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EXECUTIVE SUMMARY

Introduction

In fiscal year 2011, a Brain Injury Commission was established by legislative action.
Governor Deval L. Patrick appointed the members of this Commission, who included
persons with acquired brain injury, state agency representatives, family members of
persons with ABI, and providers of community-based brain injury services within the
Commonwealth of Massachusetts. The Commission, which held monthly public meetings,
identified gaps in service delivery, and other needs, as well as challenges, experienced by
Massachusetts residents who had experienced an ABI. These service needs and
associated recommendations are detailed in the Commission’s final report, which may be
accessed at www.mass.gov/hhs/braininjurycommission.

One recommendation prioritized by the Commission was to complete an epidemiological
study of ABI in Massachusetts. The findings of the proposed study were judged to be
critical to informing the development of long-term community-based support services for
both adults and children living with acquired brain injury. To this end, the Executive Office
of Health and Human Services (Disability Policies and Programs) requested that the
Massachusetts Rehabilitation Commission, in collaboration with the Massachusetts
Department of Public Health, design and complete an epidemiological study of the ABI
population in Massachusetts, including an estimate of the magnitude of the population;
affected age groups; region of residence; and other pertinent descriptive information for the
major subcategories of ABI, including traumatic, neoplastic, infectious, vascular, and
metabolic causes of acquired brain injury.

This report entitled Acquired Brain Injury in Massachusetts is intended for use by state
agency administrators and program staff; legislators and other policymakers; educators;
clinicians and other providers of brain injury rehabilitation and other services; brain injury
advocacy groups; persons living with acquired brain injury, their families and significant
others. In addition to fulfilling the Brain Injury Commission’s recommendation to complete
this epidemiological study, it is hoped that the findings included in this report will serve to
improve and inform programs and services designed to enhance the quality of life of
persons living with ABI in Massachusetts.


http://www.mass.gov/hhs/braininjurycommission

Methodology

The Massachusetts data sources selected and methodology utilized in this report were
established through joint meetings between the epidemiology staff at the Massachusetts
Department of Public Health (MDPH) and authors from the Massachusetts Rehabilitation
Commission (MRC). For traumatic, infectious, vascular, and metabolic causes of acquired
brain injury, the Massachusetts statewide inpatient hospital discharge, outpatient
observation stay and emergency department discharge databases were utilized. The
Massachusetts Cancer Registry (MCR) was utilized to quantify neoplastic causes of
acquired brain injury. National consensus definitions were used to define particular
conditions where they existed. Where they did not (i.e., infectious and metabolic disorders
associated with ABI), the MDPH epidemiologists worked with authors from the MRC to
identify the most appropriate inclusion criteria. Since no data sources were able to be
identified for developing statewide estimates of Massachusetts residents with
neurodegenerative or neurotoxic conditions (with the exception of childhood lead
exposure), only national estimates were provided for these subcategories.

Summary of Data Findings

Acquired brain injury (ABI), as defined in Chapters IIl A- Il H in this report, is a substantial
public health problem in Massachusetts. Figure A summarizes the average annual number
of hospital stays and emergency department visits (2008-2010), associated with selected
categories of ABI, including traumatic brain injury, stroke, ABI-related infectious diseases,
and metabolic disorders affecting the central nervous system. During the same time period,
1,272 primary brain tumors were newly diagnosed in Massachusetts residents on average,
annually.

Figure A. Average Annual Number of Hospital Stays and Emergency Department
Visits Associated with Select Categories of ABI, MA Residents, 2008-2010
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The findings in this report indicate that all demographic subgroups and geographic regions
of MA are impacted. By age group, the majority of hospital stays for metabolic disorders
affecting the central nervous system, stroke, and TBI were among persons 60 years of age
or older. These older adults represented 50% of hospital stays for TBI; 84% for stroke; and
58% for metabolic disorders affecting the CNS. In addition, approximately 50% of both
malignant and benign brain tumors are newly diagnosed in adults 60 years or older.
Children and young adults (i.e., ages 0-21 years of age) accounted for an average of 17%
of the hospital stays and 40% of the emergency department visits for ABI associated with
traumatic brain injury annually.

A substantial proportion of individuals with acquired brain injury are covered by public payer
sources (i.e., Medicaid, Medicare, Free Care/Health Safety Net, Other Government
Payment, and Commonwealth Care). Further, the majority of inpatient hospitalizations
associated with TBI, infectious-disease related ABI, metabolic disorders affecting the CNS
and stroke did not result in the individuals being transferred to either a rehabilitation
hospital or rehabilitation unit within a hospital. Most resulted in the individual being
discharged home without services or with in-home services (i.e., IV therapy services),
including 54% of those with a diagnosis of TBI; 50% of those with a diagnosis of stroke;

and 70% of those with an infectious disorder affecting the CNS.

Limitations of Findings
These data are subject to numerous limitations, including but not limited to:

e The MA inpatient hospital, outpatient observation stay and emergency department
discharge databases do not provide information on the initial encounter for a given
problem. Individual people are also difficult to separate out using these databases as
there are no names and limited identifiers. Therefore, hospitalization and
emergency department visit counts presented in the tables do not necessarily
represent unique individuals or incident (new) cases of a specific condition.
Note: This differs from the counts presented in the chapter on central nervous
system neoplasms, which do reflect incident (new) cases.

e For all of the Massachusetts data presented, the severity and long-term outcomes of
the brain insult/injury are not known. While the “discharge disposition” is available
through the hospital databases, for individuals who die or who are not discharged to
home, the factors contributing to this status may or may not be related to the brain
injury.

e Massachusetts residents receiving care at an out-of-state hospital are not included
in the totals for traumatic brain injury, stroke, and infectious diseases and metabolic
disorders affecting the central nervous system. This may particularly impact the
number and rates of individuals who reside in cities and towns which closely border
neighboring states.

Vii



Data from federal (including the Veteran’s Health Administration-VHA), freestanding
psychiatric or rehabilitation hospitals and freestanding emergency departments are
not included.

The data on traumatic brain injury, stroke, and infectious diseases and metabolic
disorders affecting the central nervous system are based on billing and other
administrative purposes. Although the codes utilized to identify a case were
submitted by hospitals with trained medical records coders, cases receiving a
diagnosis code for any particular condition have not been validated with the actual
medical record.

The Massachusetts Cancer Registry is a population-based surveillance database
which captures nearly all incident cases of brain and central nervous system (CNS)
tumors among Massachusetts residents in addition to primary cancers from all other
parts of the body. Other than matching annually with the Massachusetts death file to
determine cases that died, the MCR is not a follow-up database, and therefore, does
not track the metastasis of disease, such as lung cancer that spread to the

brain. Brain and CNS tumor data are only for primary tumors originating in the brain
and central nervous system.
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CHAPTER I: BRAIN INJURY COMMISSION HISTORY

The Brain Injury Commission (BIC) was established during the Fiscal Year 2011 budget
process in order to identify the gaps in service delivery for Massachusetts residents who
exhibit a history of acquired brain injury (ABI). The BIC was co-chaired by State Senator
Harriette Chandler and Representatives Thomas Conroy and Kimberly Ferguson. The
membership, appointed by Governor Deval L. Patrick, consisted of representatives of the
Executive Office of Health and Human Services (EOHHS) and other Massachusetts human
services agencies; individuals who experienced an ABI and family members; and
community-based brain injury service providers, including representatives from acute care
and rehabilitation hospitals.

The Commission began its work in February of 2011 and met monthly through September,
2011. During the initial meetings of the Brain Injury Commission, members developed and
reached consensus regarding the intent and focus of the Commission, which is
summarized in the following Mission Statement:

To advance the present scope of community-based long-term supports and services
available to individuals with brain injury in Massachusetts by providing an analysis of
current services, quality of service delivery, the related needs and gaps relative to
access, capacity and resources, and to subsequently develop a series of prioritized
recommendations for system change with a focus on positive outcomes for affected
individuals.

Over the course of the Commission meetings, community-based long-term supports and
services were operationally defined to encompass a wide range of post-acute services and
program models, including but not limited to, rehabilitative and other day programs (e.g.,
recreation/social programs); residential supports and programs; case management; respite
and other family support services. The target population identified by the Commission
membership was adults, ages 18 to 59 years of age. However, there was recognition by all
Commission members that individuals with ABI in both the pediatric and older adult
populations exhibit significant needs that was determined to be outside the BIC’s focus and
scope of activities.

Strategies for accomplishing the BIC’s goals included an investigation of currently available
services, both private and public, for persons with ABI in Massachusetts; identification of
obstacles and challenges to accessing needed services; and review of current and
potential funding sources. In addition, the Commission convened regional meetings in an
effort to reach out to a diverse group of providers, as well as individuals and family
members impacted by brain injury, to ensure that individuals representing all the regions of
the Commonwealth were involved in discussions. All Commission meetings were open to
the public and included opportunities for public input and more specifically, segments of two
meetings were designated as community forums. The content of presentations made to
the Commission and other information were also posted on the Executive Office of Health
and Human Services website to ensure broad public access. A comprehensive report
summarizing the Brain Injury Commission’s activities, membership, invited presentations,
summary of findings and recommendations can be accessed at
www.mass.gov/hhs/braininjurycommission.



http://www.mass.gov/hhs/braininjurycommission

With respect to the purposes and scope of this report, the BIC recognized the need for
current information regarding the epidemiology of acquired brain injury in Massachusetts,
which had not been comprehensively ascertained and analyzed since 1988. The
Commission, therefore, recommended that an epidemiological study of ABI in
Massachusetts be developed and completed by the Massachusetts Department of Public
Health (MDPH), in collaboration with the Massachusetts Rehabilitation Commission (MRC).
The scope of this study was to determine the magnitude of the ABI population in
Massachusetts, including affected age groups, their region of residence, as well as racial
and ethnic distribution, for all major categories of acquired brain injury, which are defined in
Chapter Il and comprehensively discussed in Chapters Ill B through 11l H of this report.



CHAPTER II: ACQUIRED BRAIN INJURY: AN OVERVIEW

Acquired brain injury (ABI) refers to a wide range of disorders and diseases affecting the
central nervous system (CNS), and specifically the cerebral cortex or hemispheres,
cerebellum, and subcortical structures, including the diencephalon and brain stem (see
diagram A). While an ABI can occur at any age beginning in the newborn or perinatal
period, most individuals who sustain an ABI are adults. The sequelae, or consequences, of
ABI are also related to their severity and the sites within the brain, and other sites within the
CNS, that are affected which may be focal, multifocal and in some instances diffuse. The
acute presentation and long-term outcome are also disease-specific and related to etiology,
described below.

Acquired Brain Injury Subtypes

More detailed information regarding the causes and related epidemiology of each of the
types of acquired brain injuries is included in Chapters Il B through 11l H of this report. The
major subcategories of ABI include:

Infectious: This category includes infectious diseases affecting the CNS.

Metabolic: Refers to disorders affecting the brain, which may be related to systemic
disease (e.g., cardiovascular), nutritional deficiencies, and endocrine disorders. One of the
leading causes of metabolic disorders of the CNS is anoxia (diminished oxygen levels).

Neoplastic: This category includes primary (i.e., arising within the CNS) and secondary
tumors of the brain. Secondary tumors represent metastases (spread) of cancer from a
primary site (e.g., lung) to the brain.

Neurotoxic: Refers to brain injury related to toxins, poisons, alcohol and illicit drug abuse.

Neurovascular: The leading cause of neurovascular insults to the brain is stroke, the
second leading cause of ABI. This category also includes other diseases and conditions
affecting the blood supply to the brain.

Traumatic: Traumatic brain injury (TBI), an externally caused ABI, is the leading cause of
acquired brain injury. The most common cause of TBI is falls. Other external mechanisms
include, but are not limited to, motor vehicles, firearms, and strikes by an object or person.

Individuals who sustain an ABI may experience residual disorders and impairments. Over
time, and with the benefit of rehabilitation, recovery and improvement may occur. However,
within each ABI subcategory certain diseases and disorders may be progressive,
evidenced in a typically gradual decline in cognitive status (dementia) and functional
capacity (see Chapter Ill H for discussion of Progressive Disorders associated with ABI).



Consequences of Acquired Brain Injury

Individuals who sustain an ABI may exhibit residual disabilities which necessitate timely
recognition and rehabilitation, as well as long-term supports and services to facilitate
optimal independent functioning and quality of life, and to prevent secondary disabilities
(e.g., muscle contractures related to lack of physical therapy) and in some instances,
inappropriate placement in institutionalized settings. The reader is referred to the
references cited at the end of this chapter for a more comprehensive review of the
neurological, neurocognitive and neurobehavioral consequences of ABI and their
treatment. However, detailed below are descriptions of some of the common disorders and
impairments associated with ABI (areas of the brain referenced are depicted in Diagrams A
and B).

Motor Impairments: Acquired brain injuries affecting the area of the brain that controls
voluntary movement (i.e., precentral gyrus in the frontal lobe), or the descending pathway
(pyramidal tract) arising from that area, result in contralateral paralysis (i.e., paralysis on
the opposite side of the body). Injury and diseases affecting other parts of the brain,
including the basal ganglia, cerebellum, and brain stem structures (e.g., substantia nigra
and dopamine pathway) are associated with disturbances in the regulation and control of
motor movements, or extrapyramidal disorders. Extrapyramidal symptoms include tremor;
abnormal muscle tone; ataxia (incoordination); involuntary movement (e.g., chorea); gait
disorder; slowness (bradykinesia) and decreased movement (akinesia); and dysarthria
(inarticulate verbal output). Cerebral palsy (CP) is the most common motor disability in
childhood, affecting an estimated 1 in 323 children in the United States. Cerebral palsy,
which may result in paralysis and other disorders of movement (i.e., extrapyramidal
symptoms), is associated with several risk factors (e.g., prematurity, low birth weight) and
ABI, including anoxia (lack of oxygen) and stroke in the newborn or early developmental
period. !

Physical and occupational therapy are critical in addressing the motor disorders described
above; for optimizing function and capacity for independently performing activities of daily
living, or ADLs (e.g., bathing and other self-care); and for preventing secondary physical
disabilities (e.g., muscle contractures; skin breakdown) in the acute and post-acute stages
of recovery. For some individuals, orthopedic treatment (e.g., serial casting to improve and
maintain range of motion: ROM) and surgical intervention (e.g., implantation of a Baclofen
pump to address spasticity) may be required. Ongoing physical medicine and rehabilitation
services and therapeutic interventions are also important, with respect to maintaining
functional capacity in the years following an ABI. When indicated, an assessment for
assistive technology needs (e.g., mobility devices) should be explored, and for some, long-
term neurological follow-up, monitoring, and medication management may be required
(e.g., individuals with Parkinson Disease).

Neurocognitive Disorders: Persons who sustain an ABI may experience a generalized
impairment of cognitive capacity, which in adults may present as a progressive dementia.
Children rarely exhibit progressive dementia, but moderate/severe ABI sustained at an
early age may result in intellectual disability, or developmental disorder, evidenced in mild
to profound impairment of intellectual and adaptive functioning in the conceptual, social and
practical domains (e.g., Shaken Baby Syndrome or abusive head trauma). Most commonly,



Diagram A: Lateral Surface of Brain
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however, individuals who experience ABI exhibit specific, acquired neurocognitive
impairments related to the etiology of the ABI, and the sites and severity of injury within the
brain. While individuals who sustain moderate/severe acquired brain injury are at greater
risk for exhibiting residual neurocognitive impairment, certain subpopulations of persons
with ABI may exhibit mild cognitive deficits which impact functioning and necessitate
targeted assessment. With respect to the latter, notable subgroups include individuals
living with HIV who may exhibit HIV-associated neurocognitive disorder (HAND); and
individuals who exhibit persistent post-concussion syndrome, which may be related to the
cumulative effects of repeated head trauma (e.g., sports concussion) or other exposures
(e.g., blast injuries sustained in military combat).

Comprehensive neuropsychological evaluation is the recommended approach for
identifying, characterizing, and quantifying the neurocognitive impairments associated with
ABI. In addition to testing of general intellectual ability, neuropsychological evaluation
includes assessment with respect to the following domains:

= Attentional Capacity/Arousal including assessment of verbal and non-verbal
attention span and vigilance; resistance to interference from irrelevant stimuli and
response inhibition; mental tracking; and capacity for divided attention.

= Executive Skill including ability to establish, maintain and shift cognitive set; planning
and sequencing; problem-solving skill; verbal and non-verbal conceptualization skill
and abstract reasoning; and social judgment.

= Constructional Skill including the ability to draw or assemble two and three-
dimensional designs. Impairment of constructional skill, which may impact adaptive
functioning, is most often associated with injury to the right hemisphere.

= Mathematical Skill including administration of auditory and written calculation tests.
Impairment of capacity to perform mathematical operations and calculations is
referred to as dyscalculia and is usually associated with injury to the left side of the
brain. Injury to the right hemisphere may also result in spatial dyscalculia evidenced
in the impaired ability to accurately compute written calculations, secondary to
spatial deficits. Spatial dyscalculia is often associated with impairment of
constructional skill.

= Language and Cognitive Linguistic Skill including assessment of expressive and
receptive language skill; naming; verbal fluency; reading and spelling skill. An ABI
with lateralized injury to the left hemisphere (side) of the brain may result in aphasia
or dysphasia, an acquired disorder of language and verbal output, which may be
fluent (e.g., Wernicke’s aphasia) or non-fluent (e.g., Broca’s aphasia). In addition to
fluency, other qualities of verbal output may be affected by ABI, including impaired
articulation (dysarthria) and abnormalities in the pitch, rhythm and melody of speech,
referred to as dysprosodia. These disorders may occur in association with injury to
other sites within the brain, as well as the left hemisphere. Difficulty with naming
(anomia or dysnomia) and word retrieval are common language disorders
associated with ABI. Aphasia and left hemisphere injury may also be associated



Diagram B: Primary Sensory, Motor and Other Selected Functional Areas of the
Brain (Left Lateral Surface)
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with impairment of reading skill (dyslexia) and/or spelling skill. Individuals who exhibit
aphasia and other disorders of language and verbal output also necessitate evaluation by a
speech and language pathologist to elucidate the nature of the acquired language
impairment, as well as to develop and provide appropriate therapeutic interventions.

= Learning and Memory includes administration of verbal and non-verbal measures of
immediate (short-term), working and long-term memory, as well as tests of verbal
and non-verbal learning and recall, retrieval, and/or recognition tasks. Individuals
with ABI may exhibit difficulty with remembering events experienced, or information
learned, prior to sustaining an ABI (retrograde amnesia) and/or difficulty with making
new memories following injury (anterograde amnesia). Some memory disorders are
associated with progressive disorders, while others are transient, such as loss of
memory associated with seizure activity (transient epileptic amnesia: TEA) or
transient global amnesia (TGA), which may be associated with a history of migraine
headaches, mild traumatic brain injury and other factors, though the exact cause is
unknown. Depending upon the cause of the ABI and associated sites and severity of
injury to the brain, a range of amnestic disorders may occur, including impairment of
semantic memory (facts, concepts and symbols); autobiographical memory (self-
knowledge); episodic memory (events, plans); and/or procedural memory
(temporally-ordered motor sequences or habits).

= QOrientation includes an individual’s knowledge of general, personal, and temporal
information, as well as topographical (e.g., orientation to home and neighborhood)
and directional (right-left orientation) ability.

= Perception includes performance on auditory, visual and tactile (haptic) tasks.
Individuals with ABI may also exhibit disorders of complex processing, or agnosias,
referring to the loss of the ability to recognize or comprehend perceived stimuli,
which cannot be explained on the basis of a primary sensory loss, aphasia,
dementia, delirium or other mental status changes. For example, individuals with
prosopagnosia, a type of visual agnosia, are unable to recognize familiar faces or
learn to recognize new faces; they may also fail to recognize stimuli within a class of
objects (e.g., specific types of birds among a class of birds).

= Praxis refers to the ability to correctly execute motor commands and other
purposeful actions. Dyspraxia refers to impairment of these functions, which cannot
be explained on the basis of a primary motor impairment (i.e., paralysis), aphasia,
dementia, delirium or other mental status disturbance.

Based upon comprehensive assessment of the neurocognitive, and when indicated,
acquired language disorders associated with ABI, cognitive rehabilitation therapy may be
recommended to promote recovery and to assist in developing appropriate compensatory
strategies for individuals with persistent neurocognitive impairments. When indicated and
applicable, assistive technology devices may be utilized to address the neurocognitive
deficits associated with ABI, and to optimize performance of instrumental activities of daily
living (IADL) tasks (e.g., adhering to prescribed medical directives and medications, such
as insulin regimen and other aspects of diabetes management).



Neuropsychiatric Disorders: The same range and types of psychiatric disorders
exhibited among the general population may also be diagnosed in persons who sustain an
ABI. One of the leading types of psychiatric conditions is mood disorder, which affects
approximately 21 million Americans, or 9.5% of the U.S. population.? Depression, which in
part may be correlated with the neuropathological changes evidenced in certain
neurological diseases (e.g., frontal lobe stroke), is the most common mood disorder
associated with ABI. Personality change, common among individuals who experience a
traumatic brain injury, is associated with injury to the prefontal cortex (PFC) of the brain
(See Diagram B). The neurobehavioral symptoms associated with PFC injury are varied in
their clinical presentation and may be evidenced in disinhibition (e.g., impulsivity,
aggression); difficulties initiating and maintaining goal-directed behavior (abulia or apathy);
sexual and social inappropriateness; suspiciousness or paranoia; attentional disorder and
other neurocognitive impairments (e.g., executive skill deficits).

Mania and psychotic disorder, evidenced in delusions and hallucinations, are less
commonly observed in persons with ABI, but may be associated with certain diseases,
including the progressive, degenerative disorders (e.g., HIV-associated dementia).
Individuals who sustain an ABI in certain psychologically-traumatizing contexts (e.g.,
combat-related TBI) are also at particular risk for developing Posttraumatic Stress Disorder
(PTSD). The presence of a premorbid (i.e., prior to ABI) psychiatric or developmental
disorder; predisposing genetic factors or family history of mental illness; and substance
abuse may complicate and/or increase the risk for developing a neuropsychiatric disorder
in persons who have experienced an ABI. Individuals who exhibit
neurobehavioral/neuropsychiatric sequelae of ABI necessitate evaluation and, when
indicated, ongoing treatment by neuropsychologists, behavioral psychologists, psychiatrists
or neuropsychiatrists. When undiagnosed and unaddressed, the neurobehavioral
consequences of ABI place individuals and others at risk (e.g., suicide attempt or
aggression), including risk for institutionalization and incarceration.

Sensory Impairment: Acquired brain injuries affecting the primary sensory areas of the
brain (See Diagram B), associated cranial nerves or ascending sensory pathways to these
areas, may result in permanent sensory loss. Sensory deficits may include:

= Contralateral (opposite side of body) loss of touch, vibration sense, perception of
movement and the position of limbs and other body parts (i.e., conscious
proprioception) may occur with injury to the primary sensory cortex (post-central
gyrus) in the parietal lobe or ascending sensory pathways.

= Blindness may result from injury to the retina or optic nerve (Cranial Nerve 1), which
partially crosses (decussates) in the brain. Injury to the nerve after it crosses, or
injury to the visual (calcarine) cortex in the occipital lobe may result in visual field
impairments, evidenced in contralateral loss of vision in half or a quarter of the visual
field. Common causes of visual field impairments include stroke and traumatic brain
injury, while the most common cause of acquired blindness in adults is diabetic
retinopathy. Blindness, secondary to retinal hemorrhages, may also be a
consequence of abusive head trauma (i.e., Shaken Baby Syndrome). Acquired loss
of color vision (achromatopsia) may also be associated with ABI.



= Hearing loss and other auditory disorders may occur as a result of damage to the
auditory nerve (Cranial Nerve VIIl), ascending auditory pathway, or auditory cortex
within the temporal lobe of the brain (i.e., tranverse gyri of Heschl). Acquired hearing
loss may be a consequence of abusive head trauma in infants and children,
exposure to neurotoxins, brain infection or a brain stem tumor affecting CN VIII (e.g.,
acoustic neuroma).

= Anosmia, or the loss of sense of smell, is associated with injury to the olfactory
nerve (Cranial Nerve I). A common cause of unilateral or bilateral anosmia is
traumatic brain injury.

Depending upon the nature of the sensory impairments associated with ABI clinical
evaluation by several specialists may be indicated, including a neurologist, audiologist, or
neuro-ophthalmologist.

Other Sequelae Associated with ABI: Other consequences of ABI may include seizures,
chronic pain, sleep, and headache disorders. One of the most common comorbid disorders
exhibited by individuals who sustain ABI is substance abuse which, undiagnosed and
unaddressed, serves to compromise recovery and functional capacity.

Some individuals who sustain severe ABI fail to recover and exhibit persistent disorders of
consciousness. It is estimated that approximately 315,000 individuals in the United States,
40% of whom are children, are living with a disorder of consciousness.® Common causes
include traumatic brain injury and anoxia.
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CHAPTER Ill A: DATA SOURCES, METHODS and TECHNICAL NOTES
Introduction:

The Massachusetts data sources selected and methodology utilized in this report were
established through joint meetings between the epidemiology staff at the Massachusetts
Department of Public Health (MDPH) and authors from the Massachusetts Rehabilitation
Commission (MRC). Epidemiologists who had expertise in a specific area identified the
best available data sources to analyze for this report and the case inclusion criteria.
National consensus definitions were used to define a particular condition where they
existed. Where they did not, the MDPH epidemiologists worked with authors from the MRC
to identify the most appropriate inclusion criteria. They began with a list of International
Classification of Disease Ninth Revision, Clinical Modification codes (ICD-9-CM codes) !
that had been used in the previous report regarding the status of people with brain injuries
in Massachusetts.? These ICD-9-CM codes were subsequently adopted and are currently
utilized by the Massachusetts Office of Medicaid (OOM) to determine eligibility for the
Acquired Brain Injury Home and Community Based Services (HCBS) waiver programs.
This list of codes was then modified in the individual chapters to reflect conditions that were
specific to brain injury and conditions which impacted populations which are not covered
under the waiver programs. According to the National Center for Health Statistics, CDC,
ICD-9-CM is the official system of assigning codes to diagnoses and procedures
associated with hospital utilization in the United States. The data sources and a more
detailed description of the case definition criteria used for any specific chapter are provided
in the respective data chapters.

It is important to note that for all of the Massachusetts data presented, the severity and
long-term outcomes of the brain insult/injury are not known. While the “discharge
disposition” is available through the hospital databases, for individuals who die or who are
not discharged to home, the factors contributing to this status may or may not be related to
the brain injury.

Data Sources and Case Definitions:

Data sources and case definitions used for data tables in the chapters “Infectious Diseases
Associated with the Central Nervous System,” “Metabolic Disorders Affecting the Central
Nervous System,” “Neurovascular Diseases and Conditions,” and “Traumatic Brain Injury”
include:

Inpatient Hospitalizations

Source: Massachusetts Inpatient Hospital Discharge Database, Center for Health
Information and Analysis.

Outpatient Observation Stays

Source: Massachusetts Outpatient Observation Stay Database, Center for Health
Information and Analysis.
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“Hospital Stays” represent a sum total of inpatient hospitalizations and observation stays.
Emergency Department Visits

Source: Massachusetts Emergency Department Discharge Database, Center for Health
Information and Analysis

Case Definitions:

An inpatient hospitalization, observation stay and emergency department discharge
associated with a traumatic brain injury was defined as any case having an
International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-
CM) diagnosis code in the range listed in Appendix B-5, in any of the diagnosis fields
in the database (15 fields for inpatient, 6 fields for observation stay and 6 fields for
emergency department visits).

An inpatient hospitalization, observation stay and emergency department discharge
associated with an infectious disease-related acquired brain injury was defined as
any case having an International Classification of Disease, Ninth Revision, Clinical
Modification (ICD-9-CM) diagnosis code in the range listed in Appendix B-2, in any
of the diagnosis fields in the database (15 fields for inpatient, 6 fields for observation
stay and 6 fields for emergency department visits).

An inpatient hospitalization, observation stay and emergency department discharge
associated with a metabolic disorder affecting the central nervous system was
defined as any case having an International Classification of Disease, Ninth
Revision, Clinical Modification (ICD-9-CM) diagnosis code in the range listed in
Appendix B-3, in any of the diagnosis fields in the database (15 fields for inpatient, 6
fields for observation stay and 6 fields for emergency department visits).

An inpatient hospitalization, observation stay and emergency department discharge
associated with a stroke and other neurovascular conditions was defined as any
case having an International Classification of Disease, Ninth Revision, Clinical
Modification (ICD-9-CM) diagnosis code in the range listed in Appendix B-4, in any
of the diagnosis fields in the database (15 fields for inpatient, 6 fields for observation
stay and 6 fields for emergency department visits).

Additional methodology applied to above case definitions: In order to reduce
duplication, inpatient cases with a discharge disposition indicating that the individual
was “transferred to another short stay general hospital for inpatient care” were
deleted from all tables except the table describing discharge disposition. Only
Massachusetts residents are included.

Note: Since all diagnosis fields were examined for an ICD-9-CM code meeting the
case definition, the counts presented in the tables in one chapter are not necessarily
mutually exclusive of the counts presented in another chapter. For instance, an
individual may have two types of conditions associated with a single hospital event.

14



Data source and case definition used for data tables in the chapter on “Central Nervous
System Neoplasms” include:

Tumor Counts
Source: Massachusetts Cancer Registry, Massachusetts Department of Public Health
Case Definition

An incident case of a tumor of the brain and CNS was defined as any case having
an International Classification of Diseases for Oncology, 3" Edition® topography
code (ICD-0) in the range listed in Appendix B-1.

Population Data:

Massachusetts population data, including totals and by sex, age groups, race/ethnicity is
from the Missouri Census Data Center, accessible at:
http://mcdc.missouri.edu/websas/estimates by age.shtml.# Population estimates for
Executive Office of Health and Human Services Regions (EOHHS) were calculated using
totals from the Missouri Census Data Center and a linear interpolation of the population
distribution by EOHHS regions on the Massachusetts Community Health Information Profile
(MassCHIP), an interactive downloadable query system maintained by the Massachusetts
Department of Public Health.

Years of Data:

The hospital and cancer registry data presented in the data tables represents the latest
three calendar years of data that were available at the time development began on the
report (2008-2010).

Table Groupings:

The statistics and the demographic groupings presented in the tables across the chapters
were identified as being the most relevant for service planning.

General statistics presented include: annual counts, average annual counts, percentages,
and average annual crude rates. Average annual counts were rounded to the nearest
whole number. As such, column numbers may not add up to the total number and column
percentages may not add up to 100 due to rounding.

Average annual crude rates, which are rounded to the first decimal place, were calculated
as follows:

Average Annual = Average annual count of the event for 3 years x 100,000
Crude Rate Average annual population size for 3 years
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The tables present crude rates, which are the actual rates and were determined to be the
most useful for service planning. In some instances, “age adjusted” rates are reported in
the accompanying bullets. These are not true rates but rates that adjust for age differences
between different populations. These rates answer the question, “what would the rate of
these events be if the populations being compared had similar age distributions?”
Differences in the age distribution of populations can occur across geographic regions and
racial and ethnic populations. The age adjusted rates attempt to control for these
differences. All age-adjusted rates in this report have been calculated using the 2000 U.S.
standard population.

Methods for grouping the cause and intent of traumatic brain injuries, displayed in Table
G6, follow the recommended framework of E-code (external cause of injury code)
groupings for presenting morbidity data put forth by the Centers for Disease Control and
Prevention.® This can be found at http://www.cdc.gov/injury/wisgars/ecode_matrix.html

Average annual counts, percents, and crude rates by select racial and ethnic groups are
included in the data chapters. These groups include: White, non-Hispanic, Black, non-
Hispanic, Hispanic, and Asian non-Hispanic. “Other and unknown” counts include
discharges among patients listed as Native Hawaiian, Pacific Islander, American Indian,
Alaska Native, and “other” and “unknown” race. These categories are not presented
separately due to the small numbers. Executive Office of Health and Human Services
administrative regions were utilized to present statistics by geographic region of residence.
A geographic depiction of the cities and towns represented in each region can be found in
Appendix C.

Primary payer type “categories,” shown in subchapters Ill C, D, F and G are based on
grouping similar primary payer types (for the inpatient hospital database) or their
corresponding information from the primary source of payment (for the observation stay
and emergency department discharge databases).

Discharge Disposition:

Discharge disposition categories for the inpatient hospital cases are displayed in the
chapters “Infectious Diseases Associated with Disorders of the Central Nervous System,"
“Metabolic Disorders Affecting the Central Nervous System,” “Neurovascular Diseases and
Conditions,” and “Traumatic Brain Injury.” Since the level of detail on discharge disposition
that is available in the inpatient hospital database is much greater than that available in
either the observation stay database or the emergency department discharge database,
discharge disposition tables for these chapters only provide data for inpatient hospital
discharges.

The age categories presented in the disposition tables differ from the age categories
presented in the demographic tables to reduce the amount of cells requiring suppression
and to provide detail for the population traditionally covered by Medicare. The in-hospital
death counts presented in the disposition tables do not include deaths that occur outside of
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the hospital. Also, as previously stated, the deaths that occur during the hospitalization may
not necessarily be related to the brain injury.

The individual discharge disposition categories that were available in the inpatient hospital
database were grouped in the following manner:

Disposition Category Text of the Dispositions Included in this Category
from the Inpatient Hospital Database

In-Hospital Death Expired (or did not recover - Christian Science
Patient)
Home with or without Services Discharged/transferred to home or self-care (routine

discharge); Discharged/transferred to home under
the care of organized home health service
organization; Discharged/transferred to home under
care of a Home IV Drug Therapy Provider;
Discharged to Hospice - Home

Medicare Long Term Hospital Discharged/transferred to a Medicare certified long
term care hospital

Psychiatric Hospital Discharged/transferred to a psychiatric hospital or
psychiatric distinct part unit of a hospital

Rehabilitation Hospital or Unit Discharged/transferred to a rehab hospital;
Discharged/transferred to an inpatient rehabilitation
facility (IRF) including rehabilitation distinct part units

of a hospital

Rest Home Discharged/transferred to rest home

Shelter Discharged to Shelter

Skilled Nursing Facility Discharged/transferred to Skilled Nursing Facility
(SNF)

Short Stay Hospital Discharged/transferred to another short-term hospital

for inpatient care; Discharged/transferred to a Critical
Access Hospital (CAH)

Other Facility Discharged/transferred to an Intermediate Care
Facility; Discharged/transferred to another type of
institution not defined elsewhere;
Discharged/transferred to a federal healthcare
facility; Discharged to Hospice Medical Facility

Other Left against medical advice; Discharge other
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Statistical Significance:

Where statistical significance is reported, the methods from the National Center for Health
Statistics (NCHS) were used. These methods are presented in the following document: ©

National Vital Statistics Reports, Volume 52, Number 10

Births: Final Data for 2002

By Joyce A. Martin, MPH, Brady E. Hamilton, PhD; Paul D. Sutton, PHD; Stephanie J.
Ventura, MA; Fay Menacker, DrPH; and Martha L. Munson, MS;

From the Division of Vital Statistics, NCHS.

This document is available from the following website:
http://www.cdc.gov/nchs/products/pubs/pubd/nvsr/52/52-23.htm

Non-overlapping 95% confidence intervals were used to determine statistical significance.
When two or more statistics are determined to differ significantly they are referred to in the
text with language such as “higher,” “highest,” “lower” and “lowest.” The lack of statistical
significance does not mean that the differences between two statistics are not clinically or
socially significant.

Technical Notes Pertaining to the Acute Care Hospital and Emergency Department
Data:

e These are population-based administrative databases which provide information on
all inpatient hospital, observation stay and emergency department discharges that
occur within an acute care hospital in Massachusetts. Observation stays are
generally stays involving less than 24 hours of care, and may involve similar care as
inpatient hospitalization; however classification may vary across hospitals and
conditions.

e These databases do not provide information on the initial encounter for a given
problem. Individual people are also difficult to separate out using these databases as
there are no names and limited identifiers. Therefore, hospitalization and
emergency department visit counts presented in the tables do not necessarily
represent unigue individuals or incident (new) cases of a specific condition.
Note: This differs from the counts presented in the chapter on central nervous
system neoplasms, which do reflect incident (new) cases.

o Inpatient hospitalizations with a discharge disposition
“Discharged/Transferred to another short-term general hospital for inpatient
care” were deleted from the counts in all tables except for the disposition
table, in an attempt to limit the double counting of cases.

o Transfers were not deleted from the observation stay or emergency
department counts, as these databases possess a less specific discharge
indicator (which may include transfers to institutions not later captured by the
database such as psychiatric hospitals or other treatment facilities).
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e Massachusetts residents receiving care at an out-of-state hospital are not included
in the totals. This may particularly impact the number and rates of individuals who
reside in cities and towns which closely border neighboring states.

e Data from federal, including the Veteran’s Health Administration (VHA), freestanding
psychiatric or rehabilitation hospitals and freestanding emergency departments are
not included.

e These data are collected primarily for billing and other administrative purposes. They
contain demographic information as well as primary and associated discharge
diagnoses for the patient’s condition, which are coded to the International
Classification of Disease’s Ninth Revision, Clinical Modification (ICD-9-CM). These
databases are commonly used by states for public health surveillance.

o Although all ICD-9-CM codes are submitted by hospitals with trained medical
records coders, cases receiving a diagnosis code for any particular condition
have not been validated with the actual medical record.

e The Massachusetts acute care hospital databases are mutually exclusive for single
episodes of care within a particular hospital. The highest level of care for a given
episode of care is the one reported. For instance, if a person is treated at the
emergency department of Hospital A, and then is admitted as an inpatient to
Hospital A, the patient’s data would only be reported by Hospital A to the inpatient
hospital database, not to the emergency department database. However, the data
for a patient transferred from the emergency department of Hospital A to the
emergency department of Hospital B, and released to home from the emergency
department of Hospital B, would be reported by both Hospital A and Hospital B to
the emergency department database.

Other Technical Notes:

e The data release guidelines, including suppression standards, are developed by the
data stewards of each database. Hospital and emergency department discharge
counts of 1-10 are required to be suppressed. Where row and column totals are
provided, “complementary suppression” may also be applied to protect the back
calculation of suppressed values.

e The statistics provided in the subsections of Chapter Ill under “national
epidemiology,” are presented in accordance with the scientific reports from which
they are referenced. As such, the terminology used in presenting national race and
ethnicity data in these subsections may differ from the racial and ethnic groupings
and terminology used for the Massachusetts data.

e Since no data sources were able to be identified for developing statewide estimates
of Massachusetts residents with neurodegenerative or neurotoxic conditions (with
the exception of childhood lead exposure), these chapters largely provide national
estimates.
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CHAPTER Ill B: CENTRAL NERVOUS SYSTEM NEOPLASMS
Overview:
National Epidemiology

Neoplastic disorders of the central nervous system (CNS) include both primary and
secondary tumors:

Primary tumors originate from cells within the brain and other sites within the CNS and
may be benign (non-cancerous) or malignant. They can also be of uncertain behavior.

Secondary neoplasms, all malignant, represent metastases from a primary cancer in
another part of the body (most commonly lung and breast), which has invaded the nervous
system. Incidence rates for secondary neoplasms vary significantly, and there is currently
no mandated reporting mechanism or systematic method for ascertaining the incidence of
secondary neoplasms, which are estimated to occur in 20-40% of individuals diagnosed
with cancer.! In addition, the treatment and prognosis, with respect to metastatic CNS
neoplasms, is significantly different than that for primary CNS neoplasms, which are the
focus of this report.

While exposure to cranial radiation therapy, immunodeficiency (e.g., increased risk of
lymphoma), and genetic/familial factors (e.g., neurofibromatosis, NFI and NF2) have been
linked to an increased risk for developing a brain tumor, or type of CNS neoplasm, most
brain tumors are not associated with a specific etiology or known risk factors. Documented
cases of malignant CNS neoplasms are found to be higher in Europe, North America and
New Zealand/Australia; however, the incidence is likely underestimated in developing
countries. While the incidence of brain tumors increases with advancing age, primary CNS
neoplasms are the most common solid tumors observed in children, historically accounting
for 15-20% of all tumors among children in developed countries, and 27% of all childhood
cancers. ?

The Central Brain Tumor Registry of the United States (CBTRUS), established in 1992, is
the designated organization responsible for reviewing and analyzing data for all primary
brain and other CNS tumors. The epidemiological data analyzed by CBTRUS is provided
by the National Program of Cancer Registries (NPCR)/Centers for Disease Control and
Prevention (CDC); and the Surveillance, Epidemiology and End Results (SEER) program/
National Cancer Institute (NCI). According to the most recent statistical report issued by
CBTRUS in 2013, it is estimated that 66,240 new cases of primary brain and other CNS
tumors will be diagnosed in 2014, of which 22,810 cases will be malignant and 43,430 will
be non-malignant. 2 It is important to note that CBTRUS estimates include lymphomas,
other hematopoietic neoplasms (e.g., leukemia), and tumors of the nasal cavity and spinal
cord, in accordance with the Consensus Conference on Brain Tumor Definition. 4

During the 2006-2010 time period reviewed in the CBTRUS report, the average annual

age-adjusted incidence rates for primary CNS tumors were 21.0 per 100,000 population,
with regional incidence rates ranging from 15.2 to 26.5 per 100,000 population. Average

21



annual rates for malignant tumors ranged from 5.0-8.8 per 100,000, while rates for non-
malignant primary tumors ranged from 9.0 to 19.1 per 100,000 population. Females (58%)
were more likely than males (42%) to be diagnosed with a primary CNS neoplasm.
However, males (55%) were more likely to be diagnosed with malignant CNS neoplasms
than females, who account for 64% of non-malignant primary tumors. While the median
age at time of diagnosis was 59 years, persons 75 years or older had the highest incidence
rate for CNS neoplasms (81.0 per 100,000 population). Children, ages 0-14 years, had the
lowest incidence rate (5.1 per 100,000 population).

CNS Tumor Subtypes

Primary tumors of the central nervous system (CNS) are classified, or coded, with
reference to:

Topography: referring to location, or site of origin, within the central nervous system

Behavior: which may be benign, uncertain or malignant. Malignant CNS neoplasms rarely
metastasize to structures/organs outside the CNS.

Morphology: which includes the cell type (histology); degree of differentiation as compared
to normal tissue; and grade or degree of malignancy. Meningiomas, which arise within the
coverings of the brain (meninges), and gliomas of varying grades, comprised of glial
(support) or precursor (blast) cells are the most common types of brain tumors. °

According to the recent CBTRUS report, meningioma, a principally benign tumor, was the
most common tumor type in the United States, accounting for approximately one third of all
tumors and 53.8 % of all non-malignant tumors. Glioblastoma was the second most
frequently reported tumor subtype and most common malignant tumor, accounting for
45.2% of cases; the highest incidence rate was observed in adults, 75 to 84 years of age.
Overall, incidence rates for most histological subtypes were significantly higher for Whites
than those observed for Blacks, American Indians/Alaskan Natives (AlI/AN), and
Asian/Pacific Islanders. However, Blacks had the highest incidence rates compared to
other racial groups for tumors of the pituitary gland, meningiomas, and
craniopharyngiomas, which arise from embryonic tissue adjacent to the pituitary gland, and
are observed in both adults and children. Adults and children of Hispanic ethnicity also had
significantly higher incidence rates, in comparison to non-Hispanics, for pituitary tumors.
Asian/Pacific Islander and White children/adolescents (ages 0-19) had the highest
incidence rates, while AlI/AN children exhibited the lowest rate.

Outcome and Potential Long-Term Consequences

Prognosis, outcome and survival for individuals diagnosed with primary CNS neoplasms
are related to tumor subtype and all the associated variables reviewed above. Availability
and efficacy of treatment options, including neurosurgical intervention, chemotherapy and
radiotherapy are also key prognostic indicators. Regarding prevalence, the American Brain
Tumor Association estimates that more than 688,000 people in the U.S. are living with a
diagnosis of primary brain or other CNS tumor, and that the majority (approximately
550,000) have been diagnosed with a non-malignant CNS neoplasm. ©
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National survival rates for individuals with malignant brain tumors are based on the
Surveillance, Epidemiology and End Results (SEER) data from 18 registries for the years
1995 to 2010. According to SEER, five-year relative survival for individuals diagnosed with
malignant brain tumors from 2004 to 2010 was 35%. Individuals with glioblastomas had the
poorest survival with 35% of cases alive after one year and only 4.7% after five years.
Individuals with pilocytic astrocytomas had the best survival with 97.9% alive after one year
and 94.4% alive after five years.!

Methodology:

The data source used for most of the Massachusetts data presented in this chapter is from
the Massachusetts Cancer Registry for the time period 2008-2010. Massachusetts death
data are from the Registry of Vital Records and Statistics, MDPH. Additional data notes are
available in Chapter Il A.

The Massachusetts Cancer Registry (MCR) collects reports of newly diagnosed cancer
cases from health care facilities and practitioners throughout Massachusetts, including
acute care hospitals, radiation centers, endoscopy centers, surgical centers, independent
laboratories, medical practice associations, radiation/oncology centers and private practice
physicians, as required by Massachusetts law. Additionally, the MCR has reciprocal
reporting agreements with 34 states and territories to obtain data on Massachusetts
residents diagnosed out of state. Currently the MCR collects information on in situ and
invasive cancers and benign tumors of the brain and associated tissues. Each year, the
North American Association of Central Cancer Registries (NAACCR) reviews cancer
registry data for quality, completeness, and timeliness. For 2008-2010, the MCR’s annual
case count was estimated by NAACCR to be more than 95% complete each year. The
MCR has achieved the gold standard for this certification element as well as for six other
certification elements for each diagnosis year since 1997.

A slightly modified version of the national ICD-O-based (International Classification of
Diseases for Oncology, 3™ edition) consensus definition of topography codes defining
central nervous system tumors was utilized for the purposes of this report (see Appendix B-
1 for a detailed listing of these codes). Topography codes for the spinal cord, cauda equina,
spinal meninges, nasal cavity and meninges (NOS) were excluded from the case definition
in order to present data specific to brain and CNS tumors. The data analyzed were limited
to brain and CNS tumors whose behavior was benign, of uncertain behavior (which
includes borderline malignant, low malignant potential, uncertain malignant potential), or
malignant. For the purpose of these analyses, tumor behaviors were categorized as non-
malignant (including benign and uncertain) and malignant. Age group, race/ethnicity, and
gender by tumor behavior were also analyzed. All counts were rounded to the nearest
whole number.
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Table B1: Malignant and Non-malignant* Brain and CNS Tumors by Anatomic Site,

MA Residents, 2008-2010

Average Average Average Annual
Annual
Annual Counts Annual Percent of Crude Rate per
Count*** Total*** 100,000 persons

Site: 2008 | 2009 | 2010 2008-2010 | 2008-2010 2008-2010
Cerebral Meninges 448 504 432 461 34.4 7.0
Cerebrum 25 28 28 27 2.0 0.4
Frontal Lobe 154 142 122 139 104 2.1
Temporal Lobe 106 98 101 102 7.6 1.5
Parietal Lobe 76 66 71 71 5.3 11
Occipital Lobe 16 8 12 12 0.9 **
Ventricle, NOS 23 22 23 23 1.7 0.3
Cerebellum, NOS 29 35 30 31 2.3 0.5
Brain Stem 29 20 21 23 1.7 0.4
Overlapping Lesion of 76 | 51 | 45 57 43 0.1
Brain
Brain, NOS 69 78 87 78 5.8 1.2
Olfactory Nerve 0 0 0 0 0 0
Optic Nerve 4 6 10 7 0.5 *x
Acoustic Nerve 74 88 72 78 5.8 1.2
Cranial Nerves, NOS 13 10 13 12 0.9 **
Overlapping Lesion of -
Brain and CNS ! ! ! ! 0.1
Nervous System, NOS 6 4 5 5 0.4 *x
Pituitary Gland 118 144 154 139 104 2.1
Craniopharyngeal Duct 1 1 0 1 <0.1 *x
Pineal Gland 3 3 8 5 0.4 **
Total 1,271 | 1,309 | 1,235 1,272 100 19.6

Source: Massachusetts Cancer Registry

Notes: *Non-malignant tumors include benign tumors and tumors of uncertain behavior. Tumors of the spinal
cord/meninges, cauda equina, and nasal cavity are excluded.

**Rates based on average annual counts 1-19 are suppressed.

***Column counts may not add to total and column percentages may not add to 100 due to rounding.

e Please note that the following statistics do not include tumors of the spinal
cord, cauda equina, spinal meninges, nasal cavity and meninges (NOS). The most
common site for a brain and CNS tumor was in the cerebral meninges (34.4% of all
sites), with a crude rate significantly higher than other sites.

e Brain tumors in the lobes of the cerebrum comprised 26.2% of all tumors, making
the cerebrum as a whole the second most common site. Tumors located in the
frontal and temporal lobes were the most common.

e The pituitary gland was the third most common site for a brain and CNS tumor. The
histology of nearly all of these tumors was benign pituitary tumors.

¢ Meningioma, a predominantly benign tumor found in the meninges, was the most
common histological type of brain and CNS tumor diagnosed in Massachusetts from
2008 to 2010. There were 1,378 meningiomas of the brain diagnosed during this
period, or 36% of all brain tumors. (Data by histology not shown in table.)
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¢ Glioblastoma, a malignant tumor, was the second most common histological type of
brain and CNS tumor with 795 cases diagnosed from 2008 to 2010, or 20.9% of all
brain tumors. Most were located in the lobes of the cerebrum (81%) followed by
overlapping lesion of the brain and the CNS (16%). (Data by histology not shown in
table.)

e From 2008 to 2010, there were on average 421 deaths per year in Massachusetts
with either malignant or non-malignant brain and CNS tumor (excluding spinal cord)
as the underlying cause of death. Of these deaths, 52% were males and 48% were
females (data not shown).

Table B2: Brain and CNS Tumors by Age Group, MA Residents, 2008-2010

_Il\_lsl:]—cr)]:gygnant 2008-2010 Average Annual Values
Average Average Annual

Age Group annual | Pereentage | 'criepate per
Count*** 100,000 persons

0-2 3 0.3 *

3-5 2 0.3 *

6-18 24 3.2 2.2

19-21 8 1.0 *

22-29 32 4.2 4.5

30-39 50 6.6 6.1

40-49 110 14.6 111

50-59 152 20.1 16.6

60-69 157 20.8 25.8

70+ 217 28.7 34.1

Total 755 100 11.7

!\rﬂj:r:%r;:.nt 2008-2010 Average Annual Values
Average Average Annual

f;{g}ezgr)oup Annugl F;f,ﬁg[‘;ﬁ%f Crudeg Rate per
Count*** 100,000 persons

0-2 11 2.2 o

3-5 9 1.8 o

6-18 33 6.7 3.1

19-21 6 1.1 o

22-29 21 4.2 3.0

30-39 27 5.5 3.3

40-49 53 10.6 5.3

50-59 98 18.8 10.7

60-69 93 18.0 15.3

70+ 164 312 25.7

Total 517 100 7.9

Source: Massachusetts Cancer Registry

Note: *Non-malignant tumors include benign tumors and tumors of uncertain behavior. Tumors of the spinal cord/meninges,
cauda equina, and nasal cavity are excluded.

**Rates based on average annual counts 1-19 are suppressed.

***Column counts may not add to total and column percentages may not add to 100 due to rounding.
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e The overall crude rate of non-malignant brain tumors was statistically significantly
higher compared to malignant brain tumors.

e Both non-malignant and malignant brain tumors were most common among people
aged 70 years and older, with statistically significantly elevated rates compared to
other age groups in both categories.

e Nearly 50% of malignant and non-malignant brain tumors occurred among people
aged 60 years and older.

Table B3: Brain and CNS Tumors by Race/Ethnicity, MA Residents, 2008-2010

Non-malignant Tumors* 2008-2010 Average Annual Values

Average Annual
Race/Ethnic Group Averé\gSnAtgnual Per(%%r:;?ge of CrutigOF'{g(t)g per

persons

White, non-Hispanic 641 84.9 12.6
Black, non-Hispanic 48 6.4 11.3
Asian, non-Hispanic 22 29 6.4
Hispanic 36 4.8 6.1
Other/Unknown 8 1.0 -
Total 755 100 11.7
Malignant Tumors 2008-2010 Average Annual Values

Average Annual

. Average Annual Percentage of Crude Rate per
Race/Ethnic Group Count** Total** 100,000
persons
White, non-Hispanic 466 90.1 9.0
Black, non-Hispanic 16 3.1 rkk
Asian, non-Hispanic 10 1.9 rkk
Hispanic 24 4.6 4.0
Other/Unknown 1 0.1 rkk
Total 517 100 7.9

Source: Massachusetts Cancer Registry

Note: * Non-malignant tumors include benign tumors and tumors of uncertain behavior. Tumors of the spinal
cord/meninges, cauda equina, and nasal cavity are excluded.

**Column counts may not add to total and column percentages may not add to 100 due to rounding.
***Rates based on average annual counts 1-19 are suppressed.
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e Both White and Black, non-Hispanics had significantly elevated crude rates of non-
malignant brain tumors compared to malignant brain tumors.

e White, non-Hispanics had significantly elevated crude rates of malignant brain

tumors compared to Hispanics. The counts for Black, non-Hispanics and Asian,
non-Hispanics were too small to compare rates.

Table B4: Brain and CNS Tumors by Sex, MA Residents, 2008-2010

Non-malignant 2008-2010 Average Annual Values
Average Annual Average Annual
Sex Cgount Percentage of Total** Crude Rate per
100,000 persons
Male 276 36.6 8.8
Female 479 63.4 14.2
Total 755 100 11.7
Malignant Tumors 2008-2010 Average Annual Values
Average Annual Average Annual
Sex Cgount Percentage of Total** Crude Rate per
100,000 persons
Male 274 52.9 8.6
Female 243 47.1 7.2
Total 517 100 7.9

Source: Massachusetts Cancer Registry

Notes: *Non-malignant tumors include benign tumors and tumors of uncertain behavior. Tumors of the spinal
cord/meninges, cauda equina, and nasal cavity are excluded.

**Column counts may not add to total and column percentages may not add to 100 due to rounding.

e While there was no statistically significant difference in sex for malignant brain
tumors, females had a significantly elevated crude rate for non-malignant brain
tumors.
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Table B5: Insurance at Diagnosis for All Brain and CNS Tumors, MA Residents,

2008-2010
Payer Type Category Percent**
Medicaid*** 7.4
Medicare*** 30.2
Medicare/Medicaid 3.2
Private Insurer 44.2
Insurance, NOS 9.2
Other Government Payment 0.2
Free Care or Health Safety Net 0.8
Commonwealth Care Plans* Unknown
Self Pay 0.3
Unknown 4.6

Source: Massachusetts Cancer Registry

Notes: *Commonwealth Care was not collected as an insurance category from 2008-2010.
Tumors of the spinal cord/meninges, cauda equina, and nasal cavity are excluded.
**Percentages may not add up to 100 due to rounding.
***Exclusive of cases listed as Medicare/Medicaid.

e The most common payer at diagnosis for brain tumor cases was private insurance
(44.2%), followed by Medicare (30.2%). Medicare includes Medicare alone,
Medicare administered through a private insurance, and Medicare with a private
supplement.

Summary of Findings:

e During the period 2008 to 2010, the average annual number of brain and CNS
tumors outside of the spinal cord diagnosed and reported to the MCR was 517 for
malignant tumors and 755 for non-malignant tumors.

e While the majority of these non-malignant brain and CNS tumors were located in the
meninges, the acoustic nerve, or the pituitary gland, the majority of malignant tumors
were located in the lobes of the cerebrum.

e Nearly half of all these brain and CNS tumors were diagnosed among people age 60
years and older. Approximately four percent of non-malignant brain tumors and ten
percent of malignant brain tumors were diagnosed among those ages 18 years and
younger.

¢ While there was no statistically significant difference in sex for these malignant brain
and CNS tumors, females had a statistically significantly elevated crude rate for non-
malignant brain tumors.

e From 2008 to 2010, there were on average 421 deaths per year in Massachusetts
with either malignant or non-malignant brain and CNS tumor (outside the spinal
cord) as the underlying cause of death. Of these deaths, 52% were males and 48%
were females.
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Limitations:

While the MCR is a population based surveillance database which captures nearly all
incident cases of brain and CNS tumors among Massachusetts residents, it is not a follow
up database. The only follow up that occurs is an annual match with death data from the
Massachusetts Registry of Vital Records and Statistics to determine if a case has died. As
a result of this lack of follow up, it is not possible to track metastases to the brain from other
primary sites, the most common being lung, breast, colorectal, and skin.
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