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Assessment of intima-media complex in carotid, femoral
and right subclavian arteries for early investigation of
atherosclerosis in HIV-infected patients*

Avaliação do complexo médio-intimal nas artérias carótidas, femorais e subclávia direita para investigação

precoce de aterosclerose em pacientes infectados pelo HIV

Emmanuelle Tenório Albuquerque Madruga Godoi1, Carlos Teixeira Brandt2, Jocelene Tenório

Albuquerque Madruga Godoi3, Heloísa Ramos Lacerda de Melo4, Juannicelle Tenório Albuquerque

Madruga Godoi5

Objective: To compare automatic and manual measurements of intima-media complex (IMC) in common carotid,

common femoral and right subclavian arteries of HIV-infected patients in relation to a control group, taking into consideration

the classical risk factors for atherosclerosis. Materials and Methods: The study sample comprised 70 HIV-infected

patients and 70 non-HIV-infected controls paired according sex and age. Automatic (gold standard) and manual

measurements of IMC were performed in the carotid arteries. Manual measurements were also performed in common

femoral and right subclavian arteries. Bland-Altman graphs were utilized in the comparison and the adopted level

significance was 5%. Results: Intima-media complex alterations were not observed in any of the individuals as the

mean automatic measurement in the right common carotid (RCC) artery was considered as the gold standard. As the

gold standard was compared with the manual measurements (mean, maximum and minimum), no clinically significant

alteration was observed. As the gold standard was compared with other sites, the difference was statistically and

clinically significant at the origin of right subclavian artery (RCC: 0.51 mm vs. 0.91 mm) (p < 0.001). Conclusion: HIV-

infected individuals are not at higher risk for atherosclerosis than the control population.

Keywords: Atherosclerosis; Intima-media complex; Automatic; Subclavian; Femoral.

Objetivo: Comparar as medidas do complexo médio-intimal (CMI), automática e manual, assim como nas carótidas

comuns com femorais comuns e subclávia direita em pacientes infectados com o HIV em relação ao grupo controle,

levando em consideração os fatores de risco clássicos para aterosclerose. Materiais e Métodos: Setenta casos

infectados com o HIV e 70 controles sem HIV, pareados por sexo e idade. Realizaram-se medidas automática (padrão

ouro) e manual do CMI em carótidas. Medidas manuais também foram realizadas nas femorais comuns e na subclávia

direita. A comparação das medidas automática e manual foi feita utilizando gráficos de Bland-Altman e o nível de

significância de 5%. Resultados: O CMI não foi alterado em nenhum indivíduo, considerando como padrão ouro a

média da medida automática do CMI em carótida comum direita (CCD). Comparando o padrão ouro com as medidas

manuais (média, máxima e mínima), não houve variação clinicamente significativa. Comparando o padrão ouro com

outros sítios, a diferença foi estatisticamente e clinicamente significante na origem da subclávia direita (CCD: 0,51 mm

vs. 0,91 mm) (p < 0,001). Conclusão: Indivíduos infectados pelo HIV não apresentam risco mais elevado de ateros-

clerose do que a população controle.

Unitermos: Aterosclerose; Complexo médio-intimal; Automática; Subclávia; Femoral.
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terol plaques in the intimal layer of the ar-
terial wall(1). Changes in the arterial wall
occur silently and precede the clinical
events of the advanced disease. Even ini-
tial arterial changes can be visualized at B-
mode ultrasonography, by means of the
evaluation and measurement of the intima-
media complex (IMC)(2,3).

The increased mortality for cardiovas-
cular events in young HIV (human immu-
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INTRODUCTION

Atherosclerosis is a systemic disorder
characterized by development of choles-
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nodeficiency virus) patients, many times
without classical risk factors for atheroscle-
rosis, is a reason for preoccupation(4,5).
Antiretroviral therapy is associated with
proatherogenic metabolic abnormalities(6).

Protease inhibitors (PIs) are associated
with early atherosclerosis and cardiovascu-
lar events(7). It is not clear, however, what
the contributions of antiretroviral therapy
and HIV are to the increase of cardiovas-
cular risk.

The measurement of IMC is a non-in-
vasive and early marker of atherosclerosis
and may reflect the increase of cardiovas-
cular risk, and is associated with a higher
risk for acute myocardial infarction and/or
stroke(8,9). The measurement may be either
automatic or manual, and is usually made
on the distal common carotid artery, on the
carotid bifurcation and on the internal ca-
rotid artery(3,10,11). The IMC may be utilized
as a predictor of atherosclerotic disease in
coronary arteries regardless of atheroscle-
rosis risk factors(2,12,13). The IMC study has
also been undertaken in patients with ac-
quired immunodeficiency syndrome
(AIDS) for investigating risk factors for
atherosclerosis as an early marker, in an
attempt to evaluate factors related to the
infection and antiretroviral therapy(14,15).

The common femoral and right subcla-
vian arteries have also been studied as sites
for the measurement of IMC, and the ori-
gin of the right subclavian artery appears to
be an earliest marker, but have not so far
been studied in AIDS patients(16,17).

In the clinical practice, the manual mea-
surement of IMC is the most utilized tech-
nique, but it is more time consuming than
the automatic measurement and is sub-
jected to observer-dependent variations and
to subjective judgment(18,19).

The present study was aimed at compar-
ing the automatic and manual IMC measure-
ments, as well as those performed in the
common carotid, common femoral and right
subclavian arteries in AIDS patients in re-
lation to a control group, taking risk factors
for atherosclerosis into consideration.

MATERIALS AND METHODS

Study design

Prospective, observational and analyti-
cal study of 70 cases selected with basis on

the calculation of sampling size for a pilot
study. The sample comprised 70 adult AIDS
patients aged up to 50 years, enrolled in the
AIDS Prevention, Control and Treatment
Program in the State of Pernambuco, Bra-
zil at Hospital das Clínicas da Universidade
Federal de Pernambuco (UFPE). Such pa-
tients were undergoing antiretroviral treat-
ment for at least five years, were not dia-
betic, and did not present with individual
cardiovascular history – angina pectoris,
acute myocardial infarction, stroke, or pe-
ripheral arterial disease – and had not been
admitted to a hospital over the past two
months. The control group comprising 70
healthy individuals (without HIV) was
paired by gender and age with the HIV pa-
tients, following the same exclusion criteria,
and were selected among individuals who
accompanied relatives for consultations.

The research project was duly approved
by the Committee for Ethics in Research in-
volving humans of the Center of Health
Sciences of UFPE. The data collection pro-
tocol comprised a questionnaire as well as
anthropometric measurements. There was
also a data collection form on the AIDS
treatment attached to the medical records
and to the pharmacy reports.

Definition of classical atherosclerosis
risks and anthropometric measurements

The patients were asked about classical
risks for atherosclerosis, namely, systemic
arterial hypertension, smoking, hypercho-
lesterolemia, hypertriglyceridemia, family
history of cardiovascular event – acute
myocardial infarction, angina, stroke or
peripheral arterial disease. Weight, stature
and abdominal circumference were mea-
sured for evaluation of obesity(20,21). Weight
and stature were utilized in the calculation
of body mass index.

Definition of sonographic measurements

The sonographic evaluation of IMC was
performed on the origin and medial seg-
ment of common carotid, internal, common
femoral and right subclavian arteries with
the B-mode of the compact General Elec-
tric® Vivid i apparatus equipped with a lin-
ear 4–10 mHz transducer. The common
carotid arteries were evaluated at a distance
of 1 to 3 cm before their bifurcation, and
the internal carotid arteries on their initial

2 cm. The IMC measurement was defined
as the distance between two echogenic lines,
the lumen-intima and media-adventitia in-
terface, in the posterior wall of the vessel in
a plaque-free area. Additionally, measure-
ments were performed on the origin and
medial segment of the right common femo-
ral artery (RCFA), left common femoral
artery (LCFA) and right subclavian artery.
The automatic measurement of IMC was
performed on the right common carotid
(RCC) and left common carotid (LCC) ar-
teries, by means of a software which deter-
mines the mean, maximum and minimum
measurements  (Figure 1A). Three manual
measurements were also performed, allow-
ing the calculation of the average as well
as the maximum and minimum manual
measurements of RCC and LCC (Figure
1B). On the origin of the right and left in-
ternal carotid arteries, RCFA, LCFA (Figure
1C) and medial segment of the right sub-
clavian artery, manual measurement was
performed. The gold-standard(22) was the
mean value of the automatic measurements
of RCC and LCC. As the study sample
comprised individuals aged up to 50 years,
the IMC was considered to be thickened
when > 0.8 mm(17). Thickening > 1.5 mm
corresponded to presence of plaque(2,16).

For evaluation of the method reproduc-
ibility, the IMC measurements were per-
formed by two independent observers, who
measured the IMC of the carotid arteries in
20 patients.

Statistical analysis

The qualitative variables were ex-
pressed by means of the frequency distri-
bution, while the quantitative variables
were expressed as means, medians, stan-
dard deviation, minimum and maximum
values. Groups homogeneity analysis was
performed. The Pearson’s chi-square or
Fisher’s exact test were applied for the
qualitative variables. The Student’s t test
was utilized for comparison of quantitative
variables between the groups and the vari-
ance analysis was applied for comparison
of the IMC values between the subgroups
[HIV with protease inhibitor (PI) versus
HIV without PI versus control). For the
comparison of the mean automatic IMC
measurement on the RCC (gold-standard)
with the manual measurements on RCC



335

Godoi ETAM et al. Intima-media complex in the investigation of atherosclerosis

Radiol Bras. 2013 Nov/Dez;46(6):333–340

(mean, maximum and minimum values), on
the right subclavian artery (origin and me-
dial segment) and on the RCFA, the paired
t test was applied, with the same analysis
being performed for the IMC values of the
LCC. The analysis of the agreement between
the gold-standard and the other measure-
ments was carried out by means of the
Bland-Altman method and by the agreement
correlation coefficient (Lin’s coefficient).

The significance level was 5%. The sta-
tistical calculations were performed by
means of the software SPSS for Windows,
release 12.0.

Sample characteristics

The present study comprised 70 cases of
AIDS patients and 70 control individuals,
and 60% of them were men. Among the
AIDS patients, the mean age was 40.5 years
while the mean age of the control individu-
als was 40.8 years. The mean time from the
diagnosis of HIV was 104.9 months (rang-
ing from 60 to 228 months). The mean treat-
ment time was 8.16 years (ranging between
5 and 15 years). As regards type of treat-
ment, 47 patients (67.1%) utilized PI for
more than six months, and 36 (51.4%) are
currently undergoing treatment with PI.

As regards classical risk factors, simi-
larity was observed in relation to smoking
and SAH between the AIDS patients and
the controls (Table 1). Cholesterol and trig-
lycerides were higher in the AIDS patients,
but the body mass index and abdominal
circumference presented a higher normal-
ity rate in this group (64.3% and 85.7%,
respectively) (Table 1).

Table 1 Sampling profile of the study population according to risk factors for atherosclerosis and homo-

geneity analysis.

Variables

Smoking

SAH

Increased cholesterol

Increased triglyceride

BMI

Normal (< 25)

Overweight (25–29,9)

Obesity (≥ 30)

AC

Normal

Altered

Age (years) – mean ± SD

Male

Smoking

SAH

Increased cholesterol

Increased triglyceride

Increased BMI

Increased AC

Groups

HIV patients Control Total

n

12

11

25

32

45

20

5

60

10

40.5 ± 6.0

42

12

11

25

32

25

10

%

17.1

15.7

35.7

45.7

64.3

28.6

7.1

85.7

14.3

–

60.0

17.1

15.7

35.7

45.7

35.7

14.3

n

12

13

3

4

30

28

12

46

24

40.8 ± 6.4

42

12

13

3

4

40

24

%

17.1

18.6

4.3

5.8

42.9

40.0

17.1

65.7

34.3

–

60.0

17.1

18.6

4.3

5.8

57.1

34.3

n

24

24

28

36

75

48

17

106

34

p = 0.838

p > 0.999

p > 0.999

p = 0.654

p < 0.001*

p < 0.001*

p = 0.027*

p = 0.006*

%

17.1

17.1

20.0

25.9

53.6

34.3

12.1

75.7

24.3

–

–

–

–

–

–

–

–

* Statistically significance. SAH, systemic arterial hypertension. BMI, body mass index; AC, abdominal circumfer-

ence. SD, standard deviation.

Figure 1. A: Automatic measurement of IMC on the RCC. B: Manual measure-

ment of IMC on the RCC. C: Manual measurement of IMC at the right subcla-

vian artery (origin).

A B

C
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As regards cardiovascular history, 29
(41.4%) patients and 27 (38.6%) controls
reported family cardiovascular history, with
no statistically significant difference be-
tween the groups (p = 0.730, Pearson’s chi-
square test).

RESULTS

The IMC was not thickened in any in-
dividual, as the mean value of the automatic
measurement on the RCC (gold-standard)
was utilized. The mean IMC value on the
RCC artery was 0.51 ± 0.08 mm, and on the
LCC artery it was 0.53 ± 0.09 mm.

As regards interobserver agreement in
relation to the automatic and manual mea-
surements of IMC on the RCC, no statisti-
cally significant difference was observed in
the 20-patient group (10 HIV patients and
10 controls) (p = 0.780 on the RCC and p
= 0.112 on the LCC), demonstrating the
method reproducibility and reliability for
qualified observers.

The comparison of the mean automatic
measurement of IMC (gold-standard) on
the RCC was done against the manual
measurement of IMC on the RCC (mean,

maximum and minimum values), with the
IMC at the origin and medial segment of
the right subclavian artery and on the
RCFA. On Table 2, the comparison was
made with the HIV patients and a statisti-
cally significant difference was observed
between almost all comparisons, except as

the automatic mean RCC was compared
with the minimum manual measurement on
the same artery. Despite the statistically
significant difference, from the clinical
evaluation point of view, there is no signifi-
cant variation, as it was < 0.10 mm. The
only clinically significant variation in mea-

Table 2 Comparison of the IMC values by means of the Bland-Altman technique, percentage of the differences < 0.10 mm, correlation coefficient of

agreement – HIV patients group.

RCC mean automatic

RCC mean manual

RCC mean automatic

RCC maximum manual

RCC mean automatic

RCC minimum manual

RCC mean automatic

Right subclavian artery origin

RCC mean automatic

Median right subclavian artery

RCC mean automatic

RCFA

LCC mean automatic

LCC mean manual

LCC mean automatic

LCC maximum manual

LCC mean automatic

LCC minimum manual

LCC mean automatic

LCFA

Mean (SD)

0.51 (0.08)

0.53 (0.10)

0.51 (0.08)

0.58 (0.09)

0.51 (0.08)

0.50 (0.09)

0.51 (0.08)

0.91 (0.18)

0.51 (0.08)

0.56 (0.13)

0.51 (0.08)

0.55 (0.12)

0.52 (0.09)

0.57 (0.08)

0.52 (0.09)

0.61 (0.09)

0.52 (0.09)

0.52 (0.09)

0.52 (0.09)

0.57 (0.10)

Mean difference

(CI 95%)

–0.030

(–0.18 ; 0.13)

–0.072

(–0.20 ; –0.06)

0.008

(–0.12 ; 0.14)

–0.400

(–0.75 ; –0.04)

–0.050

(–0.28 ; 0.19)

–0.040

(–0.28 ; 0.21)

–0.044

(–0.16 ; 0.07)

–0.089

(–0.21 ; 0.03)

–0.002

(–0.13 ; 0.12)

–0.040

(–0.28 ; 0.19)

Difference < 0.10 mm

(%)

80.0%

65.7%

87.1%

7.1%

60.0%

58.6%

80.0%

52.9%

85.7%

58.6%

CCA

(CI 95%)

0.581

(0.418 ; 0.708)

0.489

(0.346 ; 0.609)

0.676

(0.529 ; 0.784)

0.019

(0.002 ; 0.053)

0.334

(0.158 ; 0.489)

0.215

(0.015 ; 0.398)

0.675

(0.545 ; 0.774)

0.518

(0.391 ; 0.626)

0.712

(0.574 ; 0.810)

0.207

(0.001 ; 0.398)

p-value

0.010*

< 0.001*

0.313

< 0.001*

< 0.001*

0.019*

< 0.001*

< 0.001*

0.787

0.002*

Base: 70 cases. * Statistically significant. CCA, correlation coefficient of agreement. SD, standard deviation; CI 95%, confidence interval 95%.

Figure 2. Bland-Altman

chart with respective mean

differences and 95% agree-

ment limits, utilizing the

mean automatic and manual

measurement of IMC – cases

group.
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greatest difference as compared with the
gold-standard.

On Table 3, as the results from the con-
trol group are analyzed, one concludes that
there is a significant difference between the
IMC values measured on the RCC by the
automatic mean with respect to all other
IMC measurements (mean, maximum and
minimum manual measurements on the
RCC, origin of the right subclavian artery,
medial segment of the right subclavian ar-
tery and RCFA). Figure 4 demonstrates that
in the control group there is no significant
variation between the automatic and manual
measurements on the RCC; there is agree-
ment between them. Statistically and clini-
cally significant differences were observed
with the IMC value measured at the origin
of the right subclavian artery (Figure 5).

Table 3 presents the results from the
control group, from which one concludes
that there is a statistically significant differ-
ence between the values obtained from the
IMC measured on the LCC by the auto-
matic mean in relation to the other manual
measurements of IMC on the LCC, where
the difference was not relevant. The maxi-
mum manual measurement of IMC on the

Table 3 Comparison of IMC values by means of the Bland-Altman technique, percentage of differences < 0.10 mm, correlation coefficient of agreement –

control group.

RCC mean automatic

RCC mean manual

RCC mean automatic

RCC maximum manual

RCC mean automatic

RCC minimum manual

RCC mean automatic

Right subclavian artery origin

RCC mean automatic

Median right subclavian artery

RCC mean automatic

RCFA

LCC mean automatic

LCC mean manual

LCC mean automatic

LCC maximum manual

LCC mean automatic

LCC minimum manual

LCC mean automatic

LCFA

Mean (SD)

0.51 (0.08)

0.56 (0.10)

0.51 (0.08)

0.60 (0.11)

0.51 (0.08)

0.53 (0.10)

0.51 (0.08)

0.97 (0.18)

0.51 (0.08)

0.58 (0.11)

0.51 (0.08)

0.58 (0.13)

0.54 (0.08)

0.59 (0.09)

0.54 (0.08)

0.63 (0.10)

0.54 (0.08)

0.55 (0.09)

0.54 (0.08)

0.58 (0.11)

Mean difference

(CI 95%)

–0.048

(–0.15 ; 0.05)

–0.088

(–0.21 ; 0.03)

–0.017

(–0.13 ; 0.09)

–0.460

(–0.79 ; –0.13)

–0.070

(–0.27 ; 0.14)

–0.070

(–0.33 ; 0.19)

–0.044

(–0.13 ; 0.04)

–0.084

(–0.19 ; 0.02)

–0.007

(–0.12 ; 0.10)

–0.040

(–0.22 ; 0.15)

Difference < 0.10 mm

(%)

78.6%

54.3%

91.4%

0.0%

58.6%

48.6%

84.3%

54.3%

90.0%

67.1%

CCA

(CI 95%)

0.732

(0.632 ; 0.814)

0.566

(0.452 ; 0.662)

0.782

(0.678 ; 0.855)

0.038

(0.009 ; 0.066)

0.298

(0.121 ; 0.457)

0.188

(0.012 ; 0.352)

0.770

(0.674 ; 0.841)

0.582

(0.466 ; 0.678)

0.801

(0.702 ; 0.869)

0.454

(0.268 ; 0.607)

p-value

< 0.001*

< 0.001*

0.017*

< 0.001*

< 0.001*

< 0.001*

< 0.001*

< 0.001*

0.296

< 0.001*

Base: 70 controls. * Statistically significant. CCA, correlation coefficient of agreement. SD, standard deviation; CI 95%, confidence interval 95%.

surement was that observed in the origin of
the right subclavian artery (automatic mean
on RCC: 0.51 mm versus 0.91 mm) (p <
0.001). On Figure 2, it is possible to ob-
serve that there is a concentration of both
automatic and manual RCC measurements
around the mean value, without much dis-
persion, which demonstrates the agreement
between the two measurements.

The findings on the left side were simi-
lar to those on the right side (Table 2).

The greatest difference observed in the
comparisons with the gold-standard was
with the value of IMC measured at the ori-
gin of the subclavian artery, and the other
measurements are similar (Figure 3). The
maximum manual measurement of IMC on
the LCC was that which presented the

Figure 3. 95% confidence

interval for the mean val-

ues of IMC automatically

and manually measured

on the RCC; RCC maxi-

mum manual; RCC mini-

mum manual; right sub-

clavian artery origin; me-

dial right subclavian artery

and RCFA – cases group.
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LCC presented the greatest difference
when compared with the gold-standard.

DISCUSSION

The identification of parietal alterations
in the arteries of asymptomatic individuals
may allow a more rigorous management of
cardiovascular risk factors, with the objec-
tive of preventing future coronary events(17).
In the present study, the automatic IMC
measurement on the RCC and LCC at Dop-
pler ultrasonography (gold-standard) did
not demonstrate thickening of the complex
in HIV patients nor in the control individu-
als.

Maggi et al. have evaluated HIV pa-
tients and advocate the hypotheses that the
IMC is more thickened in the HIV group,
that the utilization of PI is the cause for
such thickening and that the lesions found
in such patients are similar to arteritis and
substantially different from atherosclerotic
plaques(17–19). The present study does not
confirm such hypothesis of thickening in
the HIV patients. In the 70 HIV patients no
thickening was observed in the common
carotid arteries, in spite of the fact that such
patients also presented the classical risk
factors for atherosclerosis, including higher
degrees of hypercholesterolemia and
hypertriglyceridemia than the control

group. One possible justification for the
absence of IMC thickening in the sample
is the fact that the sample was relatively
young (mean age of 40.5 years), long treat-
ment time (mean of 8.16 years), less risk
factors for atherosclerosis than groups in
other studies in addition to the clinical sta-
bility (84% presented with a currently un-
detectable viral load, with a current mean
CD4 = 670.57), with less aggression to the
endothelium.

The present study does not confirm
sonographic findings of parietal alterations
compatible with arteritis either, since none
of the 70 patients presented lesions compat-
ible with such diagnosis.

By means of ultrasonography, authors
have studied the IMC in a multicentric pro-
spective cohort of 423 HIV patients and
have concluded that only the conventional
cardiovascular risk factors were indepen-
dently associated with the thickening of the
IMC. The mean IMC on the carotid arter-
ies in such a cohort was 0.54 mm (ranging
from 0.50 to 0.60)(20,21). In the present study
sample, the mean IMC value was 0.51 mm
on the RCC and 0.53 mm on the LCC. As
HIV patients and controls are separated, the
mean value on the RCC was 0.51 mm in
both groups and 0.52 mm on the LCC in the
patients group, and 0.54 mm in the control
group. Such findings and the risk factors

were similar to the results reported by
Mercié et al.(22).

Freire et al. have observed that the mean
time for the manual measurement of IMC
was significantly longer than the time re-
quired for automatic measurement (57.3
seconds versus 2.52 seconds; p < 0.05). No
systematic error was observed between the
two methods. Despite the reproducibility
and safety of both manual and automatic
IMC measurements, the automatic tech-
nique is faster and less prone to interob-
server variations and subjectivity. The vari-
ance coefficient was 9.68% for the mean
measurements on the internal carotid artery,
6.34% for the mean measurements on the
common carotid artery and 6.10% for the
mean measurements on the carotid artery
bifurcation. More than 85% of the absolute
differences between the automatic and
manual measurements were < 0.1 mm, and
< 0.05 mm in approximately 70%. There
was interobserver agreement without sys-
tematic error. The study population com-
prised 43 women participating in an inves-
tigation about the effect of gestational dia-
betes on subclinical atherosclerosis(15).

In the present study, there was no time
tracking for automatic versus manual mea-
surements, however the time required for
manual measurement was longer. As the
mean automatic measurement on the RCC

Figure 5. 95% confidence interval for the means of IMC values measured on RCC

– mean automatic, RCC mean manual, RCC minimum manual, right subclavian

artery origin, medial right subclavian artery and RCFA – control group.

Figure 4. Bland-Altman chart with the respective mean differences and

95% agreement limits, utilizing the IMC measurement on RCC – mean

automatic and mean manual – control group.
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was compared with the mean, maximum
and minimum manual measurements on the
same artery a statistically significant differ-
ence was observed, except in the compari-
son with the manual minimum measure-
ment. Despite such a difference, from the
clinical evaluation point of view there is no
significant variation, as it occurs in the third
decimal point (without value)(21). The mean
value of the automatic measurements on
the RCC in the HIV patients group was
0.51 mm, and the mean value of the manual
measurements was 0.53 mm. The differ-
ence between both values was not clinically
significant. The mean automatic measure-
ment on the RCC also demonstrated statis-
tically significant difference in relation to
other measurement sites (origin and medial
segment of the right subclavian artery and
RCFA), and only the difference in relation
to the origin of the right subclavian artery
(0.51 mm vs. 0.91 mm; p < 0.001) was sta-
tistically significant. The automatic mea-
surement on the RCC in the control group
also demonstrated statistically significant
difference in relation to the comparison
measurements, but the only statistically sig-
nificant difference occurred in relation to
the origin of the right subclavian artery. On
Figures 2 and 4, it is possible to observe that
all the measurements remain grouped at a
single level, with the exception of the mea-
surement at the origin of the right subcla-
vian artery. As a variation < 0.1 mm is
adopted as a reference for the acceptance
of a clinical threshold of agreement(23–26),
one observes, in the present study, that the
only clinically significant difference was
the measurement at the origin of the right
subclavian artery. For such result, all com-
parisons between automatic and manual
measurements in the HIV patients and con-
trol groups were taken into consideration,
adopting the mean automatic measurement
on the RCC as a standard. Eighty percent
of the absolute differences between the
automatic and manual measurements were
< 0.10 mm as the mean automatic measure-
ment on the RCC was compared with the
manual measurement on the same artery in
the group of HIV patients; the same oc-
curred on the LCC (automatic vs. manual).
More than 85% of the absolute differences
were < 0.10 mm as the mean automatic
measurement and the minimum manual

measurement on the RCC and LCC were
compared (Table 2).

In the comparison between measure-
ments on LCC in HIV patients and control
groups, as shown on Figures 3 and 5, it is
possible to observe that the mean automatic
measurement value was closer to the mini-
mum manual measurement value and more
distant from the maximum manual mea-
surement value, but, considering the varia-
tion of < 0.1 mm(23–26), there was no clini-
cal relevance in such a variation in the
present study.

In a study with 106 patients, Engelhorn
et al.(26) have tested the association between
IMC measurements on the carotid artery
and at the origin of the right subclavian
artery. Such authors suggest that the IMC
at the origin of the right subclavian artery
might be an earlier marker of thickening.
Based on the ROC curve for IMC at the
origin of the right subclavian artery, the
cutoff point which best classifies the thick-
ening was 0.7 mm. As such value is com-
pared with the reference standard (0.8 mm)
in the carotid arteries, one observes 91%
sensitivity, 27% specificity, 66%positive
predictive value, 65% negative predictive
value, and 66% accuracy. In the present
study the measurement at the origin of the
subclavian artery demonstrated significant
thickening as compared with the gold-stan-
dard and in relation to the other sites, but
such finding occurred both in the HIV pa-
tients group and in the control group. Fur-
ther studies on the clinical significance of
such finding are required before one can
assert that the measurement at the origin of
the subclavian artery is an earlier marker.
The possible explanation for such thicken-
ing would be the presence a larger angle of
this vessel in relation to the carotid artery,
thus the greater flow velocity leads to in-
creased shear stress and consequently
causes the thickening(26). A comparative
anatomopathological study on the subcla-
vian artery segment and the carotid artery
would be necessary. It would also be impor-
tant to correlate such findings with the ath-
erosclerosis risk factors and with the effec-
tive risk for a cardiovascular event, as the
actual purpose of the IMC study is to pre-
dict a future cardiac event. The correlation
coefficient between the IMC on the subcla-
vian and carotid arteries in the study devel-

oped by Engelhorn et al.(26) was low (0.31),
as well as 27% specificity, 66% positive
predictive value, 65% negative predictive
value, and 66% accuracy. Complementary
studies are necessary.

CONCLUSION

As the mean value of the automatic IMC
measurements on the RCC and LCC is con-
sidered as the gold standard, no IMC alter-
ation was observed in any individual. Such
finding indicates that HIV-infected indi-
viduals do not present higher risk for ath-
erosclerosis than individuals in the control
group, as the classical risk factors are taken
into consideration.

As the mean value of the automatic
measurements on the RCC was compared
with the manual measurements, no signifi-
cant variation was observed (less than 0.1
mm). As the mean value of the automatic
measurement on the RCC was compared
with other sites (origin and medial segment
of the subclavian and common femoral ar-
teries), the difference was significant in the
origin of the right subclavian artery. Con-
sidering that the IMC thickening at the ori-
gin of the right subclavian artery occurred
both in the HIV patients and control groups,
further studies are necessary to confirm
whether such site is actually an earlier de-
tection site in relation to the carotid artery.
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