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Abbreviations

AIDS Acquired immunodeficiency syndrome
ART Antiretroviral therapy

ARV Antiretroviral

CAD Coronary artery disease

CD4 Cluster of differentiation 4

CMR Cardiovascular magnetic resonance

CVD Cardiovascular disease

CVF Collagen Volume Fraction

DMF Diffuse myocardial fibrosis

ECM Extracellular matrix

ECV Extracellular volume

EMB Endomyocardial biopsy

Gal-3 Galectin-3

HAART Highly active antiretroviral therapy
HASTE Half-Fourier Acquisition Single-shot Turbo spin Echo imaging
HIV Human immunodeficiency virus

HIVAC Human immunodeficiency virus associated cardiomyopathy
HF Heart failure

hsCRP high sensitivity C-reactive protein

HTN Hypertension

IE Infectious endocarditis

LGE Late gadolinium enhancement

LV Left ventricle/ventricular

LVMI Left ventricular mass indexed

NRTIs Nucleoside reverse transcriptase inhibitors
Ol Opportunistic infection

SA South Africa

SSA Sub-Saharan Africa

STIR Short tau inversion recovery

B Tuberculosis/tubercular

HTN Hypertension

Tl T1 relaxation times

T2 Time constant for the decay of transverse magnetization
TI Inversion time
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Abstract

With the advent of effective antiretroviral therapy (ART), human immunodeficiency virus
(HIV) is now a chronic disease. With increasing survival, cardiovascular disease (CVD) in
people living with HIV is increasing in the ART era, with a changing epidemiology that is now
largely characterised by diastolic dysfunction. Our hypothesis was that ART would be
associated with regression of myocardial fibrosis in HIV. Myocardial fibrosis is associated with
an unfavourable outcome in many different clinical settings. In this study, we used
cardiovascular magnetic resonance (CMR) measurements of extracellular volume fraction
(ECV) and tissue characterisation to assess diffuse myocardial fibrosis and determine the effect
of ART use on diffuse myocardial fibrosis in HIV infected individuals on ART compared to

untreated HIV infected persons.

Forty-four asymptomatic individuals with no known CVD who were HIV infected were
included and classified into two groups: 25 on ART for >1 year (60% male, mean age 40 £ 9
years) and 19 ART-naive (37% male; mean age 36 £ 8 years). All patients underwent CMR on
a 3T Siemens Skyra scanner. Imaging included cine, T2 weighted (STIR), native T1 and T2

mapping, late gadolinium imaging (LGE) and ECV imaging.

HIV infected patients not on ART had a median time from diagnosis to entry in the study of 9
months. Treated patients had been stable on ART for over 12 months. There was no difference
in left ventricular volumes, mass and function between treated and untreated HIV-infected
patients. We found that, while elevated in both groups, the native T1 values were lower in the
treated group compared to untreated patients. Again, while elevated in both groups, the ECV
was slightly lower in the treated group, this did not reach statistical significance. There was no

correlation between native T1 value or ECV with either disease duration or nadir CD4 count.
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There was no difference in left ventricular volumes, mass and function between treated and
untreated HIV-infected patients. We found that, while elevated in both groups, the native T1
values were lower in the treated group compared to untreated patients. Again, while elevated
in both groups, the ECV was slightly lower in the treated group, this did not reach statistical
significance. There was no correlation between native or ECV with either disease duration or

nadir CD4 count.

We conclude that in patients with HIV, diffuse myocardial fibrosis provides valuable insights
into the pathophysiology of HIV associated CVD and mechanism of diastolic dysfunction.
Importantly, in this study, with a short lead period on ART, ART was associated with
regression of diffuse myocardial fibrosis, as assessed by native T1, but not by ECV. Larger
prospective studies are needed with longer follow-up to assess the role of CMR in both risk

stratification and in tracking disease progression in HIV.
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Chapter 1: Introduction

Since HIV/AIDS was first described amongst five individuals in the United States of America
in 1981, it has become a global pandemic (1) . The region with the worst HIVV/AIDS burden in
the world is sub-Saharan Africa (SSA). With about 22.9 million people infected in 2011, SSA
accounts for 69% of all people infected with HIV globally (2). Several biological, socio-
economic, demographic and behavioural factors are known to increase the risk of HIV infection
(3).

South Africa has the biggest and most high profile human immunodeficiency virus (HIV)
epidemic in the world (see Fig. 1), with an estimated 7.1 million people living with HIV in
2016, and 56% of them on antiretroviral therapy (ART) (4). There were 270,000 new
infections, while 110,000 South Africans died from acquired immunodeficiency syndrome
(AIDS)-related illnesses in the same year (5). Representing a quarter of the estimated HIV
infections in sub-Saharan Africa (SSA), the growing pandemic of HIVV/AIDS is now the fourth

leading cause of death worldwide (6).

South Africa has the largest ART programme globally, an effort that has been largely financed
from its own domestic resources. The country now invests more than $1.5 billion annually to
run its national HIV and AIDS programmes (7). Effective ART has dramatically reduced
HIV/AIDS-related morbidity and mortality and decreased HIV transmission in the South

African population (8).

HIV prevalence, however, remains high in the South African population, with an estimated
prevalence of 19.2%, although this figure varies markedly between different regions (9). For
example, the HIV prevalence is almost 40% in the Kwazulu-Natal province compared with 5

to 8% in the Western Cape and Northern Cape provinces, respectively (10).
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The prognosis and long-term survival of people living with HIV/AIDS has improved
significantly since the introduction of ART. However many people in Africa access ART late
and commonly present with organ damage from HIV (11). Incidence of opportunistic infections
(Ols) has also decreased in the ART era. Successfully treated HIV infected individuals remain
at increased risk of a number of age-related non-AIDS morbidities, such as cardiovascular
disease (CVD), cancer, and liver and kidney diseases (12). The incidence of diabetes mellitus
has significantly risen with the availability and widespread use of ART, particularly in HIV
patients receiving protease inhibitors (13). Long-term treatment with ART is associated with
increases in both total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C), as
well as reductions in high-density lipoprotein cholesterol (HDL-C) (14). As the survival of
people living with HIV has increased, the incidence of HIV-associated CVD has also increased

(15).

South Africa (2016)
7.1 million people living with HIV
18.9% adult HIV prevalence

270,000 new HIV infections
110,000 AIDs related deaths

& y 56% adults on antirertroviral treatment

55% Children on antirertroviral

Fig.1.1lInformation of HIV and AIDS patients in South Africa, 2016(16)

Several studies have shown that HIV infection increases the risk of CVD (17). CVDs are
currently a main cause of death among people living with HIV. HIV-associated CVD involves
the entire cardiovascular tree and commonly affects all layers, including the myocardium,

valves, pericardium, coronary, pulmonary, and peripheral vasculature.

Page | 10



The connection between HIV infection and CVD was established quite early in the history of
the AIDS pandemic (18). Early studies in Africans with HIV/AIDS reported that CVD,
involving predominantly the myocardium and pericardium, occurred in up to 60% of patients
studied (19). The frequency and pattern of CVD in HIV-infected persons is determined by
geography, access to ART and degree of immunosuppression (11). Several studies have
reported the incidence of HIV-associated CVD to be much higher in SSA, compared to high-

income countries (20).

The risk of CVD in HIV infected persons is influenced not only by the traditional
cardiovascular risk factors, which are highly prevalent in this now ageing population, but also
by genetics, family history, the effect of ART and the effect of HIV itself (21). Common HIV-
associated CVD presentations in the Heart of Soweto Study included HIV-associated
cardiomyopathy (38%), pericardial disease (13%) and pulmonary hypertension (8%) (22). The
effects of HIV infection on the cardiovascular system have changed in post-ART era, with
diastolic dysfunction being the predominant finding in the majority. Approximately 50% of
asymptomatic HIV infected persons without known CVD have been reported from
echocardiographic studies to have diastolic dysfunction (23). Studies from Africa have found
the prevalence of diastolic dysfunction in HIV-infected patients to be much higher (86%) and
to be more severe in patients with AIDS (24). At autopsy, 40% of HIV-infected patients were

found to have histological evidence of interstitial fibrosis in historic studies [].

Despite effective suppression of viral replication, treated HIV infection is associated with
persistent inflammation, tissue fibrosis, suboptimal immune recovery and organ damage(25).

Early noninvasive detection of myocardial fibrosis is important; and evaluating the extent of
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myocardial fibrosis may provide the ability to predict progression to ventricular dilation and
adverse remodelling in patients with HIV. Myocardial fibrosis is an important part of cardiac
remodelling that leads to diastolic dysfunction, heart failure and death (26). Myocardial fibrosis
results from increased myofibroblast activity and excessive extracellular matrix deposition.
Historically, the main method for detection of myocardial fibrosis has relied on histological
evaluation of cardiac tissue specimens obtained from invasive endomyocardial biopsy (EMB).
More recently, CMR has been demonstrated to be a safe, reliable and reproducible technique

for the accurate assessment and quantification of focal and diffuse myocardial fibrosis(27).
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Chapter 2: Literature review

Cardiac structure

The wall of the heart consists of three layers (Figure 2.1): the epicardium (external layer), the
myocardium (middle layer) and the endocardium (inner layer). The epicardium is the thin,
transparent outer layer of the wall and is composed of delicate connective tissue. The
myocardium is comprised of cardiac muscle tissue. The thickness of the myocardium varies
according to function and pressures that drive contractile force. The endocardium is a thin layer
of overlying connective tissue, which provides a smooth lining for the chambers of the heart
and covers the valves. The endocardium is continuous with the endothelial lining of the large

blood vessels attached to the heart.

The pericardium is the membrane that surrounds and protects the heart; it is composed of two
layers separated by a narrow cavity. The inner layer is firmly attached to the heart wall and is
known as the visceral layer or epicardium. The outer layer is composed of relatively inelastic
connective tissue and is termed the parietal layer. The pericardium is a fibrous layer that
prevents distension of the heart, thus preventing excessive stretching of the heart muscle fibres.
The cavity between the two layers of the pericardium contains a small volume of fluid which

serves as a lubricant, facilitating the movement of the heart by minimising friction (28).

Cardiac muscle fibres are shorter in length and larger in diameter than skeletal muscle fibres.
They also exhibit branching, which gives an individual fibre a Y-shaped appearance. Although
cardiac muscle fibres branch and interconnect with each other, they form two separate

functional syncytia, one for the atria and another for the ventricle
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Section of the heart wall showing the components of

the outer pericardium (heart sac), muscle layer
(myocardium), and inner lining (endocardium).

Figure 2.1 Layers Of The Heart, Histology Heart Wall (29),
http://histologyolm.stevegallik.org/node/347
The normal myocardium includes a network of cardiac cells embedded within mainly fibril
collagen. This collagen matrix plays an essential role in giving strength to the heart, as well as
creating an intercellular communication grid. The myocardium can be characterised based on
its cellular and extracellular or interstitial components:

e Cellular components include cardiac muscle (involuntary striated muscle fibres),
which are interconnected by intercalated discs, structural components, nuclei,
sarcolemma, sarcoplasmic reticulum, and vascular and neuronal elements (30).

e Interstitial components include the cardiac extracellular matrix, which is a complex
network of fibres made from structural and nonstructural proteins, among which
myocytes, fibroblasts, immune cells and vascular cells can be found. Collagen is the

main structural protein, predominantly type | (80%) and type 111 (11%) collagen (31).

Collagen provides support and plasticity. In normal conditions, the collagen fibre network

makes up only 2-4% of the cardiac structure. The cellular components of the myocardium are
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embedded in the extracellular space that comprises fluid, collagen, elastin, fibrils, and other
glycoproteins. The interstitium is a complex and dynamic environment, which is vital for
normal cardiac structure and function. Interstitial extracellular space expansion is a distinctive

feature of myocardial pathology and an important factor in ventricular remodelling.

Cardiovascular manifestations in HIV

HIV-associated cardiovascular disease (CVD) involves every segment of the heart and
commonly affects all layers of the heart, including the myocardium, valves, pericardium and
coronary, pulmonary, cerebrovascular, and peripheral vasculature. Clinical cardiovascular
presentations associated with HIV infection include myocarditis, pericarditis, dilated

cardiomyopathy (DCM), arrhythmias and vascular disease (11).

Myocardial disease

Cardiomyopathy

HIV-associated cardiomyopathy has evolved since its first description in the mid-1980s (32).
HIV-associated cardiomyopathy was historically characterised by symptomatic, systolic
dysfunction associated with a dilated LV that indicated a poor prognosis for HIV infected
patients (33). In about 30% of patients with advanced immunosuppression, a dilated
cardiomyopathy may still be observed, although the size of the heart chambers only slightly
exceed the normal values and with a slight decrease of LV ejection fraction of about 45% (34).
Systolic LV dysfunction has been replaced by subclinical diastolic dysfunction as the hallmark
of HIV-associated cardiomyopathy in individuals with well-controlled HIV (35). In ‘The Heart
of Soweto Study’ (Figure 2.2) the prevalence of HIV-associated cardiomyopathy was reported
as 38%, comprising cardiac functions in both symptomatic and asymptomatic patients (22).

Manifestations of HIV-associated cardiomyopathy include symptomatic heart failure with LV
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dysfunction with or without concurrent LV dilation, any systolic impairment or diastolic
dysfunction in asymptomatic HIV patients, and new onset heart failure in WHO stage 1V HIV
disease (22). In the course of cardiomyopathy, dilatation of the LV often coexists with mild
myocardial hypertrophy (36), typically observed in the region of the posterior wall or

interventricular septum.

There are several causes for HIV-associated cardiomyopathy (HIVAC) and clinical
manifestations depend on the aetiology and the degree of host immunosuppression. Known
causes include prior myocarditis, direct HIV toxicity, Ols, and nutritional deficiencies (37).
While the prevalence of systolic dysfunction has decreased in HIV-associated cardiomyopathy,
diastolic dysfunction is now seen in up to 64% of asymptomatic HIV-infected patients on ART
(34). CMR studies report that these subclinical changes may be due, in part, to myocardial

fibrosis and steatosis seen in patients on ART (38).

Post-partum cardiomyopathy ~ CAD

3.3% 2.7%

Cerebrovascular disease
.5%

Hypertensive heart failure
6.2%

Right heart failure
0,

6.6%

Other heart disease
6.9%

Hypertension
71%

Pericarditis/pericardial effusion

Valve disease 12.5%

11.2%

Figure 2.2 Primary cardiovascular diagnosis of all human immunodeficiency virus patients
(%) presenting with De novo presentations of cardiovascular disease (CVD) in patients with
HIV (n=518), Heart of Soweto Study (22).
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Heart Failure

Heart failure, a common end-result of cardiac disease, appears to be more common among HIV
patients (39). The incidence of HIV/AIDS-related heart failure is on the increase, and current
evidence suggests that diastolic, rather than systolic, dysfunction is the predominant form of

heart failure in the era of ART (23).

The pathophysiology of HIV-associated heart failure is multifactorial (Figure 2.3).
Consequences of direct HIV infection, HIV components, drug toxicity, Ols, abnormal
autoimmune responses to viral infection have all be implicated as causes of HIV-associated
heart failure (40). HIV associated myocarditis, malignancy(41), myocardial fibrosis(42),
endothelial dysfunction capillary leak syndrome and abnormal coagulation have also been
considered in pathogenesis of heart failure in HIV (43). Also, traditional heart failure risk
factors such as hypertension, diabetes, dyslipidaemia and smoking are more common in HIV

infected persons (17).

Direct Hiv Toxicity of HIV Opportunistic Myocardial
infection compounds infection inflammation

HIV-
associated
associated . nutritional
malignancies ) failure deficiencies

HIV associated myocarditis and heart

HIV wasting

Capillary leak Abnormal .
disease

syndrome coagulation

Figure 2.3 Causes of heart failure in HIV (44)
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HIV infection is an independent risk factors for heart failure, particularly among patients
without prior coronary artery disease (45). Early identification of subclinical changes in
myocardial structure and function and their determinants can be particularly important in HIV
patients (46). Recent studies have shown that even on ART, HIV infected patients remain at
higher risk of heart failure (39). Further, CMR studies confirm involvement of myocardium
and impairment of global and regional systolic function as well as diastolic function, even in

asymptomatic HIV infected individuals on ART (38).

Myocarditis

Myocarditis is an inflammatory disease of the myocardium, defined by specific established
histological, immunological, and immunohistochemical criteria based on EMB. Histology is
the gold standard for establishing the diagnosis of myocarditis. Myocarditis can be produced
by a variety of different causes, many of which are infectious, with viruses being a common
cause of myocarditis. Common viral causes include enteroviruses (Coxsackie B and others),
adenovirus, parvovirus B19, hepatitis C, and herpes virus 6. In LMICs, rheumatic carditis,
Chagas disease, and conditions associated with advanced HIV are important causes of
myocarditis. Myocarditis is histologically characterized by a lymphocytic infiltrate of the
myocardium with necrosis and/or degeneration of adjacent myocytes not typical of the
ischemic damage associated with coronary artery disease in subjects infected by HIV with or

without evidence of Ols (47).

Direct invasion of cardiomyocytes by HIV has been described, but the virus affects the
myocardial cells in a haphazard fashion, with no clear association between viral load and extent

of myocardial involvement (48). However, the invasion of cardiomyocytes in HIV can be
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through other microorganisms due to decreased immunity that makes them prone to infection.
Typical infective causes of myocarditis may be fungal (Candida, Histoplasma capsulatum (49),
Cryptococcus neoformans (50), Aspergillus), viral (Herpes simplex (51), cytomegalovirus
(48), Coxsackievirus B3 (52), Parvovirus (51)), bacterial, (Mycobacterium tuberculosis,

Mycobacterium avium) (53), or parasitic (Toxoplasma gondii) (54).

“Myocarditis with lymphocytic infiltration has been reported to be present in 40-52% of
patients who died of AIDS in the pre-ART era” (48). Various viral and Ols trigger myocarditis
in the setting of uncontrolled HIV infection. Direct invasion of cardiac myocytes by
cardiotropic viruses, including HIV, leads to a local cytokine release and subsequent infiltration
of the myocardium with clonal expansion of B cells (55). Patients with confirmed myocarditis
have an increased number of infected interstitial cells where proteolytic enzymes or increased
concentrations of TNF-a or interleukin may injure the myocytes. Studies have revealed that
these affected patients have increased concentrations of TNF-a, inducible nitric oxide synthase,
and IL-6 (56). Reduction in Ols in patients on ART may be responsible for the impressive drop
in myocarditis rates and declining prevalence of HIV-associated cardiomyopathy (57).
Recently, CMR-based studies, including from our own group, reported that HIV infected
persons had lower LV ejection fraction, higher LV mass, lower peak diastolic strain and strain
rates and higher native T1 values (a measure of myocardial inflammation and fibrosis).
Pericardial effusions and focal fibrosis on late gadolinium enhancement (LGE) CMR were

more common in HIV infected persons (58).

Diastolic dysfunction
Diastolic dysfunction is one of the earliest manifestations of cardiovascular involvement in

HIV infected persons (23). Diastolic dysfunction reflects an abnormality of the LV to relax
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and/or to fill adequately with blood, at normal diastolic filling pressures (59). Diastolic
dysfunction is considered as the first indication and an early marker of underlying
cardiovascular disease in HIV uninfected patients without cardiac symptoms and preserved LV
systolic function (60) . Diastolic dysfunction is the imaging hallmark of diffuse myocardial
fibrosis. High levels of high sensitivity C-reactive protein (hsCRP), active tobacco smoking,
and history of myocardial infarction were significantly associated with systolic dysfunction,
while older age and hypertension were related to higher risk of diastolic dysfunction in HIV
(46). Other studies have suggested that longer duration of HIV infection, higher body mass
index (61), and exposure to zidovudine (62) were also associated with higher rates of diastolic

dysfunction.

The clinical tool most frequently used to measure diastolic function is two-dimensional
echocardiography, a noninvasive method of visualising cardiac structure and function.
Echocardiography can accurately assess and grade diastolic dysfunction (63). Evaluation of
diastolic function can also be accurately performed by CMR. CMR steady-state gradient echo
can evaluate functional dimensions for time-volume curves; and myocardial tagging can assess
ventricular diastole (63). In a cross-sectional study done on asymptomatic HIV infected
patients, mostly on ART, there was a high prevalence of diastolic dysfunction (64). Diastolic
dysfunction is present in up to 64% of asymptomatic HIV infected patients on ART in high-

income countries (34).

The pathogenesis of HIVV-associated diastolic dysfunction is likely multifactorial. Hypertension
is associated with ART use, including prolonged duration of ART (65), and treatment with
protease inhibitors (23). The increase in LV mass index is also associated with diastolic

dysfunction (66). It is also possible that HIV or other associated viral infection will directly
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affect the myocardium. Individuals with HIV infection have high rates of inflammation (23),
which may predispose HIV infected patients to diastolic dysfunction. Patients with lower CD4
counts and longer duration of using NRTI have more common findings of diastolic
dysfunction. NRTI use has previously been associated with cardiomyopathy and mitochondrial
damage. Subclinical atherosclerosis as assessed by carotid artery intima-media thickness is
common in HIV infected individuals (67). Finally, changes in glucose and lipid levels may also
contribute to diastolic dysfunction. Several studies suggest that diastolic function is associated
with HIV infection independently of ART (46). HIV infected ART naive patients have reduced
diastolic reserve that is not worsened by ART (68). These data reinforce the association of
diastolic function with the HIV infection itself and its inflammatory response, and not with the

ART use (68).

Myocardial fibrosis

Myocardial fibrosis is defined as a significant increase in the collagen volume fraction of
myocardial tissue, which is common in advanced cardiac disease. The extracellular matrix
(ECM) is an essential component of the healthy heart and functions to anchor cardiac muscle
cells, regulate tissue mechanics, protects against myocardial rupture (69), provides a structural
basis for the tight organisation of myocytes, prevents muscle fibre slippage and myocyte
overstretching, and transmits contractile force and electrical signals (70). The ECM also has an
important role in ventricular remodelling caused by altered conditions of preload or afterload

(70).

An excessive accumulation of fibrosis, which leads to increased extracellular space, affects
both the structural integrity of cardiac muscle and the electrical conductive properties of the

myocardium (71). Normally, the ECM and fibrillar collagens network form only 6% and 2-
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4%, respectively, of the structural space within the heart (72). An increased amount of collagen
(fibrosis) in the myocardial tissue results from altered collagen turnover, in which net collagen
deposition exceeds net collagen breakdown. Matrix metalloproteinases also play a key role in
the development of myocardial fibrosis, which may be regionally distributed in the form of
scar or be more diffuse, depending on the underlying cause (73). There are two types of
myocardial fibrosis: replacement (macroscopic level) and interstitial fibrosis (microscopic
level) (74). The former usually occurs as a result of myocyte necrosis after myocardial
infarction. In fact, direct HIV infection of myocytes is rare (75). CMR studies have reported
myocardial fibrosis in nearly all HIV infected patients studied (38). Focal myocardial fibrosis
on CMR predominantly affects the basal inferolateral wall (38). In cross-sectional study of 95
HIV infected patients, CMR detected diffuse myocardial fibrosis of around 8%, and the authors
postulated that cardiac fibrosis may be secondary to the downstream metabolic effects of HIV

infection (42).

Pericardial disease

Pericardial disease can include asymptomatic pericardial effusion, pericarditis, cardiac

tamponade, and constrictive pericarditis(76).

Pericardial effusion

Pericardial effusion is one of the most commonly identified CVD complications affecting HIV
infected patients, developing in up to 20% of patients [102]. The prevalence of pericardial
effusion before the ART era was 11% of patients with AIDS (79). After the introduction of
ART, prevalence of pericardial effusion in HIV infected patients reduced by about 30%-35%,
with a trend similar to that observed for HIV-associated cardiomyopathy (80). However, the

majority of effusions were asymptomatic without an identifiable aetiology; those that were
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symptomatic were likely caused by an identifiable infectious process or neoplasm (78). The
effusions in HIV are usually part of a generalised serous effusive process that also includes the

pleural and peritoneal surfaces (78).

Mortality of pericardial effusions in HIV infection is based on the severity and aetiology of the
effusion, and usually higher when associated with tuberculosis (79). Most patients with a small
pericardial effusion without tamponade are asymptomatic and do not require further testing
other than follow-up, whereas pericardiocentesis is warranted for therapy in those with
symptoms and to determine aetiology in patients with symptoms, even without tamponade (78).
Pericardiocentesis has been found to be a safe and effective treatment of tuberculosis
pericardial effusions in HIV infected patients (81). Pericardiocentesis is indicated for
pericardial effusion when there are clinical signs of tamponade (such as elevated jugular venous
pressure, dyspnoea, hypotension, persistent tachycardia, or pulsus paradoxus), or
echocardiographic signs of tamponade (such as continuous-wave Doppler echocardiographic
evidence of respiratory variation in valvular inflow, septal bounce, right ventricular diastolic
collapse, and a large effusion) (82). HIV-infected patients with pericardial effusions generally

have lower CD4 counts than those without effusion (83).

Pericarditis

At autopsy, pericarditis was found in 30% of AIDS patients (48). Pericarditis can be manifest
in different forms: serous, fibrinous, serofibrinous purulent, or haemorrhagic (84). HIV-
associated tuberculous pericarditis is considered an aggressive form with a massive degree of
myocardial involvement. There are four recognised stages of tuberculous pericarditis and two
general modes of clinical presentation. The stages include: a dry stage, an effusive stage, an

adsorptive phase and a constrictive phase (85). In the first stage of presentation, pericardial
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involvement is asymptomatic and is an incidental finding in patients who have evidence of
active tuberculosis elsewhere in the body. In the second mode of presentation, inflammation
and compression from inflammatory fluid, the diseased pericardium itself, or both, cause the
typical constellation of symptoms that are associated with pericardial effusion and constrictive
pericarditis (86). HIV may alter both the clinical manifestation of these recognised syndromes
and the progression through the various stages (87). It is recommended that HIV should be
considered as a diagnosis if a young patient presents with unexplained pericardial effusion or

cardiac tamponade, particularly in SSA (88).

Tuberculous pericardial constriction in HIV

Constrictive pericarditis is characterised by constriction of the heart secondary to pericardial
inflammation and fibrosis. Common causes include repeated pericarditis, previous cardiac
surgery and radiation therapy (89). Tuberculosis is the main cause of constriction in SSA and
in parts of Asia (90). Patients with tuberculous pericarditis often have concomitant HIV
infection (91). Tuberculous pericarditis represents a form of extra-pulmonary tuberculosis.
Other causes of constrictive pericarditis include neoplasms, autoimmune disorders and
uraemia. Constriction causes impaired diastolic filling, in turn producing three important
effects: (1) dissociation between intrathoracic and intracardiac pressures; (2) increased
interventricular dependence — during inspiration, decreased LV filling induces increased RV
filling, causing a right-to-left septal shift, and increases in the tricuspid inflow E velocity and
hepatic vein diastolic forward velocity; and (3) increased cardiac filling pressures with pressure

equalisation in all four cardiac chambers (89).

In the last two decades, the HIV pandemic has had a significant effect on the epidemiology of

pulmonary and extrapulmonary tuberculosis. However, the impact of HIV infection on the
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development of pericardial fibrosis in tuberculous pericarditis was uncertain (92). HIV reduces
IL-13-secreting CD4+ TH2 cells, which regulate fibrogenesis directly, through stimulating
collagen synthesis by fibroblasts and indirectly by promoting transforming growth factor beta-
1 (TGF-B1) production by macrophages (93). Also, fewer granulomata have been observed in
HIV infected tuberculous pericarditis patients with depleted CD4 lymphocytes, suggesting that
there may be less propensity to develop pericardial fibrosis in HIV infected individuals with
tuberculous pericardial effusion(94). There is some evidence that persons with HIVV-associated
tuberculous pericardial effusion may have a lower incidence of pericardial constriction than
those with pericardial tuberculosis without HIV coinfection during 6 months of anti-

tuberculosis chemotherapy(95).

Infective endocarditis in HIV

Infective endocarditis in patients with HIVV/AIDS can be secondary to bacterial or nonbacterial
(marantic) endocarditis. Infective endocarditis has been reported in adults with HIV infection,
most commonly in intravenous drug users, specifically causing right-sided endocarditis (96).
Staphylococcus aureus, Streptococcus viridans and Salmonella species are the most common
organisms and the tricuspid valve is most involved valve (96). The prevalence of infective

endocarditis in HIV infected patients is similar to that found in uninfected patients (48).

Nonbacterial (marantic) endocarditis is usually clinically silent, involves deposition of large,
friable, sterile vegetations predominantly on the cardiac valves, and affects mainly the tricuspid
valve which can lead to pulmonary embolization (97). Marantic endocarditis has been reported
to occur in 3-5% of HIV infected patients, most commonly in those over 50 years of age
(98).Neoplastic, hypercoagulable, and chronic wasting diseases have been linked with marantic

endocarditis, which may lead to valvular dysfunction, most commonly left-sided lesions (78).
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Patients with lower CD4 count, especially less than 200 cells/mm3, have a higher risk of
endocarditis with much poorer prognosis (38).Treatment strategies for HIV infected patients
with infective endocarditis are similar to those used for HIV uninfected patients. In the latter
case, they are often part of a systemic Ol with multiple organ localisation(99). Fungal
endocarditis has been reported with increasing frequency as the AIDS epidemic has gained
momentum, helped by the compromise of cell-mediated immunity in patients with HIV
infection(84). Rates of infective endocarditis have decreased with the advent of ARV
therapy(100). Symptoms associated with infective endocarditis include fever, chills, and
dyspnoea, but can also include weight loss, concomitant pneumonia or meningitis(100). When
intravenous drug use is excluded, HIV infection has not been shown to be a risk factor for

infective endocarditis (101).

HIV-associated primary pulmonary hypertension

HIV infection can be complicated by pulmonary hypertension secondary to a combination of
inflammatory, vascular and genetic factors(102). Idiopathic or primary pulmonary
hypertension is a rare occurrence in HIV, and often carries a poor prognosis(103).The incidence
of HIV-associated pulmonary hypertension has been estimated in 1/200, much higher than
1/200,000 found in the general population (104). Common histological findings include a
plexogenic pulmonary arteriopathy similar to the findings in immunocompetent persons, a
thrombotic pulmonary arteriopathy and a much rarer pulmonary veno-occlusive phenotype

(105) .

HIV-associated primary pulmonary hypertension is more common in male and younger
patients with risk factors including pulmonary infections, intravenous drug use, homosexual

contacts, and haemophilia (16). However, pulmonary hypertension has been reported in HIV
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patients without a history of thromboembolic disease, intravenous drug use, or pulmonary
infections (106). Although multifactorial and poorly understood, the pathologic mechanism has
been described to be partly the result of endothelial damage and vasoconstriction due to HIV-
induced release of endothelin-1, IL-6, and TNF-a, as well as secretion of TNF-a, oxide anions,
and proteolytic enzymes by alveolar macrophages in response the infection (107). Normal
endothelial structure is replaced by plexogenic pulmonary arteriopathy, which is characterised

by remodelling of the pulmonary vasculature with intimal fibrosis (83).

Pulmonary hypertension carries a poor prognosis in HIV-infected patients: in a single
prospective comparison, although HIV infected patients with pulmonary arterial hypertension
were younger and had a lower disease severity than their noninfected counterparts,
investigators found similar rates of mortality between groups (108). Two recent studies found
that CD4 count was independently associated with survival in 154 patients with HIV and
pulmonary arterial hypertension, with pulmonary hypertension as the direct cause of death in
72% of those affected (106). Investigations done on 47 HIV-associated pulmonary arterial
hypertension patients within the Swiss Cohort Study reported that patients receiving ART had
a significantly decreased median RV systolic pressure over right atrial pressure gradient (-21
mmHg) as compared with patients who did not receive ART (+25 mmHg) (109). Exercise
tolerance in pulmonary arterial hypertension is commonly assessed by means of the 6-minute
walking distance (6MWD). Recently, long term ART improved only the 6MWD, but not
haemodynamic parameters, in HIV-associated pulmonary arterial hypertension without
specific treatments (110). Therapy for pulmonary arterial hypertension in HIV is the same as
in HIV uninfected persons. Anticoagulation may be considered on the basis of individual risk-
benefit analysis (83). Pulmonary hypertension (PAH) identified with HIV can happen in any

phase of the disease where HIV-infected patients have a 2500-fold increased risk of developing
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PAH when compared with noninflected individuals. Mortality is high, even in the era of

antiretroviral treatment (ART)(111).

HIV-associated coronary artery disease

HIV-infected patients are known to be at risk for premature coronary artery disease (CAD)
(112)(113). Different factors related to HIV can lead to development atherosclerosis, including
immune dysfunction, proliferation of T-cells, inflammation, endothelial dysfunction, and lipid
abnormalities (114,115). During atherogenesis, HIVV promotes monocyte penetration of the
vascular intima to promote secretion of cytokines and expression of endothelial cell adhesion
molecules (116). The process of endothelial dysfunction in HIV patients may be driven by HIV
transcription factors (117). Increased risk of CVD in HIV infected patients is directly related
to lower CD4+ T-cell counts (118). Higher number of activated CD8+ T-cells is observed in
relation to increased rates of coronary artery plaque and carotid artery stiffness (119)(117).
Increased frequency of carotid artery plaques was reported in one study in participants with
CD4+ counts< 200 cells/mL (120). Also, increased levels of proinflammatory cytokines in HIV
(high-sensitivity C reactive protein, IL-6, D-dimer, and cystatin C) suggest that inflammatory
and prothrombotic changes may lead to atherogenesis, subsequent plaque rupture and

endothelial dysfunction (121).

Changes happen in lipids levels in HIV patients leading to a further increased risk of CAD. In
the early stage of HIV infection both total cholesterol and high-density lipoprotein cholesterol
are decreased (122). Also, lower levels of apolipoprotein B and smaller low-density lipoprotein
(LDL) cholesterol have been reported in more advanced stages (123). In addition, deleterious
metabolic effects such as dyslipidaemia and insulin resistance after exposure to certain ART

treatments have been reported (114). Recent studies observed that HIV infected patients
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presented with large thrombus burden than atherosclerotic plaques suggesting de novo
arteriothrombosis and thrombophilia as possible causes of CAD events (124).
Cardiovascular effects of ART treatment

South Africa has the largest ART programme in the world (Figure 2.4). In 2017, more than
56% of people living with HIV in the country were receiving ART, compared to 2012 when
just 31% of people living with HIV were on ART (7). First-line regimens need to be simple
and manageable for patients to stay on lifelong therapy and to avoid unnecessary and costly
switching or substitution of drugs. Second- and third-line ART regimens are far more
expensive than the first-line, and it is important to prolong the durability of first-line ART as

far as possible.

South Africa: Number of people receiving antiretroviral treatment
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Figure 2.4 Number of ART receiver in South Africa in recent years from 2009 to 2016

South African activists and health care workers have helped to drive down the exorbitant cost
of treatment. Since 2004, South Africa has issued three sets of ART guidelines (125). ART has

transformed the clinical profile of HIV from an acute infection with a high mortality into a
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treatable, chronic disease (15). Since the widespread initiation of ART the prevalence of HIV-

associated CVD has dropped by 30% in this region (126).

Exposure to protease inhibitors increased the relative rate of myocardial infarction by 16% per
year (127). Exposure to abacavir and tenofovir is associated with an increased risk of
cardiovascular events and heart failure (128). Diastolic dysfunction is also common in long-
term survivors of HIV infection. ART adverse effects include ART-associated dyslipidaemia
and insulin resistance, which may contribute to an increased risk of cardiovascular events
(129). HIV and ART have direct effects on adipose tissue and the liver, with subsequent
dyslipidaemia, lipodystrophy and insulin resistance. Other direct effects include endothelial
and vascular dysfunction leading to hypertension, atherosclerosis and myocardial infarction
(130). In adults with ART-related fat redistribution, several studies have suggested an increase
in the risk of myocardial infarction relating to the level of viral control or to ART exposure

(131). ART induces increases in cholesterol, triglycerides, and LDL-cholesterol.
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Chapter 3: Myocardial fibrosis

The myocardium is a complicated structure of several cell types: some of them are resident
cells (i.e. cardiomyocytes, fibroblasts, endothelial cells and smooth muscle cells), while others
are migratory cells (lymphocytes, plasma cells, mast cells and macrophages). Migratory cells
interact with permanent cells in both pathological and physiological conditions to support
cardiac functions (132). In pathological conditions, in the myocardial interstitium there is a
population of cells called myofibroblasts that are extensively involved, together with
fibroblasts, in synthesis and excessive deposition of ECM (133). Diffuse interstitial fibrosis
results from progressive increase in collagen synthesis by myofibroblasts. The increase in
collagen volume fraction leads to diastolic dysfunction primarily, and later may be associated
with ventricular dilatation and systolic dysfunction (134). Furthermore, increasing myocardial
fibrosis has been shown to correlate with progressive deterioration of myocardial function
(135). Diffuse myocardial fibrosis in animal and human studies is associated with worsening

LV systolic function, abnormal cardiac remodelling, and increased ventricular stiffness (136).

Types of cardiac fibrosis
Myocardial infarction (necrosis) results in sudden loss of a large number of cardiomyocytes

leading to replacement fibrosis (Figure 3.1, panel A). Interstitial fibrosis is associated with

increased deposition of collagen in the cardiac interstitial space in the absence of significant

cardiomyocyte loss (Figure 3.1, panel B). Perivascular fibrosis is characterised by expansion

of the vascular adventitial matrix (Figure 3.1, panel C). The fibrotic heart exhibits expansion
of the interstitial space associated with deposition of collagens and other matrix proteins
(Figure 3.1, panel D). Myofibroblasts are the main effector cells in cardiac fibrosis; however,

macrophages, lymphocytes, mast cells, vascular endothelial cells and cardiomyocytes may also
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participate in the process (71). The types of cardiac fibrosis have been summarized in branch

layout in Fig. 3.2.

Figure 3.1 Histological structure of fibrotic myocardium, (A) replacement fibrosis, (B)
Interstitial fibrosis, (C) Perivascular fibrosis, (D) fibrotic heart (137)

Replacement myocardial fibrosis

Replacement fibrosis is the accumulation of collagen corresponding to necrotic or damaged
myocytes. It is characterised by the macroscopic distribution of fibrosis in the myocardium that
is caused by the replacement of damaged or necrotic cells by plexiform fibrosis and is only
seen when the integrity of the cell wall is affected. Both regional and diffuse patterns of
replacement fibrosis may be present, depending on the underlying cause, can occur because of
myocyte necrosis after acute myocardial infarction (138). Myocyte death triggers the activation
of cardiac fibroblasts, leading to an inflammatory response that governs myocardial collagen
turnover and subsequent extracellular fibre deposition (139). In nonischaemic conditions,
recurring toxic insults might lead to cellular apoptosis and induce inflammatory responses,

resulting in localized formation of collagenous scars. Replacement fibrosis may have a
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localised distribution as in ischaemic LV dysfunction, myocarditis, hypertrophic
cardiomyopathy, sarcoidosis) or a diffuse distribution as in chronic renal insufficiency, toxic
cardiomyopathies and miscellaneous inflammatory disease (140) . LGE CMR is a validated,

noninvasive way to identify replacement fibrosis.

Interstitial myocardial fibrosis

Interstitial fibrosis, Fig. 3.2, is diffusely distributed collagen in the extracellular space. In
general, it is diffuse due to a balance between myocyte growth and death. Interstitial fibrosis
also governs the process of progressive age-related fibrotic remodelling (141). Disruption of
this equilibrium by conditions such as hypertension, pressure and volume overload events,
diabetes mellitus, and obesity leads to increased interstitial fibrosis. Its subtypes include

reactive and infiltrative fibrosis (142).

Reactive fibrosis

This type of fibrosis has a progressive onset and present in a variety of common conditions,
including aging, hypertension, diabetes, acute or chronic ischaemia (without infarction),
valvular disorders, dilated cardiomyopathy, (143) transplant rejection, hypertrophic
cardiomyopathy, arrhythmogenic right ventricular cardiomyopathy, sarcoidosis, systemic
lupus erythematosus, systemic sclerosis, Chagas disease, and chronic renal insufficiency (144).
It is caused by an increase in collagen production and deposition by stimulated myofibroblasts,
from alterations in metabolism, activation of the renin-aldosterone-angiotensin system, and

oxidative injury and results in diffuse collagen deposition in the myocardial interstitium (138).
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Infiltrative fibrosis

This type of fibrosis is much rarer and is caused by progressive deposition of insoluble proteins

or glycosphingolipids in the interstitium. Examples of infiltrative fibrosis include amyloidosis

and Anderson-Fabry disease (145).

Eventually, both interstitial and infiltrative fibrosis lead to cardiomyocyte apoptosis and

replacement fibrosis (Figure 3.2) (138).
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Fig 3.2. Sub-types of myocardial fibrosis and main causes
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Detection of Myocardial Fibrosis

Fibrosis is associated with the pathological remodelling of the LV and heart failure progression
(146). Early detection of fibrosis would be beneficial in diagnosis, following progression of
CVD, and intervening to improve survival in CVD patients. Myocardial fibrosis manifests as
QRS prolongation (147), frequent ventricular premature beats, and ventricular tachycardia
(VT) on electrocardiogram. Echocardiography may detect increased LV end diastolic diameter,
decreased LV ejection fraction, and elevated LV filling pressures, with abnormal Doppler
indices. Diffuse myocardial fibrosis may lead to impaired movement of the entire ventricular
wall. Presently, effective evaluation and detection of fibrosis includes use of EMB, CMR and

serum biomarkers of collagen turnover (148).

Serum markers

In recent years, galectin-3 and soluble ST2 have emerged as robust myocardial fibrosis
biomarkers (149). Galectin-3 is a reproducible marker for the detection of early cardiac
remodelling and is secreted by inflammatory cells and fibroblasts. Circulating levels of
Galectin-3 are associated with the degree of myocardial fibrosis (150). ST2, a member of the
interleukin-1 receptor family, exists in both a transmembrane and a soluble form. Interleukin-
33 (IL-33) plays a role in suppressing myocardial fibrosis and cardiomyocyte hypertrophy via
binding to the transmembrane ST2, whereas excessive soluble ST2 can attenuate the function
of IL-33, leading to myocardial fibrosis and ventricular dysfunction. Many studies indicate that

ST2 is associated with all-cause mortality and cardiovascular mortality (151).

MicroRNAs (miRNASs) are a cluster of short RNAs that regulate increased expression of

proteins involved in collagen synthesis. miIRNAs respond to ECM deposition and expansion
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by promoting either the degradation or the translational repression of their target mRNAs,
while playing a vital role in myocardial fibrosis regulation (152)(12).

Other serum biomarkers associated with myocardial fibrosis, as measured by histological
parameters and collagen volume fraction (CVF), are the carboxy-terminal pro-peptide of pro-
collagen type | and the amino-terminal pro-peptide of pro-collagen type I11. The disadvantage

of the use of these two biomarkers is their low specificity for cardiac fibrosis (153).

Endomyocardial biopsy

Previously, the only gold standard methodology available to assess myocardial fibrosis was
histopathology assessment of EMB or autopsy specimens. The methodology enables
qualitative macroscopic assessment after Masson’s trichrome staining (154), and quantitative
absolute assessment of the CVF. The CVF is the ratio of the sum of all connective tissue areas
over the sum of all connective tissue and muscle areas from averaged values of several
representative fields of the tissue section; and can detect the extent of myocardial interstitial
fibrosis (155). EMB has many disadvantages and risks as invasive biopsies may not detect
regional myocardial fibrosis (156). In clinical practice, according to moral and ethical

considerations, the use of EMB is not routine and not effectively applied.

Cardiovascular magnetic resonance

CMR is a noninvasive diagnostic tool that plays a key role in the assessment of cardiac
morphology and function, and provides a simple means of detecting myocardial fibrosis in a
variety of pathologies. CMR may be helpful in identifying and characterising myocardial
abnormalities and in assessing the effects of HIV on the myocardium. Two CMR techniques

are useful for detection of fibrosis: (1) LGE CMR and (2) T1 mapping.

Page | 36



Late gadolinium enhancement CMR

LGE is a well-established CMR technique widely used to evaluate ischaemic and nonischaemic
myocardial diseases (157). LGE can be used for accurate quantification and visualisation of
patterns of dense focal ECM deposition as seen in replacement fibrosis. The assessment of
myocardial fibrosis is best performed after injection of gadolinium contrast agent that reduces
the T1 relaxation time of myocardial tissue (74). Visualisation of fibrosis by CMR is based on
a greater distribution volume and slower washout of gadolinium contrast agents within tissue
with greater extracellular space due to oedema or fibrosis (158). Enhancement in CMR due to
myocardial fibrosis causes the enlargement of the extracellular space because of ECM
deposition and excessive retention of gadolinium. LGE imaging depicts the relative difference
in longitudinal recovery (T1) times between enhancing areas of fibrosis or scar (T1 shortened
due to accumulation of extracellular gadolinium contrast agent) and normal nulled myocardium
(longer T1 as gadolinium contrast agent is more rapidly washed out) (159).

The increase in gadolinium concentration within fibrotic tissue causes T1 shortening, which
appears as bright signal intensity in the CMR image. Different patterns of enhancement have
been reported, depending on the underlying aetiology (160) . For instance, in ischaemic
myocardium, the enhancement is either in the subendocardium or transmural, while in
nonischaemic myocardium, it can be in subendocardium, mid-myocardium, epicardium or
global in the following diseases: idiopathic dilated cardiomyopathy, myocarditis, hypertrophic
hearts, right ventricular pressure overload, sarcoidosis and Anderson-Fabry, Chagas disease,

amyloidosis, systemic sclerosis and post cardiac transplantation (161).

LGE has several limitations. First, it is not a quantitative technique: signal intensity is measured
using arbitrary units. Second the LGE myocardial fibrotic tissue is defined based on the

difference in signal intensity between fibrotic and normal myocardium and this difference
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generates the image contrast. So, LGE is incapable of absolute quantification of myocardial
scar and assessment of diffuse interstitial myocardial fibrosis. These limitations are overcome
by the myocardial T1 mapping, which enables direct signal quantification and characterisation

of myocardial tissue on a standardised scale (74).
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Figure 3.2(a) Pathological characteristics of fibrosis in heart tissues. In tissues, common
events lead to fibrosis progression (and regression). If the pathological stimulus is persistent
and the healing process is dysregulated, the continuous recruitment and activation of
inflammatory cells and myofibroblasts can result in fibrosis. Core features of fibrotic processes
that are shared by all these tissues include overproduction of cytokines, growth factors, ECM
proteins and ultimately the loss of architecture as well as function. Histological normal cardiac
tissue (b) and subtypes of fibrosis; Replacement fibrosis(c) Reactive interstitial fibrosis (d) and

correlation with CMR(162).

Page | 38



T1 Mapping

T1 mapping has been recognised as the elective noninvasive method to quantify diffuse
myocardial fibrosis. T1 mapping, by means of the multi breath-hold technique, is one of the
most commonly utilised methods for T1 quantification (163). It provides parametric maps
representing T1 relaxation times values (in milliseconds) on a voxel-by-voxel basis. A T1 map
is a two-dimensional slice image where each voxel of the image displays the T1 relaxation time
as signal intensity using a colour scheme for easier visual assessment. High T1 relaxation times
are observed in diffuse fibrosis, protein deposition, and interstitial water as in oedema (164).
Low T1 values are seen in iron or lipid deposition (165). T1 relaxation time is based on cellular
and interstitial components of the myocardium. Native myocardium with ischaemic scar shows
longer T1 values compared with unaffected remote myocardium. After contrast administration,
regional and diffusely scarred myocardium shows longer T1 relaxation and delayed
normalisation of T1 times with gadolinium washout. Whereas these observations show the
potential of T1 mapping for the evaluation of myocardium fibrosis, native and postcontrast T1
values provide indexes with high diagnostic accuracy for the discrimination of normal and
diffusely diseased myocardium. T1 mapping allows for the accurate quantitation of diffuse and
infiltrative interstitial fibrosis (166). Normal ranges reported for native myocardial T1 values
at 1.5 T using the MOLLI sequence are from 930 to 990 msec (167). Native T1 mapping is
more useful in the case of ECM expansion induced by diffuse fibrosis (e.g. interstitial fibrosis
in hypertrophic cardiomyopathy and dilated cardiomyopathy), than by focal fibrosis

(replacement fibrosis, infarction scar) (168).
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ECV quantification and ECV mapping

ECV is considered as a marker of myocardial tissue remodelling and provides a physiologically
intuitive unit of estimation. Standard gadolinium-based contrast agents are appropriated all
through the extracellular space and shorten T1 relaxation times of myocardium proportional to
the local concentration of gadolinium [2]. Regions of fibrosis and scar will hence show shorter
T1 relaxation times, in particular after contrast administration.

The ECV technique introduces a potentially important new method to examine the myocardium
because it is sensitive to the distribution within the LV myocardium of cellular and extracellular
interstitial (ECM) compartments. Alterations in these compartments occur from different
physiologic and pathophysiologic biologic processes (138). The interstitial space can be
assessed directly using standard gadolinium chelates but these low-molecular weight, purely
extracellular agents are small enough to pass across the vascular wall into the extracellular
space, yet are large enough not to be able to penetrate cells with intact membranes. They
accumulate passively in the gaps between cells through post-bolus tracer kinetics and the
increased ECV of interstitial expansion in "scar™ tissue (169). The ECV of the myocardium
reflects the volume fraction of heart tissue that is not taken by cells. ECV maps can also be
generated on a pixel-wise basis if native and post-contrast T1 images are co-registered,
quantified, and adjusted for the haematocrit (170). Expansion of the myocardial ECV
represents a nonspecific increase in free water in the myocardium and occurs in a variety of
pathologies, including focal and diffuse fibrosis, oedema, and amyloidosis. In the absence of
amyloid or oedema (171), expansion of the myocardial collagen volume fraction is responsible
for most ECM expansion which culminates in mechanical, electrical and vasomotor
dysfunction. Fibrosis is associated with a few conditions and is considered to represent a final

common pathway of myocardial disease from a variety of insults.
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As published recently, ECV correlated with the degree of LV myocardial fibrosis percentage
only in patients without inflammation, not in those with inflammation. In cases of
inflammation, ECV correlated with results from T2 mapping. ECV correlated significantly
with fibrosis in the T2 < 59 ms but less so in those with T2 > 59 ms (172). This is of relevance
because ECV does not measure CVF itself but is affected by extracellular oedema and

hyperaemia, both of which are seen in myocardial inflammation.

Hypotheses and aim

Aim

The main aim of this project was to investigate the role of ART on modulating diffuse
myocardial fibrosis in HIV infected patients, by assessing differences in native T1 and ECV
between ART-treated and untreated HIV infected patients.

Hypotheses

The first hypothesis for this study was that diffuse myocardial fibrosis would be more severe
in ART naive patients and that the use of ART would be associated with regression in diffuse

myocardial fibrosis in HIV-infected patients.

A second hypothesis of this study was that diffuse myocardial fibrosis in HIV would be

related to duration of HIV infection and nadir CD4 count.
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Chapter 4: Materials and Methods

Ethics

Local institutional ethics committee (University of Cape Town Human Ethics Research
Committee and Groote Schuur Hospital Research Ethics Committee) approval was obtained
for the studies in this project, as they involved human subjects. All study participants gave

written informed consent prior to participation.

Patient population

A total of 44 patients (22 males, average age of 39 £ 9 years, average heart rate of 82 £17 beats
per minute) were examined under the approved protocol. Patients were recruited from the
general medical wards and outpatient clinics at Groote Schuur Hospital. There were two study
groups:

Group 1: HIV infected patients receiving ART (n = 25 cases)

Group 2: HIV infected patients not receiving ART (n = 19 cases)

Inclusion and exclusion criteria
The inclusion criteria were:
e A confirmed diagnosis of HIV infection
e Age >18 years
e Treated group must have been on ART for >1 years

e Untreated group were ART naive

The exclusion criteria were:
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e Contraindications to MRI

e Glomerular filtration rate <30ml/min
e ALT>2x the upper limit of normal

e Non-sinus rhythm

e Claustrophobia in patients

Study design

The study was a cross-sectional study, with patients in the two groups assessed at a single time
point.

All research was conducted at Groote Schuur Hospital, Cape Town, South Africa. Subjects
collected from hospital inpatients and from infectious diseases clinic and were assessed for
suitability to undergo CMR prospectively. All subjects, included in this study, should not have
any cardiac problems previously and during our study. Additionally, those with previous
clinical CMR imaging were invited to participate. For the evaluation of differences between
two subjects groups with and without ART, subjects with ART should be under treatment for

not less than one year. There were two components to this study.

The first part was assessed cardiac fibrosis as with CMR, utilizing novel tissue characterization
software. The second part was to investigate the relationship between ART treatment and
myocardial fibrosis. Informed consent was obtained from all participants, and the study was

conducted under the guidelines of the Groote Schuur Hospital Ethics Committee.

Cardiovascular magnetic resonance
Magnetic resonance imaging (MRI) is one of the important technological advances of the 21
century. CMR is a robust and reproducible technique, which is noninvasive and does not

involve any ionising radiation. It has very high spatial and temporal resolution and has become

Page | 43



a complementary imaging modality for several cardiovascular conditions. Moreover, CMR is
the gold standard technique for assessment of biventricular structure and function (e.g.
volumes, ejection fraction and wall motion abnormalities), myocardial mass, and myocardial
viability. CMR plays a crucial role within the morphologic and functional assessment of CVD.
High spatiotemporal resolution, inherent contrast resolution, wide field of view (FOV) and
multiplanar imaging capabilities make CMR an ideal tool for the investigation of

cardiovascular diseases.

Basic of physics of CMR

A nucleus with odd number of protons and/or odd number of neutrons possess angular
magnetic moment, and can create an electromagnetic field, as discovered by Bloch (173). Such
nuclei are referred to as "spins”, and their magnetic moment are represented by a magnetisation
vector for convenience (Figure. 5.1). The hydrogen nucleus has a single proton and is most
frequently imaged in MRI because of abundant water in the human body. Other popular atoms
include 3'P, 3!C, and °F which are useful for studies on cellular metabolism. MR images are
formed based on the interactions between “spins” and three external magnetic field
components: a strong static field (B0), a radiofrequency (RF) field (B1:), and linear gradient
fields (Gy). (174)

In the absence of static field (B0), the axes of spin magnetic moments are arranged in a random
way so that their net moment is zero. However, when an external magnetic field (B1) is applied,
they align either with (parallel) or against (antiparallel) the external field. The preferred state
of alignment is the one that requires the least energy: that is, parallel to BO. Accordingly, more
protons align with B0 than against it. The difference in the number of protons aligning parallel

and antiparallel to BO is typically very small but ultimately depends on the strength of BO as
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well as the temperature of the sample. The difference in spins aligned in the two directions will

create net magnetic moment, which is called polarisation (Figure 5.1).

The polarisation phenomenon is like the alignment of a compass needle by the earth’s magnetic
field. Each magnetic spin not only spins around its own magnetisation axis, but also precesses

around the axis of Bo. The speed of precession, that is, how many times the protons precess per

second, is measured as the precession frequency (also named the Larmor frequency, (Mo, in

MHZz) and determined by the Larmor equation:
wo = YBo (1)
Where v is a constant for a nuclear species (e.g. hydrogen) termed the gyromagnetic ratio. Its

value for the proton is 42.6 MHz/T. The Larmor equation indicates that precession frequency

is proportional to the strength of the magnetic field.

695
\ | > ‘¢¢¢‘
!tb * ¢ 0

Absence of static field BO Presences of static field BO

Figure 5.1 Nuclear spins with and without a static field (175).
https://wikidoc.org/index.php/Basic_MRI_Physics

In CMR, the pixel signal intensity is based on the relaxation of hydrogen nuclei protons in the

static magnetic field, of typically 1.5 or 3.0 Tesla scanners. The relaxation of the hydrogen
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nucleus proton is specifically characterised by 3 distinct MR parameters: (1) the longitudinal
relaxation time (T1) or spin-Ilattice relaxation time that corresponds to the specific time decay
constant when the proton recovers 63% approximately of its longitudinal magnetisation
equilibrium value; (2) the transverse relaxation time (T2) or spin-spin relaxation time that
corresponds to the specific time when the proton transverse magnetisation drops to
approximately 37% of its original value; and (3) , proton density (PD), which explains the pixel
signal intensity as the density of mobile hydrogen atoms within the tissue voxel or proton

density. Both of those T1 and T2 times are measured in milliseconds.

Both T1 and T2 relaxation times depend on the molecular environment of the water molecules
in the tissue and therefore characterise each tissue specifically. T1 and T2 relaxation times vary
significantly from one type of tissue to another, but also within the same tissue depending on
its physiopathological status (e.g., inflammation, oedema, and fibrosis). The CMR techniques
used will also result in different contrast images. Specific CMR sequences can be used to
selectively reveal certain molecular environments within the tissue. Those differences are

further enhanced with the use of gadolinium extracellular magnetic resonance contrast agents.

The CMR protocol

Patients were recruited for enrolment into the study. Informed consent was obtained
from all patients. Patients underwent CMR imaging at CUBIC UCT centre on a 3T
Skyra (Siemens, Erlangen). A large 18-channel flex coil was placed over the abdomen
and chest and used simultaneously with the 32-channel spine array coil. After
standardised patient-specific planning, a stack of breath-hold short axis balanced
steady-state free precession cine slices covering the LV was acquired for

quantification of volume, mass and EF.
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The CMR protocol was as follows (Figure 5.2):
1. Localizers
2. Haste
3. Long axis and short axis cines
4. T1&T2 weighted imaging
5. Cine tagging
6. LGE

7. Postcontrast T1 mapping

W

STIR

Figure 5.2 Different CMR sequences used and analysed

NATIVE
T1

For post processing analysis of the images, the following software programs were utilised:
1. CVI42

2. Siemens ARGUS VE11D
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Analysis of CMR images

Cine images

Imaging parameter were as follows: balanced steady state free precession (bSSFP) cine
imaging (Figure 5.3) in short- and long-axis views with typical parameters: acquisition
matrix = 139%208, repetition time =45 ms, echo time=1.67 ms, flip angle =44°, voxel

size =1.7 x 1.7x8 mm®, slice thickness = 8 mm, inter-slice gap = 1.2mm.

The sequence protocol was prefaced by survey images in coronal, sagittal, and transverse
orientations. Retrospectively gated steady-state free precession cine images were acquired in
vertical long-axis (VLA), horizontal long-axis (HLA), and short-axis (SA) orientations at 3

Tesla (Figure 5.3). Analysis of LV and RV functions was performed using CV142 software.

(a) (b) (©)

Figure 5.3 Cines images of (a) four chamber, (b) three chamber and (c) two-chamber views.

Using a segmented approach, data was acquired over 10 — 15 heart beats to build up 20 images
throughout the cardiac cycle at a single imaging plane. Therefore, the acquisition of each

imaging slice required a 5 to 15 second breath-hold to avoid respiratory motion artefacts. Ten
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to fifteen short axis imaging slices were normally acquired to cover the entire LV. An entire
stack of wall motion images took approximately 10 minutes to acquire, allowing for some rest
time between successive breath-holds. The spatial resolution of cine MRI was typically on the
order of 1.7x 1.7 x 8 mm?, which was adequate to detect abnormalities in the thickening of the
myocardial wall.

LV short axis epicardial and endocardial borders were manually contoured at end-diastole and
end-systole. LV end systolic (LVESV) and end diastolic (LVEDV) volumes were used to
calculate stroke volume (SV) and ejection fraction (EF): (EF = SV/EDV). Myocardial mass
was also calculated by subtracting the endocardial volume from the epicardial volume, based
on prior knowledge of myocardial specific gravity. Same to right ventricle (RV) but only

contouring endocardium (see Figure. 5.4).

Figure 5.4 Images of a human left ventricle acquired using CRI. Shown are 8 (a-h) of the 20
acquired images at different phases of the heart cycle of a single short-axis slice. Each image
is acquired at an effective temporal resolution of 50 ms. Image (a) shows the heart at end-

diastole, while image (e) shows the heart at end-systole.
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The endocardial (inner) and epicardial (outer) contours drawn on the end-diastolic and end-
systolic frames define the varying thickness of the LV wall, and are used to calculate the

ejection fraction and the LV volumes and mass.

T1- and T2-weighted images

Quantitative analysis was performed by comparing the LV myocardium in short axis against
adjacent skeletal muscle in the same slice in T1&T2 weighted, verified on a corresponding
balanced steady state free precession (SSFP) image. The signal intensity (SI) ratio was defined
as (SI myocardium/SI remote skeletal muscle). Myocardial oedema was diagnosed when
myocardial T2 Sl ratio was >1.9. Care was taken to exclude nonsuppressed blood pool signal
due to slow flow adjacent to the sub endocardium and to avoid using areas with abnormally

low signal for normalisation.

LGE images

Patients received a total of 0.2 mmol of gadolinium diethylene triamine penta-acetic acid (Gd-
DTPA) per kilogram of body weight intravenously. The LGE images were acquired with a T1-
weighted segmented inversion recovery turbo fast low-angle shot sequence with the following
parameters: acquisition matrix =140 x 256, inversion time individually chosen on TI scout,
repetition time=750 ms, echo time=1.96ms, flip angle=20° pixel or voxel
size=1.4 x 1.4x8 mm®, slice thickness =8 mm, inter-slice gap=1.2 mm; after a 6-minute
delay of administration intravenous administration of gadolinium . The inversion time (T1) was
adjusted for optimal nulling of normal myocardium. Usually, gadolinium contrast agents
reduce the T1 relaxation time of adjacent tissue. Based upon various specific properties of the
tissue the T1 shortening induced by the gadolinium will generate specific differences in signal

intensity.
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Images of the LV (whole short axis slice from base to apex were acquired at increasing
inversion times (TI) starting at 300 ms and increasing to 400-450 ms for the final image. At
short inversion times, image acquisition was quick, and multiple images could be obtained in
a single breath-hold. With increasing Tls, duration of image acquisition increased, limiting data
acquisition in a single breath hold. Images were evaluated qualitatively for the presence or
absence, pattern (subendocardial, mid-wall, subepicardial, and transmural) and regional
distribution of LGE areas. Quantitative analysis was performed by manually contoured LV
epicardial and endocardial to draw (ROI) and comparing normal myocardium to evaluate

volume fraction of LGE (Figure 5.5).

Figure 5.5 Quantification of LGE volume fraction for region of interest

T1 mapping

The technical protocol for T1 mapping requires a series of images using different inversion
times to derive a T1 recovery curve resulting in a map that describes the relaxation value on a
pixel-by-pixel basis. Multiple technical approaches are currently available to obtain a T1

mapping study, all of them derived from an electrocardiographically gated inversion-recovery
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(IR) sequence, including the Look-Locker (LL) sequence, the modified LL inversion-recovery
(MOLLI) sequence (176), and the shortened MOLLI (ShMOLLI) sequence (177). Recently,
other sequences for T1 mapping were introduced such as saturation recovery single-shot
acquisition (SASHA) and saturation pulse prepared heart-rate-independent inversion recovery
(SAPHIRE) (178). In this study, we used the MOLLI sequence which allows accurate and
reproducible in vivo measurement and T1 mapping of myocardium with high spatial resolution
within a single breath-hold. T1 mapping (including native T1, postcontrast T1, and ECV) and
has ability to accurately quantify of diffuse and infiltrative interstitial fibrosis, where the
apparent increase in interstitial space is not observable using LGE, owing to its lack of

sensitivity to detect this size and pattern of fibrosis.

Native T1

The native T1 is obtained without administration of contrast material and reflects a composite
of both intra- and extracellular compartments which shows cellular and extracellular portions
of the myocardium (179). Noncontrast native T1 relaxation time is emerging as a viable
alternative to gadolinium contrast use when gadolinium contraindicated because of renal
impairment (180). The native T1 value can change in processes such as intracellular lipid
accumulation, iron overload, and interstitial fibrosis and oedema (181) . One of the advantages
of this modality is that is can be performed safely on patients with advanced kidney failure and
pregnant women. Myocardial native T1 times have been shown to be significantly higher in
haemodialysis patients compared to control subjects (182). Native T1 has similar ability for
predicting histological CVF as ECV (183). Many factors affect native T1 values, including the
field strength used (e.g., 3T versus 1.5T) and pulse sequence used to estimate T1 (e.g., MOLLI

versus ShMOLLI) (184).
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Postcontrast T1 mapping and extracellular volume (ECV) fraction

T1 mapping performed after administration of gadolinium-based contrast medium, shortens T1
relaxation times and reveals myocardial properties mostly at the cellular level. Although
providing increased signal, these postcontrast T1 values need to be corrected for a range of
factors including T2 time, individual variation in gadolinium Kinetics and time from contrast
medium administration to imaging. Gadolinium concentration has a strong nonlinear
relationship with the R1 relaxation rate (1/T1) and measuring the change in T1 in both the
myocardium and blood pool following contrast medium administration allows the

concentration of gadolinium in these compartments to be estimated.

The ratio of myocardial contrast medium concentration to blood concentration is termed the
partition coefficient (1) and corrects for many of the above confounders. At contrast
equilibrium, the gadolinium concentration will be equal in the myocardium and blood pool.
Knowing the blood volume of distribution (1-haematocrit) allows the myocardial volume of
distribution to be calculated as a surrogate for the extracellular space, defined as the ECV.
Normally, cardiac ECM is a complex network of fibres made from structural and nonstructural
proteins, among which myocytes, fibroblasts, immune cells and vascular cells can be found.
ECV is defined as a coefficient of the changes in T1 in tissue and blood before and after contrast

injection.

The absolute fibrosis volume can then be calculated by multiplying the ECV by the end-
diastolic volume (185). Postcontrast T1 mapping is used for mostly calculating the ECV
fraction in combination with native T1. ECV mapping has been used for quantification of both

focal and diffuse myocardial fibrosis (186). The advantage of this type of methodology is that
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it minimises systematic errors in technique, enables better comparison of scans at different time

points.
Partition coefficient ( 4) AR1myo/AR1blood
ECV (1-haematocrit) - (AR1myo/AR1blood).
Fibrosis volume ECVx(LV MASS/Myocardial density)

AR1= (1/postcontrast T1-1/precontrast T1)

Myocardial density = 1.05 g/ml (187)

There are several factors that influence the specific T1 values measured during scanning,
including the image acquisition protocol, postprocessing, scanner magnetic field strength (T),
contrast medium dose, and time delay to postcontrast imaging. Normal ECV values of 25.3 +

3.5% [1.5 T] have been reported in healthy individuals (188).

T1 mapping in this study was obtained with a Modified Look-Locker Inversion recovery
(MOLLI) with a 5(3)3 scheme in 3 single slices. Short axis orientation (base, mid and apex)
before (T1 native) and 15 min after intravenous contrast agent injection with the following
parameters: acquisition matrix = 144 x 256, echo time = 1.12 ms, repetition time = 280.56 ms,
flip angle = 35°, pixel size = 1.41 x 1.41mm?, slice thickness = 8 mm. Quantitative analysis was
performed using native T1 and LGE T1 (postcontrast T1) images by manually contoured (ROI)

area and blood pool area. The estimation of ECV was calculated by used the equation:
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ECV (2)
= (1 — haematocrit)

1 1
post — contrast T1 myocardium ~— pre — contrast T1 myocardium
1 1
post — contrast T1 blood — pre — contrast T1 blood

A region of interest (ROI) in the septum was chosen for estimation of noncontrast T1 (T1mve),
postcontrast T1 (T1%°"%) and ECV, as previously described (189). Care was taken to avoid
the endocardium/blood pool interface. If regional enhancement was seen in the septum on the

LGE image a septal ROl was chosen adjacent to the enhanced region for T1 mapping analysis

(Figures 5.6 and 5.7).

(a) b
Figure 5.6 Contouring of native T1(a) before contouring (b) conto(w)ing native T1 by using

cvi 42 software with value 1210420
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(@) (b)
Figure 5.7 Post contrast T1 mapping (a) before contouring (b) after contouring by use cvi 42

with value 61510

T2 mapping

T2 mapping, as shown in Figure 5.8, was performed before contrast injection in a single slice,
free-breathing, navigator-gated, multi-echo sequence in basal, mid-LV and apical short-axis
slices using a 3-point T2-prepared bSSFP sequence with the following CMR parameters:
acquisition matrix=116%x192, echo time=1.32 ms, repetition time=207.37ms, flip

angle =12°, pixel size =1.9 x 1.9mm?, slice thickness =8 mm.

Figure 5.8 CMR T2 mapping image by use cvi 42 with value of 3914
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Data statistical analysis and reporting

The data was either binary/categorical and some measured on a continuous scale. Summary
statistics were reported for each CMR assessment variable for group 1 and 2. Normality of data
was tested using the Kolmogorov-Smirnov test. Normally distributed data was presented as
mean + standard deviation (SD) or, where highly skewed, as median (interquartile range). Non-
parametric data was presented as numbers (percentages). The chi-square test or the Mann-
Whitney U test was utilised for non-parametric data. Unpaired samples between groups was
assessed by the unpaired 2-tailed Student t test. Correlation was assessed using the Pearson
“R” and Spearman “RS” coefficient, as appropriate. All statistical tests were two-tailed, with
p-values of less than 0.05 considered statistically significant. All analysis was performed using

STATA version 12.1 (Lakeway Drive, College Station, Texas 77845 USA).
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Chapter 5: Results

In this study we aimed to study the effect of ART on diffuse myocardial fibrosis in HIV
infection. A total of 44 patients who were HIV infected were evaluated. There were 25 patients
not on ART, and 19 who were receiving ART. The clinical characteristics of the study

population, from the 44 patients, are summarised in Table 1.

There were no differences in age, sex, body mass index heart rate, haematocrit, renal function
and duration of HIV disease between HIV infected patient on ART and those not receiving
ART. All patients in both groups had no previous history of heart disease.

Table 1: Demographic characteristics separated by HIV infection status

HIV infected on | HIV infected not P-value
ART (n=25) on ART (n=19)

Age, years 40+9 36+8 0.13
Male / Female 15/10 7112 0.68
BMI, kg/m? 24+7 278 0.29
Heart rate 80+15 84+19 0.44
Haematocrit, % 34+6 32+7 0.35
Creatinine, umol/1 74+17 85+60 0.34
CD4 account cells/pl 3374341 132+121
Duration of disease before ART 045 N/A B
commencement, months

Values are mean + SD or n (%). p-values of the direct comparison between HIV naive and HIV
on ART are shown in the last column, using Mann-Whitney U, BMI: body-mass-index, SD
Standard deviation.
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Table 2: CMR imaging parameters for left and right ventricular geometry and LGE

HIV infected on | HIV infected not P-value
ART on ART
(n=25) (n=19)
LV
LVEDV, ml 141450 136+39 0.705
LVEDV index, ml/m? 79425 74+19 0.461
LVESV, mi 67 (49-68) 61 (41-68) 0.532
LVESV index, ml/m? 38(28 -41) 33 (23 -40) 0.380
LVSV, ml 74+23 75421 0.798
LV Mass, g 106+28 103+30 0.724
LV Mass index, ml/m? 59+14 56+14 0.389
LVEF, % 54+11 5648 0.492
RV
RVEDV , ml 123+35 124+36 0.873
RVESV , ml 67124 64121 0.731
RVEF, % 4619 4816 0.420
LGE
no of patients with n=17 n=17
enhancement
Mid-wall, patchy | Mid-wall, patchy -
LGE pattern &linear &linear
Volume fraction LGE, % 33+9 32+10 0.933

LV left ventricular, EDV end-diastolic volume, ESV end-systolic volume, EF ejection

fraction.
Table 3 CMR Mapping Parameters (native T1, T1 contrast, ECV, T2)
HIV infected on HI1V infected not P-value
ART on ART
(n=25) (n=19)
-T1 native, ms 125946 1300458 <0.011
-T1 contrast 646161 651+65 0.771
-ECV 31+5 3245 0.596
-T2, ms 40+4 42+4 0.159

ECV extracellular volume fraction.
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Figure 6.1 Two patients with HIV without treatment (left) with treatment (right), (a) Native
T1 images, (b) Postcontrast T1, (c) Native T2, (d) LGE
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Fig. 6.1 shows examples of myocardial T1 mapping in a patient with HIVV (32 year old female,
newly diagnosed HIV infected and not on ART on the left panel) and a patient with HIV (28
year old male with 5 years infected with HIV, on ART for years on the right panel). On the
first row, native T1 maps measured 1476+145 ms in the patient not on ART, and 1360+114 ms
in the treated patient. On the second row, postcontrast T1 times were measured 749+34 ms in
the untreated patient and 647+50 ms in the treated patient. On the third row, T2 relaxation times
were measured 45+9 ms and 43+5 ms, respectively. Corresponding LGE images are shown in

the fourth row without enhancement in both images.
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Figure 6.2 Graphs illustrate no correlation between native T1 values and indexed end-
diastolic LV volume in the HIV positive patients without and with ART treatment subjects.
As shown in Figures 6.2 and 6.3 there was a no clear significant relation between native T1
values and indexed end-diastolic ([R?=0.12, p-value > 0.1 (with ATR)] and [R?>= 0.1, p-value
> 0.1 (without ART)]), as well as between native T1 and indexed end-systolic volumes ([R?=
0.0828, p-value > 0.1 (with ART)] and [R?=0.219, p-value > 0.1 (without ART)]). Also, there

was no correlation between native T1 values and LV mass index as shown in Figures 6.4 for
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both HIV infected persons without (R?= 0.0002 and p-value>0.1) and with (R?=0.016 and p-

value>0.1) ART, respectively.
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Figure 6.3 Graphs illustrate no correlation between native T1 values and indexed end-

systolic LV volume in the HIV positive patients without and with ART treatment subjects.
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Figure 6.4 Graphs illustrate no correlation between native T1 values and LV mass index
without ART and with ART.
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The lack of correlation between the fibrosis volume and LV ejection fraction is plotted in
Figures 6.5 for the patients without (R?=0.17 and p-value>0.07) and with (R?= 0.1155 and p-
value>0.1) ART treatment, respectively. For HIV infected patients without ART treatment,
the LV ejection fraction decreases with increasing fibrosis volume (Figure 6.5) but for ART

treatment has stabilised the effect of the cardiac fibrosis on LV ejection fraction.
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Figure 6.5 Graphs illustrate no correlation between LV ejection fraction with fibrosis volume
without ART and with ART.

The native T1 is plotted versus LV ejection fraction in Figure 6.6. There was no significant

relationship between native T1 and LV ejection fraction.
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Figure 6.6 Graphs illustrate the correlation between native T1 values and LV mass index
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Figure 6.7 Graphs illustrate the correlation between native T1 values and fibrosis volume
without ART with ART.
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Figure 6.7 shows the plot of the fibrosis volume versus native T1 where the native T1 trend is
increasing with the volume of fibrosis, but this does not reach statistical significance. If we
compare the Figs. 6.7, we conclude that there is no significant effect of ART on the fibrosis
volume (p-value>0.1) where the mean values of fibrosis volume are 31 mL and 30 mL for

naive and ART case, respectively.

For more investigation of the effect of ART on diffuse myocardial fibrosis, we plotted the
correlation between ECV and CD4 nadir as shown in Figures 6.8. From those correlations, we
can confirm that the ART has no significant effect on myocardial fibrosis for the HIV infected
patients. While there was a trend for decreasing ECV with increasing of nadir CD4 count, this

did not reach statistical significance — see Figures 6.8.
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Figure 6.8 Correlation between ECV and CD4 nadir without ART and with ART
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Chapter 6: Discussion

In this work, we assessed the impact of ART on diffuse myocardial fibrosis by using CMR.

The novel key finding of this study is that native T1 and ECV were elevated in HIV infected
patients on ART and in those not yet commenced on ART. The use of ART for over a year was
associated with a mild regression in diffuse myocardial fibrosis, as assessed by native T1 values
that is lower in patient on ART. Yet, it is still difficult for us to confirm the reason of why T1
values is less for the patients on ART. Native T1 mapping has been utilised for the study of
different cardiac conditions that lead to diffuse myocardial fibrosis, including aortic valve
stenosis (190), arterial hypertension (191), regurgitant lesions (192), hypertrophic
cardiomyopathy and dilated cardiomyopathy (179) . Even though myocardial native T1 values
reflect the total composite signal of both intracellular and extracellular compartments, most
studies found a significant increase of myocardial T1 values in cardiac diseases with diffuse
myocardial fibrosis as compared with T1 values in healthy control subjects. Similarly,
increased native T1 values have been reported in patients with asymptomatic aortic valve
stenosis (193). Myocardial fibrosis, which has been shown to be a consequence of several
chronic inflammatory conditions as well as traditional cardiovascular risk factors (194), is
recognised by an accumulation of collagen and has been identified as a contributor to diastolic

dysfunction, heart failure, and sudden cardiac death (195).

Native T1 and ECV are the two indices that have been the main focus of clinical research
interest in order to obtain better myocardial tissue characterisation. The native, post contrast
myocardial/blood T1 values and haematocrit level is used to obtain the ECV based on an
important assumption that the contrast concentration reaches equilibrium between blood and
tissue. It has been well validated against histological measures of interstitial fibrosis and has
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been shown to be a sensitive and robust measurement of collagen volume fraction, whereas

post contrast T1 is more susceptible to contrast Kinetics (196).

The wide accessibility of ART has decreased AlDS-related complications and deaths. In the
pre-ART era, histopathologic findings of myocarditis were reported in >50% of necropsy
studies in patients who died from AIDS (197). Studies examining cardiac fibrosis due to
myocardial inflammation in patients receiving ART are rare. In one study (42), HIV infected
persons were associated with a significantly increased incidence of diffuse rather than focal
myocardial fibrosis. In addition, both systolic and diastolic strain and strain rates were impaired
(198). However, the relationship between fibrosis in treated and untreated HIV infected

patients has not been studied before.

In this cross-sectional study, we evaluated whether ART is related to cardiac fibrosis in HIV
infected patients. It still not fully understood if there is correlation between ART and diffuse
myocardial fibrosis. From global analysis, we found that diffuse myocardial fibrosis was not
different between patient group with ART and without ART.

The novel key finding of this study is that native T1 and ECV were elevated in HIV infected
patients on ART and in those not yet commenced not on ART. The use of ART for over a year
was associated with a mild regression in diffuse myocardial fibrosis, as assessed by native T1
values that is lower in patient on ART. Yet, it is still difficult for us to confirm the reason of

why T1 values is less for the patients on ART.

However, there were no differences between the two groups in the ECV, though the trend was
also for lower ECV values in the treated patients. Both ECV and native T1 had no significant

relationship with disease duration nor nadir CD4 count. We also assessed the relationship
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between myocardial fibrosis and LV remodelling, but could not demonstrate a significant
association, perhaps due to the cross-sectional nature of the study. To the best of our
knowledge, this is the first and largest study on the extent and impact of ART on diffuse
myocardial fibrosis in HIV using CMR. This study has implications for clinical practice and
showed that ART may stabilise myocardial fibrosis and that CMR may be used to
noninvasively track burden of focal and diffuse myocardial fibrosis in HIV. Our study confirms
the previous report by Ntusi’s group which obtained a little bit negative correlation between
LVEF and Cd4 count nadir (R=-0.23, p=0.03). Furthermore, no associations were obtained
between imaging findings and: HIVV medication, HIV RNA levels, CD4 nadir or CD4 count

(38).

Our findings suggest that CMR without the utilisation of gadolinium-based contrast material
may enable precise assessment of diffuse myocardial fibrosis, using native T1 mapping, and
that this strategy can be utilised to anticipate the level of subclinical ventricular remodelling
and response to therapy. The prognostic effect of estimating native T1 and its relationship with
cardiac function in patients associated with having myocardial fibrosis needs more evaluation

in future research.

The regression of diffuse myocardial fibrosis assessed with native T1 values was weakly
correlated with the ART treatment in HIV positive patients. In general, cardiac fibrosis can be
observed more frequently in patients with HIV infection, however, the total volume of fibrosis
is relatively low compared to fibrosis in cases of ischemic heart diseases. In our study, there
was a nonsignificant difference of ECV values between both patient groups, an indirect

measure of diffuse interstitial myocardial fibrosis.
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The mechanisms of HIV-associated myocardial dysfunction and fibrosis remain unclear, but
the pathogenesis is likely multifactorial: first, subclinical coronary atherosclerosis (199), as
well as an increased arterial stiffness (200), have been frequently reported in HIV-infected
patients. The findings from this study can provide additional information to the field: ART may
influence improving HIV-associated CVD by altering myocardial tissue properties, which
include myocardial fibrosis.

Because of the observational and explorative study design, our study has several limitations.
This study was performed by using clinical validation for patients diagnosed with HIV. We
planned to scan 25 patients without ART, but the national treatment program, for good reasons,
has made it difficult to recruit this cohort in our setting. Hence, this study had small numbers.
Despite these limitations, these data advance the field and provide justification for using ART,
which may stabilise diffuse myocardial fibrosis in HIV. Another major limitation is the fact
that the patients on ART were not followed up to establish a causal link between ART use and
regression of diffuse myocardial fibrosis. It is possible that the reduction in native T1, may not

only indicate reduced diffuse fibrosis, but also decreased subclinical myocardial inflammation.

Another study will be needed with a much longer follow-up (3 years) to show a more overt
difference in diffuse cardiac fibrosis with ART. In brief, our finding suggest that ART doesn’t
have any effect on diffuse myocardial fibrosis within period not less than 1 year on treatment.
In future, a larger population at a longer follow-up will be interesting to study the temporal
evolution of diffuse myocardial fibrosis. Also, advances in image post-processing have opened

new perspective for cardiac MRI.
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Chapter 7: Conclusions

The fundamental role in the pathogenesis of heart failure is myocardial fibrosis. Identification
and quantification are fundamental for understanding mechanisms of symptoms,
prognostication and to improve risk stratification. Previously, this has only been possible with
histopathological analysis, with serum biomarkers and echocardiographic parameters unable
to provide the diagnostic accuracy required for clinical and scientific application.

Cardiac magnetic resonance imaging provides detailed myocardial tissue characterisation,
revolutionising non--invasive analysis of cardiac disease. This methodology has turned into the
accepted gold standard for structural and functional cardiac assessment, and we now can
visualise the myocardial tissue in an unprecedented detail. Late gadolinium enhancement is
established, robust tool to visualise myocardial infarction and predicts recovery of function
following revascularisation. Its presence is assumed to identify myocardial scar in non-
ischaemic cardiac diseases, with distribution often a key indicator of aetiology.

8.1 Original contribution

To the best of our knowledge, this is the first study to assess the impact of ART in HIV infected
patients on diffuse myocardial fibrosis using CMR. We show, for the first time, that ART may
result of a regression of diffuse myocardial fibrosis and/or myocardial inflammation.

The results chapter in this thesis have demonstrated that these primary aims have been
achieved.

The results have shown that quantitative myocardial tissue assessment using T1 mapping is an
independent predictor of cardiac fibrosis with ratio comparable to scar or grey zone
quantification detected by conventional LGE-CMR in non-ischemic cardiomyopathy.

Also, Chapter 6 revealed some of the important limitations of T1 mapping in term of imaging.

It demonstrated that the pre-contrast and post-contrast T1 maps derived from MOLLI and more
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specifically the R1(1/T1) and rAR1 (R1,pre-R1,post/R1,pre) values could be used for
characterisation of different myocardial tissue sub-type in patients with ischaemic
cardiomyopathy.

Both LGE and postcontrast T1 mapping recognise myocardial fibrosis. Although, it is likely
that diffuse interstitial fibrosis and regional replacement fibrosis will co-exist in many patients
with advanced cardiomyopathy, the physiological consequences might be expected to differ.
As expected with all new scientific developments, there is a transformative procedure to
optimise methodology and clinical application. This field keeps on being an extremely dynamic
research region, with the worldwide point to enhance our diagnostic ability and reduce
morbidity and mortality in those with cardiomyopathy. Hopefully, the work exhibited in this
thesis will contribute to this process, with ongoing research by the students, supervisors, their
extended research group and other independent researchers all contributing to advance our

understanding of myocardial fibrosis in heart failure.

8.2 Clinical perspective, implications and limitations

The findings from the thesis provides a potential information to the field of HIV-associated
cardiovascular disease by applying CMR imaging parameters to describe subtle differences in
myocardial tissue, which include myocardial fibrosis. We suggest that chronic inflammation in
the setting of treated HIV likely underlies the findings, which include structural and functional
differences and high levels of fibrosis in the setting of treated HIV.

Our study likewise confirms the previous reports of high rates of myocardial fibrosis in HIV.
Comparable findings have been reported in other chronic inflammatory conditions such as
rheumatoid arthritis.

Regional myocardial fibrosis, conventionally detected by LGE-CMR provides potential

substrate for the initiation and maintenance of ventricular arrhythmia. Myocardial tissue
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characterization using T1 mapping has emerged as a new CMR application, which has the
potential to overcome the limitations of conventional LGE-CMR techniques and characterize

diffuse fibrosis.

8.3 Future direction

Like with any rising method, we can just investigate the potentials of T1 mapping through a
better understanding of its limitations. However, differences in T1 mapping acquisition
sequences and protocols make the absolute T1 values difficult to compare across studies, the
evidence presented so far shows great promise for T1 mapping in becoming another
cornerstone in the clinical application of CMR, but it needs to be performed in rigorous
conditions with accurate post-processing registration in order to improve its efficacy.

Of course, with all new logical improvements, there is a developmental procedure to enhance
approach and clinical application. This field keeps on being an exceptionally dynamic research
zone, and more studies are needed to build up the” ideal” thresholding the values of diffuse and
regional fibrosis.

More studies are needed to build up the “ideal” thresholding values of diffuse and regional
fibrosis to enable the translation of noninvasive myocardial fibrosis quantification using LGE-
CMR and T1 mapping to the clinical management of patients at risk of life-threatening
arrhythmias or predicting CRT positive response.

It is hoped that the work presented in this thesis will contribute to this process, with ongoing
research by the candidate, supervisors, their extended research group and other independent
researchers all contributing to advance our understanding of the effect of ART on myocardial

fibrosis in heart failure for HIV positive patients.
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Appendices

1. Appendix A

Predictors of Diffuse Myocardial Fibrosis in HIV Infected Persons: A Multiparametric Cardiovascular
Magnetic Resonance Study

You are invited to take part in a research study. Before you decide, it is important for you to understand
why the research is being done and what it will involve. Please take time to read the following
information carefully and discuss it with friends, relatives and your doctor, if you wish. This leaflet
will tell you the purpose of the study, what will happen to you when you take part and gives you detailed
information about the conduct of the study.

Ask us if there is anything that is not clear or if you would like more information. Thank you for reading
this.

What is the purpose of the study?

Patients with HIV infection have increased scarring in the heart. Our previous research has shown that
the heart muscle of patients with HIV has increased scar, which is even higher in patients who have
previously been treated for tuberculosis of the heart. However, the causes of increased scar in the hearts
of patients with HIV are unknown. The purpose of the study is to use cardiovascular magnetic resonance
imaging (MRI) to study the nature and frequency of heart and blood vessel disease in people with these
conditions, to understand mechanisms of disease and the causes of increased scarring in the muscle of
the heart.

If you take part in this study, you will be seen at a visit, where you will be examined, have a resting
electrocardiogram (ECG), and be asked to provide us with a blood sample. We will also examine the
function of your heart and blood vessels with an MRI scan. You will not be asked to take any additional
long-term pill or alter your regular medication in any way.

Why have | been invited?

You have been invited because you suffer from HIV. A minimum of 50 participants will be invited to
participate in the patient group of this study.

Do | have to take part?

It is up to you to decide whether to take part. If you decide to take part, you are free to withdraw consent
at any time without giving a reason. Your decision will not affect the standard of care you receive. If
you decide that you no longer wish to continue with the study, we would still retain any data already
obtained from you up to the point of your withdrawal.

What would happen to me if | take part?

You would attend a visit that will last between 1.5 and 2 hours. At this visit, we will ask some general
questions about your health and regular medication. Next, we will do a brief examination that includes
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measurement of your pulse, blood pressure, weight and height. An ECG trace of your heart’s electrical
impulse will be done. After that, we will take a blood sample, and scan your heart and blood vessels
using non-invasive cardiac MRI. If your ultrasound or MRI scan suggests abnormalities, we will advise
your doctors to refer you to a cardiologist for review.

Below, all the above-mentioned tests are discussed in a little bit more detail:

Clinical assessment

The assessment will start by asking you a set of questions about your health and previous medical
conditions, using a structured questionnaire. The physical exam will include measurement of your pulse,
blood pressure, weight and height, as well as an examination of the cardiovascular and rheumatological
systems.

Blood tests (5-10 minutes)

If you haven’t had a blood test for kidney function in the last six months, or if we look at your medical
history and judge that you need a more recent test, we will take a small blood sample from you. This is
to check that your kidneys are functioning well and can process the contrast agents we use in some of
the scans. If your blood tests show reduced kidney function, you may not be able to take part in some
of this study. We will also take 20mls of blood from you, to measure the levels of certain blood-borne
substances and markers of inflammation.

The heart MRI scan (approximately 60 minutes)

The MRI scan of your heart will be the most important part of this study. MRI scans are painless but
involve the use of a strong magnetic field, so if you have any of the following, you would not be suitable
for a scan, and would not be able to take part in this study:

a permanent pacemaker - shrapnel injuries
metal clips in blood vessels of the brain - other metal or electronic implants affected
an injury to the eye involving fragments by the magnetic field
of metal - neurostimulators
cochlear implant
insulin pump

The MRI scanner is shaped like a polo mint, the hole inside measuring about 60-70 centimetres wide,
with a table that slides in and out. You will be asked to change into a hospital gown and to lie still on
your back on the table, while your heart is scanned. You will also be asked to breathe in and out and
hold your breath for several seconds for some of the scans. Pictures of the heart are created using a
magnetic field, radio waves and computers. When images are being taken, the MRI scanner makes a
loud noise, and you will be provided with earphones to protect your ears. It is important that you lie
still for the duration of the scan.
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Use of contrast dye (gadolinium)

To evaluate fully the blood circulation and your heart muscle for scarring and tissue characteristics we
shall inject some contrast dye, called gadolinium, through a drip in your arm.

The ECG (5 minutes)

We will take an electrocardiogram (ECG) of your heart. An ECG is a tool that uses surface electrodes
on certain points on your chest and arms to monitor the electrical properties of your heart. The ECG is
a non-invasive test and does not cause any harm.

Optional second heart MRI

Participants who are agreeable may be offered a second heart MRI scan, which is optional. These
participants may be invited to return for a second CMR study, at 3-5 years after the baseline scan. The
purpose of the second scan is to assess (1) the effect of treatment on heart and blood vessel structure
and function, (2) the natural history of heart and blood vessel involvement in these diseases, and (3) to
study cardiovascular outcomes in these clinical entities. It is important to note that the second MRI scan
will be identical to the first, and there no increased or additional risk from this.

Follow-up at 3 to 5 years

Participants will be followed up telephonically at 3-5 years to check on their health and whether they
have developed any cardiovascular complications related to their condition.

What about travel expenses?
We will reimburse travel expenses to and from the hospital. Lunch will be provided or reimbursed.
What will | have to do, if | agree to take part in this study?

1. Attend a visit at Groote Schuur Hospital for the assessment, blood tests and for the
scans.

2. Consent to taking part in this study by signing a form.

3. Undergo the procedures as described above.

Are there any other possible risks from taking part?

The scanning is done using an MRI scanner which is also used routinely in clinical practice to acquire
images of various body parts. MRI scans are safe, non-invasive and do not involve any ionising
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radiation (X-rays). Some people find the space limitation in the scanner uncomfortable, but you will be
given a chance to see the scanner to make sure that you are comfortable in it before the study starts. The
scan is noisy and we provide headphones to protect your ears. The whole time that you are in the scanner
you will be given a buzzer which you will be able to use at any time if you wish to stop the study. As
the scanner consists of a powerful magnet, it may attract certain metallic objects. You must not have a
scan if you have had metallic objects or medical devices (e.g. pacemaker) inserted into your body during
an operation. While MRI is safe in pregnancy, because this is a research study, as a precaution we advise
you to tell us if there is any chance you might be pregnant. The doctor or radiographer will go through
a list of possible risks with you before you go into the scanner.

In the unlikely event of us seeing any structural abnormalities on your MRI scan, a member of our
research team will discuss the implications with you, and, with your permission, your doctor may be
notified. However, it is important to note that we do not carry out scans for diagnostic purposes, and
therefore these scans are not a substitute for a clinical appointment. Rather, our scans are intended for
research purposes only. Some people find having a drip in their arm uncomfortable and there can be
bruising at the site of needle entry. Our staff is trained in drip insertion and we will make sure you are
as comfortable as possible.

Gadolinium, the dye used for the MRI scans, has been in clinical use for over 20 years. As the dye is
being injected, some people report a sensation of warmth at the injection site. It is unusual to feel pain,
and in this case, we would stop the injection immediately. Rarely, some people feel slightly nauseous
or have a metallic taste following the injection, but vomiting is exceedingly rare. Occasionally, people
have developed a rash; however, severe allergic reactions are very rarely. Again, this dye is injected
through a drip in the arm. There is no pain associated with the injection at the site. There is a small risk
(less than 1 in 1000) of an allergic reaction to the dye.

ECG and ultrasound are safe, non-invasive tests, with no known serious risks/harm. Rarely,
individuals having either test may develop an allergic reaction to placement of electrodes that
results in a mild rash. This rash disappears in a few days without any treatment.

It is important to note that in a large-volume MRI centre like Groote Schuur hospital, where our
experienced staff has been doing MRI scans for many years, the risk of harm from the MRI and other
tests is exceedingly small.

What are the possible benefits?

There is no direct benefit for you as an individual taking part in this study. We hope that by studying
people with your condition using cardiac MRI, we may be able to improve understanding of this
condition and help to inform screening/treatment of future patients.

What happens when the research study stops?

The end of the study will not affect the care you receive from your doctors. The end of the study will
mark the official end of your participation in this project. Copies of any publications connected to this
study will be available on request from Prof. Ntusi.

Will my taking part in the study be kept confidential?

Yes. We will follow ethical and legal practice and all information about you will be handled in
confidence. If you take part in the study, some of the data collected from the study would be looked at
by authorised persons from the University of Cape Town, to check that the study is being carried out
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correctly. All investigators have a duty of confidentiality to you as a research participant, and nothing
that could reveal your identity would be disclosed outside the research site. The data collected from the
study will be recorded anonymously and you would not be identifiable from this. Blood samples will
be coded, and the identity of the bloods will be kept confidential. In the publication, there will be no
identifying details.

What if relevant new information becomes available?

Sometimes, we (the study investigators) get new information about the procedures being studied. If this
happens, one of us will tell you and discuss whether you should continue in the study. If there is enough
evidence to suggest you may be harmed from participating in this study, the study could be stopped.

Unexpected findings on your scan

In the unlikely event of us seeing any structural abnormalities on your MRI scan, a designated clinical
specialist will discuss the implications with you and may arrange for further investigations as necessary.
However, it is important to note that we do not carry out scans for diagnostic purposes, and therefore
these scans are not a substitute for a clinical appointment. Rather, our scans are intended for research
purposes only. So, if we find anything unusual, it would be appropriate for us to contact your
GP/specialist so that they can arrange on-going clinical care for you. But we would only do this after
we and the specialist had discussed your options and gained your permission.

What will happen if I don’t want to carry on with the study?

You are free to withdraw from the study at any time. Anonymised data will be kept till the point you
choose to end your participation in the study.

What will happen to any samples | give?

All samples will be retained in a secure environment for future analysis and will be stored in an
anonymous format. With permission from the ethics committee, the samples will be stored for 5 years
and may be used in future research as our understanding of heart and blood vessel function grows.
Should we wish to utilise samples of blood obtained from you for new tests, we will contact you to seek
your approval for performance of these additional tests. Samples will be destroyed by the research team
when ethical favourable opinion lapses.

What will happen to the results of the research study?

We anticipate that the results will be published in a scientific journal for the benefit of the wider medical
community. However, individual patients will not be identified in any publication and your personal
and clinical details will remain strictly confidential. Any scientific publications arising from the study
will be available on request to all participants. You would have no legal right to a share of any profits
that may arise from the research.

Will your test results be shared with you?
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We will show you the images we acquire from the ultrasound and MRI scans when we finish
performing the scans. The results of the other tests will only be available on publication of the results.
If however, results of any of any of the tests are grossly abnormal, we will contact you to discuss
these with you before suggesting a course of action and contacting your doctor/specialist.

Who is organising and funding the research?

The study organised and conducted by researchers from the University of Cape Town. The
researchers have applied for an investigator-led grant from the National Research Foundation of South
Africa.

What happens if | get hurt taking part in this study?

The University of Cape Town (UCT) has insurance cover for the event that research-related injury or
harm results from your participation in the trial. The insurer will pay all reasonable medical expenses
in accordance with the South African Good Clinical Practice Guidelines (DoH 2006), based on the
Association of the British Pharmaceutical Industry Guidelines (ABPI) in the event of an injury or side
effect resulting directly from your participation in the trial. You will not be required to prove fault on
the part of the University.

The University will not be liable for any loss, injuries and/or harm that you may sustain where the loss
is caused by

The use of unauthorised medicine or substances during the study

Any injury that results from you not following the protocol requirements or the instructions that
the study doctor may give you

Any injury that arises from inadequate action or lack of action to deal adequately with a side
effect or reaction to the study medication

An injury that results from negligence on your part

[[TResearchers must bear in mind that it is unacceptable to impose a burden on participants who may
not recognize symptoms or have the ready means to take action.]

“By agreeing to participate in this study, you do not give up your right to claim compensation for
injury where you can prove negligence, in separate litigation. In particular, your right to pursue such a
claim in a South African court in terms of South African law must be ensured. Note, however, that
you will usually be requested to accept that payment made by the University under the SA GCP
guideline 4.11 is in full settlement of the claim relating to the medical expenses. “

An injury is considered trial-related if, and to the extent that, it is caused by study activities. You must
notify the study doctor immediately of any side effects and/or injuries during the trial, whether they
are research-related or other related complications.

UCT reserves the right not to provide compensation if, and to the extent that, your injury came about
because you chose not to follow the instructions that you were given while you were taking part in the
study. Your right in law to claim compensation for injury where you prove negligence is not affected.
Copies of these guidelines are available on request.
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Who has reviewed the study?
The University Of Cape Town Faculty Of Health Sciences Human Research Ethics Committee has
reviewed and approved the study.

Further information and contact details
Should you wish to know more about any aspects of this study, please contact Prof. Ntusi at 021 406
6200.

Should you have any concerns regarding your rights or welfare as a research participant, please contact
the University Of Cape Town Faculty Of Health Sciences Human Research Ethics Committee at 021
406 6626.
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2. Appendix B

UNIVERSITY OF CAPE TOWN
Faculty of Haalth Sclences ", r,.r'

. Human Resasrch Ethica Committes '
Roadm ESE-48 Old Haln Bullding
Groote Schuur Hospial
Obsarvatory TS
Talaphons [021] 406 8536
Cemall: shuosibnthemes@ectocan

Wabslts:

DE March 2017
HREC REF: 140/2017

Prof N Ntusi

Medicine

1-ficor, OMB

Dear Prof Ntusd

PROJECT TITLE: PREDICTORS OF DIFFUSE MYDCARDIAL FIBROSIS IN HIV-INFECTED
PERSONS: A MULTIPARAMETRIC CARDIOVASCULAR MAGNETIC RESONANCE STUDY
(MASTER OF SCIENCE CANDIDATE - H SAAD) SUB-STUDY LINKED TO 660/2015

Trank you for submiting your study to the Feculty of Health Sclences Human Research Ethlcs
Commilttea,

Before formal approvel can be granted, pesse sddress the Mllowing lssue/s ralsed:

1. Blazze supply s simple Infarmed esneant decurmant fer HIV nan-infected particlpants.
2. Please aksa Justify the sample size of 25 per arm,
3, Please provida the annual progress report for study 88072015,

Pisase note that no ressarch may ocour without formal written HREC approval.
Plaase quote the HREC reference numbar In all your correspondance.
The HREC scknowledge that the student, Hadll Saad will also be [nvolved In this study.

Yeurs sinceraly

Signature Removed

EROFESSOR M FLOCKMAN
CHATRPERSON. FHS HUMAN RFSEARCH FTHICS COMMITTEE

HREC REF L40yXa7
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3. Appendix C

CONSENT FORM

Study Full Title Predictors of Diffuse Myocardial Fibrosis in HIV Infected Persons: A Multiparametric
Cardiovascular Magnetic Resonance Study

Patient ID
Researchers Prof. Ntobeko Ntusi and Dr Hadil Saad

| agree | disagree

I confirm that | have read and understand the information sheet for the above study. | have
had the opportunity to consider the information, ask questions and have had these answered
satisfactorily.

I understand that my participation is voluntary and that | am free to withdraw at any time
without giving any reason, without my medical care or legal rights being affected.

I understand that relevant sections of my medical notes and data collected during the study
may be looked at by authorized individuals from the University of Cape Town, where it is
relevant to my taking part in this research.

I understand why blood samples are being taken, how the samples will be collected, that
giving samples for this research is voluntary and that | am free to withdraw my approval

for use of the sample at any time without giving a reason and without my medical treatment
or legal rights being affected. | understand that any data collected from the analyses of the
samples will be retained for use in the results of the research study

I give permission for the research team to store my blood samples for up to 5 years before
destroying them.

| agree to donate blood samples taken for the purpose of the research study to the
University of Cape Town. If a commercial product were developed as a result of this study,
I will not profit financially from such a product.

I understand that my doctor will, with my permission, be informed of the results of medical
tests performed as part of the research, which are important for my health care.

I understand that | may receive a phone call from the study investigators at 3 to 5 years
after my scan to ask about my health.

| also understand that | may be invited to return for a second MRI scan, which is optional.

| agree to being contacted in the future to ask if | am interested in future related studies.

Page | 97



Name of participant

Signature

Date

Name of person taking consent
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Date






