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Abstract
Aims: Patients with human immunodeficiency virus (HIV) infection have an increased risk of acute myo-
cardial infarction (MI), and 6.5-15% of mortality in this population is attributable to cardiovascular dis-
ease. However, the angiographic pattern of coronary artery disease (CAD) in patients with HIV undergoing 
percutaneous coronary intervention (PCI) remains unknown. We sought to assess and describe the angio-
graphic features and burden of CAD in patients with HIV as compared to those without HIV infection.

Methods and results: This is a retrospective, single-centre study comparing 93 patients with HIV infec-
tion who underwent PCI between 2003 and 2011 with 93 control patients without HIV infection matched for 
age (±3 years), gender, diabetes, and year of PCI (±2 years). Quantitative coronary angiography (QCA) was 
performed for all treated lesions at baseline and following PCI in both groups. One-year clinical outcomes 
post PCI were also analysed and compared. The mean age for both study populations was 57 years; patients 
with HIV were more likely to present with ST-segment elevation myocardial infarction (STEMI). Patients 
had a similar extent of CAD as measured by the presence of multivessel disease as well as SYNTAX score; 
however, patients with HIV were more likely to have lesions in the proximal segment of the respective 
coronary artery. While both groups mostly displayed none/mild calcified lesions, HIV+ patients had longer 
and fewer stenotic lesions. Clinical outcomes at one year were similar.

Conclusions: While HIV+ patients were more likely to present with STEMI, detailed coronary angio-
graphic analysis revealed less complex lesions and favourable anatomy. This paradox may suggest altera-
tions in genesis and progression of atherosclerosis in this clinical setting.
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Introduction
The introduction of highly active antiretroviral (HAART) ther-
apy in 1995 resulted in dramatic improvements in the prognosis 
of patients with human immunodeficiency virus (HIV) infection. 
Accordingly, the treatment paradigm in HIV has shifted to that of 
a chronic disease, with an increased attention to the characterisa-
tion and impact of HIV-associated vasculopathy, including cardio-
vascular atherosclerosis1-3.

Cardiovascular disease is currently the third leading cause of 
death among HIV-infected patients (HIV+), accounting for 6.5-
15% of all deaths among this population. Furthermore, it is esti-
mated that HIV confers a 50% increased risk of acute myocardial 
infarction (MI)4. Despite this, the angiographic pattern and burden 
of coronary artery disease (CAD) in HIV+ patients undergoing 
percutaneous coronary intervention (PCI) has not yet been clearly 
determined. Thus, we found it imperative that a comprehensive 
quantitative analysis be carried out to further our understanding of 
CAD in this unique population.

The purpose of the present study was to evaluate the angio-
graphic morphology of CAD and assess possible correlations 
between angiographic morphology of CAD and clinical outcomes 
post PCI of HIV+ patients on HAART as compared to those with-
out HIV infection (HIV–).

Methods
STUDY POPULATION
Patients who undergo cardiac catheterisation at Mount Sinai 
Hospital (NY, USA) are entered into a prospective database and 
are contacted at 30 days and one year following PCI via tele-
phone calls. Among all patients who underwent cardiac cathe-
terisation at our institution between January 2003 and December 
2011, 279 patients were classified as immunocompromised in the 
database, including patients with either HIV infection or current 
malignancy or those who were under long-term use of steroids or 
immunosuppressive medications (i.e., patients with systemic lupus 
erythematosus or post-transplant patients). Out of 279 immuno-
compromised patients, 105 were identified as HIV+ based on the 
past medical history and the prescription of antiretroviral ther-
apy through the Mount Sinai Data Warehouse, a secure, research 
information technology service which contains clinical data from 
hospital patient care processes. After excluding patients who had 
diagnostic angiography, plain old balloon angioplasty alone or 
failed PCI, our study population included 93 consecutive patients 
with known HIV infection who underwent PCI with at least one 
stent. The control group consisted of 93 HIV– subjects who 
underwent PCI during the same time period. While it is unknown 
whether those patients had ever been tested for HIV infection, no 
one was either under HAART treatment or listed as HIV infected 
as per their medical records, minimising the possibility of having 
an active HIV infection.

We compared baseline characteristics, procedural data, quantita-
tive coronary angiography (QCA) and one-year clinical outcomes 
in HIV+ versus matched HIV– patients. Baseline characteristics, 

medications, and past medical history were obtained from med-
ical chart review. All demographic and procedural data along 
with the results of quantitative coronary analysis were entered 
into a separate de-identified database. The study complied with 
the Declaration of Helsinki and was approved by the institutional 
review board (IRB).

QUANTITATIVE CORONARY ANGIOGRAPHY (QCA)
QCA analysis was conducted using validated quantitative angio-
graphic software (QAngioXA 7.3; Medis medical imaging sys-
tems bv, Leiden, The Netherlands). It was performed for all treated 
lesions of study patients using baseline and post-PCI cineangio-
grams by two independent analysts from the Mount Sinai angio-
graphic core lab blinded to patient HIV status and outcomes, with 
subsequent overreading by an experienced analyst.

QCA measurements included lesion length, lesion location, ref-
erence vessel diameter (RVD) (proximal, distal and interpolated), 
and percentage diameter stenosis (% DS) and minimal lumen dia-
meter (MLD).

The TIMI grade flow and the corrected TIMI frame count 
(CTFC) were also assessed at baseline and post PCI as indica-
tors of the coronary blood flow5,6. The SYNTAX score, which is 
a valid assessment of CAD burden and complexity, was calcu-
lated at baseline and post PCI (residual SYNTAX score) through 
the SYNTAX score calculator 2.117. Lesion calcification was 
classified as none/mild, moderate (radiopacities noted only dur-
ing the cardiac cycle before contrast injection), and severe (radi-
opacities noted without cardiac motion before contrast injection 
compromising both sides of the arterial lumen)8. For bifurca-
tion lesions, angiographic measurement was performed only for 
the main vessel. QCA was performed for all of the staged PCI 
procedures.

STUDY OUTCOMES
We report here one-year follow-up data. The composite endpoint 
of major adverse cardiac events (MACE), including death, myo-
cardial infarction, recurrent coronary revascularisation (urgent or 
non-urgent), and stent thrombosis, was the primary endpoint of 
the study. Deaths were ascertained via the social security death 
index. Outcomes were then adjudicated by an independent clini-
cal events committee, which included general and interventional 
cardiologists who were blinded to the patients’ HIV status, using 
available source documents.

STUDY DEFINITIONS
MACE were the composite of death, myocardial infarction (MI), 
and target vessel revascularisation (TVR). Death included all-cause 
mortality. Spontaneous and periprocedural myocardial infarction 
was defined according to the third universal definition of myo-
cardial infarction9. Target lesion revascularisation (TLR) included 
clinically driven revascularisation including any percutaneous or 
surgical revascularisation due to ≥50% stenosis on angiography 
either within the stented segment or within the 5 mm segment 
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proximal or distal to the stent edge. TVR included any clinically 
driven surgical or percutaneous intervention at any lesion located 
in a previously treated vessel. Stent thrombosis (ST) was defined 
using the Academic Research Consortium definition10. Multivessel 
coronary artery disease was defined as the presence of ≥50% lumi-
nal stenosis in two or more vessels.

STATISTICAL ANALYSIS
We performed a matched cohort study of HIV+ and HIV– patients 
matched for age (±2 years), gender, diabetes, and year of PCI 
(±3 years). Continuous variables are presented as mean±standard 
deviation or median (interquartile range) and compared using an 
unpaired Student’s t-test or the Wilcoxon rank-sum test, respec-
tively. Categorical variables are presented as frequency (percent-
age) and compared using Pearson’s chi-squared test. Time-to-event 
analyses for HIV+ versus HIV– patients were performed using 
Kaplan-Meier methodology and compared using the log-rank test. 
Cox regression analysis was used to determine the hazard ratio 
(HR) for the one-year MACE. To assess the independent effect of 
HIV status on one-year MACE, multivariate regression analysis 
was used. Smoking status, body mass index (BMI), use of statins 
on admission, use of aspirin on admission, and use of bare metal 
stents were used for our multivariate analysis. P-values <0.05 
were considered statistically significant. All statistical analyses 
were performed using STATA version 12.1 (StataCorp LP, College 
Station, TX, USA).

Results
Out of 186 patients who underwent successful PCI, 93 consec-
utive HIV+ patients and a control group of 93 HIV– patients 
were matched for age, gender, diabetes, and year of PCI. Mean 
age was 57 years (Table 1). Patients were predominantly male 
(77.4%) and mostly non-Caucasian (70%). HIV+ patients were 
more often smokers (60% vs. 22%, p<0.001), more likely to pre-
sent with ST-segment elevation MI (STEMI) (12.9% vs. 2.2%, 
p=0.005), and had higher baseline C-reactive protein (CRP) values 
(7.5±9.1 vs. 4.3±6.4, p=0.008). Conventional cardiovascular risk 
factors were highly prevalent in both groups, but HIV– patients 
had higher BMI (27.8±6.6 vs. 30.4±6.6, p=0.009) and were more 
likely to have dyslipidaemia (88.2% vs. 95.6%, p=0.049). While 
LDL and HDL cholesterol did not differ significantly between the 
two groups, HIV+ patients had higher triglyceride levels (169±145 
vs. 132±111, p=0.05).

Table 2 shows the medications on admission and on discharge. 
The prescription of evidence-based medications on discharge was 
similar in the two groups with the exception of statins, which 
was considerably lower among HIV+ patients (63% vs. 84%, 
p=0.002). With regard to admission medications, statins (51% vs. 
73%, p=0.002) and aspirin (78.5% vs. 90%, p=0.03) were less 
often prescribed in HIV+ patients. While information regarding 
HAART therapy including adherence or duration was not avail-
able, all patients with HIV were receiving antiretroviral therapy, 
which is consistent with the fact that the median CD4 cell counts 

Table 1. Baseline demographic and clinical characteristics.

HIV+ N=93 HIV– N=93 p-value

Age (years) 56.5±8.5 56.8±8.5 0.80

Male 72 (77.4%) 72 (77.4%) 1.00

Race

Caucasian 28 (30%) 31 (33%) 0.64

African American 34 (37%) 27 (29%) 0.27

Hispanic 22 (24%) 19 (20%) 0.60

Body mass index (kg/m2) 27.8±6.6 30.4±6.6 0.009

Hypertension 80 (86%) 84 (90.3%) 0.82

Dyslipidaemia 82 (88.2%) 89 (95.6%) 0.049

Diabetes mellitus 33 (35%) 33 (35%) 1.00

On insulin 13 (14%) 11 (12%) 0.41

Current smoker 56 (60%) 20 (22%) <0.001

Chronic kidney disease 
on dialysis 8 (8.6%) 5 (5.4%) 0.39

CAD presentation

Stable angina 47 (51%) 52 (56%) 0.46

Unstable angina 17 (18%) 30 (32%) 0.03

Non-STEMI 15 (16%) 9 (9.7%) 0.19

STEMI 12 (12.9%) 2 (2.2%) 0.005

Peripheral artery disease 6 (6.4%) 5 (5.3%) 0.83

Previous PCI 47 (51%) 51 (55%) 0.86

Congestive heart failure 
on presentation 40 (43%) 30 (33%) 0.15

LVEF (%) 50.6±12.9 54.3±15.7 0.32

Baseline labs
CRP (mg/L), median 
(IQR)* 7.5 (5.5-9.4) 4.3 (2.9-5.6) 0.008

LDL (mg/dl) 90.8±37.7 82.8±36.9 0.15

HDL (mg/dl) 38.6±13.3 39.3±10.7 0.65

Triglycerides (mg/dl) 168.8±144.7 131.6±110.8 0.051

HbA1C (%) 6.3±1.4 6.7±1.4 0.24

Haemoglobin (g/dl) 15.1±0.8 13.5±0.2 0.06

White cell count (cell 
count/mm3) 6.0±2.2 7.9±2.5 <0.001

Lymphocytes (cell 
count/mm3) 1.9±0.9 2.2±1.5 0.48

Platelets (cell count/
mm3) 202±84 231±65 0.01

eGFR (ml/min/1.73 m2) 80.6±41.8 80.7±31.1 0.98

CD4 cell count (cells/
mm3), median (IQR)* 344 (227-605) –

Data are expressed as mean±SD, median (interquartile range) or as 
a number (percentage). *CD4 cell count was only available in 
47 patients. CD4: cluster of differentiation 4; CD8: cluster of 
differentiation 8; CRP: C-reactive protein; eGFR: estimated glomerular 
filtration rate; HDL: high-density lipoprotein; LDL; low-density 
lipoprotein; LVEF: left ventricular ejection fraction; PCI: percutaneous 
coronary intervention; STEMI: ST-eleveation myocardial infarction

in our cohort was greater than 200/mm3. Non-nucleoside reverse 
transcriptase inhibitors (NNRTI) and nucleoside reverse tran-
scriptase inhibitors (NRTIs) were the most prevalent antiretrovi-
rals (75% and 57%, respectively).
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QUANTITATIVE CORONARY ANGIOGRAPHY
Angiographic characteristics are shown in Table 3. As many 
patients had more than one treated lesion, 144 treated lesions were 
analysed for the HIV+ group and 140 lesions for the HIV– group. 
Overall, HIV+ patients were found to have multivessel disease of 
mild complexity (mean SYNTAX score of 12) and their lesions 
displayed none/mild calcification pattern (63%), moderate lesion 
length (mean length of 17 mm) and mild obstruction (mean dia-
meter stenosis of 68%). As compared to the control group, non-
significant differences were detected with regard to multivessel 
disease (57% vs. 53%, p=0.22) and SYNTAX score (11.9±7.4 
vs. 10.6±7.3, p=0.25). The arterial distribution of lesions was 
also similar; however, HIV+ patients were more likely to have 
proximal lesions. Accordingly, the reference vessel diameter was 
higher among HIV+ patients (2.65±0.70 mm vs. 2.34±0.63 mm, 
p=0.002). HIV+ patients were more likely to have lower diameter 
stenosis (67±15% vs. 71±16.5%, p=0.04) and nominally longer 
lesions (17.1±11 mm vs. 14.9±8.4 mm, p=0.07).

The two groups shared similar patterns of lesion calcifica-
tion with none/mild calcification being the most prevalent pat-
tern (63.4% vs. 61.8%, p=0.42). The baseline Thrombolysis In 
Myocardial Infarction (TIMI) grade flow was more likely to be 
0/1 among HIV+ patients (15.2% vs. 10%, p=0.01), but final 
TIMI 3 flow was similar in the two groups (72% vs. 65%). The 
residual diameter stenosis post PCI was greater in HIV+ patients 
(18.9±8.4% vs. 16.4±8.5%, p=0.01). Lesions among HIV+ patients 
were more often treated with bare metal rather than drug-eluting 
stents (35.4% vs. 12.4%, p<0.001).

Table 2. Medications.

HIV+ N=93 HIV– N=93 p-value

Medications on admission

Aspirin 73 (78.5%) 84 (90.3%) 0.03

Clopidogrel 39 (41.9%) 49 (52.7%) 0.14

Beta-blocker 57 (61.3%) 68 (73.1%) 0.09

RAAS inhibitor 40 (43.0%) 54 (58.1%) 0.04

Statin 47 (50.5%) 68 (73.1%) 0.002

Antiretroviral therapy

NRTI 53 (57%)

NNRTI 70 (75%)

Protease inhibitor 26 (28%)

Integrase inhibitor 11 (12%)

Medications on discharge
Aspirin 93 (100%) 92 (99.0%) 0.32

Clopidogrel 87 (93.6%) 80 (86.0%) 0.09

Prasugrel 3 (3.2%) 8 (8.6%) 0.12

Beta-blocker 63 (68%) 71 (76%) 0.19

RAAS inhibitor 55 (59.1%) 61 (65.6%) 0.36

Statin 59 (63.4%) 78 (83.9%) 0.002

Data are expressed as number (percentage). NNRTI: non-nucleoside 
reverse transcriptase inhibitors; NRTI: nucleoside reverse transcriptase 
inhibitors; RAAS: renin-angiotensin-aldosterone system

Table 3. Angiographic characteristics.

HIV+ HIV– p-value

Per patient N=93 N=93

Number 
of 
diseased 
vessels

1-vessel 40 (43%) 43 (46%)

0.222-vessel 34 (37%) 29 (31%)

3-vessel 19 (20%) 21 (22%)

SYNTAX score 11.9±7.4 10.6±7.3 0.25

Residual SYNTAX score 4.0 (2.0-11.0) 4.0 (2.0-5.5) 0.13

Per lesion N=144 N=140
Number of stents 1.14±0.39 1.12±0.38 0.56

Lesion length (mm) 17.1±11 14.9±8.4 0.07

Lesion 
location 
(artery)

Left main 3 (2.1%) 2 (1.4%) 0.66

LAD 59 (40.9%) 56 (40%) 0.85

LCx 38 (26.4%) 36 (25.7%) 0.80

RCA 44 (30.6%) 36 (25.7%) 0.43

Location 
within 
artery

Proximal 57 (40%) 37 (26%)

0.007Mid 57 (40%) 68 (49%)

Distal 30 (20%) 35 (25%)

Calcifi-
cation

No/mild 90 (63.4%) 81 (61.8%)
0.42

Moderate or heavy 54 (36.6%) 59 (38.3%)

True bifurcation  
(i.e., Medina x,x,1) 32 (22%) 26 (18.6%) 0.45

Proximal RVD 2.93±0.6 2.75±0.53 0.003

Distal RVD 2.64±0.61 2.42±0.62 0.002

IP RVD 2.65±0.70 2.34±0.63 0.002

MLD 0.86±0.53 0.68±0.44 0.004

Diameter stenosis (%) 67.2±15.3 71.2±16.5 0.04

TIMI 
flow at 
baseline

0 14 (9.7%) 9 (6.4%)

0.01
1 8 (5.6%) 5 (3.6%)

2 16 (11.1%) 35 (25%)

3 106 (73.6%) 91 (65%)

Corrected TIMI frame count 21.8±12.8 18.0±5.3 0.02

Stent 
type

Bare metal stent 51 (35.5%) 19 (12.4%)

<0.0011st generation DES 41 (28.4%) 72 (51.8%)

2nd generation DES 52 (36.1%) 49 (35.8%)

Post PCI
Diameter stenosis (%) 18.9±8.4 16.4±8.5 0.01

TIMI 
flow

0 0 0

0.661 0 0

2 4 (2.8%) 2 (1.4%)

3 140 (97.2%) 138 (98.6%)

Corrected TIMI frame count 16.4±0.82 13.3±4.2 0.002

Data are expressed as mean±SD, median (interquartile range) or as 
number (percentage). DES: drug-eluting stent; IP RVD: interpolated 
reference vessel diameter; LAD: left anterior descending; LCx: left 
circumflex; MLD: minimal lumen diameter; RCA: right coronary artery; 
RVD: reference vessel diameter; TIMI: Thrombolysis In Myocardial 
Infarction

CLINICAL OUTCOMES
HIV+ patients had a higher one-year death rate (9.7% vs. 4.3%, 
p=0.045) and fivefold higher incidence of MI (5.4% vs. 1.1%, 
p=0.053). One-year TVR and TLR event rates were nominally 
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higher among HIV+ as compared to HIV– patients (9.7% vs. 
7.5%, p=0.56, and 4.3% vs. 3.2%, p=0.50, respectively) (Table 4). 
One-year MACE was similarly high in both groups (17.2% vs. 
11.8%, p=0.13) (Table 4, Figure 1). Multivariate adjustment for 
major independent factors, including smoking status, BMI, use of 
statins on admission, use of aspirin on admission, and use of bare 
metal stents, did not alter clinical outcomes (Table 5).

Discussion
To our knowledge, this is the first known study to examine 
angiographic features in HIV+ patients and possible correlations 
between the angiographic profile and clinical outcomes in this 
study population. Our study had several interesting findings. (1) 
The prescription rate of statin therapy was considerably lower 
in HIV+ patients both on admission and at discharge. (2) HIV+ 
patients had, overall, a high amount of multivessel disease with 
mild CAD burden, and their lesions were, for the most part, non/
mild calcified, of moderate length and mildly obstructive. In com-
parison to HIV– patients, HIV+ lesions were characterised by 
a lower degree of diameter stenosis, localised in more proximal 
coronary segments and were marginally longer. (3) Despite their 
observed low-risk angiographic lesion profile, HIV+ patients were 
more likely to present with STEMI.

Table 4. One-year clinical outcomes.

HIV+ N=93 HIV– N=93 HR (95% CI) p-value

Death 9 (9.7%) 4 (4.3%) 3.43 (1.03-11.5) 0.045

Myocardial infarction 5 (5.4%) 1 (1.1%) 5.22 (0.60-45.6) 0.053

Target lesion revascularisation 4 (4.3%) 3 (3.2%) 1.68 (0.38-7.52) 0.50

Target vessel revascularisation 9 (9.7%) 7 (7.5%) 1.47 (0.40-5.49) 0.56

Stent thrombosis 0 (0%) 0 (0%) – –

MACE 16 (17.2%) 11 (11.8%) 1.83 (0.85-3.96) 0.13

Event rates are Kaplan-Meier estimates at one year. p-values are calculated using the log-rank test.

Table 5. Multivariate logistic regression analysis of 1-year major 
adverse cardiovascular events.

Hazard 
ratio (HR)

95% CI p-value

HIV status 1.33 0.53-3.35 0.53

Smoking 0.86 0.37-1.99 0.73

Body mass index 1.00 0.94-1.06 0.99

Use of statin on admission 0.38 0.15-0.98 0.047

Use of aspirin on admission 0.91 0.34-2.48 0.86

Bare metal stent use 1.39 0.59-3.20 0.45

Use of statin on discharge 1.13 0.43-2.97 0.80

CI: confidence interval; HIV: human immunodeficiency virus

0.25

0.20

0.15

0.10

0.05

0.00
0 60 120 180 240 300 360

p-value=0.1304

Analysis time

no HIV
HIV

Number at risk
no HIV 93 83 82 78 77 73 70
HIV 93 77 69 63 59 54 51

Figure 1. Rates of major adverse cardiac events (MACE) at 1 year. 
Kaplan-Meier curve showing the 1-year MACE rates between HIV 
positive and matched control patients undergoing PCI.

It is known that atherosclerosis in HIV+ patients is a multifac-
torial and complex process that involves chronic inflammation, 
immune dysregulation, coagulation disorders, and cardiometabolic 
abnormalities11-14. Furthermore, the prevalence of the conventional 
cardiovascular risk factors such as smoking, dyslipidaemia, dia-
betes, and hypertension in this population is higher compared to 
age-related controls15. Other known factors include side effects 

– Chronic inflammation
– High inflammatory 
   response

Human
immunocompromised

virus infection

Accelerated genesis and
progression of atherosclerosis

Premature CAD

– Immune dysregulation
– Coagulopathy
– HIV medications (Pls 
   and NRTIs)
– Metabolic disorders
– Endothelial dysfunction

Compensatory
remodelling Plaque vulnerable to rupture

Increased presentation with acute MI

Figure 2. Pathogenesis of coronary artery disease in HIV patients 
(proposed). A proposed flow chart schema indicating the 
pathogenesis of coronary artery disease in HIV patients.
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of HAART therapy (especially protease inhibitors and nucleo-
side reverse transcriptase inhibitors), recreational drug abuse (e.g., 
cocaine), and opportunistic infections that may contribute to pre-
mature and progressive atherosclerosis and thrombosis in these 
patients16-18.

Given the above unique clinical features of HIV infection and 
their associated high cardiovascular risk, we attempted to match 
our two groups in order to eliminate possible confounders in our 
study findings. As such, after matching for age, gender and diabe-
tes, our study control group of HIV– patients was of a high-risk 
cardiovascular profile, as reflected by this population’s relatively 
young age and the increased prevalence of hypertension, dyslipi-
daemia and obesity.

While HIV infection and HAART therapy are well associated 
with metabolic abnormalities, our control group consisted mostly 
of obese patients (mean BMI >30), which may explain the high 
prevalence of cardiovascular risk factors in a relatively young 
population. HIV+ patients in our study were significantly more 
likely to present with MI, suggesting an increased HIV-related risk 
beyond traditional cardiovascular risk factors. This is consistent 
with the results of a recent large cohort study of 82,549 patients 
showing a 50% higher risk of acute MI in HIV+ patients as com-
pared to HIV– after adjustment for coexisting comorbidities4.

A recent double-blind, randomised placebo trial compared ator-
vastatin to placebo in HIV+ patients with subclinical atheroscle-
rosis in terms of aortic inflammation and coronary atherosclerotic 
progression. Atorvastatin was associated with a significant reduc-
tion in coronary plaque volume and high-risk coronary plaque fea-
tures including positive remodelling19. Despite the established role 
of statins in primary and secondary prevention of cardiovascular 
risk20, HIV+ patients were paradoxically less likely to be on sta-
tin therapy both on admission and at discharge. This underuse of 
statin therapy might partially explain the higher incidence of MI 
in HIV+ patients. Concerns regarding potential drug interactions 
between statins and HAART therapy or hepatotoxicity may be 
the driving factors for lower use of statins in HIV+ patients21,22. 
Despite concerns regarding the possible interactions between 
statins and antiretroviral therapies, a series of studies has dem-
onstrated the safety of atorvastatin, rosuvastatin and pitavastatin 
in this clinical setting23. Among HIV patients on a ritonavir/daru-
navir regimen, pitavastatin has been found to be safe and effec-
tive with minimal drug-to-drug interactions24. Whether pitavastatin 
can lead to decreased cardiovascular events in HIV patients is 
under ongoing investigation (Evaluating the Use of Pitavastatin to 
Reduce the Risk of Cardiovascular Disease in HIV-Infected Adults 
– REPRIEVER study).

ANGIOGRAPHIC ANALYSIS
Our QCA analysis provides the first known angiographic descrip-
tion of coronary vasculopathy and lesion characteristics in patients 
with HIV. Overall, the extent of CAD was similar in the two 
groups. Our data appear to confirm the findings of previous stud-
ies in which HIV+ patients displayed a similar CAD burden to 

age-matched control patients25,26. While previous reports assessed 
the extent of CAD based on the number of diseased vessels alone, 
we further investigated by quantifying the CAD burden with the 
SYNTAX score. The two groups displayed less complex coro-
nary lesions and favourable anatomy as assessed by the SYNTAX 
score. Nevertheless, a detailed analysis of lesion characteristics 
revealed notable angiographic differences between the two groups 
that had not been previously described. Such differences include 
disparities in vessel diameter, lesion location, length, obstruction 
grade, and the impact of those lesions on TIMI flow rate.

Recent data have shown a positive correlation between HIV 
infection and positive arterial remodelling that further leads to 
an increased risk for myocardial infarction27. Our QCA findings 
of HIV lesions, including greater vessel lumen diameter, milder 
obstruction, more proximal and none/mild calcified lesions, sug-
gest a high risk for ruptured plaques and may provide indirect evi-
dence of positive remodelling in this cohort.

The aforementioned angiographic differences and the appar-
ent discord between angiographic profile and clinical presenta-
tion seen in HIV+ patients may reflect substantial differences in 
the pathogenesis of atherosclerosis in HIV+ patients (Figure 2). 
In vivo intravascular imaging studies with intravascular ultrasound 
as well as optical coherence tomography may further elucidate 
the differences in atherosclerosis features in patients with HIV as 
compared to those without HIV.

As it relates to PCI characteristics, we observed a higher fre-
quency of bare metal stent use in HIV+ patients that may be 
attributable to clinical and environmental characteristics, raising 
concerns about long-term dual antiplatelet therapy in this popu-
lation (e.g., risks of bleeding, non-compliance). The use of bare 
metal stents in this patient population would not be supported by 
the most recent evidence28,29. However, the extended window of 
inclusion of patients in the present study (i.e., 2003-2011) may 
explain, at least in part, the high use of bare metal stents in the 
study population.

CLINICAL OUTCOMES
Previous studies have reported similar rates of both stent throm-
bosis and clinical restenosis among HIV+ and HIV– patients 
following PCI, although HIV was associated with an increased 
risk of MI30-32. These data were corroborated by a recent large 
meta-analysis of 2,440 HIV+ patients showing that those patients 
presenting with ACS had a significant long-term risk of MI30. 
Similarly, we observed that HIV+ patients had a trend to a higher 
incidence of MI compared to our matched HIV– patients, with 
no significant differences in terms of repeat revascularisation 
and stent thrombosis. With respect to MI, out of five such inci-
dents in HIV+ patients, two were periprocedural and three were 
spontaneous, whereas HIV– patients developed only spontane-
ous MI. Based on our findings, the association between HIV 
infection and MI may be explained by the HIV infection itself, 
disparities in statin use, and differences in lesion characteristics 
between the two groups.



1763

EuroIntervention 2
0
17;1

2
:175

7-176
5

QCA analysis in patients with HIV infection undergoing PCI

Although not significantly different compared to the con-
trol population, the one-year MACE incidence in HIV+ patients 
was as high as 17%, underscoring the importance of imple-
menting aggressive preventive strategies in this high-risk patient 
population.

Limitations
The present study had several limitations. Firstly, our analysis was 
retrospective and of a single-centre patient population. Secondly, 
we did not have access to information regarding the duration of 
HIV infection, HAART therapy, and viral load, and only had CD4 
cell counts available in a subset of HIV+ patients. Finally, we 
included patients undergoing PCI between 2003 and 2011, with 
potential treatment biases related to changes in PCI practice dur-
ing this timeframe.

Conclusions
In conclusion, our QCA analysis suggests that HIV+ patients on 
HAART therapy undergoing PCI display considerable differences 
in their lesion profile. Furthermore, quite interestingly, our find-
ings indicate that HIV+ patients exhibiting benign angiographic 
characteristics still presented more often with STEMI, suggesting 
possible altered genesis and progression of atherosclerosis in the 
setting of HIV infection. The clinical complexity and angiographic 
pattern of HIV patients warrants further investigation through 
observational studies and implementation of more effective pre-
ventive strategies in this high-risk patient population.

Impact on daily practice
HIV patients undergoing PCI are relatively young, have complex 
metabolic profiles, and more frequently present with STEMI. 
Paradoxically, HIV patients seem to be less often on statins, 
probably due to physicians’ concerns regarding possible drug 
interactions between HAART and statins. Angiographic analy-
sis reveals a benign angiographic profile with milder obstruc-
tion, more proximal, and none/mild calcified lesions compared 
to a matched control group. The discordance between angio-
graphic phenotype and clinical presentation suggests possible 
altered genesis and progression of atherosclerosis in the setting 
of HIV infection. The clinical complexity and angiographic pat-
tern of HIV patients warrant further investigation and the imple-
mentation of more effective and aggressive preventive strategies 
in this high-risk patient population.
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