
pre-existing conscious level

801.06

Closed fracture of base of skull without mention of intra cranial injury; with
loss of consciousness of unspecified duration

801.09

Closed fracture of base of skull without mention of intra cranial injury; with
concussion; unspecified

801.1

Closed fracture of base of skull with cerebral laceration and contusion;
unspecified state of consciousness

801.11

Closed fracture of base of skull with cerebral laceration and contusion; with
no loss of consciousness

801.12

Closed fracture of base of skull with cerebral laceration and contusion; with
brief [less than one hour] loss of consciousness

801.13

Closed fracture of base of skull with cerebral laceration and contusion; with
moderate [1-24 hours] loss of consciousness

801.14

Closed fracture of base of skull with cerebral laceration and contusion; with
prolonged [more than 24 hours] loss of consciousness and return to preexisting conscious level

801.15

Closed fracture of base of skull with cerebral laceration and contusion; with
prolonged [more than 24 hours] loss of consciousness; without return to preexisting conscious level

801.16

Closed fracture of base of skull with cerebral laceration and contusion; with
loss of consciousness of unspecified duration

801.19

Closed fracture of base of skull with cerebral laceration and contusion; with
concussion; unspecified

801.2

Closed fracture of base of skull with subarachnoid; subdural; and extradural
hemorrhage; unspecified state of consciousness

801.21

Closed fracture of base of skull with subarachnoid; subdural; and extradural
hemorrhage; with no loss of consciousness

801.22

Closed fracture of base of skull with subarachnoid; subdural; and extradural
hemorrhage; with brief [less than one hour] loss of consciousness

801.23

Closed fracture of base of skull with subarachnoid; subdural; and extradural
hemorrhage; with moderate [1-24 hours] loss of consciousness

801.24

Closed fracture of base of skull with subarachnoid; subdural; and extradural
hemorrhage; with prolonged [more than 24 hours] loss of consciousness and
return to pre-existing conscious level
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801.25

Closed fracture of base of skull with subarachnoid; subdural; and extradural
hemorrhage; with prolonged [more than 24 hours] loss of consciousness;
without return to pre-existing conscious level

801.26

Closed fracture of base of skull with subarachnoid; subdural; and extradural
hemorrhage; with loss of consciousness of unspecified duration

801.29

Closed fracture of base of skull with subarachnoid; subdural; and extradural
hemorrhage; with concussion; unspecified

801.3

Closed fracture of base of skull with other and unspecified intracranial
hemorrhage; unspecified state of consciousness

801.31

Closed fracture of base of skull with other and unspecified intracranial
hemorrhage; with no loss of consciousness

801.32

Closed fracture of base of skull with other and unspecified intracranial
hemorrhage; with brief [less than one hour] loss of consciousness

801.33

Closed fracture of base of skull with other and unspecified intracranial
hemorrhage; with moderate [1-24 hours] loss of consciousness

801.34

Closed fracture of base of skull with other and unspecified intracranial
hemorrhage; with prolonged [more than 24 hours] loss of consciousness and
return to pre-existing conscious level

801.35

Closed fracture of base of skull with other and unspecified intracranial
hemorrhage; with prolonged [more than 24 hours] loss of consciousness;
without return to pre-existing conscious level

801.36

Closed fracture of base of skull with other and unspecified intracranial
hemorrhage; with loss of consciousness of unspecified duration

801.39

Closed fracture of base of skull with other and unspecified intracranial
hemorrhage; with concussion; unspecified

801.4

Closed fracture of base of skull with intracranial injury of other and
unspecified nature; unspecified state of consciousness

801.41

Closed fracture of base of skull with intracranial injury of other and
unspecified nature; with no loss of consciousness

801.42

Closed fracture of base of skull with intracranial injury of other and
unspecified nature; with brief [less than one hour] loss of consciousness

801.45

Closed fracture of base of skull with intracranial injury of other and
unspecified nature; with prolonged [more than 24 hours] loss of
consciousness; without return to pre-existing conscious level

801.46

Closed fracture of base of skull with intracranial injury of other and
unspecified nature; with loss of consciousness of unspecified duration

801.49

Closed fracture of base of skull with intracranial injury of other and
unspecified nature; with concussion; unspecified
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801.5

Open fracture of base of skull without mention of intracranial injury;
unspecified state of consciousness

801.51

Open fracture of base of skull without mention of intracranial injury; with no
loss of consciousness

801.52

Open fracture of base of skull without mention of intracranial injury; with
brief [less than one hour] loss of consciousness

801.56

Open fracture of base of skull without mention of intracranial injury; with
loss of consciousness of unspecified duration

801.59

Open fracture of base of skull without mention of intracranial injury; with
concussion; unspecified

801.6

Open fracture of base of skull with cerebral laceration and contusion;
unspecified state of consciousness

801.61

Open fracture of base of skull with cerebral laceration and contusion; with
no loss of consciousness

801.62

Open fracture of base of skull with cerebral laceration and contusion; with
brief [less than one hour] loss of consciousness

801.64

Open fracture of base of skull with cerebral laceration and contusion; with
prolonged [more than 24 hours] loss of consciousness and return to preexisting conscious level

801.65

Open fracture of base of skull with cerebral laceration and contusion; with
prolonged [more than 24 hours] loss of consciousness; without return to preexisting conscious level

801.66

Open fracture of base of skull with cerebral laceration and contusion; with
loss of consciousness of unspecified duration

801.7

Open fracture of base of skull with subarachnoid; subdural; and extradural
hemorrhage; unspecified state of consciousness

801.71

Open fracture of base of skull with subarachnoid; subdural; and extradural
hemorrhage; with no loss of consciousness

801.74

Open fracture of base of skull with subarachnoid; subdural; and extradural
hemorrhage; with prolonged [more than 24 hours] loss of consciousness and
return to pre-existing conscious level

801.75

Open fracture of base of skull with subarachnoid; subdural; and extradural
hemorrhage; with prolonged [more than 24 hours] loss of consciousness;
without return to pre-existing conscious level

801.76

Open fracture of base of skull with subarachnoid; subdural; and extradural
hemorrhage; with loss of consciousness of unspecified duration

801.8

Open fracture of base of skull with other and unspecified intracranial
hemorrhage; unspecified state of consciousness
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801.81

Open fracture of base of skull with other and unspecified intracranial
hemorrhage; with no loss of consciousness

801.84

Open fracture of base of skull with other and unspecified intracranial
hemorrhage; with prolonged [more than 24 hours] loss of consciousness and
return to pre-existing conscious level

801.85

Open fracture of base of skull with other and unspecified intracranial
hemorrhage; with prolonged [more than 24 hours] loss of consciousness;
without return to pre-existing conscious level

801.86

Open fracture of base of skull with other and unspecified intracranial
hemorrhage; with loss of consciousness of unspecified duration

801.9

Open fracture of base of skull with intracranial injury of other and
unspecified nature; unspecified state of consciousness

801.91

Open fracture of base of skull with intracranial injury of other and
unspecified nature; with no loss of consciousness

801.92

Open fracture of base of skull with intracranial injury of other and
unspecified nature; with brief [less than one hour] loss of consciousness

801.95

Open fracture of base of skull with intracranial injury of other and
unspecified nature; with prolonged [more than 24 hours] loss of
consciousness; without return to pre-existing conscious level

801.96

Open fracture of base of skull with intracranial injury of other and
unspecified nature; with loss of consciousness of unspecified duration

802

Fracture of face bones

802.1

Open fracture of nasal bones

802.2

Closed fracture of mandible; unspecified site

802.21

Closed fracture of mandible; condylar process

802.22

Closed fracture of mandible; subcondylar

802.23

Closed fracture of mandible; coronoid process

802.24

Closed fracture of mandible; ramus; unspecified

802.25

Closed fracture of mandible; angle of jaw

802.26

Closed fracture of mandible; symphysis of body

802.27

Closed fracture of mandible; alveolar border of body

802.28

Closed fracture of mandible; body; other and unspecified

802.29

Closed fracture of mandible; multiple sites

802.3

Open fracture of mandible; unspecified site

802.31

Open fracture of mandible; condylar process

802.32

Open fracture of mandible; subcondylar
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802.34

Open fracture of mandible; ramus; unspecified

802.35

Open fracture of mandible; angle of jaw

802.36

Open fracture of mandible; symphysis of body

802.37

Open fracture of mandible; alveolar border of body

802.38

Open fracture of mandible; body; other and unspecified

802.39

Open fracture of mandible; multiple sites

802.4

Closed fracture of malar and maxillary bones

802.5

Open fracture of malar and maxillary bones

802.6

Closed fracture of orbital floor (blow-out)

802.7

Open fracture of orbital floor (blow-out)

802.8

Closed fracture of other facial bones

802.9

Open fracture of other facial bones

803

Other and unqualified skull fractures

803.01

Other closed skull fracture without mention of intracranial injury; with no
loss of consciousness

803.02

Other closed skull fracture without mention of intracranial injury; with brief
[less than one hour] loss of consciousness

803.03

Other closed skull fracture without mention of intracranial injury; with
moderate [1-24 hours] loss of consciousness

803.04

Other closed skull fracture without mention of intracranial injury; with
prolonged [more than 24 hours] loss of consciousness and return to preexisting conscious level

803.05

Other closed skull fracture without mention of intracranial injury; with
prolonged [more than 24 hours] loss of consciousness; without return to
pre-existing conscious level

803.06

Other closed skull fracture without mention of intracranial injury; with loss of
consciousness of unspecified duration

803.09

Other closed skull fracture without mention of intracranial injury; with
concussion; unspecified

803.1

Other closed skull fracture with cerebral laceration and contusion;
unspecified state of consciousness

803.11

Other closed skull fracture with cerebral laceration and contusion; with no
loss of consciousness

803.12

Other closed skull fracture with cerebral laceration and contusion; with brief
[less than one hour] loss of consciousness
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803.13

Other closed skull fracture with cerebral laceration and contusion; with
moderate [1-24 hours] loss of consciousness

803.14

Other closed skull fracture with cerebral laceration and contusion; with
prolonged [more than 24 hours] loss of consciousness and return to preexisting conscious level

803.15

Other closed skull fracture with cerebral laceration and contusion; with
prolonged [more than 24 hours] loss of consciousness; without return to preexisting conscious level

803.16

Other closed skull fracture with cerebral laceration and contusion; with loss
of consciousness of unspecified duration

803.19

Other closed skull fracture with cerebral laceration and contusion; with
concussion; unspecified

803.2

Other closed skull fracture with subarachnoid; subdural; and extradural
hemorrhage; unspecified state of consciousness

803.21

Other closed skull fracture with subarachnoid; subdural; and extradural
hemorrhage; with no loss of consciousness

803.22

Other closed skull fracture with subarachnoid; subdural; and extradural
hemorrhage; with brief [less than one hour] loss of consciousness

803.23

Other closed skull fracture with subarachnoid; subdural; and extradural
hemorrhage; with moderate [1-24 hours] loss of consciousness

803.24

Other closed skull fracture with subarachnoid; subdural; and extradural
hemorrhage; with prolonged [more than 24 hours] loss of consciousness and
return to pre-existing conscious level

803.25

Other closed skull fracture with subarachnoid; subdural; and extradural
hemorrhage; with prolonged [more than 24 hours] loss of consciousness;
without return to pre-existing conscious level

803.26

Other closed skull fracture with subarachnoid; subdural; and extradural
hemorrhage; with loss of consciousness of unspecified duration

803.29

Other closed skull fracture with subarachnoid; subdural; and extradural
hemorrhage; with concussion; unspecified

803.3

Other closed skull fracture with other and unspecified intracranial
hemorrhage; unspecified state of unconsciousness

803.31

Other closed skull fracture with other and unspecified intracranial
hemorrhage; with no loss of consciousness

803.32

Other closed skull fracture with other and unspecified intracranial
hemorrhage; with brief [less than one hour] loss of consciousness

803.33

Other closed skull fracture with other and unspecified intracranial
hemorrhage; with moderate [1-24 hours] loss of consciousness
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803.34

Other closed skull fracture with other and unspecified intracranial
hemorrhage; with prolonged [more than 24 hours] loss of consciousness and
return to pre-existing conscious level

803.35

Other closed skull fracture with other and unspecified intracranial
hemorrhage; with prolonged [more than 24 hours] loss of consciousness;
without return to pre-existing conscious level

803.36

Other closed skull fracture with other and unspecified intracranial
hemorrhage; with loss of consciousness of unspecified duration

803.39

Other closed skull fracture with other and unspecified intracranial
hemorrhage; with concussion; unspecified

803.4

Other closed skull fracture with intracranial injury of other and unspecified
nature; unspecified state of consciousness

803.41

Other closed skull fracture with intracranial injury of other and unspecified
nature; with no loss of consciousness

803.42

Other closed skull fracture with intracranial injury of other and unspecified
nature; with brief [less than one hour] loss of consciousness

803.43

Other closed skull fracture with intracranial injury of other and unspecified
nature; with moderate [1-24 hours] loss of consciousness

803.44

Other closed skull fracture with intracranial injury of other and unspecified
nature; with prolonged [more than 24 hours] loss of consciousness and
return to pre-existing conscious level

803.45

Other closed skull fracture with intracranial injury of other and unspecified
nature; with prolonged [more than 24 hours] loss of consciousness; without
return to pre-existing conscious level

803.46

Other closed skull fracture with intracranial injury of other and unspecified
nature; with loss of consciousness of unspecified duration

803.49

Other closed skull fracture with intracranial injury of other and unspecified
nature; with concussion; unspecified

803.5

Other open skull fracture without mention of injury; unspecified state of
consciousness

803.51

Other open skull fracture without mention of intracranial injury; with no loss
of consciousness

803.52

Other open skull fracture without mention of intracranial injury; with brief
[less than one hour] loss of consciousness

803.55

Other open skull fracture without mention of intracranial injury; with
prolonged [more than 24 hours] loss of consciousness; without return to preexisting conscious level
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803.56

Other open skull fracture without mention of intracranial injury; with loss of
consciousness of unspecified duration

803.59

Other open skull fracture without mention of intracranial injury; with
concussion; unspecified

803.6

Other open skull fracture with cerebral laceration and contusion; unspecified
state of consciousness

803.61

Other open skull fracture with cerebral laceration and contusion; with no
loss of consciousness

803.65

Other open skull fracture with cerebral laceration and contusion; with
prolonged [more than 24 hours] loss of consciousness; without return to preexisting conscious level

803.66

Other open skull fracture with cerebral laceration and contusion; with loss of
consciousness of unspecified duration

803.69

Other open skull fracture with cerebral laceration and contusion; with
concussion; unspecified

803.7

Other open skull fracture with subarachnoid; subdural; and extradural
hemorrhage; unspecified state of consciousness

803.71

Other open skull fracture with subarachnoid; subdural; and extradural
hemorrhage; with no loss of consciousness

803.72

Other open skull fracture with subarachnoid; subdural; and extradural
hemorrhage; with brief [less than one hour] loss of consciousness

803.74

Other open skull fracture with subarachnoid; subdural; and extradural
hemorrhage; with prolonged [more than 24 hours] loss of consciousness and
return to pre-existing conscious level

803.75

Other open skull fracture with subarachnoid; subdural; and extradural
hemorrhage; with prolonged [more than 24 hours] loss of consciousness;
without return to pre-existing conscious level

803.76

Other open skull fracture with subarachnoid; subdural; and extradural
hemorrhage; with loss of consciousness of unspecified duration

803.8

Other open skull fracture with other and unspecified intracranial
hemorrhage; unspecified state of consciousness

803.82

Other open skull fracture with other and unspecified intracranial
hemorrhage; with brief [less than one hour] loss of consciousness

803.85

Other open skull fracture with other and unspecified intracranial
hemorrhage; with prolonged [more than 24 hours] loss of consciousness;
without return to pre-existing conscious level

803.86

Other open skull fracture with other and unspecified intracranial
hemorrhage; with loss of consciousness of unspecified duration
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803.9

Other open skull fracture with intracranial injury of other and unspecified
nature; unspecified state of consciousness

803.91

Other open skull fracture with intracranial injury of other and unspecified
nature; with no loss of consciousness

803.95

Other open skull fracture with intracranial injury of other and unspecified
nature; with prolonged [more than 24 hours] loss of consciousness; without
return to pre-existing conscious level

803.96

Other open skull fracture with intracranial injury of other and unspecified
nature; with loss of consciousness of unspecified duration

803.99

Other open skull fracture with intracranial injury of other and unspecified
nature; with concussion; unspecified

804

Multiple fractures involving skull or face with other bones

804.01

Closed fractures involving skull or face with other bones; without mention of
intracranial injury; with no loss of consciousness

804.02

Closed fractures involving skull or face with other bones; without mention of
intracranial injury; with brief [less than one hour] loss of consciousness

804.04

Closed fractures involving skull or face with other bones; without mention or
intracranial injury; with prolonged [more than 24 hours] loss of
consciousness and return to pre-existing conscious level

804.05

Closed fractures involving skull of face with other bones; without mention of
intracranial injury; with prolonged [more than 24 hours] loss of
consciousness; without return to pre-existing conscious level

804.06

Closed fractures involving skull of face with other bones; without mention of
intracranial injury; with loss of consciousness of unspecified duration

804.09

Closed fractures involving skull of face with other bones; without mention of
intracranial injury; with concussion; unspecified

804.1

Closed fractures involving skull or face with other bones; with cerebral
laceration and contusion; unspecified state of consciousness

804.11

Closed fractures involving skull or face with other bones; with cerebral
laceration and contusion; with no loss of consciousness

804.13

Closed fractures involving skull or face with other bones; with cerebral
laceration and contusion; with moderate [1-24 hours] loss of consciousness

804.14

Closed fractures involving skull or face with other bones; with cerebral
laceration and contusion; with prolonged [more than 24 hours] loss of
consciousness and return to pre-existing conscious level

804.16

Closed fractures involving skull or face with other bones; with cerebral
laceration and contusion; with loss of consciousness of unspecified duration
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804.19

Closed fractures involving skull or face with other bones; with cerebral
laceration and contusion; with concussion; unspecified

804.2

Closed fractures involving skull or face with other bones with subarachnoid;
subdural; and extradural hemorrhage; unspecified state of consciousness

804.21

Closed fractures involving skull or face with other bones with subarachnoid;
subdural; and extradural hemorrhage; with no loss of consciousness

804.22

Closed fractures involving skull or face with other bones with subarachnoid;
subdural; and extradural hemorrhage; with brief [less than one hour] loss of
consciousness

804.23

Closed fractures involving skull or face with other bones with subarachnoid;
subdural; and extradural hemorrhage; with moderate [1-24 hours] loss of
consciousness

804.24

Closed fractures involving skull or face with other bones with subarachnoid;
subdural; and extradural hemorrhage; with prolonged [more than 24 hours]
loss of consciousness and return to pre-existing conscious level

804.25

Closed fractures involving skull or face with other bones with subarachnoid;
subdural; and extradural hemorrhage; with prolonged [more than 24 hours]
loss of consciousness; without return to pre-existing conscious level

804.26

Closed fractures involving skull or face with other bones with subarachnoid;
subdural; and extradural hemorrhage; with loss of consciousness of
unspecified duration

804.3

Closed fractures involving skull or face with other bones; with other and
unspecified intracranial hemorrhage; unspecified state of consciousness

804.31

Closed fractures involving skull or face with other bones; with other and
unspecified intracranial hemorrhage; with no loss of consciousness

804.34

Closed fractures involving skull or face with other bones; with other and
unspecified intracranial hemorrhage; with prolonged [more than 24 hours]
loss of consciousness and return to pre- existing conscious level

804.36

Closed fractures involving skull or face with other bones; with other and
unspecified intracranial hemorrhage; with loss of consciousness of
unspecified duration

804.39

Closed fractures involving skull or face with other bones; with other and
unspecified intracranial hemorrhage; with concussion; unspecified

804.4

Closed fractures involving skull or face with other bones; with intracranial
injury of other and unspecified nature; unspecified state of consciousness

804.41

Closed fractures involving skull or face with other bones; with intracranial
injury of other and unspecified nature; with no loss of consciousness
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804.45

Closed fractures involving skull or face with other bones; with intracranial
injury of other and unspecified nature; with prolonged [more than 24 hours]
loss of consciousness; without return to pre-existing conscious level

804.46

Closed fractures involving skull or face with other bones; with intracranial
injury of other and unspecified nature; with loss of consciousness of
unspecified duration

804.5

Open fractures involving skull or face with other bones; without mention of
intracranial injury; unspecified state of consciousness

804.52

Open fractures involving skull or face with other bones; without mention of
intracranial injury; with brief [less than one hour] loss of consciousness

804.6

Open fractures involving skull or face with other bones; with cerebral
laceration and contusion; unspecified state of consciousness

804.61

Open fractures involving skull or face with other bones; with cerebral
laceration and contusion; with no loss of consciousness

804.7

Open fractures involving skull or face with other bones with subarachnoid;
subdural; and extradural hemorrhage; unspecified state of consciousness

804.71

Open fractures involving skull or face with other bones with subarachnoid;
subdural; and extradural hemorrhage; with no loss of consciousness

804.74

Open fractures involving skull or face with other bones with subarachnoid;
subdural; and extradural hemorrhage; with prolonged [more than 24 hours]
loss of consciousness and return to pre-existing conscious level

804.76

Open fractures involving skull or face with other bones with subarachnoid;
subdural; and extradural hemorrhage; with loss of consciousness of
unspecified duration

804.8

Open fractures involving skull or face with other bones; with other and
unspecified intracranial hemorrhage; unspecified state of consciousness

804.82

Open fractures involving skull or face with other bones; with other and
unspecified intracranial hemorrhage; with brief [less than one hour] loss of
consciousness

804.89

Open fractures involving skull or face with other bones; with other and
unspecified intracranial hemorrhage; with concussion; unspecified

804.9

Open fractures involving skull or face with other bones; with intracranial
injury of other and unspecified nature; unspecified state of consciousness

804.96

Open fractures involving skull or face with other bones; with intracranial
injury of other and unspecified nature; with loss of consciousness of
unspecified duration

804.99

Open fractures involving skull or face with other bones; with intracranial
injury of other and unspecified nature; with concussion; unspecified
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850
850.1

Concussion with no loss of consciousness
Concussion; with brief loss of consciousness

850.11

Concussion; with loss of consciousness of 30 minutes or less

850.12

Concussion; with loss of consciousness from 31 to 59 minutes

850.2

Concussion with moderate loss of consciousness

850.3

Concussion with prolonged loss of consciousness and return to pre-existing
conscious level

850.4

Concussion with prolonged loss of consciousness; without return to
pre-existing conscious level

850.5

Concussion with loss of consciousness of unspecified duration

850.9

Concussion; unspecified

851

Cerebral laceration and contusion

851.01

Cortex (cerebral) contusion without mention of open intracranial wound;
with no loss of consciousness

851.02

Cortex (cerebral) contusion without mention of open intracranial wound;
with brief [less than one hour] loss of consciousness

851.03

Cortex (cerebral) contusion without mention of open intracranial wound;
with moderate [1-24 hours] loss of consciousness

851.04

Cortex (cerebral) contusion without mention of open intracranial wound;
with prolonged [more than 24 hours] loss of consciousness and return to
pre-existing conscious level

851.05

Cortex (cerebral) contusion without mention of open intracranial wound;
with prolonged [more than 24 hours] loss of consciousness without return to
pre-existing conscious level

851.06

Cortex (cerebral) contusion without mention of open intracranial wound;
with loss of consciousness of unspecified duration

851.09

Cortex (cerebral) contusion without mention of open intracranial wound;
with concussion; unspecified

851.1

Cortex (cerebral) contusion with open intracranial wound; unspecified state
of consciousness

851.11

Cortex (cerebral) contusion with open intracranial wound; with no loss of
consciousness

851.13

Cortex (cerebral) contusion with open intracranial wound; with moderate
[1-24 hours] loss of consciousness

851.16

Cortex (cerebral) contusion with open intracranial wound; with loss of
consciousness of unspecified duration
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851.19

Cortex (cerebral) contusion with open intracranial wound; with concussion;
unspecified

851.2

Cortex (cerebral) laceration without mention of open intracranial wound;
unspecified state of consciousness

851.21

Cortex (cerebral) laceration without mention of open intracranial wound;
with no loss of consciousness

851.22

Cortex (cerebral) laceration without mention of open intracranial wound;
with brief [less than one hour] loss of consciousness

851.24

Cortex (cerebral) laceration without mention of open intracranial wound;
with prolonged [more than 24 hours] loss of consciousness and return to
pre-existing conscious level

851.26

Cortex (cerebral) laceration without mention of open intracranial wound;
with loss of consciousness of unspecified duration

851.3

Cortex (cerebral) laceration with open intracranial wound; unspecified state
of consciousness

851.31

Cortex (cerebral) laceration with open intracranial wound; with no loss of
consciousness

851.32

Cortex (cerebral) laceration with open intracranial wound; with brief
[less than one hour] loss of consciousness

851.35

Cortex (cerebral) laceration with open intracranial wound; with prolonged
[more than 24 hours] loss of consciousness without return to pre-existing
conscious level

851.36

Cortex (cerebral) laceration with open intracranial wound; with loss of
consciousness of unspecified duration

851.4

Cerebellar or brain stem contusion without mention of open intracranial
wound; unspecified state of consciousness

851.41

Cerebellar or brain stem contusion without mention of open intracranial
wound; with no loss of consciousness

851.42

Cerebellar or brain stem contusion without mention of open intracranial
wound; with brief [less than one hour] loss of consciousness

851.44

Cerebellar or brain stem contusion without mention of open intracranial
wound; with prolonged [more than 24 hours] loss consciousness and return
to pre-existing conscious level

851.45

Cerebellar or brain stem contusion without mention of open intracranial
wound; with prolonged [more than 24 hours] loss of consciousness without
return to pre-existing conscious level

851.46

Cerebellar or brain stem contusion without mention of open intracranial
wound; with loss of consciousness of unspecified duration
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851.49
851.5
851.55

851.6

Cerebellar or brain stem contusion without mention of open intracranial
wound; with concussion; unspecified
Cerebellar or brain stem contusion with open intracranial wound;
unspecified state of consciousness
Cerebellar or brain stem contusion with open intracranial wound; with
prolonged [more than 24 hours] loss of consciousness without return to preexisting conscious level
Cerebellar or brain stem laceration without mention of open intracranial
wound; unspecified state of consciousness

851.65

Cerebellar or brain stem laceration without mention of open intracranial
wound; with prolonged [more than 24 hours] loss of consciousness without
return to pre-existing conscious level

851.66

Cerebellar or brain stem laceration without mention of open intracranial
wound; with loss of consciousness of unspecified duration

851.7

Cerebellar or brain stem laceration with open intracranial wound;
unspecified state of consciousness

851.71

Cerebellar or brain stem laceration with open intracranial wound; with no
loss of consciousness

851.75

Cerebellar or brain stem laceration with open intracranial wound; with
prolonged [more than 24 hours] loss of consciousness without return to preexisting conscious level

851.8

Other and unspecified cerebral laceration and contusion; without mention of
open intracranial wound; unspecified state of consciousness

851.81

Other and unspecified cerebral laceration and contusion; without mention of
open intracranial wound; with no loss of consciousness

851.82

Other and unspecified cerebral laceration and contusion; without mention of
open intracranial wound; with brief [less than one hour] loss of
consciousness

851.83

Other and unspecified cerebral laceration and contusion; without mention of
open intracranial wound; with moderate [1-24 hours] loss of consciousness

851.84

Other and unspecified cerebral laceration and contusion; without mention of
open intracranial wound; with prolonged [more than 24 hours] loss of
consciousness and return to pre- existing conscious level

851.85

Other and unspecified cerebral laceration and contusion; without mention of
open intracranial wound; with prolonged [more than 24 hours] loss of
consciousness without return to pre-existing conscious level

851.86

Other and unspecified cerebral laceration and contusion; without mention of
open intracranial wound; with loss of consciousness of unspecified duration
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851.89

Other and unspecified cerebral laceration and contusion; without mention of
open intracranial wound; with concussion; unspecified

851.9

Other and unspecified cerebral laceration and contusion; with open
intracranial wound; unspecified state of consciousness

851.91

Other and unspecified cerebral laceration and contusion; with open
intracranial wound; with no loss of consciousness

851.92

Other and unspecified cerebral laceration and contusion; with open
intracranial wound; with brief [less than one hour] loss of consciousness

851.94

Other and unspecified cerebral laceration and contusion; with open
intracranial wound; with prolonged [more than 24 hours] loss of
consciousness and return to pre-existing conscious level

851.95

Other and unspecified cerebral laceration and contusion; with open
intracranial wound; with prolonged [more than 24 hours] loss of
consciousness without return to pre-existing conscious level

851.96

Other and unspecified cerebral laceration and contusion; with open
intracranial wound; with loss of consciousness of unspecified duration

851.99

Other and unspecified cerebral laceration and contusion; with open
intracranial wound; with concussion; unspecified

852

Subarachnoid; subdural; and extradural hemorrhage; following injury

852.01

Subarachnoid hemorrhage following injury without mention of open
intracranial wound; with no loss of consciousness

852.02

Subarachnoid hemorrhage following injury without mention of open
intracranial wound; with brief [less than one hour] loss of consciousness

852.03

Subarachnoid hemorrhage following injury without mention of open
intracranial wound; with moderate [1-24 hours] loss of consciousness

852.04

Subarachnoid hemorrhage following injury without mention of open
intracranial wound; with prolonged [more than 24 hours] loss of
consciousness and return to pre-existing conscious level

852.05

Subarachnoid hemorrhage following injury without mention of open
intracranial wound; with prolonged [more than 24 hours] loss of
consciousness without return to pre-existing conscious level

852.06

Subarachnoid hemorrhage following injury without mention of open
intracranial wound; with loss of consciousness of unspecified duration

852.09

Subarachnoid hemorrhage following injury without mention of open
intracranial wound; with concussion; unspecified

852.1

Subarachnoid hemorrhage following injury with open intracranial wound;
unspecified state of consciousness
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852.11

Subarachnoid hemorrhage following injury with open intracranial wound;
with no loss of consciousness

852.13

Subarachnoid hemorrhage following injury with open intracranial wound;
with moderate [1-24 hours] loss of consciousness

852.15

Subarachnoid hemorrhage following injury with open intracranial wound;
with prolonged [more than 24 hours] loss of consciousness without return to
pre-existing conscious level

852.16

Subarachnoid hemorrhage following injury with open intracranial wound;
with loss of consciousness of unspecified duration

852.19

Subarachnoid hemorrhage following injury with open intracranial wound;
with concussion; unspecified

852.2

Subdural hemorrhage following injury without mention of open intracranial
wound; unspecified state of consciousness

852.21

Subdural hemorrhage following injury without mention of open intracranial
wound; with no loss of consciousness

852.22

Subdural hemorrhage following injury without mention of open intracranial
wound; with brief [less than one hour] loss of consciousness

852.23

Subdural hemorrhage following injury without mention of open intracranial
wound; with moderate [1-24 hours] loss of consciousness

852.24

Subdural hemorrhage following injury without mention of open intracranial
wound; with prolonged [more than 24 hours] loss of consciousness and
return to pre-existing conscious level

852.25

Subdural hemorrhage following injury without mention of open intracranial
wound; with prolonged [more than 24 hours] loss of consciousness without
return to pre-existing conscious level

852.26

Subdural hemorrhage following injury without mention of open intracranial
wound; with loss of consciousness of unspecified duration

852.29

Subdural hemorrhage following injury without mention of open intracranial
wound; with concussion; unspecified

852.3

Subdural hemorrhage following injury with open intracranial wound;
unspecified state of consciousness

852.31

Subdural hemorrhage following injury with open intracranial wound; with no
loss of consciousness

852.32

Subdural hemorrhage following injury with open intracranial wound; with
brief [less than one hour] loss of consciousness

852.33

Subdural hemorrhage following injury with open intracranial wound; with
moderate [1-24 hours] loss of consciousness
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852.35

Subdural hemorrhage following injury with open intracranial wound; with
prolonged [more than 24 hours] loss of consciousness without return to
pre-existing conscious level

852.36

Subdural hemorrhage following injury with open intracranial wound; with
loss of consciousness of unspecified duration

852.39

Subdural hemorrhage following injury with open intracranial wound; with
concussion; unspecified

852.4

Extradural hemorrhage following injury without mention of open intracranial
wound; unspecified state of consciousness

852.41

Extradural hemorrhage following injury without mention of open intracranial
wound; with no loss of consciousness

852.42

Extradural hemorrhage following injury without mention of open intracranial
wound; with brief [less than 1 hour] loss of consciousness

852.43

Extradural hemorrhage following injury without mention of open intracranial
wound; with moderate [1-24 hours] loss of consciousness

852.44

Extradural hemorrhage following injury without mention of open intracranial
wound; with prolonged [more than 24 hours] loss of consciousness and
return to pre-existing conscious level

852.45

Extradural hemorrhage following injury without mention of open intracranial
wound; with prolonged [more than 24 hours] loss of consciousness without
return to pre-existing conscious level

852.46

Extradural hemorrhage following injury without mention of open intracranial
wound; with loss of consciousness of unspecified duration

852.49

Extradural hemorrhage following injury without mention of open intracranial
wound; with concussion; unspecified

852.5

Extradural hemorrhage following injury with open intracranial wound;
unspecified state of consciousness

852.51

Extradural hemorrhage following injury with open intracranial wound; with
no loss of consciousness

852.52

Extradural hemorrhage following injury with open intracranial wound; with
brief [less than one hour] loss of consciousness

852.56

Extradural hemorrhage following injury with open intracranial wound; with
loss of consciousness of unspecified duration

852.59

Extradural hemorrhage following injury with open intracranial wound; with
concussion; unspecified

853
853.01

Other and unspecified intracranial hemorrhage following injury
Other and unspecified intracranial hemorrhage following injury without
mention of open intracranial wound; with no loss of consciousness
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853.02

Other and unspecified intracranial hemorrhage following injury without
mention of open intracranial wound; with brief [less than one hour] loss of
consciousness

853.03

Other and unspecified intracranial hemorrhage following injury without
mention of open intracranial wound; with moderate [1-24 hours] loss of
consciousness

853.04

Other and unspecified intracranial hemorrhage following injury without
mention of open intracranial wound; with prolonged [more than 24 hours]
loss of consciousness and return to pre- existing conscious level

853.05

Other and unspecified intracranial hemorrhage following injury without
mention of open intracranial wound; with prolonged [more than 24 hours]
loss of consciousness without return to pre-existing conscious level

853.06

Other and unspecified intracranial hemorrhage following injury without
mention of open intracranial wound; with loss of consciousness of
unspecified duration

853.09

Other and unspecified intracranial hemorrhage following injury without
mention of open intracranial wound; with concussion; unspecified

853.1

Other and unspecified intracranial hemorrhage following injury with open
intracranial wound; unspecified state of consciousness

853.14

Other and unspecified intracranial hemorrhage following injury with open
intracranial wound; with prolonged [more than 24 hours] loss of
consciousness and return to pre-existing conscious level

853.15

Other and unspecified intracranial hemorrhage following injury with open
intracranial wound; with prolonged [more than 24 hours] loss of
consciousness without return to pre-existing conscious level

853.16

Other and unspecified intracranial hemorrhage following injury with open
intracranial wound; with loss of consciousness of unspecified duration

853.19

Other and unspecified intracranial hemorrhage following injury with open
intracranial wound; with concussion; unspecified

854

Intracranial injury of other and unspecified nature without mention of open
intracranial wound; unspecified state of consciousness

854.01

Intracranial injury of other and unspecified nature without mention of open
intracranial wound; with no loss of consciousness

854.02

Intracranial injury of other and unspecified nature without mention of open
intracranial wound; with brief [less than one hour] loss of consciousness

854.03

Intracranial injury of other and unspecified nature without mention of open
intracranial wound; with moderate [1-24 hours] loss of consciousness
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854.04

Intracranial injury of other and unspecified nature without mention of open
intracranial wound; with prolonged [more than 24 hours] loss of
consciousness and return to pre-existing conscious level

854.05

Intracranial injury of other and unspecified nature without mention of open
intracranial wound; with prolonged [more than 24 hours] loss of
consciousness without return to pre-existing conscious level

854.06

Intracranial injury of other and unspecified nature without mention of open
intracranial wound; with loss of consciousness of unspecified duration

854.09

Intracranial injury of other and unspecified nature without mention of open
intracranial wound; with concussion; unspecified

854.1

Intracranial injury of other and unspecified nature with open intracranial
wound; unspecified state of consciousness

854.11

Intracranial injury of other and unspecified nature with open intracranial
wound; with no loss of consciousness

854.12

Intracranial injury of other and unspecified nature with open intracranial
wound; with brief [less than one hour] loss of consciousness

854.13

Intracranial injury of other and unspecified nature with open intracranial
wound; with moderate [1-24 hours] loss of consciousness

854.14

Intracranial injury of other and unspecified nature with open intracranial
wound; with prolonged [more than 24 hours] loss of consciousness and
return to pre-existing conscious level

854.15

Intracranial injury of other and unspecified nature with open intracranial
wound; with prolonged [more than 24 hours] loss of consciousness without
return to pre-existing conscious level

854.16

Intracranial injury of other and unspecified nature with open intracranial
wound; with loss of consciousness of unspecified duration

854.19

Intracranial injury of other and unspecified nature with open intracranial
wound; with concussion; unspecified

925.1
953

Crushing injury of face and scalp
Injury to cervical nerve root

959.01

Head injury; unspecified

995.55

Shaken baby syndrome
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Appendix 2: Endocrine ICD-9 Codes
253.1

Other and unspecified anterior pituitary hyperfunction

253.2

Panhypopituitarism

253.3

Pituitary dwarfism

253.4

Other anterior pituitary disorders

253.5

Diabetes insipidus

253.6

Other disorders of neurohypophysis

253.7

Iatrogenic pituitary disorders

253.8

Other disorders of the pituitary and other syndromes of
diencephalohypophyseal origin

253.9

Unspecified disorder of the pituitary gland and its hypothalamic control

256.31

Premature menopause

256.39

Other ovarian failure

259

Delay in sexual development and puberty; not elsewhere classified

259.1

Precocious sexual development and puberty; not elsewhere classified

628.1

Infertility; female; of pituitary-hypothalamic origin
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