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FULL PAPER
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Objectives: To evaluate coronary artery calcification
(CAC) on routine CT chest in hospitalised HIV patients
and to assess individual risk factors.

Methods: Routine CT chests, May 2010-November 2015,
of 143 hospitalised HIV-positive patients were reviewed
for qualitative assessment of calcification in major coro-
nary arteries by two radiologists. Presence, location and
burden of calcification were evaluated on 3mm axial
images of CT chest. Cardiovascular risk factors and
HIV lab parameters such as CD4 count, viral load and
duration, and status of antiretroviral treatment were
collected. Statistical analysis including multivariate
logistic regression was performed.

Results: Forty-one patients (28.7%) showed CAC, left
anterior descending (n = 38, 92.7%), circumflex (n =18,
43.9%) and Right Coronary Artery (n =13, 31.7%); mostly
mild CAC burden and mostly proximal left coronary
arteries with excellent interobserver and intraobserver
agreements (K = 0.9, and 1). Age of CAC+ group (53.9
years) was significantly higher than CAC- group (43.4, p
< 0.001, minimum age of CAC+, 27 years). No significant
difference between two groups in sex, ethnicity and risk
factors and HAART status. CAC+ group showed signifi-
cantly longer HIV duration (12.3 years vs 8.6, p < 0.0344)

INTRODUCTION

The introduction of highly active antiretroviral therapy
(HAART) provides a longer life expectancy in patients with
human immunodeficiency virus (HIV).! Recent studies
have shown increased rates of atherosclerosis, coronary
artery disease and myocardial infarction (MI)*™ in HIV
patients and ischaemic heart disease is a leading cause

and higher CD4 cell counts (mean = 355.9 vs 175.3, p =
0.0053) and significantly lower viral load (76 vs 414K,
p = 0.02) than CAC- group. On multivariate logistic
regression, age, HIV duration and CD4 were significantly
associated with CAC+ (p-values < .05).

Conclusions: One-third of hospitalised HIV patients
showed subclinical CAC on CT chest. HIV duration and
age of patients were independent risk factors for devel-
oping CAC. Higher CD4 cell count was strongly associ-
ated with CAC+.

Advances in knowledge: Routine CT chest with or
without contrast performed for non-cardiac indica-
tions is helpful in identification of subclinical CAC in
HIV patients and radiologists should be encouraged to
report CAC.

CAC is seen in younger age group in HIV, and awareness
of this finding on routine CT chest would help guiding
clinicians to assess risk stratification for primary preven-
tion of ischemic heart disease in this population at an
earlier stage when compared to normal population.
Duration of HIV infection and age of patients were inde-
pendent risk factors for developing CAC in our study
and CD4 count was strongly associated with presence
of CAC.

of morbidity and mortality in this population.” Acceler-
ated immune senescence secondary to the exhaustion of
immunological resources, drug toxicity of HAART, posi-
tive response to HAART with increased CD4 cell count,
or metabolic abnormalities related to HIV have been
suggested as possible reasons for increased cardiovas-
cular (CV) events in HIV-infected patients.® In previous
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studies, HIV patients showed higher rates of coronary artery
calcification (CAC) or systemic arterial calcification than non-
infected controls.*~'? However, the relation between increased
CAC and HIV status remains controversial and the mechanism
is not completely understood.>”!! Most of these studies were
looked at quantitative assessment of coronary artery atheroscle-
rosis on ECG-gated CT chest using the Agatston score method in
non-hospitalised and stable HIV outpatients.

CAC is an established imaging marker of subclinical athero-
sclerosis and quantification of calcium score had been validated
with CT."* The prognostic value of CAC score for CV events and
morality was shown on various studies."**® The CAC scoring
is conventionally performed using the Agatston method on an
EKG-gated non-contrast cardiac CT. However, there was good
correlation of visual calcium scoring with traditional Agatston
score'*~?! and recently visual scoring of CAC on non-EKG-gated
low-dose screening CT for lung cancer proved to be useful in
predicting future CV mortality.**

Our aim is to retrospectively evaluate subclinical CAC in hospi-
talised HIV patients undergoing routine non-EKG-gated chest
CT for non-cardiac indications and to assess prevalence and risk
factors.

METHODS AND MATERIALS

This study was approved by the institutional review board. The
acquisition of informed consent was waived due to the retrospec-
tive study design.

Subjects

Using electronic medical records, we retrospectively identified
consecutive male and female inpatients with known history
of HIV but without a documented CV events who underwent
routine CT chest during their hospital admission, from 2010
May to 2015 November. A total of 145 HIV positive patients were
identified as having undergone a thoracic CT during their hospi-
talisation. All these patients were under internal medicine and/
or infectious disease division, mostly admitted from ED. Two
patients were treated for CV events: one underwent coronary
artery bypass graft (CABG) surgery and the other underwent a
pacemaker insertion, thus were excluded from analysis. Finally, a
total of 143 patients (M:F = 119:24; mean age, 46.4) were enrolled
in this study.

CV risk factors

We obtained clinical information about traditional CV risk
factors including lipid profile (total cholesterol, low-density
lipoprotein, high-density lipoprotein, and triglycerides), systolic
blood pressure (BP), antihypertensive medication, smoking
status, number of pack years of smoking, fasting blood sugar and
body mass index (BMI). Smoking status was categorised as non-
smoker, ex-smoker and current smoker.

HIV status parameters

We collected clinical and laboratory parameters reflecting the
status of HIV infection, including CD4 count, viral load, dura-
tion since HIV diagnosis, status of antiretroviral treatment
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including any prior use of antiretrovirals. Laboratory parameters
including CD4 count and viral load were used for analysis only
in patients for whom the result of CD4 count was obtained less
than 6 months before or after the date of CT chest study (n = 82).
Viral load was also used for analysis in cases where the test was
performed less than 6 months around the date of CT exam (n =
81). Status of antiretroviral treatment was categorised into never,
prior and currently on treatment.

IMAGING AND READING OF THE IMAGES

Fifty-eight patients underwent chest CT without contrast while
85 patients underwent chest CT with contrast. All CT examina-
tions were performed in the department of radiological sciences
of UC medical centre. Thoracic CT was performed at 120 kVp and
150-200 effective mA based on body habitus with use of multi-
detector row CT scanner (Siemens Sensation 64 and Philips 256
iCT). The CT scan was obtained from the lung apices to the bases
in a single breath hold at maximum inspiration. All CT images
were transferred to picture archiving and communicating system
and readers reviewed only 3mm axial images of non-contrast
CT or contrast CT chest to identify CAC. The reader interpreted
images by using standard mediastinal settings (width, 350 HU;
level, 50 HU) with smooth kernel on non-contrast CT. Readers
adjusted contrast CT images from standard mediastinal settings
to bone window settings (width 2000 HU; level, 500 HU) for
better identification CAC.

VISUAL ASSESSMENT FOR CORONARY ARTERY
CALCIUM

Two cardiothoracic radiologists of more than 15 years of expe-
rience (EJC and MK) reviewed all the images of CT chest scans
and performed visual identification of CAC, and one radiol-
ogist (MK) reviewed the studies for two times with two weeks
apart between the first and second readings. Each of the four
main coronary arteries was identified (left main (LM), left ante-
rior descending (LAD), circumflex (LCX), and right (RCA)).
Calcification in each artery was categorised as absent-0, mild-1,
moderate-2 or severe-3 by the radiologist. Calcification was clas-
sified as mild when less than one-third of the length of the entire
artery showed calcification; moderate when one-third to two-
thirds of the artery showed calcification; and severe when more
than two-thirds of the artery showed calcification. Locations of
calcification were noted as the proximal-1, mid-to-distal-2 or
both-3. In LAD, the proximal and distal portions were divided
where the first diagonal branch takes off. In LCX, the proximal
and distal portions were divided where the first obtuse marginal
branch originates. In Right Coronary Artery (RCA), they were
divided where the first acute marginal artery arises. Given the
non-ECG-gated CT scans of our study, we neither did conven-
tional scoring of coronary artery calcium with Agatston method
nor directly compared our qualitative results of CAC in HIV
patients to quantitative Agatston calcium scoring on ECG-gated
coronary CT in normal population or MESA.

STATISTICAL ANALYSES

To determine the independent risk factors associated with
positive CAC, we divided the 143 subjects into two groups: the
CAC negative group (CAC-, category I) and the CAC positive

2 of 7 birpublications.org/bjr

Br J Radiol;93:20190462


http://birpublications.org/bjr

CT Chest in Detection of Subclinical CAC in HIV patients

group (CACH+, category II). The demographic and clinical char-
acteristics of the two groups were summarised by means, stan-
dard deviations, percentages and compared by Student’s t-tests
for continuous, normally distributed variables and x* or Fisher
exact tests for categorical variables. Subsequently, the variables
that were found to be significantly associated with CAC+ were
included in the multivariate logistic regression analysis to deter-
mine any independent risk factors for coronary calcium by step-
wise selection method. An odds ratio (OR) >1.00 indicated a
greater likelihood of CAC+. Statistical analysis was performed
using statistical software SAS (V.9.4, SAS Institute Inc., Cary, NC,
USA). A p-value < 0.05 was considered statistically significant.
K statistics was performed to assess interobserver and intraob-
server agreements among readers.

RESULTS

Among 143 HIV patients, 41 patients (28.7%) showed calcifica-
tions in one or more coronary arteries. Characteristics of subjects
according to the presence of CAC were shown in Table 1. Age of
CAC+ group (53.9 years) was significantly higher than that (43.4
years) of CAC— group (p < 0.001). Minimum age of patient in
CAC+ was noted at 27 years. There was no significant difference
between the two groups in sex, ethnicity and traditional CV risk
factors including hypertension, systolic BP, smoking status, pack
years of smoking, diabetes and BMI,. Duration of HIV infection
in CAC+ group (12.3 years) was significantly higher than that (8.6
years) in CAC- group (p < 0.0344). With undetected viral load
assigned to a value of 0, mean viral load was significantly lower
value in CAC+ group compared to that in CAC— group based on
parametric t-test (mean = 76 vs 414K, t-test p = 0.0251,). In terms
of CD4 cell count, CAC+ group showed significantly higher cell
counts than CAC— group (mean = 355.9 vs 175.3, p = 0.0053).
There was no significant difference in HAART status between the
two groups (current HAART receivers 84.4 vs 85.7%, p = 0.539).

Results of CAC in 41 patients of CAC+ group is shown in Table 2.
LAD (n =38, 92.7%) was most commonly affected, followed by LCX
(n =18, 43.9%) and RCA (n = 13, 31.7%). CAC deposited at the
proximal portion in LAD and LCX (76.3% and 77.7%, respectively)
while at the mid-to-distal portion in RCA (61.5%). Mild degree of
CAC is seen in almost 83% of patients. Interobserver and intraob-
server agreements were excellent to identify CAC and burden of
calcium on non-gated CT chest, with k coefficient > 0.9 as shown in
Table 2. Since age and HIV duration were both significantly associ-
ated with CAC+ while these two variables are also correlated with
each other, we performed two separate multivariate logistic regres-
sion analyses, one with each of these variables as the main indepen-
dent in the regression model. In addition, we included viral load
and CD4 as the independent variables in the models as these vari-
ables were found significantly associated with CAC+ inthe bivar-
iate analyses. In the multivariate logistic regression analysis with
age as the main independent variable, we found that age and CD4
were significantly associated with CAC+ while viral load was no
longer related significantly with coronary calcium. Similarly, in the
multivariate logistic regression analysis with duration of HIV infec-
tion as the main independent variable, we found that HIV duration
and CD4 were significantly associated with CAC+, but not the viral
load. Both age and HIV duration are independent predictors for

positive coronary artery calcium in patients with HIV infection.
The OR for age being an independent factor for positive CAC is
1.92 (CI 1.16-3.17, p = 0.0113, estimate 0.6499). The OR for HIV
duration being an independent factor for positive CAC is 1.06 (CI
1.00-1.12, p = 0.0408, estimate 0.0598). The rate of CAC+ among
patients who were 45+ years old was significantly higher than those
who were 44 years old (41.2% vs 12.5%, p <.0001), and the OR was
5.0 (CI=2.1-11.9, p = 0.0003, and coefficient = 1.6136). The OR for
CD4 count being significantly associated with presence of CAC is
1.003 (CI 1.001-1.005, p = 0.0136, estimate 0.00270).

DISCUSSION

Our results showed that nearly one-third of the hospitalised HIV
patients showed subclinical coronary artery calcium on routine
CT chest. Radiologists were able to identify CAC on both CT chest
with or without contrast that were performed without ECG gating
technique (Figures 1-3). Calcified plaques were most commonly
depicted in LAD, followed by LCX and RCA as seen in general
population. HIV patients in our study showed most commonly
proximal distribution of calcification in LAD and LCX as in general
population but isolated proximal location of CAC in RCA was not
common in our cohort when compared to normal population. The
age of onset of detectable CAC was third decade in HIV-infected
patients. In comparison with age-specific curves of CAC scores
appropriate for sex and ethnicity based on the Multiethnic Study
of Atherosclerosis (MESA),?> CAC was positive as early as third
decade in our study thus resulting in premature subclinical athero-
sclerosis of coronary arteries in our cohort of hospitalised HIV
patients. This finding is almost consistent with previous studies but
were performed in the outpatient setting, which demonstrated that
HIV patients have more CAC in young age.>*~'! A study compared
CAC in Hawaii ageing with HIV CV study (HAHCS) and MESA
cohorts showed that HIV patients were more likely to have CAC
with increased likelihood of occurrence between 45 and 50 years
of age;'! however, the age of onset of CAC was not different on
these studies, unlike the results of our study which showed onset
as early as third decade. In MESA and other studies,'"** CAC typi-
cally noted during fifth decade of age in general population, that
is why calcium scoring CT maybe performed in asymptomatic
patients with age above 45 years who are at high risk for future IHD.
However, we noticed in our small but slightly larger sample size
than HAHCS study'! that the onset of CAC in HIV patients was
as early as 27 years of age, at an earlier age than general population.
A different study showed that Framingham score underestimated
the presence of subclinical atherosclerosis in young HIV-infected
patients* and this finding suggests that we need alternative tools
such as CT scan to directly visualise coronary calcium in order to
better stratify the risk of CV events in this young HIV patients.
Another study showed that the presence of CAC was associated
with a significantly higher all-cause mortality rate in HIV patients
when compared to those patients without CAC.'* Age is an inde-
pendent risk factor in our study for atherosclerosis in coronary
arteries, with more prevalence of subclinical coronary atheroscle-
rosis in HIV patients with age above 40 years although the CAC
was noted in this cohort as early as third decade of age.

We showed that presence of coronary artery calcium was signifi-
cantly associated with duration of HIV since the time of diagnosis
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Table 1. Comparison of Demographic and Clinical Variables between CAC- and CAC+ HIV Patients
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CAC- CAC+

Demographic and Clinical (Category I) (Category II)
Characteristics N=102 N=41 P-value
Age*, mean (SD) 43.4 (11.0) 53.9 (10.9) <.0001
Sex, n (%) 0.3520

Male 83 (81.4%) 36 (87.8%)

Female 19 (18.6%) 5(12.2%)
Ethnicity, n (%) 0.625

Caucasian 72 (70.6%) 32 (78.0%)

African American 9 (8.8%) 1(2.4%)

Asian 8(7.8%) 4(9.8%)

Others 13 (12.7%) 4(9.8%)
Smoking status, n (%) 0.2704

Non-smoker 55 (53.9%) 21 (51.2%)

Ex-smoker 12 (11.8%) 9 (22.0%)

Current smoker 35 (34.3%) 11 (26.8%)
Systolic BP, mean (SD) 122.6 (17.8) 123.8 (21.2) 0.7459
Fasting blood sugar, mean (SD) 109.2 (40.9), N=94 123.4 (71.0), N= 36 0.2662
Diabetes, n (%) 0.0865

Absent 89 (87.3%) 31 (75.6%)

Present 13 (12.7%) 10 (24.4%)
Hypertension diagnosis 0.0530

No 92 (90.2%) 32 (78.0%)

Yes 10 (9.8%) 9(22.0%)
Body mass index, mean (SD) 263.9 (5.8), N=99 23.6 (4.7), N = 40 0.7752
Total cholesterol, mean (SD) 152.7 (66.1), N =40 151.8 (59.3), N=20 0.9746
LDL, mean (SD) 98.5 (47.0), N = 40 89.6 (38.3), N=20 0.6592
HDL, mean (SD) 36.3(21.8), N=40 40.8 (26.3), N =20 0.7003
Triglyceride, mean (SD) 157.3 (85.4), N =40 179.9 (173.6), N = 20 0.7399
Duration of HIV*, mean (SD) 8.5(7.5),N=97 11.8 (8.8), N=37 0.0357
Viral load*, mean (SD) 414,413 (1,294,071), N = 80 75,971 (175,817), N = 28 0.0251
CD4 count*, mean (SD) 175.3 (198.8), N = 94 355.9 (347.9), N =36 0.0053
HAART status, n (%) N=77 N=32 0.4125

Never 3 (3.9%) 0(0.0%)

Ever, but not current 8(10.4%) 5(15.6%)

Current 66 (85.7%) 27 (84.4%)

*P <0.05 denotes statistically significant association with positiveCAC on univariate analysis.

and it may be an independent risk factor for positive CAC in HIV
patients. Various hypotheses suggested for accelerated coronary
atherosclerosis in HIV patients that includes chronic inflamma-
tory state, smoking in HIV patients or metabolic dysfunction
from HAART. ™ Supporting those hypotheses, CD4 cell count,
HAART and duration of HIV have been shown in the literature
as predictors for CAC, but studies were not consistent in terms of

causative factors for CAC in HIV patients. Lower CD4 count was
associated with increased CV risk in some studies,'®*>*® while
increase in CD4 count in response to HAART was the predictor
of increased vascular ageing in a different study.® Our study indeed
showed a statistically significant higher value of CD4 count in
CAC+ group compared to CAC~ group. The HAHCS study'! did
not show any significant association between CD4 cell count and
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Table 2. Qualitative Assessment of Coronary Artery Calcium in HIV Patients on CT Chest

14 for inter and intraobserver

Features LM LAD LCX RCA agreements

1. Calcified plaques 8¢ 38°¢ 18¢ 13¢ K = .92(inter), K = 1(intra)
2. CAC Burden® K=.92,K=1

Mild 8¢ 27¢ 17¢ 12¢

Moderate 0° 8¢ 1° 1°

Severe 0° 3¢ 0° 0°

3. CAC location® K=90,K=1
Proximal segment of the vessel N/A 29° 14¢ 3¢

Distal segment of the vessel N/A 0° 1° 2¢

Both proximal and distal segment of the vessel N/A 9° 3¢ 8¢

2CAC burden percentages were 83.1% mild, 13% moderate and 3.9% severe.

PCAC location for LM coronary artery was not divided as proximal anddistal segments.

“Number of patients demonstrating positive features.

dKappa values reflect excellent interobserver and intraobserveragreements of readers.

presence of CAC in HIV patients. Duration since diagnosis of HIV
was attributed as a risk factor of CAC, owing to increased dura-
tion of inflammatory state from HIV infection®**” and our results
also showed a statistically significant association between dura-
tion of HIV and positive CAC. However, in contrary to literature
on CT calcium score in HIV patients,'! our study showed length
of HIV infection was an independent predictor of CAC in addi-
tion to age of patients. Chronic oxidative stress and inflamma-
tory process may support the increased risk of CV disease in this
patients.>* Our results did not find any direct association between
the status of HAART and CAC. There was no significant difference
between CAC+ and CAC- groups in terms of HAART treatment
status. Previous studies have also been controversial in attributing
HAART as a direct cause for CAC as some studies suggested that
HAART reduces inflammation and consequently decreased CHD
risk,%*® while other studies showed that some antiretroviral drugs
may be related to increased CAC or CHD risk.®’

Figure 1. Subclinical atherosclerosis of coronary arteries in a
52-year-old male with 12 years of HIV who underwent CT chest
for fever, shortness of breath and cough. (A) 3mm axial image
of a routine CT chest without contrast shows a focal mild ath-
erosclerotic calcified plague (white arrow) in the right coro-
nary artery. Note mild motion artefact given the non-gated
study. (B) 3mm axial image of the same patient at a different
location demonstrates mild calcification of proximal left ante-
rior descending and diagonal coronary arteries (arrowhead)

We performed qualitative assessment of extent and severity
CAC, rather than Agatston scoring, on routine CT chests,
which were originally obtained for detection of various
pulmonary problems. Callaway et al showed that incidental
CAC can be easily detected on standard thoracic CT scans but
areas of mild calcification could be missed when compared
to electron-beam CT.*’Visual scoring of CAC on non-EKG-
gated low-dose CT scans (LDCT) of the chest performed for
lung cancer screening has been demonstrated to be predic-
tive of death from CV disease.”>*" Hughes-Austin et al
showed CAC scores on standard 6 mm chest CTs are strongly
correlated with 3 mm EKG-gated CTs and predict similarly

Figure 2. 49-year-old male, known HIV patient on HAART,
presented with a history of cough for 1 month that had grown
worse over the past 2 days and was associated with fever and
underwent a routine CT scan. Axial image of a non-gated CT
chest without contrast demonstrates severe subclinical ath-
erosclerotic calcified plaques in left main stem and proximal
LAD (white arrow). Subtle calcification also noted in left cir-
cumflex coronary arteries. His CD4 count and viral load were
168 and 1650, respectively.
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Figure 3. A 61-year-old hospitalised male with a history of
HIV infection and cough underwent a diagnostic CT chest
with contrast. (A) 3mm axial image on bone window settings
(width 2000 HU; level, 500 HU) shows a moderate calcified
plaque in proximal LAD. (B)Corresponding soft tissue window
image clearly shows presence of atherosclerotic calcification
in LAD but with more blooming artefact.

mortality.®! Visual scoring and Agatston score showed good
correlation even with coronary CT angiography in spite of
intravenous contrast given.’> We analysed both routine non-
contrast and contrast CT chests, and readers were able to visu-
alise calcified plaque on contrast CT in bone window settings
in spite of the presence of iodinated contrast enhancement
in the triple vessel coronary arteries. However, future studies
warranted to compare ECG-gated non-contrast CT chest scan
with non-ECG-gated contrast scan of chest CT. Our study is
unique from other studies as hospitalised patients represents
a different and sicker population than the multicentre
Acquired Immunodeficiency Syndrome (AIDS) cohort®?
and other recent publications such as the Swiss study.** Our
patients were sicker because they were admitted through
emergency room for pulmonary conditions and non-cardiac/
non-coronary causes. These hospitalised HIV patients from
emergency room have higher probability of undergoing CT
chest than non-hospitalised HIV population. Therefore,
identification of incidental subclinical CAC on routine CT
chest in these hospitalised HIV patients, who were originally
asymptomatic for IHD, would help in risk stratification for
IHD in HIV cohort. In addition, while assessment of coronary

Krishnam et a/

calcifications on non-contrast chest CT was previously done,
the use of post-contrast CT chest for the same purpose was
not evaluated and probably underappreciated.

Retrospective study design is one of the limitations of our
study. Although evaluation of coronary artery calcium in
contrast CT may be considered as a technical limitation but the
use of contrast CT images in bony window setting for visual
assessment of CAC was underappreciated in literature as our
results showed there was an excellent inter-readers” and intra-
reader’s agreement for qualitative CAC assessment. However,
inter-reader or intrareader agreement does not provide reli-
able information about the accuracy of technique itself in
detecting CAC, and there still could be a systematic bias. We
did not directly compare the presence of CAC in HIV patients
with healthy normal subjects as there is already abundance of
evidence from MESA; however, we showed that hospitalised
HIV patients had CAC, particularly in younger population.
There is selection bias because only known patients with HIV,
who were hospitalised in the selected time frame and who
had CT chest were included, so the true prevalence of CAC
in HIV patients may be underestimated because of our study
excluded hospitalised HIV patients who did not have CT chest
during their stay from ER, the above systematic bias that a
subtle calcification could have been missed in contrast CTs
as the coronary lumen was opacified with iodinated contrast
and non-evaluation of other plaque types such as non-calcified
plaque. Despite no significant difference between HAART
receivers and non-receivers, lack of data collection on dura-
tion of HAART as a variable maybe a limitation, which can be
addressed in future prospective studies.

In conclusion, almost one-third of hospitalised HIV patients
showed subclinical coronary artery atherosclerosis, which
was identified on routine non-gated CT chest, both with and
without contrast. Duration of HIV disease and age of patients
were independent predictors of atherosclerotic coronary
artery disease in our cohort and CD4 count was significantly
associated with the presence of CAC.
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