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Background: A unique semiautomated border detec-
tion program (BDP) designed for use on a personal
computer was evaluated to determine whether: (1) ca-
rotid intima-media thickness (CIMT) measurements
were bioequivalent to a reference laboratory; and (2) it
would allow a novice (NOV) reader with no medical
training to accurately and reproducibly measure CIMT.
Methods: Far-wall CIMT was measured blindly and
in duplicate by an experienced and NOV reader

using BDP and by a reference laboratory.

doi:10.1016/j.echo.2005.09.006
Results: Mean CIMT using BDP was bioequivalent to the
reference laboratory (two 1-sided T-test, P < .05) with
small absolute differences (experienced 0.011 � 0.004
mm, NOV 0.022 � 0.004 mm). Reproducibility was high,
with small coefficients of variation when used by either
the experienced (3.1%) or NOV (7.8%) reader.
Conclusion: CIMT measurements using BDP were accu-
rate and reproducible. It was mastered easily by a NOV
reader and appeared suitable for use in an office setting.

(J Am Soc Echocardiogr 2006;19:223-228.)
Ultrasound measurement of carotid intima-media
thickness (CIMT) is a noninvasive and reproducible
method to detect and quantify subclinical athero-
sclerosis. Autopsy studies have demonstrated a di-
rect histologic relationship between carotid and
coronary atherosclerosis.1,2 CIMT measurements
have been used to measure differences in the pro-
gression of atherosclerosis in clinical trials.3 In ob-
servational trials, increased CIMT is associated with
prevalent and incident cardiovascular disease.4-6 Al-
though ultrasound measurement of CIMT has been
recommended as a clinical screening tool, its use has
been limited to research studies or selected institu-
tions, in part because of labor- and time-intensive
measurement protocols.7 An analysis package that
allows straightforward and efficient measurement of
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CIMT, while maintaining accuracy and reproducibil-
ity, could be a useful clinical tool.

This study evaluated a new, semiautomated bor-
der detection program (BDP), designed for use on a
personal computer or handheld ultrasound system.
Measurements were compared with a reference
(REF) laboratory to determine bioequivalence and
performed in duplicate by an experienced (EXP) and
novice (NOV) reader to evaluate intraobserver re-
producibility and to assess whether BDP would
allow a NOV reader with no medical or ultrasound
training to accurately and reproducibly measure
CIMT.

METHODS

Experimental Protocol

Our institutional review board approved this study. Data
were obtained from 25 consecutive healthy individuals
(mean [SD] age 28.0 [7.7] years) who were imaged as part
of the Cardiovascular Disease in Type 1 Diabetes Study.
Images from an additional 15 consecutive participants
(age 55.2 [7.6] years) provided a wider range of CIMT
values for this validation study. These patients had been
referred by their physicians to our Vascular Health Screen-
ing Program for Determination of CIMT.

Carotid Ultrasound Images

B-mode ultrasound images of the distal 1 cm of the
common carotid artery (CCA) were obtained using an

8.0-MHz linear-array transducer (8L5, Acuson Sequoia,
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Siemens Medical Solutions, Mountain View, Calif). Im-
age acquisition was based on a standardized protocol
from the Atherosclerosis Risk in Communities Study,
but was limited to only the CCA.8 Images were obtained
from 3 different angles: an optimal angle of incidence
defined as the longitudinal angle of approach where
both branches of the internal and external carotid
arteries are visualized simultaneously; an anterior angle;
and a posterior angle. All images were obtained by a
single sonographer (S. E. A.). Images were recorded and
stored digitally from the analogue video output and con-
verted to bitmaps using software (Vericis for Echocardi-
ography, Camtronics Medical Systems, Hartland, Wis).
Videotape was not used. Resolution was limited by the
ultrasound system and transducer, not the format or
manipulation of the images, and was constant at 85.67

Figure 1 Semiautomated measurement of far-wa
border detection program.
pixels/cm (0.11 mm/pixel).
CIMT Measurements

Mean and maximum far-wall CIMT of each CCA were
measured blindly and in duplicate by an EXP and a NOV
reader using BDP (SonoCalc IMT, Sonosite Inc, Bothell,
Wash). The EXP reader (C. E. K.), a RDCS with 19 years of
ultrasound experience, was the manager of our athero-
sclerosis imaging research program laboratory, and had 3
years of experience performing and reading CIMT studies.
The NOV reader (A. D. G.) was a premedical student with
no previous ultrasound experience except for a half-day
training session and 5 practice readings before starting this
study. Each set of images was measured on two separate
occasions using a semiautomated BDP (SonoCalc IMT)
(Figure 1). Each reader was blinded to their previous
measurements and to those of the other reader. The
semiautomated BDP traced a specific region of interest

mon carotid artery intima-media thickness using
ll com
based on image intensity, vessel morphology, and pre-
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defined segment length (1 cm) after the user determined
the segment of interest by a single mouse click. The
blood-intima and media-adventitia borders within the re-
gion of interest were automatically detected and
smoothed borders were created. If the reader decided that
the automated border was not acceptable, the user could
modify with a series of mouse clicks along each border. A
new vessel outline was generated based on these edits,
along with calculated mean and maximum CIMT values.
Each CCA segment was measured in triplicate and seg-
mental values were calculated as the average of those 3
measurements. The time to make measurements for
each patient was recorded by each reader. Finally,
additional, blinded readings were performed by an
independent REF laboratory (AUTREC, Raleigh, NC).9

Statistical Techniques

All values were reported as mean � SEM. Intraobserver
reproducibility was analyzed using paired t tests and linear
regression. Coefficients of variation (CV) were determined
by taking the SD divided by the mean using the root mean
square approach.10 Comparisons of the first of NOV and
EXP readings using BDP with the REF laboratory were
analyzed using Bland-Altman plots and linear regression.11

Mean differences and bioequivalence were tested using
the 2 1-sided t test (TOST) approach.12,13 Predetermined
levels of acceptable differences between readers and the
REF laboratory were 1 digital pixel (0.11 mm) for mean
CIMT and 2 digital pixels (0.22 mm) for maximum CIMT.

RESULTS

Participant Characteristics

Images from 40 participants (14 men, 26 women)
were analyzed. Their mean age was 38.2 � 2.4 years
(range 18-68 years). Based on the REF laboratory
measurements, the average mean CIMT of the par-
ticipants was 0.613 � 0.013 mm and the average
maximum CIMT was 0.694 � 0.014 mm.

Comparison with REF Laboratory

Using the BDP, measurements from both the EXP

Table 1 Comparisons with reference laboratory for mean
and maximum common CIMT thickness measurements

Experienced reader Novice reader

Mean CIMT
Mean absolute

difference, mm 0.011 � 0.004 0.022 � 0.004
P .954 (�.001) .955 (�.001)

Maximum CIMT
Mean absolute

difference, mm �0.031 � 0.007 �0.011 � 0.006
P .914 (�.001) .921 (�.001)

CIMT, Carotid intima-media thickness.
and NOV readers were comparable and bioequiva-
lent (PTOST � .05) to the REF laboratory (Table 1).
The mean CIMT measurements by the EXP reader
correlated strongly with the measurements by the
REF laboratory (r � 0.954, P � .001) with a mean
absolute difference of 0.011 � 0.004 mm (Figures 2
and 3). Maximum CIMT values correlated strongly
(r � 0.914, P � .001) with a mean absolute difference
of �0.031 � 0.007 mm (Figure 4). Similarly, the
NOV reader’s mean absolute differences compared
with the REF laboratory were small, and measure-
ments were strongly correlated for mean CIMT
(mean absolute difference � 0.022 � 0.004 mm, r �
0.955, Pcorrelation � .001) (Figures 3 and 5) and
maximum CIMT (�0.011 � 0.006 mm, r � 0.921,

Figure 2 Bland-Altman plot comparing mean common
carotid artery intima-media thickness (CIMT) values with
the reference laboratory for experienced reader.

Figure 3 Comparison of mean common carotid artery
intima-media thickness (CIMT) values using border detec-
tion program (BDP) and reference laboratory (REF). EXP,
Experienced reader; NOV, novice reader.
Pcorrelation � .001) (Figure 4).
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Intraobserver Reproducibility

Intraobserver reproducibility of mean and maximum
CIMT measurements using BDP was high for both
EXP and NOV readers (Table 2). As expected, it was
stronger for the EXP reader. Repeated mean CIMT
measurements by the EXP reader correlated strongly
(r � 0.979, P � .001) with a nonsignificant mean
absolute difference of 0.003 � 0.003 mm and a CV
of 3.1%. Maximum CIMT readings by the EXP reader
also correlated strongly (r � 0.968, P � .001) with
a mean absolute difference of 0.009 � 0.004 mm
and a CV of 3.6%. For the NOV reader using BDP,
repeated mean CIMT measurements also corre-
lated strongly and had convincing correlations
(r � 0.927, P � .001) with a mean absolute
difference of �0.040 � 0.005 mm (CV � 7.8%).

Figure 4 Comparison of maximum common carotid artery
intima-media thickness (CIMT) values using border detec-
tion program (BDP) and reference laboratory. EXP, Expe-
rienced reader; NOV, novice reader.

Figure 5 Bland-Altman plot comparing mean common
carotid artery intima-media thickness (CIMT) values with
reference laboratory novice reader.
Maximum CIMT readings by the NOV reader also
correlated strongly (r � 0.938, P � .001) with a
mean absolute difference of �0.021 � 0.006 mm
(CV � 5.7%).

Measurement Times

The reading speed of the NOV reader increased after
the first set of measurements. The average per-partici-
pant reading time during the first set of measurements
was 20.8 � 0.6 minutes. It decreased to 18.6 � 0.6
min/participant (P � .031) during the second set of
measurements. The EXP reader did not have a
significant difference between measurement times
but the average time was significantly lower than for
the NOV reader (6.9 � 0.3 min/participant, P �
.001).

DISCUSSION

Ultrasound measurement of CIMT is a safe and effec-
tive technique for assessing atherosclerosis burden
and determining cardiovascular risk.7 Although
CIMT has been recommended by the American
Heart Association to detect subclinical atherosclero-
sis, its use in an office setting has been limited by the
need to accurately identify and measure small but
clinically meaningful differences in carotid wall
thickness. In addition, a highly standardized proto-
col is needed to ensure that measurements are
reproducible and representative of the degree of
atherosclerosis. These requirements can make the
assessment of CIMT time-consuming, a problem that
is compounded by potentially expensive instrumen-
tation.7 To translate the compelling research data
supporting CIMT as a risk prediction tool into a
clinical setting, software that enables users to make
accurate and reproducible CIMT measurements rap-
idly is necessary. This software could be incorpo-
rated into the ultrasound system or readily transmit-

Table 2 Intraobserver reproducibility for mean and
maximum common CIMT thickness measurements

Experienced reader Novice reader

Mean CIMT
Mean absolute

difference, mm 0.003 � 0.003 �0.040 � 0.005
r (pcorrelation) .979 (�.001) .927 (�.001)
Coefficient of

variation 3.1% 7.8%
Maximum CIMT

Mean absolute
difference, mm 0.009 � 0.004 �0.021 � 0.006

r (pcorrelation) 0.968 (�0.001) 0.938 (�0.001)
Coefficient of

variation 3.6% 5.7%

CIMT, Carotid intima-media thickness.
ted to a personal computer.
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In this study, both EXP and NOV readers obtained
very reproducible measurements of mean and max-
imum CIMT values using the new BDP. As expected,
the reproducibility of the EXP reader was better
than that of the NOV reader; however, CV for the
measurements using BDP were excellent and com-
parable with other studies.9,14,15 Measurements by
both NOV and EXP readers correlated strongly with
those of the REF laboratory with minimal systematic
bias, and bioequivalence was demonstrated. Bland-
Altman plots and linear regression models for mean
and maximum CIMT values successfully illustrate
the striking similarity between the readers using
BDP and the REF laboratory, and high intrareader
repeatability. The improvement in the NOV reader’s
efficiency with repeated use of BDP also demon-
strates the ease with which this program can be
mastered and used effectively. A similar study that
compared measurement times using a different semi-
automated BDP to manual tracing methods found
significant reductions in reading times of nearly 50%
for a NOV reader.15

The EXP reader edited approximately 20% of the
tracings by BDP. The NOV reader modified approx-
imately 33% the BDP tracings. Approximately half
were edited to make sure that the edges of the
measurement borders corresponded precisely to the
segment definition used in this study. The rest were
to modify the blood-intima and media-adventitia
interfaces. Modification of the detected border was
more common when carotid artery image deviated
from horizontal and for images that were not at the
optimal angle of interrogation.

Strengths of this study include blinded, direct
comparisons between measurements using the BDP
and a well-established core REF laboratory demon-
strating measurement accuracy, and reproducibility
by both a NOV and EXP reader similar to or better
than that reported in the literature.9,14,15 This study
only evaluated the far wall of the CCA, a relatively
straight segment that is easier to image than other
segments of the carotid artery. These characteristics
favor better performance of BDP, but also are more
practical if CIMT is to be done in an office setting,
where longer, more comprehensive protocols used
in clinical trials may not be feasible. Of note, far-wall
CIMT and its changes have been associated with
cardiovascular risk and used to measure response to
therapy in clinical trials.3,16 Because there were
fewer participants at the high end of the CIMT
range, greater differences between the techniques
for high or extreme CIMT values cannot be ex-
cluded. Incorporation of a BDP into an inexpensive
lightweight or portable ultrasound system, valida-
tion of an abbreviated scanning protocol for office-
based cardiovascular risk assessment, and studies

demonstrating improved cardiovascular outcomes
using CIMT measurements are needed to continue
to facilitate clinical use of CIMT measurements.

Conclusions

CIMT measurements using this new, semiautomated
BDP were accurate and reproducible. The user-
friendly software interface enabled a NOV reader
with no ultrasound training to master the program
quickly and effectively. The combination of easy-to-
use software and the ability to reproduce small
measurements make this BDP appear suitable for use
in an office setting.

The authors express their appreciation to Roger Brown,
PhD, for statistical assistance and to Ward A. Riley, PhD,
for assistance with study design and reference measure-
ments.
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