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Abstract

We assessed the use of administrative data for passive stroke surveillance by linking
the emergency room visits (ER) data with IP data (named merged IP-ER). We examined
the validity of merged IP-ER, IP, and ER in three time periods, and found that the PPV
for all stroke, TIA and ICH are very good but not sound for AIS and SAH in the merged
IP-ER data. Data quality is much better in the IP data and when using the ICD-10
algorithm. The validity of data became excellent for AIS in merged IP-ER if unspecified
stroke codes were excluded.

We observed a declining trend of age-adjusted rate for overall stroke, which is
accompanied by increasing number of strokes, and declining in-hospital case-fatality. The
burden of stroke is much higher applying merged IP-ER than using IP only. Non-specific
stroke codes (query stroke and unspecified stroke) affect the reported number and

patterns of stroke.
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CHAPTER ONE: INTRODUCTION

Surveillance is the gateway to information about etiology, risk, prognosis,
prevention and intervention as well as disease distribution and time trends [1]. In this
thesis project, passive surveillance will be conducted using administrative data to portray
the pattern of stroke occurrence and in-hospital case-fatality in the Calgary health region
(CHR) over the last decade 1995-2004. These data will provide useful information for the
prevention of stroke, health care planning and resource allocation within the CHR. We
hope through this pilot project, that those algorithms that are developed with CHR data
may be generalized to the rest of Alberta to help establish a complete provincial, and
potentially national stroke surveillance system.

1.1 Burden of Stroke

What is a stroke? A stroke [2] is a sudden loss of brain function caused by the
interruption of the flow of blood to the brain (an ischemic stroke) or the rupture of blood
vessels in the brain (a hemorrhagic stroke). The interruption of the blood flow or the
rupture of blood vessels causes brain cells (neurons and glia) in the affected area to die.
The effects of a stroke depend upon both where the brain was injured, and how much
damage occurs. About 80% of strokes are ischemic, while 20% of strokes are
hemorrhagic, including two main types - subarachnoid hemorrhage and intracerebral
hemorrhage.

Stroke represents a major public health challenge throughout the world. According
to estimates from the World Health Organization (WHO) [3], nearly 5.5 million stroke-
related deaths occurred in 2002 [3]. Every ten minutes someone in Canada suffers a

“brain attack”, making stroke the most common serious neurological condition requiring



hospital admission [4]. Each year, about 50,000 Canadians are admitted to hospital
because of stroke and stroke accounts for about 16,000 deaths annually [4]. In Canada,
the number of hospitalizations for cerebrovascular disease (mainly stroke) has been
increasing for the past twenty years and is projected to continue to increase over the next
twenty years [5].

The greatest burden of stroke, apart from death, is serious long-term physical and
mental disability. Approximately one third of stroke victims die within 1 year, and an
equal number of patients are permanently disabled [6]. Long-term disability resulting
from stroke constitutes an enormous drain on personal, family, and institutional
resources. However, effective treatments are limited once an attack has occurred.

Moreover, the burden is expected to increase as a result of the “greying of Canada”,
since after age 55, the risk of stroke doubles every ten years and a stroke survivor has a
20% chance of having another stroke within two years [4]. According to the 2001
Census, seniors aged 65 and over constituted 13% of the Canadian population in 2001.
This proportion is projected to reach 15% by 2011 and just over 20% by 2025 [4].
Therefore, the number of strokes across Canada is expected to increase over the next two
decades with the aging of the “Baby Boom” generation — one of the major factors
pushing up the number.

The economic burden of stroke is very heavy. The cost associated with treatment of
stroke is staggering. Stroke costs the Canadian economy $2.7 billion a year and the
average acute care cost is about $27,500 per stroke [7]. Since we are facing an urgent
burden of stroke in the future, stroke prevention should be a primary focus for all health

care providers [8].



1.2 Risk Factors for Stroke

For decades, a wide range of non-modifiable and modifiable risk factors for stroke
have been identified or proposed. Among the nonmodifiable risk factors are age, sex,
ethnicity, and heredity; and among the modifiable risk factors are hypertension,
cardiovascular diseases (CV), diabetes mellitus, hyperlipidemia, cigarette smoking, and
alcohol abuse [9-12]. Statistics Canada reports that eighty percent of the Canadian
population has at least one modifiable risk factor for stroke; nearly one-third has two risk
factors; and another 11% have three or more [4].

Of the modifiable risk factors for stroke, hypertension has been the most thoroughly
investigated. Hypertension has been considered an underlying factor in almost 70% of
stokes [13]. The presence of hypertension increases the incidence of ischemic or
hemorrhagic stroke in individuals of both sexes and all ages [14]. The second most
important modifiable risk factor — tobacco use, increases the risk of ischemic stroke about
two-fold. There is a dose-response relationship such that heavy smokers are at higher risk
for stroke than light smokers [15].

1.3 Background of Surveillance
1.3.1 Definition of Surveillance

From the Centers for Disease Control and Prevention, surveillance is defined as
“The ongoing systematic collection, analysis, and interpretation of health data, essential
to the planning, implementation, and evaluation of public health practices, closely
integrated with the timely dissemination of these data to those who need to know. The

final link in the surveillance chain is the application of these data to prevention and
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control. A surveillance system includes a functional capacity for data collection, analysis,
and dissemination linked to public health programs.”[16]

1.3.2 History of Surveillance

The history of public health surveillance and the first real public health action
related to surveillance can be traced back to efforts to control the bubonic plague in the
14" century, when public authorities boarded ships in the port near the Republic of
Venice to prevent persons suffering from a plague-like sickness from disembarking [17-
19]. Then in the 1680s, John Graunt published the Natural and Political Observations
Made Upon the Bills of Mortality, which defined disease-specific death counts and rates,
and the concept of disease patterns, some of the fundamental principles of public health
surveillance [18, 19]. Actually, William Farr (1807-1883) was renowned for formulating
the concepts of surveillance we know today. Farr collected, analyzed, interpreted and
evaluated vital statistics. He disseminated his results to the responsible authorities and to
the general public [18-20]. Until 1950, surveillance was restricted to watching contacts of
communicable diseases such as smallpox, in order to detect early signs and symptoms so
that these contacts could be isolated to prevent spread of the disease. In 1963, Langmuir
further formulated modern concepts of public health surveillance by emphasizing the role
of surveillance in describing the health of populations. In the 1968 twenty-first World
Health Assembly, which focused on the national and global surveillance of
communicable diseases, Langmuir’s 1963 description of surveillance was endorsed and
three main features of surveillance were described [18, 19]. At that assembly, the WHO
broadened its concept of surveillance to include a full range of public health problems

(beyond communicable disease) such as childhood poisoning, leukemia, congenital



malformation, injuries and behavioral risk factors. In the 1980s, the introduction of
microcomputers began to transform surveillance systems, allowing decentralized data
analysis and electronic linkages of participants in surveillance networks. The central role
of surveillance was emphasized in 1998 when the Institute of Medicine defined three
fundamental functions of public health: “1) assessment of the health of communities,
which depends largely on surveillance; 2) policy development based on the “community
diagnosis” and prognosis established through surveillance; and 3) assurance that
necessary services are provided, using surveillance as one measure of the impact of
programs” [19].

Gradually, with the broadening of the concepts of surveillance outside
communicable diseases, a wide spectrum of surveillance activities including stroke
surveillance were initiated. The public, health professionals and policy-makers all agree
on the need for timely, accurate and relevant data. Forecasting and tracking changes as
well as monitoring progress are integral parts of achieving health for all [4]. Therefore,
surveillance is necessary to understand and meet the future demands that illness will be
placed on health care.

1.4 Stroke Surveillance
1.4.1 Status of Noncommunicable Diseases Surveillance

Currently noncommunicable diseases (NCDs) represent 43% of the global burden of
disease. By the year 2020 this figure is expected to rise to 60% with NCDs representing
70% of all deaths [21]. This prediction, resulting from recently gathered country-level
data, indicates the emerging epidemic of NCDs. Surveillance is crucial in helping

countries monitor and evaluate emerging patterns and trends of disease. However,



surveillance of non-communicable diseases has been neglected in modern public health.
Most countries have well-established infectious disease surveillance systems, yet lack
non-communicable disease surveillance systems. One of the key differences between
communicable and NCDs surveillance is that the first focuses mainly on identifying
individuals and reporting counts, and the latter focuses on the population burden and
distribution of risk factors and conditions [22].

1.4.2 The Need for Stroke Surveillance

Stroke is a disease which is suitable for surveillance. Stroke is a clinically defined
disease, which makes it possible to identify trends in different countries irrespective of
access to technological equipment [23]. Therefore, stroke surveillance can be undertaken
without access to highly specialized diagnostic equipment. In addition, stroke meets
many of the criteria that warrant the establishment of a surveillance system: it is a major
public health problem that has a major impact in all countries, it is largely preventable
and may be used as an indicator for the effect of public health initiatives [22]. Stroke
surveillance would allow us to develop an overall picture of stroke in the population, do
time trend analyses, better explore the geographic distribution of stroke and better
understand stroke risk and care in important subpopulations. Moreover, a surveillance
system would help to guide policy decisions concerning programs and research for

specific populations [24].



CHAPTER TWO: LITERATURE REVIEW

The first part of this chapter summarized the purposes of surveillance, different
approaches to surveillance, key elements of a surveillance system and how to evaluate a
surveillance system according to books and documents from Buchler et al [19-30]. Part
two, the literature review, synthesized studies of stroke surveillance in the world
identified through Medline and the Cochran system.

2.1 Purposes of Surveillance

The most common objectives of surveillance include [19]:

a. Descriptive epidemiology of health problems: by monitoring the trends in incidence

or prevalence of specific health problems, documenting their impact in defined
populations and characterizing affected persons and those at greatest risk.

b. Links to service: at the community level, surveillance information can direct health

departments in providing services to individuals. Surveillance data can also be used to
guide and evaluate health programs.

c. Links to research: although surveillance data are useful in describing the basic

epidemiology of health problems, they infrequently provide sufficient detail for
examining more in-depth epidemiology hypotheses. Therefore, surveillance can
provide an important conduit to researchers by providing clues for further
investigation of health problems and by identifying individuals who may be subjects
in specific research projects.

d. Evaluation of interventions: by charting trends in the numbers or rates of events, or

characteristics of affected individuals, surveillance may help in the assessment of the

impact of intervention programs.



e. Projections: since public health planners often need to predict future demands for
health services, surveillance data can be used to estimate future trends through a
combination of the observed trends in disease incidence coupled with other
information about populations at risk.

f. Education and policy: after information is obtained by the collecting organization and

returned to those who need it, the cycle of surveillance becomes complete when that
information is applied. Surveillance information educates those directly responsible
for providing health care and those who influence the distribution of health resources.

2.2 Approaches to Surveillance

A broad range of methods can be employed in conducting surveillance activities
depending on information needs and resources. Some of the approaches [19-26] used
include:

a. Active and passive surveillance: An *“active” surveillance refers to a system where

public health staffs seek reports on diseases on a regular basis. A “passive” approach
means that the organization conducting surveillance does not regularly contact
potential reporters but rather leaves the initiative for reporting to them [19]. While the
terms “active” and “passive” surveillance are conceptually useful, “they are
insufficient for describing a surveillance method” [19] since surveillance systems
may not be either totally active or totally passive. Rather than describing whether a
system is active or passive, it is more important to describe how surveillance was
conducted, who was contacted and how often and what if any, back-up procedures

were in place to identify cases.



Laboratory-based surveillance: The use of diagnostic laboratories as the basis for

surveillance can be highly effective, with the ability to identify patients seen by
different physicians, specifically when the laboratory testing and services are
centralized.

Notifiable disease reporting: Based on legally mandated reporting of certain diseases,

this approach has mainly been used (not exclusively) for infectious diseases.

Volunteer providers: When information needs exceed the capabilities of routine

approaches such as notifiable disease reporting, special networks are sometimes
developed to meet such needs.

Reqistries: These include listings of all occurrences of a disease, or classes of diseases
within a distinct area (e.g. cancer, birth defects). Because they collect relatively
detailed information, registries may identify patients for long-term follow up or for
specific laboratory or epidemiologic investigation.

Information Systems: These are large database collected for general, rather than

disease specific purposes. They can be applied to the surveillance of specific
conditions, and more often, the use of these systems for monitoring health may be
secondary to other objectives. Since these systems serve multiple objectives, their use
for surveillance requires caution, as the data collected may not encompass stringent
data quality procedures. Examples of such systems include: vital records, hospital
discharge records, and insurance billing records.

Sentinel surveillance: This approach involves a limited number of selected reporting

sites, from which reports may be generalizable to the whole population, making this

type of surveillance useful to common conditions where complete case counting is
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neither important nor feasible, and where public health action is not determined by
individual reported cases. Aggregate data from sentinel surveillance are usually
collected on a weekly basis by telephone, fax, or electronic mail. An example of a
sentinel surveillance is monitoring the annual incidence of influenza [25].

Record linkages: By linking records from different sources, their usefulness for

surveillance may be enhanced. As an example, linkage of birth certificates (which list
birth weight) and infant death certificates (which do not list weight) may be used to
determine trends in birth weight-specific neonatal death rates. The ease of performing
such linkages depends on the accuracy and specificity of identifying information.
Surveys: Periodic or regular/ongoing surveys can be an important approach to
collecting surveillance data by providing a method for monitoring an array of factors
influencing health and disease such as behaviors associated with disease,
knowledge/attitudes that influence health behaviors, personal attributes that affect
disease risk, self-reported disease occurrence and use of health services.

The uses of surveillance information can be organized on the basis of three

categories of timeliness: immediate, annual or biannual, and archival [18, 26]:

a.

b.

Immediate use — detecting epidemics, newly emerging health problems and changes
in health practices.

Annual or biannual use — estimating the magnitude of health problems, assessing

control activities, setting research priorities, testing hypotheses, monitoring risk
factors and changes in health practices and documenting distribution and spread of

health problems.
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c. Archival use — storing readily accessible data that can be used to conduct research
into the predictors of adverse health events and to document the evolving health
status of populations.

2.3 Key Elements of a Surveillance System

Several key elements make up a surveillance system: [27-29]

1. Establish objectives / rationale. The objective should answer the question: what do

people need to know? It should be outcome oriented, measurable and feasible; and
should include elements that are directly linked to the outcome or determinant (risk
factor) of interest.

2. Case definitions. Should include clear criteria related to person, place, and time;

incorporate clinical and laboratory diagnostic information (including diagnostic
imaging); include a clear and concise description of the epidemiological features of
the disease; include statements about limitations that impact the degree of certainty
of a diagnosis, have high sensitivity and specificity. When both high specificity and
sensitivity are desired, there is usually a trade off between them.

3. Framework describing the population, health and illness events included in the

surveillance system. The needs of the decision makers who will use the data should

be reflected in the health events included in a surveillance system. Populations
included may range from individuals at specific institutions, to residents of a
community or residents of a nation. Previously defined health goals should ideally
determine the health events to be included in a surveillance system, and the data

collected should point to policy decisions that are necessary to improve these goals.
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4. Data collection. Data collection must produce valid and reliable data. Factors to be

considered in the data collection component of a surveillance system include:
amount of time needed for data collection, data sources, data collectors and methods
of data transmittal. If existing sources of data such as administrative databases are
used, caution must be sought since these sources often present limitations in terms of
timeliness and comprehensiveness, because their original intent was not for
surveillance.

5. Data analysis. A determination of the appropriate analytic approach should be an
integral part of the planning of any surveillance system. Development of a data
analysis plan confirms what will be done, how often and by whom. In addition, the
plan must consider whether the data analysis will be centralized or performed by the
organizations that collect the data. Generally, routine analyses are conducted in
response to pre-designed requirements of the system, while special analyses are done
to explore various findings that emerge from the routine analyses or to probe into
specific research questions.

6. Interpretation and reports. Data must be analyzed and presented in a convincing and

forceful manner so that decision makers at all levels can readily understand the
implications of the information. Routine reports are produced in response to the
timing requirements of decision and policy makers.

7. Information dissemination. A comprehensive dissemination plan should be integral

to the planning of any surveillance system. Depending on the type of surveillance
system, the audience for the information includes: health planners and decision

makers, non-governmental organizations, the private sector and the general public.
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Privacy and confidentiality issues should be considered in the dissemination plan.
The internet is a great medium for providing readily available information to a large
portion of the population.

8. Use of surveillance information. Surveillance information must be turned into

intelligence, where the information is both understood and used by the receivers.
Ideally those who will use the information (e.g. health planners and managers)
should be involved in the development and modification of the system to ensure that
it will meet their needs.

9. Evaluation and revision. Evaluation of a surveillance system should be an integral

part of its operations. The evaluation should address the structure, processes or
activities and outcomes of the system. Periodic evaluation coupled with a formal
process for review and recommending change, assures that the system remains
vibrant in meeting its goals and objectives.

2.4 Evaluation of Surveillance Systems

The overall purpose of evaluating public health surveillance is to obtain feedback
about the operation of the system to promote the most optimal use of health resources.
The evaluation should assess whether a system is serving a useful public health function
and is meeting its stated objectives [30-32].

2.4.1 Evaluation Guidelines

In 2001, the Centers for Disease Control and Prevention (CDC) published “Updated
Guidelines for Evaluating Surveillance Systems”, which is by far the most widely
accepted approach to conduct evaluations of surveillance systems. CDC recommended

that all public health surveillance systems should be evaluated periodically, and the
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evaluation should include recommendations for improving quality, efficiency and
usefulness [33]. Summarized descriptions about CDC’s recommended Tasks for
evaluating a public health surveillance system are as below: [33]

Task A. Engage the Stakeholders in the Evaluation

These stakeholders include: public and private health practitioners, all levels of
governments, health care providers, data providers and users and representatives of
affected communities.
Task B. Describe the Surveillance System to be Evaluated

Describe the public health importance, purpose and operation of the system, and the
resources used to operate it.
Task C. Focus the Evaluation Design
Task D. Gather Credible Evidence Regarding the Performance of the Surveillance
System

Describe each of the following system attributes: simplicity, flexibility, data Quality,

acceptability, sensitivity, Positive Predictive Value (PPV), representativeness, timeliness

and stability.

Task E. Justify and State Conclusions, and Make Recommendations
Task F. Ensure the Use of Evaluation Findings and Share Lessons Learned

Make deliberate efforts to ensure that the findings from the evaluation are used and
disseminated appropriately.

2.4.2 Summary

There is no perfect surveillance system; tradeoffs must always be made. Because

public health surveillance systems vary in methods, scope, purpose, and objectives,
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attributes that are important to one system might be less important to another. Efforts to
improve certain attributes (e.g., the ability of a public health surveillance system to detect
a health-related event [sensitivity]) might detract from other attributes (e.g., simplicity or
timeliness). Therefore, an evaluation of the public health surveillance system must
consider those attributes that are of the highest priority for a given system and its
objectives. Each system is unique and must balance benefit versus personnel, resources,
and cost allocated to each of its components if the system is to achieve its intended
purpose and objectives. [33, 34]

2.5 Previous Stroke Surveillance in the World

Stroke surveillance from the United States, Finland, France, Sweden, Russia, Japan,
China, Canada and WHO were reviewed to represent the circumstances of stroke
surveillance in the world.

2.5.1 United States
2.5.1.1 Behavioral Risk Factor Surveillance System (BRFSS) survey

BRFSS is a state-based, random-digit-dialled telephone survey of the non-
institutionalized, U.S. civilian population aged >=18 years. Using 2003 BRFSS, two
studies have assessed the prevalence of multiple risk factors for heart disease and stroke
and identified racial/ethnic and socioeconomic disparities in risk status among the
population. By estimating the differences in the prevalence of multiple risk factors with
respect to age, race/ethnicity, education etc, DK Hayes et al [35] found that a high
proportion of the U.S. population had multiple risk factors for heart disease and stroke,
particularly certain population subgroups defined by race/ethnicity and socioeconomic

status. Consistently, by examining adjusted odds ratios (AORs), another study [36]
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concluded that prevalence of stroke was higher among blacks than among whites.
Prevalence of stroke was higher in the southeastern states where persons tended to have
lower education levels than in the non-southeastern states.

2.5.1.2 Brain Attack Surveillance in Corpus Christi (BASIC) Project

The BASIC project [37] is a population-based stroke surveillance study conducted
in southeast Texas. All stroke cases were ascertained through active and passive
surveillance form January 2000 through April 2002 and compared with population
estimates from a random-digit telephone survey. Four studies have been published
regarding this project. One study [37] analyzed whether a computer algorithm or
abstractor could diagnose stroke as well as a fellowship-trained stroke neurologist, and
reported that the use of computer verification or abstractors may obviate the need for
physician stroke verification and may greatly improve study efficiency. Piriyawat et al
[38] conducted a study that provided a quantitative means of assessing the utility of
active and passive surveillance for cerebrovascular disease to choose an optimal stroke
surveillance method. They suggested that more uniform surveillance methods would
allow comparisons across studies and communities. Another two studies compared stroke
incidence, and biological risk factors among Mexican Americans and non-Hispanic
Whites. Morgenstern et al [39] concluded that Mexican Americans experienced a
substantially greater incidence of ischemic stroke and intracerebral hemorrhage,
incidence compared with non-Hispanic Whites. Additionally, Smith et al [40] found that
Mexican American stroke patients were less likely to have graduated from high school,
more likely to earn less than 20 000 dollars per year, and more likely to have diabetes

compared with non-Hispanic white stroke patients. Stroke disparities between these
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populations may be explained only partially by differences in the prevalence of some
biological and social factors.

2.5.1.3 Minnesota Heart Survey

The Minnesota Heart Survey [41] is a population-based study designed to monitor
and explain trends in cardiovascular mortality, morbidity, and risk factors. Through this
surveillance time-trends study, Mcgovern et al found that there was a substantial decline
in stroke mortality of more than 50% from 1960 to 1990 in Minneapolis-St Paul, which
appears to have been attributable to both primary and secondary prevention.

2.5.1.4 National Hospital Discharge Survey (NHDS)

NHDS has obtained a nationally representative sample of discharge records from
nonfederal short-stay hospitals in the United States from 1965. This survey covers
discharges from noninstitutional hospitals, not including federal, military, and Veterans
Administration hospitals. Only short-stay hospitals (average length of stay <30 days) are
included. Fang et al [42] estimated trends of stroke hospitalization and in-hospital case
fatality during 1988-1997 using data from NHDS, and discovered a declining age-
adjusted stroke mortality accompanied by a fall in hospital case fatality rates in the
United States.

2.5.1.5 Hospitalization surveillance data in California

In 2002, the California Department of Health Services published a document [43] to
describe the burden of heart disease and stroke in California and to help prevent future
disease through risk modification. In Mortality Surveillance Data, stroke death trends
were presented (1979-99), by sex (1979-99) and by race/ethnicity (1985-99).

Hospitalization surveillance data provides hospitalization rates and costs due to heart
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disease and stroke in California. Data were acquired from the Office of Statewide Health
Planning and Development and were age-adjusted to the 2000 U.S. standard population.

2.5.1.6 Paul Coverdell National Acute Stroke Registry

Paul Coverdell National Acute Stroke Registry [44] was established by the Centers
for Disease Control and Prevention (CDC) in 2001 to track and improve the delivery of
care to stroke patients, to provide important, consistently available data to monitor
progress in reducing the incidence of stroke and associated disabilities and mortality. The
data elements recommended by an expert panel included patient-level data to track the
process of delivering stroke care from symptom onset through transport to the hospital,
emergency department diagnostic evaluation, use of thrombolytic therapy when
indicated, other aspects of acute care, referral to rehabilitation services, and 90-day
follow-up. Hospital-level measures pertaining to stroke center guidelines were also
recommended to augment patient-level data. Several studies have been carried out using
data from this state-wide stroke registry.

Reeves et al [45] published the first article describing key features of acute stroke
care from four prototype registries in Georgia (Ga), Massachusetts (Mass), Michigan
(Mich), and Ohio. Each prototype developed its own sampling scheme to obtain a
representative sample of hospitals. Acute stroke admissions were identified using
prospective (Mass, Mich) or retrospective (Ga, Ohio) methods. All prototypes used a
common set of case definitions and data elements. Weighted site-specific frequencies
were generated for each outcome. They observed that a minority of acute stroke patients
had been treated according to established guidelines. Quality improvement interventions,

targeted primarily at the health care systems level, are needed to improve acute stroke
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care in the United States. Later Mullard AJ et al[46] examined use of and predictors for
in-hospital lipid testing and Lipid-lowing therapy (LLT) in a study that included only IS
and TIA cases discharged alive. The study found that many hospitalized acute IS and TIA
patients with indications for LLT are untreated at discharge. Efforts to close treatment
gaps in lipid evaluation and treatment require sustained quality improvement efforts and
should pay particular attention to high-risk patients. Deng YZ et al [47] recently
conducted a study using a modified stratified sampling scheme to assess the use of IV
recombinant tissue plasminogen activator (rt-PA) in a statewide hospital-based stroke
registry and to identify factors associated with its use among eligible patients. They
concluded that treatment with IV rt-PA was underutilized in this hospital-based stroke
registry. The primary reason for nontreatment was delayed presentation.

2.5.1.7 North Carolina Stroke Prevention and Treatment Facilities Survey

This survey [48] is one of the first comprehensive statewide assessments of hospital-
based stroke-related prevention and treatment services which was conducted in North
Carolina in 1998. A single-page survey was mailed to the directors of each inpatient
medical facility in North Carolina. Data collected included the availability of selected
diagnostic tests, programs, and services. Facilities were categorized as providing basic
(emergency department, brain CT, treatment with rtPA, transthoracic echocardiography,
carotid ultrasonography, cerebral angiography, carotid endarterectomy) or advanced
(basic services plus brain MRI, MR angiography, transesophageal echocardiography,
transcranial Doppler ultrasonography, interventional radiology) services to identify
underserved regions and target educational efforts. The 1988 survey identified that

services which may improve outcomes and reduce costs are not widely used, even in
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centers with full basic capabilities. In 2003, a one-page questionnaire was sent to each
facility in the state, and results were compared with the 1998 survey[49], to measure
changes in these services that may have occurred over the last 5 years. Certain
technologies have become more widely available, but hospital investments in stroke-
related programs have not appreciably increased.

2.5.2 Finland

Numminen et al [50] carried out a study comparing the results of three Population-
Based Stroke Registers to determine trends in stroke incidence, mortality rates, case-
fatality rates, and their relation in Finland from 1972-1991. They found a declining trend
in the stroke incidence rate combined with a decreasing case-fatality rate at that time.

Pajunen et al [51] using administrative data from the Cardiovascular Disease
Register, linked the Finnish Hospital Discharge Register and the National Causes of
Death Register, including data on 410 760 cerebrovascular events ( ICD-10 codes 160-
169). They analyzed the trends in fatal and nonfatal strokes during 1991-2002 and found
that a favourable development in stroke incidence, mortality, and case-fatality had
continued in Finland during that period.

2.5.3 France

Lemesle et al [52] evaluated the time trends associated with the incidence of all the
subtypes of ischemic stroke and transient ischemic attacks in Dijon France from 1985 to
1994 through the Dijon Stroke Registry. This Registry that is based on clinical data and
CT findings, has recorded all first-ever strokes and first-ever transient ischemic attacks

(TIASs) occurring since 1985 in the city of Dijon. The researchers concluded that these
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preliminary data emphasized the importance of stroke surveillance in considering the
variations of the different mechanisms (causes) of ischemic cerebrovascular disease.

2.5.4 Sweden

Stegmayr et al [53] examined acute first-ever stroke (except subarachnoid
haemorrhage) and monitored the change in stroke incidence, case fatality and
neurological deficits in the age group 25-74 years in northern Sweden during the years
1985-1993 within the framework of the WHO Monitoring Trends and Determinants in
Cardiovascular Disease Project (MONICA). A declining case fatality was observed in
both sexes. Among patients with non-haemorrhagic stroke, the decline was confined to
patients with minor deficits.

2.5.5 Russia

A study [54] was conducted to investigate the incidence of stroke and 30-day case-
fatality rates for stroke in a defined Russian population. All residents of an
administratively defined and typical district of Novosibirsk who had an incident (first-
ever) stroke from 1982, through December 31, 1992, were registered. Results show that
stroke incidence rates in Novosibirsk are among the highest in the world (202/100 000
population). A decline in stroke incidence but little change in 30-day case-fatality rates in
Novosibirsk from 1982 through 1992 was found.

2.5.6 Japan

Disease surveillance and population surveys of risk characteristics in a northeast
rural community of Japan were combined in an attempt to relate morbidity and risk factor
trends for coronary heart disease and stroke during 1964 t01983 [55]. Another stroke

surveillance study was conducted by Sankai et al [56] between 1979 and 1987 to
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investigate the proportion by type of stroke in communities based on CT findings in
Japan. This study showed a higher proportion of cerebral infarction and infarction in
penetrating artery regions, and indicated that the proportion of cerebral hemorrhage and
infarction in penetrating artery regions was higher and that of infarction in cortical artery
regions lower in Japanese than in Caucasians.

2.5.7 China

He BL et al [57] analyzed the data on stroke surveillance from 1985 to 1989 in
Beijing and found that the annual average occurrence rate (incident and recurrent) was
189/100,000, and the incident rate was 134/100,000 in the population aged 25-74. The
trend of incidence from 1985 to 1989 was relatively steady. It is suggested to conduct the
prevention of cerebrovascular disease (CVD) in Beijing. A wide spread [58] community-
based cardiovascular disease surveillance program in the China Multicenter Collaborative
Study of Cardiovascular Epidemiology was conducted to clarify the proportion of stroke
types in China between 1991 and 2000. Results show that Ischemic stroke was more
frequent and its proportion was higher than hemorrhagic stroke in Chinese populations.
Although hemorrhagic stroke was more frequent in Chinese than in Western populations,
the variation in the proportion of stroke types among Chinese populations could be as
large as or larger than that between Chinese and Western populations.

To provide information for preventing and managing ICH, Yang et al [59]
undertook a study supervising and determining the annual first-ever average incidence of
cerebral hemorrhage from 1986 to 2000 in Changsha. Data from 24 well-defined
communities were obtained from the census register of the local administrative office.

Every year, they checked up on the population and carried out door-to-door inquiries to
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verify the new cases of ICH and stroke. The study found a higher proportion of ICH
compared to other jurisdictions in China. Changsha has one of the highest incident rates
of ICH in the world. Hypertension is the prominent risk factor.

Jiang et al [60] examined the incidence and trends of stroke and its major subtypes
during the 1990s in 3 cities in China using stroke cases registered between 1991 to 2000
through the stroke surveillance networks established in Beijing, Shanghai, and Changsha.
They observed that there is a geographic variation in the incidence of stroke and its
subtypes among these 3 cities, but the incidence of overall and hemorrhagic stroke in
China is generally higher than that in the Western countries.

Zhang et al [61] examined the association between smoking by husbands and stroke
prevalence among women non-smokers in Shanghai, China, where two thirds of men but
few women smoke. They analyzed baseline survey data (1997-2000) from a population-
based cohort study, the Shanghai Women's Health Study. Information on husbands'
smoking status and history of physician-diagnosed stroke was obtained through in-person
interviews. The authors found that women non-smokers who lived with husbands who
smoked had an elevated prevalence of stroke, and prevalence increased with increasing
intensity and duration of husbands' smoking.

Huang et al [62] estimated the trend of incidence, mortality of stroke and the risk
factors at the community level in the 1990's in Shanghai, and tried to establish a network
of disease surveillance. Both incidence and mortality of stroke were surveyed in the 35 -
74 age group during 1991 - 1999 using the method of WHO MONICA. The study found
that incidence of stroke and some relative risk factors seemed to increase in the 1990s,

while the mortality of stroke decreased in the communities in Shanghai.
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Hong et al [63] conducted a study investigating the temporal trends of incidence
rate, mortality rate, and case fatality of stroke in urban and rural Shanghai in the 1980s
from a community-based registry. Study method adhered to the methods and definitions
of the WHO MONICA protocol. They observed a decline in stroke mortality rate, yet no
significant changes in stroke incidence in rural and urban Shanghai. Also, case fatality
appeared to have decreased, in particular among men living in rural areas and women
living in urban areas.

2.5.8 Canada

Mayo et al [64] examined hospital discharge abstracts in Quebec to analyze trends
in stroke incidence in Quebec from 1981 to 1988, and noticed that changes in the
hospitalization rates for hemorrhagic stroke were not accompanied by consistent
decreases in the case-fatality rate. They further conducted two studies [65, 66] analyzing
the hospitalization and case-fatality rates for subarachnoid hemorrhage and stroke
respectively, in Canada from 1982 through 1991 respectively, using the hospital
discharge abstract database at CIHI again. The results show that although rates of
hospitalization for SAH declined, total case-fatality rate remains high. For hemorrhages,
there was a 44% increase over the 10-year period for men, and a 34% increase for
women. In-hospital case-fatality rates for cerebral infarctions increased with age but did
not differ by sex when age was considered. For intracerebral hemorrhage, the in-hospital
case-fatality rates declined significantly over time.

Petrasovits et al [67] investigated mortality from stroke using administrative data
(death certificates), and found a declining trend in stroke mortality from 1951 to 1991,

which demonstrates Canada has one of the lowest stroke mortality rates globally.
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Hill et al [68] examined hospitalizations for stroke in the Calgary Health Region
between 1994 and 2002 using a similar approach and found a continuing decline in age-
adjusted stroke hospitalizations and stroke deaths. However, due to the combination of
increases in intracerebral hemorrhage and ischemic stroke admissions, the absolute
number of stroke hospitalizations is rising rapidly. Hill, M. D and his colleagues carried
out two other studies in the province of Alberta in the 1999/2000 fiscal year using
administrative data. One study [69] evaluated the magnitude of risk of stroke and
predictors of stroke after transient ischemic attack (T1A), and showed that the early risk is
not predicted by clinical and demographic factors. In another paper [70], the pattern of
incidence and health service utilization of cerebrovascular disease cases in urban and
rural areas was examined and similar mortality was found. However, they found a large
proportion of rural residents received diagnoses and treatment for cerebrovascular disease
in urban areas. Location of service and location of death differs between rural and urban
cases of cerebrovascular disease.

Statistics Canada is Canada’s central statistical agency. Statistics Canada's data
collection includes Health theme, from which it generates many publications and data
sets. Every five years the Census provides Statistics Canada with an updated national
portrait. Some of the information comes from existing administrative data, most is
collected through businesses and household surveys. Tables on “Mortality for all stroke
(1CD-10 160-166), by sex, Canada, provinces and territories in 2001”; “30-day in-hospital
stroke mortality rate”; “Age-standardized 180-day net survival rate for all stroke (ICD-9),
by sex, population aged 45 and over, selected provinces, annual (Percent)” can be viewed

from the Statistics Canada website [71].
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Statistics Canada in collaboration with the Canadian Institute for Health
Information, Health Canada, and the Heart and Stroke Foundation of Canada, published
“The Changing Face of Heart Disease and Stroke in Canada 2000 [72], the fifth in a
series of reports from the Canadian Heart and Stroke Surveillance System (CHSSS), and
“The Growing Burden of Heart Disease and Stroke in Canada 2003” [73], the sixth in a
series of reports from the CHSSS. The goals of these two reports are to provide health
professionals and policy makers with an overview of current trends in risk factors,
interventions and services, and health outcomes of heart disease and stroke in Canada.

The Registry of the Canadian Stroke Network (RCSN), a project funded by the
Canadian Stroke Network, was established in 2001 and was the first national prospective
database of stroke patients, which collects high quality clinical data from approximately
10,000 consecutive stroke patients seen at 21 acute care institutions across Canada
annually. Patient data collected will characterize the entire stroke event allowing
investigators to obtain a clear understanding of the proportions of stroke-types and the
prevalence of risk factors. This resource is intended to be part of a comprehensive stroke
surveillance system that will monitor and evaluate approaches to stroke care, inform
policy makers and formulate recommendations for best practices in stroke management
[74]. Kapral et al used data from phase 1 of the RCSN (June 2001 to February 2002) to
determine the use of evidence-based acute stroke care interventions in participating
institutions. They found that patients in institutions participating in the RCSN received
high-quality stroke care based on a number of performance measures. However, gaps
exist in the provision of other elements of stroke care, particularly organized inpatient

stroke care and warfarin for atrial fibrillation. Later they used data [75] from phase 1 and
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phase 2 (June to December 2002) of the RCSN to compare sex differences in stroke
presentation and management and found no major sex differences among patients
participating in the RCSN. Nadeau et al [76] sought to describe the use of stroke
thrombolysis and its outcomes in RCSN and found that at selected hospitals in Canada,
thrombolysis use is higher than previously reported rates. Thrombolysis continues to be
safe and effective in Canada.

2.5.9 WHO

Sarti et al [77] analyzed the available information from the World Health
Organization (WHO) data bank for deaths on international trends in stroke mortality for
the last available 5 years, in 51 industrialized and developing countries from different
parts of the world. Large differences were observed in mortality rates from stroke around
the world together with a wide variation in mortality trends. A widening gap was
observed between 2 groups of nations, those with low and declining stroke mortality rates
and those with high and increasing mortality, in particular, between western and Eastern
Europe.

WHO MONICA Project

The World Health Organization Monitoring Trends and Determinants in
Cardiovascular Disease Project (WHO MONICA Project) used standardized methods to
monitor the trends and determinants of cardiovascular disease in 37 defined populations
in 21 countries and provides a unique opportunity to perform cross-sectional and
longitudinal comparisons of stroke epidemiology in many populations[78]. Several
studies have been conducted within the MONICA Project framework. During the first

years of this project, it was concluded that large differences in stroke incidence and case-



28
fatality rates contributed to the more than threefold differences in stroke mortality rates
among populations [78]. Consistently, another study [79] showed that the highest stroke
rates, which were found in Russia and Finland, were more than three-fold higher than the
lowest rate, which was found in Friuli, Italy. Sarti et al [80] examined that changes in
stroke mortality, whether declining or increasing, were shown to be principally
attributable to changes in case fatality rather than changes in event rates. Stegmaye et al
[81] reported that the variation in conventional risk factors contributed to the variation in
stroke incidence among these populations. Prevalence of smoking and elevated blood
pressure explains a substantial proportion of the variation of stroke attack rates between
populations. However, Tolonen et al [82] indicated that variations in stroke trends
between populations can be explained only in part by changes in classic cardiovascular
risk factors. The associations between risk factor trends and stroke trends are stronger for
women than for men.

2.6 A Global Perspective for Stroke Surveillance from the WHO

The Global Burden of Disease Study [83, 84] described a measure that integrates the
sum of life-years lost due to premature mortality and years lived with disability-adjusted
life years (DALY). In 1999 cerebrovascular disease accounted for 50 million DALY
worldwide, representing 3.5% of all DALY [85]. Cardiovascular disease, which accounts
for 20.3% of DALY lost in more developed countries and already for 8.1% of those lost
in less-developed countries, is a major contributor to the global burden of disease [86].
Projections to year 2020 show that 61 million DALY are likely to be lost due to

cerebrovascular disease each year. Therefore, it is essential to have information on the
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pattern of disease and exposure to risk factors in the population for preventive strategies
to be planned and evaluated in order to reduce the burden of cerebrovascular disease.

The WHO [23] is intensifying the development and implementation of simple,
sustainable surveillance systems that can be used in many different settings around the
world, since basic epidemiological data such as mortality rates are reported for less than
one-third of the world's population and are almost exclusively from developed countries.
A stepwise approach to increasing detail in the data to be collected for surveillance of
stroke is suggested. This will allow countries with different levels of resources and
capacity in their health systems to collect useful information for policy.

2.7 Commentary on the Literature Review
2.7.1 Strengths of Current Global Stroke Surveillance

1. Except for a few active surveillance studies, most surveillance reports utilized
passive surveillance approaches, registries, surveys and information systems using
hospital discharge records, vital records, or other administrative data source. They
varied in methods, scope, and objectives.

2. Most surveillance projects monitored the mortality, morbidity, and provided
information on the magnitude of stroke occurrence in defined population to describe
the basic epidemiology of health problems.

3. Some surveillance projects interpreted the geographical and temporal trends of
stroke for health care planning and resource allocation and to allow close monitoring
of quality of stroke services to improve stroke prevention.

4. A few surveillance projects have helped to assess the impact of intervention

procedure, measured the progress and efficacy of preventive efforts already in
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operation. For instance, evaluation of the use of thrombolytic therapy - tPA
treatment in acute ischemic stroke.

Several studies have been conducted within the WHO MONICA Project framework
using a standard method, making it possible for the international comparisons of

stroke burden in a given jurisdiction.

2.7.2 Weaknesses of Current Global Stroke Surveillance

1.

no

Some surveillance projects are typically episodic, research-oriented and single-
jurisdiction analyses in a defined population.

Longitudinal comparisons of stroke epidemiology in some populations were limited
due to a lack of ongoing systematic collection, analyses, and interpretation of stroke
related data at the national or, provincial level in some countries.

Information and analyses on subtypes of s