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Never in the history of humanity has knowledge
progressed as quickly as in the field of AIDS. Over
a period of 15 years, successive discoveries of the
disease, its viral origin, the virus responsible, its
physiopathology and highly effective therapies
have led to spectacular improvement in life
expectancy and in the quality of life of people who
have access to these treatments.

However, this progress in therapy has been
accompanied by initially unforeseeable anomalies,
such as abnormalities in lipid and glucose metabo-
lism and modifications in fat distribution, particu-
larly in perivisceral and trunkal accumulation as
well as pseudo-obesity usually accompanied by
peripheral atrophy.

Several of these anomalies constitute risk fac-
tors for cardiovascular diseases and may be predic-
tors of these diseases. Over time, most investiga-
tors have come to accept that HIV-infected patients
are at an increased risk for cardiovascular compli-
cations.

However, several issues remain unclear:
• Does the increased risk merely reflect modifi-

cation of the usual factors: metabolic disorders,
tobacco consumption, infectious context relat-
ed to HIV infection or opportunistic infections,
inappropriate immune and cytokine response,
or genetic background?

• The physiopathology of disorders in glucose or
lipid metabolism remains to be clarified. It is
unclear whether they result from treatment, use
of a specific medication, use of a therapeutic
class of medication, or an association of treat-
ments. Here, too, genetic background may well
be a factor, along with the history of the indi-
vidual’s HIV infection.

It is particularly difficult to devise a therapeu-
tic strategy under these conditions, especially since
the efficacy of the usual lipid- or glucose-modify-
ing medication is not established, and the benefit
of any eventual correction of such biological
anomalies in this population is unclear. The issue
is further complicated by the many drug interac-
tions between antiretroviral medications and med-
ications likely to act on the lipid metabolism,
which renders their usage complex.

In this atmosphere of uncertainty, the simple
measure of diminishing tobacco usage is itself dif-
ficult, and overconsumption of tobacco is regularly
observed in this population.

The medical management of HIV-infected
patients is mostly carried out by infectious disease
specialists, and the field of cardiovascular diseases
is not usually familiar to them.

The history of AIDS has taught us that phe-
nomena are most quickly and effectively under-
stood when light is cast on them from a variety of
angles, using a variety of tools. The dynamism
which has always characterized AIDS research will
doubtless benefit from greater comprehension of
the mechanisms of these poorly understood meta-
bolic disorders.

The present volume contributes to disseminat-
ing knowledge in the field so that the various
actors can pool their expertise towards a successful
management of cardiovascular disease in 
HIV-infected patients.

Willy Rozenbaum, MD
Professor of Infectious Diseases

Pierre and Marie Curie University
Paris, France

Foreword
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Introduction

Cardiac illness related to human immunodeficiency
virus (HIV) infection tends to occur late in the dis-
ease course and is therefore becoming more preva-
lent as therapy of the viral infection and longevity
improve. Autopsy series and retrospective analyses
performed before the introduction of highly active
antiretroviral therapy (HAART) regimens suggest
that cardiac lesions are present in 25%–75% of
patients with acquired immunodeficiency syndrome
(AIDS) [1]. HAART regimens have significantly
modified the course of HIV disease, with longer sur-
vival rates and improvement of life quality in HIV-
infected subjects expected. However, early data
raised concerns about HAART being associated with
an increase in both peripheral and coronary arterial
diseases. HAART is only available to a minority of
HIV-infected individuals worldwide, and studies
prior to HAART therapy remain globally applicable.
As 36.1 million adults and children are estimated to
be living with HIV/AIDS and 5.3 million adults and
children are estimated to have been newly infected
with HIV during the year 2000 [2], HIV-associated
symptomatic heart failure may become one of the
leading causes of heart failure worldwide. A variety
of potential etiologies have been postulated for HIV-
related heart disease, including myocardial infection
with HIV itself, opportunistic infections, viral infec-
tions, autoimmune response to viral infection, drug-
related cardiotoxicity, nutritional deficiencies, and
prolonged immunosuppression (Table 1).

Congenital Cardiovascular Malformations in
HIV-Infected Children

Most pediatric patients with HIV are infected in
the perinatal period [3]. In a prospective, longitu-

dinal, multicenter study, diagnostic echocardio-
grams were performed at 4- to 6-month intervals
on two cohorts of children exposed to maternal
HIV-1 infection: (a) a neonatal cohort of 90 HIV-
infected, 449 HIV-uninfected, and 19 HIV-indeter-
minate children; and (b) an older HIV-infected
cohort of 201 children with vertically transmitted
HIV-1 infection recruited after 28 days of age [3].
In the neonatal cohort, 36 lesions were seen in 36
patients, yielding an overall congenital cardiovas-
cular malformation prevalence of 6.5% (36/558),
with an 8.9% (8/90) prevalence in HIV-infected
children and a 5.6% (25/449) prevalence in HIV-
uninfected children [3]. Two children (2/558, 0.4%)
had cyanotic lesions. In the older HIV-infected
cohort, there was a congenital cardiovascular mal-
formation prevalence of 7.5% (15/201). The distri-
bution of lesions did not differ significantly
between the groups. There was no statistically sig-
nificant difference in congenital cardiovascular
malformation prevalence in the HIV-infected com-
pared to the HIV-uninfected children born to HIV-
infected women. With the use of early screening
echocardiography, rates of congenital cardiovascu-
lar malformations in both the HIV-infected and
HIV-uninfected children were five- to tenfold
higher than rates reported in population-based
epidemiologic studies, but not higher than in nor-
mal populations similarly screened [3].

Dilated Cardiomyopathy

The estimated annual incidence of dilated car-
diomyopathy with HIV infection before introduc-
tion of HAART was 15.9 in 1,000 cases [4]. Symp-
toms of heart failure may be masked in HIV-infect-
ed patients by concomitant illnesses such as diar-
rhea or malnutrition, or may be disguised by bron-

Evolution and Pathogenesis of the Involvement of the
Cardiovascular System in HIV Infection
G. Barbaro
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Table 1. Principal HIV-associated cardiovascular abnormalities [6] 

Type Possible etiologies and associations Incidence

Dilated cardiomyopathy Infectious: 15.9 patients/1,000 asymptomatic
HIV, Toxoplasma gondii, Coxsackievirus group B, HIV- infected persons before
Epstein-Barr virus, Cytomegalovirus, Adenovirus the introduction of HAART [4]
Autoimmune response to infection
Drug-related
Cocaine, possibly nucleoside analogs
IL-2, doxorubicin, interferon
Metabolic/endocrine
Nutritional deficiency/wasting
Selenium, B12, carnitine
Thyroid hormone, growth hormone
Adrenal insufficiency, hyperinsulinemia
Cytokines
TNF-α, nitric oxide, TGF-β, endothelin-1 
Hypothermia
Hyperthermia
Autonomic insufficiency
Encephalopathy
Acquired immunodeficiency
HIV viral load, length of immunosuppression

Coronary heart disease Protease-inhibitor-induced metabolic and Studies on the risk of coronary heart
coagulative disorders. Arteritis disease among HIV-infected individ-

uals receiving protease inhibitor-
including HAART have not shown a
consistent association [44–51]

Systemic arterial HIV-induced endothelial dysfunction. Vasculitis 20%–25% of HIV-infected persons be-
hypertension in small, medium, and large vessels in the form fore the introduction of HAART [52] 

of leukocytoclastic vasculitis; atherosclerosis Up to 74% in HIV-infected persons
secondaryto HAART; aneurysms of the large with HAART-related metabolic
vessels such as the carotid, femoral, and syndrome [53]
abdominal aorta with impairment of flow to
the renal arteries; PI-induced insulin resistance 
with increased sympathetic activity 
and sodium retention

Pericardial effusion Bacteria: Staphylococcus, Streptococcus, Proteus, 11%/year in asymptomatic AIDS 
Nocardia, Pseudomonas, Klebsiella, patients before the introduction of
Enterococcus, Listeria HAART [24]
Mycobacteria (Mycobacterium tuberculosis,
Mycobacterium avium intracellulare,
Mycobacterium kansaii) 
Viral pathogens
HIV, herpes simplex virus, herpes simplex  
virus type 2, cytomegalovirus 
Other pathogens
Cryptococcus, Toxoplasma, Histoplasma
Malignancy
Kaposi’s sarcoma 
Malignant lymphoma
Capillary leak/wasting/malnutrition
Hypothyroidism
Prolonged acquired immunodeficiency

cont. ➝



chopulmonary infections. The gross and micro-
scopic findings for HIV-associated dilated car-
diomyopathy are similar to those for idiopathic
dilated cardiomyopathy in immunocompetent per-
sons, with four-chamber dilation and patchy
myocardial fibrosis. Additional echocardiographic
findings include diffuse left ventricular hypokine-
sis and decreased fractional shortening. The
echocardiographic classification of HIV-associat-
ed cardiomyopathy with related clinical implica-
tions is reported in Fig. 1.

Compared to patients with idiopathic dilated
cardiomyopathy, those with HIV infection and
dilated cardiomyopathy have markedly reduced
survival rates (hazard ratio for death from conges-
tive heart failuire: 5.86) [5] (Fig. 2). The median
survival to AIDS-related death is 101 days in
patients with left ventricular dysfunction and 472
days in patients with a normal heart at a similar
stage of HIV infection [6]. Although there is no
evidence from prospective studies to suggest that
HAART has a beneficial effect on HIV-associated

Evolution and Pathogenesis of the Involvement of the Cardiovascular System in HIV Infection 3

Table 1. cont.

HIV-associated pulmonary Recurrent bronchopulmonary infections, 1/200 of HIV-infected persons before 
hypertension pulmonary arteritis, microvascular pulmonary the introduction of HAART [35]

emboli due to thrombus or drug injection.
Plexogenic pulmonary arteriopathy.
Mediator release from endothelium

AIDS-related tumors Kaposi’s sarcoma 12%–28% of AIDS patients before the 
introduction of HAART [12, 35]

Non-Hodgkin’s lymphomas Mostly limited to case reports before 
the introduction of HAART

Fig. 1. Echocardiographic classification of HIV-associated cardiomyopathy with related clinical implications

1. Phase of diastolic dysfunction 
(inversion of the E/A ratio and prolongation 

of the isovolumetric relaxation time) with 
normal systolic parameter and EF > 50% 

2. Phase of reversible systolic dysfunction (in-
crease of thickness of interventricular septum, 

increase of end-diastolic diameter, optimal 
thickness/radium ratio) with an EF � 50%.

lndication for cardiac catheterism and 
endomyocardial biopsy

3. Phase of irreversible systolic dysfunction
(increase of both end-diastolic and 

end-systolic diameter, flattening of the 
interventricular septum without systolic 

increase, diffuse left ventricular hypokinesia) 
with an EF < 40%

Non reversible. In this phase individual variables
of the patients (including HAART) may acceler-
ate the negative outcome of cardiomyopathy.
The state of immunodeficiency may enhance 

the negative inotropic effects of local cytokines,
justifying the reduced response to inotropic

agents (eg, isoproterenol)

Potentially reversible but duration unfore-
castable. Improvement of the echocardiographic
parameters with ACE-1 inhibitors. Immunomodu-

lant therapy (eg, iv immunoglobulin) may be
helpful in case of myocarditis and viral myocar-
dial infection. In this phase the use of AZT may
worsen the clinical evolution of cardiomyopathy

(possibly for impairment of the Krebs cycle).
Echocardiographic follow-up every 

six months is needed

Potentially reversible, need echocardiographic 
follow-up every six months



cardiomyopathy and on HIV-associated pericar-
dial effusion, some retrospective studies suggest
that by preventing opportunistic infections and
reducing the incidence of myocarditis, HAART
might reduce the incidence of cardiomyopathy by
about 33% (Fig. 3) and improve its course [7, 8].
However, the median incidence of HIV-associated
cardiomyopathy is increasing in developing coun-
tries (about 32%), where the availability of HAART
is limited and the pathogenetic impact of nutri-
tional factors is greater [9].

Animal Models

Simian immunodeficiency virus (SIV) infection in
rhesus macaques is  valuable  for understanding
the pathogenesis of cardiac injury associated with
retroviral infection in a relevant nonhuman pri-
mate model of AIDS [10]. Chronic SIV infection
resulted in depressed left ventricular systolic func-
tion and an extensive coronary arteriopathy sug-
gestive of injury due to cell-mediated immune
response [10]. Two-thirds of chronically infected
macaques that died of SIV had related myocardial
effects. Lymphocytic myocarditis was seen in 9 of
15 macaques and coronary arteriopathy in 9 of 15
(6 alone and 3 in combination with myocarditis)
upon necropsy. In infected macaques, coronary
arteriopathy was extensive, with evidence of vessel
occlusion and recanalization and related regions of
myocardial necrosis in four macaques. At necropsy,
two animals had marantic endocarditis and one
had a left ventricular mural thrombus. Macaques
with cardiac pathology were emaciated to a greater
extent than macaques with SIV and similar periods
of infection who did not experience cardiac
pathology [8, 10].
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Fig. 3. Prevalence of HIV-associated dilated cardiomy-
opathy in the years 1995–2003. The vertical line indi-
cates the introduction of HAART in the treatment of
HIV infection

Fig. 2. Kaplan–Meier curves compar-
ing the survival rate during follow-
up between patients with HIV-asso-
ciated cardiomyopathy and patients
with idiopathic dilated cardiomy-
opathy. (From [5] with permission)



Myocarditis and Viral Myocardial Infection as Causes of
Cardiomyopathy

Myocarditis and myocardial infection with HIV are
the best-studied causes of dilated cardiomyopathy
in HIV disease [11]. HIV-1 virions appear to infect
myocardial cells in a patchy distribution with no
direct association between the presence of the virus
and myocyte dysfunction [11]. The myocardial fiber
necrosis is usually minimal, with accompanying
mild to moderate lymphocytic infiltrates. It is
unclear how HIV-1 enters myocytes, which do not
have CD4 receptors, although dendritic reservoir
cells may play a role by activating multifunctional
cytokines that contribute to progressive and late tis-
sue damage, such as tumor necrosis factor-alpha
(TNF-α), interleukin-1 (IL-1), interleukin-6 (IL-6),
and interleukin-10 (IL-10) [5]. Coinfection with
other viruses (usually coxsackievirus B3 and
cytomegalovirus) may also play an important
pathogenetic role [5, 12].

Autoimmunity as a Contributor to Cardiomyopathy

Cardiac-specific autoantibodies (anti-alpha-myosin
autoantibodies) are more common in HIV-infected
patients with dilated cardiomyopathy than in HIV-
infected patients with healthy hearts. Currie et al.
reported that HIV-infected patients were more
likely to have specific cardiac autoantibodies than
were HIV-negative control subjects [13]. Those
with echocardiographic evidence of left ventricu-
lar dysfunction were particularly likely to have
cardiac autoantibodies, supporting the theory that
cardiac autoimmunity plays a role in the pathogen-
esis of HIV-related heart disease and suggesting
that cardiac autoantibodies could be used as mark-
ers of left ventricular dysfunction in HIV-positive
patients with previously normal echocardiograph-
ic findings [13].

In addition, monthly intravenous administration
of immunoglobulin in HIV-infected pediatric
patients minimizes left ventricular dysfunction,
increases left ventricular wall thickness, and reduces
peak left ventricular wall stress, suggesting that both
impaired myocardial growth and left ventricular
dysfunction may be immunologically mediated [14].

These effects may be the result of immunoglobulins
inhibiting cardiac autoantibodies by competing for
Fc receptors, or they could be the result of
immunoglobulins dampening the secretion or
effects of cytokines and cellular growth factors [14].
These findings suggest that immunomodulatory
therapy might be helpful in adults and children with
declining left ventricular function, although further
study of this possible therapy is needed.

Myocardial Cytokine Expression as a Factor in 
Cardiomyopathy

Cytokines play a role in the development of HIV-
related cardiomyopathy [5]. Myocarditis and dilated
cardiomyopathy are associated with markedly ele-
vated cytokine production, but the elevations may
be highly localized within the myocardium, making
peripheral cytokine levels uninformative [5].

When myocardial biopsy samples from patients
with HIV-associated cardiomyopathy are com-
pared to samples from patients with idiopathic
dilated cardiomyopathy, the former stain more
intensely for both TNF-α and inducible nitric
oxide synthase (iNOS) (Fig. 4). Staining is partic-
ularly intense in samples from patients with a
myocardial viral infection and is correlated with
CD4 count, independent of antiretroviral treat-
ment [5] (Fig. 5). Staining is also more intense in
samples from patients with HIV-associated car-
diomyopathy coinfected with coxsackievirus B3,
cytomegalovirus, or other viruses [5]. Moreover,
staining for iNOS is more intense in samples from
patients coinfected with HIV-1 and coxsackievirus
B3 or cytomegalovirus than in samples from
patients with idiopathic dilated cardiomyopathy
and myocardial infection with coxackievirus B3 or
those who had adenovirus infection alone [5].

In patients with HIV-associated dilated car-
diomyopathy and more intense iNOS staining, the
survival rate was significantly lower: those whose
samples stained more than 1 optical density unit
had a hazard ratio of mortality of 2.57 (95% confi-
dence interval: 1.11–5.43). Survival in HIV-infected
patients with less intense staining was not signifi-
cantly different from survival in patients with idio-
pathic dilated cardiomyopathy [5].

Evolution and Pathogenesis of the Involvement of the Cardiovascular System in HIV Infection 5



The inflammatory response may be enhanced
by HIV-1 myocardial infection, by the interaction
between HIV-1 and cardiotropic viruses, and by
immunodeficiency. These factors may increase

both the expression and the cytotoxic activity of
specific cytokines such as TNF-α and iNOS and
blunt the expected increase of anti-inflammatory
cytokines such as IL-10 [15].
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Fig. 5. Correlation between myocardial
optical density units of TNF-α and iNOS
and CD4 count. (From [5] with permis-
sion)

Fig. 4. Mean optical density of staining of TNF-α and iNOS in patients with HIV-associated cardiomyopathy (HIV-
DCM), with idiopatic dilated cardiomyopathy (IDCM), and control subjects. Horizontal bars represent mean values.
(From [5] with permission)

*P<0.001 vs both IDCM and controls
**P<0.001 vs controls

*P<0.001 vs both IDCM and controls
**P<0.001 vs controls
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Relationship Between HIV-Associated Cardiomyopathy
and Encephalopathy

HIV-infected patients with encephalopathy are more
likely to die of congestive heart failure than are those
without encephalopathy (hazard ratio: 3.4) [16, 17].
Cardiomyopathy and encephalopathy may both be
traceable to the effects of HIV reservoir cells in the
myocardium and the cerebral cortex. These cells may
hold HIV-1 on their surfaces for extended time peri-
ods even after antiretroviral treatment, and they may
chronically release cytotoxic cytokines (TNF-α, IL-6,
and endothelin-1), which contribute to progressive

and late tissue damage in both systems (Fig. 6).
Because the reservoir cells are not affected by treat-
ment, the effect is independent of whether the
patient receives HAART.

Nutritional Deficiencies as a Factor in Left Ventricular
Dysfunction

Nutritional deficiencies are common in HIV infec-
tion and may contribute to ventricular dysfunction
independently of HAART. Malabsorption and diar-
rhea can both lead to trace element deficiencies,
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Fig. 6. The possible pathogenic mechanisms involved in the development of HIV-associated cardiomyopathy and
encephalopathy and their relationship. The infection of dendritic cells, of CD4 lymphocytes, and of myocardial or neu-
ronal cells by HIV-1 or by other viruses may be responsible for the release of specific cytokines (TNF-α, IL-1, IL-6,
IL-10) that activate the inducible form of nitric oxide synhase (iNOS). The interaction between cytotoxic T lympho-
cytes and the receptoral complex Fas/Fas ligand located on the surface of the target cell may cause mitochondrial dam-
age with release of mitochondrial pro-apoptosis factors [cytochrome c, apoptosis inducing factor (AIF)]. Similar mito-
chondrial damage may be caused by reactive oxygen species (ROS) released by activated lympho-monocytes. The
interaction between autoantigens and major histocompatibility complex (MHC) molecules on the surface of dendrit-
ic cells/macrophages, of myocardial cells (MHC-I), and of B lymphocytes (MHC-II) determines the production of
autoantibodies (e.g., alpha-antimyosin) that are responsible for direct cellular damage. The neuronal damage, specifi-
cally the impairment of the autonomic system, may enhance the functional damage to myocardial cells because of
increased adrenergic activity and down-regulation of beta-adrenergic receptors. CVB3, coxsackievirus B3; CMV,
cytomegalovirus; EBV, Epstein-Barr virus; ADV, adenovirus; Ca++, calcium; cGMP, cyclic guanine monophosphate;
Bid, a protein of the bcl 2 family involved in apoptosis. (From [35])

NERVOUS CELL



which have been directly or indirectly associated
with cardiomyopathy [18–20]. Selenium replace-
ment may reverse cardiomyopathy and restore left
ventricular function in selenium-deficient patients
[18–20]. HIV infection may also be associated with
altered levels of vitamin B12, carnitine, growth hor-
mone, and thyroid hormone, all of which have been
associated with left ventricular dysfunction [20].

Left Ventricular Dysfunction Caused by Drug 
Cardiotoxicity

Studies of transgenic mice suggest that zidovudine
is associated with diffuse destruction of cardiac
mitochondrial ultrastructure and inhibition of
mitochondrial DNA replication [21, 22]. This mito-
chondrial dysfunction may result in lactic acidosis,
which could also contribute to myocardial cell dys-
function. However, in a study of infants born to
HIV-positive mothers followed up from birth to
age 5, perinatal exposure to zidovudine was not
found to be associated with acute or chronic
abnormalities in left ventricular structure or func-
tion [23]. Other nucleoside reverse transcriptase
inhibitors, such as didanosine and zalcitabine, do
not seem to either promote or prevent dilated car-
diomyopathy.

Pericardial Effusion 

Before the introduction of HAART, the prevalence
of pericardial effusion in asymptomatic AIDS
patients was estimated at 11% per year [24].
Although prospective data are lacking, retrospec-
tive data suggest that HAART has reduced the
overall incidence of pericardial effusion in HIV
disease by about 30% [7] (Fig. 7). AIDS patients
with pericardial effusion survive a median of 6
months, significantly shorter than do AIDS
patients without effusion. Survival is independent
of CD4 count and albumin levels [24].

A 5-year prospective evaluation of cardiac
involvement in AIDS found 16 of 231 patients had
or developed pericardial effusions [24]. Three sub-
jects had an effusion on enrollment, and 13 devel-
oped effusions during follow-up (12/13 with AIDS

at enrollment). Pericardial effusions were generally
small (80%) and asymptomatic (87%). The calcu-
lated incidence of pericardial effusion among those
with AIDS was 11% per year. The prevalence of
effusion in AIDS patients may rise over time, reach-
ing an estimated mean of 22% after 25 months of
follow-up in asymptomatic patients [24].

Among subjects with AIDS and pericardial
effusion, 36% were alive after 6 months of follow-
up, whereas 93% of those without effusion were
alive at 6 months [24]. Two patients developed
pericardial tamponade as assessed by clinical and
echocardiographic criteria [24]. Several studies
have suggested spontaneous resolution of pericar-
dial effusion over time in 13%–42% of affected
patients [24]. However, mortality remains marked-
ly increased in patients who had developed an
effusion, whether or not the effusion resolved [24].

Endocardial Involvement

The prevalence of infective endocarditis in HIV-
infected patients is similar to that of patients in other
risk groups, such as intravenous drug users [25]. Esti-
mates of endocarditis prevalence vary from 6.3% to
34% of HIV-infected patients who use intravenous
drugs independently of HAART regimens [12].
Right-sided valves are predominantly affected and
the most frequent agents are Staphylococcus aureus
(>75% of cases), Streptococcus pneumoniae
(15%–20% of cases), Haemophilus influenzae (10% of
cases), Candida albicans, and Aspergillus fumigatus
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Fig. 7. Prevalence of HIV-associated pericardial effusion in
the years 1995–2003. The vertical line indicates the intro-
duction of HAART in the treatment of HIV infection



[12, 26]. Patients with HIV generally have similar
presentations and survival (85% vs. 93%) from infec-
tive endocarditis as those without HIV [26] (Figs.
8–11). However, patients with late-stage HIV disease
have a mortality rate, from infective endocarditis, of
about 30% higher than do asymptomatic HIV-
infected patients, related to the state of immunodefi-
ciency [26]. Nonbacterial thrombotic endocarditis –
which was described with a prevalence of 3%–5% in
AIDS patients before the introduction of HAART,
and mostly in patients with HIV wasting syndrome

– is now more frequently observed in developing
countries with a high incidence (about 10%–15%)
and mortality rate for systemic embolization [9].
Death from marantic endocarditis is rare in HIV-
infected patients receiving HAART.

HIV Infection, Opportunistic Infections, and
Vascular Disease

A wide range of inflammatory vascular diseases
including polyarteritis nodosa, Henoch-Schönlein
purpura, and drug-induced hypersensitivity vas-
culitis may develop in HIV-infected individuals.
Kawasaki-like syndrome [27] and Takayasu’s arteri-
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Fig. 8. Voluminous mobile vegetation on the anterior and
posterior mitral leaflet in an HIV-infected patient,
detected by transthoracic echocardiography (apical
four-chamber view)

Fig. 9. Large anterior mitral vegetation in an HIV-infected
patient, detected by transesophageal echocardiography

Fig. 10. Significant aortic regurgitation (grade IV) in an
HIV-infected patient, detected by color Doppler trans-
esophageal echocardiography

Fig. 11. Significant mitral regurgitation in HIV-infected
patients with endocarditis, detected by color Doppler trans-
thoracic echocardiography (parasternal long-axis view)



tis [28] have also been described. The course of vas-
cular disease may be accelerated in HIV-infected
patients because of atherogenesis stimulated by
HIV-infected monocyte-macrophages, possibly via
altered leukocyte adhesion or arteritis [29].

Some patients with AIDS have a clinical presen-
tation resembling systemic lupus erythematosus
(SLE) including vasculitis, arthralgias, myalgias,
and autoimmune phenomena with a low-titer pos-
itive antinuclear antibody, coagulopathy with
lupus anticoagulant, hemolytic anemia, and
thrombocytopenic purpura. Hypergammaglobu-
linemia from polyclonal B-cell activation may be
present, but often diminishes in the late stages of
AIDS. Specific autoantibodies to double-stranded
DNA, Sm antigen, RNP antigen, SSA, SSB and other
histones may be found in a majority of HIV-infect-
ed persons, but their significance is unclear [29].

Endothelial Dysfunction

Endothelial dysfunction and injury have been
described in HIV infection [30]. Circulating mark-
ers of endothelial activation, such as soluble adhe-
sion molecules and procoagulant proteins, are
elaborated in HIV infection. HIV may enter the
endothelium via CD4 or galactosylceramide recep-
tors [30]. Other possible mechanisms of entry
include chemokine receptors [31]. Endothelium
isolated from the brain of HIV-infected subjects
strongly expresses both CCR3 and CXCR4 HIV-1
coreceptors, whereas coronary endothelium
strongly expresses CXCR4 and CCCR2A corecep-
tors [31]. CCR5 is expressed at a lower level in both
types of endothelium. The fact that CCR3 is more
common in brain endothelium than in coronary
endothelium could be significant in light of the
different susceptibilities of the heart and brain to
HIV-1 invasion. Endothelial activation in HIV
infection may also be caused by cytokines (e.g.,
TNF-α) secreted in response to mononuclear or
adventitial cell activation by the virus, or may be a
direct effect of the secreted HIV-associated pro-
teins gp 120 (envelope glycoprotein) and tat (trans-
activator of viral replication) on endothelium with
the possible induction of an apoptosis process
[32]. Opportunistic agents, such as cytomega-

lovirus, frequently coinfect HIV-infected patients
and may contribute to the development of
endothelial damage. It has also been hypothesized
that human herpes virus-8 (a virus that is found in
all forms of Kaposi’s sarcoma) may trigger or
accelerate the development of atheroma in the
presence of HAART-related hyperlipidemia [33].
In spite of all these observations, the clinical con-
sequences of HIV-1 and opportunistic agents on
endothelial function have not been elucidated yet.

HIV Infection and Coronary Arteries

The association between viral infection (cyto-
megalovirus or HIV-1 itself) and coronary artery
lesions is not clear. HIV-1 sequences have been
detected by in situ hybridization in the coronary
vessels of an HIV-infected patient who died of
acute myocardial infarction [34]. Potential mecha-
nisms through which HIV-1 may damage coronary
arteries include activation of cytokines and cell-
adhesion molecules and alteration of major histo-
compatibility complex class I molecules on the
surface of smooth muscle cells [34]. It is also pos-
sible that HIV-1-associated protein gp 120 may
induce smooth muscle cell apoptosis through a
mitochondrion-controlled pathway by activation
of inflammatory cytokines (e.g., TNF-α) [32].

Opportunistic Infections

Toxoplasma gondii can produce a gross pattern of
patchy irregular white infiltrates in myocardium,
similar to non-Hodgkin’s lymphoma. Microscopi-
cally, the myocardium shows scattered mixed in-
flammatory cell infiltrates with polymorphonuclear
leukocytes, macrophages, and lymphocytes. True T.
gondii cysts or pseudocysts containing bradyzoites
are often hard to find, even if inflammation is exten-
sive. Immunohistochemical staining may reveal free
tachyzoites, otherwise difficult to distinguish, with-
in the areas of inflammation. T. gondii myocarditis
can produce focal myocardial fiber necrosis and
heart failure can ensue [25].

Other opportunistic infections of the heart are
infrequent. They are often incidental findings at
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autopsy, and cardiac involvement is probably the
result of widespread dissemination, as exemplified
by Candida and by the dimorphic fungi Cryptocco-
cus neoformans, Coccidioides immitis, and Histo-
plasma capsulatum. Patients living in endemic
areas for Trypanosoma cruzi may rarely develop a
pronounced myocarditis and dilated cardiomyopa-
thy [25].

Commom HIV Therapies and the Heart

In AIDS patients with Kaposi’s sarcoma, reversible

cardiac dysfunction was associated with pro-
longed, high-dose therapy with interferon alpha
[35]. Doxorubicin (Adriamycin) used to treat
AIDS-related Kaposi’s sarcoma and non-Hodgkin’s
lymphoma has a dose-related effect on dilated car-
diomyopathy, as does foscarnet sodium used to
treat cytomegalovirus esophagitis [35]. Cardiac
arrhythmias have been described with the admin-
istration of amphotericin B [36], ganciclovir [37],
trimethoprim-sulfamethoxazole [38], and pen-
tamidine [39]. The principal cardiovascular
actions/interactions of common HIV therapies are
reported in Table 2.
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Table 2. Cardiovascular actions/interactions of common HIV therapies [6]

Class Drugs Cardiac drug interactions Cardiac side effects

A) Antiretroviral Abacavir (Ziagen), Dipyridamole Lactic acidosis (rare),
zidovudine (AZT, hypotension, skeletal muscle 
Retrovir) myopathy (mitochondrial 

A. Nucleoside reverse dysfunction hypothesized,
transcriptase inhibitors (RTI) but not seen clinically)

B. Nucleotide RTI Tenofovir (Viread)

B) Non-nucleoside RTI Delavirdine (Rescriptor), Warfarin (class interaction), Delavirdine can cause serious 
efavirenz (Sustiva), calcium channel blockers, toxic effects if given with anti-
nevirapine (Viramune) beta blockers, quinidine, arrythmic drugs and myocar-

steroids, theophylline dial ischemia if given with
vasoconstrictors

C) Protease inhibitors Amprenavir (Agenerase), All are metabolized by cyto- Implicated in premature 
indinavir (Crixivan), chrome p-450 and interact atherosclerosis, dyslipidemia,
nelfinavir (Viracept), with: sildenafil, amiodarone, insulin resistance, and 
ritonavir (Norvir), lidocaine, quinadine, lipodystrophy/lipoatrophy
saquinavir (Invirase, warfarin, statins
Fortovase),
atazanavir (Reyataz) Calcium channel blockers,

beta-blockers (1.5–3 x increase),
prednisone, quinine, theophylline 
(decrease concentrations) 

Anti-infective Erythromycin, Cytochrome p-450 metabolism Orthostatic hypotension,
A) Antibiotics clarithromycin and drug interactions ventricular tachycardia,

bradycardia, QT prolongation

Rifampicin Reduces therapeutic effect 
of digoxin by induction of
intestinal P-glycoprotein

Trimethoprim/sulfametho- Increases warfarin effects Orthostatic hypotension,
xazole (Bactrim) QT prolongation

cont. ➝



Cardiovascular Malignancy

Cardiac Kaposi’s sarcoma in AIDS may cause vis-
ceral and parietal pericardial lesions and, less fre-
quently, myocardial lesions. The prevalence has
ranged from 12% to 28% in retrospective autopsy
studies performed before the introduction of
HAART [12]. Cardiac Kaposi’s sarcoma is not usu-
ally obstructive or associated with clinical cardiac
dysfunction, morbidity, or mortality [25].

Malignant lymphoma involving the heart is
infrequent in AIDS [12]. Lymphomatous infiltra-
tion may be diffuse or may result in discrete isolat-
ed lesions, which are usually derived from the
Burkitt or immunoblastic type B cells [25]. The
lesions are usually nodular or polypoid masses,
and they predominantly involve the pericardium,
with variable myocardial infiltration. The progno-
sis of patients with HIV-associated cardiac lym-
phoma is generally poor, although clinical remis-

sion has been observed with combination
chemotherapy. The introduction of HAART led to
an approximately 50% reduction in the overall
incidence of cardiac involvement by Kaposi’s sar-
coma and non-Hodgkin’s lymphomas (Fig. 12).
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Table 2. cont.

Class Drugs Cardiac drug interactions Cardiac side effects

B) Antifungal agents Amphotericin B Digoxin toxicity Hypertension, renal failure,
hypokalemia, thrombophle-
bitis

Ketoconazole, itraconazole Cytochrome p-450 metabolism Angioedema, dilated 
and drug interactions- cardiomyopathy, arrhythmias
increases levels of sildenafil,
warfarin,“statins”,
nifedipine, digoxin

C) Antiviral agents Foscarnet, ganciclovir Zidovudine Reversible cardiac failure 
(dose-related effect),electroly-
te abnormalities, ventricular
tachycardia (QT prolongation),
hypotension

D) Antiparasitic Pentamidine (intravenous) Hypotension, arrhythmias 
(torsade de pointes, ventricu-
lar tachycardia), hyperglyce-
mia, hypoglycemia, sudden
death
Note: Contraindicated if base-
line QTc>0.48

Fig. 12. Prevalence of cardiac involvement of AIDS-associ-
ated tumors (Kaposi's sarcoma and non-Hodgkin's lym-
phoma) in the years 1995-2003. The vertical line indicates
the introduction of HAART in the treatment of HIV infec-
tion

Prevalence of cardiac involvement 

of AIDS-associated tumors



The fall may be attributable to the improved
immunologic state of the patients and the preven-
tion of opportunistic infections (human herpes
virus-8 and Epstein-Barr virus) known to play an
etiologic role in these neoplasms [40].

Antiretroviral Therapy and Metabolic 
Disorders

The introduction of HAART in recent years has
significantly modified the course of HIV disease,
prolonging survival and improving patients’ quali-
ty of life. However, early data have raised concern
that HAART regimens, especially those including
protease inhibitors (PIs), are associated with an
increased incidence of metabolic (hyperlipidemia,
insulin resistance) and somatic (lipodistrophy/
lipoatrophy) changes that in the general popula-
tion are associated with an increased risk for car-
diovascular disease (coronary and peripheral
artery disease and stroke), producing an intriguing
clinical scenario [41].

HIV-associated lipodystrophy/lipoatrophy, first
described in 1998 [42], is characterized by promi-
nence of the dorsocervical fat pad (“buffalo
hump”), increased abdominal girth and breast size,
lipoatrophy of subcutaneous fat of the face, but-
tocks, and limbs, and prominence of the veins on
the limbs [42]. The overall prevalence of at least one
physical abnormality is about 50% in otherwise
healthy outpatients. The differences between these
prevalence rates (which ranged from 18% to 83%)
may also have been confounded by patient sex and
age, the type and duration of antiretroviral thera-
py, and the lack of an objective and validated case
definition. Metabolic features significantly associ-
ated with lipodystrophy include dyslipidemia
(about 70% of patients), insulin resistance (elevated
C-peptide and insulin), type 2 diabetes mellitus
(8% to 10% of the patients), lactic acidemia, and
elevated hepatic transaminases (non-alcoholic
steatohepatitis) [43]. These metabolic abnormali-
ties are more profound in those with more severe
physician-assessed lipodystrophy and are associat-
ed with an increased risk in cardiovascular events
(about 1.4 cardiac events per 1,000 years of therapy
according to the Framingham score) [43].

A detailed description of HAART-associated
metabolic syndrome and coagulation disorders,
and of HAART-associated coronary and peripher-
al artery disease and stroke is provided by J.
Capeau, L. Drouet, F. Boccara, P. Mercié, and A.
Moulignier in separate chapters in this volume.
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Highly active antiretroviral therapy (HAART) with
protease inhibitors (PIs) and nucleoside analog
inhibitors of viral reverse transcriptase (NRTI)
allowed a major reduction in the severity and mor-
bidity of HIV infection; however, they were associ-
ated with the occurrence of secondary effects col-
lectively termed “HAART-related lipodystrophy or
metabolic syndrome.” This syndrome is associated
with alterations in body fat repartition with
peripheral fat loss and/or central fat accumulation
together with metabolic disorders such as hyper-
triglyceridemia (hyper-TG), hypercholesterolemia,
and insulin resistance  sometimes with altered glu-
cose tolerance. This set of abnormalities is close to
that reported to be present in the very common
metabolic or insulin resistance syndrome and
some of the pathophysiological mechanisms are
probably the same. In addition, the HAART-related
metabolic syndrome probably results from alter-
ations directly related to the treatment of, and to
the context of, altered immunity and modified
cytokine profile, which most likely enhances its
severity and could be responsible for its specific
features.

Definition of Metabolic Syndrome in Non-HIV-
Infected Patients

Metabolic syndrome – also called syndrome X,
insulin resistance syndrome, or dysmetabolic syn-
drome  – was defined, according to the WHO [1],
by the presence of:
1. Impaired glucose regulation (either impaired

fasting glucose or glucose intolerance or dia-
betes) or insulin resistance (the HOMA values
being in the top quartile)

2. With at least two of the following criteria:
triglycerides (TG)>1.7 mmol/l (1.5 g/l), high-

density lipoprotein (HDL)<0.9 mmol/l (0.35
g/l) for men or <1.0 mmol/l (0.39 g/l) for
women, SBP/DBP>140/90 mmHg, body mass
index (BMI)>30 kg/m2 or waist-to-hip ratio
(WHR) >0.9 for men and 0.85 for women, albu-
min/creatinine ratio≥30 mg/g.
A simplified definition was proposed by the

NCEP ATP-III guidelines in 2001 [1]. The diagnosis
requires at least three of the following criteria: fast-
ing glycemia>6.1 mmol/l (1.1 g/l), fasting TG>1.7
mmol/l (1.5 g/l), HDL<1 mmol/l (men) or 1.3
mmol/l (women; 0.6 and 0.5 g/l), SBP/DBP>130/85
mmHg, waist circumference>102 cm (men) or 88
cm (women). In France, the prevalence of metabol-
ic syndrome in the population is about 9% and 6%
of adult men and women, respectively, while in the
USA it is up to 24% of adults [2].

This syndrome is also associated with
increased small dense LDL particles, increased
uric acid, and plasminogen activator inhibitor
(PAI)-1 levels together with insulin resistance,
which appears to play a central role [3]. The accu-
mulation of fat in the abdomen, at the visceral
level, results in visceral obesity. The major risks
concern the liver, with the occurrence of NASH
(non-alcoholic steato-hepatitis) and the possible
evolution towards cirrhosis, and the cardiovascu-
lar system, with the development of atherosclerosis
and the occurrence of cardiovascular complica-
tions.

Physiology of Insulin Signaling and 
Adipose Tissue

Insulin acts on glucose and lipid metabolism,
favoring the storage of energy after meals. At the
clinical level, insulin resistance is defined as the
inability or decreased ability of insulin to control
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glycemia, which means that a high level of insulin
is required to maintain normoglycemia or that,
when glycemia is increased, the levels of insuline-
mia are disproportionately elevated. To evaluate
insulin resistance, the index most used is HOMA
(homeostasis model assessment), which is calcu-
lated from fasting glycemia levels (mmol/l) multi-
plied by fasting insulin levels (µU/ml) divided by
22.5. This index, or its derivatives (FIRI, QUICKY),
is closely correlated with the evaluation of insulin
sensitivity given by the gold standard test, i.e., the
euglycemic hyperinsulinemic clamp [4]. The meas-
urement of fasting glycemia and insulinemia
mainly relies on the effect of insulin on the liver,
where insulin inhibits hepatic glucose production
by inhibiting glycogenolysis and gluconeogenesis.
During the clamp test, or when a post-prandial
measurement is performed, the presence of elevat-
ed levels of glycemia and insulin is mainly due to
the defective entry and utilization of glucose at the
muscle level.

At the cellular level, the mechanisms whereby
insulin transduces its signal have been studied for
a long time, as have the mechanisms responsible

for insulin resistance. In addition to the liver and
muscles, adipose tissue is an important target tis-
sue of insulin (Fig. 1). Insulin signals inside the
cell by activating its receptor, which possesses a
tyrosine kinase activity, and after insulin binding
phosphorylates its intracellular domain, therefore
allowing cytosol substrate proteins to associate
with the receptor. The insulin receptor substrate
(IRS) class of proteins transduces the signal
towards different intracellular pathways: briefly,
the metabolic signals are mainly transduced
through the phosphatidylinositol 3 kinase (PI3K)
pathway, while the mitogenic signals are mainly
transmitted through the mitogen-activated protein
(MAP) kinase pathway, which can use the IRS and
SHC classes of proteins as receptor substrates. At
the level of the liver, insulin acts on glycogen syn-
thesis and increases lipogenesis, in particular from
glucose. It inhibits hepatic glucose production by
impairing glycogenolysis and gluconeogenesis. In
muscle cells, insulin recruits the glucose trans-
porters GLUT4 to the plasma membrane and acti-
vates glucose entry together with its storage as
glycogen and its oxidation. In adipocytes, insulin
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Fig. 1. Insulin signal leads to the activation of major anabolic pathways. MAP kinase, mitogen activated kinase; PI3 kinase,
phosphatidyl inositol 3 kinase
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plays a strong metabolic role by increasing TG
storage through the activation of lipoprotein lipase
and glucose entry and by decreasing TG hydrolysis
through the inhibition of the hormone-sensitive
lipase involved in lipolysis [5], a pathway stimulat-
ed by catecholamines in humans.

In 1963, Randle [6] described the glucose–fatty
acid cycle and its role in physiology and pathology.
He showed that free fatty acids (FFA) are used in
preference to glucose by the heart and diaphragm
muscles, leading to decreased glucose utilization.
This concept has recently been revisited by G.
Shulman and his group [7]. By performing both
human and animal studies in vivo, they revealed
that FFA entering the muscle cell are transformed
into acyl-CoA derivatives and they activate the
PKCθ isoform and IKKβ, which in turn activate
IRS phosphorylation on serine residues. This ser-
ine phosphorylation has been shown by numerous
groups to stop insulin signaling and to impede the
activation of the downstream steps, including the
recruitment of GLUT4 transporters from their
intracellular location to the plasma membrane. In
that situation, muscle and liver cells use FFA to
produce the energy required for their metabolism.

In addition to its metabolic function, adipose
tissue now appears to play an important endocrine
role: it can release a number of hormones, pro-
teins, and cytokines acting through endocrine or
autocrine/paracrine mechanisms (Fig. 2) [8, 9].

Leptin

Leptin is a 16-kDa protein mainly produced by
subcutaneous adipose tissue, and it acts as an
endocrine factor at the hypothalamic level to
reduce food intake and to regulate energy produc-
tion and utilization. In addition, leptin exerts
pleiotropic actions and plays a role in peripheral
energy and bone metabolism, reproduction, and
immunity. Leptin receptors located on muscle cells
have been shown to activate AMP kinase (AMPK)
and thereby to favor FFA oxidation (see below).

Adiponectin

Adiponectin or adipoQ or ACRP30 is secreted at
high levels by adipose tissue, and circulating levels
are between 5 and 10 µg/ml in human plasma.
They are negatively correlated with BMI and with
the content in visceral fat [10] and are decreased in
diabetic and obese patients. It has been reported in
numerous studies that the level of circulating
adiponectin is inversely related to insulin resist-
ance. Adiponectin is also decreased in patients
with ischemic heart disease.

The mechanisms whereby adiponectin acts are
now starting to be understood. Two receptors have
recently been cloned, but the transduction pathway
is still unknown. Interestingly, it has been found
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that adiponectin is able to activate AMPK in the
liver and muscles. There has been a major interest
recently in the role of this enzyme in cell metabo-
lism. AMPK is activated by AMP, the level of which
is increased when ATP has been hydrolysed. AMPK
now appears as an energy level-detecting enzyme,
which plays a key role in redirecting the energy-
synthesizing pathways of glucose and lipid metab-
olism. First, activated AMPK is able to activate
indirectly the entry of acyl-CoA into the mito-
chondria to be degraded by the β-oxidation path-
way in the liver and muscles and to be converted
into energy. In liver cells, AMPK is also able to
inhibit the expression of the gluconeogenic
enzymes required for hepatic glucose production.
In muscle cells, AMPK can recruit glucose trans-
porters GLUT4 to the membrane, even in the
absence of insulin, allowing glucose entry and uti-
lization [8]. In addition to its insulin-sensitizing
effect, adiponectin can act at the level of the arteri-
al wall. Atherosclerotic cellular changes include
monocyte adhesion to endothelial cells due to the
expression of adhesion molecules, uptake of oxi-
dized LDL by macrophages through scavenger
receptors, and proliferation of vascular smooth mus-
cle cells in response to PDGF. Adiponectin has been
found to inhibit tumor necrosis factor (TNF)-α
production and TNF-α-induced adverse effects on
the vascular wall, therefore inhibiting all these
atherogenic processes [10, 11]. Thus, it probably
has a potent anti-atherogenic role and could pro-
tect injured vessels against the development of
atherogenic lesions. The expression of adiponectin
has been found to be inhibited in vitro by TNF-α
and interleukin (IL)-6.

Tumor Necrosis Factor-a

TNF-α is synthesized as a 26-kDa plasma mem-
brane-bound monomer. A secreted trimer is
formed by proteolysis of the precursor giving rise
to a 17-kDa cytokine, which binds to two recep-
tors, type I and II, and activates the classic inflam-
matory NFκB pathway [12]. In physiological condi-
tions, adipose tissue production is very low. How-
ever, its production has been found to be increased

in pathological conditions, even if the reason for
this increased production remains unclear. Animal
studies have revealed that in cases of obesity and
insulin resistance, the secretion of TNF-α was
increased and could be involved in insulin resist-
ance. In particular, TNF-α has been found to act at
the local level on adipocytes and to inhibit insulin
signal transduction through the inhibitory phos-
phorylation of the IRS1 protein together with a
decreased expression of GLUT4 [8]. In human
studies, the deleterious role of TNF-α has been
questioned. Several studies reported that the circu-
lating levels of TNF-α were related with obesity
and insulin resistance. However, systemic inhibi-
tion of TNF-α in type 2 diabetic patients was not
able to decrease insulin resistance. It could be pro-
posed that TNF-α acts mainly at the local and not
the systemic level and that it induces adipose tissue
resistance: this results in increased lipolysis and
FFA fluxes (Fig. 3). In addition TNF-α acts on
adipocytes by decreasing adiponectin and increas-
ing IL-6 expression. These latter cytokines, which
act at a distance from adipose tissue, probably play
a major role in insulin sensitivity and indirectly
trigger the insulin-resistant effect of TNF-α.

In addition, in patients with HIV-related meta-
bolic syndrome, several studies consistently revealed
increased levels of TNF-α, pointing to a major role
for this cytokine in this condition (next section).

Interleukin-6

IL-6 is a proinflammatory cytokine produced by
several tissues and cells and, in particular, by adi-
pose tissue: 10%–30% of circulating IL-6 could be
produced by adipose tissue. IL-6 may exert its
effects at the central level on the hypothalamus. At
the liver level, IL-6 induces the production of
acute-phase proteins and in particular of C-reac-
tive protein (CRP). The levels of circulating IL-6
were shown to be increased in obesity and were
related to insulin resistance. IL-6 also acts by
paracrine/autocrine mechanisms on adipocytes
and induces insulin resistance and altered differ-
entiation in particular by inducing the expression
of SOCS3 [13].
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Plasminogen Activator Inhibitor-1

PAI-1 is a protein involved in thrombosis, which
compromises the clearance of fibrin. Its level is
increased in obesity, type 2 diabetes, and metabol-
ic syndrome. In addition, it is strongly associated
with vascular disease including myocardial infarc-
tion and venous thrombosis [9].

Regional Differences in Fat Distribution and Physiology 

The visceral fat depot is contained within the body
cavity surrounding the internal organs and is
composed of mesenteric and omental depots. Vis-
ceral fat represents about 20% and 6% of total
body fat in men and women, respectively. The sub-
cutaneous fat depot is located under the skin, par-
ticularly in the abdominal region. In the lower
body, all adipose depots are subcutaneous and the
largest sites of storage are the gluteal and femoral
regions [14]. Visceral and subcutaneous fat
express and secrete various amounts of different
cytokines. Leptin is mainly secreted by peripheral

fat, while adiponectin and IL-6 are secreted in
higher quantities by visceral fat. For TNF-α the
results are less clear. In addition, visceral fat is
more sensitive to catecholamines, and therefore to
lipolysis, and more resistant to insulin than subcu-
taneous fat [15].

It has long been known that glucocorticoids
act on adipose tissue and can inhibit proliferation
but enhance lipid storage leading to fat hypertro-
phy. Visceral adipocytes, which contain higher lev-
els of glucocorticoid receptors, are more sensitive
to the effect of this hormone. Accordingly, in
Cushing’s syndrome with hypercorticism, visceral
fat is increased particularly. More recently, pro-
found differences have been demonstrated in the
level of the enzyme that can convert inactive cor-
tisone to active cortisol, 11β-hydroxysteroid dehy-
drogenase type 1 (11β-HSD1), with very high
activity in visceral fat and barely detectable activ-
ity in subcutaneous fat [14, 16]. Therefore, viscer-
al fat is able to produce cortisol locally, which
could act inside adipocytes and increase lipid
accumulation. Interestingly, this enzyme is acti-
vated by TNF-α (Fig. 4).
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Pathology of Insulin Signaling and 
Adipose Tissue  

When adipose tissue is hypertrophic and resistant
to insulin, as seen for visceral fat in metabolic syn-
drome, lipolysis is increased, resulting in increased
levels of circulating free fatty acids (FFA). An
increased level of FFA plays a detrimental role on
glucose utilization in the liver and muscles and
leads to insulin resistance. The mechanisms
responsible for this resistance to insulin can be
hypothesized from the studies performed by Shul-
man’s group [7] and are related to the inhibition of
the insulin signaling pathway induced by acyl-CoA
derivatives as indicated above. In addition, this
excess of acyl-CoA inside the cytosol, exceeding
the capacities of degradation in the mitochondria
and peroxysomes, leads to accumulation of TG in
hepatocytes and muscle cells. Such an accumula-
tion has been reported in numerous studies of
patients with insulin resistance, metabolic syn-
drome, obesity, and diabetes. Moreover, it has been
consistently reported that the extent of fat accumu-
lation in the liver is related to the amount of viscer-
al fat and also to insulin resistance evaluated by
HOMA or clamp tests [17]. Similarly, the amount of

intramyocellular fat has been related to insulin
resistance in obese and diabetic patients [18]. This
set of alterations has been named lipotoxicity [19].
The location of adipose tissue is probably impor-
tant: visceral fat, which is highly sensitive to cate-
cholamines and resistant to insulin, is prone to
release large amounts of FFA in the portal system
which will be driven mainly to the liver. Subcuta-
neous fat, which is more resistant to lipolysis,
would release lower levels of FFA, particularly
towards peripheral tissues such as muscles.

Metabolic syndrome, type 2 diabetes, and obe-
sity are now considered as low-grade chronic
inflammatory states, like atherosclerosis, leading to
coronary heart disease. Hyperinsulinemia and
insulin resistance are considered as common pre-
ceding factors of hypertension, decreased HDL
concentrations, hyper-TG, and altered glucose tol-
erance (Fig. 5). Part of the features of insulin resist-
ance syndrome can be explained by the altered
secretion of products from adipose tissue (and in
particular from expanded visceral fat) with
increased levels of proinflammatory cytokines,
TNF-α and IL-6, responsible for this inflammatory
profile. Interestingly, it has recently been shown in
animal models of obesity and in human subcuta-
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Fig. 4. Pathophysiology of
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neous fat that white adipose tissue presents
macrophage accumulation, which is responsible
for increased TNF-α expression [20–22]. Increased
endogenous production of cortisol increases
insulin resistance participating in a vicious cycle
(Fig. 6). Even if visceral fat is more difficult to
study than subcutaneous fat in patients, it is high-
ly probable that visceral fat is prone to release
higher amounts of FFA and IL-6 and decreased
amounts of adiponectin. They are released in the
portal system and reach the liver first. This will
result in increased production of acute inflamma-
tion proteins, such as CRP, and in increased glu-
cose production and very-low-density lipoprotein
(VLDL) synthesis resulting in hyper-TG [14].

Subcutaneous abdominal fat, if insulin-resist-
ant, will produce increased FFA used by muscles,
resulting in reduced glucose utilization at that
level.

The causes for this altered adipocyte function
remain speculative: insulin can alter TNF-α and
IL-6 secretion and therefore, in the case of insulin
resistance, these cytokines could be increased.

Otherwise, insulin resistance could be a conse-
quence of TNF-α and IL-6 oversecretion (Fig. 6).
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Fig. 5. Pathophysiology of metabolic syndrome 
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Increased levels of these cytokines at the level of
the arterial wall lead to inflammatory lesions of
atherosclerosis. Factors such as aging, smoking,
and obesity can be responsible for increased proin-
flammatory cytokines [23]. This set of alterations
will create a vicious cycle resulting in metabolic
and vascular changes, ultimately leading to athero-
sclerosis and cardiovascular disease.

Description and Pathophysiology of the
HAART-Related Metabolic Alterations

Dyslipidemia

Increased levels of TG and cholesterol together
with decreased HDL and increased LDL cholesterol
have been described in HIV patients undergoing
HAART [24].

Those alterations probably have multiple ori-
gins. The HIV infection itself has been shown to be
associated with increased levels of TG, decreased
levels of HDL and, in patients with AIDS, of LDL
cholesterol [24]. These alterations could result
from the high level of proinflammatory cytokines
(TNF-α, IL-6, IL-1) observed in these patients with
an active infection, due to their increased secretion
by activated monocytes and macrophages. TNF-α
and IL-6 can decrease the expression and activity
of lipoprotein lipase, which is involved in TG clear-
ance from circulation lipoproteins. Moreover,
acute-phase proteins can bind to HDL particles,
promoting their uptake by macrophages and there-
fore increasing their clearance rate. These phe-
nomena are seen in infection with severe inflam-
mation whatever its origin [25].

After the introduction of HAART, increased
levels of lipids were constantly reported. Regarding
the NRTIs, stavudine was associated with incre-
ased levels of TG [26]. However, the major contrib-
utor to dyslipidemia was the class of PIs. Studies
performed in non-HIV-infected control subjects
revealed that RTV was able, after a few days, to
alter lipid parameters with hyper-TG and
increased cholesterol levels [27]. Similarly, boost-
ing concentrations of RTV in association with LPV
increased TG levels. NNRTIs are also able to modi-
fy lipid parameters: NVP increases total and HDL

cholesterol levels but not TG [28]. EFV has a simi-
lar effect but induces a more marked hypercholes-
terolemia. Various phenotypes of dyslipidemia
were reported in patients undergoing HAART with
PIs, but the major alterations are increased levels
of TG, decreased levels of HDL, and increased con-
tent in small dense LDLs, the profile of which is
very similar to that seen in classic metabolic syn-
drome. The prevalence of lipid alterations is
important in PI-treated patients: in an Australian
cohort, 14 months after initiating treatment with
PIs, 50% of the patients had TG levels above 2
mmol/l and 60% had cholesterol levels above 5.5
mmol/l, whereas these values were 22% and 11%,
respectively, in patients under NRTI treatment
without PIs [29]. In the French cohort APROCO-
TM, after 1 and 3 years of PI treatment, respective-
ly, the prevalence of hyper-TG increased from 26%
to 36% in men and from 20% to 25% in women.
The prevalence of hypercholesterolemia was ele-
vated between 55% and 60% in both groups [26].

These alterations could result from a direct
effect of the drugs, particularly at the liver level,
resulting in modified lipid metabolism (Fig. 7).
The synthesis and secretion of Apo-B, the major
VLDL-linked apoprotein, are partly regulated by
the balance between the association to lipids and
the degradation in the proteasome system involved
in overall cellular protein degradation. Thus, it has
been shown, in in vitro models of hepatic cells, that
RTV and SQV could inhibit the degradation of
ApoB by inhibiting the proteasome, which results
in increased VLDL secretion [30]. When animals
were fed a high-fat diet, an increased synthesis of
TG on VLDL was observed [31]. Moreover, RTV is
able to increase VLDL secretion in mice through
the activation of the lipogenic transcription factor
SREBP-1 in the liver [32]. Regarding VLDL catabo-
lism, B. Perret’s group presented interesting data
[33] indicating that, in PI-treated patients, there
was an accumulation of lipoparticles containing
apo C-III and apo-E in association with apo-B.
These complex particles would represent persist-
ent potentially atherogenic cholesterol-rich rem-
nant particles derived from TG-rich lipoproteins.
The observed excess in apo-CIII on lipoproteins
might be a major determinant of a slower catabo-
lism of TG-rich lipoproteins, since apoC-III is an
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inhibitor of lipoprotein lipase activity and it also
impairs the interaction of apoB and apo-E with the
LDL-receptor and LRP [25]. This will result in an
increased level of remnant lipoprotein returning to
the liver.

In addition to a direct effect of some PIs on
lipid metabolism, the altered repartition of body
fat is probably also involved in lipid alterations. As
explained above for metabolic syndrome, incre-
ased content in visceral fat as well as decreased
peripheral adipose tissue are associated with an
increased level of lipolysis and of FFA fluxes
together with altered adipocytokine production:
increased levels of TNF-α, IL-1, and IL-6 and
decreased levels of adiponectin. Thus, even after
the introduction of HAART, the severity of the
inflammatory syndrome is markedly decreased as
compared to the state of active infection. Patients
with HAART-related metabolic syndrome still
present a state of low-grade inflammation with
increased cytokines and acute-phase proteins such
as CRP, which could contribute to the dyslipidemia
observed in these patients.

Altered Glucose Tolerance and Insulin Resistance

The presence of altered glucose tolerance concerns
only a minority of PI-treated patients, but its
prevalence is increasing. In the APROCO-TM
French cohort, increased glycemia (either fasting
hyperglycemia or glucose intolerance) increased
from 17% to 27% in men after 1 and 3 years of
treatment, respectively, while diabetes increased
from 4% to 9%. In women, alterations in glucose
tolerance remained stable at 25% but the preva-
lence of diabetes increased from 2% to 11%. These
data suggest that the prevalence and the severity of
glucose alterations tend to increase with the dura-
tion of PI treatment. Insulin resistance, which can
be evaluated by the simple HOMA test, is highly
prevalent in these patients [26].

The type and prevalence of theses alterations
are linked to the individual molecules in the PI
class. Studies performed with non-HIV-infected
control subjects revealed that IDV was able to
induce insulin resistance and to modify glycemia
after a few days [34]. After a single dose, IDV was
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Fig. 7. Adverse effects of antiretroviral treatment on lipid and glucose metabolism. sdLDL, small dense LDL 



able to decrease glucose uptake during a clamp
test, indicating insulin resistance, which was
rapid and reversible [35]. It is hypothesized that
this effect could be due to inhibition of the
insulin-sensitive glucose transporter GLUT4 that
has been evidenced in in vitro studies [36]. Simi-
larly, LPV boosted by RTV induced an increased
glycemia and insulinemia after 4 weeks in nor-
mal volunteers.

The prevalence of glucose alterations and
insulin resistance has been consistently found to
be higher in patients with lipodystrophy than in
patients without lipodystrophy. A role for adipose
tissue in insulin resistance resulting from altered
cytokine production and increased lipolysis can be
easily hypothesized, which would accentuate the
metabolic disorders. As explained below, lipodys-
trophic adipose tissue presents an altered profile of
secreted cytokines with increased TNF-α and IL-6.
These cytokines are responsible for insulin resist-
ance at the adipocyte level resulting in increased
lipolysis and FFA fluxes, which in turn induce
insulin resistance at the level of the liver and mus-
cles. In addition, lipodystrophic adipose tissue has
a decreased secretion of adiponectin, which could
result in decreased lipid oxidation and glucose
intake in the muscles, and in decreased lipid oxida-
tion and increased glucose production in the liver
as explained above.

Therefore, the drug-induced alterations in glu-
cose metabolism and in insulin sensitivity are
aggravated by the altered adipose tissue function
due to lipodystrophy.

Description and Pathophysiology of the
HAART-Related Abnormal Fat Distribution

Description

Different forms of abnormal fat distribution or
lipodystrophies are seen in HIV-infected patients
undergoing HAART. Lipoatrophy mainly concerns
peripheral fat, at the level of the limbs, buttocks,
face, and abdomen and could be clinically evaluat-
ed by the reduced skin-fold due to the decrease in

subcutaneous fat. Central lipoatrophy, inside the
abdomen, can only be diagnosed by imaging tech-
nologies such as MRI or CT scans. In addition, fat
is increased in some regions located primarily in
the visceral area but also in the chest and neck, giv-
ing an aspect of a buffalo hump. When lipoatrophy
and lipohypertrophy are associated, a phenotype
of mixed lipodystrophy is present, which is very
typical of HAART-related lipodystrophy. This syn-
drome resembles the typical metabolic syndrome
but is more striking since both the loss of the
peripheral fat and the increase in visceral fat can
be very marked in the same patient.

In fact, two lipodystrophy syndromes are
depicted in HIV-infected patients. After several
years of treatment, 30% of patients undergoing
NRTI therapy without PIs can present a phenotype
of mainly peripheral lipoatrophy with minor meta-
bolic alterations, but sometimes with signs in favor
of mitochondrial dysfunction such as an increased
lactate level. This lipodystrophy is observed with a
higher frequency in patients treated with stavu-
dine or to a lesser extent with zidovudine than
with other NRTIs [37].

In patients undergoing HAART with PIs and
NRTIs, there is a higher prevalence of lipodystro-
phy, about 60% (but this value is highly variable
according to the study and the definition, from
20% to 80%), and metabolic alterations are gener-
ally involved [37].

The pathophysiology of these lipodystrophies
remains poorly understood due to their multifac-
torial origin. Among the numerous factors found
to be concerned, drugs play an important role, but
other factors linked to the disease and to the
patients themselves also have to be considered.
Studies performed with cohorts of patients have
outlined the importance of the severity of HIV
infection, of the quality of immune restoration, as
well as of age, sex, and BMI in the prevalence, type,
and severity of lipodystrophy. NRTIs were found to
be linked primarily to peripheral lipoatrophy and
PIs to visceral fat accumulation. Their association
increases their prevalence and severity [38]. How-
ever, individual molecules of these two classes have
different effects.
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In Vitro Studies

To better understand the pathophysiology of fat
alterations, studies were performed first in vitro,
so as to decipher the precise role of each drug on
adipocyte functions. Most of the studies concerned
PIs, since lipodystrophies were diagnosed shortly
after their introduction. Several studies reported
that in the short term, PIs were able to inhibit the
insulin-activated glucose transporter GLUT4,
thereby rapidly inducing insulin resistance, which
was reversible when the PI concentration was low-
ered [36]. In the long term (several days), most of
the studies reported that some PIs, but not all, were
able to greatly alter adipocyte functions by
decreasing adipocyte differentiation and by induc-
ing insulin resistance [39]. Our group and others
have reported that the step of the adipogenic tran-
scription factor SREBP-1 was specifically targeted
by some but not all PIs, with a decreased level of
the protein and a decreased activation of the
downstream pathways. We have recently shown
that some PIs were able to impair the nuclear loca-
tion of SREBP-1 and to alter the structure and sta-
bility of the nuclear lamina, possibly by impairing
the maturation of prelamin A to lamin A [40, 41].
Lamin A and lamin C are encoded by the same
gene and they can combine with lamin B to form a
meshwork of filamentous proteins that lines the
inner nuclear membrane called lamina. Lamina
interacts with the nuclear membrane and with
chromatin. In particular, the C-terminal globular
domain of lamin A/C can bind DNA and also
SREBP-1 [42, 43]. Interestingly, mutations in this
domain are responsible for a genetic form of par-
tial lipodystrophy, Dunnigan’s syndrome or FPLD,
with peripheral lipoatrophy, accumulation of fat at
the level of the face and neck, and major metabol-
ic alterations with hyper-TG, diabetes, and insulin
resistance. The mutations responsible for FPLD
reduced the interactions of lamin with DNA and
SREBP-1, which could explain the altered adipose
tissue differentiation observed in these patients.
The cells from these patients present nuclear alter-
ations and altered lamina stability, similar to the
alterations induced in cultured adipocytes by some

PIs [44]. Thus, we can hypothesize that some PIs
could alter lamina structure by comparing lamin A
maturation and thereby altering the SREBP-1 nor-
mal location inside the nucleus [41]. This could
impair adipocyte differentiation and induce
insulin resistance. In addition, some PIs have been
shown to alter the expression of adipocytokines in
cultured adipocytes [45, 46]: they increased the
expression of TNF-α and IL-6, the proinflammato-
ry cytokines that could play a role in adipose tissue
insulin resistance and apoptosis. They were also
shown to decrease the expression of adiponectin,
which could explain, at least in part, the resistance
to insulin.

As regards NRTIs, only a few in vitro studies
have been presented. We have observed that the
thymidine analogs, stavudine and AZT, but not the
other NRTIs, were able to mildly decrease lipid
content in adipocytes without major alteration of
the differentiation onset and of insulin sensitivity.
In addition, they increased apoptosis and induced
mitochondrial dysfunction at concentrations close
to their Cmax in patients [47]. In addition, thymi-
dine analogs also altered the expression of
adipocytokines in vitro [46].

Taken as a whole, in the two classes of ART,
some drugs modified adipocyte function. PIs
altered differentiation and insulin sensitivity pos-
sibly through their effect on SREBP-1 and adipocy-
tokines, while NRTIs altered lipid content and
increased apoptosis possibly through their effect
on mitochondria and adipocytokines. Therefore,
when present together, a synergistic effect could be
hypothesized (Fig. 8).

Ex Vivo and In Vivo Studies

To go further, different groups performed studies
on subcutaneous adipose tissue from lipodys-
trophic patients, which was compared with fat
from control subjects or from non-lipodystrophic
patients undergoing HAART.

The level of mitochondrial DNA was evaluated
by several groups and consistently found to be
decreased in fat from HAART-treated patients: this

Pathogenesis of HAART-Associated Metabolic Syndrome 27



decrease was seen in patients undergoing stavu-
dine treatment and to a lesser extent with AZT, in
accordance with the hypothesis that these NRTIs
can alter mitochondrial function. However, the
extent of the decrease was not different in fat from
lipodystrophic or non-lipodystrophic HAART-
treated patients [48]. Morphological studies
revealed important morphological alterations in
patients’ lipoatrophic fat with adipocytes of
reduced size, increased apoptosis, increased fibro-
sis, and mitochondria numbers [48–52].

The expression of the transcription factors
SREBP-1, PPARγ, and C/EBPα was found to be
decreased in fat from lipodystrophic as compared
to non-lipodystrophic and control subjects, indi-
cating a state of altered differentiation and insulin
resistance [49, 52, 53]. In addition, the expression
of the adipocytokines was deeply altered in fat
from lipodystrophic patients as compared to con-
trol or non-lipodystrophic patients: TNF-α and
IL-6 expression was increased, while that of leptin
and adiponectin was decreased [49, 52, 53].
Accordingly, the circulating levels of these
cytokines were altered [54]. These alterations are
seen in patients undergoing HAART including PIs.
It could be postulated from the in vitro studies that
the two classes of drugs act in synergy to induce
lipoatrophy.

Clinical data on the effects of individual mole-
cules on lipodystrophy are now becoming avail-
able. A role for thymidine analogs, stavudine in par-
ticular, in peripheral lipoatrophy has been revealed
by different studies, which found a strong correla-
tion between the presence of peripheral lipoatrophy
and the use of these molecules [48]. In addition, in
the MITOX study, when lipoatrophic patients were
switched from thymidine analogs to abacavir,
peripheral fat was increased by 1.26+2.02 kg [55],
arguing again for the implication of thymidine
analogs in lipoatrophy.

Increased apoptosis was reported in fat from
patients undergoing treatment with PIs and NRTIs.
Domingo [56] found that when the patients were
switched from PIs to nevirapine, fat cell apoptosis
persisted. Otherwise, when patients were switched
from stavudine to ABC, they recovered about 20%
of peripheral fat after 1 year. However, increased
mDNA level remained two times lower than that of
control fat and even if apoptosis was reduced, it
remained higher than that observed in control fat
[57]. This adipose tissue toxicity could result from
the ability of these molecules to induce mitochon-
drial dysfunction and alter adipocytokine secre-
tion. In addition, the fact that apoptosis was only
partly reverted argues in favor of a role for other
ART, including PIs, in lipoatrophy (Fig. 8).
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Fig. 8. Hypothetical scheme of the mechanisms responsible for lipoatrophy and insulin resistance in HAART-related
lipodystrophy 

Protease inhibitors

Decreased
SREBP-1, C/EBPα

Decreased
differentiation

NRTI, 
thymidine analogues

Mitochondrial
dysfunction

Apoptosis

Decreased 
adiponectin

 Liver and muscle 
insulin resistance

Increased 
TNFα, IL-6

Adipose tissue
insulin resistance

Lipoatrophy

Apoptosis

Increased FFA



Pathophysiology of Increased Visceral Fat in HAART-
Related Lipodystrophy

While the mechanisms responsible for peripheral
lipoatrophy begin to be understood, as fat biopsies
can be performed to analyze adipose tissue alter-
ations, only speculative mechanisms can be pro-
posed for visceral fat hypertrophy, since to date no
results have been presented on fat from this loca-
tion. One working hypothesis could refer to the
presence of 11β-HSD1 in greater amounts in vis-
ceral than in subcutaneous fat, which will result in
an increased synthesis of cortisol from cortisone
and an endogenous activation of fat hypertrophy.
Such a mechanism has been postulated in the clas-
sic metabolic syndrome.

In addition, TNF-α has been shown to activate
this enzyme. If we hypothesize that TNF-α produc-
tion is increased in HAART-treated patients due to
the effect of therapeutic molecules, this could lead
to an even greater activation of the enzyme. More-
over, Gougeon’s group has shown that CD4 and
CD8 lymphocytes in HAART-treated patients pro-
duced TNF-α and were resistant to TNF-α-induced
apoptosis [58], which would further increase TNF-
α levels. Otherwise, in subcutaneous fat, we
observed the presence of activated macrophages
that probably release TNF-α [52]. This could be

also the case in visceral fat as found in animal
models of obesity [21, 22]. Therefore, it could be
proposed that increased TNF-α could hyperacti-
vate 11β-HSD 1 and result in an increased synthe-
sis of cortisol inside the adipocytes, thereby favor-
ing their hypertrophy. In addition, other hormones
could modulate this enzyme: growth hormone
(GH) and testosterone were found to inactivate the
enzyme. It is interesting to note that HIV-infected
patients with lipodystrophy often present a relative
decrease in GH [59] and testosterone levels. More-
over, when patients with visceral fat hypertrophy
were treated with GH, a reduction in the amount of
visceral fat was consistently reported [60].

Conclusion

Taken as a whole, HAART-related metabolic syn-
drome could result from the combination of fac-
tors found in the metabolic syndrome observed in
the general population and it could also result
from factors related to the treatment, the infection,
and the immune status specific to HIV infection.
These factors will favor a proinflammatory, proco-
agulant, and proatherogenic state, which will wors-
en the situation (Fig. 9). Even if the occurrence of
cardiovascular complications remains uncommon

Pathogenesis of HAART-Associated Metabolic Syndrome 29
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in this population exposed for only a few years to
this deleterious situation, it could be predicted that
the above-mentioned factors will probably rapidly
lead to cardiovascular complications. This is a
major concern in these patients who require con-
tinuous antiretroviral treatment to control viral
infection and who can now expect prolonged life
duration.
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Pathology of the Myocardium

The prevalence of myocardial abnormalities in
HIV-infected patients ranges from 25% to 75% [1].
This wide range probably reflects differences in
methodology, patients’ risk factors, disease stage,
and environmental factors, such as drug addiction
or therapeutic agents. Myocardial involvement in
HIV-infected patients includes dilated cardiomy-
opathy, myocarditis, ischemic heart disease, and
neoplastic invasion from HIV-associated malig-
nancies (e.g., non-Hodgkin’s lymphoma or Kaposi’s
sarcoma). In addition, the right ventricle can be
involved as a consequence of AIDS-related pul-
monary disease.

Dilated Cardiomyopathy

The reported prevalence of this heart condition ranges
between 5% and 23% of autopsy studies [1–3].

Pathologic Features

Pathologic features of AIDS-related cardiomyopa-
thy are similar to those observed in seronegative
patients. At autopsy, the heart shape is modified,
because of ventricular dilation and apical round-
ing. Heart weight is generally increased, owing to
fibrosis and myocyte hypertrophy [1]. On average,
long-term survivors have significantly heavier
hearts than those dying after a brief disease
course. The epicardium is usually normal and
coronary arteries do not show significant athero-
sclerosis. The myocardium is rather flabby and the
ventricular wall usually collapses on section [1].

On the cut surface, the ventricles show an eccen-

tric hypertrophy, that is, a mass increase with cham-
ber volume enlargement. Although hypertrophy is
demonstrated by the increase in cardiac weight, this
is not always grossly evident owing to ventricular
dilation; the free wall width may be normal, or even
thinner than normal, as happens in short-term sur-
vivors. Endocardial fibrosis is a common finding, as
well as mural thrombi, mainly located at the apex.
Dilated cardiomyopathy can be associated with
pericardial effusion or infective endocarditis, espe-
cially in intravenous drug abusers [1].

On histology, myocytes show variable degrees
of hypertrophy and degenerative changes, such as
myofibril loss, causing hydropic changes within the
myocyte. An increase in interstitial and endocar-
dial fibrillar collagen is a constant feature in this
cardiomyopathy [1–3].

Myocarditis

Myocarditis is documented at autopsy in up to 50%
of AIDS patients who died from non-cardiac caus-
es [2] and in 31%–83% of patients with clinical
signs of congestive heart failure [1]. It can be part
of a disseminated infection, resulting from oppor-
tunistic microorganisms, such as Candida albi-
cans, Cryptococcus neoformans, and Toxoplasma
gondii. It most often shows histological features of
lymphocytic myocarditis, suggestive of a viral eti-
ology. In fact, the presence of coxsackievirus B3,
cytomegalovirus, and Epstein-Barr virus has been
reported from autopsy samples from HIV-infected
patients [1]. In addition, HIV-1 nucleic acid
sequences have been detected by in situ hybridiza-
tion in autopsy samples of patients with left ven-
tricular dysfunction [1]. Most of them had active
myocarditis on histology.

Pathology of Cardiac Complications in HIV Infection
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Pathologic Findings

On gross examination, a marked dilation of the
cardiac chambers is almost always present. In most
cases, owing to the focal distribution of inflamma-
tion and myocyte necrosis, the myocardium is not
flabby as it is in hearts with a diffuse inflammato-
ry response. Heart weight is within normal limits.
According to the Dallas criteria [4], active
myocarditis is characterized by multifocal or dif-
fuse interstitial inflammatory infiltrates associated
with degenerative changes or frank myocyte
necrosis (Fig. 1). Histological findings in HIV-
infected patients with myocarditis do not substan-
tially differ from those observed in seronegative
patients. However, the degree of inflammatory
infiltrate is generally milder. This is believed to
result from the impaired efficiency of cell-mediat-
ed immunity [2]. In addition, the inflammatory
infiltrate is mainly made by CD8+ lymphocytes,
and aberrant expression of class II human leuko-
cyte antigens (HLA) by cardiac myocytes is much
rarer than in HIV-negative myocarditis [5]. The
severity of clinical symptoms is not always related
to the degree of myocardial inflammation and
damage. Autopsy studies of AIDS patients who
died of acute left ventricular dysfunction almost
invariably show a marked inflammatory infiltrate

[2]. However, mild and focal mononuclear infil-
trates are frequently observed in hearts of AIDS
patients, irrespective of the presence of cardiac
symptoms.

Histology and immunohistochemistry rarely
detect the presence of viruses in the myocardium.
However, in situ hybridization or polymerase
chain reaction studies reveal a high frequency of
either cytomegalovirus or HIV-1, or both, in AIDS
patients with lymphocytic myocarditis and severe
left ventricular dysfunction [1, 6] (Fig. 2). These
data support the hypothesis that, at least in a sub-
set of patients, HIV-1 has a pathogenic action and
possibly influences the clinical evolution towards
dilated cardiomyopathy [2, 3].

Opportunistic myocardial infection is generally
part of systemic infections. Fungal lesions are visi-
ble on gross examination as multiple, small, round-
ed plaques of whitish color, often hemorrhagic. On
histology, the pathogens most frequently observed
are protozoa, such as Toxoplasma gondii, or fungi,
such as Candida albicans, Cryptococcus neofor-
mans, and Aspergillus spp. [2, 3]. Myocardial and
cerebral toxoplasmosis are often associated; histo-
logical examination shows “pseudocysts” packed
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Fig. 1. AIDS-related active lymphocytic myocarditis. There
is a marked interstitial lymphocytic infiltrate and
myocyte necrosis. H&E, x20

Fig. 2. In situ hybridization from an endomyocardial biop-
sy sample in an HIV-infected subject with echocardio-
graphic diagnosis of dilated cardiomyopathy (left ventric-
ular ejection fraction: 28%) and histologic diagnosis of
active myocarditis. It is possible to observe two myocytes
showing a positive signal for nucleic sequences of HIV-1
(arrows). H&E, x20



with the protozoa within cardiac myocytes [2, 3].
Bacterial myocarditis is not infrequent in HIV-
infected drug addicts with infective endocarditis. It
is a consequence of coronary embolization from
valve vegetations [2].

Ischemic Heart Disease

The association between viral infection (cytome-
galovirus or HIV-1 itself) and coronary artery
lesions is not clear. HIV-1 sequences have recently
been detected by in situ hybridization in the coro-
nary vessels of an HIV-infected patient who died
from acute myocardial infarction (Fig. 3) [7].
Potential mechanisms through which HIV-1 may
damage coronary arteries include activation of
cytokines and cell-adhesion molecules and alter-
ation of major histocompatibility complex class I

molecules on the surface of smooth muscle cells
[7]. It is possible also that HIV-1-associated pro-
tein gp 120 may induce smooth muscle cell apopto-
sis through a mitochondrion-controlled pathway
by activation of inflammatory cytokines (e.g.,
TNF-α) [8].The incidence of ischemic heart dis-
ease is apparently increasing among HIV-infected
patients receiving protease inhibitor-based highly

active antiretroviral therapy (HAART), especially
in those who develop HAART-associated metabol-
ic syndrome during therapy [9]. However, studies
on the risk of coronary heart disease in this subset
of patients remain controversial [10–14].

Pathologic examination of coronary arteries
generally reveals eccentric fibroatheromatous
plaques, with variable degrees of chronic inflam-
matory infiltrates. Lesions with morphologic fea-
tures similar to accelerated arteriosclerosis have
been described at autopsy of young HIV-infected
patients [2, 3]. The pathology of coronary and
peripheral vessels in HIV infection is described in
detail by A. Tabib and R. Loire in a separate chap-
ter in this volume.

Conduction System Involvement

Conduction tissue damage can be due to lympho-
cytic myocarditis, opportunistic infections, and
drug cardiotoxicity or to the localization of HIV
within the conduction system myocytes. Histologi-
cal examination may reveal a lymphomonocytic
infiltration, myocyte degenerative changes, and
fibrosis. These changes can be associated with elec-
trocardiographic abnormalities, most frequently
first-degree atrioventricular block, left anterior
hemiblock, and left bundle block [1].

Malignancies

The prevalence of cardiac Kaposi’s sarcoma (KS) in
AIDS patients ranged from 12% to 28% in retro-
spective autopsy studies in the pre-HAART period
[3]. Cardiac involvement with KS usually occurs
when widespread visceral organ involvement is
present. The lesions are typically less than 1 cm in
size and may be pericardial or, less frequently,
myocardial, and are only rarely associated with
obstruction, dysfunction, morbidity, or mortality
[8]. Microscopically, there are atypical spindle cells
lining slit-like vascular spaces (Fig. 4).

Non-Hodgkin’s lymphoma (NHL) involving the
heart is infrequent in AIDS [15]. Most cases are
high-grade B-cell (small non-cleaved) Burkitt-like
lymphomas, with the rest classified as diffuse large
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Fig. 3. In situ hybridization of an HIV-1 RNA probe in a
transverse section of a branch of the anterior descending
coronary artery. Intense staining indicating the presence of
HIV-1 sequences within the intima and the media (ar-
rows). There is a dense lymphocyte infiltrate within the me-
dia and necrosis of the intima, which is covered with
swollen endothelial cells. (From [7], Copyright ©2001 Mass-
achusetts Medical Society. All right reserved). H&E, x280



B-cell lymphomas (in the REAL classification) (Fig. 5).
Lymphomatous lesions may appear grossly as
either localized or more diffuse nodular to poly-
poid masses [16, 17]. Most involve the pericardium,
with variable myocardial infiltration [16, 17]. There
is little or no accompanying inflammation and
necrosis. The prognosis of patients with HIV-asso-
ciated cardiac lymphoma is generally poor because
of widespread organ involvement, although some
patients treated with combination chemotherapy
have experienced clinical remission [18].

The introduction of HAART has reduced the
incidence of cardiac involvement by KS and NHL,
perhaps attributable to patients’ improved
immunologic state and to suppression of oppor-

tunistic infections with Human Herpes Virus-8
and Epstein-Barr virus that are known to play an
etiologic role in these neoplasms [18].

Isolated Right Ventricular Hypertrophy and Dilation

Right ventricular hypertrophy and/or dilation,
often associated with pericardial effusion, can be
observed in the clinical course of HIV infection.
This finding is related to the presence of pul-
monary hypertension, which can be due to pul-
monary infections, to diffuse alveolar damage, or
to recurrent pulmonary emboli from intravenous
debris acquired through drug abuse [1]. In addi-
tion, the occurrence of right-sided infective endo-
carditis related to the high frequency of intra-
venous drug use among HIV-infected patients may
explain right ventricular overload or recurrent
pulmonary embolic events [2].

Pathology of the Endocardium

Nonbacterial Thrombotic Endocarditis

Nonbacterial thrombotic endocarditis has been
reported with increasing frequency in HIV-infect-
ed patients in the terminal stage of the disease.
This process, commonly associated with chronic
severe wasting diseases, particularly malignancies,
and severe inanition, was observed before the
introduction of HAART in 3%–5% of AIDS
patients at autopsy [1–3].

Pathologic Findings

Nonbacterial thrombotic endocarditis can involve
all four cardiac valves [2]. Macroscopic examina-
tion reveals thrombi adherent to the endocardial
surface of the valve cusps, consisting microscopi-
cally of platelets within a fibrin mesh with few
inflammatory cells. Thrombotic vegetations may
be either single or multiple polypoid masses, along
the cusp apposition lines. The valve often shows
changes due to previous inflammatory or dys-
trophic lesions [3].
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Fig. 5. Myocardial infiltration by large cell non-Hodgkin’s
lymphoma, associated with myocardial damage. H&E, x40

Fig. 4. Myocardial involvement by Kaposi’s sarcoma. Histol-
ogy shows spindle cells surrounding slit-like capillary ves-
sels. H&E, x40



Thrombotic vegetations of nonbacterial throm-
botic endocarditis are similar to those found in
infective endocarditis; the differential diagnosis is
based on the absence of the other typical features
of infective endocarditis, such as destruction and
erosion of the cusp edges with tears and perfora-
tions through the body of the cusp itself, and
valvular leaflet aneurysmal sacs [3]. Moreover, no
infective pathogens are detected on histological
examination. Systemic or pulmonary embolization
of vegetations is usually detected at autopsy (more
than 40% of patients with nonbacterial thrombot-
ic endocarditis) and is underestimated clinically.
Often, clinical symptoms of systemic thromboem-
bolization (cerebral, pulmonary, renal, and splenic
infarcts) make the valvular lesions clinically obvi-
ous. However, systemic thromboembolic disease
due to nonbacterial thrombotic endocarditis is a
rare cause of death (7%) in AIDS patients [1]. The
vegetations in nonbacterial thrombotic endocardi-
tis may be infected by pyogenic or fungal
pathogens during a transient bacteremia, bringing
about a typical infective endocarditis.

Infective Endocarditis

Infective endocarditis may be due to either pyo-
genic or opportunistic pathogens. In the latter case,
they are often part of a systemic opportunistic
infection with multiple organ localizations. Fungal
endocarditis has been reported with increasing fre-
quency as the AIDS epidemic has gained momen-
tum, helped by the compromise of cell-mediated
immunity in patients with HIV infection [2, 3].

Infective endocarditis occurs more frequently
in intravenous drug users with AIDS, who com-
prise the second largest risk group for HIV infec-
tion after male homosexuals. These patients have
frequent bacteremias, owing to the introduction of
skin pathogens and talcum powder by unsterile
intravenous injection, causing a higher risk of
endocardial infection of right-sided cardiac valves.
Infective endocarditis is higher in intravenous
drug addicts who abuse multiple drugs (cocaine
used intravenously in combination with heroin) in
addition to alcohol.

The spectrum of pathogens responsible for

endocardial infection in intravenous drug users
with AIDS is not significantly different from that in
HIV-uninfected drug users. However, owing to the
deficit in cellular immunity, the pathogens are
more virulent, leading to more significant cardiac
structural damage and functional deterioration.
Pyogenic bacteria more commonly causing infec-
tive endocarditis in AIDS are Staphylococcus
aureus, S. epidermidis, Streptococcus pneumoniae,
and Haemophilus influenzae [2]. Infective endo-
carditis by Gram-negative bacteria, especially
Pseudomonas species, has become more common
in patients with AIDS, perhaps owing to their
repeated hospitalizations that promote the acquisi-
tion of resistant organisms. Avirulent bacteria,
such as the HACEK group (Haemophilus species,
Actinobacillus actinomycetemcomitans, Cardiobac-
terium hominis, Eikenella corrodens and Kingella
kingae), which are often part of the endogenous
flora of the mouth, can cause endocarditis in HIV-
infected patients [2]. These bacteria are also diffi-
cult to culture from endocardial vegetations. Fail-
ure to obtain positive blood cultures in those
patients with AIDS with strong clinical evidence
for infective endocarditis should suggest prior
antibiotic therapy or endocarditis by unusual bac-
teria (as well as HACEK organisms) or fungi.

Fungal endocarditis, especially from Cryptococ-
cus neoformans, Candida albicans, or Aspergillus
fumigatus, is common in AIDS, particularly in
intravenous drug abusers [2, 3]. It is generally
related to systemic spread of fungal infection from
extracardiac foci. Candidiasis of the oropharynx
and esophagus is most often the primary focus,
often progressing to systemic infection. Systemic
cryptococcosis is one of the most common infec-
tions in AIDS patients. Although meningitis and
encephalitis are the most frequent manifestations
of cryptococcosis, cardiac involvement, particular-
ly with pericardial effusion, is common [2]. Fungal
myocarditis or myocardial abscesses may also
occur in association with valve destruction [2].

Pathologic Features

Infective endocarditis is an ulcerative-polypous
lesion due to a destructive valve process with
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thrombotic stratifications (Fig. 6). Thrombotic
vegetations are usually gray, but their color is high-
ly variable depending on the pathogen involved [2].
They are generally located on the endocardial sur-
face of valve cusps but can be found also on mural
endocardium. Their consistence is variable: they
are friable at first and later become compact and
adherent to the endocardium, owing to their organ-
ization. The friability is increased by lithic effects of
bacteria and polymorphonuclear leukocytes [2, 3].
Valvular tissue destruction may involve the tensive
apparatus with chordae tendinous rupture. Endo-
cardial ulcerations at the cusp apposition lines are
frequent, resulting in leaflets with a mouth-eaten
look. On histology, thrombotic vegetations consist
of fibrin and agglutinated platelets with inflamma-
tory infiltration [3]. In the acute stage of endocar-
dial infection there is an infiltration with polymor-
phonuclear leukocytes with valve tissue necrosis;
later there is a chronic inflammatory infiltration,
made up of macro-phages, lymphocytes and plas-
ma cells, neoformed capillary vessels, and a fibrob-
lastic proliferation that replaces the necrotic tissue
and spreads at the base of thrombotic vegetation. In
fungal endocarditis, however, the vegetations are
made up essentially of fungal colonies without
much fibrin and they may be so bulky that they
obstruct the valve ostium [2, 3].

When the left-side cardiac valves are involved,
endocarditis can have a galloping course, with
rapid onset of heart failure due to acute valvular
insufficiency secondary to perforation of valve
leaflets or a rupture of the tendinous chordae or
papillary muscles [2]. Other complications are due
to myocardial involvement with possible perfora-
tion of the ventricular septum or myocardial
abscesses. The infection can extend to the peri-
cardium with purulent pericarditis. The higher fre-
quency of right-sided infectious endocarditis in
HIV-infected intravenous drug users can explain
the pulmonary embolic events with possible pul-
monary cavitations and abscesses [2, 3]. The out-
come is thrombous organization and fibrous
repair. Residual bulky thrombotic polypi are often
seen as calcific masses leaning out of both endo-
cardial surfaces of the valvular leaflets [2].

Pathology of the Pericardium

Pericardial Effusions

Before the introduction of HAART, the prevalence
of pericardial effusion in asymptomatic AIDS
patients was estimated at 11% per year [19].
Although prospective data are lacking, retrospec-
tive data suggest that HAART has reduced the
overall incidence of pericardial effusion in HIV
disease by about 30% [20]. Most pericardial effu-
sions are idiopathic. Infections, neoplasias,
myocarditis, endocarditis, or myocardial infarct
have been described as possible etiologies. Little is
known about the pathogenesis of pericardial effu-
sions in AIDS patients. However, in the absence of
cardiac infection or malignancy, the pathogenesis
is likely to be multifactorial. The causes can be
metabolic or hemodynamic alterations, dyspro-
teinemias, or pulmonary hypertension due to
chronic lung disease (i.e., cytomegalovirus pneu-
monia). The presence of HIV-1 in macrophages
inside the pericardium suggests that the virus may
play a role in the pathogenesis of pericardial effu-
sions in AIDS patients.
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Fig. 6. Staphilococcus aureus endocarditis in an HIV-infect-
ed drug addicts who died of cardiogenic shock. The mitral
valve shows numerous, large, grayish and friable vegeta-
tions. Involvement of the atrial endocardium is also
shown. (Courtesy of Prof. D. Scevola, Department of Infec-
tious and Parasitic Disease, University of Pavia, Italy)



Pericarditis

Pericarditis is found at autopsy in 30% of AIDS
patients [1]. It can be serous, fibrinous, serofibri-
nous, purulent, or hemorrhagic [2, 3].

Pericardial phlogosis may be caused by a wide
array of pathogens, always in conjunction with dis-
seminated infection. Mycobacterium tuberculosis
hominis and M. avium-intracellulare, herpes sim-
plex (by culture only), Actinomycetales (Nocardia
asteroides), and bacteria such as Staphylococcus
aureus and Salmonella typhimurium may be iden-
tified in pericardial fluid, even though in a few
cases no pathogens can be isolated [1]. Fungal
infections by Candida albicans, Cryptococcus neo-
formans, and Aspergillus fumigatus do not often
involve the pericardium [2]. The pericardium may
also be involved by nonmycobacterial infections
such as Actinomycetales (Nocardia asteroides or
Streptomyces species). Whereas pericardial disease
in the immunocompetent host may be associated
with a variety of viruses, most commonly coxsack-
ievirus, pericardial involvement in AIDS is more
frequently related to infection with other common
viral pathogens, especially herpes simplex virus
type 1 and 2 and cytomegalovirus [2].

Pathologic Features

The most common type of pericarditis is fibrinous
or serofibrinous (Fig. 7). There is a variable
amount of fibrin on the epicardium, while pericar-
dial effusion may be absent or present in variable
degrees [2]. Many cases of fibrinous pericarditis
resolve without residual effects. In other instances,
the fibrin deposits organize and form fibrous peri-
cardial adhesions [2, 3]. Bacterial pericarditis is
characterized by a fibrinopurulent exudate. On his-
tology, an infiltrate of polymorphonuclear leuko-
cytes is seen in the epicardial connective tissue.
Fibrous adhesions may result, leading to pericar-
dial constriction. Hemorrhagic pericarditis shows
a serofibrinous or suppurative exudate associated
with the presence of serohematic fluid in the peri-

cardium. It is typical of tuberculosis, severe bacte-
rial infections, or pericardial malignancy [2].

Malignancies

Kaposi’s Sarcoma

When Kaposi’s sarcoma involves the heart, the epi-
cardial surface is a common site of involvement. At
autopsy, the pericardium and the epicardial fat show
the typical nodular coalescent dark-red lesions or vi-
olaceous plaques [2, 3]. Occasionally, the myocardi-
um may also be involved. Typically, the neoplastic in-
filtration then extends along the great vessels and the
coronary vessels with spread of tumor through the
lymph channels along the vasa vasorum [2].

Lymphomas

In contrast to non-Hodgkin’s lymphomas in
seronegative patients, which are epicardial or peri-
cardial in location, in AIDS patients the tumor is
most often located within the myocardium or in
the subendocardial layer [2]. There may be pericar-
dial effusion, with a mass lesion of the heart some-
times prolapsing across the tricuspid valve or
involving the inferior portions of both ventricles.
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Fig. 7. Fibrinous pericarditis by Mycobacterium avium
intracellulare in an HIV-infected subject who died of con-
gestive heart failure. (Courtesy of Prof. D. Scevola, Depart-
ment of Infectious and Parasitic Disease, University of
Pavia, Italy)
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HIV infection can provoke vascular complications,
although they are not presently viewed as one of
its most serious manifestations [1]. HIV vascular
complications are general infective vascular dis-
eases [2]. Most of the cases presented in this chap-
ter occurred before the advent of highly active
antiretroviral therapy (HAART) and mostly in
AIDS patients because the majority of pathology
examinations were done during necropsy.

Vasculitis 

Microcirculation lesions are well documented by
biopsies of the nervous system and muscles in
AIDS peripheral neuromuscular localizations. In a
cohort study published before HAART, vasculitis
was present in 24% of biopsy samples from 225
patients: 12 cytomegalovirus vasculitis, 19 “micro-
vasculitis,” and one giant cells arteritis case [3].
Kieburtz et al. [4] described Candida albicans vas-
culitis with thrombosis and a cerebral infarction
due to cytomegalovirus vasculitis in AIDS
patients.

Peripheral Arterial Localizations

Clinical reports and systematic necropsies of AIDS
patients pointed out arterial lesions. Kieburtz et al.
[4] reported brain infarction in 20% of autopsies,
Engstrom et al. [5] described 25 clinical cases.

Joshi et al. [6] described arterial lesions in kid-
neys, spleen, thymus, and muscles in five children
aged 1–7 years, including luminal narrowing with
intima fibrosis, internal elastic lamina fragmenta-
tion, and calcifications.

Husson et al. [7] in a cohort of 250 HIV-infect-
ed children noted the appearance of two fusiform

cerebral aneurysms. Rautonen et al. [8] pointed
out clinical and anatomic similarities with
Kawasaki’s disease, which may be due to a retro-
virus organism.

Capron et al. [9] described toe embolism in four
HIV male patients (40–56 years old) from aortic
and femoral ulcerated atherosclerotic plaques.

Kabus and Greco [10] described gross intimal
aortic lesions at autopsy, resembling gelatiniform
syphilitic ones in children with AIDS.

Clinical information about vasculitis and
peripheral arterial disease in HIV infection is
given by P. Mercié et al. in a separate chapter in this
volume.

Venous Thrombosis

Some authors described deep venous thrombosis in
AIDS, an unsurprising complication in severely
bedridden patients. Confusion is possible between
pulmonary embolisms and opportunistic pul-
monary infections, according to Pulik et al. [11].
Deep venous thrombosis and related coagulation
disorder in HIV infection are described in detail by
L. Drouet in a separate chapter in this volume.

Coronary Artery Lesions

It was a surprise for us to discover, during post-
mortem examination, many severe latent coronary
artery lesions occurring in very young (23–31
years old) AIDS patients [1]. Both hospital and
forensic necropsies were performed. The death
causes were not linked with coronary lesions
except in one of five sudden death cases without
other pathology. Clinical coronary disease symp-
toms were absent in all patients. The patients were
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homosexuals or drug addicts or both. Pathological
analysis used transverse sections taken every
0.5 cm along the epicardial routes of the three
main coronary trunks. Sections obtained every 1
cm were fixed in Bouin’s solution, then embedded
in paraffin for histopathological study, together
with representative fragments of the left and right
ventricular walls and interventricular septum
making up the distal coronary network. Histological
sections were stained with hemalum-phloxine-saf-
fron and with Weigert’s resorcin-fuchsin method.

Every coronary examination of AIDS patients
pointed out gross and microscopic lesions (100%),
although a comparative examination of patients of
the same age without AIDS showed only 14% of
identical lesions.

Pathological Coronary Lesions

1. Common atherosclerotic plaques were present
on the three main coronary trunks in 60% of
cases, with two different patterns: either young
plaques consisting in macrophages, foamy
cells, and a small amount of extracellular lipid
deposit (Fig. 1), or adult eccentric plaque with
a lipid core surrounded by a fibrous wall con-
sisting in macrophages, fibroblasts, smooth
muscle cells, a few lymphocytes, elastic fibers,
and collagenous fibers. Stenosis occluded 75%
or more of the lumen (Figs. 2–4). In one case,
the right coronary artery was completely
occluded by a massive thrombosis (Fig. 5).

2. Uncommon intimal thickening which was dif-
fuse, circular, and concentric throughout the
whole length of every coronary trunk affected
all patients, occluding over 40% of the vascular
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Fig. 1. Common atherosclerotic young plaque.
Col HPS x100

Fig. 3. Adult eccentric plaque. Col HPS, x25

Fig. 4. Adult eccentric plaque. Col HPS, x25

Fig. 2. Adult eccentric plaque. Col HPS, x25
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Fig. 5. Complete occlusion by fibrous organized plaque.
Col HPS, x25

Fig. 6. Intimal diffuse and circular thickness

Fig. 8. Intimal diffuse and circular thickness. Col HPS, x100

lumen. Collagenous and microelastic fibers
were admixed with smooth muscle cells,
macrophages, rare foam cells, and fibroblasts,
without lymphocytes (Figs. 6–9).

3. Unusual and original lesions consisting in pro-
liferation of smooth muscle cells mixed with

Fig. 7. Intimal diffuse and circular thickness. Col HPS, x25

Fig. 9. Intimal diffuse and circular thickness with foamy cells.
Col HPS, x100

numerous packed elastic fibers, which formed
mamillated endoluminal protrusions resem-
bling vegetations, were present in 40% of cases
(Figs. 10–12).
The distal coronary network of intramural

arterioles was also the site of a diffuse concentric

Fig. 10. Mamillated endoluminal protrusion. Col HPS, x25
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Fig.12. Mamillated endoluminal protrusion.Col Weigert,x25

Fig. 13. Distal coronary network. Col HPS, x25

Fig. 14. Distal coronary network. Col HPS, x100

Fig. 15. Distal coronary network. Col HPS, x100

intimal wall thickening occluding more than 80%
of the lumen in 25% of cases (Figs. 13–15).

Immunohistochemical data allowed true iden-
tification of smooth muscle cells (alpha-actin and

vimentin expression) as the main elements of dif-
fuse intimal layer thickening. The expression of
tumor necrosis factor-alpha (TNF-α) and inter-
leukin-1alpha (IL-1α) in these cells was signifi-
cantly greater than in smooth muscle cells of the
underlying media. Fibrocytes and fibroblasts were
scarcely disseminated on the periphery of athero-
sclerotic plaques, mixed with smooth muscle cells
and some lymphocytes. CD68 expression identi-
fied macrophages, proving also TNF-α and IL-1
expression. Factor VIII expression appeared on
endothelial cells.

Coronary lesions in AIDS patients have some of
the characteristics of common atherosclerosis,
such as eccentric fibro-lipidic plaques. But they
also present similarities with coronary lesions fol-

Fig. 11. Mamillated endoluminal protrusion. Col HPS, x100



lowing heart transplantation (so-called chronic
rejection), such as diffuse concentric intimal
thickening occurring in coronary trucks and in the
distal network [12].

Pathogenetic Hypotheses  

Three possibilities can explain HIV-associated
vascular alterations: (1) direct cellular infection by
HIV (macrophages, smooth muscle cells, endothe-
lial cells), (2) blood coagulation alterations, and
(3) cellular infection by opportunistic elements
[13]. Every change must naturally be mediated by
numerous cytokines and adhesion molecules:
today it is  often possible only to demonstrate the
presence or absence of these mediators, which is
an indirect method that cannot indicate if cells are
a source or target (or both) of the mediators.
1. Direct cellular infection by HIV. This phenome-

non is demonstrated for macrophages, which is
the first cellular target of the virus along with
CD4 lymphocytes. It has not been demonstrated
in vitro for endothelial cells, but some modifica-
tions are perhaps due to this alteration: von Wil-
lebrand’s factor VIII, soluble thrombomodulin,
E-selectin, and CD4 molecule increase [14].
These modifications involve endothelium pro-
perties: antigen presentation – IL-1, TNF-a secre-
tion – and IL-2 production by T cells, which
secondarily involve basal membrane degrada-
tion via Tat protein [15, 16]. Morphogenetic
modifications of intimal intercellular matrix
facilitate the penetration of lymphocytes and
macrophages that are the target cells for HIV
infection and replication. Infected macrophages
would initiate medial smooth muscle activation
and proliferation [17]. Endothelial cells seem to
be heterogeneous, with  discontinuous cells of
sinusoid capillary cells displaying a different
behavior [18].

2. Hypercoagulability has been demonstrated in
AIDS: von Willebrand’s factor and tissular plas-
minogen activator increase, while there is a
decrease in beta-2 microglobulin, S protein-
free plasmatic fraction (protein C cofactor),
and second heparin-cofactor (thrombin

inhibitor). Other possible thrombogenic fac-
tors can be demonstrated: antiphospholipid
antibodies (70% of AIDS cases) and lipoprotein
LP(a) increase (common epitope for HIV and
blood platelets), whereas hypertriglyceridemia
and apolipoprotein AII decrease [19, 20].

3. Opportunistic infections demonstrate vascular
tropism [21]. Viral cytolysis and endothelial
necrosis favor the parietal adhesion of
macrophages, an early known atherosclerotic
stage. Cytomegalovirus alters endothelial cells
as well as smooth muscle medial cells  leading
to multiplication, phenotype transformation
with collagen and microelastic element synthe-
sis and foam cells formation.
Experimental pathology studies in Macacus

monkeys demonstrate a diffuse arteriopathy pres-
ent in 25% of the population after simian immun-
odeficiency virus (SIV) infection, without a proven
responsibility for either SIV or opportunistic
infection [22].

Conclusion

Numerous hypotheses exist to explain AIDS vascu-
lar disorders. It is likely that the frequency of coro-
nary lesions is high and underestimated because
little attention is given during autopsy to coronary
examination. Benditt’s monoclonal origin of vas-
cular lesions [23], depending on a viral cause,
could provide a physiopathological answer.
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Introduction

Cardiovascular disease continues to be the leading
cause of death among the general population of
industrialized countries. It is also the main reason
for hospitalization. But what about HIV-infected
subjects?

With the advent of highly active antiretroviral
treatments (HAART) for HIV infection, including
protease inhibitors (PIs), in April 1996 in France,
the morbidity of AIDS-defining illnesses has been
reduced and HIV-infected patients are living
longer [1, 2]. Thus, the spectrum of diseases relat-
ed to HIV is shifting from opportunistic diseases
towards long-term complications such as cancers,
co-infection with other viruses such as hepatitis C
virus, and the metabolic effects of HAART. Cardio-
vascular diseases currently account for 7% of
deaths among HIV-infected subjects in France, for
14% of non-HIV-related deaths [3], and about 16%
of deaths among subjects with a good immunovi-
rologic response to HAART [4].

HAART, defined as any combination of three
antiretroviral drugs [usually two nucleoside ana-
log reverse transcriptase inhibitors (NRTI) and
either a PI or a non-nucleoside reverse transcrip-
tase inhibitor (NNRTI)], is the current reference
standard of antiretroviral treatment [5, 6]. The
adverse effects of HAART have received much
attention in recent years. Although lipid disorders
were described in HIV-infected patients before the
advent of HAART [7, 8], several class-specific
metabolic effects of HAART may have a deleteri-
ous impact on the heart, including increased
insulin resistance, hypercholesterolemia and/or
hypertriglyceridemia, and lipodystrophy syn-
dromes [9–12]. Likewise, although coronary
lesions were described well before the advent of
PIs [13, 14], HAART has been implicated in the

aggravation of coronary heart diseases (CHD) and
in other vascular complications [15–20]. However,
the impact of the PIs on the risk of CHD and
myocardial infarction (MI) remains controversial.

Estimation of the Coronary Risk 

The two traditional components of epidemiological
research (descriptive/analytical) contribute to
improve our knowledge of diseases. Analysis of
incidence and mortality data, which provide a
description of a given disease at the population
level, and knowledge of general characteristics (age,
sex, transmission group, etc.) that are associated
with a higher risk also contribute towards identify-
ing areas for improvement in access to care and
generate etiologic assumptions. Analytical studies
are designed to test these hypotheses and to charac-
terize risk factors (i.e., any attribute, characteristic,
or exposure of an individual which increases the
likelihood of a disease or injury). However, epi-
demiological studies (descriptive or analytical) are
solely observational: they describe what is happen-
ing in the “real world” and may suggest causality;
the level of causal presumption depends on the
strength of the association, its consistency
(observed repeatedly by different persons, in differ-
ent circumstances and times), specificity (limited to
specific sets of characteristics), relationship in time,
biological gradient (dose response), biological plau-
sibility (the weakest link, depending on the current
state of knowledge), and coherence.

However, epidemiological studies have impor-
tant implications for prevention, early detection,
diagnosis, and access to care.

The importance of a phenomenon can be char-
acterized by the use of crude numbers (frequency)
or rates and ratios. The numerator is included in
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the denominator of the incidence or prevalence
rate. But rates, as opposed to frequencies, imply an
element of time. With incidence rates, for example,
only new cases of the disease occurring during a
defined time period (e.g., 1 year) are taken into
account, being divided by the average size of the
population exposed during the same period. If the
observation period is not a 1-year period, the
denominator is usually expressed as the number of
“person–time” of observation. Person–time is cal-
culated as the sum total of the time all individuals
remain in the study without developing the out-
come of interest (the total amount of time that the
study members are at risk of developing the out-
come of interest). Person–time can be measured in
days, months, or years (1,000 subjects followed for
2 years=2,000 person–years). The incidence or
death rate definitions correspond to a “dynamic”
dimension of the rate, that is, the rapidity of occur-
rence of disease or death in the population. These
rates can be used to assess the risk of disease or
death, but such health indicators (expressed per
unit time) are not, strictly speaking, probabilities.

To quantify the association between a disease
and a risk factor, one generally uses relative risk
(RR) – R1/R0 – where R1 is the risk of disease or
death among the population exposed to the risk
factor and R0 is the risk among unexposed sub-
jects. Usually, RR above 1 denotes a deleterious
effect of the risk factor, while an RR below 1 sug-
gests a beneficial effect. An RR of 1 suggests that
there is no correlation. Another index is the odds
ratio (OR), defined as (R1/(1-R1))/(R0/(1-R0)).

When comparing morbidity rates in a cohort
with those of the general population, for example,
direct comparison of crude rates can lead to erro-
neous conclusions. Indeed, it is known, for exam-
ple, that the risk of almost all diseases, and partic-
ularly cardiovascular diseases, increases with age.
If the age distribution is different between the two
populations, the comparison of the risk will be
affected by this confounding bias. Standardization
appears the best way to avoid this kind of bias, and
is based on the crude disease rate that would be
observed in the cohort if its age distribution were
the same as that of the comparator population.
Thus, the standardized morbidity or mortality
ratio compares the observed number of cases of

disease or death in the cohort with an expected
number of cases. The expected number is calculat-
ed by (a) classifying the study group in terms of
demographic variables such as age and sex; (b)
computing the expected number of cases or deaths
for each class (by multiplying the number of indi-
viduals in the study group in that class by the
class-specific death rate in a standard reference
population); and (c) adding together the expected
cases or deaths in all classes.

Impact of Antiretroviral Treatments on 
Coronary Heart Disease

Although it is now clearly established that HAART
is linked to metabolic disorders, the long-term
impact of these disorders is still discussed. The
first questions concerning an increase in the risk
of CHD and the possible responsibility of PIs were
raised in May 1998.

Henry et al. [15] described two cases of coro-
nary artery disease in HIV-infected patients treat-
ed with PIs. One of the subjects had lipodystrophy
and hypercholesterolemia with no other known
risk factors, while the second patient had tradi-
tional risk factors such as smoking and cocaine
use. Similar series of cases were reported in the
medical literature in subsequent months [16, 19,
21–23]. Gallet et al. [17] reported the cases of three
patients with ischemic cardiopathy, including two
with MI. All were being treated with PIs, and two
had high lipid levels that were not present before
antiretroviral treatment. Similarly, Vittecoq et al.
[24] described four young patients with ischemic
coronary events (MI in three cases). Three subjects
were being treated with PIs, and three had major
lipid disorders, associated with smoking and
familial factors in two cases. Passalaris et al. [25]
described six subjects with coronary artery disease
who were receiving PI-containing combinations of
antiretroviral drugs; four of these patients had
acute MI. Coronary angiography revealed throm-
botic lesions in two subjects, atheromatous lesions
in two subjects, and both types of lesions in one
subject. Friedl et al. [20] later described 14 coro-
nary events in 11 subjects treated with PIs or NNR-
TIs. However, none of these studies proved a link
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between CHD and antiretroviral treatment.
Some studies [26–31], but not others [32–35],

have shown a link between the risk of CHD and
exposure to PIs (Table 1). Some suffered from
methodological problems, such as small sample
size, median PI treatment periods of less than 12
months (two studies), and likely underreporting
relative to the general population. In addition, the
incidence of MI in people under 50 years of age is
very low, meaning that lengthy follow-up of large
populations (person–years) is necessary to
observe a small difference between the HIV-infect-
ed population and the general population, or
between two HIV-infected populations treated/not
treated with HAART.

Far from increasing the incidence of cardiovas-
cular events, a recent study from a database on
administrative data [35] showed that HAART
tended to reduce the short-term risk in a popula-
tion of more than 36,000 HIV-infected U.S. army
veterans. Between 1995 and 2001, the rate of hospi-
tal admission for cardiovascular or cerebrovascu-
lar disease fell from 1.7 to 0.9 per 100 person–years
(PY), while the overall mortality rate fell from 21.3
to 5.0 per 100 PY during the same period.

A study based on the French Hospital Database
on HIV (FHDH) using DMI2 software (property of
the French Ministry of Health) included 34,976
men with a total follow-up of 88,029 PY between
1996 and 1999 [31]. There were 49 cases of MI dur-
ing 39,023 PI-exposed PY. The incidence rate of MI
among subjects exposed to PIs between 1996 and
1999 was estimated according to the duration of PI
therapy, based on three periods: <18 months
(group 1), 18–29 months (group 2), and ≥30
months (group 3). The authors compared the
1996–1999 MI incidence rates estimated from the
FHDH dataset with the 1997–1998 incidence rates
estimated from the French general male popula-
tion of the same age, obtained from three French
regional registries (Lille, Strasbourg, and
Toulouse) [36]. This analysis accounted only for
age and sex. Then, in order to take into account
potential differences in other CHD risk factors
(family history, smoking, hypertension, and dia-
betes mellitus) between the general population
and the HIV-infected population [37–40], the
authors compared the MI incidence rates in

groups 2 and 3 with those in group 1. There were
21 cases of MI among patients exposed to PIs for
less than 18 months (25,734 PY), 15 cases among
subjects exposed for 18–29 months (9,440 PY),
and 13 among patients exposed for 30 months or
more (3,849 PY). The expected incidence of MI in
the general male population with the same age dis-
tribution was 10.8 cases per 10,000 PY. The esti-
mated incidence of MI was 8.2 per 10,000 PY (95%
CI=4.7–11.7) in group 1, 15.9 (95% CI=7.9–23.9) in
group 2 and 33.8 (95% CI=15.4–52.1) in group 3
(Fig. 1). No significant difference was observed
between the general male population of the same
age and the patients treated with PIs for less than
18 months. Although not significantly so, the risk
of MI increased among patients treated with PIs
for 18–29 months. In contrast, the risk of MI
among patients exposed to PIs for 30 months or
more was three times that of the general popula-
tion (standardized morbidity ratio, SMR=2.9, 95%
CI=1.5–5.0). Compared to patients exposed to PIs
for less than 18 months, those treated for 18
months or more were at an increased risk of MI
(SMR=1.9, 95% CI=1.0–3.1 for group 2 and
SMR=3.6, 95% CI=1.8–6.2 for group 3). These
results show that the risk of MI in HIV-infected
men increases with the duration of PI treatment,
while other antiretroviral classes are not associat-
ed with an increased risk of MI.

How can this this discordance between the
results of Bozzette et al. [35] and Mary-Krause et
al. [31] be explained? A direct comparison of the
results of the two studies is impossible because
they did not examine the same types of event.
Mary-Krause et al. [31] examined admissions for
and deaths from MI, whereas Bozzette et al. [35]
only looked at admissions for cardiovascular dis-
ease, without taking deaths into account (especial-
ly deaths occurring outside hospital), probably
leading to an underestimation of the number of
cases. Also, this latter study grouped together
deaths and admissions for cardiovascular and
cerebrovascular disease. Holmberg et al. [28], who
found an effect of PIs on the risk of MI, did not
observe an increased risk of cerebrovascular dis-
ease. Results from the recently published DAD
study (Data Collection on Adverse Events of Anti-
HIV Drugs) indicated that there is an increasing
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risk of first cardio- and cerebrovascular events
with longer exposure to combination antiretrovi-
ral treatment [41]. The ninth version of the inter-
national classification of diseases [42], used by
Bozzette et al. [35], includes codes 410 (acute MI),
411 (other acute and subacute forms of ischemic
heart disease), 413 (angina pectoris), and 414
(other forms of chronic ischemic heart disease),
whereas Mary-Krause et al. [31] used only code
410. It would be interesting to study the impact of
PIs on each pathology separat. It should be noted
that, although not significant, Bozzette et al.
observed a higher risk of admission for cardiovas-
cular diseases [35] among subjects exposed to PIs
for 24 months as compared with 0 months
(RR=1.23). It is surprising that the incidence of
admissions for cardiovascular disease – more than
10 cases per 1,000 PY – observed in the study by
Bozette et al. [35] was much higher than the inci-
dence rates of CHD observed among seropositive

American subjects exposed to PIs in other studies
(5.9–6.6 events per 1,000 PY) [30, 34]. It is also sur-
prising that Bozzette et al. found that the rate of
CHD fell with time despite the increasing age of
HIV-infected subjects.

The DAD study [29], a prospective observa-
tional study of 23,468 patients enrolled in 11
cohorts on 3 continents from December 1999 to
July 2002, showed a similar relationship between
exposure to combination antiretroviral therapy
(including PIs or NNRTIs) and the risk of MI to
that found by Mary-Krause et al. [31], the risk
increasing with the duration of HAART. In the
same way, Moore et al. [30] reported a study of
2,671 subjects followed up after 1 January 1996, in
which the risk of cardiovascular events was higher
among subjects exposed to PIs. Of 3,083,209 indi-
viduals analyzed among them, 28,513 were HIV-
infected. Currier et al. [39] found a higher inci-
dence of CHD among young men and women with
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Fig. 1. Incidence of myocardial infarction (MI) per 10,000 person–years (PY) among HIV-infected men according to the
duration of PI exposure (in months) compared to the incidence of MI among the general male population of the same age.
The standardized morbidity ratios (SMR) with their 95% confidence intervals in brackets were used to test the differences
between incidence rates. (From [31] with permission)



HIV infection than that among non-HIV-infected
individuals. Their results also suggest that any
exposure to potent combination antiretroviral
therapy may contribute to the incidence of CHD
among younger individuals when controlling for
certain comorbidities.

Outcome of Coronary Heart Disease in 
HIV-Infected Subjects 

Few data have been published on the outcome of
acute coronary events among HIV-infected
patients compared to HIV-seronegative subjects.
Compared with HIV-seronegative patients with
idiopathic dilated cardiomyopathy, HIV-infected
counterparts had markedly reduced survival and a
hazards ratio for death of 4.0 [43]. A study of 24
HIV-seropositive subjects with acute MI [44]
showed that characteristics at hospital admission,
the treatment strategy, and the relatively benign
in-hospital outcome were similar to those of HIV-
seronegative subjects admitted for acute MI. In
contrast, after 15 months of follow-up, a higher
incidence of recurrent infarction was observed
among HIV-infected patients (20% vs. 4%,
p=0.07), together with a higher incidence of hospi-
talization for other recurrent coronary events
(45% vs. 11%, p=0.007). Although the TIMI risk
scores of HIV-infected patients with acute coro-
nary syndromes (ACS) are lower and these
patients have less extensive coronary disease than
HIV-seronegative patients with ACS, percutaneous
coronary intervention in HIV-infected patients is
associated with high restenosis rates [45].

Further studies are necessary to confirm this
worse long-term prognosis of HIV-seropositive
subjects with CHD.

Conclusion 

Available data suggest that exposure to PIs
increases the risk of MI, to a degree that depends
on the duration of exposure. However, the
risk–benefit ratio of PIs remains positive, as the
increase in life expectancy conferred by HAART
far outweighs the associated risk of MI. Indeed,

one study showed that the 3-year risk of MI
increased from 0.30% (95% CI=0.20–0.38%) in
antiretroviral-naive patients to 1.07% (95%
CI=0.43–1.77%) in patients receiving antiretrovi-
rals of all three classes. The estimated 3-year risk
of AIDS or death is between 6.2% and 11.1%
among patients receiving antiretroviral therapy
when they continue treatment, and from 22.5% to
29.4% when they stop treatment [46].

In keeping with current guidelines [5, 47, 48],
the risk of CHD must be taken into account in PI
treatment decisions, especially for patients with
known vascular risk factors. Other factors signifi-
cantly associated with MI are older age, current or
former smoking, previous cardiovascular disease,
and male sex, but not a family history of CHD [29].
A higher total serum cholesterol level, a higher
triglyceride level, and diabetes mellitus were also
associated with an increased incidence of MI [29].
Thus, cholesterol, triglyceride, and blood glucose
levels must be determined before and regularly
during HAART in order to diagnose any abnor-
malities as they occur.

If lipid-lowering drug therapy is indicated, it
should be limited to those agents with a low risk of
interaction with antiretroviral drugs [49]. It is also
necessary to keep in mind that the fight against
CHD includes action on modifiable risk factors
such as smoking, diabetes mellitus, arterial hyper-
tension, and lipid disorders. Prevention should be
promoted among patients with CHD risk factors.

Longer follow-up of PI therapy is needed to tell
whether the risk of MI continues to increase with
the duration of PI exposure, and further studies
are necessary to confirm the possible impact of
NNRTIs on CHD observed in the DAD study [29].

References

1. Palella FJ Jr, Delaney KM, Moorman AC et al (1998)
Declining morbidity and mortality among patients
with advanced human immunodeficiency virus
infection. HIV Outpatient Study Investigators. N
Engl J Med 338:853-860

2. The CASCADE Collaboration (2000) Survival after
introduction of HAART in people with known dura-
tion of HIV-1 infection. Lancet 355:1158-1159

3. Lewden C, Salmon D, Morlat P et al (2004) Causes of

Coronary Heart Disease in HIV-Infected Patients: Epidemiology 53



death among HIV-infected adults in the era of potent
antiretroviral therapy: emerging role of hepatitis
and cancers, persistent role of AIDS. Int J Epidemiol
(in press) 

4. May T, Lewden C, Bonnet F et al (2004) Causes et car-
actéristiques des décès des patients infectés par le
VIH-1, en succes immuno-virologique sous traite-
ment antirétroviral. Presse Med (in press)

5. – (2004) Prise en charge thérapeutique des person-
nes infectées par le HIV. Mise à jour 2004. Recom-
mandations du groupe d’experts sous la direction du
Pr JF Delfraissy. Flammarion Médecine-Sciences,
Paris

6. Yeni PG, Hammer SM, Hirsch MS et al (2004) Treat-
ment for adult HIV infection: 2004 recommenda-
tions of the International AIDS Society-USA Panel.
JAMA 292:251-265

7. Grunfeld C, Pang M, Doerrler W, Shigenaga JK,
Jensen P, Feingold KR (1992) Lipids, lipoproteins,
triglyceride clearance, and cytokines in human
immunodeficiency virus infection and the acquired
immunodeficiency syndrome. J Clin Endocrinol
Metab 74:1045-1052

8. Feingold KR, Krauss RM, Pang M, Doerrler W, Jensen
P, Grunfeld C (1993) The hypertriglyceridemia of
acquired immunodeficiency syndrome is associated
with an increased prevalence of low density lipopro-
tein subclass pattern B. J Clin Endocrinol Metab
76:559-565

9. Carr A, Samaras K, Burton S et al (1998) A syndrome
of peripheral lipodystrophy, hyperlipidaemia and
insulin resistance in patients receiving HIV protease
inhibitor. AIDS 12:F51-F58

10. Carr A, Samaras K, Thorisdottir A, Kaufmann GR,
Chisholm DJ, Cooper DA (1999) Diagnosis, predic-
tion, and natural course of HIV-1 protease-inhibitor-
associated lipodystrophy, hyperlipidaemia, and dia-
betes mellitus: a cohort study. Lancet 353:2093-2099

11. Safrin S, Grunfeld C (1999) Fat distribution and
metabolic changes in patients with HIV infection.
AIDS 13:2493-2505

12. Hadigan C, Meigs JB, Corcoran C et al (2001) Meta-
bolic abnormalities and cardiovascular disease risk
factors in adults with human immunodeficiency
virus infection and lipodystrophy. Clin Infect Dis
32:130-139

13. Tabib A, Greenland T, Mercier I, Loire R, Mornex JF
(1992) Coronary lesions in young HIV-positive sub-
jects at necropsy. Lancet 340:730

14. Paton P, Tabib A, Loire R, Tete R (1993) Coronary
artery lesions and human immunodeficiency virus
infection. Res Virol 144:225-231

15. Henry K, Melroe H, Huebsch J, Hermundson J,
Levine C, Swensen L (1998) Severe premature coro-
nary artery disease with protease inhibitors. Lancet
351:1328

16. Behrens G, Schmidt H, Meyer D, Stoll M, Schmidt RE
(1998) Vascular complications associated with use of
HIV protease inhibitors. Lancet 351:1958

17. Gallet B, Pulik M, Genet P, Chedin P, Hiltgen M (1998)
Vascular complications associated with use of HIV
protease inhibitors. Lancet 351:1958-1959

18. Laurence J (1998) Vascular complications associated
with use of HIV protease inhibitors. Lancet 351:1960

19. Flynn TE, Bricker LA (1999) Myocardial infarction in
HIV-infected men receiving protease inhibitors [Let-
ter]. Ann Intern Med 131:548

20. Friedl AC, Attenhofer Jost CH, Schalcher C et al
(2000) Acceleration of confirmed coronary artery
disease among HIV-infected patients on potent anti-
retroviral therapy. AIDS 14:2790-2792

21. Karmochkine M, Raguin G (1998) Severe coronary
artery disease in a young HIV-infected man with no
cardiovascular risk factors who was treated with
indinavir. AIDS 12:2499

22. Eriksson U, Opravil M, Amann FW, Schaffner A
(1998) Is treatment with ritonavir a risk factor for
myocardial infarction in HIV-infected patients?
AIDS 12:2079-2080

23. Koppel K, Bratt G, Rajs J (1999) Sudden cardiac death
in a patient on 2 years of highly active antiretroviral
treatment: a case report. AIDS 13:1993-1994

24. Vittecoq D, Escaut J, Monsuez JJ (1998) Vascular
complications associated with use of HIV protease
inhibitors. Lancet 351:1959

25. Passalaris JD, Sepkowitz KA, Glesby MJ (2000) Coro-
nary artery disease and human immunodeficiency
virus infection. Clin Infect Dis 31:787-797

26. Jütte A, Schwenk A, Franzen D et al (1999) Increas-
ing morbidity from myocardial infarction during
HIV protease inhibitor treatment? [Letter] AIDS
13:1796-1797

27. Rickerts V, Brodt HR, Staszewski S, Stille W (2000)
Incidence of myocardial infarctions in HIV-infected
patients between 1983 and 1998: The Frankfurt HIV-
cohort study. Eur J Med Res 5:329-333

28. Holmberg SD, Moorman AC, Williamson JM et al
(2002) Protease inhibitors and cardiovascular out-
comes in patients with HIV-1. Lancet 360:1747-1748

29. Friis-Møller N, Sabin CA, Weber R et al (2003) Com-
bination antiretroviral therapy and the risk of
myocardial infarction. N Engl J Med 349:1993-2003

30. Moore RD, Keruly JC, Lucas G (2003) Increasing inci-
dence of cardiovascular disease in HIV-infected per-

54 M. Mary-Krause, D. Costagliola Coronary Heart Disease in HIV-Infected Patients: Epidemiology



sons in care. 10th conference on retroviruses and
opportunistic infections, Boston, USA, February
10–14, 2003. Abstract no. 132

31. Mary-Krause M, Cotte L, Simon A, Partisani M,
Costagliola D (2003) Increased risk of myocardial
infarction with duration of protease inhibitor thera-
py in HIV-infected men. AIDS 17:2479-2486

32. David MH, Hornung R, Fichtenbaum CJ (2002)
Ischemic cardiovascular disease in persons with
human immunodeficiency virus infection. Clin
Infect Dis 34:98-102

33. Klein D, Hurley LB, Quesenberry CP, Sidney S (2002)
Do protease inhibitors increase the risk for coronary
heart disease in patients with HIV-1 infection? J
Acquir Immune Defic Syndr 30:471-477

34. Klein D, Hurley M (2003) Hospitalizations for coro-
nary heart disease and myocardial infarction among
men with HIV-1 infection: Additional follow-up.
10th conference on retroviruses and opportunistic
infections, Boston, USA, February 10–14, 2003.
Abstract no. 747

35. Bozzette SA, Ake CF, Tam HK, Chang SW, Louis TA
(2003) Cardiovascular and cerebrovascular events in
patients treated for human immunodeficiency virus
infection. N Engl J Med 348:702-710

36. Anonymous (2000) Les registres français de car-
diopathies ischémiques 1997–1998. Fédération
Française de cardiologie, 5 rue du Rocher, 75008 Paris

37. Depairon M, Chessex S, Sudre P et al (2001) Prema-
ture atherosclerosis in HIV-infected individuals –
focus on protease inhibitor therapy. AIDS 15:329-334

38. Savès M, Chêne G, Ducimetière P et al (2003) Risk
factors for coronary heart disease in patients treated
for human immunodeficiency virus infection com-
pared with the general population. Clin Infect Dis
37:292-298

39. Currier JS, Taylor A, Boyd F et al (2003) Coronary
heart disease in HIV-infected individuals. J Acquir
Immune Deficit Syndr  35:506-512

40. Smith C, Levy I, Sabin C, Kaya E, Johnson M, Lipman
M (2004) Cardiovascular disease risk factors and

antiretroviral therapy in HIV-positive UK popula-
tion. HIV Med 5:88-92

41. d’Arminio Monforte A, Sabin CA, Phillips AN et al
(2004) Cardio- and cerebrovascular events in HIV-
infected persons. AIDS 18:1811-1817

42. Anonymous (1977) Manuel de la classification statis-
tique internationale des maladies, traumatismes et
causes de décès, Révision 1975. Organisation Mondi-
ale de la Santé, Geneva

43. Barbaro G, Di Lorenzo G, Soldini M, Giancaspro G,
Grisorio B, Pellicelli A (1999) Intensity of myocardial
expression of inducible nitric oxide synthase influ-
ences the clinical course of human immunodeficien-
cy virus-associated cardiomyopathy. Gruppo Italiano
per lo Studio Cardiologico dei pazienti affetti da
AIDS (GISCA). Circulation 100:933-939

44. Matetzky S, Domingo M, Kar S et al (2003) Acute
myocardial infarction in human immunodeficiency
virus-infected patients. Arch Intern Med 163:457-460

45. Hsue PY, Giri K, Erickson S et al (2004) Cinical fea-
tures of acute coronary syndromes in patients with
human immunodeficiency virus infection. Circula-
tion 109:316-319

46. Law M, Friis-Møller N, Weber R et al (2003) Model-
ling the 3-year risk of myocardial infarction among
participants in the Data Collection on Adverse
Events of Anti-HIV Drugs (DAD) study. HIV Med
4:1-10

47. Dube MP, Stein JH, Aberg JA et al (2003) Guidelines
for the evaluation and management of dyslipidemia
in human immunodeficiency virus (HIV)-infected
adults receiving antiretroviral therapy: recommen-
dations of the HIV Medical Association of the Infec-
tious Disease Society of America and the Adult AIDS
Clinical Trials Group. Clin Infect Dis 37: 613-627

48. Department of Health and Human Services (2004)
Guidelines for the use of antiretroviral agents in
HIV-1 infected adults and adolescents. http://www.
AIDSinfo.nih.gov/guidelines. Cited 23 March 2004

49. Falusi OM, Aberg JA (2001) HIV and cardiovascular
risk factors. AIDS Reader 11:263-268

Coronary Heart Disease in HIV-Infected Patients: Epidemiology 55



Introduction

The advent of new antiretroviral agents has dramat-
ically reduced mortality and HIV-associated mor-
bidity. In the highly active antiretroviral therapy
(HAART) era, long-term side effects have been
reported, such as severe metabolic disorders and
related acute cardiovascular complications includ-
ing myocardial infarction, peripheral vascular dis-
ease, and stroke. Prevention and therapeutics for
cardiovascular complications in HIV-infected
patients are a new and emerging challenge for
physicians involved in HIV infection care because
of the prolongation of survival and long-term com-
plications of HAART. In the present overview, we
discuss the clinical presentation, pathophysiology,
prognosis, prevention, and treatment of coronary
heart disease (CHD) in HIV-infected patients.

The incidence of acute myocardial infarction in
HIV-infected patients (HIV+) tends to be higher
than in the general population [1, 2] particularly in
those undergoing HAART [3] including protease
inhibitors [2, 4]. The relationship between coronary
artery disease (CAD) and the use of protease
inhibitors in HIV-infected patients is still under
debate [5]. The epidemiology of CHD in HIV-infect-
ed patients is discussed in the chapter by M. Mary-
Krause and D. Costagliola in this volume.

Clinical Presentation and Vascular Risk Factors

The spectrum of CAD in HIV-infected patients is
similar to non-HIV-infected patients with various
clinical presentations including silent ischemia,
stable angina, and acute coronary syndrome
(unstable angina, non-ST elevation myocardial

infarction, ST elevation myocardial infarction)
(Figs. 1–6). The first case of CAD in the HAART
era was published in 1998 followed by several case
reports and series [6–13].

Whether protease inhibitors are directly respon-
sible for CAD remains a matter of debate [5, 14].

In our cardiology department [13], 1 female and
19 male patients (mean age, 44±8 years; range,
34–65 years), infected with HIV since 9±4 years

Coronary Artery Disease in HIV-Infected Patients:
Clinical Presentation, Pathophysiology, Prognosis,
Prevention, and Treatment
F. Boccara, A. Cohen

Fig. 1a–c. Patient 1. a Coronary angiogram revealed an
acute occlusion of the right coronary artery in a 38-year-
old HIV-infected man (since 1995) during inferior acute
myocardial infarction. A guide-wire is introduced into the
lumen artery to pass the thrombotic occlusion. His vascu-
lar risk factors were smoking and mild dyslipidemia (high
LDL cholesterol, low HDL cholesterol, and high triglyc-
eride levels). b Balloon angioplasty performed at the site
of the occlusion with 10-atmosphere expansion pressure.
c Result after inflation of the balloon and implantation of
a long bare stent (3.5 mm diameter×32 mm length)

a

c

b



ago, were admitted from 1996 to 2002 for acute coro-
nary syndrome (18 had myocardial infarction and 2
had unstable angina). Tobacco consumption (80%)
and dyslipidemia (65%) were the most frequent car-
diovascular risk factors. The median CD4 cell count
was 387±184/mm3 and the median viral load was
8,000±23,000 copies/ml. Fourteen patients were
treated with protease inhibitors for a mean duration
of 19±13 months. Five patients were treated with
acute thrombolysis, three had primary angioplasty.

Duong et al. [12] showed that silent myocardial
ischemia (detected by treadmill test) was increased
in HIV-infected patients without CHD (11%) and
that age, central fat accumulation, and hypercholes-
terolemia were independent predictive factors.

HIV-infected patients seem to be at higher risk
of CAD than the general population as demonstrat-
ed recently by Bergersen et al. [15], who reported
that compared to control subjects, twice as many
HIV-infected patients on HAART had an estimated
10-year CHD Framingham risk above 20%.

Fig. 2. Patient 2. Coronary angiogram finding a left main
coronary stenosis (70%) in a 62-year-old HIV-infected
woman (since 1987) who was admitted for an episode of
unstable angina. Vascular risk factors were smoking and
mixed dyslipidemia. She underwent a coronary artery
bypass including the left internal mammary artery

Fig. 3a–d. Patient 3. a Coronary angiogram revealed a 65%
diameter stenosis (eccentric) on the left anterior descend-
ing (LAD) artery in a 40-year-old HIV-infected man (since
1989) who was admitted for a non-ST elevation myocar-
dial infarction (NSTEMI). Smoking and intravenous drug
abuse were the only known vascular risk factors. b Quan-
titative coronary angiography revealed a 63% diameter
stenosis, a 3.5-mm reference diameter and 18 mm in
length. c, d Direct stenting of the lesion with a 3.5-mm
diameter and 20-mm length stent. Excellent result without
residual stenosis

a

c d

b

Fig. 4a–c. Patient 4. a Coronary angiogram revealed a
thrombotic stenosis of the first lateral artery (circumflex)
in a 50-year-old HIV-infected man (since 1988) who was
admitted for a NSTEMI. His only vascular risk factor was
a high LDL cholesterol, a low HDL cholesterol, and mild
elevated triglyceride levels. b Direct stenting (drug-eluted
stent: 3 mm diameter×13 mm length) of the lesion was
performed. c Excellent result after stent implantation with
TIMI 3 flow, no dissection and no residual stenosis

b
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Fig. 5a–c. Patient 5. a Coronary angiogram of a 35-year-old
HIV-infected man (since 1992) with normal left and right
coronary arteries. No atherosclerotic lesions were visual-
ized. This examination was performed because he was
admitted with congestive heart failure (NYHA class IV)
and echocardiography revealed a cardiomyopathy with
severe left ventricular global hypokinesia, poor ejection
fraction (20%), and a suspected apical thrombus. b A CT
scan confirmed the presence of a left ventricle apical
thrombus. The patient underwent anticoagulation therapy
with coumadine. c Three months later, he was admitted
for an acute anterior myocardial infarction and the coro-
nary angiogram revealed a long thrombus in the left ante-
rior descending artery (TIMI flow 1). He had stopped tak-
ing coumadine 2 months earlier. After 1 month of effi-
cient anticoagulation plus aspirin therapy, the coronary
angiogram revealed no remaining thrombus and no ath-
erosclerosis stenosis or plaque rupture. Coronary
embolism from the apical left ventricle thrombus was
evoked

b

c

a

Fig. 6a–f. Patient 6. a Coronary angiogram showing three-
vessel coronary artery disease in a 43-year-old HIV-infect-
ed man admitted for a NSTEMI. Occlusion of proximal
LAD and proximal circumflex artery. One lateral artery is
visualized, but no LAD without controlateral filling. b
Proximal right coronary occlusion. c, d Dobutamine stress
echocardiography (c parasternal long axis, d apical four
chambers) demonstrated apical viability. e Rest thallium-
201 single-photon emission tomography (SPECT) finding
of anterior and lateral myocardial viability. f Heart cine
magnetic resonance imaging (long-axis) finding severe
left ventricular dysfunction (LVEF 15%)

ba

f

c

d

e



Neumann et al. [16], in a cohort of 309 HIV-
infected patients, demonstrated that the risk of car-
diovascular events is related to the age of HIV-
infected patients. The overall 10-year probability for
cardiovascular events was higher in the oldest
group (>50 years; median, 20.5%) than in the
youngest group (18–30 years; 1.9%; p<0.01).
Therefore, an increased duration of life due to a
more effective antiretroviral therapy will have a
significant impact on the rate of cardiovascular
events in this patient population.

Hadigan et al. [17] estimated the 10-year CHD
risk among 91 HIV-infected men and women with
fat redistribution and compared it with the risk
estimated for 273 age-, sex-, and body mass index
(BMI)-matched subjects enrolled in the Framing-
ham Offspring Study. The 10-year CHD risk esti-
mate was significantly elevated among HIV-infect-
ed patients with fat redistribution, particularly
among men; however, when they were matched
with control subjects by waist-to-hip ratio, the 10-
year CHD risk estimate did not significantly differ
between groups. HIV-infected patients without fat
redistribution did not have a greater CHD risk
estimate than did control subjects. The CHD risk
estimate was greatest in HIV-infected patients who
had primary lipoatrophy, compared with those
who had either lipohypertrophy or mixed fat
redistribution.

The APROCO study group (France) [18] com-
pared the distribution of risk factors for cardio-
vascular disease in 227 HIV-infected patients
(35–44 years) who were treated with protease
inhibitors with 527 HIV-1-uninfected men from
the MONICA project. HIV-infected patients had a
lower prevalence of hypertension, a lower mean
high-density lipoprotein (HDL) cholesterol level, a
higher prevalence of smoking, a higher mean
waist-to-hip ratio, and a higher mean triglyceride
level. No difference was found for total plasma or
low-density cholesterol levels, nor for the preva-
lence of diabetes. The predicted risk of CHD was
greater among HIV-1-infected men (RR, 1.20) and
women (RR, 1.59; p<10-6 for both) compared with
the HIV-1-uninfected cohort.

Our cohort [13] of HIV-infected patients with
acute coronary syndrome in a single cardiologic
French center seems to be at higher risk of cardio-

vascular events compared with non-HIV-infected
patients less than 45 years old reported in previ-
ous series [19–21]. A traditional risk factor of 2 or
higher was found in 75% of our cohort compared
to 20%–30% reported in the literature, with the
same prevalence of tobacco consumption (80%)
and more frequent dyslipidemia (50% and
15%–50%, respectively) [18–21]. On the other
hand, a family history of premature CAD was less
frequent (10% and 15%–60%, respectively). Angio-
graphic findings appeared to be more severe in our
patients, with a higher frequency of three-vessel
disease (25% and 8%–12%, respectively) and fewer
normal coronary angiograms (5% and 14%–20%,
respectively) [21]. Our study points to the impor-
tant time delay (17 h) of hospitalization after the
onset of symptoms, underlining the need for
physicians to take into account any acute cardio-
vascular symptom in HIV-infected patients in
order to offer the best treatment strategy, i.e., early
reopening of the infarct-related coronary artery.
Thrombolytic therapy and primary angioplasty
should be used in the HIV population without any
limitation since reported adverse effects are not
increased [22].

In conclusion, HIV-infected patients undergo-
ing HAART seem to be at a higher risk of CAD
because of the higher incidence of traditional vas-
cular risk factors compared with same-age non-
HIV-infected patients. Whether protease inhibitors
have a direct impact on atherosclerosis remains
hypothetical [23].

Pathophysiology

Several hypotheses have been raised regarding the
pathophysiology of atherosclerotic CAD in HIV-
infected patients undergoing HAART. Many fac-
tors could increase the rate of cardiovascular
events and accelerate atherosclerosis:
1. Insulin resistance (reported in 25%–62% of

HIV-infected patients), diabetes mellitus
(5%–10%), and lipodystrophy syndrome
(20%–83%) [24–27]

2. Resistant dyslipidemia [lower level of HDL cho-
lesterol, higher level of triglycerides (50%–90%),
small and dense LDL particles] with lower effica-
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cy of lipid-lowering therapy [27–32]
3. Chronic inflammation and infection with

increased cytokine levels (tumor necrosis factor-
alpha, interleukin-1, interleukin-6, interleukin-
10) [33–37]

4. Enhanced endothelial injury  due to dyslipi-
demia [38], oxidant stress [39], adhesion mole-
cules [40], HIV Tat protein, and related angio-
genic effects [33, 41, 42]

5. A prothrombotic state linked to HIV status
and/or antiretroviral therapy [43, 44]
The role of metabolic disorders (low level of

HDL cholesterol and hypertriglyceridemia) is high-
lighted in different studies [45, 46] that included
HIV+ patients with acute coronary syndrome com-
pared with HIV+ subjects without cardiovascular
manifestations. These disorders can be partly
explained by HIV treatments that result in higher
hypertriglyceridemia and lower levels of HDL cho-
lesterol compared with non-infected-HIV patients.
The low level of HDL cholesterol may play a major
role in the pathophysiologic mechanism of
atherothrombosis [31]. Another aspect is the degree
of the immunologic status reflected by the CD4 cell
count level, which has been demonstrated to be
lower in HIV+ patients with ACS compared with
HIV+ patients without ACS [45, 46].

Direct vascular toxicity of the virus has been
suggested in a report from Barbaro et al. [47]. They
found HIV-1 sequences within the arterial wall in
a 32-year-old man without vascular risk factors
who died from an anterior myocardial infarction.
In addition, Schecter et al. [34] demonstrated that
HIV-envelope glycoprotein gp120 activates human
arterial smooth muscle cells to express tissue fac-
tor and promote the coagulation cascade and
plaque rupture, supporting the observation of a
correlation between plasma HIV load, a prothrom-
botic state, and cellular apoptosis.

Tabib et al. [48] found that coronary artery
lesions of young HIV-infected patients at autopsy,
whose death was caused from other cardiovascular
disease, were of an intermediate type, between
those observed in coronary atherosclerosis and
chronic rejection in cardiac transplant patients.
Subclinical atherosclerosis in HIV-infected
patients has been reported [49–53] with increased
intima-media thickness and atherosclerotic

plaques of the carotid and femoral arteries corre-
lated to age, dyslipidemia, and tobacco use, but not
with protease inhibitor therapy. Coronary artery
calcifications, another surrogate marker and prog-
nostic factor of atherosclerosis visualized with
electron beam computed tomography, are under
evaluation in HIV-infected patients, with contro-
versial results [54–56]. Coronary magnetic reso-
nance angiography could be a further diagnostic
tool for detecting infraclinic coronary atheroscle-
rosis in the near future (Fig. 7).

Prognosis

The prognosis of CAD in HIV-infected patients has
been evaluated in few series [57–61]. Matetzky et al.
[57] compared the characteristics and long-term
course of 24 HIV-infected patients with acute
myocardial infarction with matched non-HIV
patients. The in-hospital course was similar without
death or re-infarction. After a 15-month follow-up,
HIV-infected patients had a higher incidence of re-
infarction, recurrent cardiovascular event, and tar-
get vessel revascularization independently of the
type of antiretroviral therapy.

Hsue et al. [58], in a recent case-control study,
reported a higher rate of coronary restenosis after
percutaneous coronary intervention (PCI) in HIV-
infected patients compared with non-HIV-infected
patients with acute coronary syndrome [52% (15/22
patients) vs. 14% (3/21 patients), p=0.032]. There
was no significative difference in the subgroup of
patients who had stenting (50% vs. 18%, p=0.078).
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Fig. 7a, b. Magnetic resonance angiography finding of nor-
mal coronary arteries. PA, pulmonary artery; Ao, aorta;
LV, left ventricle; RV, right ventricle; RCA, right coronary
artery; LM, left main coronary artery; Cx, circumflex

a b



Ambrose et al. [59] reported the outcome of 51 HIV-
infected patients with acute coronary syndrome.
Forty-five had coronary angiography and 25 had
PCI with an excellent initial result and no hospital
death in the PCI subgroup. In our cohort [13], no
patient died during initial hospitalization.At the end
of follow-up (37±15 months), nine patients were
free of symptoms. We reported one cardiovascular
death (cardiogenic shock) and one death from sui-
cide. Four patients had recurrent myocardial
ischemia (2 myocardial infarctions, 4 unstable angi-
na). Two patients had coronary angioplasty with
stenting and two had coronary artery bypass sur-
gery and percutaneous intervention. Three patients
developed congestive heart failure secondary to left
ventricular systolic dysfunction (1 patient with ini-
tial acute left main coronary occlusion had sus-
tained ventricular tachycardia and a cardioverter-
defibrillator was implanted). In non-HIV-infected
patients, young age is an independent predictor of
good prognosis. In our cohort [13], when excluding
the patient who killed himself, only nine patients
(45%) were free of symptoms at 3 years’ follow-up,
whereas in non-HIV patients less than 45 years old
the incidence is over 80%.

The prognosis of coronary revascularization in
HIV-infected patients needs to be compared with a
large cohort of HIV-negative subjects.

Prevention and Treatment

As in the general population, cardiovascular risk
stratification in HIV-infected patients needs to be
evaluated before and during HAART. The “tradi-
tional” cardiovascular risk factors are present in
the HIV-infected population: smoking, dyslipi-
demia, diabetes mellitus, hypertension, premature
familial cardiovascular disease, and poor physical
fitness. Reducing risk factors should become a
routine aspect in the care of HIV-infected patients,
who now live longer because of the steep decline in
morbidity and mortality as a result of HAART.
Large prospective and matched control studies in
HIV-infected patients in primary cardiovascular
prevention are needed so as to identify specific
risk factors and stratify the cardiovascular risk.
Intervention studies on reducing the cardiovascu-

lar risk in HIV-infected patients, as in the general
population, are needed (smoking cessation, physi-
cal activity, lipid-lowering drugs, aspirin).

The first step is to evaluate the relative risk or
the absolute risk of a cardiovascular event in each
patient by using the Framingham risk score
(www.CHD-taskforce.com) [62] and/or the recom-
mendations of the International Society of Athero-
sclerosis (www.athero.org). The objective is to
identify, in primary prevention, patients who
require risk reduction by prescribing aspirin,
lipid-lowering, or antihypertensive medication to
decrease mortality and morbidity as proven in the
general population.

Primary Prevention 

Aspirin

According to the North American and European
task force, aspirin should be prescribed in primary
prevention using Lauer’s algorithm (Scheme 1)
[63] driven by the Framingham risk score, which is
similar[64, 65]. Special caution should be recom-
mended in patients with untreated or unstable
hypertension because of the increased risk of
hemorrhagic stroke and in the overall population
because of the risk of major gastrointestinal bleed-
ing. For the low-risk population (<0.6% per year),
the reduction of absolute risk of myocardial
infarction is equivalent to the risk of gastrointesti-
nal bleeding.

Lipid-Lowering Therapy

Serum lipid levels should be evaluated in a fasting
patient (12 h), particularly for triglycerides,
before HAART is started and then every 3–6
months. National Cholesterol Education Program
III (66) guidelines should be applied to HIV-
infected patients (Table 1), as suggested in the
guidelines for the management of dyslipidemia in
HIV-infected patients by Dube et al. [29]. If dys-
lipidemia is present, secondary causes should be
screened: diabetes mellitus, hypothyroidism,
excessive alcohol use, obstructive liver disease,
chronic renal failure, hypogonadism, and drug-
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heart disease according to Lauer [63]

Suggested algorithm for making decisions about the use of aspirin for primary prevention of

coronary heart disease. Contraindications to aspirin therapy include known allergy, bleeding

diathesis, platelet disorders, and active peptic ulcer disease. Relative contraindications include renal

Contraindications to aspirin No aspirin
Yes

No

Calculate absolute 10-year risk
of coronary heart disease

Risk ≤ 0.6%/year Risk ≥1.5%/yearRisk 0.7-1.4%/year

Strong preference of the patient
or

Treated hypertension with
target-organ damage or diabetes

or
Poor physical fitness

No
Yes

No aspirin Aspirin (≤ 100 mg daily)

Scheme 1. Algorithm for making decisions about the use of aspirin for primary prevention of coronary heart 
disease according to Lauer [63]

Suggested algorithm for making decisions about the use of aspirin for primary prevention of coronary heart disease.
Contraindications to aspirin therapy include known allergy, bleeding diathesis, platelet disorders, and active peptic
ulcer disease. Relative contraindications include renal failure, concurrent use of nonsteroidal anti-inflammatory agents
or anticoagulants, and uncontrolled hypertension. The risk of coronary heart disease is estimated by using the Framin-
gham risk score. Poor physical fitness is defined as impaired exercise capacity for age and sex

Table 1. National Cholesterol Education Program treatment decisions made on the basis of LDL cholesterol levels: NCEP III
guidelines [66]

Risk category LDL goal Initiate lifestyle changes Initiate drug therapy

Primary prevention
0–1 Risk factor <160 mg/dl ≥160 mg/dl ≥190 mg/dl

≥ 2 Risk factors <130 mg/dl ≥130 mg/dl ≥130 mg/dl
10-year risk 10-20%

≥ 2 Risk factors <130 mg/dl ≥130 mg/dl ≥160 mg/dl
10-year risk <10%

Secondary prevention
CHD or 10-year risk >20 % <100 mg/dl ≥100 mg/dl ≥130 mg/dl

Risk factors include age (men aged ≥45 years, women aged ≥55 years or who experienced premature menopause that was
not being treated with estrogen replacement therapy), family history of CHD (first-degree male relative with CHD before
55 years of age or first-degree female relative with CHD before 65 years of age), current cigarette smoking, hypertension,
low HDL cholesterol (<35 mg/dl), diabetes mellitus. In the presence of high HDL cholesterol (≥60 mg/dl), subtract 1 risk
factor.



induced elevated LDL cholesterol (progestins, ana-
bolic steroids, and corticosteroids).

Lipid-lowering therapy should be prescribed
cautiously in HIV-infected patients because of the
potentially severe interaction between statins,
fibrates on the one hand and protease inhibitors
on the other hand [67].

Several statins, listed in Table 2, are metabo-
lized via the cytochrome P-450 3A4 pathway. Pro-
tease inhibitors inhibit cytochrome P-450 and
could increase statin toxicity, thereby reducing the
efficacy of protease inhibitors. Non-nucleoside
reverse transcriptase inhibitors are inducers of
cytochrome P-450 and could reduce statin efficacy.

As demonstrated by Fichtenbaum et al. [67] in
patients receiving ritonavir and saquinavir, the
area under the curve increased about fivefold for

atorvastatin, 32-fold for simvastatin, and
decreased 0.5-fold for pravastatin.

Recently, two studies used pravastatin [30, 68]
and fluvastatin [69]. Stein et al. [30] demonstrated
in a double-blind, placebo-controlled study that
pravastatin (40 mg/day) resulted in a 20.8%
reduction in LDL particles (p=0.030), a 26.7%
reduction in small LDL (p=0.100), and a 44.9%
reduction in small VLDL (p=0.023). Total and non-
HDL cholesterol levels decreased by 18.3%
(p<0.001) and 21.7% (p<0.001), respectively.
Beneisc et al. [69] compared fluvastatin (40 mg
daily) with pravastatin (20 mg daily) in 25 HIV-
infected patients. The reduction of LDL levels was
30.2% in the fluvastatin group and 14.4% in the
pravastatin group with no effect observed on
triglyceride or HDL levels.
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Table 2. Different cytochrome P450 (CYP) pathways of lipid-lowering agents

CYP Interactions with PI Recommendations

Statins

Atorvastatin 3A4 Fivefold increased AUC Recommended at 10 mg daily
with RITO-SAQ

Lovastatin 3A4 High toxicity with PI Not recommended

Simvastatin 3A4 High toxicity with PI Not recommended
32-fold increased AUC
with RITO-SAQ

Fluvastatin 2C9 Not tested Recommended at 40 mg daily

Pravastatin No 0.5-fold decreased AUC Recommended at 20–40 mg daily
P450 interactions with RITO-SAQ

Fibrates

Bezafibrate No Not tested Recommended at 400 mg daily
P450 interactions

Fenofibrate No Not tested Recommended at 200 mg daily
P450 interactions

Gemfibrozil No Not tested Recommended at 900–1,200 mg daily
P450 interactions;
interaction with 
simvastatin, cerivastatin,
rosuvastatin but not 
atorvastatin

AUC, area under the curve; RITO, ritonavir; SAQ, saquinavir; PI, protease inhibitor



Palacios et al. [70] demonstrated a significant
reduction of 27% in total cholesterol, 37% in LDL
cholesterol, with atorvastatin 10 mg/day. Lovas-
tatin and simvastatin should be avoided in patients
receiving drugs that might interact with CYP-450.

Bezafibrate, gemfibrozil, and fenofibrate have
been tested in HIV-infected patients with isolated
or combined hypertriglyceridemia and proved safe
and well tolerated, whereas the efficacy seemed to
be reduced in this population [71–73]. Fibrates
have no proven interaction with the cytochrome P-
450 pathway and protease inhibitors.

Henry et al. [72] tested the combination of
atorvastatin (10 mg daily) with gemfibrozil (600
mg twice daily) in 24 HIV-infected subjects with
pronounced hyperlipidemia. This association
(after 6 months) led to a 30% and 60% drop,
respectively, of cholesterol and triglyceride plasma
levels in 80% of the subjects.

The use of a standard dose of pravastatin
(20–40 mg daily) or fluvastatin (40 mg daily)
seems to be the safest choice because of the lack of
interaction with cytochrome P-450 in predomi-
nant hypercholesterolemia. A reduced dose of
atorvastatin (10 mg daily) can be used also with
monitoring of CK values because of a potential
interaction with cytochrome P-450. Fibrates
should be prescribed in the presence of an elevat-
ed triglyceride level (>5 g/l) with a normal or
near-normal LDL cholesterol level after diet and
exercise recommendations have failed.

The association of statin and fibrate should not
be recommended as a first-line treatment because
of their potentially high toxicity (rhabdomyolysis,
hepatitis) and interaction with protease inhibitors.
If necessary, in high-risk patient for CAD and
uncontrolled combined dyslipidemia, this associa-
tion should be used with caution: start at a low
dose and titrate upward with regular control of

signs of myopathy and CK plasma levels.
Table 3 indicates how lipid-lowering therapy

should be prescribed, according to Dube et al. [29].
The risk–benefit ratio in treating HIV-infected

patients with dyslipidemia is unknown. Male
patients aged over 45 years and female patients
over 55 years with hypertension and/or diabetes
and/or familial premature CAD are candidates for
lipid-lowering therapy. Switching from one pro-
tease inhibitor, ritonavir or indinavir to nelfinavir
or nevirapine [74, 75], could have beneficial effects
on the reversal of dyslipidemia. The effect of a
switch to efavirenz on hypercholesterolemia is
unclear [76, 77]. The advent of a new protease
inhibitor (atazanavir) with a low risk of inducing
dyslipidemia should be evaluated in patients with
a high-risk cardiovascular profile or dyslipidemia.
Whether protease inhibitor therapy should be dis-
continued after an acute coronary syndrome and
treatment switched to a non-nucleoside reverse
transcriptase inhibitor (efavirenz, nevirapine) or
to other nucleoside or nucleotide analogs (aba-
cavir, tenofovir) with a better “atherogenic profile”
needs further investigation. Domingo et al. [78]
demonstrated a decrease in triglyceride and total
cholesterol levels after switching from stavudine
to tenofovir (after 12 weeks).

Smoking Cessation 

The prevalence of cigarette smoking among HIV-
infected patients is higher compared to the gener-
al population [79, 80]. Louie et al. [81] reported
that smoking-associated pulmonary diseases such
as obstructive lung disease, chronic bronchitis,
and bronchiectasis were increased in the HIV-
infected population. Lung cancer was the most
common cause of death from non-AIDS-defining
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Table 3. Recommendations for the choice of drug therapy in dyslipidemia for HIV-infected patients undergoing HAART
according to Dube et al. [29]

Lipid abnormalities First choice Second choice

Isolated high LDL cholesterol Statin Fibrate

Combined hyperlipidemia Fibrate or statin If starting fibrate, add statin

Isolated hypertriglyceridemia Fibrate Statin



malignancies (11%) followed by Hodgkin’s disease
(5%), hepatocellular cancer (4%), and anal cancer
(3%). Smoking cessation should be a priority for
HIV-infected patients and physicians, integrated
into a global risk reduction approach (dyslipi-
demia, diabetes mellitus, overweight, inactivity) to
prevent future coronary events.

Exercise Training and Healthy Diet

Exercise has been shown to improve strength, car-
diovascular function, psychological status, and
reduce cardiovascular disease in the general popu-
lation [82]. Exercise training also reduces total and
abdominal fat. These changes in body composition
mediate improvements in insulin sensitivity and
blood pressure and may improve endothelial
vasodilator function [83]. Encouraging lifestyle
changes should be done as soon as possible, as
HIV infection becomes a chronic disease. Various
clinical interventions, including diet and exercise
[84–86], switching antiretroviral agents, use of
lipid-lowering and insulin-sensitizing agents,
recombinant human growth hormone therapy, and
plastic surgery, are under investigation in the
treatment of morphologic changes (lipodystrophy
syndrome).

Nutrition deficiencies (selenium, vitamin B12,
carnitine, growth and thyroid hormones) should
be sought because they are easily treatable and
because of their great impact on ventricular func-
tion [87, 88]. Hyperhomocysteinemia is associated
with an increased risk of heart and vascular dis-
eases [89]. Vilaseca et al. [90] demonstrated that
HIV-infected children undergoing protease
inhibitor treatment have higher homocysteine
concentrations and lower folate values compared
with patients on other antiretroviral therapies, as
in adults [91, 92]. In case of hyperhomocysteine-
mia, folic acid supplements should be prescribed.

Diabetes Mellitus

New-onset diabetes mellitus affects an increasing
number of HIV-infected patients (5%–10%)
[93–95]. Impaired glucose tolerance and early

insulin resistance are more frequent (10%–25%) in
HIV-infected patients mostly treated with HAART
including protease inhibitors [95]. Insulin resist-
ance is often accompanied by hyperinsulinemia and
may predispose patients to atherosclerosis. Henry
et al. [96] demonstrated that impaired fasting glu-
cose (fasting plasma glucose 6.1–6.9 mmol/l) 
in seronegative patients was associated with the
level of systolic blood pressure and could help pre-
dict cardiovascular mortality. Metformin increases
the sensitivity of peripheral tissues to insulin and
should be recommended for the treatment of type
2 diabetes mellitus in HIV-infected patients with
documented insulin-resistance syndrome [93].
No cases of lactic acidosis have been reported in
serial trials [97, 98], but warranted a regular fol-
low-up.

New oral antidiabetic drugs such as thiazo-
lidinediones (pioglitazone, rosiglitazone) could be
promising therapy for lipodystrophy, metabolic
syndrome, and insulin resistance in HIV-infected
patients [99, 100]. Thiazolidinediones reduce
insulin resistance not only in type 2 diabetes but
also in non-diabetic conditions associated with
insulin resistance such as obesity. Recently, Hadi-
gan et al. [101] demonstrated positive effects of
rosiglitazone on lipoatrophy, insulin sensitivity,
and metabolic indices, including adiponectin lev-
els, in HIV-infected patients with lipoatrophy and
insulin resistance (see the chapter by J. Capeau in
this volume).

Systemic Hypertension

Few data are available regarding the frequency and
mechanisms of hypertension in HIV-infected
patients. Sattler et al. [102] showed that hyperten-
sion was more frequent in HIV-infected patients
with lipodystrophy compared with HIV-infected
patients without (74% vs. 48%, p=0.01). In a recent
cohort of 214 HIV-1-infected patients (Frankfurt)
[103], the prevalence of systemic hypertension was
29%. As in the general population, hypertensive
subjects were older (49.1±11.1 vs. 39.0±8.1 years;
p<0.0001) and the waist-to-hip ratio was higher
than in normotensive individuals (0.99±0.07 vs.
0.93±0.08; p<0.0001). Hypertension was associated
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with a much higher frequency of persistent pro-
teinuria (41.1% vs. 2.8%; p<0.001), CHD (16.1% vs.
1.3%; p<0.0001), and myocardial infarction (8.1%
vs. 0.7%; p<0.005), whereas most cardiovascular
risk factors were similar in both groups.

Physicians should follow the current guidelines
recommended for the general population by the
Joint National Committee (JNC VII) [104] when
treating hypertension in HIV-infected patients.

Secondary Prevention 

Acute coronary syndromes in HIV-infected
patients with or without ST-segment elevation
should be managed as recommended by interna-
tional guidelines for the general population
[105–108]. There are no specific recommendations
for acute coronary syndrome occurring in HIV-
infected patients concerning thrombolytic,
antithrombotic therapy, and coronary revascular-
ization modalities. Medical treatment should
include β-blockers, aspirin, ACE inhibitors, lipid-
lowering therapy, and management of other car-
diovascular risk factors (tobacco, diabetes melli-
tus, hypertension, obesity). Coronary revascular-
ization modalities (PCI, stenting, and coronary
artery bypass graft) have not been specifically
studied in HIV-infected patients. Few series of
coronary artery bypass graft, valve replacement
[109], and PCI [22, 59–61] have been reported in
HIV-infected patients. Large controlled trials of
coronary revascularization after acute coronary
syndromes in HIV-infected patients in compari-
son with non-HIV-infected patients are needed to
develop specific recommendations. Concerning
heart transplantation in HIV-infected patients
with severe left ventricular dysfunction, few data
are available [110–112]. Cardiopulmonary bypass
has no immunosuppressive effects and does not
worsen the prognosis of HIV disease.

Conclusion

Multifactorial causes of atherosclerosis and
thrombosis are involved in HIV-infected patients,
which might be accelerated with HAART including

protease inhibitors. Further experimental and
clinical studies are required to understand
whether this accumulation of cardiovascular risk
factors promotes acute coronary syndrome so as
to develop appropriate new strategies for HIV
patients. It is necessary to focus on primary pre-
ventive campaigns, mainly against tobacco addic-
tion and hyperlipidemia, in order to reduce the
frequency of acute coronary syndromes in this
population. Although HAART increases the risk of
metabolic complications, this does not outweigh
the benefits in terms of survival.
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Neurological complications of HIV-1 infection,
due either to the immunosuppression (oppor-
tunistic infections and neoplasms) or the neu-
rotropism of the virus, are common and add con-
siderably to the morbidity and mortality of the
infection. Their frequency varies according to the
stage of the disease. They have been reported to
represent 10%–15% of symptomatic primo-infec-
tion, and are the first manifestation of AIDS in
10%–20% of symptomatic HIV-1 infection cases.
Their prevalence in clinical studies has been esti-
mated to range from 40% to 70%, and a prospec-
tive study revealed that neurological findings were
present in 90% of AIDS patients examined by a
neurologist [1]. Some autopsy series showed brain
lesions in up to 100% of patients [2, 3].

The incidence rate of HIV-1-associated neuro-
logical diseases has significantly decreased since
the introduction of combined multitherapies, gen-
erally including a protease inhibitor (PI) and
HAART (highly active antiretroviral therapy), and
the widespread use of prophylactic medications
for opportunistic infections [4]. From a neurologi-
cal point of view, however, the success of HAART is
tempered by the occurrence of numerous drug-
related neurotoxic effects (neuropathies, seizures,
mitochondrial myopathy, psychiatric disorders,
etc.), the immune reconstitution’s pathology, the
sanctuary provided by the nervous system for
lentiviruses, and the development of resistance
mutations with subsequent decline in CD4 cell
counts. The incidence of HIV-1-associated neuro-
logical complications may begin to rise again
because HIV-1 infection is now becoming a chron-
ic disease [4]. Uncommon types of brain infection
and new forms of encephalopathy are arising [5]
and questions are emerging about the develop-
ment of some neurodegenerative diseases. For all
these reasons, the nervous system is still the sec-

ond most frequently affected organ in HIV infec-
tion [6].

Among neurological complications in HIV-1
infection, cerebrovascular events were described
long before the HAART era [7]. Yet, little is known
about their real frequency and their specific eti-
ologies [2, 8]. Several methodological limitations
in the published literature have been noted,
including the definition of stroke, the unclear
identification of etiologies and the potential con-
founders, and the small sample size of the studies.
Moreover, with longer-term survival, especially in
Western countries, HIV-1-infected patients are
now of middle age or older and therefore at higher
risk for cerebrovascular diseases whatever the
cause.

Epidemiology

The occurrence of cerebrovascular events, either
ischemic or hemorrhagic, was recognized as early
as 1983 in HIV-1 infection, before any antiretrovi-
ral therapy was available [7]. Ischemic strokes are
usually more frequent than intracerebral hemor-
rhages, roughly in a proportion of 2/3–1/3 in sev-
eral series [9], but a 50% ratio has also been
reported [10]. Both types of stroke are frequently
asymptomatic and associated with opportunistic
infections or tumors [9].

Although studies have often reached conflict-
ing conclusions, there is evidence for an increased
general risk of cerebrovascular events during HIV-
1 infection. As early as 1988, a large study of AIDS
patients found that 1.6% of the subjects had cere-
brovascular complications [11]. A population-
based study conducted in the USA before the
HAART era showed that AIDS was strongly associ-
ated with both ischemic stroke and intracerebral
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hemorrhage, with a similar incidence rate of 0.2%
per year [10]. After exclusion of cases with AIDS-
related medical conditions or other concomitant
etiologies for stroke, the adjusted relative risk was
still high: 10.4 for both types of stroke (95% confi-
dence interval, 4.9–22.0) and 9.1 for cerebral
infarction (95% confidence interval, 3.4–24.6) [10].
A European study including patients treated with
HAART found the same annual incidence rate for
transient ischemic accident (TIA) or ischemic
stroke (0.216%), five times higher than in the non-
HIV-infected population of the same age and
country [12]. By contrast, there was no significant
overall increase in the stroke rate in HIV-1-infect-
ed patients as compared to noninfected subjects in
an African-population-based case-control retro-
spective study performed in South Africa [13].
There was, however, a higher rate of large-vessel
cryptogenic strokes in the HIV population (91%)
than in age- and sex-matched HIV-seronegative
control subjects (36%), suggesting a possible
intrinsic predisposition to stroke among HIV-
infected patients [10, 13]. Recent results from the
DAD (Data collection on Adverse events of anti-
HIV Drugs) study, involving over 36,145
person–years of follow-up, confirm that combina-
tion antiretroviral treatment increases the risk of
cardio- and cerebrovascular disease [14]. The inci-
dence of first cardio- and cerebrovascular events
was 5.7 per 1,000 person–years and increased with
longer exposure to antiretroviral treatment (rela-
tive risk per year of exposure=1.26) above that
which can be explained by increasing age. This
study, however, had insufficient statistical power to
determine whether PIs and non-nucleoside
reverse transcriptase inhibitors were associated
with the same vascular risk.

The majority of available clinical and autopsy
series were performed before the HAART era.
Nonetheless, combined therapies with PIs do not
seem to modify the incidence of stroke. No signif-
icant association was found between the use of any
class of antiretroviral agent and the incidence of
cerebrovascular events in a recent retrospective
study [15]. The incidence of cerebrovascular acci-
dents was not different between patients receiving
PIs and those not receiving PIs [16]. No difference
in the incidence rate of stroke before and after the

introduction of HAART was observed in the series
of Evers et al. [12], but the sample was too small to
draw firm conclusions. The atherogenic metabolic
side effects of HAART are discussed further.

The prevalence of cerebral infarction varies in
clinical series from 0.3% to 6% [7, 17–21], and in
autopsy series from 2% to 34% [9, 22–29]. In radio-
logical series it has been reported to be 18% [30].
Engstrom et al. [21] retrospectively identified 12
cases of ischemic stroke among 1,600 AIDS patients
studied over a period of 5 years. The annual risk of
ischemic stroke of these patients (0.75%) was high-
er than that expected (0.010%–0.034%) in the gen-
eral population younger than 45 years of age
[31–33]. In a retrospective case-control study [34],
HIV-1 infection was particularly associated with
the occurrence of ischemic stroke (odds ratio, 3.4;
95% confidence interval, 1.1–8.9; p=0.03) after
adjustment for several cerebrovascular risk factors.
But this association was no longer statistically sig-
nificant if cases with meningitis and protein S defi-
ciency were excluded, suggesting that the excess
risk of stroke in HIV-1 patients could be mediated
by these two mechanisms. In a cohort study per-
formed over a 9-year period (1993–2001), 15
patients were diagnosed with TIA (n=6) or
ischemic stroke (n=9) out of 772 HIV-1-infected
patients, representing a total prevalence rate of
1.9% (1.2% for ischemic stroke only) whatever the
age [12]. The prevalence for juvenile ischemic
strokes occurring under the age of 46 years was
1.6%, higher than in the HIV-negative population
[12]. The stroke patients were older, had a lower
CD4 cell count, and were in more advanced stages
of the disease than infected patients without
stroke. The prevalence of ischemic cerebrovascular
events according to the CDC classification
increased with the stage of the disease: 0.6% for
stage A, 1.1% for stage B, and 3.2% for stage C [12].
However, Bajwa et al. [35] did not find differences
between asymptomatic, AIDS-related-complex, or
AIDS patients.

The prevalence of TIA is about 0.8%–0.9% [11,
21, 36], and the annual incidence in a prospective
study reached 0.8% in HIV-1-infected patients ver-
sus 0.4% in noninfected individuals [37]. Whether
these attacks are truly ischemic is unknown and
transient neurological deficits (TNDs) is a better
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definition. A local vasospasm comparable to
migrainous aura is also evoked [38]. The differen-
tial diagnosis of focal TND includes a variety of
nonvascular causes such as toxoplasmic abscess,
primary cerebral lymphoma, and cryptococcal and
cytomegalovirus infection [37, 39]. Recurrent
TNDs are usually described in late stages of HIV-1
infection and have been associated with AIDS
dementia complex [37]. They can, however, occur
in primary infection and can be associated with a
high viral load [40]. Brain infarction rarely follows
TND. Only 2 of 27 patients progressed to cerebral
infraction in the series of Brew and Miller [37] and
none in the series of Baily and Mandal [36].

It is disputed whether hemorrhagic strokes are
more frequent in the HIV-1-infected population
[9, 34], but some authors have suggested that could
be the case [10, 41]. A recently published study [10]
has indeed demonstrated an adjusted relative risk
of 25.5 for intracerebral hemorrhage (95% confi-
dence interval, 11.2–58.0). Moreover, the increased
hepatic involvement and longer survival in HIV-1-
infected patients could be responsible for pro-
longed hemostatic perturbations and consequent-
ly cerebral hemorrhages.

Ischemic Cerebrovascular Events

Clinicopathological Aspects

There is no peculiar clinical presentation of HIV-
1-related strokes [8, 21], although they are usually
asymptomatic [25]. Hemiparesis, hemiplegia, and
hemianesthesia are the most common presenting
signs. Encephalopathy seems more common in
cerebral infarction [21], whereas headache, lan-
guage disturbance, and abnormal vision are more
common in TND [21, 37]. A transient chorea has
exceptionally been reported as a TND [42]. TNDs
can be isolated [37, 40, 43] but are more frequently
recurrent [36, 38]. Their association with PIs is
controversial [44]. Although rarely reported as the
presenting manifestation of HIV infection [45, 46],
stroke was the first manifestation of HIV-1 in up to
50% of African patients described by Mochan et al.
[46]. Infarcts are usually lacunar rather than
infarcts in large-vessel territories [8, 9, 25]. Yet, in

a prospective clinical study of black heterosexual
nonintravenous drug users, 61% of ischemic
strokes were large-vessel infarcts with cortical
involvement and only 39% were small-vessel
infarcts with subcortical involvement [46]. These
findings have also been observed in another black
population cohort [13]. Autopsy series confirm,
however, that infarcts are usually small, located in
the basal ganglia or the thalamus and the deep
white matter, more rarely in the brain stem or the
cerebellum, and frequently multiple [25]. Occlu-
sion of large vessels seems to be the exception [13,
41, 46].

Mechanisms of Ischemic Stroke

The exact distribution of the different causes of
strokes in HIV-1 infection cannot be determined
because a thorough exploration has not always
been performed in the published series. However,
two causes emerge: cardioembolism and vasculitis
[8] (see Table 1).

Cardioembolism

Cardiac disease may be found in as many as 50% of
AIDS patients [47], and is regarded as the main
cause of embolic stroke (Fig. 1) in HIV-1-infected
individuals [27]. It includes viral myocarditis, bac-
terial and nonbacterial (marantic) endocarditis
(both with and without history of intravenous
drug abuse), dilated cardiomyopathy, mural
thrombi, myxoid degeneration of the valves, and
HIV myocarditis [7, 8, 11, 21, 27, 47]. Aortic root
dilatation associated with left ventricular dilata-
tion, increased viral load, and lower CD4 cell
count, documented in HIV-1-infected children
[48], has not been described in adults.

Opportunistic/Tumoral Vasculitis/Vasculopathy

Vasculitic changes in intracerebral vessels associ-
ated with ischemic strokes can be due to oppor-
tunistic infections as diverse as tuberculosis,
cytomegalovirus, varicella-zoster virus (Fig. 2),
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herpes simplex virus, syphilis, cryptococcosis,
candidiasis, aspergillosis, mucormycosis, coccid-
ioidomycosis, and trypanosomiasis (reviewed in
[8, 28]). Several cases of lymphomatoid granulo-
matosis and malignant lymphoma have also been
associated with infarcts [8, 28, 49]. The frequency
of nervous system opportunistic infections and
neoplasms has dramatically decreased with the

current use of combined multitherapies in West-
ern countries, and the actual incidence of stroke
due to these etiologies is most likely lower today.

HIV-Related Vasculitis/Vasculopathy

The frequent formation of cotton-wool spots in
HIV-1-infected patients’ eyes is ascribed to vas-
culitis-induced ischemic injury [50]. Indeed, in
some cases, HIV-1 itself appears to be the cause of
vasculitis [12, 30, 51–53]. As part of the immun-
odepression caused by the virus, a granulomatous
inflammation involving small arteries and veins of
the brain surface and leptomeninges, termed pri-
mary angiitis of the central nervous system (CNS),
is a rare vasculitis (less than 25 cases reported,

76 A. Moulignier Cerebrovascular Disease in HIV-Infected Patients

Fig. 1a, b. Cardioembolic acute basilar artery occlusion. a
Noncontrast CT scan shows a spontaneous hyperdensity
of the basilar artery. b MR angiogram shows the acute
basilar artery occlusion

a b

Fig. 2a, b. Varicella-zoster virus-related lacunar infarct in
the pons. a Fluid-attenuated inversion recovery MR image
obtained in the coronal plane shows a left infarct in the
pons. b Diffusion-weighted MR image shows a recent
ischemic stroke in the pons

a b

Table 1. Causes of ischemic stroke in HIV-infected patients

Cardioembolism
Infectious and noninfectious endocarditis
Cardiomyopathy
HIV myocarditis
Myxoid valvular degeneration
Arrhythmias
Mural thrombi
Intra-atrial septal defect
Patent foramen ovale

Hematological 
Protein S deficiency
Antiphospholipid antibodies
Disseminated intravascular coagulation
Neoplasm
Hyperviscosity syndrome

Vasculitis
Opportunistic infections

Aspergillosis
Candidiasis
Cytomegalovirus
Cryptococcosis

Herpes simplex virus
Mucormycosis
Syphilis

Toxoplasmosis
Trypanosomiasis
Tuberculosis
Varicella-zoster virus

Neoplasm
Non-Hodgkin’s lymphoma

HIV-related vasculitis
HIV itself
Immune reconstitution

Premature atherosclerosis with protease inhibitors
Dyslipidemia
Insulin resistance
Endothelial dysfunction
Hyperhomocysteinemia

Drugs (especially cocaine and heroin)

Cryptogenic



principally reviewed in [53]) usually associated
with high mortality [53], although a benign course
has been described [43]. Moreover, two patients in
the series of Evers et al. [12] had fluctuating
intracranial stenosis which resolved within
months, suggesting an inflammatory origin. It has
been reported once that HIV-1 vasculitis could
principally concern the cerebral posterior circula-
tion [54]. The pathogenesis of primary angiitis of
the CNS is speculative and mechanisms such as
infection of endothelial cells by HIV-1, increased
deposition of circulating immune complexes, and
impaired regulation of cytokines and adhesion
molecules have been proposed [55]. For others,
cerebral vasculitis in the absence of infections or
tumors is controversial [29]. Immune reconstitu-
tion promoted by HAART may exceptionally
induce cerebral vasculitis (Fig. 3) in HIV-infected
patients [56, 57].

Evidence supports the occurrence of a vascu-
lopathy involving the CNS small vessels in HIV-1-
infected patients free of risk factors for these vascu-
lar changes [25]. The autopsy series of the Edin-
burgh HIV Cohort revealed the presence of an
asymptomatic vasculopathy characterized by small-
vessel wall thickening, perivascular space dilatation,
rarefaction and pigment deposition with vessel wall
mineralization, and occasional perivascular inflam-
matory cell infiltrates without evidence of vasculitis
[8, 29]. These patients were young (range 22–47
years) and free of vascular risk factors, although
48% of them were intravenous drug users. Features

of this microvasculopathy are similar to those
observed in the brains of non-HIV aging patients
with high blood pressure or diabetes mellitus [29].
Cranial nerve mononeuritis (left trochlear nerve
palsy) and HIV-1 microangiopathy have been
described [57]. Calcification of the vessel wall and
calcium deposits occurred less often in adults than
in children [25].

The alteration of the cerebral microvasculariza-
tion in HIV-1-infected patients induces disturbed
vasoreactivity, as demonstrated by reduced baseline
cerebral flow and decreased cerebrovascular reserve
capacity in response to acetazolamide challenge
[59]. Abnormalities of cerebral perfusion have also
been documented in the early stages of the infection
and in asymptomatic HIV-1-infected patients [60].
Transcranial Doppler imaging has been used to
monitor the progression of a reversible form of
symptomatic cerebral vasospasm observed in two
HIV-1-infected patients with presumed underlying
HIV-related vasculopathy [43]. Vasoreactivity was
confined to small cerebral arterioles, the same ves-
sels showing pathologic changes in the autopsy
series of Connor et al. [29]. These disturbances may
represent a predisposing factor for the development
of cerebral microinfarcts.

Increasingly, severe treatment-associated meta-
bolic side effects have been observed with com-
bined antiretroviral therapy, among them dyslipi-
demia, insulin resistance, and overt diabetes melli-
tus, which are well-known risk factors for cardio-
vascular disease. The results of the DAD study sup-
port the hypothesis that early atherosclerosis is a
side effect of combined antiretroviral therapies
[14]. In a recent review [61], 88% of studies meas-
uring carotid intima thickness or atherosclerotic
lesions reported worsening of these conditions in
association with PIs. An increased prevalence of
premature carotid atherosclerosis is observed
using ultrasonography in HIV-1-infected patients
treated [62] or not treated [63] with PI-containing
regimens. In the latter study, the presence of ather-
osclerotic plaques was not associated with the use
of PIs, but rather with classic vascular risk factors,
especially smoking. Carotid intima-media thick-
ness appears a stronger predictor of incident
stroke than carotid plaque [64], and arterial inti-
ma-media thickness per se is an important deter-
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Fig. 3a, b. Immune reconstitution vasculitis confirmed by
brain biopsy. a Fluid-attenuated inversion recovery MR
image obtained in the coronal plane shows an infarct in
the left middle cerebral artery territory. b Gadolinium-
enhanced T1-weighted MR image obtained in the axial
plane shows punctiform bilateral enhancement

a b



minant of vascular disease in young HIV-negative
individuals. This risk must be evaluated in HIV-1-
positive patients, because the effectiveness of med-
ical therapy such as antiplatelet agents or antico-
agulants in the setting of HIV-associated vascu-
lopathy is unknown.

Hematological Disorders

Elevated levels of antiphospholipid IgG antibodies
occur frequently in patients with HIV-1 infection
and AIDS, but the clinical relevance of this
remains uncertain. Indeed, the role of these anti-
bodies in the pathogenesis of stroke in HIV-
1/AIDS patients is not understood [9], and their
importance as a cardiovascular risk factor is even
controversial in noninfected patients [65].

A frequent prothrombotic state in HIV-1-
infected patients is protein S deficiency [34, 37,
46], also involved in ischemic stroke in noninfect-
ed individuals. However, its role in predisposing
HIV-1-infected patients to cerebral infarction is
not well established [34, 66]. A single retrospective
case-control study showed a significant associa-
tion of protein S deficiency in HIV-1-positive
stroke patients compared with HIV-negative
stroke patients [34]. A high prevalence of IgG anti-
cardiolipin antibodies and protein S deficiency
was also reported in TND [37].

Disseminated intravascular coagulation [22, 23,
27] and hyperviscosity related to polyclonal hyper-
gammaglobulinemia [67] have also been docu-
mented in rare cases.

Drugs

Associations have been reported between over-
the-counter prescription and illicit drugs with
sympathomimetic properties and cerebral infarc-
tion [68, 69]. Except for a few instances of vasculi-
tis and pharmacologically induced focal vaso-
spasm, the etiology of drug-related cerebrovascu-
lar accidents is often unclear. Other mechanisms
are arrhythmias and foreign embolism from impu-
rities. However, these mechanisms are not specific
to HIV infection.
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Table 2. Causes of intracerebral hemorrhage

Thrombocythemia
Autoimmune
Drug-induced
Disseminated intravascular coagulation

Hemophilia
Aneurysmal dilatation
Mycotic aneurysm
Vasculitis

Opportunistic infections
Drug-induced
Neoplasms

Aspergillosis
Metastatic Kaposi’s sarcoma
Alcoholism

Unknown Mechanism

As in noninfected young individuals, the propor-
tion of ischemic stroke whose causes remain
unidentified despite complete investigations is
high and varies from 24% to 40% in HIV-1-infect-
ed patients [8, 21, 35, 70]. However, a thorough
exploration has not always been performed in
published series.

Intracerebral, Subarachnoid Hemorrhages and
Subdural Hematoma

Intracerebral hemorrhages are less frequent than is-
chemic strokes in the majority of published series
(32% vs. 68% in [9]), but an equivalent ratio has al-
so been reported [10]. Mainly localized in the susten-
torial regions, their localizations are various, some-
times multiple. They could be asymptomatic if of
small size [25], but mortality tends to be high. The
most frequent causes (Table 2) are opportunistic dis-
eases (notably toxoplasmosis, tuberculosis, cy-
tomegalovirus, HSV-1), mycotic aneurysms (Fig. 4),
lymphoma, thrombocythemia, and metastatic Ka-
posi’s sarcoma [8, 9, 17, 27, 41, 71]. Risk factors like
alcoholism, drug abuse (especially cocaine and crack,
amphetamine, phenylpropanolamine, phencyclidine),
high blood pressure, or hemophilia are sometimes
found [8, 26, 35, 41, 72]. Cocaine-associated intracra-
nial hemorrhages seem to be a consequence of the
pharmacodynamic effect of cocaine and not of a co-
caine-induced vasculopathy [73, 74]. Other occasion-



al causes include disseminated intravascular coagu-
lation, ruptured mycotic aneu-rysms, or disruption of
congenital aneurysm [7,8,22,23].Subarachnoid hem-
orrhage and subdural hematoma in clinical [41] and
autopsy series [9, 25] are more anecdotal.A subdural
hematoma was reported in an HIV-1-infected patient
with an HIV-associated encephalopathy and cerebral
atrophy [75].

Cerebral Venous Thrombosis

Except for the involvement of small veins in the
vasculitis process, cerebral venous thrombosis is
very rare in HIV-1 infection (Fig. 5). One case of
superior longitudinal sinus out of 118 patients is
reported in the series of Jordan et al. [76]. The fre-
quency is also probably underestimated because
clinical and radiological diagnosis is difficult and
cerebral sinuses were not always examined at
autopsy. Causes include primary HIV-1 infection
with concomitant cytomegalovirus infection [77],
primary cerebral lymphoma, toxoplasmosis [78],
cryptococcosis, protein S deficiency [79], dehy-
dration, or cachexy [80]. Extensive intracranial
sinus thrombosis was also the consequence of
hypercoagulable state complicating AIDS-associ-
ated nephrotic syndrome [81].

Miscellaneous

Apart from illicit drugs, common medications
have been involved in some cases of stroke in
young persons. Listing them is beyond the purpose
of this review. However, we want to emphasize the
risk of drug interaction with antiretroviral thera-
pies, even with a normal dosage. For instance,
cerebral ergotism due to vasospasm has been
described with a usual dose of ergotamine in asso-
ciation with ritonavir [82]. Such an association is
then contraindicated. Allergic reaction with shock
and low cerebral blood flow responsible for brain
infarction has also been reported with rifampicine
in an HIV-1-infected patient [83].

Common causes of stroke in non-HIV-infected
individuals should be investigated also in HIV-1-
infected patients, such as arterial dysplasia and
carotid or vertebral artery dissection (Fig. 6).
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Fig. 4. Contrast-enhanced CT scan shows a mycotic
aneurysm of the left middle cerebral artery

b

c

a

Fig. 5a–c. Cerebral venous thrombosis. a T1-weighted MR image
obtained in the sagittal plane shows superior longitudinal and
rectus sinus thrombosis. b Fluid-attenuated inversion recovery
MR image obtained in the coronal plane shows a right thalamus
venous infarct. c Diffusion-weighted MR image confirms a
recent right thalamus venous infarct



Ischemic Myelopathy

Ischemic myelopathy has been occasionally
reported in HIV-1 infection. Brown-Sequard syn-
drome secondary to intravascular coagulation and
ischemic lesions of the spinal cord [84] or varicel-
la zoster virus-related necrotizing vasculitis of the
CNS, predominating in the spinal cord [85, 86],
have been observed.

Stroke in HIV-1-Infected Children

The clinical incidence of stroke in HIV-1-infected
children has been estimated to be 1.3% in a longi-
tudinal study [87] and 2.6% in a retrospective
radiological study [88], higher than that in nonin-
fected children [88]. At autopsy, cerebrovascular
disease was documented in 25% of children, con-
firming that as in adults, most strokes in children
are asymptomatic [87]. Both ischemic stroke and
intracerebral hemorrhages have been described,
and the reported mechanisms are similar to those

reported in adults [8, 87, 88]. Strokes are principal-
ly associated with severe immunodepression and
with vertically acquired HIV-1 infection or expo-
sure to the virus in the neonatal period [87]. Cere-
brovascular accident may be the initial presenta-
tion of HIV-1 infection [89]. Aneurysmal dilata-
tion is more frequently observed in children than
in adults, and infection of the parenchymal and
leptomeningeal vessels by HIV-1 itself is one of the
proposed mechanisms [90]. The presence of the
gp41 transmembrane protein in the walls of
aneurysms of the circle of Willis found by some
investigators [87, 91], although not found by others
[92], supports this hypothesis. Independently of
exposure to antiretroviral therapy, the carotid
arterial wall was also stiffer in HIV-infected chil-
dren than in control subjects of the same age, but
without concomitant increase of the intima-media
thickness [93]. These results are of importance
because antiretroviral therapy could counterbal-
ance this possible HIV-induced vascular pathology
[94]. Hyperhomocysteinemia has been observed in
HIV-1-infected children on antiretroviral therapy,
particularly when PIs are used [95]. Whether these
children have an increased risk of premature
stroke still remains unknown.

Conclusion

Some evidence shows that HIV-1 itself changes the
predilection for stroke, whose causes are also relat-
ed to the immunosuppression, to the risk behav-
iors for HIV-1 infection, and to the metabolic
effects of combined therapies, especially those
with PIs. In Western countries, the survival of
patients infected with a neuro- and possibly vascu-
lotropic virus has increased considerably. More-
over, with the aging of this population, the fre-
quency of cerebrovascular diseases in the context
of immunodepression and chronic viral infection
may only increase in the near future. HIV-1-infect-
ed patients presenting with a suspicion of stroke
must undergo an exhaustive work-up, because
therapeutic decisions in that particular situation
should be rapidly individualized. If HIV-1 can
indeed participate in the pathogenetic role of cere-
brovascular diseases, the good blood–brain barri-
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Fig. 6. MR image shows the parietal hematoma characteris-
tic of a right carotid dissection



er penetration of new antiretroviral therapies
could be a suitable therapeutic approach for this
process.
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The various cardiovascular diseases observed in
HIV-infected patients and widely described in the
literature have been predominantly coronary and
peripheral arterial diseases (PAD) and remain
poorly known. Classically, PAD is expressed as two
forms: atherosclerosis, defined as an atheromatous
inflammatory disease, and vasculitic syndromes,
known as non-atheromatous inflammatory diseases.

The prevalence and severity of peripheral arte-
rial atherosclerosis in HIV-infected patients
remain, at the moment, poorly known mostly
because study protocols failed to require that it
and coronary arterial disease be dissociated. Sev-
eral cases of vasculitic syndromes have been
reported, such as pseudonecrotizing polyangiitis,
Kawasaki’s syndrome, Behçet’s disease, Henoch-
Schönlein purpura, and essential mixed cryoglob-
ulinemia in patients co-infected with HIV and
hepatitis C virus, but they remain extremely rare.

Peripheral Arterial Disease

In the retrospective and/or prospective longitudi-
nal studies that have been published to date, symp-
toms suggestive of PAD, their frequency and sever-
ity, and other pertinent characteristics were not
collected and reported in detail [1–5]. In the
Aquitaine France Cohort, among 2,744 HIV-infect-
ed patients followed up and on file in 2002, we ret-
rospectively identified 43 (non-coronary) periph-
eral arterial and/or venous PAD symptoms that
had occurred in 35 patients (0.01%) (P. Mercié,
unpublished data from the Cohort Aquitaine Data-
base). Although vasculitic syndromes are uncom-
mon even in the large cohorts, several case reports
and some small series have been published.

Infraclinical Atherosclerosis (Intima-Media Thickness)

Progressive atherosclerosis has been assessed
using carotid or femoral intima-media thickness
(IMT) measurements, and the prevalence of arteri-
al plaques and their percentage of lumen narrowing
due to stenosis have been used to estimate periph-
eral atherosclerosis dissemination and severity in
HIV-infected patients, as shown in Fig. 1.

Peripheral Arterial Disease in HIV-Infected Patients:
Atherosclerosis and Vasculitic Syndromes
P. Mercié, B. Le Bail, C. Cipriano

Fig. 1a–d. Progressive stages of atherosclerotic plaque
build-up in the carotid artery in HIV-infected patients. a
An increase of the arterial intima-media thickness (IMT)
is the first step of this evolution. It occurs before plaque
build-up in the arterial wall. b IMT can be measured ultra-
sonographically using specific analytical software with a
limit of detection below 1 mm. c Atherosclerotic plaque
progressively accumulates and projects into the arterial
lumen. d A more advanced stage of plaque build-up. The
speed of plaque accumulation is not predicable. Plaque
constitution can be homogeneous or heterogeneous, with
a smooth or irregular surface, and be hypoechogenic or
calcified. Its evolution depends on a variety of phenomena
(e.g. rupture, hemorrhage, and growth)
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The multicenter SUPRA study was conducted
among 423 of the 2,744 HIV-infected patients in
the Aquitaine Cohort [6]. Their median carotid
IMT was 0.54 mm (range, 0.50–0.60). Lipodystro-
phy syndrome was diagnosed in 161 (38.1%) of
these patients. According to univariate linear
regression analysis, increased IMT was significant-
ly associated (p<0.05) with older age, male gender,
higher body mass index, higher waist-to-hip ratio,
higher systolic blood pressure, total cholesterol,
glucose disorders, elevated homocysteine level,
smoking and alcohol consumption, lipodystrophy,
and highly active antiretroviral therapy (HAART).
After adjustment for other cardiovascular risk fac-
tors, lipodystrophy and HAART disappeared from
the multivariate analysis model.

Depairon et al. [7] reported a higher percentage
of HIV-infected patients with at least one plaque
compared with HIV-negative individuals (55 vs.
38%, respectively; p=0.02). Among HIV-seroposi-
tive subjects, protease inhibitor (PI) therapy was
not associated with the presence of plaques.

Maggi et al. [8] ultrasonographically detected
acquired vessel wall lesions in 29 of 55 PI-treated
patients (52.7%) as opposed to 7 out of 47 (14.9%)
PI-naive patients. Among the 104 healthy individ-
uals, 7 (6.7%) had a wider carotid IMT. In that
study, median IMT in HIV-infected patients was
1.2 mm and the median percentage of stenotic
narrowing of the vascular lumen was estimated to
be 41.9%.

Recently, Maggi et al. reported a color Doppler
ultrasonographic study of carotid vessels in 293
HIV-infected patients. More than 52% of the
patients treated with PIs presented acquired
lesions of the vascular wall at ultrasonography,
whereas similar lesions were found in 15.2% of PI-
naive patients and 14.3% of patients treated with
non-nucleoside reverse transcriptase inhibitors or
naive to antiretroviral therapy. This study con-
firms the hypothesis of a higher prevalence of pre-
mature carotid lesions in the PI-treated patients
[9], even if the definition of plaque used in this
study is debatable.

In a longitudinal study of 148 HIV-infected
adults and 63 age- and sex-matched HIV-uninfect-
ed control subjects, conducted over a 12-month

period, Hsue et al. reported at baseline a carotid
IMT measurement of 0.91±0.33 mm and
0.74±0.13 mm (p=10-4), respectively. The rate of
progression among 121 HIV patients with a
repeated IMT measurement at 1 year was signifi-
cantly increased to 0.074±0.13 mm, compared
with -0.006±0.05 mm in 25 control subjects
(p=0.002). Age, Latino race, and a very low CD4+

count (≤200; p=0.082) were multivariable predic-
tors of IMT progression in this cohort of HIV-
infected American patients [10].

In contrast to these results, we found a lower
prevalence of carotid atherosclerotic plaques and
less stenotic narrowing, based on 152 HIV-infected
Aquitaine Cohort patients followed up in a single
center. In this Cohort, median right and left
carotid IMT were 0.53 mm [interquartile range
(IR), 0.39–0.85] and 0.54 mm (IR, 0.39–0.86),
respectively; plaque prevalence was 17.1% [95%
confidence interval (CI), 11.1–23.1] and the medi-
an percentage of stenotic narrowing was 24.2%
[11]. Further studies are needed before any defini-
tive conclusions can be drawn concerning these
parameters.

Vasculitic Syndromes

Publications on vasculitic syndromes are even
scarcer. The incidence of vasculitides (excluding
adverse drug reactions) in HIV-infected patients
has been estimated to be 1% or lower. Barbaro [12]
distinguished three basic categories of vasculitides
observed in HIV-infected patients.

Category 1

Vasculitides, rarely reported in HIV-infected
patients, include temporal arteritis, Takayasu’s
arteritis [13], Behçet’s syndrome [14–16], Churg-
Strauss syndrome [17], Wegener’s granulomatosis,
essential mixed cryoglobulinemia (hepatitis C
virus-related) vasculitides, and Henoch-Schönlein
purpura [18, 19]. To date, the role of HIV in the
development of these diseases has not yet been
proven.
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Category 2

This category comprises vasculitides including
adverse drug reactions and diseases caused
by/associated with infectious agents. Hypersensitiv-
ity reactions to drugs are common in HIV patients
because of the number and types of medications
they take. Directly or indirectly, microbial
pathogens [cytomegalovirus, Toxoplasma gondii
(central nervous system vasculitis), Pneumocystis
jiroveci (ex carinii) pneumonia (pulmonary vasculi-
tis) and hepatitis B virus] have been considered the
causal agents of vasculitides, whose development
may be directly influenced by preexisting HIV dis-
ease. Hepatitis B virus is a well-known cause of pol-
yarteritis nodosa (PAN) in the HIV-negative popu-
lation. Approximately 5% of PAN in HIV individu-
als can be attributed to hepatitis B [20].

Category 3

Vasculitides with no known etiologies that appear
to have a relationship with HIV disease comprise
category 3. In most cases, the association is infer-
ential, based on unusual presentations that do not
fit previously defined clinical diseases or dispro-
portionate numbers of rare illnesses among HIV-
infected patients. In the absence of epidemiologi-
cal studies specifically designed to collect data in
this setting, it is impossible to definitively know
whether these diseases are directly linked to HIV.
Microscopic polyangiitis-like and PAN-like illness-
es in the absence of hepatitis B virus infection have
been reported in HIV patients; however, the real
numbers remain unknown [22–24]. HIV patients
can develop gangrene in the fingers and/or toes
[22–24]. Kawasaki-like syndrome appears to be
associated with HIV infection, based on 11 adult
cases reported in the literature [25–32].

Case Reports

Case 1

A 49-year-old homosexual man known to be HIV-
infected since 1986 (CDC-C) suddenly developed
intermittent claudication within a walking dis-

tance of 100 m. His medical history associated
nephrocalcinosis under indinavir and ophthalmic
shingles. His weight was 58 kg and height 1.60 m.
Blood pressure was 130/80 mmHg. He was an
active smoker (45 pack–years). Results of labora-
tory analyses were: hypertriglyceridemia (4.23
mmol/l), normal total cholesterol (TC; 5.40
mmol/l) and low HDL cholesterol (0.78 mmol/l)
giving an increased TC/HDL ratio (6.92). Anti-
retroviral treatment associated stavudine, lamivu-
dine, and indinavir. HIV viral load was unde-
tectable (<50 copies/ml) and the CD4+ lymphocyte
count was 1,086/mm3.

Arteriography showed advanced atherosclero-
sis with severe aortoiliac occlusive disease
(Leriche’s syndrome; Fig. 2a), and the subsequent
development of a collateral network arising from
the inferior mesenteric artery responsible for poor
irrigation of the lower limb arteries (Fig. 2b, c). He
received an aortobifemoral graft.
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Fig. 2a-c. Arteriography of the abdominal aorta and
thighs of patient 1. a The aortoiliac artery is totally
occluded (Leriche’s syndrome; arrow) blocking the sup-
ply of the iliac arteries, but the inferior mesenteric
artery (arrowhead) remains well perfused. b Aortoiliac
arteriography performed at a later date. The iliac arter-
ies are still not visualized. Note the development of a
secondary vascular network arising from the inferior
mesenteric artery (arrows). c Final arteriography of the
aortoiliac junction and the thighs. The collateral net-
work arising from the inferior mesenteric artery now
assures the reperfusion of the arterial network of the
thighs, bypassing the atherosclerotic lesions



Case 2

A 50-year-old HIV-infected homosexual man
(CDC-C) had non-Hodgkin’s lymphoma, treated
with chemotherapy, and Mycobacterium avium
intracellulare septicemia. His CD4 lymphocyte
count was 143/mm3 (8.1%) and HIV viral load was
123,658 copies/ml. Erectile dysfunction became
manifest several months earlier. He also had inter-
mittent claudication within a walking distance of
250 m. Arteriography of the lower limbs showed a
bilateral severe atheromatosis of the lower limb
arteries associated with right external iliac stenot-
ic narrowing evaluated at 50%, and detected
thrombosis of the left external iliac at its origin
with the collateral arteries arising from the inter-
nal iliac artery assuring reperfusion (Fig. 3a, b).

Case 3

In 2000, a 37-year-old HIV-infected woman,
seropositive since 1988 (CDC-C), was undergoing
HAART. She was treated with zidovudine, lamivu-
dine, and invirase for the last year. Her CD4 lym-
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Fig. 3. a Aortoiliac arteriography of case 2. Severe atherosclerosis of the arterial axes. Note the left external iliac artery
thrombosis (arrow) and the severe stenotic narrowing of the left internal iliac artery (arrowhead) evaluated at 50%. b
Arteriography of the thighs. The occluded left deep (white arrow) and superficial femoral (black arrow) arteries are mod-
erately reperfused by the left internal iliac artery (arrowhead). Contralateral arterial network is normal, showing no signs
of atherosclerosis

phocyte count was 497/mm3 and HIV viral load
was undetectable (<50 copies/ml). She was a
smoker (35 pack–years) and had an episode of tri-
cuspid endocarditis in 1989. The month before
being hospitalized, she developed numerous clini-
cal symptoms, e.g., pyrexia, asthenia, arthralgia,
myalgia, and ulceration of the left-foot toes that
resolved under corticosteroids. She was admitted
with acute ischemia of the left upper limb, with
blue fingers, and coldness extending into the fore-
arm that had first manifested as intense pain in the
hand followed by a drop in its temperature. Chest
radiography showed cardiomegaly (Fig. 4a). Arte-
riography showed a thrombus in the humeral
artery (Fig. 4b). Antiplatelet aggregating agents
were administered and in a single night she under-
went five successive thombectomies, one each time
after a new arterial thrombotic event occurred.
Heparin-induced thrombocytopenia was suspect-
ed; sodium danaparoid was started then switched
to antivitamin K anticoagulants. Fifteen days later,
she developed a new thrombosis in her left upper
arm. Doppler ultrasonography of the limb detect-
ed an occlusion of the left radial artery and a reg-
ular stenosis (Fig. 4c) in the left cubital artery,



suggestive of inflammatory stenosis. The patient
was given a daily intravenous infusion of corticos-
teroids (500 mg/day for 3 days). In January 2001,
her left forearm was amputated below the elbow
and corticosteroids were continued. Histopatho-
logic examination of the amputated limb revealed
many signs of atypical vasculitis evocative of
necrotizing arteritis of unknown etiology associ-
ated with a leukocytoclastic vasculitis and multi-
ple arterial thromboses (Fig. 5a–e). Two weeks
later, Doppler ultrasonography showed severe
stenosis of the left axillary artery consistent with a
thrombotic arterial inflammatory disease. One
month later the patient died, probably consecu-
tively to an advanced dilated cardiomyopathy.

Conclusion

PAD in HIV-infected patients is not well under-
stood. So far, peripheral atherosclerosis has not

been well dissociated from coronary artery disease
in these patients. Vasculitides remain very rare in
HIV individuals and their prevalence may be
underestimated. More detailed studies are needed
to improve our understanding of this particular
pathology in HIV-1 infected patients.
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Fig. 4. a Chest X-ray of patient 3. Cardiomegaly in a young HIV-infected woman with peripheral vasculitis of the arms. b
Arteriography of the left arm. Note the thrombosis in the left humeral artery (arrow) and the development of a collateral
network of arteries to supply the arm (arrowhead). c A typical long inflammatory stenosis in the right subclavian artery
(arrow). This image was obtained in a non-HIV-infected patient with giant-cell arteritis and is similar to that of the steno-
sis that developed in our case 3
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Fig. 5a–e. Serial sections of radial, cubital, and palmar arteries showing alternating alternance of normal and
necrotic–inflammatory aspects of the wall [hematein-eosin-saffron (HES) stain]. In some segments, the entire thickness of
the arterial wall contained diffuse acidophilic necrosis, and fibrinous thrombi were visible in the lumen (a; original magni-
fication ×100); in others, numerous neutrophils had infiltrated the media (b; ×200) or populated the entire wall thickness 
(c; ×50). In adjacent veins (d; ×200) and capillaries (e; ×200), leukocytoclasia and fibrinoid necrosis were sometimes
observed. Specific stains were negative for bacteria and fungi. No viral inclusions were detected and in situ hybridization for
varicella zoster virus and cytomegalovirus were negative. Muscles were necrotic. The vascular lesions were difficult to clas-
sify, because of the diversity of types and calibers of affected vessels, the types and locations of the cellular infiltrates, and it
was unknown whether the vascular necrotic–inflammatory changes were primary or secondary
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About 14 years ago, Kim and Factor reported the
first case of HIV-associated pulmonary hyperten-
sion [1]. Since then more than 131 cases have been
described in the literature [2]. For this reason,
HIV-associated pulmonary hypertension has been
included as a definite cause of precapillary pul-
monary hypertension according to the executive
summary of the World Health Organization
(WHO) [3]. The incidence of HIV-associated pul-
monary hypertension is 1 in 200, much higher
than 1 in 200,000 found in the general population
[3]. No differences have been found in the clinical,
histologic, and hemodynamic features between
patients with HIV-associated pulmonary hyper-
tension and HIV-uninfected patients affected by
primary pulmonary hypertension.

Pathogenesis of HIV-Associated Pulmonary
Hypertension

The histopathology of HIV-associated pulmonary
hypertension is similar to that of primary pul-
monary hypertension. The most common alteration
in HIV-associated pulmonary hypertension is plex-
ogenic pulmonary arteriopathy (Fig. 1), while
thrombotic pulmonary arteriopathy and pul-
monary veno-occlusive disease are more rare histo-
logic findings. This observation may suggest that
similar etiopathogenetic mechanisms are at the
basis of both HIV-associated pulmonary hyperten-
sion and primary pulmonary hypertension.

The finding of an increased incidence of pul-
monary hypertension  in HIV-infected patients
was at first related to viral infection. Although a
direct role of HIV-1 in HIV-associated pulmonary
hypertension has not been demonstrated [4, 5],
several indirect mechanisms may link HIV infec-
tion to the pulmonary vascular changes.

The principal pathogenetic hypotheses formu-
lated for development of HIV-associated pul-
monary hypertension with related clinical evi-
dence are reported in Table 1.

Clinical Manifestations and Diagnosis of 
HIV-Associated Pulmonary Hypertension

In the largest clinical series of HIV-associated pul-
monary hypertension, 47%–54% of all the patients
were male, and the age at the time of diagnosis
ranged from 2 to 56 years (mean 33 years). Intra-
venous drug use was the most common risk factor
and ranged from 50%  to 58%, while homosexual
behavior was present in 20% of the patients, hemo-
philia in 9%, heterosexual contacts in 9%, and
other risk factors in 6% of the patients [2, 12, 13],
reflecting the epidemiology of HIV infection in the
general population. The mean CD4+ count was 
300 mm3 (range 0–937/mm3). Currently, no corre-
lation has been found between the CD4+ count and
the presence of opportunistic infections and the
development of pulmonary hypertension.

HIV-Associated Pulmonary Hypertension
G. Barbaro

Fig. 1. Plexogenic pulmonary arteriopathy (arrows) in a
patient with HIV-associated pulmonary hypertension
(autopsy specimen). H&E, x20
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Table 1. Pathogenetic hypotheses of HIV-associated pulmonary hypertension

Pathogenetic hypothesis Clinical evidence

Cytokines hypothesis (Fig. 2) Several studies have found an increased production of cytokines [e.g.,
endothelin-1 (ET-1), interleukin-6 (IL-6), interleukin-1-beta (IL-1β), platelet-
derived growth factor (PDGF), and tumor necrosis-factor-alpha (TNF-α)] in
patients affected by primary pulmonary hypertension, evoking a potential role
of these substances in the pathogenesis of the disease [7–10].

α1-Adrenergic hypothesis (Fig. 3) In HIV-infected patients different factors can induce a chronic stimulation of
α1-adrenoreceptors of the pulmonary vasculature, including: chronic hypoxia,
high circulating levels of norepinephrine, appetite suppressant agents, or
cocaine use. The chronic stimulation of pulmonary vascular α1- adrenorecep-
tors can induce the local production of a large amount of cytokines and in par-
ticular of ET-1, IL-1β, IL-6, and PDGF, which in turn stimulate the growth of
new pulmonary capillaries, induce vasoconstriction of resistance-sized pul-
monary arteries, and have an anti-apoptosis effect [11].

Toxic substances Patients with a history of chronic intravenous drug use may develop pul-
monary hypertension. Pulmonary artery thrombosis is the main pathological
finding in such conditions, and is believed to be due to foreign particle pul-
monary emboli, following injections of solutions derived from heroin or from
crushed oral medications in which talc was a frequent component [12, 13].
The use of appetite suppressant agents and/or cocaine has been associated
with pulmonary hypertension, even in HIV-infected patients, possibly as a
consequence of an increased α1-adrenoreceptor stimulation [13, 14].

Liver disease and HIV-associated Porto-pulmonary hypertension is now a well-described disease characterized
pulmonary hypertension by a clinical and hemodynamic picture substantially identical to primary pul-

monary hypertension. In liver cirrhosis, an increased production and a
decreased metabolism of some cytokines (e.g., ET-1) have been reported.
Kuddus et al. demonstrated that an enhanced synthesis and a reduced metab-
olism of ET-1 in hepatocytes can be an important mechanism of elevated
endogenous and circulating ET-1 in patients affected by liver cirrhosis [15, 16].
Pellicelli et al. reported higher values of systolic pulmonary arterial pressure in
HIV-infected patients with HCV/HBV-associated liver cirrhosis compared to 
other HIV-infected patients without cirrhosis [13].

Genetic factors (HLA antigens) In a study conducted by Morse and co-workers, it was found that in ten racial-
ly mixed HIV-infected patients with HIV-associated pulmonary hypertension,
there was a significant increase in the frequency of human leukocyte antigen
(HLA) class II DR52 and DR6, and of the linked alleles HLA-DRB1-1301/2,
-DRB3-0301, -DQB1 0603/4, compared to the frequencies of the same alleles in 
normal Caucasian control subjects [17]. HLA-DR6 and its DRB1-1301/2 
subtypes were also significantly increased in HIV-associated pulmonary
hypertension patients compared to the respective frequencies of racially 
diverse HIV-positive control subjects. Furthermore, HLA-DR6 and the DRB1-
1301 subtype have also been reported to increase in HIV-positive patients who
develop diffuse infiltrative lymphocytosis syndrome [18, 19]. It is possible that
both entities represent different spectra of a common HLA-DR-determined
host response to HIV-1.
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Fig. 2. The possible pathogenetic mechanisms in-
volved in the development of HIV-associated pul-
monary hypertension.HIV-infected macrophages,
platelets,and lymphocytes may release multifunc-
tional cytokines [endothelin-1 (ET-1), platelet-de-
rived growth factor (PGDF), interleukin-6 (IL-6), in-
terleukin-1 beta (IL-1β), tumor necrosis factor al-
fa (TNF-α)], which may affect the endothelial cells
of the pulmonary vessels, inducing their prolifer-
ation and vasoconstriction by a reduction of nitric
oxide (NO) production. Moreover, ET-1 produced
by endothelial cells may affect the smooth muscle
cells of the pulmonary vessels inducing their mi-
gration and proliferation. (From [25])

Fig. 3. Chronic stimulation of α1-adrenoreceptors of the pulmonary vasculature can induce the local production of a large
amount of cytokines and particularly of ET-1, IL-1β, IL-6, and PDGF, which in turn stimulate the growth of new pul-
monary capillaries, induce vasoconstriction of resistance-sized pulmonary arteries, and have an anti-apoptosis effect.
(From [26])
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The most common presenting symptom was
dyspnea (from 49% to 85%), while pedal edema
ranged from 11% to 30% of the patients, nonpro-
ductive cough from 7% to 19%, syncope from 8%
to 12%, and chest pain was present in 7% of the
patients. Raynaud’s syndrome, which is more fre-
quently found in patients affected by pulmonary
hypertension associated to connective tissue dis-
ease, was present in only one patient (1%) [2, 13].

Signs of pulmonary hypertension on physical
examination are subtle and often overlooked. An
accentuated pulmonary component of the second
heart sound, audible at the apex, may be noted in
more than 90% of patients, reflecting an increased
force of pulmonary valve closure due to elevated
pulmonary artery pressure [6]. Other signs of
increased pulmonary artery pressure may include
the following [6]:
a) An early systolic ejection click due to sudden

interruption of pulmonary valve opening

b) A midsystolic ejection murmur caused by tur-
bulent transvalvular pulmonary flow

c) A palpable left parasternal lift produced by the
impulse of the hypertrophied high-pressure
right ventricle

d) A right ventricular S4 gallop
e) A prominent jugular “a” wave suggesting high

right ventricular filling pressure
Physical signs of more advanced disease

include the diastolic murmur of pulmonary regur-
gitation and the holosystolic murmur of tricuspid
valve regurgitation, which is audible at the lower
left sternal border and augmented with inspira-
tion. A right ventricular S3 gallop, marked disten-
sion of the jugular veins, pulsatile hepatomegaly,
peripheral edema, and ascites are indicative of
right ventricular failure [6].

The principal diagnostic tests used for diagnosis
of HIV-associated pulmonary hypertension with
related clinical verification are reported in Table 2.

cont. ➝

Table 2. Principal diagnostic tests for diagnosis of HIV-associated pulmonary hypertension 

Diagnostic test Clinical verification

Laboratory tests A comprehensive laboratory evaluation which includes complete blood count,
prothrombin time, partial thromboplastin time, hepatic profile, autoimmune 
panel, HIV viral load, HCV antibodies, and HBsAg may be helpful in exclud-
ing pulmonary hypertension secondary to systemic diseases. Serum D-dimer,
produced during fibrinolysis, if higher than 500 ng/ml may be suggestive of
pulmonary thromboembolism.

Electrocardiogram (ECG) (Fig. 4) The ECG most often (15%–50%) shows right-axis deviation (S1Q3T3 aspect
or McGinn-White sign) along with R>7 mm in V1-V2. Other findings on the 
ECG include tall, prominent P waves in leads II, III, aVF (secondary to right
atrial enlargement), complete or incomplete right bundle branch block, or 
sinus tachycardia.

Chest radiogram (Fig. 5) The chest radiograph frequently has a prominent main pulmonary artery
(71%–90%) along with enlarged hilar vessels (80%),“pruning,” or a decrease in
peripheral vessels (51%) and cardiomegaly (72%).

Transthoracic echocardiography (TTE) The most frequent findings on TTE are: systolic flattening of the interventric-
(Figs. 6–9) ular septum, right atrial and right ventricular enlargement, and tricuspid 

regurgitation. Additionally, TTE can estimate pulmonary arterial systolic 
pressure by measuring the Doppler flow through the tricuspid valve according
to the modified Bernulli formula: P=4V2 (where P is pressure gradient and 
V is peak retrograde velocity). The right atrial pressure is nominally estimated
at 10 mmHg. The grade of pulmonary hypertension is categorized as grade I
(36–45 mmHg), grade II (46–55 mmHg), and grade III (> 56 mmHg). Finally,
the TTE can evaluate secondary causes of pulmonary hypertension, such as
congenital heart disease or valvular disease.



Treatment of HIV Pulmonary Hypertension

The treatment of HIV-associated pulmonary hyper-
tension is complex and controversial. To date, no
controlled clinical trial has evaluated the agent of
choice for the treatment of this disease. The princi-
pal drugs currently used in the treatment of HIV-
associated pulmonary hypertension with related
clinical evidence are reported in Table 3.

Conclusions

Pulmonary hypertension associated with HIV infec-
tion is a cardiovascular complication that has been
recognized with increasing frequency in the last few
years. The etiology of HIV-associated pulmonary
hypertension is unknown. At present, a multifacto-
rial pathogenesis of HIV-associated pulmonary hy-

pertension has been hypothesized. In this clinical
condition, the endothelial dysfunction, the deregu-
lation of circulating cytokines, and genetic factors
seem to be implicated in the pathogenesis of this dis-
ease. In particular, as in primary pulmonary hyper-
tension, an increase in the plasma concentrations of
endothelin-1 (ET-1), interleukin-6 (IL-6), and tu-
mor necrosis factor (TNF)-alpha has been found in
patients with HIV-associated pulmonary hyperten-
sion. The role of antiretroviral therapy is still being
debated.Vasodilator agents such as prostaglandin I2
analog (beraprost) or calcium channel blockers seem
to be interesting therapeutic alternatives in the treat-
ment of HIV-associated pulmonary hypertension
compared to continuous intravenous infusion of
epoprostenol. The use of cGMP-specific phosphodi-
esterase inhibitors and oral bosentan is promising,
but long-term controlled clinical trials are needed
in this specific subset of patients.
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Table 2 cont.

Diagnostic test Clinical verification

Pulmonary function tests (PFTs) The most frequent abnormality seen on PFTs in patients with pulmonary
and arterial blood gases (ABG) hypertension is a decrease in the diffusing capacity for carbon monoxide

(DLco) (mean, 69% of predicted). A mild restrictive pattern (mild decrease in
total lung capacity) may also be seen. ABG are frequently obtained along with 
the PFTs and most commonly demonstrate hypoxemia and a respiratory 
alkalosis (hypocapnea).

Ventilation-perfusion (V/Q) scan An abnormal V/Q scan should not necessarily be interpreted as evidence of
thromboembolic disease; patients with non-thromboembolic pulmonary
hypertension often have abnormal V/Q scans, most commonly displaying a
diffuse patchy pattern. In HIV-associated pulmonary hypertension the most
common findings observed in V/Q scans is a patchy distribution of the tracer
or normal lung scan.

Spiral computerized tomography (CT) It is a fast, safe, minimally invasive procedure which shows the thrombus in
segmental and subsegmental arteries and gives further information suggesting 
or confirming alternative clinical diagnoses frequently observed in HIV-
infected patients (pneumonia, pulmonary fibrosis, cardiovascular diseases,
pulmonary neoplasms, pleural diseases).

Pulmonary angiography and right heart Pulmonary angiography is restricted to cases with unclear or negative spiral
cardiac catheterization (Fig. 10) CT scans but with a strong clinical suspicion of pulmonary hypertension.

Right heart cardiac catheterization is the standard for diagnosis and measure-
ment of hemodynamic values.
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Table 3. Treatment of HIV-associated pulmonary hypertension

Therapy Clinical evidence

Highly active antiretroviral Opravil et al. [20] reported that there was  a reduction of right systolic
therapy (HAART) ventricular pressure–right atrial pressure gradient in six patients who received 

antiretroviral treatment compared to seven patients not receiving antiretroviral
therapy. All six patients were treated with a single antiretroviral therapy [20].
According to Pellicelli et al., pulmonary hypertension developed in three 
patients despite HAART and a low HIV viral load [10]. Zuber et al. retrospec-
tively analyzed 47 patients with HIV-associated pulmonary hypertension in 
the Swiss HIV Cohort Study [21]. According to the data reported by these 
authors, HAART significantly decreased mortality caused by HIV-associated 
pulmonary hypertension as well as other causes, suggesting a beneficial effect
of HAART in this condition [21].

Epoprostenol In a study by Petiprez et al., a short-term treatment with i.v. administered 
epoprostenol was evaluated in 19 HIV-infected patients with pulmonary
hypertension compared to 86 control patients.The proportion of responders to
epoprostenol was equal in both groups, and the level of acute pulmonary 
vasodilatation (percent fall in total pulmonary resistance) achieved with
epoprostenol in HIV-infected and non-HIV-infected patients was similar [22].
Aguilar et al. treated six patients with HIV-associated pulmonary hypertension
with continuous i.v. infusion of epoprostenol. At 1 year, the mean pulmonary
artery pressure and the pulmonary vascular resistance decreased by 21% and 
54% with respect to baseline values. They concluded that epoprostenol 
infusion is effective in improving hemodynamic and functional status acutely
as well as in the long term in patients with HIV-associated hypertension [23].
Currently, it is not clear whether early administration of epoprostenol could
substantially improve the prognosis of HIV-infected patients with pulmonary 
hypertension. Epoprostenol therapy is generally limited to seriously ill 
patients because of its cost and the need for continuous i.v. infusion with 
associated risk of infection.

Beraprost Beraprost can improve the adherence to a long-lasting antiretroviral therapy.
Beraprost can be absorbed easily and can be administered in a t.i.d. or q.i.d.
fashion. In different studies in non-HIV-associated pulmonary hypertension,
the oral administration of beraprost seemed to have beneficial effects on the 
survival and on the hemodynamic parameters of the patients [13]. Indeed,
controlled clinical studies are needed to establish the efficacy of this treatment
in HIV-associated pulmonary hypertension.

Bosentan Bosentan is an endothelin-1 antagonist and may be an effective approach to
therapy for pulmonary arterial hypertension [24]. Bosentan increased exercise
capacity and improved hemodynamics in patients with primary pulmonary 
hypertension [24]. However, the therapeutic efficacy of bosentan in patients
with HIV-associated pulmonary hypertension needs to be tested in controlled
prospective studies.

Calcium channel blockers Treatment with calcium channel blockers seems to be another alternative in
the therapy of HIV-associated pulmonary hypertension. However, reports
regarding a small sample of patients with HIV-associated pulmonary hyper-
tension treated with this kind of therapy have shown contrasting response 
rates [13]. Moreover, calcium channel blockers should be used with caution in
patients receiving HAART, since they interact with protease inhibitors.

Sildenafil Oral sildenafil seems to be beneficial as a selective pulmonary vasodilator in
patients with primary pulmonary hypertension. Sildenafil may preferentially
inhibit cGMP-specific phosphodiesterase, which is abundant in lung tissue 
[13, 22]. Therefore, the possibility of treatment needs to be evaluated prospec-
tively in patients with HIV-associated pulmonary hypertension.
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Fig. 4. ECG recording in a patient with HIV-associated pul-
monary hypertension. A right-axis deviation (S1Q3T3
aspect or McGinn-White sign) along with tall, prominent
P waves in leads II, III, aVF (secondary to right atrial
enlargement) and complete right bundle branch block is
evident

Fig. 6a-d. Transthoracic ecochardiographic findings in
HIV-associated pulmonary hypertension. It is possible
to observe a systolic flattening of the interventricular
septum and right atrial and right ventricular enlarge-
ment. (From [27])

Fig. 5. Chest radiogram in a patient with HIV-associated
pulmonary hypertension. A prominent main pulmonary
artery along with enlarged hilar vessels (arrow) accompa-
nied by a decrease in peripheral vessels and cardiomegaly
is evident. (From [27])

Fig. 7. Transthoracic ecochardiographic findings in 
HIV-associated pulmonary hypertension. A systolic flat-
tening of the interventricular septum and right atrial and
right ventricular enlargement can be observed
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Fig. 8. Transthoracic ecochardiographic findings in HIV-
associated pulmonary hypertension. A significant tricus-
pid regurgitation is observed

Fig. 9a-d. Transthoracic ecochardiographic findings in HIV-associated pulmonary hypertension. The pulmonary arterial
systolic pressure can be estimated by measuring the Doppler flow through the tricuspid valve according to Bernulli’s mod-
ified formula: P=4V2 (where P is pressure gradient and V is peak retrograde velocity). The right atrial pressure (PRA) is
nominally estimated at 10 mmHg

Fig. 10. Pulmonary angiography in a patient with HIV-
associated pulmonary hypertension. It is possible to
observe a “pruning” aspect with enlargement of the left
pulmonary artery and decrease in peripheral vessels
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Coagulative disorders in human immunodeficien-
cy virus (HIV)-infected patients can lead to two
opposite conditions:
1. Thrombotic conditions
2. Hemorrhagic conditions

Coagulative Disorders in HIV-Infected Patients
Leading to Thrombotic Conditions

Coagulative Disorders in HIV Patients Undergoing
HAART and Arterial Risk of Thrombosis

Emphasis has been placed on the deleterious asso-
ciations/consequences of coagulative disorders
and the two main high cardiovascular risk condi-
tions of HIV patients undergoing highly active
antiretroviral therapy (HAART): the metabolic
and lipodystrophic syndromes. These conditions
are associated with an overwhelming risk of car-
diovascular events among the numerous metabol-
ic and hemostatic pathways that are modified in
these conditions: the coagulative systems and
mostly the fibrinolytic systems are affected. The
best documented coagulative abnormalities asso-
ciated with these conditions are an increase of
plasminogen activator inhibitor-1 (PAI-1) and a
decrease of fibrinolytic potential.

Coagulative Disorders in HIV Patients Undergoing HAART
Linked to the Increased Risk of Cardiovascular Disorders

Hypofibrinolysis is associated with insulin resist-
ance in HIV-infected patients receiving HAART,
especially in those with metabolic syndrome.

The levels of PAI-1 and fibrinogen are signifi-
cantly increased in patients receiving protease
inhibitors (PIs) compared with control subjects,

independently of HAART-associated metabolic
syndrome. PAI-1 [and tissue plasminogen activa-
tor (tPA)] levels have been shown to be independ-
ently correlated to the use of PIs, to triglyceride
and insulin levels, to body mass index, and to gen-
der in several studies (Fig. 1) [1]. Metformin
treatment induces an improvement in PAI-1 levels.
Changes in insulin AUC correlate significantly
with changes in tPA antigen concentration. By
reducing PAI-1 and tPA antigen concentrations,
metformin may ultimately reduce the cardiovascu-
lar risk in patients with fat redistribution and
insulin resistance [2].

Plasma PAI-1 concentrations are increased in
direct proportion to liver fat content in HIV
patients with lipodystrophy receiving HAART.

Coagulative Disorders in HIV-Infected Patients
L. Drouet 

Fig. 1. Levels of plasminogen activator inhibitor type 1
(PAI-1) and fibrinogen in HIV-1-infected patients receiv-
ing protease inhibitor-containing higly active antiretrovi-
ral therapy (HAART) and treatment-naive HIV-1-infected
patients with and without metabolic syndrome (MSDR) at
the time of the cross-sectional study. NS, not significant.
(From [1] with permission)



Rosiglitazone decreases liver fat content, serum
insulin, and plasma PAI-1 without changing the
size of other fat depots or PAI-1 mRNA in subcuta-
neous fat. These observations suggest that liver fat
contributes to plasma PAI-1 concentrations in
these patients (Fig. 2) [3].
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Fig. 2. PAI-1 mRNA expression in subcutaneous (s.c.) adi-
pose tissue (top) and the change by rosiglitazone versus
placebo treatment in PAI-1 mRNA (middle) and plasma
PAI-1 antigen concentration (bottom). LD+ indicates HIV+

patients with HAART-associated lipodystrophy; LD–,
HIV+ patients using HAART but without LD; HIV–, HIV-
normal subjects; β2 MG, β2-microglobulin. *p<0.05,
***p<0.005. (From [3] with permission)

HAART Reduces Markers of Endothelial and Coagulation
Activation in HIV-1-Infected Patients

Endothelial-derived proteins [soluble vascular
cell adhesion molecule-1 (sVCAM-1), soluble
intercellular adhesion molecule-1 (sICAM-1), and
von Willebrand’s factor (VWF)] are markers of
endothelial lesion and/or activation. These mark-
ers are increased in HIV-infected patients and
they are usually considered as markers and/or
agents of the accelerated atherosclerosis which
characterizes HIV-infected patients independent-
ly of HAART and HAART-associated metabolic
syndrome. The increased plasma level of VWF [4]
could be related to the inflammatory status, to
antiretroviral treatment, but also to the direct
lesion of endothelium by HIV-1, and levels of
sVCAM-1 and VWF factor are significantly corre-
lated with HIV-1 viral load.

Great attention has been focused on VWF. In
longitudinal testing, a persistent rise in VWF was
associated with progression of HIV disease. The
persistent elevation of functionally normal VWF
during HIV infection, possibly reflecting a persist-
ent endothelial cell activation, may have an impor-
tant role in the pathogenesis of HIV infection. This
elevated VWF is functionally normal as evaluated
by plasma factor VIII (FVIII), ristocetin cofactor
assay, and VWF multimer analyses. While HIV-
infected patients showed enhanced platelet activa-
tion, platelets did not contribute substantially to
the increased plasma VWF levels [5].

VWF plasma levels are correlated with HIV-1
viral load. Plasma levels of sVCAM-1, sICAM-1,
and VWF decrease significantly after 5–13
months of HAART (Fig. 3). The pronounced
decline in HIV RNA levels is associated with a
corresponding decrease in VWF levels. D-dimer
concentrations also decrease significantly after
initiation of treatment. PI- and non-nucleoside
reverse transcriptase inhibitor (NNRTI)-contain-
ing regimens have similar effects. However, con-
trary to markers of endothelial lesion/activation,
HAART does not reduce the levels of the soluble
markers of platelet activation (sP-selectin and
CD40 ligand) (Table 1) [6]. The inhibition of
markers of endothelial activation may be of ben-
efit by counterbalancing the consequences of
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Fig. 3. Plasma levels of soluble vascular cell adhesion molecule (sVCAM)-1, soluble intercellular adhesion molecule
(sICAM)-1, von Willebrand’s factor, and D-dimers in HIV-infected patients who received treatment with protease
inhibitors (PIs; n=21) or a non-nucleoside reverse transcriptase inhibitor (NNRTI; n=20), before and after initiation of
treatment, compared to levels in healthy, HIV-negative control subjects (n=21). (From [6] with permission)

Table 1. Levels of endothelial, coagulation, and platelet activation markers in HIV-infected patients receiving protease
inhibitors (PIs) or non-nucleoside reverse transcriptase inhibitors (NNRTIs) compared with levels in HIV-negative con-
trol subjects (from [6] with permission)

Patients receiving PIs (n=21) Patients receiving NNRTIs (n=20)

Before initiation After initiation Before initiation After initiation Control 
Activation marker of treatment of treatment of treatment of treatment subjects (n=21)

Endothelial, mean (±SD)
sVCAM-1, ng/ml 595 (266)a 381 (98)a,b 790 (442)a 515 (324)a,b 223 (42)
sICAM-1, ng/ml 313 (125)a 267 (86)a,b 444 (218)a 401 (249)a,b 168 (30)
von Willebrand factor, % 120 (45) 99 (39)b 149 (35)a 129 (33)a,b 98 (28)
Thrombomodulin, ng/ml 78 (16)a 77 (14) 46 (16)a 47 (17)a 67 (11)

Coagulation, mean (±SD)
D-dimers, ng/ml 311 (248) 224 (320)b 141 (118) 74 (57)b 153 (68)
Thrombinantithrombin 4.9 (7.7) 3.5 (2.6) 5.5 (5.7) 13 (18.3)a 3.2 (0.6)
III complex, g/l

Platelet, mean (±SD)
sP-selectin, ng/ml 79 (84)a 67 (16) 49 (32) 58 (44) 34 (9)
Soluble CD40 ligand, ng/ml 2.3 (2.3)a 1.9 (0.7)a 2.3 (3.0) 3.1 (3.4)a 0.7 (0.3)

sICAM, soluble intercellular adhesion molecule; sP, soluble platelet; sVCAM, soluble vascular cell adhesion molecule.
a Statistically significantly higher than that of the control group (calculated using 1-way analysis of variance, Scheffé
test, and Bonferroni correction; p<0.05).
b Statistically significantly lower than values before initiation of treatment (calculated using paired Wilcoxon rank sum
test; p< 0.01)

sVCAM

von Willebrand factor D-dimers

ng
/m

l
P

er
ce

nt
ag

e

NNRTI                     PI

NNRTI                     PI NNRTI                      PI

NNRTI                       PI

Before
After
Control

1800

1500

1200

900

600

300

0

300

250

200

150

100

50

0

ng
/m

l

800

600

400

200

0

ng
/m

l

800

600

400

200

0

sICAM-1



HAART-associated metabolic syndrome and
potentially preventing the development of ather-
osclerosis in HIV-infected patients.

HAART May Induce Thrombocytosis

Thrombocytosis has been reported in 9% of
patients receiving HAART, with vascular compli-
cations being reported in up to 25% of the cases
[7]. This side effect could contribute to the
increased risk of arterial thrombosis among these
patients.

Coagulative Disorders in HIV-Infected Patients Under-
going HAART Leading to the Risk of Venous Thrombosis

In recent years, several case reports [8] and a first
epidemiological study [9] have focused attention
on HIV-infected patients developing venous
thromboembolic events under HAART [10, 11].

Thromboembolic Events and HIV Infection

Deep venous thrombosis of the lower arms [12,
13], pulmonary embolism [12], as well as throm-
bosis involving jugular and subclavian veins [14,
15], upper arm veins (apparently independent of
intravenous drug abuse) [16], and cerebral [17],
portal [18, 19], and retinal veins [20–23] have been
described in HIV-infected patients, especially in
those receiving HAART.

The risk factors of venous thromboembolic
events identified in the general population
(venous stasis, vascular lesions, hypercoagulabili-
ty, and deficiency in the fibrinolytic system) are
often found in HIV-infected patients, but addition-
al factors may be present such as:
1. Acquired deficiency in coagulation inhibitors

(protein S [23, 24], heparin cofactor II [25]).
2. Endothelial lesions.
3. Infection by HIV-1 itself [26;27] or opportunis-

tic infections (e.g., cytomegalovirus [28],
chlamydia [29]).

4. Treatments (endothelial toxicity due to PIs and more
specifically to indinavir [18] and ritonavir [30]).

5. Inflammatory and/or dysmetabolic states asso-
ciated with HIV infection and HAART induc-
ing hypofibrinolysis [increase in fibrinolysis
inhibitors (mainly PAI-1) and a hypercoagula-
bility state with increased coagulation factors
(fibrinogen, VWF]. This results in an increase
in global markers (D-dimers), due to inflam-
matory cytokines which induce a prothrombo-
tic endothelial phenotype (decreased expres-
sion by endothelial cells of membrane throm-
bomoduline, of protein C receptor, hyper-
expression by endothelial cells of tissue factor,
increased synthesis of PAI-1 and of VWF) and
the acquisition by leukocytes of a prothrom-
botic phenotype (mainly shedding of mem-
brane microvesicles expressing tissue factor,
complexes between leukocytes and platelets),
and indirectly platelet activation.

6. Autoimmune state with a high frequency of
auto-antibodies which act on coagulation such
as those with specificity against phospholipids,
cardiolipids, and prothrombinase (also called
lupus anticoagulant) [31–34].

7. Potentially prothrombotic therapeutic mole-
cules (as reported for indinavir [18], ritonavir
[30], or megestrol acetate [18, 35, 36]), or inva-
sive procedures (such as permanent indwelling
catheters and implantable chambers).

8. HIV-associated malignancies (e.g., Kaposi’s
sarcoma [37]).

9. Vascular lesions related to intravenous drug
administration [16].

Few studies have tried to quantify the inci-
dence of venous thromboembolic events (VTEE)
in large cohorts of HIV patients. The Adult/Ado-
lescent Spectrum of HIV Disease Project [9]
reported the incidence of clinical VTEE and the
associated risk factors in a population of HIV
patients. This large epidemiological study had the
advantage of being based on high numbers of
patients (42,935 patients) with a long follow-up
(2.4 years) and of being representative of a large
spectrum of patients aged 13 years and over from
more than 100 specialized medical centers in the
United States. The calculated incidence of VTEE
was 2.6/1,000 patient–years compared to 1/1,000 in
the general population [38]. However, in this study,
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the incidence of VTEE was not the main endpoint,
thus the real incidence may be underestimated.

The risk factors associated to VTEE were [9]:
- Age: above 45 years, the adjusted odds ratio

(AOR) was 1.9 (CI 95%: 1.4–2.7).
- Cytomegalovirus infection or retinitis: AOR 1.9

(CI 95%: 1.2–2.9).
- Other opportunistic infection: AOR 1.5 (CI 95%:

1.1–2.2).
- Hospitalization: AOR 3.3 (CI 95%: 2.5–4.4).
- Use of megestrol acetate: AOR 2.0 (CI 95%:

1.3–3.9).
- Use of indinavir: AOR 2.4 (CI 95%: 1.4–4.3).

The occlusion of the retinal veins is mostly
related to ocular infection such as that by herpes
virus [39], but can be of other origin [22], especial-
ly when they are bilateral [40] (it could be related
to the endothelial affinity of HIV). Cerebral
venous thrombosis can be associated to a deficien-
cy of inhibitors such as protein S [41] or to local
infections (meningitis or cerebral localization of
cytomegalovirus [42], coccidioidomycosis [43]) or
malignancy (e.g., non-Hodgkin’s immunoblastic
lymphoma) [44].

The increased plasma level of VWF and fib-
rinogen is more frequently associated with arteri-
al thrombosis than venous thrombosis.

In HIV-infected patients, a high incidence of
antiphospholipid antibodies has been reported. In
a French study involving 342 HIV-infected
patients, 64% had positive anticardiolipin anti-
bodies, 50% had positive antiphosphatidyl choline
antibodies, and 39% had antibodies with double
specificity [45]. However, the specificity of the
antiphospholipid antibodies usually associated
with lupus and lupus-like syndromes was excep-
tional (anti-β2GP-1, lupus anticoagulant with
antiprothrombinase specificity). Alteration of the
immune system associated with HIV infection is
different from that of lupus, probably explaining
the differences in the specificity of antiphospho-
lipid antibodies in the two diseases, but without
explaining the pathogeny of their occurrence. One
of theses differences is that although antiphospho-
lipid antibodies are commonly detected in patients
with HIV disease, the clinical manifestations of

antiphospholipid syndrome are uncommon and
are still reported as case reports [46]. In HIV-
infected patients, the main features of the
antiphospholipid antibodies are not thrombotic
but avascular (bone and cutaneous necrosis) [47].

Protein S has been studied in HIV-infected
children (characterized by a minimal association
of confounding risk factors), showing that the defi-
ciency was mostly due to a deficit in free protein S
antigen with a global functional deficiency in pro-
tein S [48]. This deficiency was correlated with the
clinical evolution of the disease. The incidence was
33% in asymptomatic HIV-infected children and
75% in symptomatic HIV-infected children. The
occurrence of protein S deficiency appears linked
to the duration of the disease but not to the degree
of immunodeficiency, since it is not correlated to
the CD4+ lymphocytes count. Cell membrane
phospholipids are usually not accessible, but if
they are exposed in large amounts they could form
a complex with and absorb protein S (in a process
similar to that observed during the hemolytic cri-
sis of sickle cell anemia). Similar exposure of cell
membrane phospholipids (e.g., from endothelial
origin during HIV contamination) could induce
occurrence of antiphospholipid antibodies.

Most of these factors are correlated with each
other [34] and with the markers of activation of
the coagulation/fibrinolysis reaction (such as the
D-dimers), with the status of immunodeficiency,
with opportunistic infections, with cancer compli-
cations, and with the inflammatory status.

Three different types of mechanisms of VTEE
linked to treatments can be differentiated:
- Those due to the central catheters required in

patients with severe undernourishment [49]. It
seems that among HIV-infected patients
requiring total intravenous nutrition, a low-
dose oral anticoagulant regimen does not have
the efficacy encountered in other types of
patients treated with a central catheter [50].

- Those related to the administration of mege-
strol acetate [35].

- Those related to PIs [18, 51]. This observation
is in apparent opposition with two other types
of observations on PI-related effects in HIV-
infected patients:

Coagulative Disorders in HIV-Infected Patients 107



- Effective antiretroviral treatment in HIV-
infected patients decreases markers of
endothelial activation/lesion [5] and markers
of coagulation activation [6].

- Antiretroviral treatment exerts a prohemor-
rhagic effect in hemophilic patients infected
by HIV-1 [52].

Treatment-Related VTEE in HIV-infected Patients
PIs are large lipophilic molecules metabolized by
P450 cytochromes. The same P450 cytochrome
system also metabolizes oral anticoagulants (war-
farin) [53]. HIV-infected patients often have com-
plex clinical signs such as thrombocytopenia or
other clinical manifestations or treatment which
often represent a contraindication to warfarin
treatment so that other types of therapy may be
required, such as the use of low-molecular-weight
heparin for long periods.

Coagulative Disorders in HIV-Infected Patients Leading
to Microvascular Risk of Thrombosis

Microthrombotic Disease in HIV Patients

Thrombotic thrombocytopenic purpura (TTP) is a
microthrombotic disease of rare occurrence. The
most clinically sensitive microcirculations to TTP
are those of the brain, kidney, and liver, explaining
the most frequent clinical manifestations of the
disease. One of the main pathogenic mechanism of
TTP is a deficiency (hereditary or acquired) of an
endogenous metalloprotease (ADAMS 13) which
physiogically degrades the highest-molecular-
weight forms of VWF into lower-molecular-weight
fragments. The increased concentration of higher-
molecular-weight forms of VWF triggers in vivo
platelet aggregation and formation of platelet
microthrombi, which plug the microcirculations of
the most sensitive organs. The treatment is based
on plasma exchange and infusion of fresh frozen
plasma to remove the highest-molecular-weight
forms of VWF, to remove the inhibitors of ADAMS
13, and to resplenish ADAMS 13. From an epidemi-
ologic point of view, TTP in HIV infection is asso-
ciated with opportunistic infections (cryp-

tosporidiosis, cytomegalovirus infection) [54],
with HIV-associated malignancies, or with HIV-
associated wasting syndrome. The incidence of
TTP is significantly reduced after the introduction
of HAART (Fig. 4) [55, 56].

Coagulative Disorders in HIV-Infected Patients
Leading to Hemorrhagic Condition

Thrombocytopenia

The most frequent hemorrhagic condition associ-
ated with HIV infection is thrombocytopenia [57].
Although often asymptomatic, thrombocytopenia
may be linked to a variety of bleeding abnormali-
ties. The underlying pathophysiology includes
accelerated peripheral platelet destruction and
decreased (“ineffective”) production of platelets
from the infected megakaryocytes. In drug users,
the disease appears to be of more rapid progres-
sion and more frequently complicated. HIV-asso-
ciated thrombocytopenia responds to antiretrovi-
ral therapy, but this is less effective in drug users
[58]. Some studies have evaluated the use of
zidovudine (AZT) and have shown increased
platelet production. HAART induces a sustained
platelet response in HIV-associated thrombocy-
topenia, even in antiretroviral-experienced sub-
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Fig. 4a, b. Photomicrographs of bone marrow core biopsy.
A. Paratrabecular aggregates of erythroid precursor cells
as seen in myelodysplasia. H&E, ×400. B Hypercellularity
with erythroid and megakaryocytes hyperplasia. PAS,
×400. (From [56] with permission)



jects and in those with AZT-resistant thrombocy-
topenia (Table 2) [59]. If antiretroviral agents fail
to improve the platelet count or if antiretroviral
agents cannot be used, other treatments, similar
to those used in “classic” immune thrombocy-
topenia (ITP), can be employed, including
steroids and intravenous immunoglobulins
(intravenous anti-D). Splenectomy has been used
to treat HIV-infected patients with refractory
thrombocytopenia. Although it is an effective
treatment, there are concerns about infections
and selection of appropriate candidates. Other
treatment modalities, such as interferon, vin-
cristine, danazol, low-dose splenic irradiation,
and staphylococcal protein A immunoadsorption
have shown limited success in HIV-associated
thrombocytopenia. Alternatively, thrombocy-
topenia in HIV-infected patients may be treated
with pharmacological hyperstimulation of
megakaryocytopoiesis (administration of PEG-
rHuMGDF or TPO). The latest evidence indicates
that the chemokine receptor CXCR4 (co-receptor
for the cellular entry of lymphotropic HIV
strains) is expressed on megakaryocytes; as a
result, the development of chemokine receptor
antagonists may modify the course of the disease.

Increased Hemorrhagic Tendency and Hemophiliac 
HIV Patients

One concerning side effect of HAART is the
increased hemorrhagic tendency of hemophiliac
patients contaminated and treated for HIV. Short-
ly after the introduction of PIs for the treatment of
HIV infection, an association between these drugs
and an increased bleeding tendency in patients
with hereditary bleeding disorders was observed.
The patients experience not only an increased
bleeding frequency in usual sites, but bleeding can
also occur in unusual sites such as the finger
joints. Mucus membrane bleeding and hematuria
are also common. Ritonavir appears to be associat-
ed with the highest risk of bleeding followed by
indinavir. PI-associated bleeds tend to be more
resistant to factor VIII concentrate treatment, and
periods of prophylaxis may be required in individ-
uals with frequent persistent bleeding. Patients
continuing PI therapy tend to develop a tolerance
to this adverse effect over time. The mechanism of
the bleeding tendency has not been elucidated.
There is no consistent evidence of a disturbance of
coagulation, fibrinolysis, or platelet function,
which raises the possibility that PIs may exert a
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Table 2. Platelet and CD4+ response to antiretroviral therapy in 34 HIV-infected patients with severe thrombocytopenia
(from [59] with permission from the British Infection Society)

Variable No. of
patients

Baseline* Treatment* Overall† 0–3rd
month¥

3rd–6th
month¥

χ23rd
month

6th
month

p p p

 HAART treatment 15
PLT count (PLT x 109/1) 32 87 108 10.53 0.01 0.01 NS

(6–49) (34–259) (20–195)
 CD4+ (cells/µl) 58 127 142 8.1 0.02 0.05 NS

(1–392) (10–503) (4–387)
 AZT treatment 19

PLT count (PLT x 109/1) 29 49 79 20.63 0.001 0.01 NS

(6–47) (12–429) (9–253)
 CD4+ (cells/µl) 96 144 99 6.63 0.03 0.01 NS

(9–177) (16–528) (15–378)

* Values of each variable are median (range); † Friedmann test;  ¥ Wilcoxon-Wilcox test



direct local effect on blood vessels. It is very
important that this class-specific side effect is rec-
ognized and understood by both the physicians
and the patients [52].
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Longitudinal cardiovascular follow-up of HIV-
infected children has shown that all components of
the cardiovascular system might be affected dur-
ing the course of the disease. The most frequent
feature observed in the pediatric population is left
ventricular dysfunction [1–12]. In developed
countries, antiviral therapy has dramatically
improved morbidity and mortality in HIV-infect-
ed children. Consequently, the spectrum of HIV-
related concerns has shifted from reduction of
mortality towards longer-term complications of
HIV infection and adverse effects associated with
the use of antiretroviral therapy. With regards to
the cardiovascular system, efforts have been made
to describe the long-term outcome in children. In
this chapter, we review the different cardiac dis-
eases that occur in HIV-infected children. HIV-
related cardiac complications are very similar to
the spectrum of disease described in adults, with a
few exceptions. There have been descriptions of
fetal and neonatal complications due to the com-
mon vertical transmission of the virus in most
cases and the possible adverse intrauterine effects
of maternal HIV infection with or without fetal
HIV infection [12, 13]. The pathogenesis of some
cardiac manifestations remains uncertain.
Although in some cases the myocardial [14], endo-
cardial [15], or pericardial disease [16, 17] may be
attributed to an opportunistic infection, it is likely
that HIV-related cardiac disease has a multifactor-
ial origin due to HIV, secondary infections, other
concurrent disease states, side effects of therapy,
nutritional deficiencies, or yet-unknown mecha-
nisms. However, it is recommended that children
with active HIV infection should be monitored for
cardiac disease because symptoms of cardiac fail-
ure are delayed and interventions might be
required to reduce cardiac morbidity and mortali-
ty. Finally, the long-term “vascular” outcome might

be impaired either by the HIV infection or by the
metabolic effects of the antiretroviral therapy or
their synergistic effect on endothelium. Early ath-
erosclerosis may be a new emerging disease in
HIV-infected children, and this raises concern on
the prevention of vascular damage.

Myocardial Involvement

Dilated cardiomyopathy is the most common car-
diac complication of HIV infection in children and
is an adverse prognostic indicator in patients with
HIV infection. The Prospective Pediatric Pul-
monary and Cardiac Complications Study of HIV
(P2C2) showed a 5-year cumulative incidence of
dilated cardiomyopathy as high as 28% in vertical-
ly HIV-infected children [12]. Further, the mortal-
ity rate in children who exhibited congestive heart
failure was 52.5% (95% CI, 30.5–74.5) in this study.
In addition, the authors suggest that the incidence
of left ventricular dysfunction in HIV-infected
children is underestimated in this population
because of the low sensitivity of the commonly
used noninvasive echocardiographic techniques to
examine left ventricular performance [18].

The reported incidence of cardiac involvement
in HIV-infected children varies from 0.9% of con-
gestive heart failure in a study using hospital diag-
nosis codes [19] to 14% in later studies using the
shortening fraction of the left ventricle as an indi-
cator of systolic function [20]. Lipshultz et al.
reported that cardiac abnormalities were seen in
up to 93% of patients who had undergone more
extensive cardiac testing at a referral center [16].
Two patterns of left ventricular function abnor-
malities were described when using load-inde-
pendent indexes of contractility: (a) hyperdynam-
ic left ventricular performance with enhanced
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contractility and reduced afterload, and (b) dimin-
ished contractility associated with symptomatic
cardiomyopathy. Serial evaluations revealed that
89% of the patients had progressive left ventricu-
lar dysfunction.

The most important study designed to assess
the incidence of cardiac dysfunction in HIV-
infected children is the P2C2 HIV study [10, 12,
21–23]. This study began in 1990 and data collec-
tion continued through January 1997. Left ventric-
ular function was evaluated every 4–6 months for
up to 5 years in a birth cohort of 805 infants born
to women infected with HIV-1. In total, 205 verti-
cally HIV-infected children (group I) and 600 sub-
jects enrolled during fetal life (group II, neonatal
inception cohort; n=432) or before 28 days of age
(n=168) were included in the study. Their final
HIV status was unknown at the time of enrollment
in the study. Of these, 93 were finally HIV-infected
and 463 HIV-uninfected. In addition, a cross-sec-
tionally measured comparison group of 195
healthy children born to mothers who were not
infected with HIV was also recruited as external
controls. Main outcome measures were the cumu-
lative incidence of an initial episode of left ventric-
ular dysfunction, cardiac enlargement, and conges-
tive heart failure. Because cardiac abnormalities
tended to cluster in the same patients, the number
of children who had cardiac impairment defined as
having left ventricular fractional shortening (LV
FS) �25% after 6 months of age, congestive heart
failure, or treatment with cardiac medications was
also determined. In group I, the cumulative inci-
dence of left ventricular dysfunction after 5 years
in the study was 28%. In group II, the 5-year cumu-
lative incidence of left ventricular dysfunction was
9.3% in the HIV-infected neonatal group compared
with 2.9% in the uninfected children (p=0.02).
During the follow-up period, 21 children in group
I had congestive heart failure (cumulative inci-
dence rate 14%). The use of cardiac medication
after a diagnosis of cardiomyopathy was 25%. In
the group II-infected children, four cases of con-
gestive heart failure occurred and the 5-year
cumulative incidence rate was 5.1%, with four
additional patients receiving medications for a car-
diomyopathy. This study and the previous reports
show that cardiac dysfunction occurs frequently in

HIV-infected children with a wide range of abnor-
malities. The relative risk of death in infected chil-
dren is 8.5–14.6 times higher than in children
without these complications. This risk is even
higher in rapid progressors defined as infants hav-
ing an AIDS-defining condition, severe immun-
odepression (CDC immunologic category 3), or
both [12]. This worrisome study has led to contro-
versies regarding the fact that cardiomyopathy is a
major cause of or contributor to mortality in HIV-
infected children, since several groups in Europe
did not have this experience. However, it suggests
strongly that a routine echocardiographic follow-
up should be proposed in this population.

When analyzing more precisely the echocar-
diographic parameters of left ventricular function
and mass, additional prognostic factors appear
[24]. Indeed, an abnormal thickness-to-dimension
ratio from progressive left ventricular dilatation
and inadequate hypertrophy and an increased ven-
tricular mass are related with patient morbidity
and mortality. Diastolic function estimated by iso-
volumic relaxation time was also found to be
impaired in HIV-infected children and to decline
further with time. These markers may be a harbin-
ger of congestive heart failure.

The pathogenesis of left ventricular dysfunc-
tion in HIV-infected children remains unclear and
its specific origin might be difficult to address as
the prevalence of this complication is thought to
be rare today. HIV cardiomyopathy is probably not
due to any one single mechanism. In the majority
of cases of AIDS-related cardiomyopathy in both
pediatric and adult age groups, no precise etiology
is found. A few autopsy studies described the
pathologic findings of cardiomyopathy in pedi-
atric patients with HIV. In one of the earlier series
of five fatal pediatric cases, the heart showed
biventricular dilatation with an increased diame-
ter of myocardial fibers, nuclear enlargement,
myocyte vacuolation, interstitial edema with or
without foci of myxoid change, small foci of
myocardial fibrosis, and endocardial thickening
[25]. Mononuclear inflammatory infiltrates with
small foci of myocyte necrosis were not found in
any patient in this study or in later ones. The patho-
logic findings of lymphocytic myocarditis, which is
common in adults with AIDS, are similar to those
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found in pediatric age groups [26]. Electron
microscopy, done in very few cases, showed mito-
chondrial and sarcoplasmic reticulum changes.
The specificity of these anomalies and the fact that
these structures may be related to the development
of cardiomyopathy in AIDS patients have not been
demonstrated [27].

In a minority of cases of lymphocytic
myocarditis in adults, an associated pathogen is
found. In one pediatric case, cytomegalovirus
inclusions were noted in the endocardium and
endothelial cells without myocardial involvement
[25]. The other microorganisms reported to
involve the heart in cases of AIDS (cryptococcus,
Candida, Toxoplasma gondii, Sarcocystis, bacterial
infection during tuberculosis, coxsackie virus, and
Aspergillus) are only rarely reported or have not
been described yet.

HIV has been detected within myocardial cells
by different methods, suggesting that the virus
itself may be a cause of cardiomyopathy and lym-
phocytic myocarditis in some patients. The role of
dendritic cells in the pathogenesis has been sug-
gested because PCR detected HIV more frequently
in these cells [28]. The mechanism leading to car-
diac dysfunction remains unclear. It may involve
cytokines, a susceptibility to myocarditis in HIV-
infected patients, and/or auto-immunity [29].

The toxicity of antiretroviral therapy may also
contribute to the pathogenesis of cardiomyopathy.
The introduction of highly active antiretroviral
therapy regimens has significantly modified the
course of HIV disease particularly in children,
with longer survival rates and improvement of life
quality in HIV-infected subjects. However, adverse
cardiovascular effects of different drugs have been
proposed. In a retrospective study of 137 HIV-
infected children, Domanski et al. found that a car-
diomyopathy was 8.4 times more likely to occur in
children who had been previously given zidovu-
dine than in those who had never taken this drug
[30]. Although the cause of this difference is uncer-
tain, it may be due to an inhibition of cardiac mito-
chondrial DNA replication by zidovudine. In our
experience, we had only one case with proven
mitochondrial respiratory chain deficiency on
endomyocardial biopsy in a child receiving
zidovudine. In a more recent study [31], 382

infants without HIV infection born to HIV-infect-
ed women (36 with zidovudine exposure) and 58
HIV-infected infants (12 with zidovudine expo-
sure) underwent serial echocardiography from
birth to 5 years of age. Zidovudine exposure was
not associated with significant abnormalities in
mean left ventricular fractional shortening, end-
diastolic dimension, contractility, or mass in both
the non-HIV-infected and the HIV-infected
infants. The authors concluded that zidovudine
was not associated with acute or chronic abnor-
malities in left ventricular structure or function in
infants exposed to the drug in the perinatal peri-
od. While controversial, these results suggest that
careful follow-up is necessary in an HIV-infected
child with cardiomyopathy receiving zidovudine.
Finally, nutritional deficiencies such as selenium
deficiency and prolonged immunosuppression
have also been proposed to be causal or deleteri-
ous additional factors [32].

The treatment of congestive heart failure in
children with HIV should begin with routine anti-
congestive measures. Although not formally stud-
ied in HIV-infected children, angiotensin convert-
ing inhibitors can be used judiciously. Recent non-
randomized studies using chronic beta-blockers in
children yielded encouraging preliminary results
[33]. Lipshultz et al. reported normalization of the
left ventricular dilatation and diminished wall
thickness of HIV-infected children with monthly
intravenous immunoglobulin infusion, possibly
because of an improvement in immunologically
mediated left ventricular dysfunction [34]. The
question of whether asymptomatic HIV-infected
children with left ventricular dilatation should be
treated with angiotensin-converting inhibitors is
unresolved.

Pericardial Involvement

Pericardial effusion has been reported in pediatric
patients infected with HIV and even in fetuses. The
prevalence of this cardiac complication may
increase as the incidence of HIV infection rises in
the pediatric age group. In children, pericardial
effusion has been reported in up to 26% of cases
[16]. These pericardial effusions are usually small
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and asymptomatic. Kovacs et al. reported three
cases of sudden death of infants with HIV who had
symptomatic pericardial effusions, two with tam-
ponade and one with large pericardial effusion
and cardiac compromise [35]. In most cases of
pericardial effusion, no established cause is found.
In the published studies, there was no evidence of
cardiac infection by pathogens other than HIV.
Noninfectious causes such as lymphoma, Kaposi’s
sarcoma, or myocardial infarction have not been
reported in children.

Endocardial Involvement

Infective endocarditis, either acute or subacute,
has been rarely reported in pediatric AIDS
patients [1]. Nonbacterial thrombotic endocardi-
tis, usually an incidental finding in adults, has not
yet been described in children.

Vascular Involvement

Although rare, coronary artery abnormalities have
been described in the earliest case reports of car-
diac complications in children [35–38]. Joshi et al.
found macroscopic lesions in small and medium-
sized arteries in six children with AIDS. The
pathologic findings in the coronary artery wall
were characterized by intimal fibrosis, fragmenta-
tion of the elastic lamellae, and calcification of the
media. In one out of six cases, this arterial remod-
eling involved the coronary arteries and had led to
a fatal myocardial infarction by aneurysms and
thrombosis of the right coronary artery. The
pathophysiology of these arterial anomalies is
unknown. It may be related to the viral infection,
given the absence of other cardiovascular risk fac-
tors. Whether HIV itself is the causal agent or
other viruses such as herpes or cytomegalovirus
has to be elucidated. The adverse effects of anti-
retroviral drugs, including dyslipidemia, lipodys-
trophy, and insulin resistance, are problems in the
long-term management of HIV infection. This is
of particular importance in children because HIV
infection has become a chronic disease in this
population. HIV-infected children may live two

decades longer than HIV-infected adults. As in the
adult population, metabolic toxicity of antiretrovi-
ral therapy has been observed in children [39–41],
but the long-term cardiovascular consequences in
children are unknown. Atherogenic lipoprotein
changes in adults treated with protease inhibitors
(PIs) have been found and are associated with
endothelial dysfunction and increased intima-
media thickness [42–44]. However, the relative
contributions of antiretroviral therapy, chronic
inflammation due to the viral infection, classic
cardiovascular risk factors, and their interactions
are very difficult to identify. Bozzette et al. showed
that the benefit in terms of mortality associated
with the extensive use of therapies for HIV was
not diminished by any increase in the rate of car-
diovascular or cerebrovascular events or related
mortality [45]. The pediatric population offers a
unique opportunity to study vascular function
during HIV infection in the absence of classic car-
diovascular risk factors. Symptomatic atheroscle-
rosis is evidently absent at this age, but endothelial
function and arterial stiffness can be investigated
by noninvasive echotracking techniques. We have
recently shown that HIV-infected children have a
vascular dysfunction that may be an early step in
the development of atherosclerosis. We did not
find any difference between children receiving
antiretroviral therapy and patients who had never
been treated [46]. Differences with the control
subjects indicate that the HIV infection itself may
have a deleterious effect on vascular function. This
is consistent with autopsy studies during the pre-
antiretroviral era, reporting eccentric atheroscle-
rosis lesions in the absence of traditional risk fac-
tors [36]. The HIV envelope protein, gp120, acti-
vates human arterial smooth muscle cells to
express tissue factor, the initiator of the coagula-
tion cascade [47]. In addition, inflammatory
cytokines and viral proteins synergistically pro-
mote endothelial activation, apoptosis, or cell pro-
liferation [48]. Consequently, the arterial remodel-
ing observed in patients who had never been
treated could be a result of direct viral infection,
or of the activation of bystander cells (smooth
muscle cells and endothelial cells), by HIV viral
proteins. Hsue et al. recently proposed that in
adults, immunodeficiency and traditional coro-
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nary risk factors might contribute to atherosclero-
sis rather than the deleterious effects of PI treat-
ment [49]. In children, it is possible that antiretro-
viral therapy counterbalances, at least transiently,
HIV-induced injury to the developing vascular
bed by reversing or stabilizing the HIV-induced
vascular dysfunction.

Mild and nonprogressive aortic root dilation
was also seen in children with vertically transmit-
ted HIV infection from 2 to 9 years of age. Aortic
root size was not significantly associated with
markers for stress-modulated growth; however, aor-
tic root dilation was associated with left ventricular
dilation, increased viral load, and lower CD4 cell
count in HIV-infected children. The aortic root
dilation could also be a consequence of increased
arterial stiffness affecting the aorta. As prolonged
survival of HIV-infected patients becomes more
prevalent, some patients may require long-term fol-
low-up of aortic root size [50].

Conduction System Involvement

Various atrial and ventricular arrhythmias as well
as atrioventricular blocks have been described in
patients with HIV. Bharati et al. studied histologi-
cally the conduction system in six children who
died of AIDS [51]. Vasculitis, myocarditis, and
fragmentation with lobulation and fibrosis of the
conduction system were found. In a prospective
series of 31 pediatric patients with AIDS, Lipshultz
et al. found frequent conduction defects and dysar-
rhythmias [16]. Brady et al. reported the case of an
infant with AIDS who died suddenly of probable
cardiac arrhythmia due to involvement of the con-
duction system by myocarditis [14].

Fetal Heart Involvement

A recent study by Hornberger sought to determine
whether vertically transmitted HIV infection and
maternal infection with HIV are associated with
altered cardiovascular structure and function in
utero. Fetal echocardiography was performed in
173 fetuses of 169 HIV-infected mothers (mean
gestational age, 33.0 weeks; SD=3.7 weeks) at five

centers. Fetuses determined after birth to be HIV-
infected had similar echocardiographic findings as
fetuses determined to be HIV-uninfected later,
except for slightly smaller left ventricular diastolic
dimensions (p=0.01). Differences in cardiovascu-
lar dimensions and Doppler velocities were identi-
fied between fetuses of HIV-infected women and
previously published normal fetal data. The reason
for the differences may be a result of maternal HIV
infection, maternal risk factors, or selection bias in
the external control data [52]. The P2C2 study
describing the cardiovascular status of infants and
children of HIV-infected women shows that chil-
dren infected with HIV-1 had significantly more car-
diac abnormalities than external control subjects
[13]. Study analysis showed that HIV-1-infected
children had a statistically significant higher heart
rate at all ages. In addition, all children born to
HIV-1-infected women had a low left ventricular
fractional shortening at birth, which improved in
the uninfected children by 8 months of age but
not quite up to the normal level as seen in children
in the external control group. The left ventricular
fractional shortening remained persistently lower
in the HIV-infected children for up to 20 months.
Similarly, left ventricular mass was the same at
birth for both HIV-infected and uninfected chil-
dren but became significantly higher in HIV-
infected children aged between 4 and 30 months.
The study results extend previous reports from the
P2C2 study showing that fetal echocardiograms
indicated fetal cardiovascular abnormalities in
pregnant HIV-1-infected women, irrespective of
whether the children turned out to be HIV-1
infected after birth. Based on the results of the cur-
rent cohort study, the authors conclude that irre-
spective of their HIV-1 status, infants born to HIV-
1-infected women have significantly worse cardiac
function than other infants, suggesting that the
uterine environment has an important role in
postnatal cardiovascular abnormalities. The
authors also suggest that appropriate treatment
strategies should be considered for all children
born to HIV-1-infected women, as even mild left
ventricular dysfunction has shown to effect mor-
tality over time. The P2C2 study led to many com-
mentaries dealing particularly with the reliability
of the methods used to assess ventricular function.
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Indeed, in another P2C2 report, there was unac-
ceptable variability of many M-mode cardiac
measurements, including fractional shortening,
between the local and central institutions [18]. A
less variable method of measuring cardiac func-
tion should be identified and used in future stud-
ies that attempt to evaluate early treatment of HIV-
associated cardiac depression with novel thera-
peutic approaches. Other groups have not con-
firmed the results of this study [10], which do no
reflect the experience of European countries.

The effects of maternal HIV infection and
mother–infant HIV transmission on the preva-
lence and distribution of congenital cardiovascu-
lar malformations in the children of HIV-infected
mothers have been investigated in few studies. The
Italian Multicenter Study demonstrated a trend
toward a higher prevalence of congenital cardio-
vascular malformations in HIV-infected children
as compared to general population-based data, but
the number of cases was small (5/165, 2.4%) [53].
There was no difference between HIV-infected and
HIV-uninfected children. Vogel et al. reported a
series of five patients with congenital heart disease
from a population of 175 children exposed prena-
tally to maternal HIV infection (2.8%) [54]. The
P2C2 HIV study indicates a congenital cardiovas-
cular malformation prevalence of 12.3% in chil-
dren of HIV-infected mothers [55]. Again, this pro-
portion is very surprising and has not been con-
firmed. It is of note that in the first study [52], the
methodology pertaining to the identification of
cardiac defects was not provided and that in the
P2C2 study, most of the lesions were clinically
unapparent and were detected by routine echocar-
diography as part of the study protocol. Our per-
sonal experience shows that the prevalence of
symptomatic heart defects in children born to
HIV-infected mothers is comparable to the gener-
al population. The pathophysiologic factors lead-
ing to a higher prevalence of cardiac malforma-
tions in fetuses of HIV-infected mothers may
include alterations of fetal flow patterns related to
increased placental vascular resistances. Addition-
al maternal risk factors that may significantly
affect fetal organogenesis such as increased alco-
hol use, cocaine addiction, and poor nutritional
status also have to be considered. There are no

reports on cardiac teratogenicity related to
zidovudine.

Cardiac complications of AIDS or vertically
transmitted HIV in children appear to be frequent.
However, the actual prevalence of severe cardiac
compromise remains difficult to assess and very
few groups have reported their own experience.
The P2C2 HIV study is the most important study
sharing its data with the medical community in
charge of these infants and children. This study
presents very disquieting results regarding cardiac
involvement in infants from HIV-infected moth-
ers, but the numbers of commentaries published
after these results were evidence of a rising contro-
versy. The evolving antiviral therapy may change
the profile of cardiac manifestations of HIV in the
pediatric age group, as fewer children are infected
in developed countries. The emerging concern is
the vascular dysfunction that may lead to early
atherosclerosis. Longitudinal studies are needed to
address this worrisome issue in the pediatric pop-
ulation.
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Twenty years after the first antibody test for the
human immunodeficiency virus (HIV), highly
active antiretroviral therapy (HAART) became
available in Western countries. Although cardiac
surgery in HIV-infected patients remains rare
[0.2% of interventions with extracorporeal circu-
lation (ECC) in La Pitié Institute] and has some
particularities, the majority of cardiac surgeons
believe that the surgical strategies and techniques
should be the same for HIV-infected patients as for
other patients.

Although some standard cardiac operations
have been performed on asymptomatic and
unknown-HIV-infected patients, the first deliber-
ate open heart operation on a patient known to be
infected with HIV was performed by Frater et al. in
December 1984 for tricuspid endocarditis in a
bisexual heroin addict [1–3]. During the 1980s, the
indications for cardiac surgery in AIDS patients
were limited to urgent life-threatening conditions:
severe infectious endocarditis and tamponade [4].
These urgent indications are still frequent in
patients with advanced AIDS, but standard elective
cardiac surgery in asymptomatic HIV-infected
patients is increasing proportionally.

From the beginning of the AIDS pandemic, sur-
gical teams were faced with unusual questions in
this new and very peculiar population of patients,
whose main characteristic was to be young. The
first questions were about the feasibility of surgery
in patients with severe immunodeficiency and the
benefit of surgery in patients with poor short-term
prognosis. Other questions concerned the risk of
HIV transmission from the patient to the surgical
staff and vice versa during surgery.

The risk of blood-borne virus transmission
between the patient and the surgical team is now
well known and fortunately low after the adoption
of universal precautions.

We can now briefly answer the first and second
questions: surgery, even complex cardiac surgery
with ECC, is feasible in patients with severe
immunodeficiency with higher but tolerable mor-
tality, but the benefit is low a fortiori in patients
with uncontrolled HIV and opportunistic infec-
tions. Every surgeon agrees to operate a life-threat-
ening lesion despite poor conditions in HIV-
infected patients, but thanks to HAART this situa-
tion is now less frequently encountered, and a new
question arises: how to operate on a patient with
HIV-controlled infection and good long-term
prognosis.

Today, this disease is considered to be a chron-
ic illness. For this reason, it is reasonable to expect
an increasing number of HIV-infected patients
who will require heart surgery. Cardiac surgeons
should be prepared to manage these patients.

HIV-Infected Patients Referred for Cardiac
Surgery and Indications for Surgery

In most cardiac centers, 0.2%–0.4% of cardiac sur-
geries are performed on HIV-infected patients [4,
5] (La Pitié experience). It is a relatively rare but
increasing situation. The routine use of antiretro-
viral therapies has led directly to dramatic
declines in morbidity and mortality among HIV-1-
infected patients with advanced immunodeficien-
cy [6]. Mortality declined from 29.4 per 100 per-
son–years in 1995 to 8.8 per 100 person–years in
mid-1997. A number of patients infected with
HIV-1 may develop cardiovascular diseases or
complications and require cardiac surgery.

During the last 10 years, the profile of HIV-
infected patients referred for cardiac surgery in
Western countries has changed. These patients are
still young – 41 years old for Trachiotis et al. [7],
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36 years old for Mestres et al. [8], 44 for Abad et al.
[4] – the majority are men (100% for Abad et al.
[4]), frequently drug addicts or homosexual, but
there is also an increasing proportion of women
and older patients. At La Pitié, only one of 22
patients (4.5%) operated on during the 1990s was a
woman; since the beginning of 2000, five of 27
patients (14.8%) operated on have been women.

The indications for cardiac surgery in HIV-
infected patients have increased and changed for
three reasons. First, the survival is greater and
HIV-infected patients are exposed for longer peri-
ods to specific and classic cardiac lesions requir-
ing surgery. Second, HAART itself is suspected to
induce specific cardiac lesions, particularly coro-
nary artery disease. Third, because the HIV infec-
tion is controlled with a long survival, we can con-
sider complex therapeutic strategies in these
patients, such as heart transplantation and soon
artificial hearts. Figure 1 reports the increasing
number of coronary artery bypass grafting in
HIV-infected patients during the last 6 years at La
Pitié Institute. Because of the epidemiological pro-
file of the HIV-infected population in Western
countries in the HAART era, the major indications

Fig. 1. Evolution of cardiac surgery in La Pitié Institute, Paris. CABG, coronary artery bypass grafting

for cardiac surgery are coronary artery disease and
cardiomyopathy.

Pericardial Effusion and Tamponade

Before the introduction of HAART, the prevalence
of pericardial effusion in asymptomatic AIDS
patients was estimated at 11% [9], and was partic-
ularly high in those with end-stage disease. HAART
has significantly reduced the overall incidence of
pericardial effusion in HIV patients. Pericardial
effusion in HIV disease may be related to oppor-
tunistic infections (tuberculosis and nontuberculo-
sis mycobacteria [10], Nocardia [11], Cryptococcus
[12], and cytomegalovirus), malignancy (Kaposi’s
sarcoma [13], non-Hodgkin’s lymphoma [14]), and
valve endocarditis or bacterial pericarditis [15]
(Streptococcus pneumoniae), but most often a clear
etiology is not found. Hypoalbuminemia, which is
associated with ascites and pleural effusions, is a
potential cause of pericardial effusion in end-stage
HIV infection. Pericardial effusion may be part of
capillary leak syndrome. A pericardial effusion is a
marker of shortened survival.



The majority of pericardial effusions are small
and asymptomatic but sometimes there is a car-
diac tamponade, which requires urgent pericardial
drainage (only 1 case among 231 patients over a 
5-year period for Heidenreich) [9]. An HIV test is
required for each patient with pericardial effusion.
In young patients with cardiac tamponade, the
coexistence of fever and pulmonary infiltrates is
suggestive of underlying HIV infection [16]. The
indications of pericardiocentesis or pericardial
window are not different between HIV-infected
and other patients in cases of cardiac tamponade.
Because the effusions are frequently small and
rarely progressive, an exhaustive search for a diag-
nosis with pericardiocentesis is not indicated. The
surgical techniques are the same as those used on
non-HIV patients, with a preference for percuta-
neous or videoscopic techniques limiting the risk
of viral transmission to the surgical team.

Valvular Surgery

Valvular surgery is the most common cardiac sur-
gery performed on HIV patients, particularly in
the pre-HAART era when severe infectious endo-
carditis was frequent in patients with significant
immunodeficiency. In these patients, two factors
are frequently associated, which increases the inci-
dence of infective endocarditis: intravenous drug
abuse and immunodeficiency [17] – this associa-
tion was found in 85% of 40 patients reported by
Aris et al. [18] in 1993 and in all 11 patients for
Frater et al. [1] in 1989. The indications for cardiac
surgery (replacement or valve repair) are classic
(heart failure, valve destruction, emboli, annular
abscess) with a higher number of interventions for
persistent infection despite proper antibiotic treat-
ment. In cases of tricuspid endocarditis, the indi-
cation for cardiac surgery is rare except for infec-
tions with yeasts.

The prevalence of infective endocarditis in
HIV-infected patients is similar to that of patients
in other risk groups such as intravenous drug
users. Estimates of endocarditis prevalence vary
from 6.3% to 34% in HIV-infected patients who
use intravenous drugs, independently of HAART
regimens. Right-sided valves are predominantly

affected and the most frequent agents are Staphy-
lococcus aureus, Streptococcus pneumoniae,
Haemo-philus influenzae, Candida albicans,
Aspergillus fumigatus, and Cryptococcus neofor-
mans [19, 20]. Infective organisms are common;
nevertheless, yeasts (Candida albicans) and rare
bacteria such as corynebacteria should be suspect-
ed particularly in right-sided endocarditis in
intravenous drug abusers.

Good results have been achieved with the use
of mechanical heart valves, bioprosthetic valves,
and homografts (Fig. 2) in patients who have
endocarditis. Most surgeons use the following
standards for heart valve replacement: (a) a
mechanical heart valve in adults, young patients,
and pediatric patients when there is no con-
traindication to long-term anticoagulation; (b) a
bioprosthetic valve in most patients over 65 or 70
years, patients with a proven short life expectancy,
those requiring right-heart valve replacement,
those in whom anticoagulation poses a high risk,
and those with contraindication to long-term
anticoagulation. Like Abad et al. [4], at La Pitié,
because survival is longer in HIV-controlled
infection, the same policies are applied to all
patients who are HIV-positive, whether they are
drug addicts or not. Using a homograft in an aor-
tic position is supported when the lesions are very
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Fig. 2. Aortic homograft



destructive with a large annular abscess [4]. In
summary, the policy for choosing a valve substi-
tute is identical in HIV-positive and HIV-negative
patients (Figs. 2–4).

Valvular endocarditis is still the most common
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finding in HIV-positive patients (Figs. 3, 4). How-
ever, it is possible that in the future, with the aging
of this population due to longer survival as a result
of HAART, valvular surgery will be performed for
noninfective lesions like aortic stenosis.

Fig. 3. Mitral vegetations

Fig. 4. Aortic vegetations



Coronary Artery Bypass Grafting

An increased rate of acute coronary syndromes has
been reported in HIV-infected patients after the
introduction of protease inhibitors. However, the
substantial benefits of combination antiretroviral
therapy clearly continue to outweigh the increased
risk of myocardial infarction associated with this
therapy [21]. Although valvular surgery was and is
still the most common cardiac intervention in
HIV-infected patients (70% of the HIV-infected
patients for Mestre et al. [8], 65% at La Pitié), coro-
nary artery bypass grafting (CABG) is more and
more frequent in HIV-infected patients (30 CABG
among 37 interventions for Trachiotis et al. [7]).
According to the limited experience reported by
different surgical centers (Table 1), the periopera-

age of these patients. The incidence of mediastini-
tis despite bilateral mammary harvesting, frequent
diabetes mellitus, and immunodeficiency is not
higher than in comparable patients (2.7%) [7]. Due
to the lack of controlled trials and large patient
reviews, no firm recommendations about the strat-
egy and technique of surgical revascularization
can be provided [22].

Aneurysm or false aneurysm of the coronary
artery is a rare lesion in HIV-positive patients; it
can require cardiac surgery under ECC (exclusion
of the aneurysm and CABG).

After CABG, lipid-lowering therapy should be
prescribed cautiously in HIV-infected patients
because of the potential of a lethal interaction
between statin (except pravastatin and fluvastatin)
and protease inhibitors.
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Table 1. Cardiac surgery excluding transplantation in HIV-infected patients

Author Year of publication Number of patients Valvular surgery CABG Pericardium

Frater [1] 1989 11 11

Sousa Uva [42] 1992 10 10

Carrel [17] 1993 6 6 Endocarditis

Aris [18] 1993 40 38

Flum [22] 1997 4 4 0.13% of CABG

Abad [4] 2000 5 4 Endocarditis 1 Tamponade

Trachiotis [7] 2001 37 9 - 3 with CABG 27

Mestres [8] 2003 31 26 - 21 Endocarditis 5

La Pitié 2004 60 21 - (16 Endocarditis) 37 2
(personal data)

CABG, coronary artery bypass grafting

tive course of these patients is unremarkable [22].
Surgical revascularization is sometimes performed
in an urgent or emergent condition involving the
lesions of coronary arteries but never in patients
with end-stage HIV disease. These patients are
younger than other patients referred for CABG,
with the majority being men. The surgical strategy
and technique are unremarkable. Full arterial
revascularization is a good option because of the

Heart Transplantation

HIV disease is recognized as an important cause of
dilated cardiomyopathy with a reported preva-
lence of 3.6% among patients with cardiomyopa-
thy, a proportion that is increasing as patients with
HIV infection live longer. The pathogenesis of
HIV-related cardiomyopathy is very likely to be
multifactorial. HIV-associated symptomatic heart



failure may become one of the leading causes of
heart failure worldwide [19]. It explains why
despite a complex pharmacological and immuno-
logical status in these patients, several heart trans-
plantations following other solid-organ transplan-
tations [23–25] have been reported in HIV-posi-
tive recipients (Table 2) [26]. Although Calabrese
et al. [27] reported a successful cardiac transplan-
tation in 2003 in an HIV-infected patient with
advanced disease, we reserve this therapeutic
strategy to well-controlled HIV-positive patients

(undetectable viral load, CD4 count >400/mm3)
without opportunistic infection and without a his-
tory of Kaposi’s sarcoma. Two cardiac transplanta-
tions have been performed at La Pitié during the
last 2 years, with a simple postoperative course
and no specific complications during follow-up. A
multidisciplinary team is required for this thera-
peutic technique because numerous complex and
unpredictable pharmacological and immunologi-
cal adverse events can occur (Fig. 5).

There is no report of a cardiac assist device in
HIV-infected patients, but it is only a mater of time
before these devices are used in HIV patients.
When the patient is on the waiting list for cardiac
transplantation, he or she is eligible for a mechan-
ical bridge. Nevertheless, this therapy will be a
challenge because the major complication of ven-
tricular assist devices is sepsis.

If the number of HIV-infected patients on wait-
ing lists for cardiac transplantation increases in a
high proportion, we should ask the controversial
question concerning the harvesting of a heart in
HIV-infected donors.
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Table 2. Cardiac transplantations

Author Year of publication Number

Tzakis [44] 1990 1

Calabrese [27] 2003 1

Bisleri [26] 2003 1

La Pitié 2004 2
(personal data)

Fig. 5. Heart prepared for transplantation



Cardiac Malignancy

Malignant cardiac tumor is rare in HIV- and non-
HIV-infected patients. Cardiac Kaposi’s sarcoma
and non-Hodgkin’s lymphoma have been described
in HIV-infected patients, but there is no specific
surgery for these tumors except pericardial drainage
and biopsy for diagnosis or tamponade.

Risk of HIV Transmission to Operating Room
Personnel

From the beginning of the HIV pandemic, the risk
of HIV transmission by contact with infected
blood, a fortiori, in case of injuries was put for-
ward. This fear was so high that some surgeons
asked if it was possible to refuse an intervention in
HIV-infected patients under the pretext that the
risk for themselves was too high. In France and in
the majority of European countries, the law does
not permit routine testing for HIV infection in all
surgical candidates. At La Pitié Institute, we per-
formed this test after the patient’s consent in more
than 80% of cases; this test is always done before
transplantation.

Accidents involving exposure to blood are not
rare during surgery and particularly cardiac sur-
gery. For example, Trachiotis [7] reported six
injuries with a solid needle during 37 cardiac oper-
ations, and three injuries occurred (one with a hol-
low needle, two with sternal wire) at La Pitié dur-
ing 49 interventions. These accidents needed pro-
phylactic antiretroviral therapy. It is now standard
practice to prescribe a course of anti-HIV agents
in the event of a percutaneous injury based on the
evidence that early use after exposure to the virus
reduces the chance of infection [28]. No cases of
seroconversion were observed. Moreover, there
continues to be no known case of transmission of
HIV to personnel as a result of a solid needle
injury.

According to Beekman et al. [29] and Klatt et al.
[30], the risk of accidental infection to operating
room personnel through blood contact during sur-
gical procedures is low and can be avoided by
adherence to universal precautions with proper
training of personnel.
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The universal precautions are:
- Impermeable gowns.
- Two pairs of surgical gloves [31].
- Protective glasses.
- Reinforced masks.
- Needles and other sharp instruments should be

handled cautiously (one operator, count of
sharp tools, solid box for infected sharps tools).

- Knowledge of the serology of the patient. This
point is questionable because the universal pre-
cautions should be precisely universal and thus
followed independently of the serological sta-
tus of the patient. Moreover, knowledge of the
serological status can generate fear and stress
and could be a risk factor for percutaneous
injuries. Nevertheless, in our institution when a
patient is known to be HIV-infected, this fact is
clearly mentioned in the medical file. HIV test-
ing is not systematic before cardiac surgery in
our institution and this practice is very differ-
ent from one center to another [32]. HIV test-
ing in patients and personnel is systematic and
urgently done in case of percutaneous injury
with bleeding .

- Continuous training of the entire staff about
these universal precautions.

- Continuous training of the entire staff about
the procedure in case of percutaneous injury
with blood from the patient.

- Antiretroviral therapy should be continued
until the day of surgery and restarted as soon
as possible.

- The patient should have a viral load as low as
possible; the intervention can be reported in
case of excessive viral load, nonurgent surgery,
and high probability of reducing the viral load
with antiretroviral therapy adaptation.
Because the risk of contact with the patient’s

blood is higher during cardiac surgery, particular-
ly in cases of extracorporeal bypass, special pre-
cautions have to be taken and if possible general-
ized to all patients:
- The kit for ECC is preconnected.
- The ECC machine is handled with gloves.
- Suturing and reparation of the sternum 

with steel wire should be done very cautiously
and with only one operator (no tandem sur-
gery) [33].



Videoscopic surgery, even robotically assisted
surgery (Fig. 6), reduces the risk of percutaneous
injuries compared to open surgery (0.01% vs. 1%
for Kjaegard et al. [33] in thoracic surgery).

The fear of HIV transmission should not divert
surgeons’ attention from the higher risk of acquir-
ing other fatal infections such as HBV and HCV.
This is why precautions against blood-borne infec-
tion have to be universal.

Risk of HIV Transmission to Patients

The risk of HIV transmission through blood
transfusion is well known in France, and is higher
during cardiac surgery because blood transfusion
is very common during cardiac surgery with ECC.
(In our institution, 41% of patients who under-
went cardiac surgery with ECC were transfused
with heterologous blood). This risk was reduced
by screening blood donors and blood units. Sero-

128 N. Bonnet et al. Cardiac Surgery and the Human Immunodeficiency Virus

logic screening of donors for antibodies to HIV-1
and HTLV-I coupled with exclusion of donors
from groups having a relatively high risk for infec-
tion has led to a low incidence of transfusion-
transmitted HIV-1 and HTLV-I/II infection. A
small risk remains, however, despite these meas-
ures. The residual risk for HIV-1 and HTLV-II
infection from transfusion of screened blood was
about 1 in 60,000 units [34], 1 in 100,000 per unit
for Cohen et al. [35], and is now 1 in 32,5000 for
Pillonel et al. [36].

Pooling of plasma donations increases the risk
for blood-borne infections. In solvent- or deter-
gent-treated plasma, lipid-enveloped viruses are
efficiently inactivated; transfusion of solvent-
/detergent-treated plasma was found to be safe
with regard to lipid-enveloped viruses [37].

The risk of infection was further reduced by
limitation of blood transfusion itself. After the dis-
covery in the 1980s that HIV can be transmitted
via blood transfusion, there has been increased

Fig. 6. Videoscopic surgery



interest in technologies that reduce the amount of
allogeneic blood used during and after surgery.
These technologies include various drugs (apro-
tinin, tranexamic acid, epsilon-aminocaproic acid,
erythropoietin), devices (cell salvage; Fig. 7), and
techniques (acute hemodilution, predeposited
autologous donation). Enhancement of compre-
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hension and assumption of hemostasis before,
during, and after cardiac surgery was followed by a
major reduction in the incidence of reoperation
for bleeding and heterologous blood transfusion.
Other new therapeutics such as the recombinant
factor VIIa (NovoSeven) should be of interest for
reduction of blood transfusions [38].

Fig. 7. Cell saver



Information of the transfused patient is legal
in France. Thus, in the HIV Information Project,
six previously unsuspected HIV-seropositive
cases were diagnosed after studying 1,793 pa-
tients who underwent cardiac surgery between
1980–1985 [39].

Transmission of HIV from healthcare workers
to patients has been documented in one report. A
retrospective review was conducted of 612 patients
of an HIV-positive cardiothoracic surgeon, in an
attempt to identify any instance of viral transmis-
sion. A total of 189 patients received HIV testing
and counseling. No positive test results were
obtained [40]. Pathogens can be transferred
through contact between patients undergoing sur-
gery and the surgical team, resulting in postopera-
tive or blood-borne infections in patients or
blood-borne infections in the surgical team. Both
the patient and the surgical team need to be pro-
tected from this risk. Implementing protective bar-
riers such as wearing surgical gloves can reduce
this risk. Wearing two pairs of surgical gloves
instead of one pair is considered to provide an
additional barrier and to further reduce the risk of
contamination. Wearing two pairs of latex gloves
significantly reduces the number of perforations
to the innermost glove.

Results

Data available to date show no conclusive evidence
of acceleration of HIV infection into AIDS associ-
ated with cardiac surgery [5]. Five of 25 investiga-
tors (20%) saw HIV infection progress to AIDS
within a maximum period of 74 months [5]. In a
short report of six patients, Lemma et al. [41]
could not demonstrate any deleterious effect of
ECC in HIV-infected patients. Preoperative and
postoperative absolute lymphocyte T-helper
(CD4) and T-suppressor (CD8) counts did not
show a close association between the temporary
lymphopenia induced by cardiopulmonary bypass
and progression to AIDS [41]. The fear that car-
diopulmonary bypass might cause acceleration of
the disease has not been borne out [3].

Cardiac surgery in HIV-infected patients is
complicated by higher mortality and morbidity
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rates than in other patients (20% hospital death for
Aris et al. [18] with the majority occurring in
valvular surgery [42]), but this fact tends to disap-
pear (2.7% of hospital death for Trachiotis et al. [7]
with the majority involving a CABG). This group
of high-risk patients has the following characteris-
tics: immunodepression, poor general condition,
associated diseases, infections, intravenous drug
abuse, homosexual/bisexual behavior, high rate of
infectious valve endocarditis, frequent recurrence
of postoperative infection, and increased risk of
transmission to clinical staff. The long-term sur-
vival is difficult to describe because there is still a
high mortality in patients operated on for severe
endocarditis; however, the mid-term results of
CABG are unremarkable.

Risk of Lactic Acidosis

Open-heart surgery may be a risk factor for nonis-
chemic (type B) lactic acidosis in patients taking
nucleoside analog reverse transcriptase inhibitors
[43]. This rare complication should be weighed
against the benefit of antiretroviral therapy and
particularly the interest of reducing the viral load
in order to lower the risk of HIV transmission to
the surgical staff.

Conclusion

HIV-infected patients are eligible for classic car-
diac surgery, even for cardiac transplantation. The
surgical strategy and technique should be the
same for HIV-infected and other patients.
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Many cardiac complications in acquired immunod-
eficiency syndrome (AIDS) that may be faced by
emergency department (ED) physicians are due to
opportunistic infections or malignancy, but they

may also be associated with other aspects of human
immunodeficiency virus (HIV) disease and its
treatment (Table 1) [1]. The clinical expression of
cardiac involvement is variable and is affected by

Cardiological Emergencies in HIV-Infected Patients
G. Barbaro

Table 1. Frequent cardiac abnormalities in HIV disease and related emergencies [1]

HIV-associated  cardiac  disease Cardiac  emergencies  

Myocardial 

Dilated cardiomyopathy Congestive heart failure (CHF), cardiogenic 
Lymphocytic myocarditis pulmonary edema, arrhythmias

Noninflammatory myocardial necrosis (microvascular spasm, CHF
catecholamine excess, opportunistic infections, toxic drug reaction)

Right ventricular hypertrophy due to HIV-associated pulmonary hypertension CHF, pulmonary embolism, pulmonary
Right ventricular hypertrophy with secondary pulmonary hypertension infarction
(pulmonary infections, pulmonary emboli)

Coronary artery disease (atherogenic effects of protease Unstable angina, myocardial infarction
inhibitors, coronary arteritis, aortitis) 

Neoplastic (Kaposi’s sarcoma, non-Hodgkin’s lymphoma) Arrhythmias, pericardial tamponade

Endocardial 

Infective endocarditis Septic shock, acute valvular regurgitation
A. Autoimmune response to infection (cardiogenic pulmonary edema, CHF),
B. Bacterial (Staphylococcus aureus, Salmonella species, Streptococcus septic embolization (pulmonary and

species, Enterococcus, Haemophilus parainfluenza, Staphylococcus cerebral infarction)
epidermidis, Pseudallescheira boydii)

C. Fungal/yeast (Candida albicans, Aspergillus fumigatus, Cryptococcus 
neoformans)

Nonbacterial thrombotic endocarditis Systemic embolization (lung, brain,
kidney, spleen)
Disseminated intravascular coagulopathy

Pericardial 

Pericardial effusion/pericarditis Cardiac tamponade, arrhythmias,
A. Infectious CHF (for chronic pericardial effusions)

1. Bacterial (M. tuberculosis, M. avium intracellulaire,
N. asteroides) 

2. Viral (Coxsackievirus, Epstein-Barr virus,
cytomegalovirus, adenovirus, herpes virus)

3. Fungal (Histoplasma capsulatum, Cryptococcus
neoformans)

B. Idiopathic (HIV, autoimmune)
C. Uremic 
D. Neoplastic  (Kaposi’s sarcoma, non-Hodgkin’s lymphoma)



the stage of HIV disease, the degree of immunode-
ficiency, and the drugs used to treat HIV disease
[i.e., zidovudine and protease inhibitors (PIs) in the
era of highly active antiretroviral therapy (HAART)
regimens] or to treat or prevent opportunistic
infections and neoplasms (e.g., pentamidine, cotri-
moxazole, interferon alpha) [2].

Myocarditis

In the ED, suspecting acute myocarditis in HIV-
infected patients is important as this condition
may evolve to include life-threatening congestive
heart failure and arrhythmias. Fever and infection
of the upper respiratory tract or flu-like symptoms
may precede exertional dyspnea by as little as
hours or days. Signs and symptoms may occur at
rest and include palpitations, atypical chest pain,
and electrocardiographic alterations (ST-segment
elevation followed by T-wave inversion in different
leads). Laboratory alterations may include elevat-
ed cardiac troponin I (cTnI) and myoglobin levels
with or without increased levels of myocardial
fraction of creatine kinase (CK-MB). A clinical
diagnosis of myocarditis or congestive heart fail-
ure in an HIV-infected patient may be difficult to
make due to the masking of symptoms by con-
comitant bronchopulmonary disease and/or wast-
ing syndromes. Differentiating myocarditis from
myocardial infarction may also be difficult. A care-
ful clinical history and physical examination, elec-
trocardiogram (ECG) review, and analysis of tradi-
tional risk factors expanded to include HIV-specif-
ic therapies (i.e., PIs in the context of HAART reg-
imens) may direct the diagnosis.

Myocardial enzyme testing will help to detect
myocardial injury rapidly with high sensitivity
and specificity. Markers of cardiac injury should
be interpreted in relation to the timing of the onset
of the patient’s symptoms. An elevation of myoglo-
bin in the absence of an elevated cTnI level in sub-
sequent samples may be related to an inflammato-
ry muscle disease. Myositis is more likely to occur
in HIV-infected patients, making myoglobin a
much less specific marker for cardiac injury.

An isolated positivity of cTnI suggests a mini-
mal myocardial damage of small areas of the

myocardium (micronecrosis). In HIV-positive
patients, micronecrosis may be caused by an
inflammatory process secondary to myocarditis or
pericarditis with extended epicarditis (perimy-
ocarditis) or secondary to autoimmune mecha-
nisms induced by infections or antiviral drugs. In
case of a positive CK-MB and/or cTnI in patients
with a nondiagnostic ECG (e.g., presence of left
bundle branch block, chronic ischemic alter-
ations), clinical skills and echocardiography
should help guide the differential diagnosis of
myocarditis (absence or reversible hypokinesia) or
acute myocardial infarction (with or without ST-
segment elevation). However, endomyocardial
biopsy represents the gold standard in the diagno-
sis of myocarditis. According to the Dallas criteria,
myocarditis is defined as “a process characterized
by a lymphocytic infiltrate of the myocardium
with necrosis and/or degeneration of adjacent
myocytes not typical of the ischemic damage asso-
ciated with coronary artery disease” [3].

Intravenously administered immunoglobulins
may be useful in improving the clinical outcome
and the echocardiographic measurements of car-
diac mass and function. The apparent efficacy of
immunoglobulin therapy may be the result of
immunoglobulins inhibiting cardiac autoantibod-
ies (i.e., anti-α-myosin autoantibodies) by compet-
ing for Fc receptors or dampening the secretion or
effects of cytokines and cellular growth factors [4].
Serial therapy in children has been shown to
improve fractional shortening and left ventricular
mass and to stabilize the disease process.
Immunomodulatory therapy may be helpful in
HIV-infected adults and children with declining
left ventricular function, but further study is need-
ed to evaluate the efficacy of this therapy and its
impact on mortality.

Infective Endocarditis

The diagnosis of infective endocarditis is based on
clinical, echocardiographic, and bacterial culture
data. HIV-infected patients usually present with
fever, sweats, weight loss, coexisting pneumonia,
and/or meningitis. Among intravenous drug
addicts, the tricuspid valve is most frequently
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affected (Fig. 1). Vegetations may form on the tri-
cuspid or pulmonic valves with resultant pul-
monary embolism and consequent septic pul-
monary infarcts that appear as multiple opacities
on chest radiograms. Systemic emboli may involve
the coronary arteries, spleen, bowel, extremities,
and central nervous system. Cardiac rhythm alter-
ations (i.e., atrioventricular block) may suggest the
presence of an abscess in proximity to the atri-
oventricular node. Peripheral pulses must be
examined for signs of embolic occlusion or pulsat-
ing mass suggesting mycotic aneurysm. Mycotic
aneurysms may occur in the intracranial arteries
potentially leading to intracranial hemorrhage.

Echocardiographic findings in endocarditis
include mobile echodense masses attached to the
inflow side of the valvular leaflets or mural endo-
cardium. Pericardial effusion is frequently associ-
ated. Transthoracic echocardiography (TTE) is
useful for detecting relatively large valvular
mass(es); however, perivalvular abscess, leaflet
perforation, or rupture of the valvular chordae are
better assessed by transesophageal echocardiogra-
phy (TEE). Both TTE and TEE, which may be per-
formed in the ED, are also useful in guiding the

duration of antibiotic therapy and evaluating the
timing for surgery when necessary.

Assessment of infective endocarditis in an
HIV-infected patient should include at least four
sets of blood cultures separated by 30 min. Empir-
ic broad-spectrum antibiotic therapy should be
started within a maximum of 2–3 h from admis-
sion of the patient to the ED (after blood culture
sets are obtained). According to our clinical expe-
rience, combination regimens including van-
comycin 15 mg/kg i.v. (maximum 1 g) every 12 h,
ampicillin 2 g i.v. every 4 h, and gentamycin 1
mg/kg i.m. every 8 h have significant bactericidal
activity and cover methicillin-resistant Staphylo-
coccus aureus [1].

Nonbacterial thrombotic endocarditis, also
known as marantic endocarditis, is most common
in patients with HIV wasting syndrome [1]. The
incidence of marantic endocarditis and systemic
embolization from marantic endocarditis is a rare
cause of death in AIDS patients receiving HAART
regimens. On the contrary, its frequency is increas-
ing in developing countries (about 10%), where
HAART availability is scanty, with a high mortali-
ty rate for systemic embolization [5].
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Fig. 1. Echocardiographic
finding of Candida endo-
carditis in an intravenous
heroin user suffering from
AIDS. A vegetation (vg) is
attached to the anterior
leaflet of the tricuspid valve
(apical four-chamber view).
AD, right atrium; AS, left atri-
um; VD, right ventricle; VS,
left ventricle. (From [1] with
permission from Elsevier)



Pericardial Effusion

Pericardial effusion in HIV disease is generally relat-
ed to opportunistic infections (Mycobacterium
tuberculosis, Mycobacterium avium intracellulare,
Staphylococcus aureus, Nocardia asteroides, Rhodo-
coccus equi, Listeria monocytogenes, Chlamydia tra-
chomatis, coxsackievirus, Epstein-Barr virus, cyto-
megalovirus, adenovirus, herpes virus, Histoplasma
capsulatum, Cryptococcus neoformans, and Toxo-
plasma gondii), or to malignancy (Kaposi’s sarcoma,
non-Hodgkin’s lymphoma), but most often a clear
etiology is not found. Fever, chest pain radiating to
the left shoulder (often dull), aggravated by supine
posture and often decreased by sitting up and lean-
ing forward, and pericardial friction rub (over the
left sternal border, usually accentuated by sitting
up and leaning forward) should suggest acute peri-
carditis. Pericardial effusion is suggested by
absence or weakness of the apical impulse with an
apparent increase in the area of dullness to percus-
sion over the left chest and over the hepatocardiac
angle as well as by muffled heart sounds, diffuse
low-voltage ECG, electrical alternans of QRS com-
plexes, and increased cardiac opacity on chest
radiographs. Echocardiography confirms clinical
suspicion by showing the pericardial effusion (Fig.
2A, B). An M-mode technique may help to demon-
strate characteristic signs of cardiac tamponade:
right atrial compression and diastolic right ven-

tricular collapse. These echocardiographic signs
precede pulsus paradox or severe dyspnea related
to the hemodynamic effects of cardiac tamponade.
CT scans can easily demonstrate pericardial effu-
sion and help analyze the thickness of the peri-
cardium and reveal signs of constrictive pericardi-
tis (Fig. 3).

Pericardial effusion may resolve spontaneously
in up to 42% of HIV-positive patients [1]. Pericar-
diocentesis is currently recommended only in
large or poorly tolerated effusions, for diagnostic
evaluation of systemic illness, or in the presence of
cardiac tamponade [1].

Congestive Heart Failure 

In HIV-infected patients, symptoms of heart fail-
ure may be masked by concomitant illness such as
diarrhea or malnutrition, or may be disguised by
bronchopulmonary infection. Echocardiography is
the only sensitive and specific method for the eval-
uation of ventricular function and pericardial
effusion in this population and should be consid-
ered early in a patient with a change in clinical sta-
tus (Fig. 4).

Standard heart failure treatment regimens are
generally recommended for HIV-infected patients
with dilated cardiomyopathy and congestive heart
failure, even though these regimens have not been
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Fig. 2. Echocardiographic finding of posterior pericardial effusion in an AIDS patient. A Parasternal long-axis view. B
Parasternal short-axis view. LV, left ventricle; RV, right ventricle; Ao, aorta; LA, left atrium; PE, pericardial effusion



tested in this specific population. Patients with sys-
tolic dysfunction and symptoms of fluid retention
should receive a loop diuretic and an aldosterone
antagonist as well as an angiotensin-converting
enzyme (ACE) inhibitor. ACE inhibitors are recom-
mended on the basis of general heart failure stud-

ies, but may be poorly tolerated due to low systemic
vascular resistance from diarrheal disease, infec-
tion, or dehydration. Digoxin may be added to the
therapy regimen of patients with persistent symp-
toms or rapid atrial fibrillation. When the patient is
euvolemic, a beta-blocker (e.g., carvedilol, meto-
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Fig. 3. CT scan finding of a
large and circumferential
pericardial effusion in an
HIV-infected patient with
Mycobacterium tuberculosis
infection

Fig. 4. Dilated cardiomyopa-
thy in an HIV-infected
patient (four-chamber apical
view). Left ventricualr ejec-
tion fraction: 25%. Note the
dilatation of both left and
right cardiac chambers. RA,
right atrium; RV, right ven-
tricle; LA, left atrium; LV, left
ventricle



prolol, and bisoprolol) may be started because of
its beneficial effects on circulating levels of inflam-
matory and anti-inflammatory cytokines.

Arrhythmias 

Both tachy- and bradyarrhythmia may be
observed in HIV-infected patients in relation to:

Structural alterations of the endocardium
(infective endocarditis), of the myocardium
(myocarditis, dilated cardiomyopathy), and of the
pericardium (infective and neoplastic pericarditis
and myopericarditis). In HIV-infected patients
with myocarditis, the most frequent arrhythmias
are ventricular ectopic beats. Bradycardias (e.g.,
left bundle branch block and/or atrioventricular
block) may be observed in patients with HIV-asso-
ciated dilated cardiomyopathy as a consequence of
fibrous degeneration of the conduction system [6].

Side effects of both antiretroviral drugs or drugs
used in the treatment and/or prophylaxis of oppor-
tunistic infections and neoplasms. Ganciclovir,
amphotericin B, cotrimoxazole (trimethoprim-
sulfamethoxazole), and pentamidine may cause

torsades de pointes (TdP) that can degenerate into
ventricular fibrillation and sudden cardiac death
(Fig. 5). TdP is related to prolongation of the ven-
tricular action potential duration (QTc interval of
the electrocardiogram >0.45 s) and it has been
described also with the administration of macro-
lide antibiotics (erythromycin, clarithromycin).
Uncorrected electrolyte alterations (e.g., hypoka-
lemia, hypomagnesemia, hypocalcemia) related to
malnutrition and/or to chronic diarrhea or elec-
trolyte imbalances induced by diuretics are also
associated. These alterations, which should be
evaluated and treated as early as possible, may fur-
ther contribute to prolonging the QTc interval.

Use of central nervous system stimulant drugs
(e.g., cocaine, amphetamines). Cocaine abuse has
been associated with myocarditis, myocardial
infarction, and dilated cardiomyopathy even in
HIV-negative subjects, possibly because of inter-
mittent microvascular spasm resulting from cate-
cholamine surges associated with a high risk of
ventricular arrhythmia.

Particularly in the ED, the first line of therapy
for TdP is to stop medications suspected of pro-
longing the QT interval and to correct electrolyte
imbalances. Intravenously administered magne-
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Fig. 5. Run of torsade de pointes in an HIV-infected subject receiving pentamidine as prophylaxis for Pneumocystis carinii
pneumonia during Holter electrocardiographic monitoring (lead CM5). Note the prolongation of the QT interval of the
QRS complex following the arrhythmic run (0.50 s). (From [1] with permission from Elsevier)



sium sulfate is immediately indicated (loading
dose of 1–2 g, mixed in 50–100 ml of saline, over
5–10 min followed by a continuous infusion of
1.0–2.0 g/h over 4–6 h), whereas i.v. infusion of
isoproterenol (0.01–0.02 mcg/kg per minute) in
the absence of known or suspected coronary artery
disease may accelerate the heart rate and suppress
ventricular arrhythmias while temporary ventric-
ular pacing (overdrive pacing) is initiated [1].

In HIV-infected patients, hemodynamically
stable sustained monomorphic wide-QRS complex
tachycardia is another diagnostic challenge for the
emergency physician, as ventricular tachycardia
(VT) must be distinguished from supraventricular
tachycardia (SVT). In particular, SVT with an
accessory pathway, preexisting bundle-branch
block or rate-dependent bundle-branch block
should be considered. SVT with aberrant conduc-
tion is frequently observed in HIV-infected
patients with dilated cardiomyopathy and histo-
logical diagnosis of myocarditis [1] (Fig. 6). In
patients that are hemodynamically stable with no
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symptoms or clinical evidence of tissue hypoper-
fusion or shock, initial management should pro-
ceed under the presumption that the arrhythmia is
VT, and electric cardioversion is the preferred
therapy. If electrical cardioversion is not possible,
empiric pharmacological therapy may be neces-
sary with agents such as procainamide or amio-
darone, which possess efficacy against VT and SVT
and are also acceptable in patients with accessory
pathway conduction [1].

Procainamide is administered in an infusion of
20 mg/min until the arrhythmia is suppressed or
hypotension ensues, or when a total of 17 mg/kg
of the drug has been given. Amiodarone is admin-
istered as 150 mg over 10 min, followed by 150
mg over the next 30 min, and then 1 mg/min
infusion for 6 h followed by 0.5 mg/min, to a max-
imum daily dose of 2 g. If the patient is in shock
or in congestive heart failure (hemodynamically
unstable), a wide-QRS complex tachycardia should
be presumed to be VT that requires immediate ter-
mination with synchronized cardioversion [1].

Fig. 6.Wide-QRS complex supraventricular tachycardia in HIV-infected patients with echocardiographic diagnosis of dilat-
ed cardiomyopathy (left ventricular ejection fraction: 30%) and diagnosis of myocarditis confirmed by histological exam-
ination of endomyocardial biopsy specimens



Coronary Heart Disease

Contraindications to thrombolytic therapy in
HIV-infected patients with acute coronary syn-
drome include acute pericarditis, infective endo-
carditis, active cavitating pulmonary tuberculosis,
and thrombocytopenia. Primary percutaneous
transluminal coronary angioplasty, if feasible,
seems the most appropriate treatment in some
HIV-infected patients. In patients presenting with
unstable angina or non-Q-wave myocardial infarc-
tion without specific therapeutic contraindica-
tions, the best approach may be medical therapy
(i.v. nitroglycerin, aspirin, low-molecular-weight
heparin, IIb/IIIa platelet inhibitor, beta-blockers).
Patients with unstable angina at high risk (recent
severe angina, elevated cTnI, ischemic ECG
changes, hypertension, elevated cholesterol, dia-
betes, active smokers) or with myocardial infarc-
tion without ST-segment elevation should undergo
coronary angiography to define their anatomy and
optimize treatment to prevent ischemic injury and
sudden death. Cardiac revascularization has been
shown to be beneficial in the treatment of HIV-
infected patients with coronary artery disease [7].
Indeed, the extraordinary fruits of a massive
research effort have made it reasonable to perform
elective surgery and to offer major surgery to
patients independently of their immunologic sta-
tus, and the concern that the surgical team would
be exposed to a significant risk of acquiring HIV
infection during surgery has proved to be
unfounded. Cardiac surgeons should have a hight-
ened awareness for the possiblity of successful sur-
gical treatment of HIV-infected patients with a
definitive clinical diagnosis of coronary artery dis-
ease [7].

HIV-Associated Pulmonary Hypertension and
Right Ventricular Dysfunction 

In HIV-positive patients with risk factors for pul-
monary embolism (cancer, lower limb fractures,
prolonged immobilization, recent surgery, infec-
tive endocarditis of the right-sided heart valves),
the onset of acute paroxysmal dyspnea with jugu-
lar venous distension and normal physical exami-

nation of the chest, with an ECG not suggestive of
acute myocardial infarction and chest radiograms
negative for acute pulmonary infiltrate, pul-
monary embolism should be considered. The onset
of hemoptysis days after dyspnea, associated with
fever, stabbing chest pain (exacerbated by deep
inspiration and coughing), and pleural friction
rub, should suggest pulmonary infarction (see the
chapter on HIV-associated pulmonary hyperten-
sion by G. Barbaro, this volume).

Oxygen and steroids are generally used in the
ED for HIV-infected patients with pulmonary
hypertension, with conflicting results. Calcium
channel blockers (e.g., nifedipine and diltiazem),
epoprostenol, and nitric oxide have been suggest-
ed in the treatment of HIV-associated pulmonary
hypertension; however, controlled clinical trials
have not been performed to confirm their efficacy
[8, 9]. Studies on the effects of HAART therapy on
pulmonary artery endothelial cells have shown
contradictory results [10, 11]. Further information
about the treatment of HIV-associated pulmonary
hypertension is reported in a separate chapter of
this volume.

Conclusions

Often, symptoms of congestive heart failure or
pericardial effusion in HIV-infected patients are
nonspecific and may be attributed to generalized
illness or coinfection. Echocardiography noninva-
sively and accurately aids diagnosis during any
change in clinical status and it also directs therapy.
Patients will usually respond to early therapy for
left ventricular dysfunction and increased left ven-
tricular mass. Treatment based on these findings
may prolong the quality and duration of life, and
may also direct further patient evaluation.

The role of the ED cardiologist in the evalua-
tion and treatment of patients with HIV infection
should therefore be expanded to include patients
who are being evaluated for or who are receiving
HAART regimens, especially those with underly-
ing risk factors, since the HAART-associated meta-
bolic syndrome may increase the risk of acute
coronary syndromes and stroke. Careful clinical
and echocardiographic evaluation is required also
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for HIV-infected patients who receive drugs with a
recognized cardiotoxic action (doxorubicin, inter-
feron alpha, pentamidine), since they may worsen
the clinical outcome of HIV-associated cardiomy-
opathy and increase the risk of potentially fatal
arrhythmias [1].
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Introduction

Highly active antiretroviral therapy (HAART) has
decreased by two-thirds [1] the lethality of AIDS
and opportunistic infections. However, the
improved survival of HIV patients receiving
HAART has become associated with lipid abnor-
malities [2–14] that increase cardiovascular mor-
bidity, compromising the patient’s quality of life
and the efficacy of HAART. AIDS is changing from
a “slim disease” to a “lipodystrophic disease” as a
consequence of prolonged survival and the direct
effect of HAART. The risk of cardiovascular dis-

ease in HIV patients is increased two- to threefold
by disturbances in fat metabolism. New strategies
addressed to prevent and manage such emerging
disorders [15, 16] are needed. Moreover, coronary
heart disease (CHD) is the leading cause of death
and a common cause of morbidity in Western
countries. Approximately 14 million Americans
have CHD, according to NHANES III data [17].
Annually, about 1.1 million of them experience a
heart attack and about 500,000 die from CHD
(Fig. 1).

The objective proposed by various health
authorities for the year 2010 is to reduce CHD

Guidelines for the Prevention of Cardiovascular Risk in
HIV-Infected Patients Treated with Antiretroviral Drugs
D. Scevola, G. Barbarini, G. Barbaro

Fig. 1. Cardiovascular diseases account for 50% of the total deaths in the United States. COPD, chronic obstructive pul-
monary disease



deaths to no more than 51 in 100,000, “enhancing
the cardiovascular health and quality of life of all
Americans through improvement of medical man-
agement, prevention and control of risk factors,
and promotion of healthy lifestyle behaviors” [18].

In light of this policy also adopted by the Euro-
pean Union, particular attention must be devoted
to HIV-infected individuals, who in the near future
could represent an emerging population at a more
elevated risk of CHD due to the prolonged life
expectancy and/or metabolic disturbances
induced by therapy [19–22]. Elevated triglycerides
(TG), low-density lipoprotein (LDL) cholesterol,
very low-density lipoprotein (VLDL) cholesterol,
and reduced levels of high-density lipoprotein
(HDL) cholesterol are associated with visceral fat
accumulation, peripheral lipodystrophy/lipoatro-
phy, and CHD. It has been reported that 5%–75%
of HIV patients receiving HAART experience a
worse lipid metabolism and body fat distribution
after 10–12 months of therapy.

Our guidelines, based on our own and others’
experience [23–28], meet the intervention criteria
defined by the American National Cholesterol
Education Program (NCEP) [29], including evalu-
ation criteria, diet prescription, drug and exercise
treatment – preliminary discussion included in
The Pavia Consensus Statement, October 2001 [30,
31] – and the recommendations of the HIV Medi-
cine Association of the Infectious Disease Society
of America and the Adult AIDS Clinical Trials
Group (AACTG) [32].

Patient Evaluation Criteria

Patients at risk of CHD must be routinely evaluat-
ed for risk factors (Fig. 2) such as family history,
smoking, hypertension, hormonal status, obesity,
physical activity (Fig. 3), alcohol abuse, hypogo-
nadism, hypothyroidism, diabetes, and renal or
hepatic disease.
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Fig. 2. People with combinations of three risk factors for coronary heart disease have a five times higher probability of
heart attack than persons without risk factors. Physical inactivity is an additional risk factor



Guidelines include the measurement of total
cholesterol, HDL, LDL, and VLDL cholesterol, TG,
lactate [30–32], the measure of body compart-
ments, body circumferences and skinfolds [22],
and resting metabolic rate (RMR; as a measure of
the energy expended for maintenance of physio-
logic functions) that generally represents the
largest portion of daily energy expenditure
(60%–75%) [23–25]. We use the WHO equations
for body weights and heights [26] along with
bioimpedance analysis (BIA) and indirect
calorimetry to predict the RMRs and energy
expenditure for different age and sex groups [27,
28]. Energy production is estimated by measuring
O2 consumption and CO2 production using a spe-
cial calorimeter (e.g., Datex-Engstron Division
Instrumentarium Corp. Helsinki, Finland; type
MBM-200-23-01). RMR values normally range
between 0.7 and 1.6 kcal/min according to the
subject’s body composition, gender, and level of
training.

Intervention Criteria 

Nutritional and Pharmacological Approach

No universally accepted guidelines exist for the
nutritional treatment of lipid matabolism distur-
bances in HIV patients, but according to NCEP [19,
29] and our own as well as other authors’ studies
[15, 22, 28, 30–33], in patients with preexisting
CHD we counsel dietary intervention when the
LDL cholesterol level ranges between 100 mg/dl
and 130 mg/dl, adding drug therapy if LDL cho-
lesterol exceeds 130 mg/dl. Among patients with-
out CHD, but presenting two or more risk factors
(Fig. 2), dietary intervention is strongly indicated
when LDL cholesterol is between 130 mg/dl and
160 mg/dl. Drug therapy must be added when
LDL exceeds 160 mg/dl. With fewer than two risk
factors, dietary modifications should be recom-
mended when LDL levels range between 160
mg/dl and 190 mg/dl. Drug therapy should be
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considered with LDL levels over 190 mg/dl. For
patients with very high TG levels (>400 mg/dl) the
AACTG [30] suggests a dietary intervention when
total cholesterol is higher than 240 mg/dl or HDL
cholesterol is lower than 35 mg/dl. Patients with
isolated hypertriglyceridemia (fasting serum lev-
els >200 mg/dl) should follow an adequate diet
and physical exercise program. If levels exceed
1,000 mg/dl, pharmacological therapy should be
strongly suggested because of the risk of pancre-
atitis. The same indication is mandatory for
patients with a history of pancreatitis having TG
levels over 500 mg/dl.

To reduce hypercholesterolemia, dietary and
exercise treatments are recommended before
pharmacological intervention. In patients suffer-
ing from wasting and lipid disturbances, it seems
preferable to treat the wasting first [28, 34, 35].

For each patient, the guidelines for nutritional
intervention must consider RMR, gut functions,
concomitant diseases, hormonal status, appetite,
and social conditions, as previously described [22,
30, 32]. At the first sign of malnutrition, suitable
nutritional treatment is advised [28] because of
the positive effect on the infection and on the
quality of life. A balanced supply of n-6 and n-3
polyunsaturated fatty acids (PUFA) including
eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA; the main components of fish oil) may
modulate cytokine production. EPA, as a direct
suppressant of lipid mobilization factor, counter-
acts weight loss, lipolysis, and protein catabolism
[36]. Amino acids (1.5–2 g/kg per day) must be
administered to block protein loss. A quote of
them (<0.7 g/kg per day) should include essential
amino acids. Branched chain amino acids are use-
ful in hepatic encephalopathy. An early and
aggressive nutritional treatment of wasting and
lipid metabolism disturbances improves the gen-
eral clinical status, reducing the length of hospital
stay. Unfortunately, the National Health Services
do not support nutritional therapy programs.

Pharmacological intervention on appetite and
metabolic pathways with drugs, such as cyprohep-
tadine [37], progestin derivatives [34, 38–40],
insulin-like growth factor-1 [41], steroids, and
growth hormone [22, 42, 43], contributes to the
success of any nutritional program.

Drugs Lowering Lipids

Because only 40% of patients [19] treated with diet
and physical exercise have reduced lipid levels,
therapy with statins and/or fibrates for hypercho-
lesterolemia and/or hypertriglyceridemia becomes
necessary [30]. In the group of 3-hydroxy-3-
methylglutaryl coenzyme A reductase inhibitors,
pravastatin 10–40 mg PO q.i.d. or atorvastatin
10–40 mg PO q.i.d. are preferred because they are
the least susceptible to interactions with protease
inhibitors. Fluvastatin 20–80 mg PO b.i.d. is an
alternative. In the group of fibrates, clofibrate 1 g
PO b.i.d., gemfibrozil 600 mg PO b.i.d. before
meals, and fenofibrate 54–160 mg PO q.i.d. with
meals are the first-line choice for isolated hyper-
triglyceridemia or mixed hypercholesterolemia
plus hypertriglyceridemia. Because of the high
risk of pancreatitis, an isolated increase of TG lev-
els over 1,000 mg/dl, with normal HDL values,
needs treatment with statin or fibrates and
replacement of saturated fats with nonsaturated
fats. In combined disorders (high cholesterol, high
TG), statins and fibrates together may control lipid
metabolism, but can also cause muscle damage
(rhabdomyolysis). In some patients, gemfibrozil
(600 mg b.i.d.), atorvastatin (10 mg q.i.d.), or
their combination (G+A) reduces total cholesterol
by 32%, 19%, and 30%, respectively, and TG by
59%, 21%, and 60%. The antilipidemic drugs pose
a risk of toxicity because the majority of them
(atorvastatin, lovastatin, simvastatin, bezafibrate,
ciprofibrate, fenofibrate, gemfibrozil) are metabo-
lized by the same CYP3A liver enzymes as protease
inhibitors and other drugs taken by HIV-infected
patients. Pravastatin and fluvastatin, on the con-
trary, have other mechanisms of excretion. Pro-
tease inhibitors, macrolides, and imidazole deriva-
tives have an inhibitory effect on CYP3A and can
raise statin levels by 10- to 20-fold, potentially
leading to increased muscle and liver toxicity. CHD
due to lipid metabolism alterations takes 5–10
years to develop, while heart attacks seen after a
few weeks or months of HAART are attributed to
thrombosis and not to artheriosclerosis. The use of
metformin can reduce central fat and insulin
resistance [44], but it also reduces general body fat
and muscle mass. Troglitazone (Rezulin), which is
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active on glucose levels without effects on lipids
and body fat [45], was removed from the market
because of liver toxicity. Rosglitazone (Avandia)
and pioglitazone (Actos) are related compounds
with a lower risk of hepatic toxicity. In spite of a
confirmed improvement of insulin resistance, con-
trasting findings have been reported on the use of
glitazones in the treatment of HIV-associated
lipodystrophy/lipoatrophy [46]. Growth hormone
[42, 43, 47] reduces abdominal fat without having
an influence on peripheral fat loss and lipids.
Androgenic anabolic steroids (oxandrolone, nan-
drolone decanoate) increase muscular body mass
without changes in lipids and body fat [48]. Niacin
50–100 mg PO b.i.d./t.i.d. and bile acid
sequestring agents may have side effects, while fish
oil 3–5 g PO q.i.d. is well tolerated [49]. We usual-
ly administer fish oil and/or vegetable derivative
PUFAs [22, 48, 50], associated with L-carnitine, in
order to increase the beta-oxidative processes of
long-chain fatty acids and we replace saturated fats
with polyunsaturated fats.

In patients without other risk factors, such as
smoking, preexisting cardiovascular diseases, or
dyslipidemia,“wait and see” may be an appropriate
strategy [14].

Physical Exercise

Exercise has been extensively studied in patients
with known coronary artery disease. It has been
shown to induce a beneficial adaptation in the car-
diovascular system as well as the peripheral muscu-
lature [28, 51, 52, 53–55 ] (Table 1, Fig. 4).

Aerobic exercise and resistance exercise are the
most popular methods of preventing or treating sar-
copenia and increasing muscular performance [56].

In our experience, both aerobic and anaerobic
exercise associated with a personalized training diet
improve muscular endurance and body composition
in HIV patients, in accordance with results obtained
by Stringer [57] and Smith [52].

For developing complete muscular strength,
three exercise methods are commonly used: weight
training, isometric training, and isokinetic training.

The neck, arms, and shoulders; the chest,
abdomen, and back; and the buttocks and legs can

be conditioned separately by specific exercises. All
our exercise programs include progressive resist-
ance training of the major muscle groups.

HDL levels may be favorably increased in seden-
tary people who engage in aerobic training. Concur-
rently, the LDL levels are lowered so that the net
result is a considerably improved ratio of HDL to
LDL or HDL to total cholesterol. This exercise effect
appears to be independent of whether or not the diet
is low in fat or whether or not the exerciser is over-
weight. The effect of regular endurance-type exer-
cise on the blood lipid profile is certainly a strong
argument for incorporating vigorous physical activ-
ity into a total program of health maintenance in
HIV patients receiving HAART. It is well know that
exercise improves myocardial circulation and
metabolism and enhances vascularization, cardiac
glycogen stores, and glycolitic capacity that protects
the heart from hypoxic stress [55]. Mechanical and
contractile properties of the myocardium are
improved, enabling the conditioned heart to main-
tain or increase contractility during a specific chal-
lenge. Heart rate and blood pressure are favorably
reduced so the work of the myocardium is signifi-
cantly reduced at rest and during exercise.

Exercise reduces the symptoms and medication
doses needed and it corrects the nutritional imbal-
ances and side effects of drugs and altered diet.
Many clinical signs and symptoms are responsive to
exercise: atrophy of muscle and bone, postural
hypotension, joint stiffness, reflexes, cardiovascular
deconditioning, anorexia, gastrointestinal motility,
insomnia, and depression. Exercise is the way to
stimulate the muscles not only to move the body
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Table 1. Beneficial effects of muscular exercise

Increases

> Resistance to fatigue

> Elasticity and flexibility

> Muscular mass and strength

> Respiratory capacity

> Appetite

> Intestinal functions

Decreases

< Stress and insomnia



better but also to increase biochemical reactions
devoted to energy production. The predominant
energy pathways required in physical activities are

the ATP-CP system, the lactic acid system, and the
oxygen or aerobic system that are often operative
simultaneously (Fig. 5). However, their relative con-
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Fig. 4. Regularly walking/jogging more than 3 miles a day proportionally reduces the risk of death. No additional benefits
are obtained with energy expenditure beyond 3,500 kcal per week
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tributions to the total energy requirement during an
exercise may differ markedly. This contribution is
related directly to the length of time and intensity
that a specific activity is performed.

Anaerobic Conditioning 

During intense, maximal bursts of energy lasting
no more than 6 s, the energy is provided anaerobi-
cally almost exclusively by the stored high-energy
molecules of phosphates – ATP and CP. Overload
of the ATP-CP pool can be achieved by engaging
specific muscles in maximum bursts of effort for 5
or 10 s. In physical activities chosen to enhance
the ATP-CP energy capacity of specific muscles,
the subject must perform numerous bouts of
intense, short-duration exercise. The energy for
performances lasting between 10 and 90 s is still
supplied predominantly by anaerobic reactions,
but lactic acid becomes a more important source
of energy. To improve the lactic acid energy sys-
tem, the training program must be of sufficient
intensity and duration to stimulate lactic acid pro-
duction as well as to overload the ATP-CP energy
system. An effective way to increase near-maxi-
mum levels and overload the lactic acid system is
repeat bouts of up to 1 min of extreme running,
swimming, or cycling, stopped 30–40 s before

exhaustion. The exercise bout should be repeated
several times after 1–2 min of recovery. Recovery
time from the exercise can be considerable when
large amounts of lactic acid are produced (Fig. 5).

Aerobic Conditioning 

After 2–4 min of continuous exercise, any physical
activity becomes progressively more dependent on
aerobic energy for the resynthesis of the phosphates.
Under aerobic conditions, pyruvic acid from carbo-
hydrate metabolism and molecules from fat and
protein are transformed into various intermediate
substances with the final formation of CO2, H2O, and
large amounts of energy. If O2 supply and utilization
are adequate, lactic acid does not accumulate and
fatigue is absent. We can reach a condition of
endurance or aerobic fitness in which the body’s
ability to generate ATP aerobically exceeds the ener-
gy produced from anaerobic reactions. To have a
practical measure of cardiovascular capacity of the
subject, we use the step-up test (Fig. 6) that pro-
vides the heart rate response to aerobic exercise: a
low heart rate during exercise and a small increment
with more intense exercise reflect a high level of car-
diovascular fitness. A simple method to recover
heart rates for evaluation of relative fitness for aero-
bic exercise is the Tecumseh step test [52].
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The stepping cadence must be 22 steps per
minute for women and 24 for men, with a stepping
height of 20 cm. After 3 min of stepping and
exactly 30 s after stopping, the subject must meas-
ure the pulse for 30 s in a standing position. The

number of pulse beats, from the 30-s to the 1-min
postexercise period, is the heart rate score (Fig.
7). By means of special equations and the recovery
heart rate, the maximal O2 consumption can be
calculated [53].
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Fig. 7. Pulse rate self-taken at the (A) temporal, (B) carotid, and (C) radial arteries

Determination of Frequency, Duration, and 
Intensity of Training

The intensity of training is the most critical factor
that influences successful aerobic conditioning and
can be expressed in diffent ways: as calories con-
sumed, as a percentage of maximal O2 consump-

tion, as heart rate or percentage of maximum heart
rate, or as multiples of RMR required to perform
the work. The exercise must be sufficient to produce
an increase in heart rate to at least 130–140 beats
per minute, equivalent to about 50%–55% of the
maximum aerobic capacity or about 70% of the
maximum exercise heart rate (Fig. 8).
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Cardiovascular Monitoring in HIV-Infected Patients [1]

Diagnostic test Clinical application

Electrocardiogram (ECG) Routine ECG or Holter monitoring of HIV-infected patients may not be
indicated. However, it may be useful for HIV-infected patients with 
palpitations, syncope, unexplained stroke, or known autonomic dys-
function, and for those who are starting or receiving medications known 
to be arrhythmogenic or to affect repolarization with prolongation of
electrocardiographic QTc interval (e.g., pentamidine). For this latter sub-
set of patients, ECG should be performed at least every 6 months.

Echocardiography Baseline and serial echocardiographic monitoring may be essential in
detecting early disease and targeting patients who would benefit from 
early intervention and aggressive early antiretroviral therapy. Echocardio-
graphy should be repeated every 1-2 years if the patient is asymptomatic
and every 6 months if symptomatic. Diastolic dysfunction or other 
process (e.g., pericardial effusion, valvular heart disease, endocarditis) 
should be considered to explain clinical signs and symptoms. Echocar-
diography should also be considered in patients with unexplained or 
persistent pulmonary symptoms and in those with viral coinfection 
(e.g., cytomegalovirus, Epstein-Barr virus, or adenovirus). Echocardiog-
raphy is useful in assessing for increased left ventricular mass in patients 
with systemic hypertension or in assessing right ventricular pressure in 
patients with suspected pulmonary hypertension.

Blood pressure monitoring Routine assessment of blood pressure in HIV-infected patients is impor-
tant because these patients seem to be at higher risk of developing 
hypertension and of developing it at a younger age than the general pop-
ulation. Predisposing conditions including vasculitis, acquired glucocor-
ticoid resistance, acute and chronic renal failure, and drug interactions 
(e.g., the interaction between indinavir and stavudine-phenyl-
proanolamine) should be carefully assessed. Some reports indicate that 
elevated blood pressure may be related to protease inhibitor-induced 
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lipodystrophy and metabolic disorders, especially to fasting triglyceride 
levels with a prevalence of hypertension in up to 74% of patients with 
HAART-associated metabolic syndrome.

Blood tests In patients with unexplained heart failure, the following tests should be
performed: a complete blood count to determine anemia and other hema-
tologic abnormalities, serum electrolytes for hypocalcemia, hypophos-
phatemia, hyponatremia, and hypokalemia, and albumin, thyroid-stimu-
lating hormone measurements for hypothyroidism; measurement of
serum iron and ferritin; measurement of serum angiotensin 1-converting
enzyme activity; antinuclear antibody measurements; vanillylmandelic 
acid measurements for pheochromocytoma; tests of amyloid, blood urea
nitrogen, and creatinine, with urinalysis for renal failure; and assessment
for hypogonadism and hepatic disease.

Cardiac catheterization and For HIV-infected patients with congestive heart failure of unclear etiology 
endomyocardial biopsy that has not responded to 2 weeks of anticongestive therapy, cardiac 

catheterization with possible endomyocardial biopsy may be indicated.
The finding of cytomegalovirus inclusions or other histologic evidence of
infection (e.g., by polymerase chain reaction or in situ hybridization) may 
direct therapy. The presence of myocarditis may suggest immunomodula-
tory therapy. Angiography may be indicated for patients with suspected 
coronary heart disease.

Cardiovascular side effects of Cardiovascular side effects and interactions of common HIV therapy 
common HIV therapy should be carefully assessed while monitoring HIV-infected patients.

Because of medication interactions and side effects, HIV-infected 
patients should receive individualized therapy.
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Cardiovascular Risk Stratification of HIV-Infected Patients Receiving HAART [1] 

1. All HIV-infected patients should have cardiovascular risk factors evaluated according to the Fram-
ingham score before receiving HAART. The use of Framingham scores and other noninvasive inves-
tigations of cardiovascular risk may help in the decision regarding the use of antiretrovirals and
other treatment. Lipid profiles and other blood tests for preventive cardiology should be routine
before and during HAART.

2. Before HAART is started, lipid profiles should be measured after an 8–12-h fast to establish a base-
line, and the measurements should be repeated routinely during the HAART therapy. Serum glucose
and hemoglobin A1C measurements are especially indicated for patients on HAART.

3. Fasting lipids and glucose should be measured before the initiation of protease inhibitors and at reg-
ular 3–6-month intervals thereafter. For patients with elevated triglyceride levels at baseline, lipid
measurements should be repeated within 1–2 months of starting HAART. If fasting triglyceride lev-
els are above 400 mg/dl, then the calculated LDL cholesterol level will be unreliable.

4. The routine evaluation of coagulation parameters is probably not advisable until the benefit of wide-
spread screening is assessed in prospective studies. However, clinicians should be aware of the
increased risk of coagulative disorders in patients on HAART, especially in those with HAART-asso-
ciated metabolic syndrome, and they should check coagulative parameters (D-dimer, plasminogen
activator inhibitor-1, tissue-type plasminogen activator antigen, protein S, protein C and antithrom-
bin III) at least once a year in they patients on HAART.

5. An elevated plasma homocysteine level is recognized as an independent factor for atherosclerosis
and cardiovascular disease. It is caused by genetic variants [homozygous mutations (C677T and
A1298C) of the MTHFR gene], malnutrition, drugs, or renal failure. Especially when above 10
µmol/l, it can be treated with dietary supplementation of folic acid, vitamin B6, and vitamin B12. The
plasma homocysteine level should be checked at least once a year in HIV-infected patients with at
least two major cardiovascolar risk factors and in those who receive protease inhibitors.
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Primary Prevention of Cardiovascular Disease in HIV-Infected Patients Receiving HAART [1]

1. HIV-infected patients receiving HAART should be encouraged to perform physical activity. Regular
exercise programs decrease rates of cardiovascular disease and improve immunologic parameters
(improvement of natural killer cell function, immunoglobulin production, lymphocyte activation).

2. The patients should be encouraged to follow a healthy diet (rich in fruits and vegetables); a daily
potassium supplement of about 60 mmol; fish oil supplementation in large doses of 3 g/ay; possi-
bly calcium supplementation; possibly magnesium supplementation; smoking cessation and check-
ing blood pressure at least once a week.

3. Protease inhibitors should be used with caution in patients with increased risk for cardiovascular
disease, especially in those who have at least two major cardiovascular risk factors, independently of
age, gender, and stage of HIV disease.

4. Because pharmacologic treatment to reduce cholesterol in HIV-infected patients is complicated by
drug interactions, nondrug therapies such as modification of risk factors should be emphasized
according to the National Cholesterol Education Program (NCEP) guidelines (www.nhlbi.nih.gov).
The NCEP guidelines define low HDL cholesterol as less than 40 mg/dl and LDL cholesterol less than
100 mg/dl as optimal. Because LDL cholesterol calculated values are unreliable in patients with a
serum triglyceride level above 400 mg/dl, for these patients a total cholesterol level above 240 mg/dl
or an HDL cholesterol level below 35 mg/dl should prompt dietary interventions.

5. Statin therapy may prove useful in patients undergoing protease inhibitor treatment. According to
the US-based Adult AIDS Clinical Trial Group Cardiovascular Disease Focus Group, for protease
inhibitor-treated HIV-infected patients with hypercholesterolemia, treatment with low-dose pravas-
tatin (initial dosage 20 mg/day), fluvastatin (initial dosage 20 mg/day) or atorvastatin (10 mg/day)
is recommended. Pravastatin and fluvastatin are the statins that are least influenced by the CYP3A4
metabolic pathway. Lovastatin or simvastatin therapy should be avoided because of interactions with
protease inhibitors or non-nucleoside reverse transcriptase inhibitors and because of the risk of
rhabdomyolysis. In patients with established coronary heart disease or total cholesterol above 400
mg/dl, drug therapy with statins should be considered as a concomitant initial therapy along with
low-dose aspirin (160 mg/day).

6. When treatment with statins is not appropriate or when patients do not respond to these agents,
gemfibrozil (600 mg twice daily) or fenofibrate (200 mg once daily) are reasonable alternatives.
Concomitant use of fibrates and statins may increase the risk of skeletal muscle toxicity.

7. Nondrug therapy (diet and exercise) is recommended for patients with fasting serum triglyceride
levels of above 200 mg/dl. Severe hypertriglyceridemia requires a very low-fat diet, avoidance of free
sugars, and decreased alcohol intake. Omega-3-fatty acids as oil or supplements may be helpful,
although not yet tested in this subset of patients.
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8. Gemfibrozil or fenofibrate  are recommended for patients with hypertriglyceridemia who require
drug therapy, and these agents are also considered reasonable initial treatment choices for patients
with combined hyperlipidemia. Refractory dyslipidemia may suggest switching from protease
inhibitors to non-nuclesoside reverse transcriptase inhibitors with a better metabolic profile (e.g.,
nevirapine, efavirenz).

9. In HIV-infected patients with hypertension, standard treatment based on guidelines from the Joint
National Commission (JNC VII) [2] should be followed as there are no specific subpopulation stud-
ies at this time. However, in managing hypertension (blood pressure >140/90 mmHg) in HIV-infect-
ed patients receiving HAART, the first-choice drugs are ACE inhibitors or angiotensin II receptor
antagonists (if not contraindicated), since these drugs have a good metabolic profile. Calcium chan-
nel blockers should be administered at low dosage, since they interact with protease inhibitors.
Diuretics and beta-adrenergic blockers should be avoided in patients with “metabolic syndrome.”
There is no direct evidence on the effects of lowering blood pressure below 140/80 mmHg.

10. In managing glucose abnormalities, it is important to remember that some glitazones are metabo-
lized by cytochrome P4503A4 and so their use with protease inhibitors could increased risks for
myositis and hepatitis. In spite of a confirmed improvement of insulin resistance, contrasting find-
ings have been reported about the use of glitazones in the treatment of HIV-associated lipodystro-
phy/lipoatrophy [3, 4].



1. Interactions among protease inhibitors (PIs) and drugs used to treat cardiovascular diseases

Appendix 2
Interactions Between Antiretrovirals and Drugs Commonly Used to Treat
Cardiovascular Diseases According to the Pavia Consensus Statement [1]

PIs

Amiodarone

Flecainide

Propafenone

None

None

None

Antiarrhythmics

Ca++ channel
blocker

Bepridil BepridilNone

None

None

None

None

None

None

None

None

None

None

None

None

None

Amprenavir Indinavir Lopinavir/
ritonavir

Nelfinavir Ritonavir Saquinavir/
atazanavir

cont. ➝

Affected drug:
Amiodarone
Interacting drug:
Ritonavir
Mechanism:
Inhibition of
metabolism – poten-
tial for increased 
levels and toxicity
Recommendation:
Use with caution or
avoid concomitant use

Affected drug:
Flecainide
Interacting drug:
Ritonavir
Mechanism:
Inhibition of meta-
bolism – potential for 
increased levels 
and toxicity
Recommendation:
Use with caution 
or avoid concomitant
use

Affected drug:
Propafenone
Interacting drug:
Ritonavir
Mechanism:
Inhibition of meta-
bolism – potential for 
increased levels 
and toxicity
Recommendation:
Use with caution 
or avoid concomitant
use 

Affected drug:
Flecainide
Interacting drug:
Lopinavir/ritonavir
Mechanism:
Potential for
increased levels
due to inhibition 
of metabolism
Recommendation:
Avoid concomitant
use 

Affected drug:
Propafenone
Interacting drug:
Lopinavir/ritonavir
Mechanism:
Potential for 
increased levels
due to inhibition 
of metabolism
Recommendation:
Avoid concomitant
use
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Quinidine None None None None None

Fluvastatin Affected drug:
Fluvastatin
Interacting drug:
Amprenavir
Mechanism:
Inhibition of me-
tabolism – potential
for increased levels
and toxicity
Recommendation:
Potential for 
hypolipidemic 
toxicity (dizziness,
headache, GI side
effects). Monitor
patient closely 
and consider 
dose reduction

Affected drug:
Fluvastatin
Interacting drug:
Indinavir
Mechanism:
Inhibition of me-
tabolism – potential 
for increased levels
and toxicity
Recommendation:
Potential for 
hypolipidemic
toxicity (dizziness,
headache, GI side 
effects). Monitor 
patient closely 
and consider 
dose reduction

Affected drug:
Fluvastatin
Interacting drug:
Nelfinavir
Mechanism:
Inhibition of me-
tabolism – potential 
for increased levels
and toxicity
Recommendation:
Potential for 
hypolipidemic 
toxicity (dizziness,
headache, GI side 
effects). Monitor 
patient closely
and consider 
dose reduction

Affected drug:
Fluvastatin
Interacting drug:
Ritonavir
Mechanism:
Inhibition of me-
tabolism – potential
for increased levels
and toxicity
Recommendation:
Potential for 
hypolipidemic 
toxicity (dizziness,
headache, GI side 
effects). Monitor 
patient closely 
and consider 
dose reduction

None

Lovastatin Affected drug:
Lovastatin
Interacting drug:
Amprenavir
Mechanism:
Inhibition of me-
tabolism – potential
for increased levels
and toxicity
Recommendation:
Potential for 
hypolipidemic 
toxicity (dizziness,
headache, GI side
effects). Monitor
patient closely 
and consider 
dose reduction

Affected drug:
Lovastatin
Interacting drug:
Indinavir
Mechanism:
Inhibition of me-
tabolism – potential 
for increased levels
and toxicity
Recommendation:
Potential for 
hypolipidemic
toxicity (dizziness,
headache, GI side 
effects). Monitor 
patient closely 
and consider 
dose reduction

Affected drug:
Lovastatin
Interacting drug:
Lopinavir/ritonavir
Mechanism:
Potential for 
increased levels
due to inhibition 
of metabolism
Recommendation:
Avoid concomitant
use 

Affected drug:
Lovastatin
Interacting drug:
Nelfinavir
Mechanism:
Inhibition of me-
tabolism – potential 
for increased levels
and toxicity
Recommendation:
Potential for 
hypolipidemic 
toxicity (dizziness,
headache, GI side 
effects). Monitor 
patient closely
and consider 
dose reduction

Affected drug:
Lovastatin
Interacting drug:
Ritonavir
Mechanism:
Inhibition of me-
tabolism – potential
for increased levels
and toxicity
Recommendation:
Potential for 
hypolipidemic 
toxicity (dizziness,
headache, GI side 
effects). Monitor 
patient closely 
and consider 
dose reduction

None

Pravastatin None Affected drug:
Pravastatin
Interacting drug:
Indinavir
Mechanism:
Inhibition of me-
tabolism – potential 
for increased levels
and toxicity
Recommendation:
Potential for 
hypolipidemic
toxicity (dizziness,
headache, GI side 
effects). Monitor 
patient closely 
and consider 
dose reduction

Affected drug:
Pravastatin
Interacting drug:
Lopinavir/ritonavir
Mechanism:
Inhibition of me-
tabolism – atorvas-
tatin AUC 
increased 33%
Recommendation:
No dose adjust-
ment necessary

Affected drug:
Pravastatin
Interacting drug:
Nelfinavir
Mechanism:
Inhibition of me-
tabolism – potential 
for increased levels
and toxicity
Recommendation:
Potential for 
hypolipidemic 
toxicity (dizziness,
headache, GI side 
effects). Monitor 
patient closely
and consider 
dose reduction

Affected drug:
Pravastatin
Interacting drug:
Ritonavir
Mechanism:
Pravastatin AUC 
decreased by median
0.5-fold in patients
receiving RTV/SQV
Recommendation:
No dosage change
necessary

None

cont.

cont. ➝

Affected drug:
Quinidine
Interacting drug:
Ritonavir
Mechanism:
Inhibition of me-
tabolism – potential
for increased levels 
and toxicity
Recommendation:
Use with caution
or avoid 
concomitant use

Statins

None
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Anticoagulants

Simvastatin Affected drug:
Simvastatin
Interacting drug:
Indinavir
Mechanism:
Inhibition of me-
tabolism – potential 
for increased levels
and toxicity
Recommendation:
Potential for 
hypolipidemic
toxicity (dizziness,
headache, GI side 
effects). Monitor 
patient closely 
and consider 
dose reduction

Affected drug:
Simvastatin
Interacting drug:
Aprenavir
Mechanism:
Inhibition of me-
tabolism – potential 
for increased levels
and toxicity
Recommendation:
Potential for 
hypolipidemic
toxicity (dizziness,
headache, GI side 
effects). Monitor 
patient closely 
and consider 
dose reduction

Affected drug:
Simvastatin
Interacting drug:
Lopinavir/ritonavir
Mechanism:
Potential for 
increased levels
due to inhibition 
of metabolism
Recommendation:
Avoid concomitant
use 

Affected drug:
Simvastatin
Interacting drug:
Nelfinavir
Mechanism:
Inhibition of
metabolism – AUC
increased 5-fold
Recommendation:
Avoid concomitant
use

Affected drug:
Simvastatin
Interacting drug:
Ritonavir
Mechanism:
Inhibition of metab-
olism – simvastatin
AUC increased 
31.6-fold in patients
receiving RTV/SQV
Recommendation:
Avoid simvastatin 
in patients on 
ritonavir/saquinavir

None

Atorvastatin Affected drug:
Atorvastatin
Interacting drug:
Indinavir
Mechanism:
Inhibition of me-
tabolism – potential 
for increased levels
and toxicity
Recommendation:
Potential for 
hypolipidemic
toxicity (dizziness,
headache, GI side 
effects). Monitor 
patient closely 
and consider 
dose reduction

Affected drug:
Atorvastatin
Interacting drug:
Aprenavir
Mechanism:
Inhibition of me-
tabolism – potential 
for increased levels
and toxicity
Recommendation:
Potential for 
hypolipidemic
toxicity (dizziness,
headache, GI side 
effects). Monitor 
patient closely 
and consider 
dose reduction

Affected drug:
Atorvastatin
Interacting drug:
Lopinavir/ritonavir
Mechanism:
Inhibition of
metabolism – 
atorvastatin AUC
increased 5.8-fold
Recommendation:
Use with caution -
start at low doses
and monitor

Affected drug:
Atorvastatin
Interacting drug:
Nelfinavir
Mechanism:
Induction of
metabolism – AUC
increased 74%
Recommendation:
Use with caution -
start at low doses
and monitor

Affected drug:
Atorvastatin
Interacting drug:
Ritonavir
Mechanism:
Inhibition of meta-
bolism – atorvastatin
AUC increased 4.5-
fold in patients 
receiving RTV/SQV
Recommendation:
Use atorvastatin 
with caution in 
patients on 
ritonavir/saquinavir

None

Warfarin NoneAffected drug:
Warfarin
Interacting drug:
Amprenavir
Mechanism:
Inhibition of
metabolism – 
potential for 
increased risk 
of bleeding
Recommendation:
Monitor INR closely
or avoid concomi-
tant use

None Affected drug:
Warfarin
Interacting drug:
Nelfinavir
Mechanism:
Induction of me-
tabolism – decreased 
anticoagulation and
risk of blood clot 
or embolus
Recommendation:
Monitor INR closely
or avoid concomi-
tant use

Affected drug:
Warfarin
Interacting drug:
Ritonavir
Mechanism:
Induction of meta-
bolism – decreased 
anticoagulation 
and risk of blood
clot or embolus
Recommendation:
Monitor INR closely
or avoid concomi-
tant use

None

cont.

Light red shadowing indicates major interactions; yellow shadowing indicates moderate interactions; light
blue shadowing indicates minor interactions.
AUC, area under the curve; INR, International Normalized Ratio



2. Interactions among  nucleoside reverse transcriptase inhibitors (NRTI) and nucleotide reverse
transcriptase inhibitors (NtRTI) and drugs used to treat cardiovascular diseases

3. Interactions among non-nucleoside reverse transcriptase inhibitors (NNRTI) and drugs used to
treat cardiovascular diseases
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NRTI/NtRTI Abacavir Zidovudine Lamivudine Zalcitabine Stavudine Didanosine Tenofovir

Ca++ channel blocker None

Antiarrhythmics

Amiodarone None None None None None None None

Flecainide None None None None None None None

Propafenone None None None None None None None

Quinidinen None None None None

Statins

Fluvastatin None None None None None None None

Lovastatin None None None None None None None

Pravastatin None None None None None None None

Simvastatin None None None None None None None

Atorvastatin None None None None None None None

Anticoagulants

Warfarin None None None None None None None

None NoneNone

NNRTI

Antiarrhythmics

Statins

Amiodarone

Flecainide

Propafenone

Quinidine

Fluvastatin

Delavirdine Nevirapine Efavirenz

Ca++ channel blocker None None None

None None None

None None

None

None

NoneNone

None None None

Quinidine None None None

Affected drug: Fluvastatin
Interacting drug: Delavirdine
Mechanism: Inhibition of
metabolism – potential for 
increased levels and toxicity
Recommendation:
Potential for hypolipidemic 
toxicity (dizziness, headache,
GI side effects).
Monitor patient closely and 
consider dose reduction

None None
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Light red shadowing indicates major interactions; yellow shadowing indicates moderate interactions; light
blue shadowing indicates minor interactions.
AUC, area under the curve; INR, International Normalized Ratio

Reference
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Lovastatin Affected drug: Lovastatin
Interacting drug: Delavirdine
Mechanism: Inhibition of
metabolism – potential for 
increased levels and toxicity
Recommendation:
Potential for hypolipidemic 
toxicity (dizziness, headache,
GI side effects).
Monitor patient closely and 
consider dose reduction

None None

Pravastatin Affected drug: Pravastatin
Interacting drug: Delavirdine
Mechanism: Inhibition of
metabolism – potential for 
increased levels and toxicity
Recommendation:
Potential for hypolipidemic 
toxicity (dizziness, headache,
GI side effects).
Monitor patient closely and 
consider dose reduction

None None

Simvastatin Affected drug: Simvastatin
Interacting drug: Delavirdine
Mechanism: Inhibition of
metabolism – potential for 
increased levels and toxicity
Recommendation:
Potential for hypolipidemic 
toxicity (dizziness, headache,
GI side effects).
Monitor patient closely and 
consider dose reduction

None None

Atorvastatin Affected drug: Atorvastatin
Interacting drug: Delavirdine
Mechanism: Inhibition of
metabolism – potential for 
increased levels and toxicity
Recommendation:
Potential for hypolipidemic 
toxicity (dizziness, headache,
GI side effects).
Monitor patient closely and 
consider dose reduction

Warfarin Affected drug: Warfarin
Interacting drug: Delavirdine
Mechanism: Inhibition of
metabolism – potential for 
increased risk of bleeding
Recommendation: Monitor 
INR closely or avoid 
concomitant use

Affected drug: Warfarin
Interacting drug: Nevirapine
Mechanism: Induction of
metabolism – decreased
anticoagulation and risk of
blood clot or embolus
Recommendation: Monitor 
INR closely or avoid 
concomitant use

Affected drug: Warfarin
Interacting drug: Efavirenz
Mechanism: Induction of
metabolism – decreased
anticoagulation and risk of
blood clot or embolus
Recommendation: Monitor 
INR closely or avoid 
concomitant use

None None

Anticoagulants
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Aerobic metabolism, 149
Anaerobic metabolism, 149
Antibiotics, 11t
Apoptosis, 28
Arrhythmias, 138
Antiarrhythmics, 161
Anticoagulants, 163
Aspergillus fumigatus, 8, 37, 123, 133t
Aspirin, in coronary artery disease, 62
Atherosclerosis, 85

Beraprost, 98
Blood pressure monitoring, 155
Blood tests, 156, 157
Bosentan, 98
Bradycardia, 137

Calcium channel blockers, 98, 161
Candida albicans, 8, 33, 37, 123, 133t
Cardiac biopsy, 156
Cardiomyopathy

autoimmunity, 5
cytokine expression, 5
drugs, 8
encephalopathy, 7
causes of, 5
echocardiographic classification, 3f
in children, 113

Cardiovascular disease HIV-associated, 2t, 143
prevention, 158
therapy, 11, 13, 156
fetal, 117
drug interactions, 161

Cardiovascular monitoring, 155
Cell adhesion molecules, 104
Cell saver, 129f
Cerebrovascular disease, 73

Children 
cardiovascular malformations, 1, 116
HIV-infected, 1, 113

Chlamydia trachomatis, 136
Coagulative disorders, 103
Cocaine abuse, 138
Coccidioides immitis, 11
Conduction tissue, 35

in children, 117
Coronary artery bypass grafting, 125
Coronary artery disease, 57

aspirin, 62, 63t
diet, 66
dyslipidemia, 62, 63t
lesions, 10, 41, 42f-44f
smoke, 65
pathophysiology, 60
prognosis, 61
treatment, 62

Coronary heart disease, 2t, 140, 143
cholesterol, 145
epidemiology, 47
guidelines, 145
in children, 116
outcome, 53
physical exercise, 147
risk estimation, 47, 50t, 58, 144

Coronary vessels, pathology of, 41
Cryptococcus neoformans, 33, 37, 123, 133t, 136
Cytomegalovirus, 34, 79, 87, 115, 133t, 136

Delavirdine, 11t
Diabetes mellitus, 66
Dilated cardiomyopathy, 1, 2t, 33, 136

in children, 113
survival rate, 3, 4f

Drugs,
anti-infective, 11t
antilipidemic, 146, 162, 164
antiretroviral, 11t
antiretroviral,

interactions, 161
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(f, figures; t, tables)



and arrhythmias, 138
Dyslipidemia, 24, 62, 145

Eccentric hypertrophy, 33
Echocardiography, 155
Efavirenz, 11t
Electrocardiogram, 155
Emergencies, cardiac, 133
Endocarditis, 8, 36, 123, 133t

in children, 116
infective, 37, 134
nonbacterial, 36, 135

Endocardium, pathology, 36
Endothelial dysfunction, 10
Endothelial-derived proteins, 104, 105t
Epoprostenol, 98

Fat alterations, 26

Glucose metabolism, 17, 25

HAART, 1, 9, 13, 47, 158
cardiomyopathy in children, 115
coagulative disorders, 103
coronary heart disease, 48, 50t, 60
drugs, 11t, 138
dyslipidemia, 24, 25f
hemorrhagic condition, 108
in hemophiliac patients, 109
ischemic accident, 74
lipodistrophy, 29
metabolic disorders, 13
metabolic syndrome, 17, 29f
neurological complications, 73
pulmonary hypertension, 98
thrombocytopenia, 109t

HACEK bacteria, 37
Haemophilus influenzae, 8, 37, 123
Heart transplantation, 125
Hepatitis B, 87
Highly active antiretroviral therapy, see HAART
Histoplasma capsulatum, 11, 136
HIV therapy, 11
HOMA index, 18
Hypertension,

pulmonary, 3t, 93, 94t, 140
α-adrenoreceptors, 95f
diagnostic tests, 96t
pathogenesis, 94t
treatment, 98t

systemic, 2t, 66

Insulin, 17, 18f, 23f
and adipose tissue, 22
resistance, 25, 28f

Interleukin-6, 20
Intracerebral hemorrhages, 78
Ischemic heart disease, 35
Ischemic stroke, 74, 75, 76t

drugs, 78
cardioembolism in, 75
causes of, 76t
hematological disorders, 78
in infected children, 80
vasculitis, 76

Kaposi’s sarcoma, 3t, 12, 35, 39,78, 133t, 136
Kawasaki-like syndrome, 87

Lactic acidosis, 130
Leptin, 19
Lipid-lowering agents, 64t, 146, 162
Lipoartrophy, 28

HAART-associated, 17, 28f, 29
Listeria monocytogenes, 136
Lymphomas, 3t, 12, 39, 133t

Metabolic syndrome, 17, 23f, 29f, 103
adipocytokines, 19
fat distribution, 26
free fatty acids, 22
TNF-α, 20
HAART-associated, 17, 24
in non-HIV-infected, 17

Metformin, 103
Mielopathy, ischemic, 80
Myocardial infarction, 52f
Mycobacteria, 122, 136
Myocarditis, 33, 133t, 134

incidence, 52f
Myocardium, pathology, 33

Neurological complications, 73
Nevirapine, 11t
Nocardia, 122, 136
Nutritional deficiencies, 7

Opportunistic infections, 2t, 10, 33, 37, 122,
133t, 136

cerebrovascular events, 75
intracerebral hemorrhages, 78
vasculitidis, 87
vascular tropism, 45
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Pericardial effusion, 2t, 8, 122, 133t, 136
in children, 115

Pericardial tamponade, 122
Pericarditis, 39, 133t
Pericardium, pathology, 38
Peripheral arterial disease, 85
Peripheral vessels, pathology of, 41
Physical exercise,

calories consumed, 148
heart rate, 151

Plasminogen activator inhibitor I, 21, 103, 104f
Pneumocystis jiroveci, 87
Primary angitis, 76
Primary prevention,

in coronary artery disease, 62
in cardiovascular disease, 158

Protease inhibitors, 11t
interactions, 161

Rhodococcus equi, 136
Risk, cardiovascular, 50t, 144, 157
Ritonavir, 79

Sildenafil, 98
Simian immunodeficiency virus, 4, 45
Smoke cessation, 65
Staphylococcus aureus, 8, 37, 123, 133t
Statins, 64t, 162
Streptococcus pneumoniae, 8, 37, 123
Surgery,

cardiac, 121, 122f
valvular, 123

Tachycardia,
supraventricular, 138
ventricular, 138

Tenofovir, 11t
Thrombocytopenia, 108
Thrombosis, 103

cerebral venous, 79
venous, 41, 106

Thrombotic thrombocytopenic purpura, 108
Toxoplasma gondii, 10, 33, 87, 115, 136
Transfusion, 128
Transient ischemic accidents, 74
Transient neurological deficits, 74
Transmission risk,

patients, 128
surgeons, 127, 140

Trypanosoma cruzi, 11
Tumor necrosis factor-a, 20, 35
Tumors,

AIDS-related, 3t
cardiac, 127

Vascular alterations,
pathogenesis, 45
peripheral vessels, 41

Vasculitic syndromes, 86
Vasculitis, 41

in ischemic stroke, 76
Ventricular hypertrophy, 36
von Willebrand’s factor, 45, 104

Zidovudine (AZT), 11t, 108, 109t
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