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ABSTRACT

Human Immunodeficiency Virus (HIV) infection is a pandemic
with a huge global burden. The mortality due to HIV has been
steadily decreasing with better access to highly active antiretroviral
therapy (HAART) and better quality of care. An increase in the life
expectancy of HIV infected patients has resulted in the appearance
of a different spectrum of diseases due to chronic HIV infection.
Though cardiovascular disease due to HIV infection is associated
with significant mortality risk, these conditions still remain grossly
under diagnosed. This review article discusses the cardiovascular
effects of HIV infection and the cardiovascular problems faced due to
superimposed opportunistic infections and drug toxicity.
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INTRODUCTION

Human Immunodeficiency Virus (HIV) infection has been identified
as a major pandemic which transcends racial, ethnic, economic,
social, physical and age barriers. It is of major global health
importance. The United States Center for Disease Control (CDC)
estimates that approximately 50,000 people in the US are infected
with HIV yearly and this incidence has remained stable over the
past decade!"’. Over half (53%) of these new infections occurred in
homosexual and bisexual men. African American men and women
were also strongly affected and were estimated to have an incidence
rate that was 7 times as high as the incidence rate among whites"”.
There has been a remarkable reduction in the mortality rate associated
with HIV infection and its complications. This has been attributed
to better access to highly active antiretroviral therapy (HAART),
better quality of care and increasing research and of knowledge of
this disease™". Consequent to these, several complications of HIV
including cardiac complications are becoming more prevalent. HIV-
related cardiovascular disease (CVD) is indeed under-diagnosed
and overlooked, and is a major risk factor in all-cause mortality in
patients with late stage HIV infection™”,

HIV-infected patients are at an increased risk of CVD, reflecting
the interaction of the risk associated with the host, the virus,
opportunistic infections and antiretroviral therapy (ART). HIV
associated cardiovascular (CV) complications are often wrongly
attributed to other etiologies due to subclinical presentations and
inadequate screening”™. Although traditional risk factors appear to
increase risk to a similar degree in HIV-infected and HIV-uninfected
persons, some risk factors such as smoking and illicit drug use may
be more common in HIV-infected persons. HIV infection may further
increase CVD risk via atherosclerotic effects on smooth muscle cells
and macrophages or by increasing inflammation”.

MECHANISM OF CARDIOVASCULAR
EFFECTS OF HIV

HIV can cause structural and functional injury to the heart (Figure 1)
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including direct effect on the cardiac myocytes causing development
of myocarditis and cardiomyopathy; drug toxicity from HAART,
antiviral agents, antifungals and antimicrobials, leading to conduction
abnormalities; nutritional deficiencies (carnitine, selenium and
thiamine) leading to development of cardiomyopathy; and immune
process involving major histocompatibility complex I, anti-a-myosin
autoantibodies and cytokines".

CARDIOVASCULAR MANIFESTATIONS OF
HIV

The principal HIV associated cardiovascular manifestations include
dilated cardiomyopathy, pericarditis with or without effusion,
coronary artery disease, systemic arterial hypertension, pulmonary
hypertension, endocarditis, cardiac malignancies and drug
cardiotoxicity.

Dilated Cardiomyopathy

There is a 3-6% prevalence of HIV among patients with dilated
cardiomyopathy and this is increasing as individuals with
HIV infection are living longer'®'. The incidence of dilated
cardiomyopathy (DCM) in HIV infected individuals has been
shown to be 15.9% per year before introduction of HAART, and an
autopsy series showed a prevalence of about 25%". However, the
prevalence has been reduced by about 30% in developed countries in
the HAART era due to highly potent treatment and management of
associated opportunistic infections".

HIV alone cannot directly infect the cardiac myocytes as myocytes
lack necessary receptors for viral entry. Reservoir cells in the heart
(cardiac interstitial cells) and brain are the site of HIV infection.
Cytokines and other inflammatory products produced by these
reservoir cells in response to HIV infection are postulated to cause
cardiac myocyte toxicity and thus myocardial dysfunction. This is
also supported by the fact that in HIV infected patients, those with
encephalopathy are more prone to die due to heart failure than those
without encephalopathy!.

Another proposed mechanism by which HIV can have destructive
effects on cardiac myocytes is by co-infection with cardiotropic
viruses. Opportunistic infections implicated in causing myocardial
dysfunction are Coxsackie virus, Cytomegalovirus (CMV), Epstein-
Barr virus (EBV), Adenovirus and Toxoplasma gondii.

Drugs such as zidovudine, doxorubicin and foscarnet sodium have
direct cardiotoxicity. Zidovudine destroys cardiac mitochondrial
ultrastructure and inhibits mitochondrial DNA replication.
Doxorubicin used to treat Kaposi sarcoma causes a dose-related
DCM, while foscarnet can cause esophagitis when used to treat CMV
infection!" ',

DCM is strongly associated with a poor prognosis in HIV infected
individuals. Currie et al'"”’ demonstrated a median survival of 101
days in patients with CD4 count<100, as compared with 472 days in
patients with normal hearts at comparable stage of the disease. In the
Prospective P2C2 HIV multicenter study, Fisher ez al''® prospectively
followed up 185 children with vertical transmission of HIV and
they demonstrated that LV function and structure progressively
deteriorated in the first 3 years of life resulting in increased LV
mass and mild LV dysfunction. All-cause mortality was shown to be
increased in chronic LV dysfunction.

Serial cardiologic evaluation and echocardiography in
asymptomatic HIV positive individuals is highly recommended
in order to detect early features of LV dysfunction with the aim
of initiating early therapy in order to reduce the high mortality
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Figure 1 Interaction of host, virus, and antiretroviral therapy effects in
cardiovascular disease risk. Reproduced with permission from IAS-USA.
Top HIV Med.2009;17(3):98-103.

associated with DCM. Intensified antiretroviral therapy, appropriate
nutrition (correcting carnitine, selenium and thiamine deficiency),
in addition to conventional treatment of heart failure are the
recommended modes of treatment in symptomatic individuals.
Improvement in immunologic status of patients and better control
of opportunistic infections and co-viral effects on heart muscle
could be examples of the beneficial effects of HAART!""'"),
Intravenous immunoglobulin infusions have also been tested with
some improvement in myocardial function further strengthening the
postulation that autoimmune mechanisms play a significant role in
HIV-induced myocardial dysfunction™. After 2 weeks of initiating
intensive medical therapy if the clinical condition does not improve,
in an attempt to identify a potentially treatable etiology, right heart
catheterization and an endomyocardial biopsy can be considered.
Biopsy showing lymphocytic infiltrates would suggest active
myocarditis and may necessitate intensification of HAART with good

.. . . 12,20
clinical response noted in some studies'>*".

Pericardial effusion

Pericardial effusion is often an evidence of advanced HIV disease
and it is usually asymptomatic”"**. Prior to the HAART era, the
incidence of pericardial effusion among AIDS patients was 11% per
year and 22% per year in symptomatic AIDS patients!*. However,
with the advent and use of HAART, the HIV-HEART study showed
that only 2 out of 802 HIV-infected patients enrolled in the study had
pericardial effusion™. Large or symptomatic pericardial effusions are
usually associated with infection or malignancy and often necessitate
thorough evaluation and treatment aimed at the specific etiology. In
the 5-year prospective evaluation of cardiac involvement in AIDS
(PRECIA study)®, a high prevalence and incidence of pericardial
effusion was found to be related to the stage of HIV infection. Only
1 non-AIDS HIV infected subject developed an effusion during
the follow-up period of 5 years, however with the current CD4
criteria, that person would have been classified as AIDs at that time.
Pericardial effusion significantly increases mortality in HIV patients.
In the PRECIA study, pericardial effusion increased the risk of death
among AIDS patient nearly three times.

The etiology of pericardial effusion in HIV is often difficult to
identify, but may be related to opportunistic infection, metabolic
abnormality or malignancy, and it could be a part of the “capillary
leak syndrome” which is related to enhanced cytokine production
in the later stages of HIV disease!”. There have been isolated
case reports of pathogens like Mycobacterium tuberculosis, CMV,



Nocardia and Cryptococcus, involving the pericardium in HIV
patients™**%. End-stage HIV infection is associated with an increased
risk of malignancies such as lymphoma and Kaposi sarcoma which

25,26 . .
!, Other causes include uremic

can cause pericardial effusion'
pericardial effusion as a result of HIV-associated nephropathy and
nephrotoxicity™”.

Pericardial effusion spontaneously resolves in about 42% of
patients®™ . The mortality, however, remains high even in patients
with spontaneous resolution of effusion. Pericardiocentesis is
currently recommended only in large or highly symptomatic
effusions, for diagnostic evaluation of systemic illness, or in the
presence of cardiac tamponade'".

HIV infection is an important differential diagnosis in any case
of unexplained pericardial effusion or tamponade. Screening
echocardiography has been recommended for HIV infected
individuals regardless of the stage of the disease at presentation””"".,
Furthermore, all HIV infected patients with evidence of heart failure,
Kaposi sarcoma, tuberculosis or other pulmonary infections should
undergo baseline electrocardiographic testing and echocardiogram.
HAART therapy should be commenced in HIV patients with
pericardial effusion if patient is yet to commence®™. Overall,
pericardial effusion is an independent predictor of mortality and does

not correlate with CD4 counts™.

Infective Endocarditis

The incidence of Infective Endocarditis (IE) among HIV infected
intravenous drug users (IDU) varies from 6.3% to 34% independent
of HAART regimens and it is rare among non-IDU HIV infected
patients”"’. The prevalence among HIV patients has been found to be
similar to that among HIV-uninfected intravenous drug users in the
general population®". The tricuspid valve is predominantly affected.
In a study of AIDS patients, Barbaro ef a/ showed that the commonest
bacterial agents in IE are Staphylococcus aureus (which accounts
for >75% of the cases), followed by Streptococcus pneumoniae,
Haemophilus influenzae and Candida albicans, Aspergillus fumigatus
and Cryptococcus neoformans” ",

Nahass ez al examined IDUs with IE and showed that the survival
of patients from IE is generally similar in HIV infected patients
compared with the general population at 85% and 93% respectively,
however, patients with advanced HIV disease have a 30% higher
mortality with endocarditis than asymptomatic HIV infected
2 This is likely due to the high morbidity and mortality
associated with advanced HIV disease. In a retrospective study by
Gebo et al, IE incidence was found to have decreased from 20.5
to 6.6 per 1000 person-years (PY) over a 12 year period. This was
attributed to the introduction of HAART", Before the advent of
HAART, marantic endocarditis was highly prevalent among HIV

individuals

infected individuals with a prevalence of 4-10% of autopsy cases of
HIV patients; however this is less commonly encountered in the post
HAART era””. The approach to diagnosis and management of IE is
similar in both HIV and HIV-uninfected individuals.

HIV-related cardiac neoplasms

Cardiac malignancies affect many HIV-infected individuals,
especially those with the later stages of the disease. Cardiac
malignancies are usually metastatic””. Non-Hodgkin lymphoma and
Kaposi sarcoma are the most common cardiac neoplasms in HIV-
infected patients. Primary cardiac neoplasm associated with HIV is
usually due to cardiac lymphoma. Non-Hodgkin lymphoma is often
the first manifestation of AIDS in up to 4% of newly diagnosed cases.
Patients may be asymptomatic initially and subsequently may present
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as right sided heart failure or biventricular heart failure, conduction
abnormalities, superior vena cava syndrome and pericardial effusion
27,34

or tamponade”*¥. The overall prognosis is poor, but HAART therapy
has reduced the incidence of Kaposi sarcoma and HIV-related non-
Hodgkin lymphoma. Cardiac Kaposi sarcoma most commonly
affects the visceral and parietal pericardium but the involvement
of myocardium, coronary vessels, great vessels, epicardium and

epicardial fat has also been described””.

Pulmonary hypertension

Pulmonary arterial hypertension (PAH) is a long-term complication
of HIV infection, which is being diagnosed with increasing frequency
following improved survival of HIV-infected patients with the
use of HAART. However, the prevalence of HIV-associated PAH
remains low with minimal change when pre-HAART and post-
HAART eras are compared; the severity of PAH is not related to
degree of immunosuppression™. In a prospective review of 7,648
patients, Sitbon showed a prevalence of 0.46% among HIV infected
individuals””. This was similar to previous study by Speich et /™ in
the pre- HAART era in which the prevalence was 0.5%.

The pathogenesis of HIV related pulmonary hypertension is not
well understood. /n-vivo and in-vitro studies show that HIV does
not infect lung endothelial cells and HIV DNA, RNA or p24 antigen
could not be found in the vessels with HIV-related pulmonary
hypertension””. Patients with AIDS and primary pulmonary
hypertension present with a higher degree of pulmonary hypertension
than non-AIDS patients. Pulmonary hypertension associated with
HIV infection may be related to a cytokine-related stimulation and
proliferation of endothelium™”. High levels of cytokines present in
AIDS patients is associated with pulmonary hypertension, but the
role of a host response to HIV--determined by one or more HLA
subtypes--is suspected to enhance high cytokine production levels'™.

Other causes of PAH in HIV include microvascular septic pulmonary
emboli from thrombus, recurrent bronchopulmonary infection and
vasculitis from immunologic effects of HIV disease™**". Treatment of
HIV-infected individuals with PAH with standard HAART has been
shown in a retrospective analysis of 47 patients in the Swiss HIV
cohort to cause significant decline in mortality due to PAH as well as
other causes. This suggests a beneficial effect of HAART in PAH™".
Oral endothelin receptor antagonist bosentan showed improvement in
exercise tolerance and hemodynamic measurements in a study of HIV
patients with PAH™. Current guidelines suggest similar treatment
of PAH in HIV-infected individuals as in HIV-uninfected individuals
other than the HAART in HIV.

Coronary Artery disease in HIV

HIV infection has been associated with an approximately 1 to 2 fold
increase in risk to develop coronary artery disease (CAD) compared
to the general populationm‘%l. The use of protease inhibitors (PI)
and abacavir also increase the risk of myocardial infarction (MI),
though abacavir as a culprit is still controversial**¥, HIV infection
is known to cause endothelial dysfunction, platelet activation and a
hypercoagulable state all of which increase the risk of CAD. Mary-
Krause et al demonstrated a 3-fold increase in the risk of MI in HIV-
infected individuals compared to HIV-uninfected individuals. They
showed a duration-related effect relationship between use of Pl and
MI, with a higher MI incidence rate among men exposed to PI for

18 months or more™. This finding has been observed among many

similar studies®*", demonstrating a high association of use of PIs
with CAD. However, in a study by Bozzette et a/, there were no

significant negative effects observed by the use of HAART including

© 2015 ACT. All rights reserved.
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PIs on rates of cardiovascular or cerebrovascular events or related
mortality®™. This study emphasized the fact that there was no need
to compromise HAART therapy for the fear of accelerated vascular
disease. Recent studies showed that HIV-infected patients presented
with large thrombus burdens than atherosclerotic plaques suggesting
thrombophilia as a possible cause of CAD events™ . Longer term
studies are needed in this regard to ascertain the pathophysiology and
risk-benefit of HAART in relation to coronary atherosclerosis.

In a retrospective study of HIV patients with MI, HIV patients who
had undergone coronary angioplasty had a significantly higher rate of
restenosis than HIV-uninfected controls. Also, the HIV patients were
younger, more likely to be cigarette smokers and had lower HDL
levels™.

The D:A:D study (Data Collection of Adverse events of Anti-HIV
Drugs) is one of the largest databases on cardiovascular disease (CVD)
risk factors with 33,308 HIV-infected patients™
risk assessment model from D: A: D includes CVD risk factors and
exposure to antiretroviral drugs known to increase CVD risks. A
risk score calculator (http://www.cphiv.dk/TOOLS/Framingham/
tabid/302/Default.aspx) predicts CVD risk slightly better than the
Framingham risk score, as the Framingham risk score overpredicts
CVD in HIV population, but underpredicts CVD risk in HIV-infected

[57,58]

!, The cardiovascular

patients who are females, former smokers and diabetic patients

Metabolic effects of HIV

HIV infection causes a chronic inflammatory state which can worsen
atherosclerosis and hence CAD. In untreated HIV-infected patients,
there is a decrease in total cholesterol, HDL cholesterol, and LDL-
cholesterol with an increase in triglycerides. Following HAART, all
these increase except for HDL cholesterol which remains low™”*”.
Circulating inflammatory cytokines present in HIV-infected patients
might be responsible for the increase in basal lipolysis and hepatic
de novo lipogenesis seen in these patients. Peripheral fatty acid
trapping is impaired and insulin cannot suppress lipolysis effectively
in adipocytes™”.

Dyslipidemia, hypertriglyceridemia, low HDL cholesterol,
insulin resistance in the HIV-infected patient on HAART would
subsequently lead to lipodystrophy, which is associated with
increased mortality %Y,

Unlike the older antiretroviral drugs (first generation Pls and
thymidine-containing reverse transcriptase inhibitors), the newer
drugs have not been shown to be associated with new-onset diabetes

mellitus'®>*®,

HIV and QTec prolongation

In HIV-infected patients, the prevalence of QT prolongation
is reported to be 28%. In patients with AIDS and AIDS with
autonomic dysfunction, the percentage goes up to 45% and 65%
respectively*

in HIV-infected patients is significantly higher when compared to
69,70

! Furthermore, the incidence of sudden cardiac death
the general population with similar risk factors™”, Wongcharoen et
al found that independent of autonomic dysfunction or antiretroviral
drugs, there is a higher risk of ventricular arrhythmias and mortality
arising from prolonged QTc interval and increased QT dispersion in
HIV-infected patients receiving combined antiretroviral therapy!".
Many drugs used during the treatment of HIV and associated
opportunistic infections can also prolong QTc (Atazanavir, IV
Pentamidine, Trimethoprim-Sulfamethoxazole, antifungals like
Ketoconazole are a few). Hence, it is prudent to closely monitor
patients with HIV infection for QTc prolongation and development of
related life threatening arrhythmias like Torsades de Pointes””.

© 2015 ACT. All rights reserved.

CONCLUSION

HIV infection has been in existence for so many decades, and it
has remained a chronic disease of major public health importance.
Its attendant complications are also increasingly more prevalent.
The improved medical care and access to early intervention has
substantially increased life expectancy in affected individuals. In
view of the significant cardiovascular complications associated with
HIV, increased awareness is needed among health care professionals
to enhance adequate identification and screening of HIV infected
patients for cardiovascular diseases. This should be targeted to
identify patients early and institute appropriate therapeutic strategies.
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