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semi-automated border detection program with 
validated accuracy.3

The main aim of our study was to compare the 
manual measurement of carotid intima-media 
thickness with semi-automatic method of radio-
frequency: Quality Intima-Media Thickness (RF-
QIMT).

Materials and methods

The investigation was carried out on subjects, 
referred to our outpatient clinic of cardiovascu-
lar prevention from August 2011 to March 2012. 
We studied patients without history of cardio-
vascular and cerebrovascular events and we in-
vestigated about the presence of cardiovascular 
risk factors (age, sex, hypertension, family his-
tory of cardio-cerebrovascular events, dyslipi-
demia, cigarette smoking and diabetes mellitus). 
The patients underwent ultrasound scan of ca-
rotid arteries using a My Lab 70 machine (Esa-
ote, Italy), equipped with a 7.5-10 MHz linear 
probe in B-mode frequency. Each patient under-
went measurement of intima-media thickness, 
according to ASE protocol,3 with conventional 
method and RFQIMT semiautomatic method.

IMT measurement

The IMT measurement was carried out at the 
distal cm of common carotid in longitudinal 
planes on the farthest wall in three projections 
on each side: anterior, lateral, and posterior. 
CIMT values greater than or equal to seventy-
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The measurement of carotid intima thickness 
(CIMT) with ultrasonography (US) B-mode is 
a non-invasive, sensible, reproducible and low 
cost technique, to quantify subclinical vascular 
changes and to estimate cardiovascular risk. 
Carotid IMT has been independently associated 
with risk of ischemic coronary events and stroke 
in middle-aged and older individuals.1 There-
fore, the 2010 ACCF/AHA guideline recommend 
its use to improve stratification of patients at 
intermediate risk.2 The accuracy and repro-
ducibility of measurement are crucial to detect 
subclinical damage and its changes over time, 
indeed, the American Society of Echocardiog-
raphy (ASE) Taskforce recommends use of a 
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fifth percentile were considered high and indi-
cators of increased cardiovascular risk. Values 
between the twenty-fifth and seventy-fifth per-
centile were considered medium and indicative 
of cardiovascular risk unchanged. Values less 
than or equal to twenty-fifth percentile were 
considered at low cardiovascular risk.3 Carotid 
plaque was defined as the presence of focal wall 
thickening that was at least 50% greater than 
that of the surrounding vessel wall or as a focal 
region with CIMT greater than 1.5 mm that pro-
truded into the lumen that was distinct from the 
adjacent boundary.3

Semiautomatic measurement of IMT was 
performed using the RFQIMT software (Esa-
ote, Italy) based on “radio frequency” (RF-data 
processing). The signal in Radio Frequency is 
the electrical representation of the echo that 
arrives from the tissue as response to an ultra-
sound stress; the measurements are submilli-
metric (micrometers) and they are completely 
independent from the processing parameters of 
the images (Depth, Dynamic Range, zoom) that 
in some way alter the B-mode image. In the fi-
nal report, the IMT value of examined patient is 
related to that expected in relation to age and 
gender, which is why entering these data, at first, 
into the software is required.4 When signal of 
semiautomatic detection of IMT is stable, the 
software recognizes it, thus making a self-con-
trol of the quality. Such real-time feedback en-
able the examiner to optimize the probe position 
to have the best scan plane with respect to the 
far wall of the CCA; Figure 1 is an example of 
RFQIMT detection.

Statistical analysis

Data were expressed as mean±standard devia-
tion (SD) or as a percentage. Numeric variables 
were compared using the Student’s t-test. The 
differences were considered significant when 
P<0.05. Agreement between the two methods 
was assessed by intraclass correlation coefficient 
(ICC) and Bland-Altman plots.

Results

We enrolled 81 patients, aged between 23 and 
73 years. Table I summarizes the general charac-
teristics of population.

RFQIMT and IMT results detection

The IMT mean value measured by standard 
methods was 676±222 µm. The IMT mean value 
measured with the semi-automated method was 
618±191 µm. Comparing the IMT mean values, 
obtained with manual and semiautomatic (RF-
QIMT) measurements, we found higher values in 
the manual measurement compared to the semi-
automatic method, with a statistically significant 
difference (676 µm, 618 µm; P<0.01). There was 
a positive linear correlation between the manu-
al and semi-automatic measurements (r=0.63). 
Substantial agreement was obtained as indi-
cated in Table II, and in Figure 2. According to 
manual measurement, semiautomated method 
reflected the risk profile of studied population: 
IMT increased with the number of risk factors 
and with age (Figures 3, 4). The measured de-

Figure 1.—Example of RFQIMT detection.

Table I.—�Clinical characteristics of the studied population.

Average age 46±15
M/F 49/32
Hypertension (%) 38.5
Dyslipidemia (%) 19.3
Diabetes mellitus (%) 8.4
Cigarette smoking (%) 18.1
Family history of CVD (%) 24.1

Table II.—�Agreement between conventional and automated 
technique in the IMT measurement.

SITE ICC (95% CI)

Total common carotid 0.7687 (0.6846-0.8303)
Right common carotid 0.8309 (0.7370-0.8912)
Left common carotid 0.7002 (0.5338-0,8072)
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resent the distribution of RFQIMT values of the 
studied population, respectively for males and 
females, in relation to reference values for age 
and sex according to ARIC study.4

Discussion

Carotid IMT has been independently associ-
ated with increased risk of ischemic coronary 
events and stroke in middle-aged and older in-
dividuals.1 The risk of incident CHD events in-
creases in a continuous fashion as carotid IMT 
increases (RR increases approximately 15% per 
0.10-mm increase in carotid IMT); furthermore, 
the finding of atherosclerotic plaque, increases 
the predicted CAD risk at any level of carotid 
IMT.5 The assessment of IMT is particularly 
useful in patients at intermediate risk, in which 
conventional methods underestimate the risk.4, 

6-8 In light of all this evidence, the 2010 ACCF/
AHA guideline for Assessment of Cardiovascular 
Risk in Asymptomatic Adults, recommended the 
measurement of carotid IMT in asymptomatic 

rived from the manual measurement remained 
higher than that obtained with semiautomatic 
measurement (Figures 3, 4). Figures 5 and 6 rep-

Figure 6.—RFQIMT of females, in relation to age.

Figure 5.—RFQIMT of males, in relation to age.

Figure 2.—Bland-Altman plot, conventional and automated 
method in the IMT measurement.

Figure 3.—Mean CIMT and RFQIMT in relation to number 
of risk factors.

Figure 4.—Mean CIMT and RFQIMT in relation to various 
age groups.
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measurement, the semi-automated measure-
ments increase with increasing risk factors and 
we found a significant correlation between con-
ventional and semi-automatic measurements. 
The values obtained with semi-automatic meth-
od, were significantly lower than manual meas-
urements. This could mean that to consider IMT 
as increased, when using RFQIMT, reference val-
ues in relation to sex age and ethnicity need to 
be revised.

Conclusions

The RFQIMT measurement was on average 
lower than manual measurement, this means 
that probably, age- and gender-related reference 
values need to be revised when using RFQIMT 
method.
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adults at intermediate risk (class IIa, level of evi-
dence B).2 The ASE task force recommends use 
of a semi-automated border detection program 
with validated accuracy.3

There is few data in the literature regarding 
comparison between manual and semi- auto-
matic methods. In a study on 80 healthy partici-
pants (mean age 35±14 years; range, 18-55 years; 
24 male) and 70 patients (mean age, 50±7 years; 
range, 38-66 years; 42 male) with cardiovascu-
lar risk factors, carotid ultrasound images were 
obtained by high-resolution B-mode ultrasound 
with a 7.5- to 12-MHz linear array transducer 
(MyLab25; Esaote S.p.A., Genoa, Italy). Auto-
matic measurement of CIMT obtained through 
an edge detector named FOAM showed an aver-
age bias of 0.001±0.0035 against manual meas-
urement. The intraobserver variability, evalu-
ated with the Bland-Altman method, showed a 
bias which was not significantly different from 
0 with a satisfactory SD of the differences (0.001 
mm). Whereas in the manual measurement a lit-
tle bias was present (0.012) and SD of the differ-
ences was greater (0.044).9 Another study evalu-
ated measurement reproducibility and accuracy 
of semi-automated carotid intima-media thick-
ness (CIMT) border detection program (AUTO): 
images from 6 carotid segments were acquired 
in 50 subjects, for a total of 300 segments us-
ing an 8.0-MHz linear array transducer (Acuson 
Sequoia; Siemens Medical Solutions, Malvern, 
Penn). Mean and maximum CIMT values were 
measured blindly at a reference (REF) lab and 
in duplicate by experienced (EXP) and novice 
(NOV) readers using manual (MAN) and AUTO 
methods. The study concluded that AUTO CIMT 
measurement program improved reproducibil-
ity and was accurate. Compared with MAN trac-
ing, the AUTO method agreed better with the 
REF lab and decreased reading time.10 Similar 
results come from a study in 40 patients, using 
an 8.0-MHz linear- array transducer (8L5, Acu-
son Sequoia, Siemens Medical Solutions, Moun-
tain View, CA, USA) and semiautomated border 
detection program (BDP). It was mastered easily 
by a NOV reader and appeared suitable for use 
in an office setting.11

In our study we compared the manual meas-
urement of carotid IMT with the semi- automat-
ed method based on radio frequency, developed 
by Esaote (RFQIMT). According to the manual 
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