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rheumatic heart disease patients

from Cape Town



Abstract

The research undertaken for this MPH dissertation examines the effect of distance on the

maintenance of INR therapeutic ranges in rheumatic heart disease patients in Cape Town.

Part A is the research protocol which outlines the background and the process of this
research. This study is a population-based observational study nested within the Groote
Schuur Hospital (GSH) cohort of a global study, REMEDY which is a prospective,
multicentre, hospital-based registry for rheumatic heart disease (RHD). This study made use
of geographical information systems (GIS) as a tool to investigate the effect of distance on

the maintenance of INR therapeutic ranges in RHD patients.

Part B elaborates on the background and highlights the importance of this research by
exploring the existing theoretical and empirical literature relevant to the topic. It describes the
importance of the maintenance of the INR therapeutic range and how geographical factors
can influence patient adherence to medication, and how it can act as a barrier to access
health care. It provides examples of how GIS has been used to investigate the effect of
distance on adherence in other studies. This literature review aimed to establish whether
the maintenance of therapeutic ranges in RHD patients on anticoagulant therapy is
correlated with the distance travelled from patient’s residence to the clinic where INR

monitoring takes place.

Part C presents the entire research project in a format suitable for journal submission. The
background of this research project is summarised and the results are presented and

discussed.
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PROTOCOL SUMMARY

Title: The effect of distance to health facility on the maintenance of INR
therapeutic ranges in rheumatic heart disease patients from Cape Town

Rheumatic heart disease (RHD) patients who have had valvular replacements
or have been diagnosed with atrial fibrillation (AF) require anticoagulation
therapy.  Therapeutic anticoagulation is measured by the international
normalised ratio (INR) on a monthly basis once therapeutic levels in individual
patients have stabilised. Lack of concordance with monthly INR monitoring in
RHD patients is considered to be a contributor to stroke and other
complications. Various factors for non-concordance have been suggested
including limited access to health care facilities.

We hypothesize that the maintenance of INR therapeutic ranges in RHD
patients is correlated with the travel distance from the patient’s residence to the
health care facility to which they have been referred. The aim of this study is to
utilize Geographical Information Systems (GIS), which enables the visual
representation of data so as to establish patterns and trends, to develop a
spatial display instrument, mapping the residential addresses of patients against
their respective designated referral clinic, so as to investigate the effect of
distance on the maintenance of INR therapeutic ranges in rheumatic heart
disease patients.

DeSign: Population-based, Observational.

Population: Hospital patients with echocardiography-
confirmed RHD enrolled in the REMEDY
study.

Sites: The Cape Town Metropole, South Africa

Study Duration: Duration of data collection & analysis: 3
months

Instrument & Methods:  This thesis will use existing (12 month follow-
up) data nested within Remedy, a register-
based system for capturing RHD data
amongst consenting Groote Schuur Hospital

patients.
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Objectives:
Primary:
In patients on anticoagulation therapy:

e To correlate the distance of RHD patients’ residences from their
designated referral clinic with the maintenance of INR levels

Secondary:

e To determine the distance from RHD patients’ residence to the closest
clinic

e To map the pattern of clinic utilization amongst RHD patients through
the development of spatial display images

e Toreport the average INR levels among RHD patients

e To conduct subgroup analysis amongst patients who have had valvular
replacements

Part A: Research Protocol
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Definition of Terms

ARF Acute Rheumatic Fever

RHD Rheumatic Heart Disease

GAS Group A Streptococcus

GIS Geographical Information System
CRF Case Report Form

INR International Normalized Ratio
PT Prothrombin Time

Part A: Research Protocol
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1. BACKGROUND TO THE RESEARCH

Rheumatic heart disease (RHD), a condition characterised by permanent
damage to the heart valves, is a consequence of repeated episodes of acute
rheumatic fever in patients with failed secondary prophylaxis (Nkomo, 2007).
The developed world has experienced a decline in the prevalence of RHD
through improved living conditions and the use of penicillin for the treatment of
Group A streptococcal pharyngitis. On the other hand, developing countries
which account for 80% of the world’s population continue to experience high
cases of RHD; RHD and its precursor, acute rheumatic fever (ARF) are the
most common diseases affecting children and young adults in the world
(Carapetis et al., 2005).

Primary and secondary prevention strategies to prevent disease progression,
have been implemented in many parts of the world as per the World Health
Organisation recommendations (WHO, 2004). Primary prevention specifically
targets the correct management of GAS pharyngitis with penicillin, to avoid the
later development of ARF (Robertson et al., 2005). If the first episode of ARF is
not prevented, further episodes of ARF are prevented through the
administration of a monthly prophylactic penicillin injection, known as
secondary prevention (Manyemba and Mayosi, 2003). Worsening of valvular

lesions in RHD patients can also be prevented through secondary prevention. .

Once damage to the valves have occurred, expensive heart valve surgery may
be necessary failing which, the condition is usually fatal. Valvular repair or
replacement with mechanical or biological prosthetic valves carries the risk of
blood clot formation and embolism which may result in stroke (Salem et al.
2006). To prevent this complication, anticoagulant drugs such as warfarin are
prescribed (Salem et al. 2006). Warfarin interferes with the vitamin K
availability, thus prolonging the normal prothrombin time (PT) and preventing
excess clotting (Hirsh et al. 2013). Anticoagulant levels in patients are
monitored using the so-called International Normalized Ratio (INR). INR

compares the clotting times in patients on anticoagulants with those of healthy
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individuals and is represented as a ratio. Therapeutic levels representing
normal values are between 2.00 — 3.00 for patients without valve replacements
and 2.5 — 3.5 for patients with mechanical prosthetic valve replacements (Hirsh
et al. 2013). Too high an INR value indicates a risk for abnormal bleeding,
while too low a value indicates that the patient is not protected against clot
formation. It is thus important to monitor patients’ INR values on a regular basis
so as to ensure that anticoagulant levels are maintained within the
recommended ranges so as to ensure that therapies are effective in their

function to reduce the risk of stroke and other complications in RHD patients.

2. Rationalé

The safety and effectiveness of anticoagulant therapy is crucially dependant on
maintaining the INR within the therapeutic range (Hirsh et al. 2003).
Anticoagulant treatment requires regular laboratory-guided adjustments of the
dose as response to treatment is affected by interactions with food and drugs
(Wallentin et al. 2010). Anticoagulation therapy with warfarin is highly effective
at reducing the risk of stroke, but is associated with monitoring costs and a
higher risk of haemorrhage compared with other treatments (Mant et al. 2007).
The lack of concordance to monthly INR monitoring can thus cause
complications such as stroke in RHD patients. Various factors for non-
concordance have been suggested including limited access to health care

facilities (figure 1).

Geographical factors such as distance from the patients’ residence to their
health care facility, so-called “Distance Decay”, were shown to be a significant
barrier to access (Gabrysch & Campbell 2009). It has also been shown that the
usage of health services decreases as the distance to the patients’ residence

increases. (Malqvist et al. 2010).
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The aim of this research is to evaluate distance as a factor in monitoring INR

levels in RHD patients within the REMEDY cohort. Specifically, this study aims

to investigate whether the distance of a patient’s residence from their referral or

Socio- | Health Care | Condition Treatment | Patient
Economic System
Education Patient / Symptoms Complexity | Knowledge
Race provider Symptom Time to Ability
Social relationship burden experience Beliefs
Support Patient Progression | effectiveness | Attitude
Financial support and severity | Life-long Perceptions
situation systems Effectiveness | treatment Expectations
Health | Provider of available | Past Willingness
literacy Reimbursement] treatment experience Motivation
Social- | Costs Level of Frequency of | Strengths
economic Accessibility | disability changes Weaknesses
status Cognitive Side-effects | Gender
Distance (o dysfunction | Life-style Age
health care Depression | changes
facilities
-
Medication Lb/
adherence |
Rehospitalization
or Mortality

Figure 1: WHO's multidimensional adherence model
and rehospitalization (Wu et al. 2008).

treatment clinic impacts on maintaining INR levels within the recommended

therapeutic ranges over the scheduled monthly visits to the clinic. To date, the

effect of distance decay on INR monitoring in patients’ with RHD, has not been

evaluated.

This work will develop a spatial display instrument for RHD cases to enable the

mapping of patients’ residential addresses and the referral clinic where they

receive their monthly INR reading. Our results will inform healthcare providers

where best to refer patients requiring monthly visits to clinics for INR monitoring.

Furthermore, this work will inform the distribution of resources and personnel,
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specifically taking into account patients’ place of residence and areas where
follow-up and concordance are lacking. Finally, it will also serve to highlight
target clinics for awareness-raising interventions amongst patients, communities

and healthcare practitioners.
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3. Objectives

3.1 Hypothesis:
INR measurement control is correlated with the distance from patients’

residence to the community clinic to which they have been referred for
anticoagulation therapy. We hypothesis that the rate of failure to maintain the
INR therapeutic range increases as the distance between patients’ residence

and treatment clinic increases,

3.2 Primary objective:
In patients on anticoagulation therapy:

o To correlate the distance of RHD patients’ residences from their
designated referral clinic with the maintenance of INR levels

3.3 Secondary objective:
o To evaluate the distance from RHD patients’ residences to the closest
clinic

o To map the pattern of clinic utilization amongst RHD patients through the
development of spatial display images

o To report the average INR levels among RHD patients

o To conduct subgroup analysis amongst patients who have had valvular
replacements

Part A: Research Protocol



Page |11

4. METHODS

4.1 Study Design

This study is a population-based observational sub-study nested within the
Groote Schuur cohort of a global RHD study, REMEDY which is a prospective,
multicentre, hospital-based registry (Karthikeyan et al., 2011). The Remedy
project aims to provide comprehensive, contemporary data on patients with
RHD and will help in the development of strategies to prevent and manage RHD

and its complications.

4.2 Recruitment and enrolment

4.2.1 Population
Patients diagnosed with RHD and enrolled at Groote Schuur Hospital into the

REMEDY study.

Inclusion / exclusion criteria
All patients recruited at the Cape Town REMEDY site for whom complete data
are available for 12 month follow up and who reside in the Cape Metropole

area.

4.2.2 Method of sampling
The sample will comprise a convenience sample of all the patients within the

REMEDY database who satisfy the inclusion criteria.

4.3 Measurement

This study will utilize Geographical Information Systems, better known by its
acronym GIS, for capturing, manipulating, managing, analysing and displaying
spatial and non-spatial data. The software has the ability to display various

data sets on independent layers which is a key function to a successful GIS
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system (Evans, 1997). In essence, GIS overlaps layers of information within a
geographical area to give a better understanding from a composite viewpoint.
The data in GIS is stored with geographical identifiers to enable for the data to
be spatially located in the form of a map. Maps allow data sets to be viewed,
understood, visualised and interpreted in many ways that reveal trends,
patterns and relationships that could not be seen in two-dimensional tables or
lists. GIS has been applied in a number of disciplines including civil

engineering, geography and medical sciences.

4.3.1 Data collection instruments and processes

Patient data such as the diagnosis of ARF and RHD, residential addresses,
assigned referral clinics and the latest three INR readings will be obtained from
REMEDY patient records and captured into a purpose-designed database. In
addition, government clinics across the metropole will be mapped using
information supplied by the Department of Surveying and Mapping in Mowbray,
Cape Town. All addresses will be converted to geographical coordinates and
coordinates will be obtained from Google Earth®. The Geocoded addresses will
be further checked in ArcGIS for errors in coordinate data. ArcGIS 10® software
will be used for mapping and spatial analyses. The travel distance between
individual residential addresses and referral clinics will be calculated and
compared with the average of the latest three INR measurement readings of the
patient. Additional outcomes include mapping the clinics to which patients are

referred, versus the location of the nearest government clinic.
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Step 1:

The researcher will retrieve, from the patients’ case report form (a collection
instrument for demographic and diagnostic information) of the Remedy

database, the following:

o physical residential address

. Clinic for referral

o Diagnosis

o Latest 3 INR measurement readings

Figure 2 below is an excerpt from the Case Report Form and the information

that would be obtained from it.

Registration Paﬁe 2
Rl Rrrerrrrrrererrrrrnen
DataFax # |64 Flate #0002 Wisap wiHI]
Subject D
— ——— Subject T
- | - — Initials || |
Covarol Subpect # F M L
Subject’s contact detalls:
o) Nams:
Tirvmn namy Surmame
wwosgrae [T T T T T TTTT1
T - .‘ F.’c-.u;-r.-'\!.grg."". )
) Home address:
House Mo Srenl Posisi Ty CodeBor No
Erwrr Gy Provnoa Siane Country GPE Coonknafas
Homia & o

Figure 2: Excerpt from Case Report Form
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Step 2:

Google Earth®, a virtual globe, map and geographical information programme,
will be used to establish the longitude and latitude coordinates for the physical
address of the patients. Patients’ residence on the street map provided is

returned in decimal degrees.

Figure 3 below demonstrates how Google Earth will be used to establish

coordinates for the various addresses of RHD patients.

Google Earth - Coordinates

Figure 3: Google Earth - determining the co-ordinates
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Step 3:

Google Maps® will be used to establish the closest road travel distance
between the patients’ residences and their treatment INR clinic using the
coordinates obtained in step 2.

Figure 4 below displays how Google Maps will be used determine the shortest

road travel distance between patients’ residence and their treatment clinic.

I
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Figure 4: Google Maps — determining the shortest road travel distance
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Step 4:

The data retrieved will be captured into a Microsoft Excel spreadsheet, together
with the co-ordinates obtained from Google Earth. The coordinates are given in

“decimal degrees” for input into the ArcGIS software.

Once the co-ordinates are presented in this format, the data are converted into

a comma-delimited (CSV) file.

Refer to Figure 5 demonstrating the data in the spreadsheet together with the
co-ordinates in the numerical system as required before the importing the .CSV

file.

Excel spreadsheet

Eal v
| =] e s oA

- Ad "ame 3 . — B B~ -
r A mEE N R

a
{
:

Figure 5: Excel database > *.CSV file
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Step 5:

ArcGIS version 10 ® will be used to map and spatially analyse the data. The
Comma-delimited CSV file will be imported into ArcMAP where the visual
representation of the data will be displayed in the form of a ‘picture’. Figure 6 is
an illustration of the output which will eventually map the patients’ residence as

well as their referral clinic.

egend
gk Clinics

@ Patients residence

=== Transport_RailLine

—— Major_Rivers
Informal_2007
Planning_Suburbs

S %@E;Mw‘
e

%

1:200 000 h

0 25 5 10 Kilometers W<¢
T N A TR TR S |

Figure 6: ArcMAP - Spatial representation of patients and clinics in the Cape Metropole

4.3.2 Validity and reliability of measuring instruments.

While epidemiologists have traditionally used maps when analyzing
associations between location, environment, and disease (Gesler, 1986), the

application of GIS technology has been recently considered as an important
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and new component in many epidemiological and health projects (Cromley,
2003). GIS technology aids the epidemiologist in understanding the subject
under investigation to initiate interventions promptly. GIS presents statistical

data in a spatially referenced manner through maps.

In particular, GIS enables the epidemiologist to:
e Determine geographic distributions of disease
e Observe surveillance and control infectious diseases

e Determine epidemics, monitor the growth and assists in the best

approach with regard to intervention strategies
¢ Analyse spatial and temporal trends of disease, and

e Determine the population at risk by creating risk maps using the buffer
tool in GIS.

GIS is particularly well suited for studying these associations because of its

spatial analysis and display capabilities.

In a recent study conducted in Vietham, GIS was used to investigate the effect
of distance decay on delivery care utilisation (Malqvist et al. 2010). Distance
decay is a term given to describe different settings and patient groups (Muller et
al. 1998). The study examined the association between distance from a
mothers’ home to the closest health care facility as well as neonatal mortality. It
then investigated the influence of distance on patterns of perinatal health care
utilisation. The study found an increased risk of neonatal mortality among
mothers living farthest away from a health facility.

In another study conducted in Baltimore County, Maryland, GIS and
epidemiologic methods were combined to identify and locate environmental risk
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factors associated with Lyme disease outbreak (Glass et al., 1995). Ecologic
data such as watershed, land use, soil type, geology, and forest distribution
were collected at the residences of Lyme disease patients and compared with
data collected at a randomly selected set of addresses of unaffected individuals
acting as controls. Data collected were layered within a GIS framework,
generating spatial maps for a visual understanding of the extent of the
epidemic. Finally, a risk model was generated combining both GIS and logistic

regression analysis to locate areas where Lyme disease is most likely to occur.

In another study, also conducted in the USA, GIS was used in designing a
national surveillance system for monitoring animal rabies cases. The system
included data on positive and negative rabies cases as well as environmental
information such as land use. The system provided a new resource for the
rapid mapping and dissemination of data on animal rabies cases in relation to
unaffected areas (Blanton et al. 2006) (Blanton et al., 2006).

GIS presents as an ideal tool with which to evaluate the effect of distance on

INR monitoring of RHD patients.
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5. DATA ANALYSIS

The data collected from the Remedy database for the purpose of this study as
previously outlined, will be tabulated in an excel spreadsheet and analysed
using STATA® version 11 and ArcGIS® version 10. The results will be stratified
in terms of patients with and without valve replacements as their therapeutic

INR range differs.

6. LOGISTICS

The researcher will commence with the research project June 2013 and is

anticipated to last 3 months.

June | July | August

Patient data extraction

Data collation

Analysis

Write-up and compilation of final report

This time period would allow the researcher to establish coordinates for all the
patients in the Remedy database, investigate their concordance patterns to
follow-up visits where they receive their monthly INR measurement readings

and to compile maps of the data.
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7. ETHICS

This research thesis project is part of a larger research project that has already
been approved by the HREC at UCT (028/2006). Specifically, this work will
contribute to the analysis component of the registry, utilizing secondary data
and will not involve any physical interaction with participants. Furthermore, there
will be no direct benefits to the participants as a result of this study. All patient
data used for the purpose of this research will be treated as confidential and

anonymity will be maintained throughout the thesis and publication.

8. DISSEMINATION

This research forms part of the dissertation for the Master of Public Health
degree at the University of Cape Town. A copy of this dissertation will be made

available at the Health Sciences library.

A manuscript describing the project and the results will be prepared according
to the guidelines of a specific and appropriate peer reviewed journal and will be

submitted for publication.

A scientific paper will also be prepared with the intent of an oral presentation at

the Health GIS conference taking place in Bangkok, Thailand in August 2013.
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1. CLINICAL AND EPIDEMIOLOGICAL ASPECTS OF ARF/RHD

1.1 Pathogenesis

The mechanisms involved in the pathogenesis of Acute Rheumatic Fever (ARF) and
Rheumatic Heart Disease (RHD) has been firmly established (Figure 1) (Guilherme &
Kalil 2004)

Environmental factors,
especially overcrowding

Precipitating event:
infection with a strain of
group Astreptococcus
carrying specific
virulence factors

Repeated or ongoing infections
v possibly driving the valvular
Repeated group A inflammatory response

streptococcus infections

Susceptible l J l l l l "> E—— " ' ’ oD
host Priming of immuneresponse }\OfARF

Episodes of recurrent ARF
2

Molecular mimicry Exaggerated T-cell
between group A »| mediated immune
STrepoCoccus antigens response

and host tissues

Genetically-
determined
hast factors

Figure 1: Pathogenetic pathways in ARF and RHD (Carapetis,
Mcdonald, et al. 2005)

The initial event is a streptococcal pharyngitis (“Strep throat”) occurring in a
susceptible host. Strep throat infection is particularly prevalent amongst the
marginalised, often subject to poor environmental conditions, overcrowded
communities, poor housing conditions, poor nutrition and inadequate health services
(Carapetis, Andrew C Steer, et al. 2005) (A C Steer et al. 2002). Within 2 to 6
weeks, should the throat infection be left untreated, ARF may develop. ARF is an
inflammatory disease which usually affects children between the ages of five and

fourteen years (Carapetis, Andrew C Steer, et al. 2005).
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It has been shown, at the immunological level, that the host antigens produced in
response to the streptococcal infection in ARF patients, recognise the body’s own
structures as foreign thereby initiating an inappropriate response of self-destruction
(auto-immune). This is due to the similarity of protein structures between the cell wall
of the streptococcus bacteria and human joint tissue, brain tissues and heart valves,
known as molecular mimicry (Guilherme et al. 2006). Thus, repeated episodes of
infection exacerbate the destruction of the tissues, causing permanent heart valve
damage known as Rheumatic Heart Disease (RHD). Briefly, GAS antibodies cross
react with glycoproteins present in the heart valves, cardiac myosin and laminin. This
facilitates CD4+ and CD8+ T cell infiltration in the valves resulting, in the case of the
valves, the appearance of vegetations on the surface (figure 2) (Guilherme et al.
2007).More recently, a role for genetic susceptibility has been indicated in a recent
study where it was shown that identical twins have a higher risk for concordance for

ARF compared with non-identical twins (Engel et al. 2011).

/( . “

Figure 2: ARF surgical specimen of the mitral valve showing

small vegetations on the line of closure (Guilherme et al. 2007).
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1.2 Clinical Manifestations of ARF and RHD

Arthritis is the most common major criterion for ARF, occurring in 80% of patients.
The joints most commonly affected include the knee, ankle, wrist, elbow, hip and
shoulder. The onset is sudden and associated with local signs of the inflammatory
response i.e. swelling, tenderness, redness and hotness. The pain and swelling
caused by arthritis is migratory and by the time the affected joint is healing, another

large joint becomes affected (Alsaeid & Majeed 1998).

Carditis is the most important manifestation of ARF with an incidence of the carditis
of 40-50% in ARF patients. In the acute stage, carditis can result in death or in
severe morbidity caused by congestive heart failure. However, carditis can be
subclinical and asymptomatic and detected only with colour Doppler
echocardiography. (Reményi et al. 2012) (Marijon et al. 2012). Of note, carditis is

the only sequel of ARF associated with long-term morbidity and of course mortality.

The mitral valve is most commonly affected in the initial attack, causing mitral
valvulitis. The diagnostic clinical sign of mitral valvulitis (regurgitation) is the
presence of a long, high pitched, blowing systolic murmur on auscultation. Valvular
damage can only be detected by the use of echocardiography (Carapetis, Mcdonald,
et al. 2005). The diagnostic clinic sign for aortic valvulitis (regurgitation) is the
presence of the basal diastolic murmur. The murmur is short and begins immediately
after the second heart sound (Alsaeid & Majeed 1998). In the acute phase, murmurs
may also be due to endocarditis. Endocarditis may affect only the endocardium and

can be detected by the presence of significant murmurs on auscultatory investigation.

ARF occurs around 3 weeks post the GAS infection (Meira et al. 2005). An
inappropriate immune response to a GAS infection may initiate vulvular damage.
Even though the initial abnormal immune response may lead to severe valvular
disease, RHD often results from reoccurring episodes of ARF which exacerbates
valve damage (Carapetis, Andrew C Steer, et al. 2005). Clinical manifestations of
chronic RHD include ventricular dysfunction and the development of aortic and mitral

stenosis with various degrees of regurgitation.
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1.3 Epidemiology of RHD

A decline in the prevalence and incidence of ARF/RHD has been observed in the
developed world over the last 150 years, as a result of improved living conditions and
the extensive use of penicillin, not only for the treatment of GAS pharyngitis
(Carapetis, Mcdonald, et al. 2005). On the other hand, developing countries which
make up 80% of the world’s population continue to experience high cases of
ARF/RHD. ARF/RHD is the most common acquired heart disease affecting children
and young adults in the world (Carapetis, Mcdonald, et al. 2005).

ARF and RHD together, affects around 15.6 million people worldwide, 2.4 million of
whom are children aged five to fourteen years old residing in developing countries.
Furthermore, ARF/RHD leads to an estimated 350 000 deaths annually (Carapetis,
Andrew C Steer, et al. 2005)(Carapetis, Steer et al. 2005). 0.3 — 3% of people
progress to develop ARF if a streptococcus group A throat infection goes untreated.
Approximately 40 — 60% of episodes of ARF results in RHD (Engel et al. 2009).

Figure 3 represents the global burden of RHD. It clearly demonstrates that Africa,

which contains 10 % of the world’s population, has a high share of people living with

Prevalence of rheumatic
heart disease (cases per 1000)

Figure 3: Map of the global burden of RHD (Carapetis, Andrew C Steer, et al. 2005).
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RF/RHD. In 2002, half of the 2.4 million children living with RF/RHD reside in sub-
Saharan Africa indicating that the disease is extremely prevalent here (Carapetis,
Andrew C Steer, et al. 2005). Recent work from Seckeler et al. confirms the increase
of RHD on the african continent (Figure 4) (Seckeler & Hoke 2011).

X

Figure 4. Map showing reported worldwide prevalence of RHD from 1991
through present (Seckeler & Hoke 2011).

Figures for South Africa are scant with the majority of studies having been reported
before the advent of echocardiography. In a 2002 report from a paediatric cardiology
conference hosted by the department of health, a consensus opinion was that South
Africa was in the midst of an ARF epidemic despite national guidelines and
recommendations for antibiotic prevention of the disease (Department of Health SA
2002). Furthermore, even though high numbers are being observed, there appears
to be poor administration of the ARF notification system and underreporting of ARF

cases by health care professionals in South Africa (Nkgudi et al. 2006).

Part B: Literature Review



Page | 8
2. PREVENTION

2.1 Primary and Secondary prevention

ARF and the development of RHD is almost entirely preventable using strategies that
are cheap and cost effective. The World Health Organisation recognises ARF as
being an illness of epidemic proportions and it being the most common cause of
acquired heart disease affecting children in the world (World Health Organisation
2004).

The early detection, correct diagnosis and correct treatment of GAS pharyngitis with
penicillin, prevents the first attack of ARF. This is referred to as primary prevention
(Marijon et al. 2012). If the first episode of ARF is not prevented, further episodes of
a GAS sore throat, which increases the chances of developing RHD needs to be
avoided. This is known as secondary prevention (Manyemba & Mayosi 2003).
Intramuscular long-acting penicillin is administered as prophylaxis to prevent further
episodes of ARF and worsening of RHD. Table 1 details the WHO’s guidelines for
primary and secondary prevention strategies for the treatment of ARF/RHD. Table 2

defines the duration of secondary prevention relating to the severity of the carditis.
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Table 1: WHO'’s guidelines for primary and secondary prevention of RF/RHD (World Health Organisation 2004).

Antibiotic

Administration

Dose

Primary Prevention

Benzathine benzylpenicillin

Phenoxymethyl penicillin
(Penicillin VK)

Amoxicillin

First-generation cephalosporins

Erythromycin ethylsuccinate

Secondary Prevention

Penicillin

Penicillin VK

Erythromycin

Single intramuscular injection

Orally 2-4 times/day for 10 full days

Orally 2-3 times/day for 10 full days

Orally 2-3 times/day for 10 full days

Orally 4 times/day for 10 full days

Intramuscular
weeks (28 days)

injection.

Orally bd

Orally 2-4 divided doses per day

Every 4

1200000 units
600000 units <27kg

Children: 250mg bid or tid. Adolescents or adults: 250mg tid or
gid, or 500mg bid

25-50mg/kg/day in three doses. Total adult dose is 750-
1500mg/day

Varies with agent

Varies with formulation. Available as the
ethylsuccinate, estolate or base

stearate,

Children: < 20kg: 600 000 U Children >20kg or adults: 1,200
000U

250 mg bd

40mg/kg per day; 400mg adolescents and adults bd.
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Table 2: Period of dose for secondary prevention (World Health Organisation 2004).

Category Duration of prophylaxis

All persons with ARF with no or mild carditis Minimum of 10 years after most recent episode or age 21

All persons with ARF and moderate carditis Minimum of 10 years after most recent episode or age 30

All persons with ARF and severe carditis Minimum 10 years after most recent episode or age 30 and then specialist

review for need to continue. Post-surgical cases - life long
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2.2 Tertiary Prevention

Once damage to the valves has occurred, valve surgery may be necessary to correct
cardiac function (Marijon et al. 2012). This is warranted when patients become
symptomatic as a result of severe valvular lesions (Bonow et al. 2006). Treatment
options include wvulvular repair or replacement with either mechanical or biological

(prosthetic) valves (Figure 5).

St. Jude Aortic Valve Replacement

A \
W
Lefi main B '&" .47
’ L~ coronary B
—- | ‘ ostia "

ﬁm\-; _St. Jude aortic valve
Q\ suturcd to annulus
)

-
@l

W LAD
(Left Anterior
Descending artery)

Figure 5: mechanical (left) and biological prosthetic valves (Advanced Practice
Strategies n.d.) (Ostrovsky 2007)

Valvular replacement carries the risk of blood clot formation and / or embolism which
may result in stroke (Salem et al. 2006). To prevent this complication, anticoagulant
drugs such as warfarin are prescribed (Salem et al. 2006). Anticoagulants e.g.
Warfarin, interfere with the availability of vitamin K, which plays a vital role in the natural
clotting process of the body, and in doing so, prolongs the normal prothrombin time (PT)
(Hirsh et al. 2013). The liver produces blood clotting proteins which are dependent on
vitamin K to initiate the clotting process (Lefkowitz 2008) (Figure 6).

Anticoagulant levels are measured using the International Normalised Ratio (INR). It is
important to monitor anticoagulant levels in patients, since they run the risk of
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Figure 6: The clotting cascade (Anon 2011)

abnormal bleeding or excessive clot formation due to inadequate levels of
anticoagulants of the blood. Maintenance of anticoagulant levels within the
recommended therapeutic range ensures that therapies are effective in their function to
reduce the risk of stroke and other complications in RHD patients (Kuruvilla & Gurk-
Turner 2001).

Various factors for non-adherence to health-related interventions and monitoring have
been suggested by the WHO, including distance decay (Figure 6) (Wu et al. 2008).
Thus, it is imperative to identify those factors which serve as facilitators and barriers to
adherence, in an attempt to reduce the risk of morbidity and mortality related to
anticoagulation therapy.
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3. LITERATURE REVIEW

3.1 Aim of this study

The objective of this literature review is to establish whether the maintenance of
therapeutic ranges in adult rheumatic heart disease patients, on anticoagulant therapy,
is correlated with the distance travelled from their residence to the clinic where INR

monitoring takes place.

3.2 The study question.

In adult rheumatic heart disease patients on anticoagulant therapy, is the maintenance
of therapeutic ranges as measured by INR monitoring, influenced by road travel

distance from patients’ residence to their treatment clinic?

3.3 Literature search strategy

We searched the major databases including PubMed, ISI, and web of knowledge. We
supplemented the search suing Google scholar and by scanning reference lists of
potential papers. Table 3 details the search strategy as used in the PubMed database
together with the number of articles found; the search was modified accordingly for

searching other databases.
Key words included

° |NR,

e adherence,

e concordance,

e anticoagulation,

e anticoagulants,

e rheumatic heart disease,
e rheumatic fever,

e distance decay.
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Table 3: Details of search strategy indicating results from the PubMed database.*

SEARCH TERMS

PUBMED RESULT

10

11

12

13

14

15

16

17

RHEUMATIC HEART DISEASE

RHEUMATIC FEVER

#1 OR #2

CONCORDAN*

ADHEREN*

#4 OR #5

INR

INTERNATIONAL NORMALISED RATIO

INTERNATIONAL NORMALIZED RATIO

#7 OR #8 OR #9

ANTICOAGULA*

DISTANCE

#3 AND #11

#3 AND #6

#12 AND #6

#12 AND #3

#12 AND #10

3195

6261

8705

38140

87190

124870

5103

490

3901

6872

60389

138293

157

53

5

18

24

* Other databases were searched with minor modifications according to the search
engine requirements
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3.4 Summary of literature

3.4.1 Anticoagulant Monitoring: INR Ratio and Therapeutic Ranges

Therapeutic ranges are monitored using the so-called International Normalized Ratio
(INR). The INR is a laboratory calculation which compares the clotting times in patients
on anticoagulants with those of healthy individuals, represented as a ratio. Therapeutic
levels representing normal values are between 2.00 — 3.00 for patients with biological
prosthetic valves and 2.5 - 3.5 for patients with mechanical prosthetic valve
replacements (Hirsh et al. 2013). Too high an INR value indicates a risk for abnormal
bleeding, while too low a value indicates the patient is not protected against clot
formation. It is thus important to monitor patients’ INR values on a regular basis to
ensure that anticoagulant levels are maintained within the recommended ranges so as
to ensure that therapies are effective in their function to reduce the risk of stroke and
other complications in RHD patients. Anticoagulant treatment requires regular
laboratory-guided adjustments of the dose as response to treatment is affected by

interactions with food and drugs (Wallentin et al. 2010).

The benefit of valve repair compared to replacement has been shown in many studies
to be associated with favourable long-term outcome, reduced mortality rates and an
improved quality of life in RHD children (Ciss et al. 2009). However, in instances
where valve repair is not feasible, the option of prosthetic valve replacement is
unavoidable. The choice for type of prosthesis is important and factors such as age,
gender, geographical area, etc need to be considered in the context of likelihood of
defaulting in adherence to anticoagulant treatment (Ferratini et al. 2013) (Marijon et al.
2012). Biological prosthesis in the mitral valve in young patients is prone to early
deterioration, but on the other hand is associated with a lower incidence of thrombosis.
A recent review concluded that in scenarios where the therapeutic range is successfully
maintained in young people, mechanical prosthetic valve replacement should be
preferred, even in young females who are now vulnerable to pregnancy risks (Ferratini
et al. 2013).
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3.4.2 Factors influencing INR maintenance within Therapeutic Ranges

The safety and effectiveness of anticoagulant therapy is crucially dependant on
maintaining the INR within the therapeutic range (Hirsh et al. 2003). In RHD patients,
the lack of concordance to monthly INR monitoring can result in complications such as
stroke due to sub-therapeutic INR levels going unnoticed; in a cohort study evaluating
the effect of warfarin on the risk of thromboembolism in 11,526 adult patients in atrial
fibrillation of which 6,320 were in anticoagulant treatment, Go et al reported that during
follow-up, there were 148 thromboembolic events, 141 of which were attributed to
ischemic stroke among those on anticoagulant therapy. Lower rates of
thromboembolism were observed amongst anticoagulant users with risk factors for
stroke which included prior stroke, hypertension, diabetes, coronary heart disease and
those 75 years and older (Go et al. 2013).

A number of factors for non-adherence / non-concordance as regards medication in
general has been proposed, an explanation of which has been presented in the WHO’s

multidimensional adherence model, figure 7 (Wu et al. 2008).

Socio- | Health Care | Condition |Treatment | Patient
Economic | System

Education Patient / Symptoms | Complexity | Knowledge
Race | provider Symptom Time to Ability
Social relationship burden experience | Beliefs
Support Patient Progression | effectiveness | Attitude
Financial support and seventy | Life-long Perceptions
situation systems Effectiveness | treatment Expectations
Health Provider of available | Past Willingness
literacy Reimbursement treatment experience Motivation
Social- | Costs Level of Frequency of | Strengths
economic Accessibility | disability changes Weaknesses
status Cognitive Side-effects | Gender
Distance o dysfunction | Life-style Age

health care Depression | changes

facilities

Medication
adherence

Rehospitalization
or Mortality

Figure 7: WHO's multidimensional adherence model and
rehospitalization (Wu et al. 2008).
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Briefly, the five broad categories which are described include socio-economic factors
such as finance constraints, patient/provider relationship dynamics, the severity of the
condition, the complexity of the treatment and also patient-related factors. Thus, it is
imperative to identify those factors which serve as facilitators and barriers to adherence,

in an attempt to reduce the risk of morbidity and mortality related to anticoagulation.

Medication adherence is largely attributed to the patient with only around 50 percent of
information discussed with the patients at the time of consultation being recalled on a
later occasion (Sabaté 2003)(Schillinger et al. 2013). Furthermore, patients with low
literacy levels may be unable to read dosage instructions and information on a medicine
bottle (Parikh et al. 1996).

It has been previously shown that poor adherence to anticoagulant therapy such as
warfarin, is a major contributor to non-therapeutic anticoagulation (Cavallari et al. 2009)
(Palareti et al. 2005). In a study conducted in Chicago in 2009, it was shown that
patients who were provided with a monthly medication organiser improved warfarin
adherence and significantly increased patients’ length of time within INR therapeutic
range (Nochowitz et al. 2009). Even though this intervention improved adherence, INR
values still remained outside of the therapeutic range about 40 percent of the time.
Thus the need for further studies are warranted to investigate additional interventions
which could perhaps be used in combination with strategies that have already been

shown to improve control and stabilise anticoagulation.

Many studies have examined various interventions to stabilise anticoagulation. One of
such studies indicated how the use of computer software to track INR results and
recommend changes in the dosage of anticoagulant treatment, as well as patient self-
monitoring can be used to improve anticoagulation control and in so doing, reduce
complications associated with INR measurements outside of the therapeutic range
(Chiquette et al. 1998) (Beyth et al. 2000). These strategies are however, associated

with considerable cost and are not feasible to implement in low-income settings.
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3.4.3 Distance Decay as a factor for adherence

Geographical factors such as distance from the patients’ residence to their health care
facility (defined as “distance decay”), have been shown to be a significant barrier to
access (Gabrysch & Campbell 2009). Briefly, as distance to reach services increase,
the rate of service use decreases, resulting in a geographical health care disparity
(Freehauf et al. 2013) (Muller et al. 1998).

3.4.4 Measuring distance decay using Geographical Information Systems (GIS)

While epidemiologists have traditionally used maps when analyzing associations
between location, environment, and disease (Gesler 1986), the application of GIS
technology has recently been considered as an important and new component in many
epidemiological and health projects (Cromley 2003). GIS technology aids the
epidemiologist in understanding the subject under investigation to initiate interventions

promptly. GIS presents statistical data in a spatially referenced manner through maps.
In particular, GIS enables the epidemiologist to:

e Determine geographic distributions of disease
e Observe surveillance and control infectious diseases

e Determine epidemics, monitor the growth and assists in the best approach with
regard to intervention strategies

e Analyse spatial and temporal trends of disease, and

e Determine the population at risk by creating risk maps using the buffer tool using
the GIS.

GIS is particularly well suited for studying these associations because of its spatial

analysis and display capabilities.

In a recent study conducted in Vietham, GIS was used to investigate the effect of
distance decay on delivery care utilisation (Malgvist et al. 2010). This study on neonatal

mortality examined the association between distance from a mothers’ home and the
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nearest health care facility, specifically investigating the influence of distance on
patterns of perinatal health care utilisation. It showed an increased risk of neonatal
mortality among mothers living farthest away from a health facility. Similarly, another
GIS-based study conducted in Kenya found that younger children and children with
more severe illnesses travelled a further median distance to a health facility compared
with older children with less serious illnesses; the rate of clinic visits decreased linearly

at 0.5km intervals and stabilised after 4 kilometres (Feikin et al. 2009).

3.5 Summary and conclusions of the literature review.

Maintenance of INR therapeutic ranges in adult patients on anticoagulant therapy is
dependent on a number of factors, including adherence to anticoagulant therapy such
as warfarin, which is influenced by geographical, socioeconomic and patient-related
factors to name a few. Specifically, the distance travelled from patients’ residence to
the clinic where INR monitoring takes place (so called, distance decay) has been shown

to be a barrier to patients’ attendance at health care facilities.

Distance may play a significant role in adherence to INR monitoring requirements
amongst RHD patients on anticoagulant therapy. This semi-structured systematic
review of the literature revealed that no studies exist on the effect of distance decay on
the maintenance of INR therapeutic ranges among RHD patients. Thus, primary

studies to investigate this phenomenon is warranted.

The primary aim of this thesis therefore, was to evaluate the effect of distance on the
maintenance of INR therapeutic ranges amongst adult RHD patients on anticoagulant
therapy. It is anticipated that the results of this study will serve to inform programmes

so as to improve the rate of patients adherence to regular INR moitoring activities.
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ABSTRACT

Background: Lack of adherence to International normalised ratio (INR) monitoring in
rheumatic heart disease (RHD) patients is a contributor to stroke and other
complications. This population-based observational study investigated whether
distance affects the maintenance of INR within therapeutic ranges in RHD patients.
Methods: Patient residential addresses and their attending clinics, together with
laboratory INR results were extracted from the REMEDY RHD Registry database.
Addresses were converted to geographical coordinates and verified in ArcGIS 10®.
ArcGIS 10® and Google Maps® were used for spatial mapping and obtaining shortest
road distances respectively.. The travel distance between individual residential
addresses and referral clinics was compared to the average of three INR readings of
patients and compared with therapeutic ranges recommended by guidelines.

Results: RHD patients (n=133) reside between 0.2 km and 50.8 km (median
distance, 3.60 km) from one of 33 referral clinics. Patients who maintained their INR
within recommended therapeutic levels travelled a shorter median distance to their
designated INR clinic (in range = 3.50 km versus out of range = 3.75 km, p=0.78).
This trend was consistent within the mechanical valve replacement subset of patients
(n=105) (3.50 km versus 3.90 km, p=0.81) but contrasted with patients who had not
had mechanical valve replacements (n=28) where the patients who maintained
therapeutic levels travelled a further median distance to designated clinics (3.45 km
versus 2.75 km, p=0.84). These non-statistically significant trends were consistent
when considering patients attending community-based clinics as a subset. Patients
with mechanical valves were significantly less likely to be within their INR range (O.R.,
0.32; 95% CI, 0.11; 0.86). Again, this observation was consistent amongst the
community-based clinics. (O.R. 0.28; 95% CI, 0.08; 0.89); however, this significant
association was not observed at any of the individual clinics.

Conclusion: Distance did not have an effect on the maintenance of INR within

therapeutic range amongst RHD patients enrolled within our study in Cape Town.

KEY WORDS: GIS, INR, RHD, ARF, Adherence
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BACKGROUND

Rheumatic heart disease (RHD), a condition characterised by permanent damage to
heart valves, is a consequence of repeated episodes of acute rheumatic fever (ARF) in
patients with failed or non-existent secondary prophylaxis (Nkomo 2007). Over recent
decades, industrialised countries have experienced a significant decline in the
prevalence of RHD through improved living conditions and the use of penicillin for the
treatment of Group A streptococcal pharyngitis, the initial event in the disease
pathogenesis (Carapetis et al. 2005). In contrast, developing countries which account
for 80% of the world’s population, continue to experience high cases of RHD; RHD
and its precursor, acute rheumatic fever (ARF) are the most common diseases
affecting children and young adults in the world (Carapetis et al., 2005). Primary and
secondary prevention strategies to prevent disease progression, have been
implemented in many parts of the world as per the World Health Organisation (WHO)
recommendations (World Health Organisation 2004). Primary prevention specifically
targets the correct management of GAS pharyngitis with penicillin, to avoid the later
development of ARF (Robertson et al. 2005). If the first episode of ARF is not
prevented, further episodes of ARF are prevented through the administration of a
monthly prophylactic penicillin injection (known as secondary prevention) (Manyemba
& Mayosi 2003).

A small percentage of patients may become symptomatic as a result of severe valvular
lesions (Bonow et al. 2006), warranting corrective heart valve surgery (Marijon et al.
2012). Treatment options include valvular repair or replacement with either
mechanical or biological (prosthetic) valves. Valvular replacement however, carries
the risk of blood clot formation and / or embolism, which may result in stroke (Salem et
al. 2006). To prevent this complication, anticoagulant drugs such as warfarin are
prescribed. Warfarin acts by interfering with the availability of vitamin K, which is
essential to initiate the clotting process, thereby prolonging the normal prothrombin
time (PT) and preventing excess clotting (Hirsh et al. 2013)) (Lefkowitz 2008).
Anticoagulation therapy with warfarin is highly effective at reducing the risk of stroke,
but is associated with monitoring costs and a higher risk of haemorrhage compared
with other treatments (Mant et al. 2007).
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Anticoagulant treatment requires regular laboratory-guided adjustments of the dose as
response to treatment is affected by interactions with food and drugs (Wallentin et al.
2010). Monitoring is done through the so-called International Normalized Ratio (INR),
which represents the comparison of clotting times in patients who have been
prescribed anticoagulants against the clotting times in healthy individuals. Evidence-
based clinical guidelines indicate INR therapeutic level ranges for patients, which are
between 2.00 — 3.00 for patients without valve replacements and 2.5 — 3.5 for patients
with mechanical prosthetic valve replacements (Hirsh et al. 2013). Too high an INR
value indicates a risk for abnormal bleeding, while too low a value indicates that the

patient is not protected against clot formation.

The safety and effectiveness of anticoagulant therapy is crucially dependent on
maintaining the INR within the therapeutic range (Hirsh et al. 2003). In RHD patients,
the lack of concordance to monthly INR monitoring can cause complications such as
stroke; in a cohort study evaluating the effect of warfarin on the risk of
thromboembolism in 11,526 adult patients in atrial fibrillation of which 6,320 were in
anticoagulant treatment, Go et al reported that during follow-up, there were 148
thromboembolic events, 141 of which were attributed to ischemic stroke among those
on anticoagulant therapy. Lower rates of thromboembolism were observed amongst
anticoagulant users with risk factors for stroke which included prior stroke,
hypertension, diabetes, coronary heart disease and those 75 years and older (Go et
al. 2013). Various factors for non-adherence to health-related interventions and
monitoring have been suggested by the WHO, including distance decay (Wu et al.
2008) (Gabrysch & Campbell 2009). Distance decay is a term given to describe a
phenomena observed between two locations. As distance to reach services increase,
so does the rate of service use decrease causing geographical health care disparities
(Freehauf et al. 2013). A systematic review of the literature revealed that there exists
no studies on the effect of distance decay on the maintenance of therapeutic ranges
among RHD patients, thus supporting the need for primary studies to investigate this

phenomenon.

In a recent study conducted in Vietham, GIS was used to investigate the effect of
distance decay on delivery care (Malqvist et al. 2010). The study found an increased
risk of neonatal mortality among mothers living farthest away from a health facility.
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Similarly, another GIS-based study conducted in Kenya found that younger children
and children with more severe ilinesses travelled a further median distance to a health
facility compared with older children with less serious ilinesses; the rate of clinic visits
decreased linearly at 0.5km intervals and stabilised after 4 kilometres (Feikin et al.
2009).

The primary aim of this thesis was to evaluate the effect of distance on the
maintenance of INR therapeutic ranges amongst RHD patients on anticoagulant
therapy. Specifically, this study aims to investigate whether the distance of a patient’s
residence from their referral or treatment clinic impacts on maintaining INR levels
within the recommended therapeutic ranges over the scheduled monthly visits to the

clinic.
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METHOD

Study design

This was a population-based observational sub-study nested within the Groote Schuur
Hospital cohort of the REMEDY study, a multicenter, prospective hospital-based RHD
registry (Karthikeyan et al., 2011). The REMEDY project aims to provide
comprehensive, contemporary data on patients with RHD so as to aid the

development of strategies to prevent and manage RHD and its complications.

Recruitment and enrolment

All Groote Schuur Hospital patients diagnosed with RHD and enrolled into the
REMEDY study, were eligible to participate in the study. Patients were excluded if
their data were incomplete at their 12-month follow-up visit, or if they resided outside
of the Cape Metropole area which is located in the Western Cape province of South
Africa. The Western Cape is divided into one metropolitan municipality (City of Cape

Town) and five district municipalities.

Data collection

Patient data including demographic details and residential addresses and clinical data
such as diagnosis of RHD, INR readings and referral INR clinics were extracted from
REMEDY patient records and captured into a purpose-designed database. Patient
addresses were converted to geographical coordinates obtained from Google Earth®,
while government clinics were mapped using information supplied by the Department

of Surveying and Mapping in Mowbray, Cape Town.

Geographical Information Systems

This study utilized Geographical Information System (GIS) software, ArcGIS 10®, for
capturing, manipulating, managing, analysing and displaying spatial and non-spatial
data. In brief, GIS overlaps layers of information within a geographical area to give a
better understanding from a composite viewpoint (Evans, 1997). Information about
geographical features (roads, boundaries etc.) was accessed from the ESRI database
(https://www.arcgis.com). Data were projected in the Universal Transverse Mercator
(UTM) system. The shortest road travel distances between homes and the health
facility utilized by patients for INR monitoring were calculated using Google Maps and
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entered into the study database (https://maps.google.co.za/maps?hl=en). Linear
distances between the patients’ home and closest health facility were calculated using
the “near” function in the “proximity” toolbox in ArcMap 10®. The Geocoded addresses
were checked in ArcGIS for errors in coordinate data. Distances mentioned are all

one-way distances.

Data analyses

Statistical analyses and data handling were performed using STATA® version 11 and
ArcGIS® version 10. INR readings were evaluated as a whole, and stratified according
to valve replacements type, since bioprosthetic and mechanical valves differ with
respect to INR therapeutic ranges. Pearson’s chi-squared test and Mann-Whitney U
test was used for group comparisons. A p-value of < 0.05 was considered significant.
The road travel distance between individual residential addresses and referral clinics
was compared with the average of the latest three INR measurement readings of the
patient. Where appropriate, analyses were repeated excluding GSH hospital, given

that it is the only tertiary hospital amongst the community-based clinics.

Ethical Approval

This research project was part of a larger research project that has already been
approved by the Human Research Ethics Committee at the University of Cape Town
(HREC 028/2006). This work contributed to the analysis component of the registry,

utilizing secondary data and did not involve any physical interaction with participants.
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RESULTS

Of 500 patients enrolled at GSH in the REMEDY database, 133 patients met the
inclusion criteria (i.e. patients who had complete INR data and, for whom full address
details were available). Eighty-three percent of the cohort was female and 79% of
patients (n=105) had had mechanical valve replacements. Co-morbidities included
hypertension (27%), stroke (25%) and diabetes (19%) (Table 1).  Of the 224 patients
not meeting the inclusion criteria, 185 (83%) were female and 81 (36%) had had

mechanical valve replacement, while the median age was 46 years (16 — 79).

Table 1: Baseline characteristics of participants

N %
GSH patients in REMEDY 500
Patients with >12 month follow-up 357
Patients with >12 month follow-up for whom data 133
are available
Average Age 53 years (+/- 1.25)
Female 110 83%
Number of mechanical valve replacements 105 78.9%
Comorbidities n/N %
Hypertension 27/99 27%
Stroke 28/111 25%
Diabetes 19/98 19%
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Figures 1 and 2 represent the spatial orientation of the RHD patients’ residence and
the INR clinics in the Cape Metropole region. INR monitoring was conducted among
33 clinics across the Cape Metropole. Road distances were not normally distributed;

the median distance between the patient’s residences and their respective clinics was

Patients Residence and INR Clinic Distributins

Protea Vall
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o Patients
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Figure 1: Map of the Cape Metropole showing patients residences and the clinics
utilized for INR monitoring

3.60 km (range, 0.2km — 50.8km). Patients attending Groote Schuur Hospital (GSH),
the only tertiary hospital included among the INR clinics, travelled a median distance

of 18.2 km (1.6 km - 50.8 km).
Figure 2 displays the clinics utilized by RHD patients for INR monitoring as well as

clinics not currently used for INR monitoring. The geographical distribution of these
clinics indicate that patients could instead be utilizing clinics closer to their residences
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Figure 2: Map showing patients’ residences, their designated INR clinic and the
closest clinics

Table 2 details eight clinics utilized by 3 or more patients for INR monitoring, indicating
the number of patients who maintained therapeutic levels according to whether or not
they had had a mechanical valve replacement. Overall, patients with mechanical
valves were significantly less likely to be within their INR range compared with patients
who had no or bioprosthetic valve replacements (O.R., 0.32; 95% CI, 0.11; 0.86).
This observation was consistent amongst the community-based clinics after excluding
GSH (O.R. 0.28; 95% CI, 0.08; 0.89). However, this significant association was not
observed at any of the individual clinics. Amongst all patients, irrespective of valve
replacement or not, there was no difference in maintenance of INR within therapeutic
range in patients from GSH versus those from community based clinics. (O.R., 1.44;
95% Cl, 0.62; 3.41).
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Table 2: Shortest median road distance from patients’ home to health facilities

Obs No in INR range Median KM
MVR=No MVR =Yes

ALL CLINICS 133 20/28 (71) 47/105 3.60 (0.2 - 50.8)
* Excluding GSH 98 15/21 (71) 32/(7‘;5()42) 2.60 (0.2 - 27.3)
Clinic Attended (> 3 patients)

GSH 35 5/7 (71) 15/28 (54) 18.2 (1.6 - 50.8)
Dr Abdurahman CHC 10 - 3/10 (30) 295(1.0-54)
Mitchell’s Plain CHC 21 1/4 (25) 717 (41) 2.8(1.2-5.6)
Heideveld CHC 10 1/2 (50) 3/8 (38) 2.75(1.6 -6.5)
Hanover Park CHC 8 1/1 (100) 4/7 (57) 1.1 (0.2-9.1)
Lady Michaelis 5 1/2 (50) 1/3 (33) 6.4 (1.8 —14.0)
Woodstock CHC 4 1/2 (50) 1/2 (50) 1.55 (0.4 - 14.9)

ODbs, observations; No, number; KM, Klometers; MVR, mechanical valve replacement, GSH, Groote Schuur Hospital, CHC, community health clinic
+GSH is a tertiary facility and is not used for routine INR monitoring.

Among all the patients in our cohort, those who maintained their INR within
recommended therapeutic levels travelled a shorter median distance to their
designated INR clinic (3.50 km versus 3.75 km). (Table 3). However, this observation
was not statistically significant (P=0.78). This trend was also observed within the
mechanical valve replacement subset of patients (n=105) (in range = 3.50 km versus
out of range = 3.90 km, p=0.81). This trend however, contrasted with patients who
had not had mechanical valve replacements (n=28) where the patients who
maintained therapeutic levels travelled a further median distance to their designated
clinics (3.45 km versus 2.75 km, p=0.84). This probably suggests that distance is not a
factor in INR control.
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Table 3: Median shortest road travel distance from patients’ home to health facility,

overall and by valve replacement type

n (%)
All patients
Out of range 66 (49.6)
In range 67 (50.4)
Total 133 (100)
Mechanical Valve = Yes
Out of range 58 (55)
In range 47 (45)
Total 105 (100)
Mechanical valve = No
Out of range 8 (29)
In range 20 (71)
Total 28 (100)

Median KM

3.75 (0.4 - 50.8)
3.50 (0.2 - 30.8)
P=0.78

3.90 (0.4 - 50.8)
3.50 (0.2 - 30.8)
P=0.81

2.75(1.2-18.2)
3.45 (1.0 - 24.0)
P=0.84
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Figure 3 depicts the distance of the closest clinic relative to the patient’'s home
address: clinics are indicated by red crosses and the graduated dots represent the
scale (based on size and colour ranging from yellow (0 — 0.5 km) to red (1.5 — 2.8 km)
of the distance to the nearest clinic. The median distance from the patients’ residence
to the closest clinic is 0.67 km (0.08 — 2.80).
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Figure 3: Map showing the distance to the closest clinic represented by the
graduated symbols

Among those patients attending community-based clinics (n=98), there was no
difference in the median travel distance to their designated INR clinic between patients
who maintained their INR therapeutic range and those who failed to maintain their
therapeutic range (p=0.66) (Table 4). Patients who have had mechanical valve
replacements (n=77) and who maintained their recommended INR therapeutic range,
travelled a shorter median distance to their designated INR clinic (2.50km versus
2.90km); this observation was not statistically significant (p=0.47). In contrast,

patients who did not have mechanical valve replacements (n=21) and maintained INR
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therapeutic levels, tended to travel a further median distance (2.90km verses 1.90km)
compared with those who failed to maintain therapeutic ranges; however, this finding

did not reach significance (p=0.53).

Table 4: Shortest median road travel distance from patients’ home to community-

based clinics according to mechanical valve replacement status?

n (%) Median KM
All patients
Out of range 51 (52) 2.60 (0.4 — 27.3)
In range 47 (48) 2.60 (0.2-15.0)
Total 98 (100) P=0.66
Mechanical Valve = Yes
Out of range 45 (58) 2.90 (0.4 — 27.3)
In range 32 (42) 2.50(0.2-15.0)
Total 77 (100) P=0.47
Mechanical valve = No
Out of range 6 (29) 1.9(1.2-14.0)
In range 15 (71) 290(1.0-11.4)
Total 21 (100) P=0.53

tExcludes GSH patients
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DISCUSSION

Out of pocket expenses has been identified as a barrier to adherence (Eaddy et al.
2012), thus longer travel distances implies more expenses. In this study, we
examined the association between distance from an RHD patient’s residence to their
designated INR clinic, and the maintenance of INR within recommended therapeutic
levels. There was no difference in the median distance between the residence of
patients who maintained their INR readings within therapeutic range versus those who
did not. (3.50 km versus 3.75 km; p=0.78). Given that INR therapeutic ranges differ
according to whether patients had undergone a mechanical valve replacement (MVR)
or not (i.,e. 2.0 — 3.0 for no or biological valve replacement, and 2.5 — 3.5 for
mechanical valve replacement), we also considered MVR patients separately. There
was a non-significant trend of INR therapeutic levels with travelling a shorter distance
in MVR recipient patients (p=0.81). By contrast, in non-MVR patients in good control
travelled further distances than those out of control. These trends probably reflect a
play of chance in a context in which distance did not play a role in INR control in Cape

Town.

Participants for our study needed to have at least one INR reading, be within the
geographical metropolitan area served by the hospital and have complete address
information. In comparison to those excluded, gender and mean age were similar
while the proportion of patients with mechanical valve replacements was noticeably
different (79% vs 36% respectively). This may represent selection bias, and thus, a

closer evaluation incorporating qualitative methods would be warranted in the future.

GSH is a tertiary hospital and the INR clinic deals particularly with patients who have
been newly assigned to anticoagulant treatment. Thus, patients are more closely
monitored during the initial phase while attempting to establish the correct dosing
regimen; thus, results from GSH may bias our findings. Excluding the GSH patients
(n=35) and considering only those patients attending community-based clinics showed
a trend that mechanical valvular replacement patients who maintained their INR
therapeutic range travelled a shorter median distance compared with those who failed
to maintain their therapeutic range. This observation was consistent amongst the
MVR subset within this group; however the association was not statistically significant
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in both instances (p=0.47 and p=0.53 respectively). The finding of non-MVR patients

maintaining their INR ranges despite living further away was also seen in this group.

We made use of both linear and road distances in our analysis. The shortest road
travel distances between patients’ home and health facilities were measured using
Google Maps®. To determine the median distance to the closest health facility from
patients’ residence, we made use of linear distance measurement. The median
distance to the closest health facility was 0.67 kilometers (Straight-line distance), while
the median road distance patients actually travelled to their treatment health facility
was 3.60 kilometers. In our study, distance did not have an effect on the maintenance
of INR control. Even though patients who maintained their INR therapeutic range
travelled a shorter median distance compared with patients who failed to maintain their

INR therapeutic range, this observation failed to reach statistical significance (P>0.05).

Our results contrasts with studies which evaluated the effect of patients’ travel
distance on utilization of health services. A recent study on neonatal mortality
conducted in Vietham, showed an increased risk of neonatal mortality among mothers
living farthest away from a health facility (Malqvist et al. 2010). In another, conducted
in Kenya, it was found that younger children and children with more severe illnesses
travelled a further median distance to a health facility compared with older children
with less serious illnesses; the rate of clinic visits decreased linearly at 0.5km intervals
and stabilised after 4 kilometres (Feikin et al. 2009).

One limitation of this study could be attributed to the sample size. Even though a trend
was seen among patients who have had mechanical valve replacements, the
association failed to reach statistical significance. Another limitation to this study could
be attributed to the geographical measurement. Straight-line distances were used to
calculate the distance to the nearest clinic from patient’'s residences. Moreover,
another limitation may be the relatively short median distances travelled in Cape
Town. It is possible that distance decay may be a factor in median distances of more
than 50km’s. Lastly, there are many factors which influence adherence. This study
only managed to focus on distance, given the scope of the data in the registry.

Information related to the mode of transport used to health facilities were not recorded,
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however, most patients attending the public service use public transport. The informal

taxi network is extensive and travel times per km are largely uniform.

The extent to which the straight-line distance measurement is used as a proxy for true
distance is sometimes questionable. This raises concern when a particular
geographical area of study has diverse features, for example, vast mountainous areas
where there is limited road access. In this study, the geographical area has a good
road infrastructure and is not affected by diverse geographical features. Furthermore,
straight-line distances have previously been used in many studies including the

Vietnam and Kenya studies discussed previously.

CONCLUSION

Distance decay did not have an effect on maintenance of patients’ INR therapeutic
ranges. The median distance that patients in our cohort could be travelling however, is
less than 1 kilometer suggesting that if patients attend a clinic within their residential
area or a clinic nearest to their homes, it could reduce travelling time and out of pocket
expenses associated with transport cost to access healthcare. . If patients utilize a
clinic in their neighborhood or nearest to their residence, they could be reducing their
expenses, which may improve adherence related issues. Furthermore, the load on

already over-burdened clinics would be more appropriately spread.
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illustration file be submitted which contains all parts of the figure. There is no charge
for the use of color figures.

Please read our figure preparation guidelines for detailed instructions on maximising
the quality of your figures.

Formats

The following file formats can be accepted:

o PDF (preferred format for diagrams)

« DOCX/DOC (single page only)

« PPTX/PPT (single slide only)

« EPS

e PNG (preferred format for photos or images)
o TIFF

« JPEG

BMP
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Figure legends

The legends should be included in the main manuscript text file at the end of the
document, rather than being a part of the figure file. For each figure, the following
information should be provided: Figure number (in sequence, using Arabic numerals
- i.e. Figure 1, 2, 3 etc); short title of figure (maximum 15 words); detailed legend, up
to 300 words.

Please note that it is the responsibility of the author(s) to obtain permission
from the copyright holder to reproduce figures or tables that have previously
been published elsewhere.

Preparing tables

Each table should be numbered and cited in sequence using Arabic numerals (i.e.
Table 1, 2, 3 etc.). Tables should also have a title (above the table) that summarizes
the whole table; it should be no longer than 15 words. Detailed legends may then
follow, but they should be concise. Tables should always be cited in text in
consecutive numerical order.

Smaller tables considered to be integral to the manuscript can be pasted into the end
of the document text file, in A4 portrait or landscape format. These will be typeset
and displayed in the final published form of the article. Such tables should be
formatted using the 'Table object' in a word processing program to ensure that
columns of data are kept aligned when the file is sent electronically for review; this
will not always be the case if columns are generated by simply using tabs to
separate text. Columns and rows of data should be made visibly distinct by ensuring
that the borders of each cell display as black lines. Commas should not be used to
indicate numerical values. Color and shading may not be used; parts of the table can
be highlighted using symbols or bold text, the meaning of which should be explained
in a table legend. Tables should not be embedded as figures or spreadsheet files.

Larger datasets or tables too wide for a portrait page can be uploaded separately as
additional files. Additional files will not be displayed in the final, laid-out PDF of the
article, but a link will be provided to the files as supplied by the author.

Tabular data provided as additional files can be uploaded as an Excel spreadsheet
(.xIs ) or comma separated values (.csv). As with all files, please use the standard
file extensions.

Preparing additional files

Although BMC Public Health does not restrict the length and quantity of data
included in an article, we encourage authors to provide datasets, tables, movies, or
other information as additional files.



Please note: All Additional files will be published along with the article. Do not
include files such as patient consent forms, certificates of language editing, or
revised versions of the main manuscript document with tracked changes. Such files
should be sent by email to editorial@biomedcentral.com, quoting the Manuscript ID
number.

Results that would otherwise be indicated as "data not shown" can and should be
included as additional files. Since many weblinks and URLs rapidly become broken,
BMC Public Health requires that supporting data are included as additional files, or
deposited in a recognized repository. Please do not link to data on a
personal/departmental website. The maximum file size for additional files is 20 MB
each, and files will be virus-scanned on submission.

Additional files can be in any format, and will be downloadable from the final
published article as supplied by the author. We recommend CSV rather than PDF for
tabular data.

Certain supported files formats are recognized and can be displayed to the user in
the browser. These include most movie formats (for users with the Quicktime plugin),
mini-websites prepared according to our guidelines, chemical structure files (MOL,
PDB), geographic data files (KML).

If additional material is provided, please list the following information in a separate
section of the manuscript text:

e File name (e.g. Additional file 1)

« File format including the correct file extension for example .pdf, .xls, .txt, .pptx
(including name and a URL of an appropriate viewer if format is unusual)

o Title of data

e Description of data

Additional files should be named "Additional file 1" and so on and should be
referenced explicitly by file name within the body of the article, e.g. 'An additional
movie file shows this in more detail [see Additional file 1]".

Additional file formats

Ideally, file formats for additional files should not be platform-specific, and should be
viewable using free or widely available tools. The following are examples of suitable
formats.

Additional documentation

o PDF (Adode Acrobat)
Animations

o SWF (Shockwave Flash)
Movies

o MP4 (MPEG 4)

o MOV (Quicktime)
Tabular data

o XLS, XLSX (Excel Spreadsheet)
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o CSV (Comma separated values)

As with figure files, files should be given the standard file extensions.

Mini-websites

Small self-contained websites can be submitted as additional files, in such a way that
they will be browsable from within the full text HTML version of the article. In order to
do this, please follow these instructions:

1. Create a folder containing a starting file called index.html (or index.htm) in the
root.

2. Put all files necessary for viewing the mini-website within the folder, or sub-
folders.

3. Ensure that all links are relative (ie "images/picture.jpg" rather than
"/limages/picture.jpg" or "http://yourdomain.net/images/picture.jpg" or
"C:\Documents and Settings\username\My Documents\mini-
website\images\picture.jpg") and no link is longer than 255 characters.

4. Access the index.html file and browse around the mini-website, to ensure that
the most commonly used browsers (Internet Explorer and Firefox) are able to
view all parts of the mini-website without problems, it is ideal to check this on
a different machine.

5. Compress the folder into a ZIP, check the file size is under 20 MB, ensure that
index.html is in the root of the ZIP, and that the file has .zip extension, then
submit as an additional file with your article.

Style and language

General

Currently, BMC Public Health can only accept manuscripts written in English.
Spelling should be US English or British English, but not a mixture.

There is no explicit limit on the length of articles submitted, but authors are
encouraged to be concise.

BMC Public Health will not edit submitted manuscripts for style or language;
reviewers may advise rejection of a manuscript if it is compromised by grammatical
errors. Authors are advised to write clearly and simply, and to have their article
checked by colleagues before submission. In-house copyediting will be minimal.
Non-native speakers of English may choose to make use of a copyediting service.

Language editing
For authors who wish to have the language in their manuscript edited by a native-

English speaker with scientific expertise, BioMed Central recommends Edanz.
BioMed Central has arranged a 10% discount to the fee charged to BioMed Central
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authors by Edanz. Use of an editing service is neither a requirement nor a guarantee
of acceptance for publication. Please contact Edanz directly to make arrangements
for editing, and for pricing and payment details.

Help and advice on scientific writing

The abstract is one of the most important parts of a manuscript. For guidance,
please visit our page on Writing titles and abstracts for scientific articles.

Tim Albert has produced for BioMed Central a list of tips for writing a scientific
manuscript. American Scientist also provides a list of resources for science writing.
For more detailed guidance on preparing a manuscript and writing in English, please
visit the BioMed Central author academy.

Abbreviations

Abbreviations should be used as sparingly as possible. They should be defined
when first used and a list of abbreviations can be provided following the main
manuscript text.

Typography

Please use double line spacing.

Type the text unjustified, without hyphenating words at line breaks.

Use hard returns only to end headings and paragraphs, not to rearrange lines.
Capitalize only the first word, and proper nouns, in the title.

All pages should be numbered.

Use the BMC Public Health reference format.

Footnotes are not allowed, but endnotes are permitted.

Please do not format the text in multiple columns.

Greek and other special characters may be included. If you are unable to
reproduce a particular special character, please type out the name of the
symbol in full. Please ensure that all special characters used are
embedded in the text, otherwise they will be lost during conversion to
PDF.

Units

Sl units should be used throughout (liter and molar are permitted, however).
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