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        Figure 1.1 : Pathogenesis of HIV and Non-ischaemic Heart Disease (Manga et al., 2017) 
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Figure 1.2: Pathogenesis of HIV and coronary artery disease (Vachiat et al., 2017) 
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Table 1.1: Table of HIV and Ischaemic heart disease (>5000 HIV-positive patients) (Vachiat et al., 2017) 

Authors Year Population 
HIV- positive 

patients 

Age 

(years) 

Effect of 

HIV infection 

Effect of 

Anti-retroviral 

therapy 

Bozette et al 

 
2003 

Veterans Affairs 

USA 

36766 

(98,1% male) 
 

35-55 

(71,3%) 

No significant 
increase in CAD 

admissions or 

mortality 

No difference between 

PI vs no PI 

Mary-Krause et al 

 
2003 

French Hospital 

Database 

34976 

(All male) 

37.7 

(mean) 
No controls 

Increased MI in PI > 
30 months  

Standardized morbidity 

ratio 2.9 

Currier et al 
 

2003 
California 
Medicaid 

28513 
(72,7% male) 

25-54 
(89,7%) 

Increased incidence 
of CAD in men      

< 35y and women  

< 45y 
 

Increased CAD with 
cART (age 18-33y) 

RR 2.06 

No difference in other 
age groups 

Friis-Moller et al 

 
2003 

D.A.D study 

188 clinics in 21 
countries 

23468 

(74,9% male) 

39 

(median) 

No controls 

 

Incremental increase in 

MI with cART 

RR 1.26 per additional 
year exposure 

 

Coplan et al 

 
2003 

Meta-analysis  
phase II/III 

randomized studies 

10986 

(85,9% male) 

37 

(mean) 
No controls 

No significant 

difference of MI in PI 

vs NRTI 
 

Iloeje et al 2005 
USA 

(HOPS cohort) 

7542 

(88% male) 

18-49 

(88%) 

No controls 

 

PI exposure ≥ 60 days 

associated with greater 
events: HR 1.71 

Lang et al 2010 
French Hospital 

Database 
74958 

(89% male) 
47 

(median) 
No controls 

Increased risk of MI to 
all PI (except 

saquinavir) OR 1.53 

NRTI not associated 
with risk of MI 

Durand et al 2011 

Quebec, Public 

Health Insurance 
Database 

7053 

(91,2% male) 

39,5 

(mean) 

Increased risk of MI 
in HIV- positive 

patients 

IR 2.11 

Increased MI with ; 

abacavir, OR 1.79 

efavirenz OR 1.83 
lopinavir  OR 1.98 

ritonavir  OR 2.29 

Freiberg et al 2013 
Veterans Affairs 

USA 

27350 

(97,3% male) 

48,2 

(mean) 

Increased risk of MI 

in HIV- positive 
patients HR 1.48 

copies/ml and 

CD4 <200cells/mm3 

Recent PI use had 
borderline significance 

50,8% no cART use 

Silverberg et al 2014 
Kaiser Permanente 

California 

22081 

(90,6% male) 

30-49 

(70,3%) 

RR 1.4 

Increased risk if 

CD4 <200 
cells/mm3 

cART not associated 
with MI 

 

Paisible et al 2015 
Veterans Aging 
Cohort Study 

26836 
(96% male) 

45y 
(mean) 

HR 2.0 51% no cART use 
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Table 1.2: HIV and Ischaemic heart disease (<5000 HIV-positive patients) Adapted from (Ho and Hsue, 2009) 

Author Population Patients Years HIV-positive vs HIV-negative 

 

Rickets et al 

 

Frankfurt HIV cohort 4933 1983-1998 No controls 

Klein et al 
Kaiser Permanente 

Northern California 
4159 1996-2001 

Higher incidence rate of CAD hospitalization: 

6.5 vs 3.8 events per 1000 PY, p=0.003 

Non-significant increase in incidence of MI:    

4.3 vs 2.9 events per 1000 PY, p=0.07 

Obel et al 
Danish National Hospital 

Registry 
3953 1995-2004 

Incidence rate for CAD hospitalization increased 

after cART initiation 

Triant et al 
Health-Care based 

cohort 
3851 1996-2004 

Increased incidence of MI: 11.13 vs 6.98 events 

per 1000 PY, p<0.0001, adjusted relative risk 

1.75, 95% CI 1.51 to 2.02, p<0.0001 

Kaplan et al 

Multicentre AIDS cohort 

Study and Women’s 

Interagency Study 

931 men, 

1455 women 

(2386 total) 

1984-2003 No controls 

 

Barbaro et al 

 

Italian cohort 1551 1999-2002 No controls 

Hsue et al San Franscisco 68 1993-2003 

HIV-positive patients more likely to be more 

younger males, low HDL, single vessel disease, 

Higher restenosis rates 

Becker et al South Africa 30 2004-2008 Higher thrombus burden 

 

 

 



 13 

 

 

 

 

                  

Figure 1.3: Pathophysiology of HIV and Ischaemic heart disease (Boccara 2013) 
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practitioners must be aware of potential drug interactions (Table 1.3).  The majority of protease 

inhibitors interacts with cytochrome P450 3A4 and thus should be avoided in patients on 

simvastatin or lovastatin (Fichtenbaum et al., 2002). However, sound dietary intervention may 

limit pill burden and drug interactions (Stradling et al., 2012). Pravastatin and fluvastatin are the 

recommended first choice statins in patients on protease inhibitors followed by low-dose 

rosuvastatin (Cerrato et al., 2012).  

Table 1.3: Effect of antiretroviral therapy and dyslipidaemia                                                                                                   

(HDL: high-density lipoprotein, LDL: low-density lipoprotein, NNRTI: non-nucleoside reverse transcriptase inhibitors, NRTI: nucleoside 

reverse transcriptase inhibitors, TC: total cholesterol, TG: triglyceride) (Vachiat et al., 2017) 

cART Effect on Dyslipidemia Comment 

NRTI     

      Zidovudine  Significant increase in TC/LDL  

      Stavudine  Significant increase in TC/TG 

      Abacavir  TC/HDL ratio unchanged 

     Tenofovir  Reduction in LDL/TC 

NNRTI     

     Nevirapine  Can increase HDL level 

     Efavirenz ⁄ 

May increase lipid level 

slightly 

     Etravirine ⁄ No significant changes 

Protease Inhibitor     

    Lopinovir/ritonavir ⁄ Elevation of TC/ TG frequent 

    Fosamprenavir/ritonovir  Elevation of TC/TG 

    Atanazavir/ritonavir  PI with best lipid profile 

    Darunavir/ritonavir  Good lipid profile 

Integrase Inhibitor     

    Ralegrevir  Low frequency of dyslipidemia 

Chemokine Receptor-5 Antagonist 

 

  

    Maraviroc  No significant changes 
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Patient selection 

1) HIV+/ACS patients 

Twenty HIV-positive patients presenting with ACS to CMJAH were prospectively recruited,  

irrespective of cART status. In these patients an IVUS and virtual histology intravascular 

ultrasound assessment was performed to characterize the atherosclerotic plaque and to assess the 

total plaque burden in the coronary arteries. Flow mediated dilatation as well as endothelial 

biomarkers were  measured to assess endothelial function. Carotid intima media thickness 

assessment, as a surrogate for atherosclerosis, was also measured (Table 3.1). 

 

2) HIV-/ACS patients 

Twenty HIV-negative patients presenting with ACS to CMJAH were voluntarily recruited. These 

patients were age and sex matched to the HIV+/ACS group. They too were evaluated for 

endothelial function (FMD and biomarkers) and had CIMT measurement.  

 

3) HIV+/no ACS patients 

Twenty HIV-positive patients without ACS constituted the third group. These patients were all 

cART naïve. These patients also underwent endothelial function assessment and CIMT 

measurements. 

Table 3.1: Invasive and non-invasive investigations 

 HIV+/ACS 

n=20 

HIV-/ACS 

n=20 

HIV+/no ACS 

n=20 

IVUS and VH Yes   

CIMT Yes Yes  Yes  

FMD Yes  Yes  Yes  

Biomarkers Yes  Yes  Yes  
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3.2 Intravascular Ultrasound 

 

Intravascular ultrasound has improved the understanding of plaque characteristics and has 

complemented percutaneous interventions (PCI). The main uses of IVUS are to determine vessel 

and lumen diameter for accurate measurements, to determine length of lesions and also the types 

of plaque. Intravascular ultrasound is also beneficial pre- and post-PCI to help guide strategy and 

optimal stent placement. It is ideal to confirm stent apposition, hence decreasing adverse events 

such as stent thrombosis. The IVUS catheter is used over a wire and the images are obtained on a 

portable or built-in unit in the catheterization laboratory. The arterial wall consists from the inside 

of ; the endothelium, the internal elastic lamina, the media, the external elastic lamina and lastly 

the adventitia (Figure 3.1). Intravascular ultrasound depicts arterial layers such as the intima, 

media and the adventitia (Figure 3.2). 

 

 

Figure 3.1: Arterial layers 
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Figure 3.2 : Intravascular ultrasound : arterial layers description 

 

 

Virtual histology intravascular ultrasound uses ultrasound backscatter signal in order to colour 

code plaques into four pre-specified subtypes based on their histological composition. There are 

four spectral parameters red, white, dark green and yellow-green representing the necrotic core, 

calcium, fibrous and fibro-fatty lesions, respectively (Figure 3.3).  

 

 

 Necrotic Core   Dense Calcium   Fibrous   Fibrofatty 

 

Figure 3.3: Virtual histology plaque colour description 
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Virtual Histology’s clinical utility includes determining which plaques are inert and which ones 

have an active lipid rich plaque, identifying the vulnerable plaque with a thin cap fibrous 

atheroma. IVUS derived thin cap fibrous atheroma is defined as a necrotic core ≥ 10% without 

evidence of overlying fibrous tissue and the percentage of atheroma ≥ 40% (Layland et al., 2011) 

The virtual plaque has been correlated with histological specimens (Figure 3.4 and 3.5).    

 

 

 

 

 

Figure 3.4: Intravascular ultrasound virtual histology and a histological specimen (Diethrich et al., 2007) 
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Figure 3.5: Correlation of virtual histology and histological specimens (Diethrich et al., 2007) 
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The interface with the operator (Figure 3.6) allows either live images to be assessed by the 

cardiologist or the technician who calculates the vessel and lumen diameters.  

 

 

 

   

    Figure 3.6 : Intravascular ultrasound interface 
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For optimum length assessment and for research purposes a pullback device (Figure 3.7) 

is used which automatically pulls the catheter (Figure 3.8) back by either 0.5mm/s or 

1mm/s. Images are stored either as frames or as loops which can be later analyzed.   

 

                

Figure 3.7 : Intravascular ultrasound pullback device 

 

 

 

Figure 3.8 : Intravascular ultrasound catheter 

 

Intravascular ultrasound was performed in all HIV-positive patients with ACS. Both the culprit 

and non-culprit vessels were imaged. A diagnostic wire was positioned into the coronary artery 

with the aid of a guiding catheter in the coronary artery. The IVUS catheter (Volcano) (Figure 

3.8) was passed over the wire. Intravenous heparin was administered in all cases.  If imaging of 

the coronary artery was deemed unsafe i.e. too high thrombus burden, small calibre vessel, 

complete occlusion, IVUS was not performed.  
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Each coronary artery was divided into proximal, mid and distal segments and an automatic 

pullback was performed. Minimal lumen diameter, maximum lumen diameter, minimum vessel 

diameter and maximum vessel diameter (Figure 3.9 and 3.10) was measured automatically and 

reviewed independently by an experienced technologist (Ms Jacqui De Sousa). The technologist 

was completely blinded to all patient data. The Volcano software measured the narrowest lumen 

area automatically. The vessel area minus the lumen area calculated plaque burden. Virtual 

histology assessment was performed in all imaged coronary arteries. There are four spectral 

parameters (red, white, dark green and yellow-green) representing the necrotic core, calcium, 

fibrous and fibro-fatty lesions, respectively as mentioned above. The frame VH as well as the 

segment (proximal/mid/distal) VH was measured using the Volcano software.  

 

 

              

Figure 3.9: Intravascular ultrasound frame :  

minimum lumen area (MLA), minimum lumen diameter (MLD),  external elastic membrane (EEM) 
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Figure 3.10: Intravasular ultrasound measurements 

 

 

Coronary endothelial reactivity 

In addition to IVUS and virtual histology, coronary endothelial reactivity was also assessed using 

IVUS by measuring the maximum luminal diameter (MLD) at baseline and after vasodilators, 

namely adenosine and glyceryl trinitrate (TNT). Adenosine was administered initially as it has a 

short half-life and the MLD was measured. Thereafter TNT was administered and the MLD was 

measured at 30 and 60 seconds. This was performed for each segment (proximal/mid/distal) of all 

the coronary arteries where possible.   
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3.3 Endothelial function  

 

3.3.1 Brachial flow mediated dilatation 

 

Endothelial function can be tested non-invasively by using brachial FMD. The maximum brachial 

artery diameter is initially measured at rest. The blood pressure cuff is inflated above the systolic 

BP (Figure 3.11). In normal patients with no endothelial dysfunction, there is hyperaemia 

following BP cuff inflation and the maximum diameter of the brachial artery increases. If there is 

endothelial dysfunction the hyperaemic response is attenuated. Nitrates can also be given which 

will cause the maximum diameter of the brachial artery to increase.  

 

A high frequency transducer (11 MHz) was used to image the brachial artery in the longitudinal 

plane. A blood pressure cuff was then inflated to at least 50mm above systolic pressure to 

occlude arterial inflow for five minutes. There was reactive hyperaemia once the blood pressure 

cuff was deflated. A pulse doppler in the mid artery was obtained, no longer than 15 seconds after 

cuff deflation, to assess the hyperaemic response. The maximum dilation of the vessel usually 

occurs within one to two minutes after cuff release. Nitroglycerin was administered after 10 

minutes of reactive hyperaemia to assess endothelium independent vasodilation.  

 

Figure 3.11 : Brachial flow mediated dilatation (Corretti et al., 2002) 
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3.4 Carotid Intima Media Thickness 

 

Carotid intima media thickness is used as a surrogate for CAD and is widely used as a non-

invasive method of assessing atherosclerosis (Figure 3.12). Carotid intima media thickness was 

measured in all three groups using an 11Mhz transducer (Phillips iE33 Ultrasound machine) with 

the patient’s head tilted 30 degrees to the left for the right carotid artery assessment in the supine 

position and then 30 degrees to the right for the left carotid artery. The common carotid artery far 

wall was used to measure the CIMT, 1 cm from the carotid bifurcation over at least 1cm long 

distance and 35mm deep. The carotid artery bifurcation was visualized and the CIMT was 

measured automatically using the software.  

 

 

 

 

Figure 3.12 : Carotid intima media thickness 
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3.5 Arterial compliance 

 

Central aortic pressure, measured in the catheterization laboratory is the most accurate method to 

assess the central BP. Peripheral and central blood pressure measurements can be assessed non-

invasively using radial artery applanation tonometry. Hypertension is diagnosed using the 

brachial BP. There is an increase in pulse pressure, which is systolic blood pressure (SBP) – 

diastolic blood pressure (DBP) as the SBP, and not the DBP increases from the aorta to the 

brachial artery. The aortic SBP is augmented by the backward wave (Pb), which is added to the 

pressure generated by the forward wave (Pf) (Figure 3.13).  

 

 

Figure 3.13 : Aortic pressure waveform 

 

The peak brachial BP assesses only the impact of the Pf in young and middle-aged adults and 

largely ignores the impact of Pb on aortic BP (tidal wave). Due to the increased stiffness of the 

peripheral arteries compared to the aorta, the aortic BP is lower than brachial BP (Nichols, 2011). 

Arteries stiffen due to ageing, smoking, diabetes mellitus, hypertension, dyslipidaemia and 

chronic inflammation (Nichols, 2011) (Figure 3.14).  
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With increased stiffness the aortic BP increases and the BP in peripheral arteries increases less. 

Brachial BP will then begin to approximate aortic BP (Nichols, 2011, McEniery et al., 2005). The 

Radial wave 

Aortic wave 

forward (Pf) & 

backward wave (Pb) 

pressures 

Pf 
Pf 

Pb 

Pb 

Figure 3.14 : Pressure waveforms in young and old patients 
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current ‘gold-standard’ non-invasive assessment of aortic compliance is assessment of aortic 

stiffness by aortic pulse wave velocity (PWV) (Nichols, 2011). Currently the most reliable and 

simple technology to assess aortic compliance is radial artery applanation tonometry (Figure 

3.15). Applanation tonometry of the radial artery converts the radial pulse wave into an aortic 

pulse wave. Pulse wave velocity was measured from sequential waveform measurements at the 

carotid and femoral sites.  The distance that the pulse wave travels was determined as the 

difference between the distance from the femoral sampling site to the suprasternal notch, and the 

distance from the carotid sampling site to the suprasternal notch (Figure 3.16). 

 

 

 

 

 

Figure 3.15 : Radial artery applanation tonometry 
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Current guidelines by the European Society of Hypertension state that a measured PWV larger 

than 10m/s can be considered an independent marker of end organ damage (Mancia et al., 2013). 

Hence the higher the PWV, the more arterial stiffness and which would make an individual more 

prone to developing hypertension. The aortic augmentation index is also a measure of arterial 

stiffness but this is less well validated. 

 

 

 

 

Figure 3.16 : Applanation tonometry. Adapted from (Canepa and AlGhatrif, 2015) 
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CHAPTER 4 : RESULTS 

 

4.1 Demographic Data  

Age 

The mean age of the HIV+/no ACS group, 36.0 (sd=6.8) years was significantly lower than both 

the HIV+/ACS group 51.0 (sd=18.1) years and the HIV-/ACS group 52.3 (sd=9.0) years (one-

way ANOVA: p<0.0001) (Figure 4.1).  

 

 

Figure 4.1: Comparison of age 

 

Gender 

The proportion of males in each group ranged between 50 and 80%, but the differences were not 

statistically significant (chi-squared test: p=0.14). 
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Ethnicity 

There was a strong association between group and ethnicity (Fisher’s exact test: p<0.0001; phi 

coefficient=0.65).  The largest differences occurred between the HIV-/ACS and HIV+/no ACS 

groups (Figure 4.2):  the latter group comprised solely black patients, while the former group 

comprised only 35% black patients, together with 60% white patients. 

 

 

 

Figure 4.2 : Comparison of race 
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4.2 Clinical data 

In the HIV+/ACS group there were 14 admissions with STEMI (8 anterior, 6 inferior) (70%), 

followed by 4 NSTEMI admissions (20%) and 2 patients with unstable angina (10%) (Table 4.1). 

The majority of the cases were elective as most presented late after the reperfusion time window. 

The typical presentation was a young patient with STEMI involving the left anterior descending 

artery. Only 4 of the 14 STEMI patients were thrombolysed (29%). There was no history of a 

previous MI. Risk factors included smoking in 11 (55%), hypertension in 6 (30%), diabetes in 2 

(10%), dyslipidaemia in 2 (10%) patients and 1 (5%) patient with a family history of CAD. The 

average body mass index was 24.4kg/m
2
. 

Table 4.1 : HIV+/ACS patients presentation and management.                                                                                                                                                                 

(STEMI: ST-elevation myocardial infarction, NSTEMI: Non-ST segment myocardial infarction, UA: unstable angina, PCI: percutaneous intervention, FFR: Fractional 

flow reserve  DES: Drug eluting stents LAD: left coronary artery, RCA: right coronary artery, LCx: left circumflex artery)  

 

 

 

 

 

 

 

 

 

 

 STEMI NSTEMI UA 
PRIMARY 

PCI 

RESCUE 

PCI 
ELECTIVE FFR DES Management 

A1 1 0 0 0 1 0 0 0 Medical therapy 

A2 0 0 1 1 0 0 0 1 PCI LCx 

A3 1 0 0 0 0 1 0 0 Medical therapy 

A4 1 0 0 0 0 1 0 1 PCI RCA 

A5 1 0 0 0 1 0 0 0 Medical therapy 

A6 1 0 0 0 0 1 0 0 Medical therapy 

A7 1 0 0 1 0 0 0 1 PCI LAD 

A8 1 0 0 0 0 1 0 0 Medical therapy 

A9 1 0 0 1 0 0 0 1 PCI RCA 

A10 0 1 0 0 0 1 0 0 Medical therapy 

A11 1 0 0 0 0 1 0 0 Medical therapy 

A12 0 1 0 0 0 1 0 0 Medical therapy 

A13 0 1 0 0 0 1 0 0 Medical therapy 

A14 1 0 0 1 0 0 1 0 Medical therapy 

A15 1 0 0 0 0 1 1 0 Medical therapy 

A16 1 0 0 1 0 1 1 0 Medical therapy 

A17 1 0 0 0 0 1 0 0 Medical therapy 

A18 0 0 1 0 0 1 0 1 PCI LAD 

A19 0 1 0 0 0 1 0 0 Medical therapy 

A20 1 0 0 1 0 1 0 1 PCI RCA 



 50 

The left anterior descending artery (LAD) was the most common artery involved (60%), followed 

by the right coronary artery (RCA) (35%) and the left circumflex artery (LCx) (20%) (Figure 

4.3). Three patients had intermediate proximal LAD lesions and Fractional Flow Reserve was 

used which demonstrated that these lesions were not significant. Six drug eluting stents (DES) 

were inserted with an average length of 22mm. Thrombus was present in 8 patients (40%) and 

one patient was given an intracoronary thrombolytic (Figure 4.4 and 4.5) which resulted in 

improved perfusion. Four patients had complete occlusions. There were three bifurcation lesions. 

There were no complications following PCI such as bleeding, perforations, dissections or strokes. 

No patients were referred for coronary artery bypass grafting. One patient had an in-stent 

restenosis and another patient died due to sudden cardiac death two weeks after discharge. 

 

 

 

Figure 4.3: Coronary artery lesions 
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Figure 4.4 : STEMI : complete occlusion of the right coronary artery    Figure 4.5 : Post intracoronary lytic and stent  

 

HIV+/ACS patients 

 

Seven patients of the 20 HIV+/ACS group (35%) were not aware of their HIV status on 

admission of ACS. 

Ten of the thirteen patients (77%) who knew their HIV status were already on cART. 

 

Combination antiretroviral therapy: 

Information was available for only 16 patients (20% missing data). Ten of these 16 patients 

(63%) were not on cART.  The median time for those on cART was 24 months (IQR 5-51). 

HIV+/ACS patients who were not on cART were started on cART in the HIV clinic. 

 

Waist circumference : The mean waist circumference was 83.0 cm (sd=9.6 cm). 
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Body mass index: The mean body mass index was 24.4 kg/m
2
 (sd=5.5 kg/m

2
). 

Presentation (ACS groups ONLY) 

Each of the ACS groups presented with STEMI (70%), NSTEMI (20%) and UA (10%).  There 

was no significant difference between the groups (chi-square test: p>0.99). 

The percentage of patients with CAD risk factors is shown in the graph below (Figure 4.6): 

 

 

 

Figure 4.6 : Comparison of traditional risk factors 

 

 

The prevalence of smoking and hypertension was significantly lower in the HIV+/no ACS group 

compared to the other two groups (chi-square test: p=0.0012; p=0.0006; respectively). 

The prevalence of diabetes and dyslipidaemia was significantly higher in the HIV-/ACS group 

compared to the other two groups (chi-square test: p=0.0006 and p=0.0002, respectively). 
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Blood pressure 

Mean SBP ranged from 117 to 122 mmHg in all groups and there was no significant difference 

between the groups (one-way ANOVA: p=0.69). 

Similarly mean DBP ranged from 72 to 75 mmHg between groups and there were no significant 

differences between the groups (one-way ANOVA: p=0.83). 

 

Echocardiogram parameters  

The echocardiographic parameters for the different groups are depicted below (Figure 4.7).   

 

Figure 4.7: Echocardiographic measurements 

The ejection fraction was significantly greater in the HIV+/no ACS group 62% (sd=6) as 

compared to the HIV+/ACS group 52% (sd=12) and the HIV-/ACS group 51% (sd=9) 

(p<0.0013). 
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4.3 Intravascular Ultrasound 

4.3.1  Plaque burden 

The plaque burden in each coronary artery was measured only in the HIV+/ACS group (Tables 

4.2-4.5) using the difference between the vessel area and the minimum lumen area. Each artery 

was divided into proximal, mid and distal segments. The automatic pullback device was set at 

0.5mm/s. The plaque burden was divided into mild (<40% plaque), moderate (40-70% plaque) 

and severe (>70%) plaque. If a measurement could not be done, symbols were inserted such as 

“A”: vessel occluded, “B”: small calibre vessel, “C”: thrombus.  

Table 4.2: Plaque burden (right coronary artery) 

 PROXIMAL MID DISTAL 

A1 A 24.6 45.8 

A2 B B B 

A3 29.9 59 50 

A4 67.4 61.9 C 

A5 32.9 53.3 27.5 

A6 B B B 

A7 32.9 55.5 35.2 

A8 60.5 55.4 B 

A9 C 78.1 76.1 

A10 B B B 

A11 52.6 44.6 38.5 

A12 91.2 44.5 62.8 

A13 43.3 75.7 56.2 

A14 39.7 28.8 32.2 

A15 59.1 56.4 31.8 

A16 15.9 24.2 40.4 

A17 48.9 53.9 59 

A18 B B B 

A19 31.6 25.3 B 

A20 48.9 70 36.1 
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Table 4.3 : Plaque burden (left circumflex artery) 

 PROXIMAL MID DISTAL 

A1 49.7 31.1 23.4 

A2 62.8 61.1 62.5 

A3 43 46.5 56.9 

A4 22.2 26.7 31.9 

A5 45.3 48.8 9.2 

A6 B B B 

A7 65.4 34.1 38.2 

A8 67.9 73.6 63.4 

A9 78.6 21.5 B 

A10 65.6 69.4 26.2 

A11 22.2 26.7 B 

A12 79.1 56.9 28.2 

A13 B B B 

A14 61.1 51.2 32.3 

A15 59.7 56.3 27.3 

A16 53.5 39.6 13.7 

A17 53.3 12.7 B 

A18 45.9 71.3 B 

A19 64.9 78.8 68.4 

A20 66.7 54.1 29.8 
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Table 4.4 : Plaque burden (left anterior descending artery) 

 PROXIMAL MID DISTAL 

A1 46.2 41.5 B 

A2 75.5 55.3 58.2 

A3 50 29.6 25 

A4 29.4 31 25.1 

A5 47.3 30.6 10.9 

A6 76.9 B B 

A7 44.3 29.3 B 

A8 38.4 57.7 15.4 

A9 77 38.8 30.2 

A10 59.6 37.6 27.8 

A11 22.4 26 22.1 

A12 76.1 50.3 10.1 

A13 63.6 69.8 26.2 

A14 73.5 40.1 30.1 

A15 A A A 

A16 75.8 75.3 23 

A17 59.1 49.5 10.1 

A18 78.4 34.4 16.4 

A19 61.8 27.2 15.6 

A20 78.4 37.5 35.1 
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Table 4.5 : Total plaque burden (sum of plaque burden in all coronary arteries) 

 PROXIMAL MID DISTAL 

A1 48.0 32.4 34.6 

A2 69.2 58.2 60.4 

A3 41.0 45.0 44.0 

A4 39.7 39.9 28.5 

A5 41.8 44.2 15.9 

A6 25.7 B B 

A7 47.5 39.6 36.7 

A8 55.6 62.2 39.4 

A9 77.8 46.1 53.2 

A10 62.6 53.6 27 

A11 32.4 32.4 26.2 

A12 82.1 50.1 33.7 

A13 53.5 72.8 41.2 

A14 58.1 40.0 31.5 

A15 59.4 56.4 29.6 

A16 64.9 46.4 25.7 

A17 51.1 38.7 34.6 

A18 62.2 52.9 16.4 

A19 52.8 43.8 49.8 

A20 64.7 53.9 33.7 
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In 60% of HIV-positive patients the total plaque burden was of moderate degree, while there was 

mild degree of total plaque in 35% and only in 5% of cases was the total plaque burden severe. 

There was more severe plaque (30%) in the culprit vessel as opposed to non-culprit vessels (5%) 

(Figure 4.8). 

 

   

Figure 4.8 : Comparison of plaque burden 

 

 

Location of Plaque burden 

The distribution of the mean total plaque burden in the proximal, middle and distal locations was 

54.5%, 47.8% and 34.8%, respectively (Figure 4.9).  The total plaque burden was significantly 

higher in the proximal than in the middle location (paired t-test: p=0.010), and the total plaque 

burden was significantly higher in the middle as compared to the distal location (paired t-test: 

p=0.0006) (Figure 4.9-4.13). 
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Figure 4.9 : Mean total plaque burden (%) 

 

 

Figure 4.10 : Comparison of plaque burden per segment 
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 Figure 4.11 : Plaque burden (culprit vessel) per segment        Figure 4.12: Plaque burden (non culprit vessels) per segment 

 

 

      

 

Figure 4.13: Plaque burden (specific coronary artery)  
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4.3.2  Virtual Histology 

Virtual histology was performed in all 20 HIV-positive patients who presented with ACS. The 

frame (most narrow lumen area was calculated by the Volcano software using the automatic 

pullback device) and the segment plaque were measured as a percentage (Table 4.6). 

 

Table 4.6: Virtual histology : total plaque characteristics (%) 

 Necrotic Core (NC) Dense Calcium (DC) Fibrous (FI) Fibrofatty (FF) 

A1 11.3 4.3 62.4 24.0 

A2 13.9 6.3 60.6 19.3 

A3 12.9 4.9 65.7 21.0 

A4 6.2 0.9 65.7 27.3 

A5 7.3 0.7 64.0 27.5 

A6 21.8 10.6 52.3 15.2 

A7 3.9 1.1 50.3 44.7 

A8 6.8 1.7 52.6 38.9 

A9 18.7 5.5 62.3 13.4 

A10 7.6 15.1 33.8 31.8 

A11 10.1 3.1 56.5 28.3 

A12 5.6 0.7 54.3 39.4 

A13 23.4 7.5 57.5 11.7 

A14 19.5 10.4 46.5 23.6 

A15 8.0 6.5 53.9 31.8 

A16 15.8 3.0 57.5 23.7 

A17 21.3 12.2 49.8 19.4 

A18 8.6 4.3 52.0 35.1 

A19 9.2 4.4 49.4 36.9 

A20 14.4 4.9 57.0 25.8 
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The graphs below illustrate and compare the histology results.  Note that in these and other 

graphs, which depict the median values, the error bars denote the IQR. 

 

Segment:  culprit and non-culprit vessel:  

Segment definition: the coronary artery was divided into three segments  

1) proximal to middle  

2) middle to distal third 

3) distal third to end of the coronary artery  

 

The culprit vessel consisted of the following plaque characteristics; fibrous (56.5%), fibro-fatty 

plaque (21.2%), necrotic core (14.4%) and dense calcific plaque (3.6%). The plaque 

characteristics in the non-culprit vessels consisted of fibrous (55.1%), fibro-fatty plaque (29.5%), 

necrotic core (8.2%) and dense calcific plaque (4.8%) (Figure 4.14). 

 

Figure 4.14 : Virtual Histology of the culprit and non-culprit segments 
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In all cases (with one exception), the median % fibrous plaque was significantly greater than the 

median % fibrofatty plaque, which in turn was significantly greater than the median % necrotic 

core plaque, which in turn was significantly greater than the median % dense calcific plaque (all 

p<0.05).  The one exception to this was that the median % fibrofatty for culprit segment was not 

significantly different to the median % necrotic core. 

 

Frame:  Culprit and Non-culprit vessel: 

Frame definition: The frame of the plaque characteristics where there was the most severe plaque 

in the culprit and non-culprit vessels (smallest minimum luminal area) is shown below (Figure 

4.15). 

 

 

Figure 4.15 : Virtual Histology of the culprit and non-culprit frame 
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Frame and segment:  

The virtual histology plaque characteristics are shown below (Figure 4.16). 

 

 

Figure 4.16: Virtual histology of the total frame and segment 
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Figure 4.17 is the typical IVUS image of an HIV-positive patient with plaque. The plaque 

consists predominantly of fibrous and fibro-fatty tissue and very little calcium.  

 

 

 

Figure 4.17: Virtual histology (fibrous/fibro-fatty plaque) in an HIV+/ACS patient   
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Assessment of the entire coronary vasculature by VH in these patients demonstrated that the 

predominant plaque morphology consisted of fibrous plaque (55.4%). Fibro-fatty plaque was 

found in 26.6% of patients. Necrotic core was present in 13.3% and dense calcium present in only 

4.7% of patients (Figure 4.18). The mean fibrous plaque volume was significantly greater than 

the mean fibro-fatty plaque volume, which in turn was significantly greater than the mean 

necrotic core volume, which in turn was significantly greater than the mean dense calcium 

volume (all p<0.05).  On assessing plaque morphology in the culprit coronary arteries, the major 

plaque morphology remained fibrous plaque (56.5%), whilst fibro-fatty tissue (21.2%), necrotic 

core (14.4%) and dense calcium (3.6%) plaque constituted the remainder (Figure 4.18). In non-

culprit arteries, the lesion morphology was similar with fibrous plaque found in 55.1% of 

patients, fibro-fatty plaque in 29.5%, necrotic core in 8.2% and dense calcium in 4.8% of 

patients. 

 

 

Figure 4.18: Virtual Histology of the atherosclerotic plaque in HIV-positive patients presenting with ACS 
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4.3.3 Coronary endothelial reactivity 

 

The maximum luminal diameter for each segment of each coronary artery was measured in the 

HIV+/ACS patients. The maximum lumen diameter (MLD) for each segment of each coronary 

artery was measured. Post adenosine, the MLD increased by 2% and post TNT, the MLD 

increased by 6.1% (after 30 seconds) and 8.7% (after 1 minute).  (Figure 4.19) 

  

          

Figure 4.19: Coronary endothelial reactivity in HIV+/ACS group 
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4.4 Brachial flow mediated dilatation 

 

Endothelial function was measured using FMD in all three groups. The median percentage 

difference in FMD between baseline and BP cuff inflation was significantly higher for the 

HIV+/no ACS group (14.3; IQR 6.7-20.6%) compared to the HIV+/ACS group (5.2; IQR 1.4-

13.4%) and the HIV-/ACS group (3.7; IQR 2.3-4.4%) (p=0.044 and 0.0016, respectively). 

(Figure 4.20 and 4.21).  

 

 

Figure 4.20: Brachial flow mediated dilatation post BP cuff inflation and post TNT 

 

Figure 4.21: Median change in brachial flow mediated dilatation post BP cuff inflation and post TNT 
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4.5 Endothelial biomarkers 

There was no significant difference of the IL1 β, IL1ra, MCP-1, TNFα, P-selectin and PAI-1 

levels between all three groups. However, there were significant between-group differences in the 

following endothelial biomarkers; VCAM-1, ICAM-1, E-selectin, and IL6 (Table 4.7). The 

median VCAM-1 levels of the HIV+/ACS and the HIV+/no ACS patients were significantly 

higher than those of the HIV-/ACS cohort. The HIV+/no ACS group had significantly higher 

median levels of ICAM-1 and E-selectin than the ACS groups. The HIV+/ACS group and the 

HIV-/ACS had significantly higher median levels of IL6 than the HIV+/no ACS group. 

Table 4.7 : Endothelial biomarkers 

 (VCAM-1=vascular cellular adhesion molecule 1, ICAM-1= intercellular adhesion molecule 1, IL=interleukin, MCP-1= macrophage chemotactic 

protein 1, TNFα= tumour necrosis factor alpha, PAI-1: plasminogen activator inhibitor 1) 

 

 

median levels 

(interquartile ranges) 

HIV+/ACS1 

(n=20) 

HIV-/ACS2 

(n=20) 

HIV+/no ACS3 

(n=20) 

P value for H0: 

no between-group 

differences 

P value for 

post-hoc 

group 

differences 

 

VCAM-1 (ng/ml) 
 

402 (292-609) 287 (257-412) 503 (292-822) 0.025 
p=0.0331,2 

and 0.0242,3 

 

ICAM-1 (ng/ml) 
 

172 (135-211) 167 (129-193) 225 (199-293) 0.0009 

p=0.00791,3 

and 
0.00102,3 

 

IL-6 (pg/ml) 

 

5.9 (3.9-12.4) 10.7 (4.8-50) 3.8 (1.9-5.3) 0.0053 

p=0.0331,3 

and 

0.00502,3 

 

E-selectin (ng/ml) 

 

24.30 (19.10-30.60) 27.80 (21.50-42.20) 47.10 (31.80-65.80) 0.0005 
p=0.00071,2 
and 0.0122,3 

 
IL-1β (pg/ml) 

 

0.36 (0.27-0.48) 0.32 (0.28-0.41) 0.38 (0.30-0.51) 0.29  

 
IL-1ra (pg/ml) 

 

224 (173-266) 215 (120-258) 181 (125-258) 0.75  

 

MCP-1 (pg/ml) 
 

26.5 (15.0-41.2) 22.4 (18.0-33.3) 22.4 (16.5-27.4) 0.70  

 

TNFα (pg/ml) 
 

2.5 (1.4-4.4) 2.0 (1.6-4.4) 2.5 (2.0-4.8) 0.60  

 

P-selectin (ng/ml) 
 

25.80 (20.30-32.90) 20.80 (19.30-24.60) 23.50 (19.60-29.70) 0.12  

PAI-1 (ng/ml) 67.60 (36.70-149.80) 85.60 (34.70-138.40) 66.20 (35.60-91.70) 0.59  
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VCAM-1 

The median VCAM-1 level for the HIV+/ACS group (402.00 ng/ml; IQR 292.00-609.00) and the 

HIV+/no ACS group (503.00 ng/ml; IQR 292.00-822.00) were significantly higher than that of 

the HIV-/ACS group (287.00 ng/ml; IQR 257.00-412.00) (Kruskal-Wallis test: p=0.033 and 

0.024 respectively) (Figure 4.22). 

 

 

Figure 4.22: VCAM-1(pg/ml): HIV+/ACS and HIV+/no ACS had significantly higher levels than HIV-/ACS patients 
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ICAM-1 

 

The median ICAM-1 level for the HIV+/ACS group (172.00 ng/ml; IQR 135.00-211.00) and the 

HIV-/ACS group (167.00 ng/ml; IQR 129.00-193.00) were significantly lower than that of the 

HIV+/no ACS group (225.00 ng/ml; IQR 199.00-293.00) (Kruskal-Wallis test: p=0.0079 and 

0.0010 respectively) (Figure 4.23). 

 

 

 

Figure 4.23: ICAM-1 (pg/ml): ACS patients had lower levels compared to the HIV+/no ACS group 
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IL-6 

 

The median IL-6 level for the HIV+/ACS group (5.9 pg/ml; IQR 3.9-12.4) and the HIV-/ACS 

group (10.7 pg/ml; IQR 4.8-50.0) were significantly higher than that of the HIV+/no ACS group 

(3.8 pg/ml; IQR 1.9-5.3) (Kruskal-Wallis test: p=0.033 and 0.0050 respectively) (Figure 4.24). 

 

 

 

Figure 4.24 : IL-6 (pg/ml): ACS levels were higher than the HIV+/no ACS patients 
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E-selectin 

 

The median E-selectin level for the HIV+/ACS group (24.30 ng/ml; IQR 19.10-30.60) and the 

HIV-/ACS group (27.80 ng/ml; IQR 21.50-42.20) were significantly lower than that of the HIV-

/no ACS group (47.10 ng/ml; IQR 31.80-65.80) (Kruskal-Wallis test: p=0.0007 and 0.012 

respectively) (Figure 4.25). 

 

 

 

Figure 4.25 : E-selectin (pg/ml): ACS patients levels were lower than the HIV+/no ACS patients 
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IL-1B 

 

Group medians ranged from 0.32 to 0.38 pg/ml (no significant difference; Kruskal-Wallis test: 

p=0.29) (Figure 4.26). 

 

 

 

Figure 4.26: IL-1B (pg/ml) : There were no significant differences between the three groups 
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IL-1ra  

 

Group medians ranged from 181 to 224 pg/ml (no significant difference; Kruskal-Wallis test: 

p=0.70) (Figure 4.27). 

 

 

 

 

Figure 4.27: IL-ra (pg/ml) : There were no significant differences between the three groups 
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MCP-1 

 

Group medians ranged from 22.4 to 26.5 pg/ml (no significant difference; Kruskal-Wallis test: 

p=0.70) (Figure 4.28). 

 

  

 

 

Figure 4.28: MCP-1 (pg/ml) : There were no significant differences between the three groups 
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TNFα 

 

Group medians ranged from 2.0 to 2.5 pg/ml (no significant difference; Kruskal-Wallis test: 

p=0.60) (Figure 4.29). 

 

 

 

Figure 4.29: TNFα (pg/ml) : There were no significant differences between the three groups 
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P-selectin 

 

Group medians ranged from 20.80 to 25.80 ng/ml (no significant difference; Kruskal-Wallis test: 

p=0.12) (Figure 4.30). 

 

 

 

 

Figure 4.30 : P-selectin (pg/ml) : There were no significant differences between the three groups 
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PAI-1 

 

Group medians ranged from 66.20 to 85.60 ng/ml (no significant difference; Kruskal-Wallis test: 

p=0.59) (Figure 4.31). 

 

 

 

 

Figure 4.31 : PAI-1(ng/ml) : There were no significant differences between the three groups 
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4.6 Carotid Intima Media Thickness 

Carotid intima media thickness was measured in all three groups. The mean CIMT of the 

HIV+/no ACS group (0.50; sd=0.08 mm) was significantly lower than that of both the 

HIV+/ACS (0.66; sd=0.16 mm) and HIV-/ACS groups (0.70; sd=0.06 mm) (p=0.0005 and 

p<0.0001, respectively) (Figure 4.32). 

 

 

Figure 4.32: Carotid intima media thickness 
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artery average CIMT was 0.66 mm. In the HIV-/ACS group, the left carotid artery  average 

CIMT was 0.73 mm and the right carotid artery average CIMT was 0.68 mm. In the HIV+/ no 

ACS group, the left carotid artery average CIMT was 0.51 mm and the right carotid artery 

average CIMT was 0.48 mm (Figure 4.33). 
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Figure 4.33 : Comparison of left and right carotid artery intima media thickness 

                 

The mean CIMT-left of the HIV+/no ACS group (0.51; sd=0.06 mm) was significantly lower 

than that of both the HIV+/ACS (0.65; sd=0.13 mm) and HIV-/ACS groups (0.73; sd=0.11 mm) 

(one-way ANOVA; p=0.0016 and p<0.0001 respectively). The mean CIMT-right of the HIV+/no 

ACS group (0.48; sd=0.07 mm) was significantly lower than that of both the HIV+/ACS (0.66; 

sd=0.22 mm) and HIV-/ACS groups (0.68; sd=0.05 mm) (one-way ANOVA; p=0.0022 and 

p=0.0018 respectively).  
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4.7  Arterial compliance 

 

Conventional arm manual blood pressure measurements were compared with central 

measurements inferred by applanation tonometry of the radial artery. The systolic BP, diastolic 

BP, mean BP and pulse pressure were measured for all three groups (Table 4.8). 

 

Table 4.8: Blood pressure measurements                                                                                                                                    

(SBP: systolic blood pressure, DBP: diastolic blood pressure, MBP: mean blood pressure, PP; pulse pressure) 

 SBP SBP (peripheral) SBP (aortic) DBP DBP (peripheral) DBP (aortic) MBP (peripheral) 
PP 

(peripheral) 

PP 

(aortic) 

HIV+/ACS 117 115 105 73 75 76 89 40 30 

HIV-/ACS 121 116 105 72 70 71 85 46 35 

HIV+/no ACS 122 121 109 75 73 77 93 48 32 

 

All BP variables 

The mean BP measurements for the HIV+/ACS group are illustrated below (Figure 4.34). 

 

Figure 4.34 : BP measurements (HIV+/ACS patients) 
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Pulse Wave Velocity 

The mean PWV in the HIV+/ACS group was 4.1 (sd=1.1) m/s, 4.6 (sd=1.1) m/s in the HIV-/ACS 

group and 3.9 (sd=1.1) m/s in the HIV+/no ACS group. These values were all low (p=0.12) 

(Figure 4.35). Group means ranged from 3.9 to 4.6 m/s (no significant difference; one-way 

ANOVA: p=0.12). 

 

 

Figure 4.35: Pulse wave velocity 
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The radial waveform and aortic waveform from an HIV+/ACS patient are shown below (Figure 

4.36 and 4.37) together with the forward and backward reflected pressures (Figure 4.38).  

 

 

 

          

Figure 4.36: Radial waveform     Figure 4.37: Aortic waveform Figure 4.38: Forward and Backward pressures 
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4.8 Laboratory tests  

Laboratory results for all three groups included basic blood tests (Table 4.9). 

 

Table 4.9: Laboratory results 

Key: #mean (sd), *median (IQR) 

 

 

 

 

 

 

 

 

 Normal values HIV+/ACS HIV-/ACS HIV+/no ACS  

Haemoglobin
#
  (g/dl)   (14.3-18.3g/dl) 12.9 (2.6) 15.0 (1.7)  11.4 (2.1)  p=0.00861,2, p<0.00012,3 

Na# (mmol/l) (136-145mmol/l) 139 (2.2) 140 (4.1) 137 (3.1) p=0.013 

K# (mmol/l) (3.5-5.1mmol/l) 4.4 (0.6) 4.2 (0.5) 4.3 (0.5) p=0.33 

Urea* (mmol/l) (2.1-7.1mmol/l) 4.6 (3.8-7.3) 6.2 (4.8-7.1) 3.8 (2.8-4.5) p=0.003 

Creatinine
*
  (µmol/l) (64-104umol/l) 74 (65-90) 86 (75-99) 63 (48-71) p=0.0171,2, p=0.00031,3 

Total cholesterol
#

(mmol/l) (<4.5mmol/l) 4.0 (0.9)  5.2 (1.2) 3.1 (0.8) p=0.0191,3, p=0.00112,3 

Triglycerides
*

(mmol/l) (<1.7mmol/l) 1.2 (0.95-1.45) 1.3 (0.95-1.95) 1.2 (0.90-1.40) p=0.27  

HDL
#

(mmol/l) 
(>1.0mmol/l male 

 >1.3mmol/l female) 
1.05 (0.29) 1.03 (0.24) 0.94 (0.27) p=0.44  

LDL
#

 (mmol/l) (<2.5mmol/l) 2.3 (0.7) 3.5 (1.0) 1.6 (0.6) p=0.0281,3, p<0.00012,3 

CD4
*

 (cells/mm3) (cells/mm3) 301 (205-417) N/A 122 (19-198) p=0.0020 

CRP* (mg/l) (0-10mg/l) 15 (10-71) 30 (13-97) 24 (10-33) p=0.44 
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Haemoglobin 

The mean haemoglobin level of the HIV-/ACS group (15.0; sd=1.7 g/dl) was significantly raised 

relative to that of both the HIV+/ACS (12.9; sd=2.6 g/dl) and HIV+/no ACS groups (11.4; sd=2.1 

g/dl) (one-way ANOVA; p=0.0086 and p<0.0001, respectively) (Figure 4.39). 

 

 

Figure 4.39 : Haemoglobin levels 

 

 

Sodium 

The mean sodium level of the HIV-/ACS group (140.2; sd=4.1 mmol/l) was significantly raised 

than that of the HIV+/no ACS group (137.2; sd=3.1 mmol/l) (one-way ANOVA; p=0.013).  
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Potassium 

The potassium level mean ranged from 4.2 to 4.4 mmol/l.  There were no significant between-

group differences (one-way ANOVA: p=0.33). 

 

Urea 

The median urea level for the HIV-/ACS group (6.2; IQR 4.8-7.1 mmol/l) was significantly 

raised than that of the HIV+/no ACS group (3.8; IQR 32.8-4.5 mmol/l) (Kruskal-Wallis test: 

p=0.003).   

 

Creatinine 

The median creatinine level for the HIV+/ACS group (74; IQR 65-90 μmol/l) and the HIV-/ACS 

group (86; IQR 75-99 μmol/l) were significantly higher than that of the HIV+/no ACS group (63; 

IQR 48-71 μmol/l) (Kruskal-Wallis test: p=0.017 and 0.0003, respectively) (Figure 4.40). 

 

 

Figure 4.40 : Creatinine levels 
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Lipogram 

The total cholesterol levels were higher in the HIV-/ACS group followed by the HIV+/ACS and 

lastly the HIV+/no ACS patients. All groups had similar HDL levels. Interestingly, the HIV+/no 

ACS group pre-cART, had very low LDL levels and a favourable lipid profile (Figure 4.41). 

 

 

Figure 4.41 : Lipid profile 
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Total cholesterol 

The mean total cholesterol of the groups increased in the order: HIV+/no ACS (3.1; sd=0.8 

mmol/l) < HIV+/ACS (4.0; sd=0.9 mmol/l) < HIV-/ACS (5.2; sd=1.2 mmol/l) (one-way 

ANOVA: p=0.019 and 0.0011 respectively) (Figure 4.42). 

 

 

Figure 4.42 : Total cholesterol levels 

 

Triglycerides 

The three groups had median Triglycerides in the range 1.15-1.30 mmol/l (no significant 

difference; Kruskal-Wallis test: p=0.27).  

 

HDL 

The three groups had mean HDLs in the range 0.94-1.05 mmol/l (no significant difference; one-

way ANOVA: p=0.44). 
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LDL 

HIV-positive patients had much lower LDL levels than HIV-negative patients. The mean LDL of 

the groups increased in the order: HIV+/no ACS (1.64; sd=0.6 mmol/l) < HIV+/ACS (2.33; 

sd=0.7 mmol/l) < HIV-/ACS group (3.53; sd=1.0 mmol/l) (one-way ANOVA: p=0.028 and 

<0.0001 respectively). The HIV-negative group pre-cART, had very low LDL levels and a 

favourable lipid profile (see Figure 4.43). 

 

Figure 4.43 : LDL levels 

 

CD4 count (HIV+ groups only) 

The median CD4 count of the HIV+/ACS group 301cells/mm
3
 (IQR 205-417) was significantly 

higher than that of the HIV+/no ACS group 122 cells/mm
3
 (IQR 19-198)  (Wilcoxon rank sum 

test: p=0.0020).   

CRP 

The HIV+/no ACS group had missing data in excess of 30% and was not considered in the 

analysis.  The other two groups had median CRPs in the range 15-30 (no significant difference; 

Wilcoxon rank sum test: p=0.44). 
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late presentation or non significant lesions. In the current study, significantly more patients 

presented with proximal LAD lesions as compared to the PHD registry. Furthermore, none of our 

patient cohort had chronic total occlusion at coronary angiography at the time of presentation. No 

patients in our cohort were referred for CABG.  

 

 

 

Table 5.1: HIV-positive patients with ACS International Registry (D'Ascenzo et al., 2014)                                                                                              

PCI: percutaneous intervention, CABG: coronary artery bypass graft, LAD: left anterior descending artery, CTO: chronic total occlusion  

 
PHD Registry 

(206 HIV+/ACS patients) 

Our study 
(20 HIV+/ACS patients) 

Primary PCI 75 (36%) 6 (30%) 

Management : PTCA 154 (76%) 6 (30%) 

CABG 11 (5.4%) 0  

Medical therapy 28 (14%) 14 (70%) 

Proximal LAD 78 (38.2%) 12 (60%) 

CTO 20 (10) 0 
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Fig. 1 : Plaque burden in HIV-positive patients with acute coronary syndromes 

 

 

 

Fig. 2 : Virtual histology in HIV-positive patients with acute coronary syndromes. The mean fibrous plaque 
volume was significantly greater than the mean fibro-fatty plaque volume, which in turn was significantly 
greater than the mean necrotic core volume, which in turn was significantly greater than the mean dense 
calcium volume (all p<0.05)  
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Figure 5 Risk factor profile  

There were more smokers but there were less traditional risk factors (hypertension, diabetes, dyslipidaemia and 

family history of ischaemic heart disease)in the HIV+/ACS cohort compared to the HIV-/ACS and HIV+/no ACS 

cohorts.   

 

 

 

 

Figure 2: Mean change in FMD post BP cuff inflation. HIV+/ACS patients had similar change from baseline of 

brachial flow mediated dilatation compared to the HIV-/ACS patients (p=0.78). The HIV+/no ACS group had the 

most vasoreactivity but they were significantly younger (p=0.0001) 
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Table 2:  Patient demographics, risk factors and clinical investigations 

  

 

HIV+/ACS
1
 

 

 

HIV-/ACS
2
 

 

 

HIV+/no ACS
3
 

 

p-value  

n   20 20  20  

Age (years)
#
   51.1 (8.1) 52.3 (9) 36 (6.8) <0.0001 

Race (black) n (%)  17 (75) 7 (35) 20 (100) <0.0001 

Male n (%)  13 (65) 16 (80) 10 (50) 0.14  

      

Risk Factors n (%)      

  Smoking  11 (55) 10 (50) 1 (5) 0.0012 

  Hypertension  6 (30) 7 (35) 0 0.0006 

  Diabetes  2 (10) 9 (45) 0 0.0006 

  Dyslipidemia  2 (10) 10 (50) 0 0.0002 

  Family history  1 (5) 2 (10) 0 0.31 

      

  CIMT
#
 (mm)   0.66 (0.16) 0.70 (0.06) 0.50 (0.00) p=0.00051,3 and p=0.00012,3 

      

  PWV
#
 (m/s)  4.1 (1.1) 4.6 (1.0) 3.6 (0.6) 0.12  

      

Laboratory Normal values     

  Haemoglobin
#
  (g/dl)   (14.3-18.3g/dl) 12.9 (2.6) 15.0 (1.7)  11.4 (2.1)  p=0.00861,2 and p<0.00012,3 

  Creatinine
*
  (µmol/l) (64-104umol/l) 74 (65-90) 86 (75-99) 63 (48-71) p=0.0171,2 and 0.00031,3 

  Total cholesterol
#
 mean (mmol/l) (<4.5mmol/l) 4.0 (0.9)  5.2 (1.2) 3.1 (0.8) p=0.0191,3 and 0.00112,3 

  Triglycerides
*

(mmol/l) (<1.7mmol/l) 1.2 (0.95-1.45) 1.3 (0.95-1.95) 1.2 (0.90-1.40) p=0.27  

  HDL
#

(mmol/l) 
(>1.0mmol/l male 

>1.3mmol/l 

female) 
1.05 (0.29) 1.03 (0.24) 0.94 (0.27) p=0.44  

  LDL
#

 (mmol/l) (<2.5mmol/l) 2.3 (0.7) 3.5 (1.0) 1.6 (0.6) p=0.0281,3 and <0.00012,3 

  CD4
*

 (cells/mm3) (cells/mm3) 301 (205-417) N/A 143 (19-198) p=0.0020 

Key: 
#
mean ± SD ,  *median (IQR)   

(CIMT= carotid intima media thickness, PWV= pulse wave velocity, LDL= low density lipoprotein, HDL= high 

density lipoprotein, CD4= cluster of differentiation, ns= not significant) 
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Table 3: Endothelial biomarkers  

There were significant differences in the following endothelial biomarkers; VCAM-1, ICAM-1 IL6 and E-selectin. The median 

VCAM-1 levels in HIV positive patients with and without ACS were significantly higher than the HIV-/ACS cohort. However, 

median ICAM-1 levels were significantly higher in HIV positive patients without ACS than the HIV+/ACS and the HIV-/ACS 

cohorts. The HIV+/no ACS group had significantly lower median levels of IL6 than the both the HIV+/ACS and the HIV-/ACS 

groups. The median E-Selectin levels in HIV+/ACS patients and the HIV-/ACS patients were significantly lower than that of the 

HIV+/no ACS group. There was no significant difference in median IL1 β, IL1ra, MCP-1, TNFα, P-selectin and PAI-1 levels between 

the groups.  

(VCAM-1=vascular cellular adhesion molecule 1, ICAM-1= intercellular adhesion molecule 1, IL=interleukin, MCP-1= monocyte 

chemotactic protein 1, TNFα= tumour necrosis factor alpha, PAI-1: plasminogen activator inhibitor 1) 

 

 

 

 

median levels 

(interquartile 

ranges) 
HIV+/ACS

1
 HIV-/ACS

2
 

HIV+/no 

ACS
3
 

P value for 

H0: no 

between-

group 

differences 

P value for post-hoc 

group differences 

VCAM-1 (ng/ml) 402 (292-609) 287 (257-412) 503 (292-822) 0.025 p=0.0331,2 and 0.0242,3 

ICAM-1 (ng/ml) 172 (135-211) 167 (129-193) 225 (199-293) 0.0009 p=0.00791,3 and 0.00102,3 

IL6 (pg/ml) 5.9 (3.9-12.4) 10.7 (4.8-50) 3.8 (1.9-5.3) 0.0053 p=0.0331,3 and 0.00502,3 

E-selectin (ng/ml) 24.3 (19.1-30.6) 27.8 (21.5-42.2) 47.1 (31.8-65.8) 0.0005 p=0.00071,2 and 0.0122,3 

IL1β (pg/ml) 0.36 (0.27-0.48) 0.32 (0.28-0.41) 0.38 (0.30-0.51) 0.29  

IL1ra (pg/ml) 224 (173-266) 215 (120-258) 181 (125-258) 0.75  

MCP-1 (pg/ml) 26.5 (15.0-41.2) 22.4 (18.0-33.3) 22.4 (16.5-27.4) 0.70  

TNFα (pg/ml) 2.5 (1.4-4.4) 2.0 (1.6-4.4) 2.5 (2.0-4.8) 0.60  

P-selectin (ng/ml) 25.8 (20.3-32.9) 20.8 (19.3-24.6) 23.5 (19.6-29.7) 0.12  

PAI-1 (ng/ml) 67.6 (36.7-149.8) 85.6 (34.7-138.4) 66.2 (35.6-91.7) 0.59  
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FIGURES 

 

 

Figure 1: Volumetric analysis before (above) and after (below) propensity score matching between 

HIV (red) and non HIV (green) patients. 

    p<0.05 
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Figure number 2. Morphological examination before (above) and after matching (below) between HIV 

(red) and non HIV (green) patients. P<0.05 in both groups for hyperechoic non-calcified and calcified;

p< 0.05 for thrombus only before matchin).

 

 

Figure 2: Morphological analysis before (above) and after (below) propensity score matching between 

HIV (red) and non HIV (green). 

   p<0.05  
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Figure 3: Volumetric (above) and morphological (below) examination between HIV patients with Cd4 

cell count less than 200 cells/mm
3
 (red) and more than 200 cells/mm

3
 (blue).  

  P<0.05. 

 

 

 

 

 

 

 

 




