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Introduction
As of late 2015, there were approximately 36.7 million people worldwide living with human 
immunodeficiency virus (HIV) or acquired immunodeficiency syndrome (AIDS), with an 
estimated 2.1 million people becoming newly infected in that same year.1 Despite the decreasing 
incidence of de novo infections seen over the past decade, HIV infection remains a major global 
public health concern, with most infected individuals living in low- to middle-income countries, 
particularly in sub-Saharan Africa.1

As a consequence of the introduction of combination antiretroviral therapy (ART), the survival of 
people living with HIV infection has improved substantially.2 South Africa has the largest number 
of people living with HIV infection and also the largest ART roll-out programme globally.3 
However, despite our improved understanding of the disease and early initiation of ART, HIV 
infection is associated with significant complications, including cardiovascular disease (CVD). 
HIV-associated CVD results from a complex interplay of factors, including, but not limited to, 
chronic inflammatory processes resulting from HIV infection itself, opportunistic infections, 
concurrent metabolic changes resulting from the use of ART and conventional risk factors for 
atherosclerotic CVD.4 Consequently, HIV-associated CVD involves all segments of the 
cardiovascular tree, commonly affecting the left ventricular (LV) myocardium, valvular apparatus, 
pericardium and coronary, pulmonary and peripheral vasculature.4

Various modalities of cardiovascular imaging are integral to the assessment of CVD, and many 
are ingrained into the modern practice of cardiovascular medicine. Cardiovascular magnetic 
resonance (CMR) has emerged as the gold standard technique for many indications, allowing 
comprehensive characterisation of functional, morphological, metabolic and hemodynamic 
sequelae of various cardiovascular manifestations. In this article, we review phenotypes of HIV-
associated CVD along a clinical continuum and highlight the utility of CMR in their assessment.

Cardiovascular magnetic resonance techniques
Several unique properties of CMR contribute to its widespread utility in the assessment of the 
cardiovascular system. The relatively high spatial and temporal resolution coupled with excellent 
tissue contrast enables comprehensive assessment of multiple parameters pertaining to 

Despite ongoing advances in the treatment of patients with human immunodeficiency virus 
(HIV) or acquired immunodeficiency syndrome (AIDS), they remain a major global public 
health concern conferring an increased risk of morbidity and mortality in affected individuals. 
This is, in part, because of the widespread dysfunction imposed by HIV and its treatment on 
the cardiovascular system, including the myocardium, valvular apparatus, pericardium and 
coronary, pulmonary and peripheral vasculature. In recent times, cardiovascular magnetic 
resonance (CMR) imaging has emerged as the gold standard tool for assessment of a variety of 
indications, allowing comprehensive characterisation of functional, morphological, metabolic 
and haemodynamic sequelae of several cardiovascular pathologies. Furthermore, continued 
advancement in imaging techniques has yielded novel insights into the underlying 
pathophysiology and guides future therapeutic strategies. In this article, we review the various 
clinical phenotypes of HIV-associated cardiovascular disease and highlight the utility of CMR 
in their assessment.
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cardiovascular morphology and function, without exposure 
to ionising radiation.5 Furthermore, the ability to obtain 
images in any tomographic plane regardless of body habitus 
confers significant advantage in patients with limited 
sonographic acoustic windows.5

Characterisation of myocardial tissue is a unique feature of 
CMR, traditionally achieved through late gadolinium-
enhanced imaging and based on the relative difference in 
volume of distribution of intravenously administered contrast 
[and subsequent alteration of longitudinal relaxation (T1) 
times] between normal and abnormal myocardium.5 More 
recently, native (precontrast) T1 and T2 mapping techniques 
have allowed direct measurement of myocardial relaxation 
times on a pixel-wise basis, parameters which have been 
extensively validated offering similar diagnostic performance 
and superior sensitivity for inflammation, infiltration, acute 
injury and fibrosis as compared with delayed enhancement 
imaging in detecting myocardial pathology.5,6,7 T1 maps are 
most commonly acquired using modified look-locker 
inversion recovery (MOLLI)-based or saturation recovery 
single-shot acquisition (SASHA)-based sequences in the short-
axis plane at the basal, mid and apical LV levels. The underlying 
principle involves the application of an inversion or saturation 
pulse followed by successive sampling of the relaxation curve 
as myocardial longitudinal magnetisation returns to its 
original level. The entire relaxation curve is then extrapolated 
from the acquired data and the native T1 values extracted. For 
ease of interpretation, these values are displayed as a colour 
map superimposed on anatomic images, allowing global and 
segmental quantification of T1 values using targeted regions-
of-interest (ROIs). The further acquisition of T1 maps following 
contrast administration allows for the estimation of myocardial 
extracellular volume (ECV), a marker of myocardial tissue 
remodelling which has been shown to be a robust measure of 
the degree of myocardial fibrosis.7

In addition to the assessment of biventricular function using 
ejection fraction (EF), several CMR techniques have been 
developed to quantify myocardial deformation (i.e. strain) 
throughout the cardiac cycle. In essence, this is achieved 
using multiple magnetic labels (in the form of black lines or 
tags) which are superimposed on and embedded into the 
myocardium at the start of a cine sequence (see Figure 1). The 
subsequent deformation of these tags is assessed throughout 
the cardiac cycle and allows for inferences to be made about 
myocardial strain in various (circumferential, radial and 
longitudinal) planes.

Left ventricular dysfunction
Left ventricular systolic and diastolic dysfunction are well 
documented in HIV-infected persons, with most data emerging 
from echocardiography-based studies.8,9 Conventional indices 
available for the assessment of LV function include the EF, 
volumes, wall motion, thickness and mass.5 The measurement 
of systolic and diastolic strain and strain rate parameters 
provides more sensitive information about global and regional 
cardiac function and cardiac deformation properties, and 
changes in strain parameters often predate the development of 
overt LV systolic dysfunction.10

Several studies using CMR have consistently demonstrated 
the presence of regional LV systolic and diastolic dysfunction 
in asymptomatic individuals.10,11,12 In the setting of preserved 
EF, impairment was detected on CMR as reduced 
circumferential,10 longitudinal11 and radial12 strain and strain 
rate measurements.

A cross-sectional study of 698 HIV-infected persons showed 
that 48% had diastolic dysfunction, which was associated 
with the co-existence of conventional cardiovascular risk 
factors (including age, elevated body mass index, elevated 

ba

FIGURE 1: Short-axis images through the mid-left ventricle with application of myocardial tagging at end-diastole (a). Tag lines follow myocardial deformation (b) during 
the cardiac cycle and allow quantification of myocardial strain parameters in the circumferential, longitudinal and radial directions.
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total cholesterol and presence of hypertension and diabetes 
mellitus).13 Another study of 129 HIV-infected patients 
showed a 47% higher median myocardial lipid content and 
76% prevalence of myocardial fibrosis, using MR spectroscopic 
and parametric mapping techniques, respectively, raising 
suspicion that these morphologic abnormalities may underlie 
cardiac dysfunction in this subset of patients.11

Myocarditis
Inflammatory changes within the myocardium have been 
extensively studied in the context of HIV infection and contribute 
significantly to the eventual decline in cardiovascular function 
and the development of cardiomyopathy in affected individuals.4,14 
Direct invasion of cardiomyocytes by HIV has been described, 
though this occurs in a haphazard fashion with no clear association 
between viral load and extent of myocardial involvement.15 
Worsening immunosuppression predisposes to cardiotropic viral 
infection (herpes simplex virus, cytomegalovirus, parvovirus and 
Coxsackie B3 most commonly implicated) and infection by 
opportunistic pathogens including Mycobacterium tuberculosis, 
Toxoplasma gondii, Cryptococcus neoformans and Histoplasma 
capsulatum.4 It is worth noting, however, that no specific pathogen 
is identified in up to 80% of affected patients, and clinical 
presentation is heterogeneous with a large proportion of patients 
remaining asymptomatic despite ongoing subclinical myocardial 
oedema and inflammation.16

Cardiovascular magnetic resonance is a powerful tool for 
diagnosing myocarditis because of its ability to accurately 
delineate areas of myocardial oedema, necrosis, infiltration 
and fibrosis. Standard cine balanced steady-state free 
precession (bSSFP) sequences may show regional wall 
motion abnormalities, areas of increased wall thickness 
associated with acute inflammation and the presence of co-
existent pathologies, which includes characterisation of the 
extent, location and haemodynamic significance of any 
pericardial effusions.

Myocardial oedema appears as high signal on T2-weighted 
short tau inversion recovery sequences (STIR) (see Figure 2), 
and more recently, prolongation of native T1 and T2 values 
as detected through mapping techniques has been shown to 
be a sensitive imaging biomarker of active myocardial 
inflammation.6 The acquisition of post-contrast images yields 
further insight as regional vasodilation and acute myocardial 
necrosis result in altered gadolinium kinetics, with an increased 
uptake and rapid distribution of gadolinium chelates into the 
expanded interstitial space. The acquisition of T1-weighted 
images acquired approximately 2–5 min following contrast 
administration allows for the quantitative assessment of the 
myocardial early gadolinium enhancement ratio (EGEr), a ratio 
between myocardial and musculoskeletal enhancement, which 
highlights the variation in gadolinium distribution resulting 
from tissue damage (typically EGEr > 4.0 considered abnormal). 
Late gadolinium-enhanced MR images use inversion recovery 
sequences to null normal myocardium, highlighting areas of 
retained contrast as high signal areas representative of focal 
myocardial fibrosis. Findings classically include linear, patchy 

or nodular areas of enhancement in a non-coronary distribution 
(most commonly the basal inferolateral walls) with a mid-wall 
or sub-epicardial pattern17 (see Figure 3). Lastly, while more 
commonly a marker of diffuse myocardial fibrosis, the ECV 
fraction (calculated from native and post-contrast T1 maps) 
may also be elevated in myocarditis.18

Luetkens et al. studied 28 HIV-infected patients, on HAART 
with HIV RNA < 200 copies/mL, using CMR and found 
elevated parameters indicating myocardial inflammation 
(native T1 time, relative T2 signal intensity ratios and EGEr) 
as compared with healthy controls.19 Ntusi et al. looking at 
103 HIV-infected individuals, without known CVD, found 
evidence of subclinical myocardial oedema and an increased 
incidence of pericardial effusions, providing additional 
evidence for chronic myocardial inflammation.20

Cardiomyopathy
Acquired cardiomyopathy in the context of HIV infection 
represents the final common pathway of a complex and 
multifactorial process resulting in systolic and diastolic 
dysfunction and, most often, progression to a dilated 
cardiomyopathy (see Figure 4). In ‘The Heart of Soweto 
Study’ the prevalence of HIV-associated cardiomyopathy 
was reported as 38%, comprising both patients with clinical 
features of heart failure and those noted to have subclinical 
LV dysfunction on echocardiography.21

Although echocardiography remains the first-line imaging 
modality for the diagnosis of HIV-associated cardiomyopathy, 
CMR allows comprehensive, easily reproducible assessment 
of cardiac morphology and function, with added tissue 
characterisation techniques allowing the detection and 
quantification of underlying myocardial fibrosis through late 
gadolinium enhancement (LGE) and parametric mapping 
techniques (see Figure 5). This proves useful in both 

FIGURE 2: T2-weighted STIR image at the level of the mid-left ventricle shows an 
elevated myocardial skeletal muscle signal intensity ratio (SIR) of 2.5 (normal 
< 1.9) in keeping with diffuse myocardial oedema.

http://www.sajr.org.za


Page 4 of 10 Review article

http://www.sajr.org.za Open Access

b ca

FIGURE 3: Short-axis (a), 2-chamber (b) and 4-chamber (c) late gadolinium phase-sensitive inversion recovery images show linear mid-wall enhancement in the lateral wall 
of the LV (white arrows).

ba

FIGURE 4: Four-chamber (a) and 2-chamber (b) SSFP images showing a markedly dilated left ventricle in a patient with known HIV-associated cardiomyopathy.

ba

FIGURE 5: T1 map at the level of the mid-LV (a) shows a markedly elevated myocardial T1 time of 1414 m/s (normal 1052 m/s ± 23 m/s at 3 T) (b) in keeping with diffuse 
myocardial fibrosis.
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prognostication and longitudinal follow-up in this subset of 
patients as higher levels of myocardial fibrosis have been 
correlated with an increase in all-cause mortality.

Pericardial disease
The spectrum of pericardial disease associated with HIV is 
broad with isolated pericardial effusions reported as the 
commonest manifestation. Although non-specific, their 
presence supports active inflammation and may add weight to 
the diagnosis of subclinical myocarditis or point to primary 
pericardial disease, with Mycobacterium tuberculosis being the 
most likely pathogen implicated. Historic studies demonstrated 
that tuberculous pericarditis accounted for over 80% of causes 
of pericardial effusion in HIV-infected individuals occurring in 
sub-Saharan Africa.22,23 The underlying pathophysiology 
implicates retrograde lymphatic spread from peribronchial 
and mediastinal lymph nodes or haematogenous dissemination 
from primary tuberculous infection. The manifestations of 
tuberculous involvement of the pericardium may include 
pericarditis, pericardial effusions with or without associated 
effusive-constrictive syndromes and progression to calcified 
pericardial constriction.24,25,26

Cardiovascular magnetic resonance is useful in both 
characterisation of morphology and assessment of 
haemodynamic sequelae associated with tuberculous 
pericardial disease. Cine SSFP images demonstrate the size 
and location of effusions, and although not specifically T2 
weighted, they frequently allow visualisation of organised 
fibrin strands within the pericardial sac (see Figure 6). 
Furthermore, as progressive inflammation results in 
decreasing pericardial compliance and the development of 
constriction, right ventricular filling pressures rise with 
subsequent flattening of the interventricular septum 
producing a characteristic ‘D’ shaped LV or even transient 
septal inversion to the left side (diastolic septal bounce) in 
early diastole5,27 (see Figure 7).

Pre- and post-contrast T1-weighted anatomic images allow 
accurate measurement of pericardial thickness and may 
show high signal areas of enhancement in keeping with 
active inflammation or fibrosis (see Figure 8). The detection 
of morphological abnormalities of the pericardium coupled 
with evidence of constrictive physiology is helpful in 
identifying patients who would benefit from surgical 
pericardiectomy and in guiding subsequent stripping 
procedures.

Coronary artery disease
The association between HIV and accelerated coronary 
artery disease (CAD) is well described and has been the 
focus of extensive study in recent years.28 Despite overall 
decline in all-cause mortality related to the introduction of 
ART, patients with HIV have an increased risk of acute 
myocardial infarction as compared with the general 
population.29 The reason for this is both complex and 
multifactorial, with HIV-mediated endothelin dysfunction 
and ART-related dyslipidaemia (particularly associated with 
protease inhibitor use) playing a role.29 Endothelial cells are 
thought to alter procoagulant, anticoagulant and fibrinolytic 
pathways in vivo, while underlying HIV-associated platelet 
dysfunction and background vasculitis likely contributes to 
the development of CAD.30,31 Furthermore, the chronic 
inflammatory state imposed by HIV infection is associated 
with an increased risk of spontaneous coronary artery 
dissection (see Figure 9). In addition to traditional 
Framingham risk factors, duration of HIV infection and 
lower CD4–CD8 ratios correlate with increased coronary 
arterial plaque burden.32

Despite the known relationship between HIV infection and 
accelerated atherosclerosis, the anticipated pandemic of 
CVD related to CAD has not materialised in sub-Saharan 
Africa. ‘The Heart of Soweto Study’ showed that, of the 

ba

FIGURE 6: CMR SSFP images (a and b) show marked pericardial thickening (white arrows) and a large pericardial effusion containing organised fibrin strands (white 
asterisk). A large left-sided pleural effusion is also evident (black asterisk).
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de novo manifestations of heart disease within the HIV-
positive subset of the cohort (518 of 5328 cases), CAD was 
the primary diagnosis in only 14 patients (2.7%).21 In a 
cohort of 12 800 HIV-infected patients, Zhang et al. 
concluded that increasing age was associated with non-
AIDS defining illnesses, including CVD.33 The widespread 
accessibility to ART may, in part, be responsible for the 
changing spectrum of diseases related to HIV, with an 
overall shift from AIDS-related illnesses to long-term age-
related complications.28

Coronary angiography has been the gold standard for the 
assessment of the coronary arteries for several decades, 
offering high spatial and temporal resolution of coronary 
flow. A significant limitation has been its inability to 
provide information about the affected vessel walls 
themselves, preventing further study of plaque 
characteristics and vascular remodelling associated with 
ongoing or subclinical disease. Computed tomography is 
more recently recognised as a robust tool for the 
assessment of coronary anatomy and quantification of 
overall calcified and non-calcified plaque burden, but has 
limitations in its ability to offer further insights into the 
underlying properties of tissues being imaged. Ongoing 
advancements in high field strength coronary MR have 
shown great promise in accurately gauging the degree of 
coronary stenosis, allowing coronary vessel wall imaging, 
measurement of coronary blood flow velocities and 
further characterisation of non-calcified plaques using 
delayed enhancement imaging techniques.32 In a study of 
35 HIV-positive patients, a significant increase in right 
coronary artery vessel wall thickness was found as 
compared with healthy controls.34 Another publication 
showed that the extent of local coronary epicardial 

adipose tissue was significantly related to coronary 
endothelial dysfunction as measured on coronary CMR.35 
With the ongoing advances in the treatment for HIV 
and a steadily increasing life expectancy in infected 
individuals, accelerated CAD is likely to play a more 
significant role in HIV-related CVD over time, and novel 
CMR techniques offer insights that may broaden our 
understanding of this condition and inform future 
treatment strategies.

Peripheral vascular disease
Human immunodeficiency virus-associated vasculopathy 
encompasses a wide spectrum of conditions including 
cerebrovascular disease, peripheral arterial thrombosis, 
arterial aneurysms and deep venous thrombosis. Its 
epidemiology remains incompletely characterised, with 
several described histological subtypes and a multifactorial 
aetiology.36 CMR techniques used to study this entity 
include measurement of reduced aortic distensibility, as 
demonstrated by cine acquisitions through various aortic 
planes and increased pulse wave velocity as calculated 
from phase contrast velocity encoded sequences. Both 
measures have been shown to be sensitive markers of 
reduced aortic elastic function, predictive of both future 
adverse cardiovascular events and mortality in several 
population-based studies. A study by Rider et al. found 
that treated HIV infection in patients without concurrent 
metabolic syndrome was associated with an 11% increase 
in pulse wave velocity and 14% regional reduction in aortic 
distensibility as compared with healthy controls.37 This 
effect was similar in HIV-negative patients with metabolic 
syndrome and additive in the subset of patients with both 
illnesses occurring concurrently.37

ba

FIGURE 7: Short-axis SSFP sequences at end-diastole (left) and end-systole (right) show systolic flattening of the interventricular septum (white arrow) indicative of right 
ventricular pressure overload.
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The effects of chronic inflammation and ART-associated 
lipodystrophy exert similar effects on the entire vascular 
system, with increased carotid artery intima-media 
thickness (C-IMT) on B-mode ultrasound shown to be 
predictive of future stroke and myocardial infarction. 
C-IMT, as measured by carotid CMR, has been shown to 
correlate well with sonographic measurements, with the 
added advantage of preserved resolution along the entire 
length of the examined arteries and ability to derive novel 
whole vessel parameters including plaque volume 
quantification, which may be useful as surrogate markers 
for longitudinal follow-up of cardiovascular risk in this 
subset of patients.38

Human immunodeficiency virus-
associated pulmonary arterial 
hypertension
The estimated prevalence of pulmonary arterial hypertension 
(PAH) in the HIV population is 0.5%, up to 2500-fold greater 
than that of the general population.39 The precise mechanism 
is uncertain, with both host and viral factors thought to 
contribute to the underlying pathogenesis. Furthermore, an 
increased propensity for thromboembolic disease or recurrent 
pulmonary infections with resulting pulmonary fibrosis 
likely contributes to the development of PAH and the high 
mortality associated with this condition.

b

c d

a

FIGURE 8: Short-axis SSFP (a) and T1-weighted (b) images demonstrate the presence of a large pericardial effusion (white arrow) and marked thickening of the visceral 
and parietal pericardium. Four-chamber (c) and short-axis (d) late gadolinium images show intense enhancement of the thickened visceral and parietal pericardium (white 
arrows) and the large hypointense pericardial effusion (white asterisk).
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The imaging findings of HIV-associated PAH are 
indistinguishable from those of primary PAH, with 
morphologic abnormalities observed including, dilatation of 

the pulmonary trunk, main pulmonary arteries and eventually 
the right ventricle (RV) and right atrium. Cine imaging is 
used for the quantification of RV indices (end systolic and 

b ca

FIGURE 9: Four-chamber (a), short-axis (b) and 2-chamber (c) late gadolinium-enhanced images show a high signal transmural infarction of the LV apex (arrow heads) in 
an HIV-positive patient with spontaneous coronary artery dissection. The presence of a low signal intensity apical thrombus is also noted (white arrow).

b

c

a

d

FIGURE 10: Four-chamber (a) and 3-chamber (b) SSFP sequences in a patient with known lymphoma show an isointense left atrial mass (arrows) arising from the inter-
atrial septum. Corresponding late gadolinium-enhanced images (c and d) show heterogeneous enhancement of the mass.
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diastolic volumes, EF and myocardial mass) and assessment 
of tricuspid regurgitation, following annular distortion 
related to RV dilatation.40 LGE has been noted at the superior 
and inferior LV or RV hinge-points in patients with PAH.40 
The degree of enhancement has been shown to relate to RV 
volume and mass, raising suspicion that increased mechanical 
strain exacerbates structural deformation at the insertion 
points of the interventricular septum, resulting in architectural 
distortion and fibrosis of the myocardium in this region.41

Myocardial steatosis
1H-MR spectroscopy (1H-MRS) is broadly accepted as a fast, 
accurate and reproducible means for the quantification of intra-
cellular triglyceride content in the cytosol of non-adipose cells.42 
Most commonly, a single volume of interest (voxel) is positioned 
over the interventricular septum, and myocardial spectra (with 
and without water suppression) are acquired at end-systole in 
several cardiac planes using either point-resolved spectroscopy 
(PRESS) or stimulated echo acquisition mode (STEAM) 
sequences. Subsequent analysis allows the expression of 
several myocardial lipid constituents (including triglycerides, 
saturated and unsaturated fatty acids) as a percentage of the 
overall tissue water content. Two recent studies using 1H-MRS 
have demonstrated increased myocardial lipid content in 
patients with HIV, adding weight to the hypothesis that 
morphologic alterations in myocardial tissue and possible 
lipotoxicity may underlie subclinical LV dysfunction.11,43

Cardiac tumours and tumour 
mimics
Thrombi represent the most common cardiac mass, with 
stagnant blood flow in the setting of LV systolic dysfunction, 
myocardial infarction or aneurysms, and dilated 
cardiomyopathy coupled with a chronic inflammatory 
state predisposing to their formation. When large, these 
may be readily apparent on transthoracic echocardiography; 
however, suboptimal visualisation of the left atrial 
appendage and LV apex may compromise their detection 
with potentially disastrous clinical consequences. 
Additionally, despite good sonographic visualisation of 
the LV apex, layered mural thrombi may be difficult to 
differentiate from underlying myocardium.

In contrast, thrombi are readily detected on CMR, largely 
appearing as low intensity mass lesions that are incompatible 
with the normal myocardial contour or commonly noted intra-
cardiac anatomical structures (e.g. crista terminalis, papillary 
muscles, moderator band and Eustachian valve) on standard 
cine SSFP sequences. The acquisition of early post-gadolinium 
inversion recovery sequences, typically 1–2 min following 
intravenous contrast administration, facilitates detection as 
the avascular thrombi appear hypointense in contrast to the 
enhancing blood pool and perfused myocardium.

There is a substantial increase in the risk of developing 
non-Hodgkin’s lymphoma in HIV-infected patients, with 
secondary involvement of the heart found frequently 

at post-mortem, thought to result from lymphatic, 
haematogenous or direct extension. Clinical presentation is 
often heterogeneous with patients remaining asymptomatic 
until the tumour produces significant mass effect or 
obstruction of cardiac chambers or great vessels,44 resulting 
in pulmonary or systemic embolisation45 or conduction 
abnormalities.46 Most cases are of the diffuse large B-cell 
subtype, presenting as a solid, ill-defined mass typically 
centred in the right atrium with infiltration along the 
epicardium and tricuspid annulus, with associated 
encasement, rather than invasion, of the coronary arteries.47 
The relatively low likelihood of concurrent intratumoural 
haemorrhage or necrosis results in a homogenously hypo- 
or isointense mass on T1-weighted images, with variable 
LGE (see Figure 10).

Cardiovascular magnetic resonance thus enables 
comprehensive characterisation of cardiac masses, with cine 
imaging allowing characterisation of the size, shape and 
location of these lesions while allowing review of potential 
complications, including mass effect on adjacent coronary 
arteries and infiltration of surrounding structures, that may 
explain co-existing conduction defects and haemodynamic 
sequelae related to valvular dysfunction.

Conclusion
Human immunodeficiency virus infection affects the entire 
cardiovascular axis through a complex interplay of multiple 
host, viral and treatment related factors. The availability of 
and access to ART have had a significant impact on improving 
the survival in patients with HIV or AIDS, and it is likely that 
over time, adverse cardiovascular events are likely to play an 
increased role in contributing to causes of morbidity and 
mortality in this subset of patients. CMR offers an opportunity 
to comprehensively assess the cardiovascular system, allowing 
detection of subclinical disease or detailed characterisation of 
known pathologies and informing subsequent clinical practice 
with the hopes of improving outcomes in affected individuals. 
Furthermore, the non-invasive and non-ionising nature of 
CMR make it a robust, flexible research tool well suited to 
longitudinal follow-up of patients and the development of 
novel imaging biomarkers that will serve to improve our 
understanding of disease processes, treatment effects and 
overall cardiovascular outcomes in HIV-infected individuals 
over time.

Acknowledgements
This manuscript is not funded. Prof. N. Ntusi gratefully 
acknowledges support from the National Research 
Foundation and the Medical Research Council of South 
Africa, as well as the Harry Crossley Foundation.

Competing interests
The authors declare that they have no financial or personal 
relationships that may have inappropriately influenced them 
in writing this article.

http://www.sajr.org.za


Page 10 of 10 Review article

http://www.sajr.org.za Open Access

Authors’ contributions
V.S. was responsible for the initial draft of the publication, 
and selection and processing of figures. P.S. was responsible 
for acquisition of CMR cases. S.J., H.S., S.M. and N.N. 
were responsible for the critical review and final approval 
of the manuscript, and selection and processing of figures.

References
 1. UNAIDS Fact sheet 2016 [homepage on the Internet]. UNAIDS [cited 2017 May]. 

Available from: http://www.unaids.org
 2. Hogg RS, Heath KV, Yip B, et al. Improved survival among HIV-infected individuals 

following initiation of antiretroviral therapy. JAMA. 1998;279(6):450–454. https://
doi.org/10.1001/jama.279.6.450

 3. Evans D. Ten years on ART – Where to now? S Afr Med J. 2013;103(4):229–230. 
https://doi.org/10.7196/SAMJ.6835

 4. Ntusi NAB, Ntsekhe M. Human immunodeficiency virus-associated heart failure in 
sub-Saharan Africa: Evolution in the epidemiology, pathophysiology, and clinical 
manifestations in the antiretroviral era. ESC Hear Fail. 2016;3(3):158–167. https://
doi.org/10.1002/ehf2.12087

 5. Hundley WG, Bluemke DA, Finn JP, et al. ACCF/ACR/AHA/NASCI/SCMR 2010 expert 
consensus document on cardiovascular magnetic resonance. A report of the American 
College of Cardiology Foundation Task Force on Expert Consensus Documents. J Am 
Coll Cardiol. 2010;55(23):2614–2662. https://doi.org/10.1016/j.jacc.2009.11.011

 6. Ferreira VM, Piechnik SK, Dall’Armellina E, et al. Native T1-mapping detects the 
location, extent and patterns of acute myocarditis without the need for gadolinium 
contrast agents. J Cardiovasc Magn Reson. 2014;16(1):36. https://doi.org/ 
10.1186/1532-429X-16-36

 7. Haaf P, Garg P, Messroghli DR, Broadbent DA, Greenwood JP, Plein S. Cardiac T1 
mapping and extracellular volume (ECV) in clinical practice: A comprehensive 
review. J Cardiovasc Magn Reson. 2017;18(1):89. https://doi.org/10.1186/
s12968-016-0308-4

 8. Aggarwal P, Sharma A, Bhardwaj R, Raina R. Myocardial dysfunction in human 
immunodeficiency virus infection: An echocardiographic study. J Assoc Physicians 
India. 2009;57:745–746.

 9. Hakim JG, Matenga JA, Siziya S. Myocardial dysfunction in human immunodeficiency 
virus infection: An echocardiographic study of 157 patients in hospital in 
Zimbabwe. Heart. 1996;76(2):161–165. https://doi.org/10.1136/hrt.76.2.161

10. Lai H, Redheuil A, Tong W, Bluemke DA, Lima JAC, Ren S, et al. HIV infection and 
abnormal regional ventricular function. Int J Cardiovasc Imaging. 2009;25(8):809–
817. https://doi.org/10.1007/s10554-009-9493-7

11. Holloway CJ, Ntusi N, Suttie J, et al. Comprehensive cardiac magnetic resonance 
imaging and spectroscopy reveal a high burden of myocardial disease in HIV 
patients. Circulation. 2013;128(8):814–822. https://doi.org/10.1161/
CIRCULATIONAHA.113.001719

12. Thiara DK, Liu CY, Raman F, Mangat S, Purdy JB, Duarte HA, et al. Abnormal 
myocardial function is related to myocardial steatosis and diffuse myocardial 
fibrosis in HIV-infected adults. J Infect Dis. 2015;212(10):1544–1551. https://doi.
org/10.1093/infdis/jiv274

13. Reinsch N, Neuhaus K, Esser S, Potthoff A, Hower M, Brockmeyer NH, et al. Prevalence 
of cardiac diastolic dysfunction in HIV-infected patients: Results of the HIV-HEART 
study. HIV Clin Trials. 2010;11(3):156–162. https://doi.org/10.1310/hct1103-156

14. Hsue PY, Tawakol A. Inflammation and fibrosis in HIV: Getting to the heart of the 
matter. Circ Cardiovasc Imaging. 2016;9(3):1–4. https://doi.org/10.1161/
CIRCIMAGING.116.004427

15. Bárbaro G, Lorenzo GDI, Grisorio B, Barbarini G, Gruppo THE, Per I, et al. Cardiac 
involvement in the acquired immunodeficiency syndrome: A multicenter clinical-
pathological study. AIDS Res Hum Retroviruses. 1998;14(12):1071–1077. https://
doi.org/10.1089/aid.1998.14.1071

16. Herskowitz A, Wu TC, Willoughby SB, et al. Myocarditis and cardiotropic viral 
infection associated with severe left ventricular dysfunction in late-stage infection 
with human immunodeficiency virus. J Am Coll Cardiol. 1994;24(4):1025–1032. 
https://doi.org/10.1016/0735-1097(94)90865-6

17. Raj V, Joshi S, Pennell DJ. Cardiac magnetic resonance of acute myocarditis in an 
human immunodeficiency virus patient presenting with acute chest pain 
syndrome. Circulation. 2010;121(25):2777–2779. https://doi.org/10.1161/
CIRCULATIONAHA.109.888099

18. Radunski UK, Lund GK, Stehning C, et al. CMR in patients with severe myocarditis: 
Diagnostic value of quantitative tissue markers including extracellular volume 
imaging. JACC Cardiovasc Imaging. 2014;7(7):667–675. https://doi.org/10.1016/j.
jcmg.2014.02.005

19. Luetkens JA, Doerner J, Schwarze-Zander C, et al. Cardiac magnetic resonance 
reveals signs of subclinical myocardial inflammation in asymptomatic HIV-infected 
patients. Circ Cardiovasc Imaging. 2016;9(3):1–8. https://doi.org/10.1161/
CIRCIMAGING.115.004091

20. Ntusi N, O’Dwyer E, Dorrell L, et al. HIV-1-related cardiovascular disease is 
associated with chronic inflammation, frequent pericardial effusions, and 
probable myocardial edema. Circ Cardiovasc Imaging. 2016;9(3):1–9. https://doi.
org/10.1161/CIRCIMAGING.115.004430

21. Sliwa K, Carrington MJ, Becker A, Thienemann F, Ntsekhe M, Stewart S. 
Contribution of the human immunodeficiency virus/acquired immunodeficiency 
syndrome epidemic to de novo presentations of heart disease in the heart of 
Soweto study cohort. Eur Heart J. 2012;33(7):866–874. https://doi.org/10.1093/
eurheartj/ehr398

22. Cegielski JP, Lwakatare J, Dukes CS, et al. Tuberculous pericarditis in Tanzanian 
patients with and without HIV infection. Tuber Lung Dis. 1994;75(6):429–434. 
https://doi.org/10.1016/0962-8479(94)90116-3

23. Longo-Mbenza B, Tonduangu K, Seghers KV, Mubagwa D. HIV infection and 
pericardial disease invasion in Africa. Arch Mal Coeur Vaiss. 1997;90(10):1377–1384.

24. Russell JBW, Syed FF, Ntsekhe M, et al. Case report tuberculous effusive-
constrictive pericarditis. 2008;19(4):200–201.

25. Tse G, Ali A, Alpendurada F, Prasad S, Raphael CE, Vassiliou V. Tuberculous 
constrictive pericarditis. Res Cardiovasc Med. 2015;4(4):10–13. https://doi.org/ 
10.5812/cardiovascmed.29614

26. Ntusi NA, Palkowski G, Samuels P, Moosa S, Ntsekhe M, Mayosi B. Cardiovascular 
magnetic resonance characterisation of pericardial and myocardial involvement in 
patients with tuberculous pericardial constriction with and without HIV co-
infection. J Cardiovasc Magn Reson. 2016;18(Suppl 1):Q29. https://doi.org/ 
10.1186/1532-429X-18-S1-Q29

27. Spottiswoode B, Russell JB, Moosa S, Meintjes EM, Epstein FH, Mayosi BM. 
Abnormal diastolic and systolic septal motion following pericardiectomy 
demonstrated by ciné DENSE MRI. Cardiovasc J Afr. 2008;19(4):208–209.

28. Boccara F, Lang S, Meuleman C, Ederhy S, Mary-Krause M, Costagliola D, et al. HIV 
and coronary heart disease: Time for a better understanding. J Am Coll Cardiol. 
2013;61(5):511–523. https://doi.org/10.1016/j.jacc.2012.06.063

29. Bozzette SA, Ake CF, Tam HK, et al. Long-term survival and serious cardiovascular 
events in HIV-infected patients treated with highly active antiretroviral therapy. J 
Acquir Immune Defic Syndr. 2008;47(3):338–341.

30. Mehta NJ, Khan IA. HIV-associated coronary artery disease. Angiology. 
2003;54(3):269–275. https://doi.org/10.1177/000331970305400302

31. Lewis W. Atherosclerosis in AIDS: Potential pathogenetic roles of antiretroviral 
therapy and HIV. J Mol Cell Cardiol. 2000;32(12):2115–2129. https://doi.org/ 
10.1006/jmcc.2000.1271

32. Gharib AM, Abd-elmoniem KZ, Pettigrew RI, Hadigan C. Non-invasive coronary 
imaging for atherosclerosis in HIV infection. Curr Probl Diagn Radiol. 2011; 
40(6):262–267. https://doi.org/10.1067/j.cpradiol.2011.06.001

33. Zhang S, Van Sighem A, Kesselring A, et al. Risk of non-AIDS-defining events 
among HIV-infected patients not yet on antiretroviral therapy. HIV Med. 
2015;16(5):265–272. https://doi.org/10.1111/hiv.12202

34. Abd-Elmoniem KZ, Unsal AB, Eshera S, et al. Increased coronary vessel wall 
thickness in HIV-infected young adults. Clin Infect Dis. 2014;59(12):1779–1786. 
https://doi.org/10.1093/cid/ciu672

35. Hays A, Iantorno M, Schär M, et al. Regional coronary endothelial dysfunction is 
related to local epicardial fat in HIV+ patients. J Cardiovasc Magn Reson. 2016; 
18(Suppl 1):1–2. https://doi.org/10.1186/1532-429X-18-S1-O13

36. Ntusi NAB, Taylor D, Naidoo N, Mendelson M. Progressive human 
immunodeficiency virus-associated vasculopathy: Time to revise antiretroviral 
therapy guidelines? Cardiovasc J Afr. 2011;22(4):197–200. https://doi.org/ 
10.5830/CVJA-2010-048

37. Rider OJ, Asaad M, Ntusi N, Wainwright E, Clutton G, Hancock G, et al. HIV is an 
independent predictor of aortic stiffness. J Cardiovasc Magn Reson. 2014;16(1):57. 
https://doi.org/10.1186/s12968-014-0057-1

38. Rose KAM, Vera JH, Drivas P, et al. Atherosclerosis is evident in treated HIV-
infected subjects with low cardiovascular risk by carotid cardiovascular magnetic 
resonance. J Acquir Immune Defic Syndr. 2016;71(5):514–521. https://doi.org/ 
10.1097/QAI.0000000000000900

39. Speich R, Jenni R, Opravil M, Pfab M, Russi EW. Primary pulmonary hypertension in HIV 
infection. Chest. 1991;100(5):1268–1271. https://doi.org/10.1378/chest.100.5.1268

40. Bradlow WM, Simon J, Gibbs R, Mohiaddin RH. Cardiovascular magnetic 
resonance in pulmonary hypertension. J Cardiovasc Magn Reson. 2012;14(1):6. 
https://doi.org/10.1186/1532-429X-14-6

41. Shehata ML, Lossnitzer D, Skrok J, et al. Myocardial delayed enhancement in 
pulmonary hypertension: Pulmonary hemodynamics, right ventricular function, 
and remodeling. Am J Roentgenol. 2011;196(1):87–94. https://doi.org/10.2214/
AJR.09.4114

42. Wei J, Nelson MD, Szczepaniak EW, et al. Mechanisms of diastolic dysfunction in 
cardiovascular disease: Myocardial steatosis as a possible mechanistic link 
between diastolic dysfunction and coronary microvascular dysfunction in women. 
Am J Physiol Heart Circ Physiol. 2016;310:H14–H19. https://doi.org/10.1152/
ajpheart.00612.2015

43. Nelson MD, Victor RG, Szczepaniak EW, Simha V, Garg A, Szczepaniak LS. Cardiac 
steatosis and left ventricular hypertrophy in patients with generalized lipodystrophy 
as determined by magnetic resonance spectroscopy and imaging. Am J Cardiol. 
2013;112(7):1019–1024. https://doi.org/10.1016/j.amjcard.2013.05.036

44. Matsuo S, Sato Y, Miyamoto A, et al. Primary malignant lymphoma of the right atrium 
resulting in superior vena caval syndrome in an HIV-positive patient: Depiction at 
multislice computed tomography and magnetic resonance imaging. Cardiovasc 
Revasc Med. 2006;7(4):255–257. https://doi.org/10.1016/j.carrev.2006.03.108

45. Skalidis EI, Parthenakis FI, Zacharis EA, Datseris GE, Vardas PE. Pulmonary tumor 
embolism from primary cardiac B-cell lymphoma. Chest. 1999;116(5):1489–1490. 
https://doi.org/10.1378/chest.116.5.1489

46. Llitjos JF, Redheuil A, Puymirat E, Vedrenne G, Danchin N. AIDS-related primary 
cardiac lymphoma with right-sided heart failure and high-grade AV block: Insights 
from magnetic resonance imaging. Ann Cardiol Angeiol (Paris). 2014;63(2):99–
101. https://doi.org/10.1016/j.ancard.2013.03.004

47. Jeudy J, Kirsch J, Tavora F, et al. From the radiologic pathology archives: Cardiac 
lymphoma: Radiologic-pathologic correlation. RadioGraphics. 2012;32(5):1369–
1380. https://doi.org/10.1148/rg.325115126

http://www.sajr.org.za
http://www.unaids.org
https://doi.org/10.1001/jama.279.6.450
https://doi.org/10.1001/jama.279.6.450
https://doi.org/10.7196/SAMJ.6835
https://doi.org/10.1002/ehf2.12087
https://doi.org/10.1002/ehf2.12087
https://doi.org/10.1016/j.jacc.2009.11.011
https://doi.org/10.1186/1532-429X-16-36
https://doi.org/10.1186/1532-429X-16-36
https://doi.org/10.1186/s12968-016-0308-4
https://doi.org/10.1186/s12968-016-0308-4
https://doi.org/10.1136/hrt.76.2.161
https://doi.org/10.1007/s10554-009-9493-7
https://doi.org/10.1161/CIRCULATIONAHA.113.001719
https://doi.org/10.1161/CIRCULATIONAHA.113.001719
https://doi.org/10.1093/infdis/jiv274
https://doi.org/10.1093/infdis/jiv274
https://doi.org/10.1310/hct1103-156
https://doi.org/10.1161/CIRCIMAGING.116.004427
https://doi.org/10.1161/CIRCIMAGING.116.004427
https://doi.org/10.1089/aid.1998.14.1071
https://doi.org/10.1089/aid.1998.14.1071
https://doi.org/10.1016/0735-1097(94)90865-6
https://doi.org/10.1161/CIRCULATIONAHA.109.888099
https://doi.org/10.1161/CIRCULATIONAHA.109.888099
https://doi.org/10.1016/j.jcmg.2014.02.005
https://doi.org/10.1016/j.jcmg.2014.02.005
https://doi.org/10.1161/CIRCIMAGING.115.004091
https://doi.org/10.1161/CIRCIMAGING.115.004091
https://doi.org/10.1161/CIRCIMAGING.115.004430
https://doi.org/10.1161/CIRCIMAGING.115.004430
https://doi.org/10.1093/eurheartj/ehr398
https://doi.org/10.1093/eurheartj/ehr398
https://doi.org/10.1016/0962-8479(94)90116-3
https://doi.org/10.5812/cardiovascmed.29614
https://doi.org/10.5812/cardiovascmed.29614
https://doi.org/10.1186/1532-429X-18-S1-Q29
https://doi.org/10.1186/1532-429X-18-S1-Q29
https://doi.org/10.1016/j.jacc.2012.06.063
https://doi.org/10.1177/000331970305400302
https://doi.org/10.1006/jmcc.2000.1271
https://doi.org/10.1006/jmcc.2000.1271
https://doi.org/10.1067/j.cpradiol.2011.06.001
https://doi.org/10.1111/hiv.12202
https://doi.org/10.1093/cid/ciu672
https://doi.org/10.1186/1532-429X-18-S1-O13
https://doi.org/10.5830/CVJA-2010-048
https://doi.org/10.5830/CVJA-2010-048
https://doi.org/10.1186/s12968-014-0057-1
https://doi.org/10.1097/QAI.0000000000000900
https://doi.org/10.1097/QAI.0000000000000900
https://doi.org/10.1378/chest.100.5.1268
https://doi.org/10.1186/1532-429X-14-6
https://doi.org/10.2214/AJR.09.4114
https://doi.org/10.2214/AJR.09.4114
https://doi.org/10.1152/ajpheart.00612.2015
https://doi.org/10.1152/ajpheart.00612.2015
https://doi.org/10.1016/j.amjcard.2013.05.036
https://doi.org/10.1016/j.carrev.2006.03.108
https://doi.org/10.1378/chest.116.5.1489
https://doi.org/10.1016/j.ancard.2013.03.004
https://doi.org/10.1148/rg.325115126

