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“The diagnostic radiologist is a clinician who has sacrificed one of the greatest glories of
the practice of medicine and its greatest responsibility - the daily contact with the ill and
their families - in order to concentrate more on the essence of our profession, the
pathology of the living. This he sees through the medium of shadows, which has left him

open to the charge of not quite being a real clinician.

But shadows, after all, are real. What are we to one another and what is the world to any
of us, but an inverted image on the retina? Seeing is done with the mind. The camera does
not see; it records. The radiologist perceived the shadow, sees a lesion, and imagines the
man. The bedside physician sees the man, perceives the signs and imagines the lesion.
They practice from the outside in and we from the inside out. Both are clinicians, for in
truth there is no other kind of doctor worthy of the name. The decisive test for all is finally
and always the bedside. This, then, is one concept of the radiologist - with a film on the

view box, but the bedside in his or her mind.”

Harry Z Mellins MD 1921-2009
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Executive summary

Background: The pandemic of human immunodeficiency virus (HIV) infection in sub-Saharan Africa
with its attendant dire impact on society and the economy continues. In 2016 it was estimated that the
disease affected 36.7 million (30.8—42.9 million) people worldwide, with the majority living in Sub-
Saharan Africa (7.1 million in South Africa). South Africa spent over 1 billion US dollars on the disease
in 2014. In the pre-antiretroviral therapy (ART) era, once the myocardium was involved, life expectancy
seriously declined and was estimated at less than 6 months. The widespread availability of ART
profoundly altered the epidemiology, natural history and outcomes of HIV-associated cardiovascular
disease (CVD). The functional, structural and tissue characteristics of the cardiovascular manifestations
of HIV infection can be assessed with accuracy using cardiovascular magnetic resonance (CMR). This
study was designed to ascertain the effects of HIV on the myocardium in untreated asymptomatic young
patients, at a time when the national policy in South Africa (SA) was to prescribe ART only to HIV-
infected patients with a CD4" count below 350 cells/mm’.

Methods and results: Systolic and diastolic functional parameters as well as structural and tissue
characteristics were assessed using a single 1.5 Tesla magnet in 40 asymptomatic untreated young HIV-
infected patients from Tshwane district, South Africa (median age 3610 years, 78% female), who
presented for the first time and the findings compared to 37 healthy controls (matched for age and sex
with a median age 36+11 years, 70% female). Left ventricular volumes, mass and ejection fraction did not
differ significantly between the two groups (59+21% in HIV infected versus 61+29% in controls, p=0.7).
However, there was a significant difference in the strain rate assessment (peak systolic circumferential
strain rate in the HIV- infected group was -1.240.56 s versus -0.1£0.22 s™' in controls, p=0.044; peak
systolic longitudinal strain rate in the HIV-infected group was -1.0+0.23 s™ versus -0.8+0.43 s™' in
controls, p=0.014 and peak systolic radial strain rate was 2.2+0.67 s in the HIV-infected group versus
1.8+0.55 s in the controls, p=0.004). Native T1 times were significantly higher in the HIV-infected
patients (1085 ms versus 1052 ms in controls, p=0.037). There was no difference in the presence of

myocardial oedema between the groups (1.95 versus 2.14 in the control group, p=0.082). There was
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increased late gadolinium enhancement of the myocardium present in the HIV-infected patients (83.8%

versus 48.6% in controls, p=0.002).

Conclusions:
HIV infection is associated with strain abnormalities, and focal myocardial fibrosis in asymptomatic,
untreated, young patients, unlikely to have been affected by other risk factors for cardiovascular disease,

early in the course of the disease.
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Chapter 1: Introduction

1.1 Problem statement

Although the human immunodeficiency virus (HIV)/acquired immunodeficiency syndrome (AIDS)
epidemic seems to be tapering off worldwide, the impact of the disease in sub-Saharan Africa (SSA),
which accounts for 69% of all adults and 90% of all children affected, remains daunting.” Eighteen
percent of all HIV infections globally are found in South Africa (SA), followed by Nigeria (9%) and
India (6%). Approximately 7.1 million South Africans are infected with HIV (Figure 1a). In 2013,
340,000 new HIV infections were recorded in SA and 200, 000 AIDS-related deaths occurred. The
proportion of adults living with HIV in SA was then estimated at 19.1%. Young females comprise the
largest proportion of infected individuals, and in the Kwazulu-Natal province of SA, a recent study
demonstrated that 39.3% of pregnant women were HIV infected.” More recently it was estimated that
the disease affected 36.7 million (30.8—42.9 million) people worldwide, according to the UNAIDS 2016
fact sheet,” with an estimated 19.4 million living in East and Southern Africa. UNAIDS reported that

20.9 million people globally had access to antiretroviral therapy (ART) by 2017.

AIDS-related deaths in 2016 were estimated at 1 million (830 000 - 1.2 million) globally, which is a
decline of approximately 900, 000 as compared to 2005. A decline in the number of AIDS-related
deaths in South Africa from the 2006 peak of 345,185, down to an estimated 126,755 in 2017, has

largely been attributed to the national rollout of ARTSs.’



South Africa

7.1 million people living with HIV
18.9% adult HIV prevalence

270,000 new HIV infections

110,000 AIDS-related deaths

56% adults on ART

55% children on ART

Figure la. People infected with HIV in South Africa according to the UNAIDS data of 2017.

Number of people living with HIV in 2016

East and Western Asia and W. and C. Latin East Europe Middle East
Southern And Central Pacific Europe and America and And Central And North
Africa Africa N. America Caribbean Asia Africa

19.4 million 6.1 million 5.1 million 5 1 million 2.1 million 1.6 million 230,000

Figure 1b. The number of people living with HIV in 2016 according to UNAIDS.°

In dealing with this, in SA, 42% of all infected adults over 15 years and 90% of all pregnant HIV
infected females, are currently receiving antiretroviral treatment (ART). SA now has the largest ART
program globally and spends more than $1 billion on HIV drugs annually. ART has increased life
expectancy to nearly normal. Consequently, diseases of ageing, including cardiovascular diseases

(CVD) are increasing in this population. Although ART decreases viral load with reduced immune



hyperactivity, complete functional immune restoration does not occur, nor is the viral load completely

eradicated.’

The direct and indirect monetary cost and effect of HIV on the SA economy have not yet been
accurately estimated. The financial burden of HIV on our society is complex and includes direct and
indirect costs. A report by AVERT-Global Information and Education on HIV and AIDS- states that SA
spent over 1.5 billion US dollars on its domestic HIV/AIDS program in 2014 alone.® In addition there is
an indirect macroeconomic cost which includes countless lost working hours due to absenteeism related
to the illness itself, the complications of HIV, and attendance at funerals as well as the additional burden
of increased cost to medical schemes and pension benefits as well as the loss of skilled human resources

leading to disruption of production.’

Trivialising the impact of HIV by putting a simple number to the casualties left behind in its wake
completely undermines the deep-reaching socio-economic consequences of this pandemic. Countless
lives are lost each year, and the impact on the individuals left behind cannot be quantified. The most

vulnerable are the orphaned infants and children.

Cardiac involvement in HIV infection often goes undetected in this population. However, patients may
present with advanced disease, and the pathophysiology and access to sophisticated imaging and prompt
treatment in the developing world differ substantially from developed countries. The pericardium,
myocardium, as well as the valvular structures may be affected by the virus per se, opportunistic
infections (Ols), or treatment of the disease. The immune system plays a significant role in ventricular
remodelling and the myocardial remodelling processes in immune compromised patients due to HIV is

an important pathophysiological entity.



Cardiovascular magnetic resonance (CMR) is a robust and reproducible imaging modality, which is
widely utilised internationally, but not yet widely available in SA. CMR does not make use of ionising
radiation and is safe for assessing the cardiovascular system with no detrimental consequences to the
patient. CMR is a versatile imaging technique that cannot only evaluate structure, perfusion,
morphology and function but can also provide information on tissue characteristics, making it unique

amongst available imaging modalities. "

HIV affects the myocardium in various ways, and CMR is the ideal imaging modality enabling this
unique, comprehensive assessment. Compared to other non-invasive techniques, systolic and diastolic
function can be more accurately quantified.'"'* Also, the amount of scar tissue or fibrosis, an important
aspect of remodelling and predictor of outcome, can be visualised. CMR has not yet been
comprehensively used in research aimed at defining the cardiac manifestations of HIV/AIDS in Africa
with only a few limited papers published in the literature so far. Once HIV affects the cardiovascular
system, the prognosis is poor.”” CMR can play an important role in the early diagnosis and management
of these patients. Earlier detection of cardiac involvement and the response to treatment has the potential

to improve outcomes in these patients substantially.

Only a few studies evaluating the effects of HIV on the myocardium with the help of CMR have been
reported on in the literature.16-1° Two of the studies were from the United Kingdom® 17, one from
Germany and the other one was from the United States.'® The first two studies included 90 patients each
with all the patients on ART treatment. The other study included 95 patients of which only 6 were
treatment naive.'® No comprehensive studies specifically focused upon myocardium and tissue
characteristics with CMR, have been performed in SSA and no studies have been conducted on patients

not yet on ART.



The demographics differ between HIV infection in SSA and the rest of the world: in SSA, tuberculosis
is endemic and access to ART is not universal, and therefore pericarditis and cardiomyopathy are the
most frequent manifestations of HIV infection.*” In the resource-rich countries where the majority of
patients are on treatment, coronary artery disease and accelerated atherosclerosis are the main cardiac
manifestations.?? The effects of ART treatment on the cardiovascular system are well known and are

discussed below.

The fact that many patients in SSA still present late during the infection and have not yet been on ART
has opened the opportunity to study the direct effects of the disease on the myocardium and, again in

this instance using CMR.

1.2 Aim and objectives

The aim of this study was to identify and document the CMR findings of the myocardium, (structural
and functional) in treatment naive HIV-infected patients and the objective was to assess the degree of
myocardial remodelling (changes in mass, volume and tissue characteristics) that occurs:

a) To document functional abnormalities (ejection fraction [EF], diastolic function as well as
volume and mass abnormalities) associated with left ventricular (LV) remodelling of the
myocardium observed in patients with HIV-infection.

b) To characterise the structural changes (tissue characteristics), affecting the myocardium in
patients with HIV and verifying whether these changes are due to oedema, fibrosis or
inflammation based on MRI findings.

c) To compare the functional and structural CMR findings between HIV-infected and HIV-
uninfected controls.

The CMR findings were correlated with other cardiac markers (NT-pro BNP) to ascertain whether

cardiac involvement occurs early during the disease process.



1.3 Hypothesis

Cardiovascular manifestations (structural and functional changes affecting the myocardium) of HIV
occur early in the disease process and can be documented by CMR. The null hypothesis to be tested
(rejected, nullified or disproved) was the assumption of no difference in the functional parameters and
tissue characteristics in the HIV infected and control groups. The alternative hypothesis was that HIV
infection per se causes structural or functional changes early in the course of the disease and that the

findings documented in other studies could have been attributed to ART.



Chapter 2: Literature review

2.1 Literature review methodology
To expose the gaps in our understanding and knowledge of the diagnostic imaging of the cardiovascular
manifestations of HIV, two research databases (Pubmed and MEDLINE) were used:

a. Pubmed
The keyword “HIV” delivered 320,973 articles and when “magnetic resonance imaging” was added to
the search produced 2,256 articles. The added keyword “cardiovascular” reduced it to 120 articles, of
which 13 were read and referred to in the literature review. The rest of the articles were rejected on the
basis that they were either case reports or dealt with peripheral vascular or neurovascular manifestations

of HIV.

Table 1. Methodology according to Pubmed

HIV 320,973
Magnetic resonance imaging 2256
Cardiovascular 120

b. MEDLINE (Ovid)
The keyword “HIV” was combined with “magnetic resonance imaging,” and this produced 49 articles.
Most of these were case reports, dealt with peripheral or neurovascular manifestations or were not

relevant. Fourteen were included in the literature review.



Although the cardiac manifestations of HIV were already documented as early as 1984, and MRI used
extensively in other areas, CMR only became available for clinical use after 2000, and therefore all the
relevant CMR articles between 2000 up to the date of the completion of the study were included in the

search and the references.

2.2 Cardiac manifestations of HIV
HIV, as well as its treatment, can affect any of the structural components of the heart, including the
pericardium, the myocardium, the valve leaflets and their associated apparatus, the coronary vessels,

aorta and pulmonary arteries. The effect of the disease on the myocardium was the focus of this study.”'

2.2.1 Pericardial disease

Aetiology, pathophysiology and epidemiology of HIV-associated pericardial disease
The pericardium is a frequent target in HIV infection: in high-income countries, acute and chronic
pericarditis and pericardial constriction are usually due to viral infections (42-49%) and pericardial
tuberculosis (3-6%) is uncommon.?? In low- and middle-income countries (LMICs), where tuberculosis
is endemic, as in SSA, pericardial tuberculosis is the most frequent cause of HIV-related pericardial
disease.” Significant pericardial effusions are common in HIV/AIDS patients and are found in up to
46% of cases* although a decreased incidence of constriction has been reported in contrast to non-HIV

infected aetiologies.”

Historically, in the pre-ART era, tuberculosis accounted for over 80% of pericardial effusions in HIV-
infected persons in SSA.*® Constrictive pericarditis was reported in 30-60% of these patients, despite
prompt anti-tuberculous therapy and use of glucocorticosteroids.”” A study of 185 African patients with
tuberculous pericardial disease (40% of whom had clinical features or a confirmed diagnosis of HIV)
found that patients with HIV infection were more likely to present with features of myopericarditis as

opposed to pericardial involvement alone.*®



Diagnostic imaging of HIV-associated pericardial disease
Chest radiography is routinely performed during the workup of patients with HIV/AIDS (most often to
exclude lung pathology) and is also the first imaging modality used in order to ascertain the possible
presence of cardiac pathology, despite non-specific findings. Chest radiography is readily available in
most parts of SSA, including rural areas. A study from the Western Cape in South Africa reported that
almost half of the patients presenting with an enlarged cardiac contour due to pericardial effusion were
HIV infected.”” Conversely less than a third of HIV-infected persons with tuberculous pericarditis have
evidence of pulmonary involvement on chest radiography, possibly due to a subdued immune
response.”’ Smaller pericardial effusions may be present in up to 60% of HIV-infected patients, a
common incidental finding in a recent CMR study from Europe (57% of patients on ART and 77% in
untreated patients).'” Echocardiography remains readily available to assess the pericardium, but few

rural facilities are equipped or have expertise.

In situations where constriction needs to be differentiated from restrictive myocardial disease CMR and
an invasive left and right heart catheterisation can be helpful, but restrictive cardiomyopathy has not

been reported as a significant clinical problem in HIV infection.”!

Prognosis of HIV-associated pericardial disease
In a study from South Africa patients with tuberculous-associated pericardial disease had an overall
mortality rate of 26%, with mortality higher in those who were HIV infected (40% vs. 17% in HIV
uninfected individuals).** In the largest randomised clinical trial of patients with tuberculous
pericarditis, conducted in Africa, 1400 patients (two thirds of whom were HIV infected) were included
and randomised to receive prednisolone versus placebo or Mycobacterium indicus pranii vs. placebo.
Neither agent demonstrated any increase in efficacy and prednisolone was associated with a significant

. L. 33
increase in incidence of HIV-related cancers.



2.2.2. Myocardial disease
2.2.2.1 Myocarditis

Aetiology, evolving pathogenesis, epidemiology and prognosis of HIV-associated myocarditis
Myocarditis due to HIV has been described, but the virus appears to infect the myocardial cells in a
patchy distribution without a clear association between HIV viral load and cardiomyocyte dysfunction.’*
Myocarditis in HIV may also be related to opportunistic infections (OIs). In an autopsy study from the
Congo, Toxoplasma gondii, Cryptococcus neoformans and Mycobacterium avium intracellulare
complex were isolated from the myocardium of end-stage AIDS patients.” In a seminal study of HIV-
associated cardiomyopathy from the US, endomyocardial biopsy (EMB) specimens revealed
myocarditis with cardiotropic viral infections in most cases.’® In contrast, a study from SA by
Shaboodien and colleagues compared the prevalence of myocarditis and cardiotropic viral genomes in
HIV-associated cardiomyopathy cases with HIV uninfected idiopathic dilated cardiomyopathy (DCM)
patients and heart transplant recipients. They found myocarditis to be present in only 44% of HIV-

associated cardiomyopathy cases.’’

In a pre-ART autopsy series, myocarditis was documented in 52% of patients who died of AIDS, but
since the widespread availability and utility of ART, the incidence of HIV-associated myocarditis has
been markedly reduced.’® There are no data on the epidemiology of HIV-associated myocarditis

available from SSA.

Diagnostic imaging of HIV-associated myocarditis
An increased cardiothoracic ratio on chest X-ray is one of the features of underlying myocardial disease
and chest roentgenograms are usually routinely performed on these patients. Depressed LV systolic
function and wall motion abnormalities may be present on echocardiography in the acute setting of HIV
related myocarditis. CMR is ideal because it can characterise myocardial tissue and diagnose myocardial

and pericardial oedema/inflammation and necrosis with high accuracy while excluding the differential
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diagnoses. Endomyocardial biopsy (EMB) is considered the gold standard for the diagnosis of
myocarditis albeit one with flaws regarding its sensitivity and specificity. CMR is a non-invasive
alternative and can also be of help in guiding the location of the biopsy site to enhance the diagnostic
yield. Three CMR techniques were historically applied in myocarditis:

1. Late gadolinium enhancement (LGE) for detecting myocardial necrosis or fibrosis.

2. T2-weighted images for assessment of myocardial oedema.

3. Tl-weighted sequences before and after contrast injection for detection of myocardial hyperaemia.
The initial ‘Lake Louise criteria’ for CMR diagnosis of myocarditis stated that CMR findings are
consistent with myocarditis if 2 of the 3 above-mentioned criteria are found to be positive but revised
criteria have been submitted stating that LGE, T1 and T2 mapping are the tools that should be relied
upon.”® Although the CMR findings in myocarditis are not specific, the criteria act as useful tools for the
assessment of myocardial inflammation in patients with suspected acute myocarditis.*” Antimyosin
scintigraphy has been considered as a test to evaluate myocardial inflammation, albeit with exposure to

radiation and with a poor diagnostic yield.*!

2.2.2.2 Cardiomyopathy with systolic dysfunction

Aetiology, evolving pathophysiology and epidemiology of HIV-associated cardiomyopathy
The aetiology and mechanisms of development of HIV-associated cardiomyopathy are complex and
multifactorial. Fluorescent in situ hybridisation of HIV in myocytes of patients with AIDS and primates
with simian immunodeficiency virus demonstrated that the target of cardiac infection is the macrophage
rather than the myocyte consistent with the observation that cardiac myocytes lack HIV receptor
proteins (gp120 or p24).*** Additional evidence implicating direct myocyte infection by HIV, leading
to LV systolic dysfunction, does exist.** Furthermore, gene products of HIV and HIV-related proteins
contribute to the development of LV dysfunction.”> HIV infection of cardiovascular dendritic cells may
also play an important pathophysiological role as these cells may act as viral reservoirs and as antigen-

resenting cells that result in chronic inflammation.*® Opportunistic infections (OIs) may also cause
p g pp y
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myocarditis that may lead to secondary cardiomyopathy in HIV-infected patients. Furthermore, some
drugs used in the treatment of HIV, specifically zidovudine, may be associated with the development of

a cardiomyopathy.*’

Direct HIV infection Toxicity of HIV Opportunistic Myocardial
compounds infections inflammation

HIV-associated HIV-associated
malignancies nutritional
deficiencies

Autoimmunity Capillary leak Abnormal HIV wasting
syndrome coagulation disease

Figure 2. Aetiology of HIV-associated myocarditis and heart failure.”'

Recent echocardiographic and CMR data suggest that the natural history of the disease in the era of
ART is changing and these pathological features are likely to evolve as well."> The unfortunate delayed
introduction of ART into SA has however provided an opportunity to study the natural history of HIV-

associated cardiomyopathy.

The estimated annual incidence of HIV-associated cardiomyopathy in industrial countries in the pre-
ART era was 15.9 per 1000, but was reported to occur much more commonly in SSA compared to

resource-rich countries and in up to 38% in people living with HIV (PLWHIV) according to The Heart

of Soweto study.**!

The current prevalence of HIV-associated cardiomyopathy is substantially lower, mainly due to the ease

15,46

of access to ART and reduction in Ols. In The Heart of Soweto Study, conducted in SA,
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cardiomyopathy was reported in 38% of HIV infected patients’> whereas the incidence in Rwanda®' and
Cameroon’ was somewhat lower (18% and 15%, respectively). Since the introduction of ART, the
typical phenotype of HIV-associated cardiomyopathy has changed from severe, dilated cardiomyopathy
to subclinical LV dysfunction, with mildly reduced LV systolic function and frequent findings of
impaired diastolic function. Few studies have measured the incidence at a population level.>* The
incidence of HIV-associated cardiomyopathy in the ART era seems to be declining in SSA, but there is

unfortunately a paucity of population-based natural history data.

Diagnostic imaging in HIV-associated cardiomyopathy
Chest radiography is non-specific but does provide information regarding cardiac size and contour. In a
study from Nigeria performed on adult patients presenting with HIV infection, 53% had normal chest x-
rays. Most of the abnormal findings were due to concomitant lung infections (28%). Approximately 7%
of untreated HIV-infected patients had cardiomegaly and 6% had changes compatible with congestive
cardiac failure on chest x-ray.”> Abnormalities of the cardiac silhouette seem to be more prevalent in
HIV-infected children and in a study from SA, the second most common chest abnormality in children
was found to be cardiomegaly (21%). Nonetheless, no correlation was found between the degree of
cardiomegaly in these children and the level of their immunity, and differentiation between the causes of

the cardiomegaly was not specified.”

Systolic cardiac failure causes reduced contractility and manifests as a decrease in the ejection fraction.
Diastolic dysfunction or heart failure with preserved ejection fraction (HFpEF) occurs when the LV
loses its ability to relax due to increased myocardial muscle stiffness.”” Echocardiography remains the
most practical and readily available diagnostic tool for assessment of cardiac morphology and function.
In a large prospective multi-centre study, (the HIV-HEART study) conducted in Germany, 10% of HIV-
infected patients (>80% on ART) demonstrated LV dilatation on echocardiography. Systolic

dysfunction occurred in 34% and diastolic dysfunction in 48% of all patients.”® In another large
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prospective study of 656 HIV-infected persons (the SUN study), Mondy and co-workers monitored the
effects of ART in asymptomatic patients. It was found that 26% had diastolic dysfunction. Systolic
dysfunction occurred less frequently (18%).”” A small study from Nigeria, performed on untreated,
largely asymptomatic patients, found systolic dysfunction in 30% and diastolic dysfunction in 32% of

patients.®’

Inotropic contractile reserve during dobutamine stress echocardiography was shown to risk-stratify
patients with HIV-associated cardiomyopathy and to predict subsequent improvement in LVEF.®' Sixty
patients with HIV-associated cardiomyopathy were included in the study. Improvement in the LVEF
occurred in 56% of the patients and was more likely to occur in those demonstrating inotropic

contractile reserve.

CMR, where available, should be considered and provides an accurate assessment of ventricular
morphology and function, myocardial oedema, fibrosis, perfusion and viability, as well as a
comprehensive evaluation of differential diagnoses. A high prevalence of CMR abnormalities has
recently been reported in HIV-infected patients on ART.'™ ®* Systolic and diastolic dysfunction (lower
peak myocardial systolic and diastolic longitudinal and circumferential strain and strain rates) occurred

in asymptomatic HIV infected patients,'®'" %

with diastolic dysfunction more severe than systolic
dysfunction.'® ' Oedema, hyperaemia and increased myocardial mass also occurred more frequently in
the HIV-infected patients.'” ®* A recent novel finding was the presence of increased native T1 relaxation
time, pointing to an underlying inflammatory process and diffuse myocardial fibrosis, found both in

treated and in a small subgroup of patients not yet on ART.'"'®

Prognosis of HIV-associated cardiomyopathy
In the pre-ART era, HIV-associated cardiomyopathy was found almost exclusively in patients with

advanced HIV infection and AIDS. The median survival was 101 days in patients with overt LV
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dysfunction, and 472 days in patients with normal cardiac function on echocardiography, at a similar
stage of immunosuppression.®* With the routine use of ART, the outcome of HIV-associated
cardiomyopathy is similar to that of heart muscle disease causing systolic LV dysfunction in HIV
uninfected persons.®” Despite optimal therapy LV systolic dysfunction and dilated cardiomyopathy are
associated with significant mortality independent of age, gender and CD4" count.®® Spontaneous
recovery from HIV-associated cardiomyopathy has been described in patients treated with ART’s.®’
More recently the presence of HIV infection has been demonstrated to be an independent predictor of
mortality at 180 days for patients with acute decompensated heart failure and is associated with an

increase in-hospital and 180-day mortality rate.”®

2.2.2.3 Myocardial fibrosis and asymptomatic LV dysfunction

In autopsy studies, up to 40% of HIV-infected patients were found to have histological evidence of
interstitial myocardial fibrosis. Focal fibrosis (mostly present in the mid-ventricular and basal
inferolateral wall) was seen on CMR in up to 76% of asymptomatic HIV-infected individuals, compared
to 13% of control subjects,'® findings, which have recently been confirmed by other groups.'”*
Similarly, diffuse fibrosis on CMR-determined extracellular volume estimation was found to be more

frequent in HIV-infected persons, compared to matched controls.'” '®

2.2.2.4 Diastolic dysfunction
Echocardiographic studies have reported a high prevalence of diastolic abnormalities in HIV-infected
persons. Strain imaging has been increasingly used to document global and segmental systolic and

69-71
'In

diastolic dysfunction in asymptomatic HIV-infected patients with preserved LV systolic function.
a cross-sectional study of 698 HIV-infected persons, 48% had diastolic dysfunction, which was
associated with older age, higher body mass index, higher total cholesterol, arterial hypertension and

diabetes mellitus.”' HIV-associated diastolic dysfunction is more severe in patients with clinical

AIDS.*® " In one study the early and late longitudinal diastolic strain rates were impaired with a normal
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mean strain rate’’ which implied an early abnormality in myocardial relaxation and in future could
potentially be a useful marker of early cardiac involvement in asymptomatic young HIV-infected
patients. A study from the Congo found the prevalence of diastolic dysfunction in HIV-infected patients
to be much higher (86%) and also to be more severe in patients with clinical AIDS when compared to
studies from Europe and North America.” Systolic function was preserved in the HIV infected (n=30)
as well as in the AIDS group (n=19). Recently, CMR demonstrated high rates of diastolic dysfunction in

cohorts of asymptomatic HIV-infected persons with preserved ejection fraction.'®'®

2.2.2.5 Myocardial lipidosis
Two earlier studies (on asymptomatic HIV-infected patients on treatment), revealed the presence of

myocardial steatosis.'® '®

The 90 HIV-infected, asymptomatic individuals on combination ART had
47% higher median myocardial lipid levels on magnetic resonance spectroscopy (MRS), and 74%
higher median plasma triglyceride levels.'® Another report confirmed these findings.” Intra-myocardial
lipid levels correlated with impaired strain, ART duration and visceral adiposity in a subsequent study."’

In a more recent publication, pericardial fat accumulation was also demonstrated with CMR in HIV-

infected patients on treatment.”*

2.2.2.6 Mitochondrial injury
There is evidence of impaired mitochondrial injury in HIV-infected individuals.” Nonetheless, the
clinical relevance of these findings remains uncertain and an area for further investigation. There is no

evidence of increased mitochondrial genetic abnormalities in HIV-infected persons.’®

2.2.2.7 Cardiac masses
There have been several reports of cardiac masses in HIV-infected persons and the aetiology for these
77,78

has varied from tuberculomas, lymphomas and Kaposi’s sarcoma to invasive angiosarcoma.

. . . . . . 9
Kaposi’s sarcoma most commonly involves the epicardium and pericardium.”’ Tuberculomas have been
y
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described in areas of high tuberculous prevalence. Lymphoma is the second commonest cardiac tumour
in industrial nations, the majority of which are high-grade B cell tumours, like Burkitt’s lymphoma or
large cell immunoblastic lymphoma.® The right atrium is most commonly involved by malignant
sarcomas and lymphomas. There is no evidence that cardiac tumours in HIV have a different outcome
from those in HIV uninfected persons. Echocardiography, CCT and CMR are very important in the

diagnosis and evaluation of HIV-associated cardiac masses.””

The goal of CMR for assessing cardiac and para cardiac masses includes confirming or excluding a
mass suspected by X-ray or echocardiography, assessing its location, mobility and relationship to
surrounding tissues, imaging the degree of vascularity, distinguishing solid lesions from fluid and
determining tissue characteristics as well as the specific nature of a mass. Owing to its excellent
resolution, tissue characterisation and multi-planar approach, the extent of intra- or pericardial mass
lesions can be clearly visualised. The additional administration of gadolinium contrast agents can assess

vascularity and help to differentiate a tumour from thrombus.

2.2.3 Infective endocarditis

Pathophysiology epidemiology and diagnosis of HIV-associated infective endocarditis
Non-bacterial, thrombotic endocarditis and infective endocarditis have been described in patients with
HIV infection. Unusual organisms such as Candida, C. diphtheria or Aspergillus may occur in this
population.®’ The abuse of intravenous drugs increases the risk of developing right-sided infective
endocarditis in HIV infection, which has a prevalence varying from 6.4% to 34% in HIV and is

independent of the specific ART regimen.**

The overall incidence of infective endocarditis in HIV-infection is similar to that among HIV-uninfected
individuals.”* ® A retrospective study of cases of infective endocarditis in HIV-infected individuals over

a 12-year period from Italy revealed that the incidence of infective endocarditis had decreased following
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the introduction of ART from 20.5 to 6.6 per 1,000 patient years.* Marantic endocarditis (previously
found in 4-10% in HIV patients at autopsy) usually associated with HIV wasting disease, is less
frequently reported in the ART era.* The complication and mortality rates are 30% higher in those
patients with advanced HIV who develop infective endocarditis and this is related to the degree of
immunosuppression.* Although CMR and novel methods and modalities are being developed
echocardiography remains the primary imaging modality in infective endocarditis due to its

availability.®

2.2.4 Coronary artery disease

Pathophysiology of HIV-associated coronary artery disease
There is an increasing occurrence of coronary artery disease (CAD) in intermediate to long-term
survivors with HIV, with a histologically distinctive form of accelerated atherosclerosis.*® Vessel
involvement is frequently diffuse and circumferential,®’ with unusual proliferation of smooth muscle
cells, mixed with abundant elastic fibres resulting in endoluminal protrusions.® The increased platelet
activation in HIV,* altered adhesion of HIV-infected monocytes-macrophages and HIV-associated
angiitis/vasculitis all contribute to coronary arteriopathy.” In South Africa, there are reports of de novo
arteriothrombosis, with evidence of acute coronary syndromes marked by fresh thrombus, as opposed to
atherosclerotic occlusion.® Atherosclerosis in HIV is a multifactorial pathogenic process with
contributions from sequelae of ART and HIV-mediated endothelial dysfunction.”’ Protease inhibitors
(PIs) may lead to increased atherosclerosis via increased dyslipidaemia, insulin resistance, increased
levels of C peptide, lipodystrophy and endothelial dysfunction.”” In a single centre-study, HIV-infected
patients had lower TIMI, (thrombolysis in myocardial infarction) risk assessment scores and were more
likely to have single-vessel CAD.” A study of 501 HIV-infected patients from Botswana, reported a
striking clustering of atherosclerotic risk factors namely; hypertension, dyslipidaemia, obesity,
dysglycaemia and smoking,”* which could play an important role in the late presentation of CAD in this

population. In this study, the age for the occurrence of CVD risk factors was about a decade after the
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peak age for HIV infection in Botswana.
The on-going Randomised Trial to Prevent Vascular Events in HIV (REPRIEVE Trial) is the first large
randomised clinical research trial evaluating the effects of a daily dose of a statin and whether it may

reduce the risk of heart disease in HIV-infected individuals.”

Epidemiology of HIV-associated coronary artery disease
Coronary artery disease (CAD) in HIV-infected persons was reported early in the HIV epidemic.*® Data
from observational studies show that compared to the general population, HIV-infected individuals have
a higher rate of CAD, particularly in those receiving PIs for longer than 18 months.” In the French
Hospital Database, HIV-infected persons had a standardised CAD mortality ratio of 1.5 compared to the
uninfected general population.”” The mean age of myocardial infarction in HIV-infected patients was 48
years likely reflecting the earlier exposure of ART.” Increased risk for CAD has been reported in
children who received ART from a young age and continued to receive these medications causing
substantial risk of morbidity and mortality in this group.”” The available data on HIV-associated CAD is
based upon studies outside Africa. While CAD has not been reported as a significant issue among
Africans; given the growing burden of cardiovascular risk factors and diabetes, HIV-associated CAD is
likely to lead to an increasing prevalence on the continent and could in the future be a major contributor

to the growing epidemic of CVD on the continent.'”

Diagnostic imaging of HIV-associated coronary artery disease
Sonographic carotid intima-media thickness assessment (IMT) is a potent risk assessment imaging tool
for underlying atherosclerotic disease and may be useful in long-term survivors of retroviral infection.'"'
HIV-infected individuals have a greater IMT compared to uninfected individuals, and the progression is

more rapid.'"'

The presence of coronary artery calcium deposits and non-calcified plaque on CT in HIV-infected men
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was found to be higher and the degree of stenosis worse in the multicentre AIDS study in the US,
especially in patients on prolonged ART and lower CD4+ T-cell count,102 and CT assessment of risk
will become increasingly important in the future. In a recent meta-analysis, the prevalence of non-
calcified plaque on coronary computed tomographic angiography (CCTA) was also much higher
(>threefold) in HIV patients.103 CCTA has an increasing role to play in this setting.1%4 In a gated
myocardial SPECT study from France performed on 94 asymptomatic HIV-infected patients, the
investigators concluded that in male patients older than 52, (with at least two other cardiovascular risk
factors) the presence of underlying silent ischaemia is four times more common in HIV-infected patients
when compared to matched, uninfected individuals.19> In two recent PET studies, elevated 18 fluorine-
2-deoxy-D-glucose uptake was observed in the aorta and carotid vessels respectively, indicating arterial
wall inflammation.'** '"” The patients in one study also had raised sCD163 counts, indicating the

. .« . 106
presence of increased macrophage activity.

2.2.5 Pulmonary hypertension

Pathophysiology and epidemiology of HIV-associated pulmonary hypertension
Right ventricular (RV) abnormalities secondary to pulmonary arterial hypertension are common as a
result of prior infections, thromboembolic disease, chronic obstructive lung disease and lung
malignancy, and are well documented.'” The pathophysiology of primary pulmonary hypertension in
HIV (in the absence of significant pulmonary disease), is complex and multifactorial and poorly
understood.'” A third of HIV-infected patients with pulmonary hypertension have AIDS or AIDS-
related pulmonary infections. Pulmonary infection, low CD4" cell counts or hypoxemia are not needed

for development of pulmonary hypertension however.' "

HIV-associated pulmonary hypertension is estimated to occur in 0.5% of AIDS patients.''' Ventricular
dysfunction seems to be more severe in patients with PAH who are also infected with the HIV virus.'"?

There is a lack of data from SSA on HIV-associated pulmonary hypertension. The Pan African
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Pulmonary Hypertension Cohort (PAPUCO) registry provided valuable insights in this regard.'"

The patients were screened for the presence of pulmonary hypertension and their risk profiles
documented. The study included 220 patients of which 35% were HIV-infected. Patients with
pulmonary hypertension in SSA have a worse outcome in comparison to the rest of the world, probably

due to delayed diagnosis and comorbidities, including the infectious diseases.'"

Imaging in patients with pulmonary hypertension
Computerised tomography remains the imaging tool of choice in the assessment of patients with
underlying pulmonary hypertension. CMR may add value in selected patients, especially when

. 114
performed to assess the cardiac structures.

RV functional analysis can be performed in addition to
assessment of RV dimensions as well as pulmonary artery size. Late gadolinium enhancement (LGE)

classically occurs in the insertion points of the RV wall but the findings cannot be distinguished from

findings occurring in primary pulmonary hypertension.'*

Prognosis of HIV-associated pulmonary hypertension
Before the advent of ART, HIV-associated pulmonary hypertension was associated with a poor
prognosis. In a study of 131 HIV-infected persons, half of the patients died during a median follow-up
period of 8 months; and about half of these patients died within 6 months of diagnosis of pulmonary

hypertension.'"

2.3 Cardiovascular MRI

2.3.1 History
In 1946 Felix Bloch and Edward Mills Purcell independently discovered the magnetic resonance
phenomenon. The first magnetic resonance scan of a human being was performed in 1980. Owing to

initial obstacles, mainly related to cardiac motion and ECG triggering, CMR only established itself
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within the cardiac imaging armamentarium long after its first diagnostic application in other disciplines.
Faster and more effective sequences, coupled with ECG gating and breath holding, were subsequently
developed to ‘freeze’ heart motion. Vector ECG gating, parallel imaging and other solutions have also
minimised the initial problems during ECG triggering that resulted from the magneto-hydrodynamic

effect of pulsatile blood in the aorta.''®

Since the first MR images of the human heart were produced more than 20 years ago, the quality of
CMR imaging has improved significantly and it is still advancing apace. CMR now represents one of
the most versatile, non-invasive imaging modalities available, offering high spatial resolution and image
contrast along with tissue characterisation and haemodynamic assessment, without the use of ionising
radiation and with complete multi-planar coverage of the heart.'” Because of its versatility, CMR is the
ideal imaging modality to evaluate the cardiac effects of HIV. A multitude of sequences are available
and different parameters can be assessed with CMR, but a lot of these are not applicable in this setting.
The basic principles and the specific sequences used and parameters measured in this study will be

alluded to and discussed in more detail.

CMR is the most versatile imaging modality in the diagnostic armamentarium for the evaluation of

cardiovascular pathology (see Figure 3).
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Figure 3. Due to its versatility, CMR can assess morphology, function, perfusion and tissue
characteristics, making it an ideal imaging tool to evaluate the cardiac manifestations of HIV.

2.3.2 Technique:

2.3.2.1 General principles:

The effects of the virus on the myocardium were primarily assessed, and therefore functional and
structural analysis and tissue characteristics were the main focus. To perform a CMR scan the patient
needs to be placed in a high-strength magnetic field. A radio wave is then emitted and directed towards
the patient, whose own hydrogen nuclei, which behave like minuscule spinning magnets, align parallel
to the direction of the external magnetic field. These ‘magnets’ rotate or precess at a frequency
proportional to the strength of the external field. If the frequency of the radio wave is identical to the
precessing hydrogen nuclei, they are flipped horizontally. During their relaxation, they emit radio
signals. The net longitudinal magnetisation increases with a speed defined by the T1 relaxation time,
and the transverse magnetisation decreases with a speed defined by the T2 relaxation time. T1 and T2
relaxation times are tissue-specific and are related to the proton density. CMR images can be acquired
(weighted) to show the distribution of tissue relaxation times (T1 and T2) or proton density. These
sequences are applied to make the blood appear darker or brighter than the myocardium, generating
static (dark blood or bright blood) or dynamic (cine bright-blood) images, which form the cornerstone of
every study.117 Although new sequences are continually being developed the basic principles of CMR

remain unaltered.

2.3.2.2 Scout imaging

Each examination starts with a series of scout views performed on each patient to establish the short-
and long-axis views of the heart. These images act as localisers in planning the rest of the study.
Approximately 27 scout images are required to define the thoracic contents, including 9 parallel images

in each of the axial, coronal and sagittal planes.'"’
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2.3.2.3 Anatomical and morphological imaging

To assess anatomy and morphology static images are required. Black-blood T1-weighted imaging is
usually preferred because it allows a clear distinction between the inner portion of the vessel or
myocardium from blood. Images can be oriented in any plane, but the main aim with black-blood T1
sequences is to obtain an overall anatomic image of the heart and its relation to the vascular structures
(and therefore a larger field of view is sometimes preferred, which might include the rest of the intra-
thoracic structures as well) (see figure 4). Because these are static images measurements are not derived

from them and functional assessment cannot be performed with T1-weighted images.
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Figure 4. Three axial Black-blood T1 weighted axial images through the chest with the blood and lungs
appearing dark and the normal myocardium of the LV and RV and muscular structures of the

chest wall homogenous and grey. The subcutaneous fat tissue appears white. The left ventricle
(LV) is situated behind the right ventricle (RV) on axial images.
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2.3.2.4 Functional imaging

Dynamic cine CMR (white-blood imaging) is used for global and regional LV and RV wall motion
assessment, as well as ventricular volume, ejection fraction and mass measurements. For all these
parameters, CMR is increasingly recognised as the gold standard when compared to echocardiography

- 11, 118-120
and nuclear studies

and in providing acceptable endpoints in trials in which functional as
opposed to clinical outcomes are the objectives.'*' Cine views are generally obtained in more than one

orientation, but the functional analysis is mostly performed in the short axis plane (See Figures 5-8).

Figure 5. LV outflow tract view with the blood appearing white on the cine images and the left ventricle
and the aorta (Ao) seen in a single plane.
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Figure 6. Two chamber cine view with the LV and left atrium (LA) in the same plane.

Figure 7. Four-chamber cine view with all four cardiac chambers visualised in the same plane.
The LV and the LA lie behind the RV and the right atrium (RA) in the four-chamber plane.
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Figure 8. The short axis white blood images are used for systolic functional analysis. The LV is situated
behind the RV.

2.3.2.5 Myocardial perfusion imaging

During perfusion scanning a movie of the wash-in of gadolinium-based contrast through the
myocardium is obtained (so-called “first-pass perfusion”). Perfusion defects appear as dark regions
surrounded by bright contrast-enhanced, normally perfused myocardium (see Figure 9) and can be
present at rest or induced during adenosine stress testing. CMR perfusion is playing an increasingly
important diagnostic role in ischaemic heart disease but has a limited role in non-ischaemic

cardiomyopathy.
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Perfusion defect

Figure 9. Short axis perfusion sequence with the perfusion defect appearing as a dark area in the antero-
septal LV wall (arrows).

2.3.2.6 Myocardial oedema imaging

The water content within the tissue alters the T2 relaxation time within myocardial tissue. Myocardial
oedema is, therefore, associated with prolonged T2 relaxation time. Static dark blood images of the
myocardium can be obtained, confirming the presence or absence of oedema, which manifests as bright
areas in contrast with the normal darker myocardium (see Figure 10). Myocardial oedema has been
described in patients with acute myocardial infarction, myocarditis, stress-related cardiomyopathy,

sarcoidosis and cardiac allograft rejection.

In the event of an acute myocardial infarct (AMI) myocardial oedema can be seen on T2 sequences as
early as 30 minutes after the onset of ischaemia.'** T2-weighted CMR imaging can help to differentiate
between acute and chronic myocardial infarction.'> Owing to an increase in water protons in the

affected myocardium after an AMI, the T2-weighted signal increases. This lasts for many days after the
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acute incident and disappears when the myocardial swelling subsides during the chronic phase. More
importantly, high signal intensity on T2-weighted CMR, in the absence of LGE in the same area,

. . e 122
reflects reversible ischaemic injury.

There is excellent correlation between the area at risk (AAR), measured by T2-weighted imaging, and

the angiographic APPROACH score, which is an anatomically and prognostically well-validated

124, 125

measure of the extent of myocardial jeopardy. This score indicates the size and location of the

myocardial bed supplied by diseased vessels.

Figure 10. T2-oedema sequence showing an inferolateral area affected by acute myocarditis (arrow)
appearing whiter than the rest of the myocardium.

Good image resolution depends on a stable and homogenous magnetic field. T2 decay (decay of
transverse magnetisation) may be influenced by intrinsic defects in the magnet itself or by distortions

(heterogeneity) caused by material or coils placed in the magnet.
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Qualitative T2-weighted imaging performed with dark-blood turbo spin-echo sequences therefore has
several limitations, including magnetic field heterogeneity from surface coil arrays, stagnant blood flow
resulting in increased signal intensity (particularly along the sub-endocardium) and through-plane
motion resulting in signal loss.'® Optimal image quality also relies on regular heart rhythm with a
ventricular rate within a relatively normal range, appropriate selection of repetition time tailored to the
patient’s heart rate, and the ability of the patient to breath-hold. T2W images may be rendered non-

diagnostic, due to excessive tachycardia and irregular rhythms, and breathing artefact.'”’

Clinical use of T2W CMR for the qualitative or semi-quantitative detection of myocardial oedema and
inflammation has improved since its inception. Limitations of conventional T2W techniques included
the need for a normal reference region of interest, either in remote myocardium or skeletal muscle,
which could lead to false-negative results when these reference areas are also affected by a systemic
condition. Quantification of T2 myocardial relaxation times promises to circumvent these limitations
and is achieved by collecting multiple images with different T2W imaging, thus providing multiple

points along the T2 decay curve for fitting of an exponential signal.'**

2.3.2.7 Early gadolinium enhancement

Directly after gadolinium administration, in the case of vasodilatation and hyperaemia, the concentration
of gadolinium increase in the affected myocardium and shows up as areas of brighter signal, in
comparison to the normal surrounding myocardium. Early phase enhancement imaging is performed
with a short-axis T1-weighted fast spin-echo sequence within the first 2-3 minutes after administration

of contrast agent.'*’

Contrast-enhanced T1 map values are variable and highly dependent on a) variable
weight-based contrast agent dosing, b) the exact time elapsed after contrast agent administration before
images are acquired, c) renal clearance of the contrast agent and d) displacement of contrast material by

the haematocrit.'%¢
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Inflammation-induced hyperaemia causes increased accumulation of gadopentate dimeglumine in the
myocardium during the early washout period that is indicative of myocardial inflammation or
hyperaemia. Although visual identification may be possible, quantitative evaluation of myocardial early
gadolinium enhancement ratio (EGEr), is helpful. EGEr involves a global approach, and depending on
the section orientation chosen for cardiac MR imaging, some myocardial segments may not be available
for image analysis and interpretation. Respiratory motion artefacts can unfortunately also severely
degrade image quality to a non-diagnostic degree. Furthermore, normalisation of the signal intensity on
T1-weighted images to that of skeletal muscle may be hampered by coexisting myositis."** Early
gadolinium enhancement can detect salvageable myocardium, indicating that the kinetics of gadolinium

plays an important role in assessing the area at risk in relation to the imaging time."'

Myocardial hyperaemia represents another CMR marker for active inflammation in the acute stage of
myocarditis, however, the usefulness beyond the acute stage is questionable. As early gadolinium
enhancement imaging is time-consuming, susceptible to artefacts, and offers only sparse diagnostic

value, it is infrequently performed in myocarditis.'*’

2.3.2.8 Late gadolinium enhancement (LGE) CMR imaging

LGE images are acquired 10-15 minutes following gadolinium chelate contrast administration.
Gadolinium circulates in the extracellular space and is excluded by intact myocardial cell membranes. It
accumulates in areas of abnormal myocardium, resulting in T1 shortening manifesting as higher signal
intensity on T1-weighted images. Gadolinium can migrate through damaged myocyte membranes into
the cells (e.g. in the case of myocardial infarction), or accumulates in the enlarged interstitial space (in
the case of scar tissue) (Figure 11). Enhancement is therefore found in the intravascular space, in the
interstitial space as well as within nonviable cells. After the initial insult, once scar formation takes
place, the interstitial space increases in between a relatively small intracellular space within the

fibroblasts. Both AMI and infarcted scar tissue therefore display increased enhancement in comparison
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to normal myocardium. LGE plays an important diagnostic and prognostic role in patients with

ischaemic heart disease.!>*13*

Total infarct size and scar burden can be ascertained by LGE CMR and is a strong predictor of future

133136 The absence of contrast enhancement during the

events in patients with coronary artery disease.
first 2 minutes after contrast injection in the centre of an area of infarction that may persist on the LGE
images, points to microvascular obstruction, which is associated with a worse prognosis and

outcome.””"*” Gadolinium is an extracellular agent and can enter damaged myocytes, or it can

accumulate in areas where the extracellular space is bigger (see figure 11).

When the cell membranes rupture the gadolinium molecules enter and accumulate in the cell. This
manifests as white areas on the T1 images because it shortens the T1 time. The gadolinium also
accumulates in the extracellular areas (due to scar formation) and once again manifests as white areas

within the myocardium on T1-weighted sequences.
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Figure 11. Potential mechanisms of hyperenhancement in acute and chronic myocardial infarction. Kim
RJ, Choi KM, Judd RM. Higgins CB, de Roos A, eds. Cardiovascular MRI and MRA.
Philadelphia, PA: Lippincott Williams and Wilkens; 2003: 209-237.
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The presence of LGE has also been shown to be a marker for adverse outcomes in several other non

ischaemic cardiomyopathies.'*” *! LGE CMR can help to differentiate between ischaemic and non-
yop p

ischaemic cardiomyopathy (see Figure 12).'**
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Figure 12. The typical pattern of evolving myocardial infarction secondary to acute coronary occlusion
can be explained by the pathophysiology of ischaemia progressing to transmural necrosis.
Little or no cellular necrosis is found until about 15 minutes after occlusion. After 15
minutes, a ‘wave-front’ of necrosis begins in the subendocardium and gradually extends
towards the epicardium over the next few hours. During this period the extent of the
infarcted region within the ischaemic zone increases continuously towards transmurality.'

Hyperenhancement patterns differ with each clinical setting and can point to the underlying cause of the

myocardial involvement (see Figure 13).
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Figure 13. Patterns of late gadolinium enhancement encountered in clinical practice:'*’

A. Transmural: infarct, severe myocarditis or sarcoidosis

B. Subepicardial: myocarditis, sarcoidosis

C. Midmyocardial: dilated cardiomyopathy,hypertrophic cardiomyopathy,
pulmonary hypertension

D. Subendocardial: infarct, amyloid, hypereosinophilic syndrome

E Diffuse: amyloid, hypertrophic cardiomyopathy

2.3.2.9 T1 mapping

T1 mapping refers to parametric maps generated from a series of images acquired with different T1
weighting so each pixel can be assigned a T1 value. T1 maps can be displayed using colour or threshold
scales to enable quantitative visual interpretation. This consists of quantifying the T1 relaxation time of
a tissue by using analytical expressions of image-based signal intensities. Each tissue type exhibits a
characteristic range of normal T1 relaxation times at a particular field strength, and any deviation may
be indicative of disease. Measured myocardial T1 values are influenced by various physiological and
technical factors, including temperature, disease, age, sex, heart rate and the pulse sequence used.'**

All tissues have an inherent T1 (i.e. longitudinal or spin-lattice) relaxation time that is based on a
composite of their cellular and interstitial components (e.g. water, protein, fat, and iron content). At a
fixed magnetic field strength and in the absence of exogenous contrast agents (e.g., gadolinium chelate),

the native T1 value of normal tissue falls within a predictable range (e.g., at 1.5T, normal myocardium
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has a relaxation time of 960+30ms). ~” The T1 relaxation times between different tissues vary

substantially.'**

Myocardial T1 mapping methods are used for native (pre-contrast) and post contrast T1 measurements.
Two scientists (Look and Locker) developed the Look-Locker sequence method in1968 where image
data segments are repeatedly acquired after an inversion pulse to create multiple images along the
recovery curve for fitting T1 but the Modified Look Locker Inversion (MOLLI) recovery method
developed by Messroghli and colleagues in 2004'** opened a new frontier of clinical applications for
myocardial T1 mapping.''” Newer variants based on inversion recovery, saturation-recovery, or hybrid
approaches continue to emerge, enabling faster acquisition times and minimising sources of error, such
as heart rate dependency, motion, off-resonance, and partial volume effects. Although MOLLI-based
sequences are the most widely used and most extensively validated, newer techniques including the
saturation-recovery single-shot acquisition sequence is a very promising novel approach demonstrating

good T1 measurement accuracy in experimental models.

The clinical utility of native T1 mapping relies on a normal range with small variability and high
sensitivity to disease. Elevated T1 times in the myocardium have been reported in a number of
commonly encountered cardiac conditions including myocardial infarction, myocarditis, hypertrophic
and dilated cardiomyopathy, cardiac amyloidosis, cardiac involvement in systemic diseases, and diffuse

fibrosis in patients with aortic stenosis.'*®

Native T1 mapping techniques represent an important recent advance in the non-invasive assessment of
myocardial inflammation since native myocardial T1 is prolonged by excess free water content. Post-
contrast T1 mapping techniques are able to determine the expansion of interstitial space/fibrosis
(extracellular volume ECV) and separate it from replacement fibrosis (such as scarred myocardium).

ECV allows estimation of the extracellular matrix in quantitative terms by performing T1 mapping
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before and after contrast administration, assessing the volume of distribution of gadolinium. Thus, non-
ischaemic patterns of myocardial damage can be detected by T1 mapping in acute myocarditis.
Moreover, T1 mapping recently expanded current knowledge by identifying additional myocardial
abnormalities in comparison to conventional LGE, since T1 values can be prolonged in apparently

normal regions without any LGE.'*

In a study comparing the different techniques used to assess myocardial damage the authors concluded
that: a) Quantitative T1 mapping is a more robust technique compared to T2W, because T1
measurements show significantly lower variability than T2W (their acquisition is faster with a better
spatial resolution), b) Non-contrast T1-mapping detects acutely injured myocardium accurately in MI
patients when compared to T2W and LGE as markers of acute injury, ¢) The diagnostic performance of
T1 mapping is at least as good as that of T2ZW-CMR for detecting acute myocardial injury, d) Non-
contrast T1-mapping allows assessment of the extent of acute myocardial damage with similar results
compared to T2W and e) T1 values are strongly related to the likelihood of functional improvement at 6
months.131 The T1 value can be obtained manually by drawing a region of interest in the central portion
of the LV ventricular wall, usually the septum (see Figure 14), or it can be obtained by using dedicated
software that draws the endo- and epicardial borders automatically (and these can then be corrected

manually).
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Figure 14. T1-mapping image with a region of interest (ROI) drawn manually depicting the native T1
time.

2.4 Cardiac remodelling

2.4.1 Introduction

Cardiac remodelling or plasticity is the process of adaptation of the heart during and after it has been
exposed to an insult, a disease process or an increase in haemodynamic demand. Cardiac remodelling
plays an important role in the clinical course of heart failure and its prognosis.'*’ Remodelling is a
complex process involving myocyte necrosis, apoptosis, vascular rarefaction, fibrosis, inflammation and

electrophysiological remodelling."** '*°

During the remodelling process the heart undergoes alteration in
structure as well as function. This process of remodelling can result in hypertrophy (concentric or
asymmetrical) or atrophy."”’ Remodelling can be described as physiological or pathologic, but can also
be considered as adaptive or maladaptive."'

Physiological remodelling occurs during strenuous exercise (known as “athlete’s heart”) or during
pregnancy when the haemodynamic demand increases. This manifests as LV hypertrophy, usually
causing an increase in LV mass and chamber size.'’>

When pathological myocardial hypertrophy occurs, three patterns are recognised (see Figure 15):

a. Pressure overload causes concentric hypertrophy, and this happens in patients with aortic

stenosis or hypertension as an inherent myocyte coping mechanism resulting in myocyte
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thickening.'> This hypertrophy is possible because of an increase in protein synthesis in the
individual cardiomyocytes. They respond to reduce the amount of stress on the LV wall in an
effort to maintain stroke volume.'*

The LaPlace Law of LV wall stress states that LV Wall stress = P x R/2 x LV wall thickness
(where P=pressure and R=radius).

b. Volume overload, (e.g. in valve regurgitation) or exercise leads to eccentric hypertrophy. This
kind of remodelling is characterised by hypertrophy as well as cardiac chamber enlargement.
This adaption process takes place to maintain forward flow.

c. Mixed concentric and eccentric hypertrophy is encountered in patients after myocardial

infarction, myocarditis or cardiomyopathies.

In all the above, remodelling may transition from an apparently compensatory process to a maladaptive

55
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weightlessness, bed rest and other states of ventricular unloading or assistance.'>°
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Fig 15. Three patterns of cardiac remodelling due to myocardial hypertrophy.'

In addition to hypertrophy, a decrease in cardiac mass (atrophy) can occur in conditions of
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All the causes and manifestations of cardiac remodelling or plasticity share common molecular,

biochemical and mechanical pathways.'**

The cardiomyocyte forms the cornerstone in the remodelling
process, but fibroblasts, collagen as well as the cardiac vasculature contributes to the process. During
remodelling the heart changes in shape and size. This usually results in a change in mass as well as an
alteration in the functional parameters. The initial compensatory response manifesting as remodelling
may progress towards cardiac failure. This depends largely on the severity of the initial insult. Patients
who develop cardiac failure may have decreased systolic function but approximately 50% of patients

with heart failure have preserved ejection fraction (HFpEF).'*

Patients with marked remodelling have
worse outcomes.'*’ During the remodelling process a number of changes are thought to occur on the
cellular and biochemical level although most of them are not completely understood as yet.

Myocytes may undergo hypertrophy, necrosis or apoptosis. Fibroblast proliferation develops'™* *” with
an increase in the extracellular matrix, which eventually leads to fibrosis. Myocardial fibrosis is
associated with contractile dysfunction and an increase in arrhythmias as well as sudden death.'*®
During the process of remodelling angiotensin II, norepinephrine, endothelin, aldosterone and cytokine

levels increase, all of which play a part in the process of remodelling,l“& 150

The result of pathologic remodelling is eventual deterioration in cardiac performance and increased
neurohormonal activation. Compensatory hypertrophy per se may lead to an increase in wall stress
which may precipitate further imbalance resulting in a vicious cycle of energy imbalance and
ischaemia."® If remodelling progresses beyond a certain phase, maladaptation occurs resulting in the

deterioration of cardiac failure.

2.4.2 HIV and cardiac remodelling
As discussed above the aetiology and mechanisms of development of HIV-associated cardiomyopathy

are complex and multifactorial. These include damage to the myocytes, impairment of macrophage
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activity as well as mitochondrial damage and vascular insufficiency, all resulting in cardiac remodelling.
CMR is the ideal tool to assess remodelling as it can demonstrate the effects of several distinct
pathophysiological pathways. These include oedema (which can be visualised on T2-weighted
sequences) and inflammation (causing abnormal native T1 and T2 times), resulting in functional
impairment (systolic and diastolic) and ventricular dilatation, which can be quantified more accurately
with CMR than with any other modality.

Furthermore, subtle subclinical early abnormalities which could be a harbinger or manifestation of
remodelling include abnormal diastolic strain patterns which can be assessed adequately with CMR.
Early myocyte necrosis or apoptosis, as well as mild oedema and diffuse inflammation caused by HIV

infection, can also be assessed with CMR.

This study was designed to evaluate, visualise and quantify the different aspects involved in the process

and to assess the functional impairment as a result of cardiac remodelling due to HIV.
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Chapter 3: Materials and Methods

3.1 Study population

Three HIV uninfected volunteers were entered into a pilot study before commencing with the actual
study. This was done in order to ascertain whether the parameters and study criteria could be met.
Because the post-processing and analysis were done after the study was completed, and to avoid
rejection due to poor image quality, CMR artefacts or patient movement, 77 patients in total (more than
the statistical requirement-see below) were included (40 HIV infected participants and 37 HIV

uninfected controls).

HIV infected patients who were potentially suitable for inclusion into the study (n=40) were selected at
the HIV/AIDS clinic at The Steve Biko Academic hospital (see inclusion and exclusion criteria below).
The HIV infected patients were newly diagnosed patients, and the scans were performed immediately
before they were initiated on ART. All the patients were without any cardiac symptoms and signs.
These patients were at least 18 years old and WHO class 2 and 3 criteria for HIV. The control group
(n=37) included healthy volunteers from The Steve Biko Hospital and the Montana Private Hospital
(health care workers). The groups were matched for age, sex and ethnicity. The HIV negative status of
the control group of patients was confirmed with laboratory tests (blood samples were collected for the
presence of HIV).

Each patient was given a number at The Steve Biko Academic hospital and patient clinical information
was not provided to the radiographers performing the scans. Only the principal investigator held the key

to the patient numbering code as well as the controls.

Group 1. HIV infected:

Inclusion criteria:
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a) HIV infected patients who were treatment naive
b) Age > 18 years old
c) The patients did not have any cardiac symptoms or signs

d) Class 2 and 3 HIV infection according to the WHO criteria

Exclusion criteria:

a) Intravenous drug users

b) Patients with impaired renal function (glomerular filtration rate <60ml/min/1.73m?)

c) Patients suffering from claustrophobia

d) The standard contraindications for MRI scanning including metallic implants (non-MR
conditional pacemakers, ICDs, older metallic valves and aneurysm coils)

e) Uncontrolled atrial or ventricular tachyarrhythmias

f) Signs of active pulmonary tuberculosis on chest X-ray

g) Patients younger than 18 years and older than 60 years

h) All cases of heart failure were excluded as well as overt cardiomegaly on chest x-ray

1) The patients underwent a clinical evaluation prior to the CMR and any patient suffering from
possible cardiovascular impairment were excluded

j) Any patient with a history of cardiac disease (cardiomyopathy, valvular or congenital) were

excluded

A resting standard ECG, echocardiography and chest X-ray were performed. NT-proBNP levels (as a

measure of ventricular LV wall stress), plasma HIV viremia load (copies/ml) and mean CD4+ cell count

(cells/uL) were obtained. Body surface area (BSA) was calculated on all patients and the estimated

glomerular filtration rate that was determined according to the Cockcroft-Gault formula on all patients

(including the healthy volunteers) before the CMR.
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Group 2. Healthy controls:

The healthy control group included healthy staff members matched for age, sex and ethnicity recruited
from The Steve Biko Hospital and Montana Private Hospital. They were asked to undergo CMR with
gadolinium contrast injection. They all underwent HIV laboratory tests (blood sampling to verify their
HIV status) and confirmation obtained that they were not HIV infected. Renal function was determined
before the CMR scan, and volunteers with impaired kidney function were withdrawn from the study and

did not undergo the MRI scan.

3.2 Design and procedure

3.2.1 General

The study design was a cross-sectional study.

A standard emergency crash cart was immediately at hand in the unit. CMR studies were performed
with a 1.5-Tesla whole-body clinical magnetic resonance 16 channel scanner (Achieva, Philips Medical
Systems, Best, The Netherlands), and a cardiac 5-element phased-array receiver coil (SENSE coil).
Heart rate and oxygen saturation were monitored noninvasively during the examination. The two groups
of patients underwent a CMR scan using the same parameters.

The patients were positioned in the MRI scanner in a supine position and with a cranial presentation.
The right cubital vein was cannulated with a 22 gauge blue Jelco cannula where after it was flushed with
a 10cc syringe, filled with normal 0.9% saline solution supplied by Kendon Medical Supplies TVL (Pty)
Ltd. A Y-connector tube, also filled with saline solution, was then connected to the cannula and an
injector.

After completion of the scout images and precontrast images, 50% of a bolus of gadolinium
(Gadodiamide 0.2 mmol/kg) was injected, followed by a 10 ml saline flush (3 - 7 ml/sec). The

postcontrast perfusion sequences were performed. After that, the rest of the gadolinium was given as a
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bolus and flushed with 10 ml of saline. Gadodiamide is registered as Omniscan and distributed by

General Electric. The intravenous cannula was only removed once the study was completely finished.

The CMR procedure included the following sequences:
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3.2.2 Scout images
Axial, coronal and sagittal scans, were obtained to localise and plan the rest of the study. Balanced
turbo field echo sequences (BTFE), of 10 mm slice thickness were used for the scout images (see

Figures 16-18).

Figure 16. Axial scout image with the RV and LV on the same plane.

Figure 17. Coronal scout image with the LV and aorta on the same plane.
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Figure 18. Sagittal scout image with the RV) in front of the LV.

3.2.3 Functional analysis sequences

The method to evaluate the functional status of the LV was a 2D BTFE sequence acquisition performed
in 2 long axes (2- and 4-chamber view) orientations and in a contiguous short axis orientation to cover
the LV from the base to the apex, with 8mm thick slices and 2mm gaps. This was done in end-expiration
breath-hold, and this stack was used for the functional analysis, volume and mass assessments (see

Figure 19).
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Figure 19. Short axis white blood cine images were used to perform the functional analysis, mass and
volume assessments.

To assess diastolic strain patterns, tissue tracking was performed using the software module included

with the dedicated software package named CVI** developed by Circle Cardiovascular Imaging,

Calgary Canada. Tissue tracking used the same short-axis cine images and contours used during the

systolic functional analysis.

3.2.4 T2 Oedema imaging sequence

T2 weighted black blood turbo spin echo (T2 BB TSE) sequence was used to perform this. The imaging

planes included a two-chamber long axis view, a four-chamber long axis view and three representative

short axis slices from the apex to the base of the heart. The readout was obtained in mid-diastole (Figure

20).
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Figure 20. T2 weighted turbo spin echo short axis image. The blood pool appears black, surrounded by
the myocardium.

3.2.5 Perfusion sequence

To assess rest perfusion a saturation-recovery imaging sequence with balanced turbo field echo pulse
technique (sSBTFE) was used (see Figure 21). Three short axis image slices with a slice thickness of 8
mm. each were acquired. Gadolinium was injected, (dose of 0.2 mmol/kg, 3 -7 ml/s) followed by 10 ml
saline solution flush (3 - 7 ml/sec); where after imaging for 40 - 50 heart beats took place, (allowing for
the gadolinium to pass through the LV myocardium) (see exact methodology in 3.2.1 above). During the
acquisition there was continuous ECG monitoring. When contrast was visible in the ventricle a breath-
hold command was given. Imaging lasted for 40 - 50 heartbeats until contrast had passed through the
LV myocardium (after the first pass perfusion the patient was encouraged to breathe gently, if they

could not hold their breath).
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Figure 21. Short axis image during early perfusion with the contrast still in the LV and RV cavities and
appearing white before perfusing the myocardial muscle.

3.2.6 Sequences performed for detection of hyperaemia, fibrosis, inflammation or infiltration
Two methods to detect fibrosis or infiltration were employed. The first was based on a gadolinium
enhancement technique more focused on detecting focal fibrosis or infiltration, and the second upon a

T1 mapping technique, more focused on identifying diffuse fibrosis, inflammation or infiltration.

During diastole, a three-dimensional (3D) T1 based segmented inversion recovery (IR) gradient echo
(GRE) sequence was acquired in the short axis (SA), as well as the four chamber planes. The presence
of contrast was optimised by employing a phase sensitive inversion recovery (PSIR) technique (see
Figures 22 and 23). This technique is independent of TI and therefore more robust as it incorporates
reference slices, which are used to correct the phase polarity of the slices at inversion time (TI),
restoring TI contrast. The readout was done every other heartbeat but was modified to every heartbeat
in the setting of bradycardia, and every third heart beat in the setting of tachycardia or arrhythmia. These
postcontrast images were obtained directly after contrast administration (to assess hyperaemia) as well
as approximately 10 minutes following contrast administration to assess late enhancement indicative of

fibrosis. Before the late enhancement sequences an additional Look-Locker sequence was performed to

50



estimate the optimal inversion time to achieve myocardial signal nulling.

Figure 22. Four chamber PSIR LGE image with the myocardium appearing black due to effective
“nulling”. Contrast enhancement would stand out as white patches.

Figure 23. PSIR LGE short axis image also with the myocardium appearing black.

To detect diffuse fibrosis, an additional MOLLI sequence technique was performed both pre and post
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contrast administration to obtain the T1 mapping time, in order to establish if there was diffuse
fibrosis/inflammation/infiltration present (see MOLLI technique page 36). Total CMR procedure time
was approximately 60 minutes. All the techniques described above (see summary in Table 2) adhered to
the standardised CMR sequences, as drawn up by the Society for Cardiovascular Magnetic Resonance:

Board of Trustees Task Force on Standardized Protocols.'!’
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Table 2. Summary of the sequences performed

Sequence

name

Coil

Planes

Scan coverage

Fat saturation

TR time

TE time

FOV

Matrix

Slice thickness

Interslice gap

Flip angle

Breathhold

Other

instruction

BTFE

(balanced gradient
echo)

Sense cardiac coil

Axial
Coronal

Sagittal

20 per plane

2.1ms

0.82

450x450

192x96

10mm

2-4mm

50 degrees

BTFE

Sense cardiac coil

2Ch-LA
4Ch-LA

SA ( analysis)

Cont.

Base- apex

2.6ms

1.32ms

320x320x118

160x144

8mm

2mm

60 degrees

End expiration

T2W BB TSE

(black blood
turbo spin echo)

Body coil

2Ch-LA
4Ch-LA

Three SA slices

10 slices

1846ms

80ms

320x320x8

228x170

6mm

0.8mm

90 degrees

Readout-mid

diastole

sBTFE

Sense cardiac coil

SA

Three slices

2.3ms

1.14ms

350x350x44

116x115

8mm

50 degrees

3D IR TFE PSIR

(inversion
recovery turbo
field echo)

Sense cardiac coil

SA

4CH

20 slices

(5mm)

5.1ms

2.5ms

320x320x100

176x172

Smm

15 degrees

IR time set to null

myocardium

MOLLI

Sense cardiac coil

SA

4Ch-LA

7 slices

2.1

1.1

340x255

192x138

8mm

35 degrees

Parallel imaging

FFE

(gradient
recalled
echo)

Sense

cardiac coil

2Ch-LA
4Ch-LA
SA

(analysis)

Single plane
+3 SA

planes

No

30

4.98

176 x 141

8mm

13

Yes
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3.3 Post-processing analysis

3.3.1 General

A blinded, experienced biomedical engineer and cardiologist performed the post-processing analysis,
utilising a dedicated software package, CVI** (Circle Cardiovascular Imaging Inc.). The patient names
and HIV status were not visible and a random participant identifying number was allocated to each

participant.

3.3.2 Functional analysis

The short axis images were evaluated with computer-aided analysis packages for planimetry of LV
endocardial and epicardial borders at end-diastole and end-systole (See Figures 24a and 25a). The long
axis four-chamber views were used to visualise and confirm possible areas of hypokinesia assessed via
the short-axis views, as well as to cross-reference the plane of the mitral valve with the short-axis views,

to improve the accuracy of the functional analysis (see Figures 24b and 25b).

PO
L A En @I‘dlﬁ '

Figure 24a. Short axis images with planimetry of the endo- and epicardial borders. The endocardial line
in red and the epicardium traced in green.

Figure 24b. Four chamber orientation to indicate the levels of the short axis images as seen in Figure
24a during diastole and systole. The yellow lines indicate the level of the prior images.
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Papillary muscles were excluded in the LV mass analysis (selectable option). Computer-aided analysis
included LV ejection fraction (LVEF) as a percentage, LV end systolic volume (ESV) in millilitres, LV
end diastolic volume (EDV) in millilitres, stroke volume (SV) in millilitres and LV mass in grams. The
LV parameters were then indexed to body surface area. The LV mass index (LVMI) = LV mass (g)
divided by the body surface area. The LV end diastolic volume index (LVEDVI) = LV end diastolic
volume divided by the BSA. The LV end-systolic volume index (LVESI) = LV end systolic volume

divided by the BSA.

LV remodelling manifesting as hypokinesia, increased end-systolic and/or end-diastolic volumes, as
well as an increase or decrease in LV mass was assessed and findings compared between the groups.
Remodelling was also additionally indirectly assessed according to the ratio of LVM/LVEDV "> 1%
and this measurement has been associated with an increased risk and worse outcome in patients with
cardiac disease. The dedicated software performed the planimetry of the endocardial and epicardial

borders automatically (see Figures 25a and 25b) and the papillary muscles were excluded automatically

(selectable option). The lines could be adjusted manually if necessary.
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Papillary muscle

Figure 25a.The short-axis views were utilised to perform the functional analysis with dedicated
software. Papillary muscles were excluded in the calculations. The endocardium once again
traced with a red line and the epicardium with a green line. The papillary muscles were
traced with a pink line.

Figure 25b. Three-dimensional image indicating the level of the short axis image obtained in Figure 25a.
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3.3.3 Oedema

The presence/absence of oedema was documented using the 17-segment AHA model, (see Figure 31).
T2-weighted short axis images were evaluated for oedema using computer-aided analysis (see Figure
26). LV epicardial and endocardial borders and a region of interest (ROI) in isolated skeletal muscle
were drawn for each slice (see Figure 26). Care was taken to avoid papillary muscles and blood pool
near the endocardial border because the blood pool values and papillary muscles could influence the
oedema score. An overlay showing a visual representation of the T2 signal intensity ratio (SIR) can be
seen in Figure 26. The ratio between the signal in the myocardial and skeletal muscle ROIs, was then
used to draw a reference ROI in healthy tissue. An algorithm (mean+ 2SD) of the reference ROI was

then used to quantify the degree of oedema.

The degree of oedema was graded and scored from 0 to 4 for each segment according to the following:
0 = no oedema present

1 = 1-25% density

2 =26-50% density

3 =51-75% density

4 =76-100% density

A total score was calculated by adding up all the individual scores for each of the segments. The signal
intensity ratio (SIR) between the myocardial and skeletal muscle contours was used to give an overall

assessment of the presence of oedema (see Figure 26).

57



Figure 26. T2-weighted short axis images were evaluated for oedema using computer-aided analysis.
The areas of oedema were colour coded according to its signal intensity.

3.3.4 Perfusion

Abnormal perfusion indicating underlying vascular insufficiency or impaired blood flow, which can be

at a vascular or microvascular level, manifests as dark areas between normally perfused myocardium.

The findings were documented using the 17-segment AHA segment model (see Figure 31).

3.3.5 Hyperaemia (early enhancement)

The presence/absence of hyperaemia was documented using the 17-segment AHA model, (see Figure
31). A total score was calculated by adding up all the individual scores for each of the segments. The
presence/absence of hyperaemia was documented assessing the immediate post-contrast images and

scores from 0 to 1 on the 17-segment AHA model.

3.3.6 Analysis of late gadolinium enhancement was done as follows
Visual interpretation using an AHA 17-segment model was used, and each segment received a score
from 0 to 4. The papillary muscles were excluded. The inversion time was set to null the normal

myocardium, and the value calculated from the Look-Locker sequence. Normal myocardium appears
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dark. Fibrosis, scar tissue or infiltration by abnormal tissue shows up as areas of brightness (increased

signal) between normal darker myocardium.

Phase-sensitive inversion recovery (PSIR) late gadolinium enhancement images were used to perform
the analysis on. LV epicardial and endocardial borders were drawn on each slice taking care not to
include papillary muscles and blood pool in the endocardial border. A reference ROI was drawn over
normal appearing myocardium in each slice where after an algorithm (mean + 3SD) of the reference

ROI was applied to quantify the extent of the late gadolinium enhancement.

Three parameters were assessed and the totals of all the segments added up namely:

The presence of late gadolinium enhancement (score 0-4):

0 = no late enhancement

1 = 1-25% density

2 =26-50% density

3 =51-75% density

4 =76-100% density

Whether the late gadolinium enhancement was transmural or not was also categorised as a dichotomous

variable (score 0-1).

Finally, the volume of the enhanced areas was calculated and summated up for all the segments

individually. The volume was given in millilitres as a percentage of the total area of myocardium (see

Figure 27).
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Figure 27: Intensity of LGE in the LV myocardium (colour coded in yellow).

3.3.7 Quantifying fibrosis using LGE and T1 mapping

The native and post-contrast T1 mapping sequences (MOLLI) were used for this measurement.
Quantitative analysis for T1 values was performed with the same dedicated software. The program
automatically derived myocardial contours (see Figure 28). Contours could then be manually adjusted to
ensure only myocardium was included in the analysis. Endocardial, epicardial and blood pool contours
were drawn on the mid-short axis slice for each patient. T1 times, in milliseconds, were given for the

whole contour in the native T1 series and the contrast administered series.
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Figure 28. T1 mapping was performed on the short axis images. The T1 time was colour coded in
shades of red and orange in this image, according to its value.

3.3.8 Assessment of LV strain and diastolic function using tissue tracking

Tissue tracking was performed using the software module included with the dedicated software package,
CVI*. Tissue tracking uses the same short-axis cine images and contours used during the functional
analysis (see Figure 29). Two long axis series, the 2- and 4-chamber views, were also used and required
manual contouring of the endo- and epicardial borders. The strain and strain rates were then calculated
using an advanced image tracking algorithm. Longitudinal, circumferential, and radial strains were

documented.
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Figure 29. Tissue tracking was performed using the software module included with the dedicated
software package, CVI*. The fine yellow gridlines can be seen in the overlay over the LV
myocardium and the distortion during contractility used to calculate the strain.

Strain is expressed as the fractional change in length of a particular segment (AL/L) during contraction
and, because the heart shortens in its longitudinal axis during contraction, this results in a negative value
when assessed on the long axis. In the short axis, the radial diameter of the segments lengthens during
contraction resulting in a positive value and the circumferential length shortens, resulting in a negative
value (see Figure 30). Tissue tracking was used to analyse the systolic as well as the diastolic strain
patterns. With the CVI** software, the myocardium is automatically tracked throughout the cardiac
cycle. The endocardial and epicardial borders are manually traced. The distance moved between
individual points in the matrix during systole and diastole were automatically calculated to obtain the
different strain patterns. The strain rate was obtained by calculating the ratio between the distance and

the time interval between the frames.
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Radial

Figure 30. The three types of strain patterns. The fibres shorten in the longitudinal and circumferential
plane and lengthens in the radial plane.''

Figure 31. Coronary artery territories and LV segments according to the AHA model. There are
seventeen segments and they correspond to the three main coronary artery territories with
the right coronary artery supplying mainly the inferior region, the left anterior descending
coronary artery supplying the apex, anterior and septal region and the circumflex artery
supplying the lateral wall mainly.
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3.3.9 Data analysis summary

The following data was collected for each patient and the control patients:

a)
b)

g)
h)

)

Left ventricular (LV) ejection fraction (EF)% (normal for men=48-69, normal for women=51-70)
End-diastolic volume (EDV) in millilitres (ml) (normal for men=109-218 ml, normal for
women=88-161 ml)
End-systolic volume (ESV) in millilitres (ml) (normal for men=39-97 ml, normal for women=31-68
ml)
Stroke volume (SV) in millilitres (ml) (normal for men=59-132 ml, normal for women=49-100 ml)
LV mass in grams (normal for men=64-141 g, normal for women=46-93 g)
Oedema present/absent using the 17-segment American Heart (AHA) model
Non matched perfusion defects using the 17-segment American Heart (AHA) model
Late gadolinium enhancement present (LGE) using the AHA 17-segment model
Native and post contrast T1 (ms) (normal native T1 time=975+/- 62 ms, normal post contrast T1
time=564-+/-23 ms)
Diastolic dysfunction analysis (nine parameters):
Peak circumferential diastolic strain rate (%/s)
Peak circumferential systolic strain rate (%/s)
Peak circumferential systolic strain (%)
Peak longitudinal diastolic strain rate (%/s)
Peak longitudinal systolic strain rate (%/s)
Peak longitudinal systolic strain (%)
Peak radial diastolic strain rate (%/s)
Peak radial systolic strain rate (%/s)

Peak radial systolic strain (%)
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3.4 Statistics

3.4.1 Statistical considerations
The objective of analytical interest in this study was to compare the treatment naive HIV infected and

the HIV negative groups with respect to the functional and structural CMR findings

Sample size:

Sample size estimation for the study was based on testing for a clinically relevant difference between the
HIV infected and control groups in mean EDV values, using the Student two-sample t test. With a
sample size of 39 in each group the t test, performed at a two-sided significance level of 5%, would have
90% power to detect a mean difference of 15 (the difference between a mean of 80 in the HIV infected
group and 65 in the control group) assuming that the common standard deviation is 20. Sample size

estimation was done on nQuery Advanced (Statistical Solutions Ltd, Cork, Ireland), Release 8.0.

Data analysis:
Descriptive summary statistics are reported for all variables. Categorical variable are summarised by
frequency counts and percentage calculations. Continuous variables are summarised by mean, standard

deviation, median, interquartile range, minimum and maximum values.

Inferential statistics included significance tests for percentages, mean and median values, as well as
correlation and linear regression analyses. The Fisher exact test was applied to test for differences in
percentages. Student’s two-sample t test was applied to test for differences in mean values with equal
variances. Satterthwaite’s t test was applied in the case of unequal variances. Application of the t test is
based on the assumption of normality of the underlying distributions. The sample sizes achieved in the
study (40 in the HIV infected group and 37 in the control group) are too small to allow for reliable
normality testing. Nevertheless the Kolmogorov—Smirnov test was used to test for normality in all

variables concerned. Together with each t test, the nonparametric Wilcoxon rank sum test, not
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depending on normality and allowing for moderate skewness, was applied to median values to test for
differences in location. All statistical tests were two-tailed, with p values < 0.05 considered statistically
significant. All the statistical procedures were performed on SAS (SAS Institute Inc, Carey, NC, USA),

Release 9.4.

Validity and reliability:
Three patients were scanned before commencing the study in order to validate the procedures that would

be followed in the study.

3.4.2 Control of potential Bias

We recruited the HIV-infected as well as the control patients at The Steve Biko Academic hospital and
they were slotted in (on an ad hoc basis) amongst the other patients.

The data analysts were blinded to the clinical data and they were not present during the scan. The scan
protocols were the same for each patient and a radiologist not involved with the study administered the
contrast.

The technicians performing the scans did not have access to the patients HIV status before or during the
CMR scans.

The data was analysed at a different site and the analysts did not have access to the site where the scans
or the selection took place. The analysts received the images on a numbered disc without having access
to the HIV-status of the patients.

The HIV status was only disclosed after the whole study was completed.

3.5 Safety
CMR is regarded as a very safe modality and does not involve ionising radiation. The reported

frequency of adverse events after injection of gadolinium contrast ranges from 0.07-2.4%. The majority
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of these reactions are mild, including coldness at the injection site, nausea, vomiting, dizziness, and
itching. Reactions resembling an “allergic” response are rare and vary in frequency from 0.0034-
0.013%.'°> A rash or hives are the most frequent of this group, and bronchospasm is very rare. Severe,
life-threatening anaphylactoid reactions are also exceedingly rare (1-10/100,000). To date, only one
published death has been clearly related to the administration of gadolinium-based contrast. Individuals
who have pre-existing kidney disease and are given gadolinium-based contrast agent may have a small
risk of developing a very rare disease called nephrogenic systemic fibrosis (NSF). To date this disease
has only been found in patients with kidney disease, and the vast majority, if not all, had severe pre-
existing kidney disease. NSF is often associated with thickening and tightening of the skin (usually
involving the arms and/or legs, but occasionally associated with the trunk) and scarring. NSF may rarely
get worse or cause death. Importantly, NSF has not been reported with newer generations of gadolinium
contrast agents. All the patients enrolled in the study had undergone renal functional analysis and those

with impaired kidney function (GFR <60 ml/min) were excluded.

3.6 Ethical considerations

Informed consent was sought from each patient and the control patients for the CMR scan, which also
included consent for intravenous gadolinium contrast injection (see Appendix 1). The patients and
controls were asked to complete a screening form to address and confirm the absence of any detrimental
metal implants or devices (see Appendix 2). Each patient was given a unique number and patient
clinical information was not provided to the radiographers performing the scans. It must be emphasized
that the HIV-infected patients were selected at the time of their initial presentation and the scans were
performed immediately.

The protocol was submitted to and approved by the Ethics Committee of the Faculty of Health Sciences,

University of Pretoria (RET 2014 UP02/201) and the extended period approved (see Appendix 3).
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Chapter 4: Results

4.1 Demographics and weight

Table 3. Demographics, weight and BSA

Characteristic HIV infected Controls p value®
(n=40) (n=37)

Gender ratio
Males 9 (22.5%) 11 (29.7%) 0.604
Females 31 (77.5%) 26 (70.3%) 0.604

Age, years
Mean (+SD) 36.2 (£9.42) 35.4 (£10.87) 0.723
Median (IQR) 36 (29-39) 34 (27-40) 0.683
Min/Max 21/59 18/59

Weight, kg
Mean (+SD) 67.8 (£16.22) 68.0 (£16.24) 0.953
Median (IQR) 64 (57-76) 66 (56-78) 0.736
Min/Max 45/122 41/127

BSA, m*
Mean (+SD) 1.74 (£0.20) 1.73 (£0.22) 0.930
Median (IQR) 1.71 (1.61-1.85) 1.73 (1.58-1.89) 0.923
Min/Max 1.37/2.44 1.35/2.38

* Fisher Exact test for percentages, t tests for means, and the Wilcoxon rank sum test for medians
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Interpretation:

The group consisted of 40 HIV-infected patients and 37 controls.

No statistically significant differences were found between the HIV infected and Control groups.

The two groups were statistically comparable in respect of the baseline demographic

characteristics considered above.

4.2 Serological markers

Table 4. Baseline serological markers

Characteristic HIViinfected Controls p value
(n=40) (n=37)
NT-proBNP, pg/mL
n 36
Median (IQR) 12 (8-22) - n/a
Min/Max 3/205
CD4" count, cm’
n 39
Median (IQR) 272 (62-526) - n/a
Min/Max 5/913
Viremia load,
copies/mL
n 31
Median (IQR) 51014 (8977 - - n/a
302654)
Min/Max 259/593076
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Interpretation:

* The median NT-proBNP of the infected patients was 12 pg/mL and the IQR 8-22 pg/mL (normal
value is below 125pg/mL).

e The median CD4" count of the infected patients was 272 cells /uL and the IQR between 62 and
526 cells/uL (normal CD4" count varies between 500-1600 cells/uL depending on the specific
laboratory) and the median viremia load was 51014 copies/mL with an IQR of 8977 - 302654
copies/mL.

e The CD4" and viremia load were not performed on the control group of patients because they
were proven to be uninfected.

* NT-proBNP values were also not obtained in the control group because they had been shown to

be uninfected.

4.3 Structural and functional analyses

Table 5a. Summary of the results of the systolic functional analysis

Characteristic HIVinfected Controls Difference /
(n=40) (n=37) p value*
EF, %
Mean (+SD) 58.8 (+20.88) 60.9 (+28.62) 2.1/0.719
Median (IQR) 55.5(50.7-59.4) 54.7 (50.2-59.8) -0.8 /0.783
Min/Max 30.8/155.6 40.4/175.6
LVED indexed to
BSA, mL/m*
Mean (£SD) 72.1 (£15.62) 70.7 (£13.63) -1.4/0.677
Median (IQR) 78.0 (64.68—1.0) 72.7 (63.57-8.5) -5.3/0.657
LVESYV indexed to
BSA, mL/m*
Mean (£SD) 34.4 (£9.50) 34.3 (£8.94) -0.1/0.970
Median (IQR) 33.2(28.2-39.4) 33.6 (28.8-38.8) 0.4 /0.988
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Min/Max 17.8/59.4 15.3/59.0

LVSV, mL
Mean (£SD) 68.8 (£15.15) 66.9 (£13.19) -1.9/0.557
Median (IQR) 68.3 (57.07-8.2) 69.3 (54.07-4.9) 1.0/0.610
Min/Max 36.7/102.8 42.3/93.8

LVSYV indexed to

BSA,mL/m’
Mean (£SD) 39.8 (+8.84) 38.7 (£6.84) -1.1/0.563
Median (IQR) 40.4 (33.44-4.1) 40.4 (33.5-43.5) 0/0.691
Min/Max 24.5/63.9 25.3/54.2

Table 5b. Results of the LV mass assessment
HIV infected Controls Difference /
Characteristic
(n=40) (n=37) p value*

LYV mass indexed

to BSA, g/m’
Mean (£SD) 52.2 (£13.47) 50.0 (£6.95) -2.2/0.355
Median (IQR) 49.4 (43.8-57.9) 47.8 (45.1-55.7) -1.6/0.721
Min/Max 31.2/100.1 37.1/64.3

LV mass/LVEDYV,

g/L
Mean (£SD) 0.74 (£0.20) 0.72 (£0.19) -0.02/ 0.666
Median (IQR) 0.68 (0.64-0.79) 0.68 (0.63-0.72) 0/0.514
Min/Max 0.48/1.35 0.55/1.46

*tests for means, and Wilcoxon rank sum tests for medians
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Interpretation:

* The differences in mean and median values of all the systolic functional and LV mass

characteristics were statistically insignificant.

Table 6.

Results for the circumferential strain patterns
Characteristic HIV infected Controls Difference /
(n=40) (n=37) p vale*

Peak systolic

circumferential

strain, %
Mean (£SD) -18.1 (£6.75) -17.2 (+8.39) 0.9/0.606
Median (IQR) -19.1 (-21.1;-17.4) | -19.0 (-20.1;-17.2) | 0.1/0.596
Min/Max -23.8/19.3 -24.7/18.7

Peak diastolic

circumferential

strain rate, 1/s
Mean (£SD) 1.3 (£0.31) 1.4 (£0.47) 0.1/0.334
Median (IQR) 1.2 (1.1-1.5) 1.3 (1.1-1.7) 0.1/0.724
Min/Max 09/2.0 0.8/2.8

Peak systolic

circumferential

strain rate, 1/s
Mean (£SD) -1.2 (£0.56) -1.0 (£0.22) 0.2/0.044**
Median (IQR) -1.2 (-1.3; -1.0) -0.9 (-1.1; -0.8) 0.3/<0.001**
Min/Max 2.2/ 1.7 -1.7/-0.6

*tests for means, and Wilcoxon rank sum tests for medians
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Table 7.

Results for the radial strain patterns

Peak systolic

radial strain, %

Mean (£SD) 34.9 (£8.80) 34.0 (£7.37) -0.9/0.604
Median (IQR) 35.0 (29.3-39.6) 33.0 (29.7-36.2) -2.0/0.506
Min/Max 16.9/55.5 20.8/52.1

Peak diastolic

radial strain rate,

1/s
Mean (£SD) -2.4 (£0.93) -2.6 (£1.1) -0.2/0.440
Median (IQR) -2.3(-2.8;-1.9) -2.3(-3.1;-1.9) 0/0.905
Min/Max -5.2/1.2 -6.6/-1.2

Peak systolic

radial strain rate,

1/s
Mean (£SD) 2.2 (£0.67) 1.8 (£0.55) -0.4/0.004**
Median (IQR) 2.0 (1.8-2.7) 1.7 (1.5-2.1) -0.3/0.005%*
Min/Max 1.2/3.8 09/3.4

*tests for means, and Wilcoxon rank sum tests for medians

Table 8. Results for the longitudinal strain patterns

Characteristic HIV infected Controls Difference /
(n=40) (n=37) p value*
Peak systolic
longitudinal strain,
%
n 40 37
Mean (£SD) -18.9 (+2.72) -18.2 (£7.29) 0.7/0.614
Median (IQR) -19.2 (-20.8;-17.1) | -18.3(-20.3;-17.1) | 0.9/0.768
Min/Max -24.2/-9.4 -29.0/20.8
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Peak diastolic

longitudinal strain

rate, 1/s
n 40 37
Mean (£SD) 1.2 (+0.26) 1.1 (+0.30) -0.1/0.356
Median (IQR) 1.2 (1.0-1.3) 1.0 (0.9-1.3) -0.2/0.121
Min/Max 0.5/1.7 0.7/1.9

Peak systolic

longitudinal strain

rate, 1/s
n 40 36
Mean (£SD) -1.0 (£0.23) -0.8 (£0.43) 0.2/0.014**
Median (IQR) -1.0 (-1.1; -0.9) -0.9 (-1.0; -0.8) 0.1/0.002**
Min/Max -1.9/-0.7 -1.5/0.9

*tests for means, and Wilcoxon rank sum tests for medians

Interpretation:

The diastolic circumferential, radial and longitudinal strain patterns did not differ
statistically significantly between the two groups but the systolic circumferential, radial
and longitudinal systolic strain rates did differ significantly (p=<0.001, 0.005 and 0.002
respectively).

This finding implies an early decreased rate of myocardial shortening and thickening
during systole. Strain rate decreases early in the presence of myocardial dysfunction and

impaired relaxation of the ventricle.
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4.4 Tissue characterisation analyses

Table 9. Tissue characterisation results

Characteristic HIV infected Controls Difference /
(n=40) (n=37) p value*

T2 SIR
n 23 24
Mean (£SD) 1.95 (£0.41) 2.14 (£0.31) 0.0824

Native T1, ms
n 39 37
Mean (£SD) 1084 (+£64.8) 1058 (£62.9) -26/0.074
Median (IQR) 1085 (10321- 1052 (10231-079) | -33/0.037**

121)

Min/Max 992 /1277 962 /1315

Presence of LGE
Yes 31 (83.8%) 17 (48.6%) -35.2/0.002**
No 6 (16.2%) 18 (51.4%) 35.2/0.002**
Total 37 (100%) 35 (100%)

Post contrast T1, ms
n 39 36
Mean (£SD) 532.4 (£65.97) 516.9 (£61.56) -15.5/0.299
Median (IQR) 539 (485-564) 512 (483-547) -27/0.211
Min/Max 377/ 663 412 /680

Volume fraction of

LGE at 3SD
N 34 29
Mean (£SD) 25.6 (£6.54) 25.8 (£9.13) 0.2/0.914
Median (IQR) 25.6 (22.3-28.9) | 26.5(22.7-31.7) | 0.9/0.499
Min/Max 7.7/45.5 0/41.2

Total number of

LGE
n 35 28
Mean (£SD) 25.7 (#4.31) 25.3 (#4.27) -0.4/0.690
Median (IQR) 25 (23-29) 25 (22-28) 0/0.627
Min/Max 18 /38 18 /34

*Student t tests for means, and the Wilcoxon rank sum tests for medians
** Statistically significant



Interpretation:

* The median value of native T1 time in the HIV-infected group was statistically significantly
greater than in the Control group (p=0.037). Normality of the underlying distributions could not
be supported by the Shapiro-Wilk test. The preferred measure of location in this case is the
median.

* The presence of LGE in the HIV infected group (83.8%) and the Control group (48.6%) differ
significantly (Fisher Exact test, p=0.002).

¢  Enhancement was more commonly present in the inferolateral wall as reported in prior studies.'®

* The differences in mean and median values of post contrast T1, volume fraction of LGE at 3SD,
and total number of LGE were statistically insignificant.

* The differences in mean value of T2 weighted SIR in the HIV infected and Control groups

were not statistically significant.

Figure 32a. LGE PSIR-TFE image of an HIV uninfected individual.
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Figure 32b. LGE in the same uninfected individual with yellow colour overlay in the areas of
enhancement colour coded according to the intensity of the enhancement.
In uninfected individuals the myocardium appears black, and the colour coded areas of
enhancement minimal.
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Figure 33a. LGE PSIR-TFE image of an HIV infected patient showing brighter areas of enhancement in
the anterolateral wall and septum. Enhancement occurs more often in the inferolateral wall
but can occur anywhere in the myocardium.

Figure 33b. The same LGE image with colour overlay in the areas of enhancement. The yellow areas
indicate enhancement.
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Figure 34b. Abnormal T1 map of one of the HIV-infected patients. The T1 time in ms is colour coded in
orange/red with darker intensity in areas of abnormality in the HIV infected patient in
comparison to the uninfected patient in Figure 34a. This is a common occurrence observed
in HIV-infected individuals.'’

79



Chapter 5: Discussion

To the best of my knowledge, this is the first comprehensive CMR study performed on HIV-infected
patients in SSA evaluating the effects of only HIV disease in the absence of ART on the myocardium.
Moreover, since the MRI studies antedate the initiation of retroviral therapy, the abnormal findings are
likely the consequence of the disease per se independent of any changes that could be attributed to ART
therapy. Opportunistic infections could also be the culprit and cannot be excluded with certainty
although the asymptomatic status of these patients argues against OI’s as a cause of the cardiac
abnormalities.

In contrast to prior studies in Europe and the USA, our patients were younger and had not yet received

antiretroviral therapy.'*'®

Systolic function was not impaired in our patients, which differs from some other prior studies.'®"'®

On the other hand, there was a significant impairment in strain rate in our patients in addition to the
presence of abnormal native T1 times as well as the presence of LGE, suggesting that these are the
earliest effects of HIV infection on the heart in asymptomatic patients without overt cardiac involvement
using routine evaluation techniques.'®"®

Strain becomes abnormal before the ejection fraction does and it can be used as an early marker of
myocardial dysfunction. The updated EACVI/ASE/Industry Task Force recommendation was published
after the protocol of this study was finalised and it states that global strain patterns (calculated by using
the entire myocardial line length) should be used rather than the segmental individual measurements, to
simplify and standardise future studies.'®’

Global strain can also be calculated by averaging the three segmental samples.

CMR is now becoming more accessible in SSA, and the fact that a study, which includes T1 mapping
and strain assessment, can provide accurate detection of cardiovascular involvement due to HIV
infection provides clinicians with an opportunity to detect the manifestations at an earlier phase of the

disease. While T1 mapping is limited to assessment with magnetic resonance, strain can be assessed by

echocardiography, which is cheaper and more widely available implying that T1 mapping can play a
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potential important role in future. What will be of interest and should stimulate additional investigation
is the natural history of these early cardiovascular changes, their response to retroviral therapy and
whether the initiation of specific CV therapy, e.g. beta blockers, ACEi/ARB and aldosterone antagonists
will alter the natural history and prevent the future development of overt symptomatic CV disease.
Prompt and effective treatment of the cardiovascular complications can help to reduce mortality and
morbidity in HIV-infected patients, mainly because the cardiovascular manifestations often go
undetected.

A novel finding in this study is the abnormal strain patterns and native T1 times, which strongly suggest
that these myocardial abnormalities in patients who had not yet been started on retroviral therapy were

caused by the HIV virus itself or conceivably by OI’s and not ART.

The study by Thiara and co-workers included 95 HIV-infected patients, who were all on treatment.'®
The study by Leutgens and co-workers included 50 patients on ARTs.” The study by Holloway and that
by Ntusi and their co-workers included 90 patients, of which 68% were on treatment '® '’

Our study showed no significant difference in systolic function (EF) when comparing HIV-infected
patients to the control group. The majority of the prior studies reported decreased systolic function in
HIV-infected patients, compared to controls. Potential explanations for these differences could be
because our study was performed earlier during the disease in addition to the possibility of adverse
effects on systolic function as a consequence of retroviral therapy.

These prior studies included patients that had been on therapy for several years as reported on in a recent

1% The HIV-infected patients in the study by Thiara and coworkers'® and Ntusi and

meta-analysis.
coworkers'’, reported no difference in the EF between infected patients and controls. In contrast
Leutgens and his coworkers'” did demonstrate lower EF values in HIV-infected patients. The subclinical
systolic strain parameters, however, (peak systolic circumferential strain) were in fact modestly

. 17,18

impaired in the studies by Thiara and Ntusi. The systolic radial strain and systolic radial strain rates

were also impaired in the study by Thiara.'®
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Another differentiating feature between our and prior studies is a significant age difference. The mean
age in the group studied by Leutgens, was 49 years,'” 49 years in the series of Thiara, 49 years'® and 43
years and 45 years in the series of Holloway'® and Ntusi'’ respectively. In contrast, our patients were
much younger with a median age of our patients was 36 years.

Left ventricular volumes in all the studies, including our own did not differ between HIV-infected
patients and controls, except for the ESV that was modestly larger in the study by Ntusi (7%)."

LV mass did not differ significantly between the groups in any of the studies, including our own.

Our findings regarding the strain impairment confirmed the results of prior studies:

The systolic strain rate was impaired in our study and Ntusi and his co-workers reported abnormal
diastolic strain in HIV infected patients (29% lower in the HIV-infected patients)'’ and this was also
impaired in the study by Leutgens and his coworkers. "

We observed areas of LGE in 75% of the HIV-infected patients (30 out of the 40 patients), similar to the
studies by Ntusi and Leutgens, who observed patchy areas of LGE in 83% and 82% of the patients

719 The study by Thiara reported lower percentages in their HIV-infected patients

respectively.
(8.6%)."®
The native T1 mapping times, a marker of diffuse fibrosis, were significantly increased in all the studies,
including our own.

Thiara and co-workers showed an association between ART-treated HIV and myocardial fibrosis.'® The
subsequent studies by Ntusi and Leutgens and their co-workers alluded to a possible underlying
inflammatory cause for the fibrosis and associated, (mainly diastolic) functional impairment, in patients
on treatment.'” ® Our patients were not on treatment, but the findings were similar, strongly suggesting
that HIV infection per se could be the major aetiological factor.

This implies that the changes and abnormal parameters in our study were due to the HIV virus itself or
to OI’s affecting the myocardium.

A limitation of the study is the lack of follow up CMR scans to ascertain whether the abnormalities

improved or progressed over time and in response to therapy once patients were treated with ART. The
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effects of cardioprotective therapies, like renin-angiotensin-aldosterone system (RAAS) inhibitors and
beta-blockers were not assessed in this study, and this could be a fertile area for further investigation
including prospective randomised trials using CMR as a surrogate endpoint and clinical outcomes in
more extensive studies. Another limitation is the fact that the sample size was small due to financial
restraints as well as the fact that the control patients that were included could have had underlying

asymptomatic heart disease.
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Chapter 6: Impact of the Study and future considerations

There is a pandemic of HIV infection in Sub-Saharan Africa with a dire impact on the socio-economy of
the region. The protean manifestations of the HIV syndrome are multifactorial and include the impact of
comorbidities and underlying nutritional status of the patient population, in addition to other factors

such as the regional infrastructure, which determines the accessibility to retroviral therapy, drug
adherence and prompt treatment of the complications of the disease. In this respect, this study makes an
original contribution by enhancing our understanding of the early onset of cardiac manifestations of
HIV infection in SSA. An example of the international differences is the well-documented prevalence of
premature vascular disease in long-term survivors of retroviral therapy in high-income countries,
whereas the impact of retroviral therapy in association with emerging risk factors for CVD in SSA is

unknown.

This study does provide a novel insight into the early effects of HIV in a young population with a low
likelihood of CVD, and as such the functional, morphologic and tissue characteristics described are
likely the result of the HIV infection alone. All the previous studies, which evaluated the effects of HIV
infection on function, structure and myocardial tissue included patients almost exclusively on treatment
and adverse effects of antiretroviral drugs on the myocardium and vasculature are well known in
addition to their proclivity to cause dyslipidaemia, the metabolic syndrome and accelerated
atherosclerosis. °" '¢>1%% 17

The increased risk of hyperglycaemia, the metabolic syndrome in HIV-infected patients on treatment is

well documented.

We therefore addressed one of the important gaps in the literature by demonstrating:
a. Early manifestations of cardiac involvement in untreated asymptomatic individuals
without cardiac symptoms (and normal systolic functional analysis) are present in several

strain parameters.
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b.

These patients were not on therapy implying that the abnormal findings can be attributed

to the effects of viral infection per se or perhaps opportunistic infections.

The study provides the following insights:

a.

There is a striking lack of any measurable impact upon systolic ejection fraction and
structure in asymptomatic untreated patients. This highlights the potential importance of
identifying abnormal strain patterns as the earliest harbinger of cardiac involvement and
perhaps a target for early cardiac-specific therapies. Earlier detection and treatment may,
in turn, have the potential to modify the natural progression of the disease.

We demonstrated that the native T1 time could also be used as early markers of diffuse
myocardial involvement. Also, these parameters can be utilised to diagnose and follow

the progression of cardiac involvement.

Implications for the future include the following:

a.

CMR parameters may provide a target or parameter for future clinical trials of antiviral
and cardiac-specific therapy.

CMR may provide additional insight into the natural history of these abnormalities and
links to subsequent disease, e.g. CVD, heart failure and arrhythmias

Ultimately clinical trials will be needed to assess whether treatments based upon these
parameters can affect outcomes.

The CMR sequences we used to evaluate function, structure and tissue characteristics
included sophisticated software tools to assess diastolic function, but also T1 mapping
that is now a commercially available tool and is easy to perform and does not require the
use of contrast. It can be traced manually, without access to sophisticated software and

potentially at a lower cost than a full comprehensive CMR study.
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e. Awareness of the potential for cardiac involvement at an early subclinical phase of the
disease must be cultivated among physicians.

f. The broader availability of CMR may have a role to play in the earlier identification of
subclinical disease in HIV as well as in the assessment of the effect of cardioprotective
therapies like RAAS inhibitors once cardiovascular manifestations occur.

g. Earlier detection of the cardiovascular manifestations may improve mortality and
morbidity in HIV-infected patients as well as its effect on the economy and workforce.

h. It would be prudent for future policy to include routine native T1 CMR scanning of
asymptomatic patients before commencing with ART.

i.  Symptomatic patients should undergo a routine native T1 CMR scan, if the symptoms

cannot be attributed to underlying intrapulmonary or other systemic pathologies.

HIV infection is a cost to society and the economy and prevention as well as prompt treatment with
ARTs is the only way to counteract this. Whether the early detection of cardiac involvement may reduce
future cardiovascular and coronary disease events and as such may help to reduce the clinical impact of
the epidemic of CVD in SSA, a region that already struggles under the burden of many other diseases,
including the complications of HIV, will remain to be determined. Nonetheless, the potential therapeutic

implication of early detection is exciting.
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Chapter 7: Published articles, articles under review and planned articles

Articles published on the same topic before registration for the degree:

1.

Editorial: L Scholtz Cardiovascular imaging in South Africa. SA Journal of Radiology

September 2011

2. Vascular manifestations of HIV/AIDS Cardiovasc Intervent Radiol (2004) 27:422—426 DOI:

10.1007/s00270-004-0016-6

Articles published since registration for the PhD:

1.

L Scholtz, A Sarkin, Z Lockhat Current clinical applications of cardiovascular magnetic

resonance imaging Cardiovasc J Afi 2014; 25: 185-190 DOIL: 10.5830/CVJA-2014-021

Editorial: Scholtz L. Cardiovascular imaging in South Africa: Is the heartache easing? S AfrJ

Radiol 2016;20(2), a1045 http://dx.doi.org/10.4102/sajr.v20i2.1045

Preliminary results of the systolic functional evaluation were reported in the local SA Journal of
Radiology: Scholtz L, Du Plessis A, Andronikou S, ef al. Systolic function evaluated with
cardiovascular magnetic resonance imaging in HIV-infected patients. S Afr J Rad. 2016;20(2),

al044. http//dx.doi.org/10.4102/ //sajr.v20i2.1044

Article titled, “Cardiovascular manifestations of HIV/AIDS: An African perspective on the
evolving epidemiology and clinical course with emphasis upon diagnostic imaging challenges.”

has been sent to Cardiovascular journal of Africa and awaits acceptance.

The full results including the full functional evaluation, hyperaemia, oedema and LGE as well as
the T1 mapping findings will be submitted for publication to a peer-reviewed journal. The
journals that will be considered include Circulation, JACC Imaging, European Heart Journal

Cardiovascular Imaging, etc.
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Appendix 1

PIC 1 (a)

PATIENT / PARTICIPANT’S INFORMATION LEAFLET & INFORMED
CONSENT FORM FOR CLINICAL MEDICATION TRIAL /

TRIAL TITLE:

Cardiovascular Magnetic Resonance in patients with HIV: assessing the
structural and functional abnormalities associated with remodeling of the
myocardium

SPONSOR: None

Principal Investigator:

Professor Leonie Scholtz

Institution:

Montana Private Hospital and University of Pretoria
DAYTIME AND AFTER HOURS TELEPHONE NUMBER(S):
Daytime numbers: 0125481002 or 0828235729
Afterhours: 0825552912

DATE AND TIME OF FIRST INFORMED CONSENT DISCUSSION:

dd mm yyyy Time
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Dear Patient
INTRODUCTION

You are invited to volunteer for a research study. This information leaflet is to help you to decide if you
would like to participate. Before you agree to take part in this study, you should fully understand what is
involved. If you have any questions, which are not fully explained in this leaflet, do not hesitate to ask
the investigator. You should not agree to take part unless you are completely happy about all the
procedures involved. In the best interests of your health, it is strongly recommended that you discuss
with or inform your personal doctor of your possible participation in this study, wherever possible.

WHAT IS THE PURPOSE OF THE RESEARCH TRIAL?

You have been diagnosed as suffering from HIV infection and the investigator would like you to
consider taking part in the research of a new imaging tool, called Cardiovascular Magnetic Resonance
Imaging.

The objective of this study is to image and document the heart abnormalities associated with HIV
infection.

We are going to characterize the structural changes (tissue abnormalities) affecting the heart muscle in
patients with HIV and verify whether these changes are due to swelling, scar tissue or inflammation
based on Cardiovascular Magnetic Resonance (CMR) imaging findings.

We are going to compare the functional and structural CMR findings between HIV infected and HIV-
uninfected patients (controls).

WHAT IS THE DURATION OF THIS TRIAL?

If you decide to take part you will be one of approximately 35 patients. The CMR will take approximately
one hour.

DESCRIPTION OF PROCEDURES

This study involves answering some questions with regard to your illness, examination of yourself, ECG,
weight and height, measurements, blood tests and an ultrasound test.

It is important that you let the investigator know of any medicines (both prescriptions

or over-the-counter medicines), alcohol or other substances that you are currently taking.

You will be asked to remove all metal objects and you will wear a gown given to you by the radiographer.
During the scan itself, you will lie on a table that slides into a horizontal cylinder slightly wider than

your body. You will be asked to lie still, but you will be able to hear and speak to the MRI
personnel/research staff.

HAS THE TRIAL RECEIVED ETHICAL APPROVAL?

This clinical trial Protocol was submitted to the Faculty of Health Sciences Research Ethics Committee,
University of Pretoria, telephone numbers 012 3541677 / 012 3541330 and written approval has been
granted by that committee. The study has been structured in accordance with the Declaration of Helsinki
(last update: October 2008), which deals with the recommendations guiding doctors in biomedical
research involving human/subjects. A copy of the Declaration may be obtained from the investigator
should you wish to review it.

WHAT ARE YOUR RIGHTS AS A PARTICIPANT IN THIS TRIAL?

Your participation in this trial is entirely voluntary and you can refuse to participate or stop at any time
without stating any reason. Your withdrawal will not affect your access to other medical care. The
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investigator retains the right to withdraw you from the study if it is considered being in your best
interest. If it is detected that you did not give an accurate history or did nor follow the guidelines of the
trial and the regulations of the trial facility, you may be withdrawn from the trial at any time.

IS ALTERNATIVE IMAGING AVAILABLE?
Alternative imaging of the heart muscle is not currently available.

MAY ANY OF THESE TRIAL PROCEDURES RESULT IN DISCOMFORT OR
INCONVENIENCE?

Some people experience anxiety, panic, or a sensation of claustrophobia when lying in the MRI
machine. If you think this may happen to you, please tell the researchers before you have the scan. The
scanner also makes loud noises during imaging. Ear protection will be provided to reduce the noise
level. If you feel uncomfortable for any reason before or during the procedure, please tell the
researchers. If for any reason during the procedure you want to stop, you may do so at any time. You
will be given an intravenous injection of contrast material called Gadolinium during the scan. It may
result in a bruise at the puncture site, or less commonly fainting or swelling of the vein, infection and
bleeding from the site. Your protection is that the procedures are performed under sterile conditions by
experienced personnel. A total of 10ml of contrast (i.e. 1 tablespoon) will be injected.

WHAT ARE THE BENEFITS TO YOU

This particular scan normally carries a high cost and in your case it will be free of charge. The findings
resulting from the study might add additional information regarding your medical condition and utilized
by your doctor during your treatment.

WHAT ARE THE RISKS INVOLVED IN THIS TRIAL?

MR imaging is generally considered being safe; but accidents, injuries, and even deaths have occurred
during MRI procedures. Serious complications can occur in people who have metal pacemakers, metallic
dust in the eyes, or certain types of metal prostheses, implants, or surgical clips. MRI is also dangerous
for anyone wearing any metal objects, including jewellery, watches, hair holders, eyeglasses or metal on
clothing, as well as eye shadow, which sometimes contains metallic substances. In addition, if you enter
the MRI room with any magnetic cards, such as ATM and credit cards, you will risk having the data on
the cards erased by the MRI machine. For these reasons, a researcher or technician will review safety
information with you before the scan. In order to determine whether it is safe for you to undergo the
scanning procedure, it will be important that you tell the technician about any metallic objects or devices
in, or on, your body. In this research study, an injection of Gadolinium, an MRI contrast media, is used
to enhance the quality of your MRI images. Gadolinium will be administered by intravenous injection.
Gadolinium generally gives very few reactions. However, injections carry a small risk of harm including
allergic reaction, injury at the injection site, or infection. The reported frequency of adverse events after
an injection of Gadolinium contrast ranges from 0.07-2.4%. The majority of these reactions are mild,
including coldness at the injection site, nausea, vomiting, dizziness, and itching. Reactions resembling
an “allergic” response are rare and vary in frequency from 0.004-0.07. A rash or hives are the most
frequent of this group and very rarely there may be bronchospasm. Severe, life threatening
anaphylactoid reactions are exceedingly rare (1-10/100,000) In an accumulated series of 687,000 doses
there were only 5 severe reactions. In another survey based on 20 million administered doses there were
55 cases of anaphylactic shock. To date, only one published death has been clearly related to the
administration of gadolinium- based contrast. The staff and physicians are trained to handle problems
that may arise with the contrast injection. If you previously had an “allergic-type” reaction to
contrast media used in MRI, please notify the technologist so that they can plan your examination
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accordingly.

People who have kidney disease who are given gadolinium-based contrast agent may have a very small
risk of developing a very rare disease called Nephrogenic Systemic Fibrosis (NSF). We have screened
you and your kidney function fell within the normal range. To date this disease has only been found in
patients with kidney disease, and the vast majority, if not all, have severe kidney disease. NSF is often
associated with thickening and tightening of the skin (usually involving the arms and/or legs but
occasionally associated with the trunk) and scarring. NSF may rarely continue to get worse and can even

cause death. If you have any questions, feel free to ask the technologist.

ARE THERE ANY WARNINGS OR RESTRICTIONS CONCERNING MY PARTICIPATION
IN THIS TRIAL?

Magnetic Resonance Imaging (MRI) uses a powerful magnet to take pictures of your body. Because the
MRI machine exposes the body to a very strong magnetic force, you will have to follow certain safety
precautions to make sure you do not have any metal objects in, or on, your body. Before you undergo
your MRI scan, a researcher or technician will ask whether your body contains any metallic medical
devices or equipment, including heart pacemakers, metal prostheses, implants or surgical clips. You also
will be asked whether you have had any prior injury from shrapnel or grinding metal, and you will be
asked whether your eyes have been exposed to metallic dust or metallic shavings. You, or the researcher
or technician, will also complete a checklist that addresses issues of MRI safety. If you have no metallic
objects or particles in your body, you will be asked before entering the MRI room to remove from your
person all metal objects, including jewellery, watches, hair holders, or eyeglasses; and you will be asked
to empty your pockets of all materials, including keys, wallets, and magnetic cards such as ATM and
credit cards. In addition, if your clothing has more than a minimal amount of metal content, you may be
asked to change into a hospital gown or other suitable garment. Finally, you will be asked to remove any
eye shadow you may be wearing, because eye shadow sometimes contains metallic substances.

FOR WOMEN: The safety of MR imaging during pregnancy has not been proved. If you are, or might
be, pregnant, you cannot take part in this study.

INSURANCE AND FINANCIAL ARRANGEMENTS

The scans will be performed at the Netcare Montana Private Hospital. You will be transported from and
back to Steve Biko Hospital free of charge.

The investigator will provide payment for all trial procedures and reasonable medical expenses, which you
may incur as a direct result of this trial as determined by the investigator. Neither you nor your medical
scheme will be expected to pay for any study medication or trial procedures.

The investigator has obtained insurance for you and the investigator in the event of such trial related
injury. Further detailed information on the payment of medical treatment and compensation due to injury
can be obtained from the investigator should you desire to review it. You will not be paid to participate
in this trial. The investigator will determine if you are eligible to receive reimbursement for out-of-
pocket and/or travel expenses. Please note that if you have a life insurance policy, you should enquire
whether your insurance company requires notification of your intention to participate in a clinical trial.
Our information to date is that it should not affect any life insurance policy taken out. Nevertheless you
are strongly advised to clarify this with the company concerned.
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SOURCE OF ADDITIONAL INFORMATION

For the duration of the trial, you will be under the care of Professors Scholtz and Stoltz. If at any time
between your visits you feel that any of your symptoms are causing you any problems, or you have any
questions during the trial, please do not hesitate to contact him/her. The 24 hour telephone number is
0825552912, through which you can reach him/her or another authorized person.

CONFIDENTIALITY

All information obtained during this trial is strictly confidential. Data that may be reported in scientific
journals will not include any information which identifies you as a patient in this trial.

INFORMED CONSENT

I hereby confirm that I have been informed by the investigator, Dr..................

about the nature, conduct, benefits and risks of clinical imaging trial. I have also received, read and
understood the above written information (Patient Information Leaflet and Informed Consent) regarding
the clinical trial.

I am aware that the results of the trial, including personal details regarding my sex, age, date of birth,
initials and diagnosis will be anonymously processed into a trial report.

I may, at any stage, without prejudice, withdraw my consent and participation in the trial. I have had

sufficient opportunity to ask questions and (of my own free will) declare myself prepared to participate
in the trial.

Patient's name

(Please print)
Patient's signature Date

LDr.o..ooooo herewith confirm that the above patient has been informed fully about the nature,
conduct and risks of the above trial.

Investigator's name

(Please print)
Investigator's signature Date

Witness's name* Witness's signature Date
(Please print)

*Consent procedure should be witnessed whenever possible.
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VERBAL PATIENT INFORMED CONSENT (applicable when patients cannot read or write)

I, the undersigned, Dr .................. , have read and have explained fully to the patient, named
.................... and/or is/her relative, the patient information leaflet, which has indicated the nature and
purpose of the trial in which I have asked the patient to participate. The explanation I have given has
mentioned both the possible risks and benefits of the trial and the alternative treatments available for
his/her illness. The patient indicated that he/she understands that he/she will be free to withdraw from
the trial at any time for any reason and without jeopardizing his/her subsequent injury attributable to the
drug(s) used in the clinical trial, to which he/she agrees.

I hereby certify that the patient has agreed to participate in this trial.

Patient's Name

(Please print)
Investigator's Name

(Please print)
Investigator's Signature Date

Witness's Name Witness's Signature Date
(Please print)

(Witness - sign that he/she has witnessed the process of informed consent
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Appendix 2

MRI Pre Scan Safety Questionnaire

This questionnaire is designed to screen for various conditions in a potential MRI
participant, which could lead to moderate or serious injury during MRI scanning. It is
VERY important that you complete it as honestly and comprehensively as possible—
please ask if you have any questions.

NAME: DATE:

ID No.

DATE OF BIRTH: HEIGHT: WEIGHT:
STUDY/PROJECT NAME:

Please circle if any of the following are relevant to you:

Do you have or have you ever had a cardiac pacemaker? YES/NO
Do you have an implanted cardiac defibrillator? YES/NO
Do you have an aneurysm clip or been treated for an aneurysm in the head? YES/NO
Do you have a cochlear or stapes Implant? YES/NO
Do you have a neurostimulator or spinal cord stimulator? YES/NO
Do you have any implanted electronic or magnetically activated devices?  YES/NO
Have you ever had any metal enter your eyes? YES/NO
(Cutting metal, grinding or welding)

If yes, was it removed by a doctor? YES/NO

Please indicate if you have any of the following: (Please circle)

Hip replacement or artificial joint? YES/NO
Pin, plate or screw? YES/NO
Prosthesis -eye, limb, penile implant? YES/NO
Implanted coil, filter, shunt or stent? YES/NO
Eyeliner or other facial make up? YES/NO
Piercings or any jewellery? YES/NO
Hearing aid? YES/NO
Eyelid spring or wire? YES/NO
Do you have any tattoos? YES/NO
Artificial heart valve? YES/NO
Contraceptive IUD? YES/NO
Inflatable breast implant? YES/NO
Are you/could you be pregnant? YES/NO
Medication patches applied? YES/NO
Wire mesh Implanted? YES/NO
Spine or head shunt? YES/NO
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Vascular port or catheter? YES/NO

Any other implanted metal? YES/NO
Any metal foreign bodies? YES/NO
Other concerns? YES/NO
Are you breast-feeding? YES/NO
Do you suffer from claustrophobia? YES/NO
Do you suffer from epilepsy or ever had a seizure? YES/NO
Do you wear braces, a dental plate or false teeth? YES/NO
Do you suffer from any heart condition that would make you susceptible to an increased
risk of cardiac arrest? YES/NO
Have you ever had a surgical operation? If yes, please provide details of body area (head,
arm) and medical condition YES/NO
Have you had a MRI scan before? YES/NO

Ifyes, Where? ......ccovveviiieieiiieeee e,

Did you experience any problems while having an MRI scan? YES/NO

Do you have any allergies? YES/NO

If yes, details:

I have read the above information and am aware of the risks and benefits of undergoing
an MRI examination.

I have been provided with the opportunity to have any questions answered and I therefore
give my consent to an MRI scan. I confirm that the questions have been answered to the

best of my knowledge.

PARTICIPANTS NAME......ooiiiie et
SIGNATURE......ccciiiiiiiiiieieeceee e DATE..ccoiiiiiiiiiiiieeee
MRI STAFF MEMBER NAME: .....cooiiiiiiiiiieeeeee e
SIGNATURE......ccoiiiiiiiieieeee e, DATE...ccoiiiiiieiieieeiee

Please empty your pockets of all magnetic items including wallet, bank cards and coins.
You will also need to remove shoes, metal belt buckles and any jewellery you have on.
You will also need to remove your eye glasses (the radiographer will provide you with
alternatives)
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Appendix 3

The Research Ethics Committee, Faculty Health
Sciences, University of Pretoria complies with ICH-
GCP guidelines and has US Federal wide Assurance.

UNIVERSITEIT VAN PRETORIA
* FWA 00002567, Approved dd 22 May 2002 and UN
YU

VERSITY OF PRETORIA
IBESITHI YA PRETORIA

Expires 20 Oct 2016.

« IRB 0000 2235 IORG0001762 Approved dd V

22/04/2014 and Expires 22/04/2017.
Faculty of Health Sciences Research Ethics Committee

I
N

12/08/2014

Approval Certificate
New Application
Ethics Reference No.: 239/2014
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