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Figure 1 Common carotid artery, carotid bifurcation, and exter-
nal and internal carotid arteries. The region of interest is the far
wall of the common carotid artery.
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Many standard ultrasound machines are equipped with high-reso-
lution probes that enable B-mode scanning of the carotid arteries.
Edge-detection software enables efficient reading of CIMT in multiple
frames of digitally acquired clips, thereby enhancing accuracy and de-
creasing bias. Recent studies have shown that measurement of CIMT
using edge-detection software is accurate and more easily reproduced
when compared with manual reading.16 Semiautomated edge detec-
tion software is also easy to use and can be used in an outpatient clinic
setting. These not only are less time-consuming and more efficient in
reporting CIMT because of their semiautomated nature but also can
be used by less-experienced readers. A recent study compared
a novice reader with a research laboratory using semiautomated
edge-detection software and found comparable results with high
reproducibility.17

Several factors, including hemodynamic measures of heart rate,
blood pressure, and elasticity of the vessel wall, may potentially
have an impact on CIMT. A recent study in 50 men and 50 women
aged 18 to 25 years using an edge-detection software looked at CIMT
measurements of lumen diameter during R-wave electrocardiogram
(EKG)-triggered frames.18 The investigators contrasted CIMT values
obtained from the right and left carotid arteries in each patient.
CIMTwas higher in frames with a narrower lumen diameter, suggest-
ing the possible effect of arterial size, compliance, and elasticity on
CIMT. The investigators also noted a 2% to 3% higher CIMT in the
right carotid artery and the R-wave EKG-triggered frames. Other pub-
lished data in adult subjects have confirmed differences between
CIMT measured from the common and internal carotid arteries,
and between right and left carotid arteries.19-21

Children have a more compliant vasculature, and changes in CIMT
during the cardiac cycle may be more pronounced because of larger
fluctuations in lumen diameter. Therefore, knowing when exactly in
the cardiac cycle CIMT should be measured may be as important
as uniform standards for acquisition and reading of carotid images.
Thus, this study’s aim was to ascertain if the thickness of CIMT varies
in children according to when the measurement was taken during the
cardiac cycle. To our knowledge, none of the articles in the pediatric
literature have examined differences in CIMT measurements during
different phases of the cardiac cycle. Such differences may be clini-
cally relevant, especially if follow-up readings are obtained to assess
effectiveness of interventions.
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This study was a retrospective chart review of 49 children aged 6 to
19 years who were referred to the Preventive Cardiology Clinic at our
institution for evaluation of familial dyslipidemia, obesity and dyslipi-
demia, or family history of premature coronary artery disease. Family
history, history of exposure to tobacco smoke, and demographic and
anthropometric data (including age, gender, race, height, weight, and
BMI) were collected. In addition, blood pressure, fasting lipid profile,
glucose, and insulin were obtained. Approval from the institutional
review board was received before data collection.

Carotid artery ultrasound for estimation of CIMT had been offered
as part of atherosclerosis risk assessment to all these children. The
carotid arteries were imaged using a standard ultrasound machine
(Philips iE 33, Bothell, WA) equipped with a high-resolution L9-3
MHz linear array transducer. The carotid imaging was performed
by 2 trained sonographers who followed a standardized institutional
scanning protocol that had been established for pediatric imaging
FLA 5.0 DTD � YMJE2067_proof � 11
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1). The common carotid artery intima–media was the focus of inter-
est, and the sonographers aimed to acquire images where both the far
and near wall intimae were clearly delineated. The images were
stored digitally as clips for offline reading.

The far wall of the common carotid artery was used for measure-
ment of CIMT (Figure 1). The digital clips acquired from both the left
and right common carotid arteries were analyzed offline by the pri-
mary author using commercially available, semiautomated edge-de-
tection software (QLAB, Philips iE 33). We used this software to
measure CIMT within a 10-mm–wide box (region of interest) that
was placed along the far wall of the common carotid artery within
2 cm proximal to the carotid bifurcation. Each measurement was as-
signed a ‘‘success rate,’’ which was defined by the percentage of the
intima–media wall within the region of interest that was able to be ac-
curately measured. We only accepted measured frames that had a suc-
cess rate of 90% or greater. Each child’s study consisted of measuring
CIMT on approximately 100 such frames of both the right and left
carotid arteries.

CIMT measurements obtained starting 2 frames before the QRS
complex through 2 frames after the QRS complex were separated
from the other CIMT measurements and designated as ‘‘QRS
CIMT’’ (Figure 2). All other CIMT measurements were designated
as ‘‘non-QRS CIMT’’ (Figure 3). Measurements were tabulated in sep-
arate Excel (Microsoft Corp, Redmond, WA) spreadsheets as ‘‘QRS
CIMT’’ and ‘‘non-QRS CIMT.’’ The grand mean ‘‘QRS CIMT’’ for
each child was calculated by averaging all their ‘‘QRS CIMTs’’ of the
right and left carotid arteries. The grand mean ‘‘non-QRS CIMT’’
for each child was calculated by averaging all their ‘‘non-QRS CIMTs’’
of the right and left carotid arteries. A paired t test was performed to
compare the averaged grand mean ‘‘QRS CIMT’’ with the averaged
grand mean ‘‘non-QRS CIMT’’ for all 49 children. Lumen diameters
were measured at ‘‘QRS’’ and reported as the average of 2 measures
from the right common carotid artery and 2 measures from the left
common carotid artery. Heart rates were determined by averaging
the heart rates documented at the time of these lumen diameter
measurements.

CIMT was correlated to age, heart rate, lumen diameter, BMI, sys-
tolic blood pressure (SBP), tobacco smoke exposure, family history,
total cholesterol, high-density lipoprotein cholesterol, triglycerides, in-
sulin, and glucose using both simple and multiple linear regression
using SAS version 9.1 (SAS Institute, Inc. Cary, NC). Differences in
variables such as heart rate, lumen diameter, BMI, ‘‘QRS,’’ and
‘‘non-QRS CIMT’’ between age groups (6-9 years, 10-14 years,
November 2009 � 3:08 pm � ce Le
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Figure 2 CIMT measurement at ‘‘QRS’’ on the EKG.
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Figure 3 CIMT measurement at ‘‘non-QRS’’ on the EKG.
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The study population included 49 children with a history of obesity
and atherosclerosis-promoting risk factors or history of familial dysli-
pidemia. Chronologic age was 13.2 6 3.4 years. Thirty-seven partic-
ipants (76%) were white. Twenty-seven participants (55%) were
male. Mean body weight was 65.0 6 24.4 kg, with 28 (57%) at >
95th percentile for age and gender. Mean BMI was 26.1 6 6 kg/
m2, with 30 (61%) at > 95th percentile for age and gender. Mean
FLA 5.0 DTD � YMJE2067_proof � 11
SBP was 119 6 13 mm Hg, with 13 (27%) at > 95th percentile for
gender, age, and height (Table 1). Fasting lipid profile, insulin, and
blood glucose data are shown in Table 1. Of the 49 children, 40
(82%) had total cholesterol levels > 170 mg/dL, 28 (57%) had triglyc-
eride levels > 120 mg/dL, 37 (76%) had low-density lipoprotein
cholesterol levels > 110 mg/dL, and 28 (57%) had high-density
lipoprotein levels < 45 mg/dL.

No statistically significant deviations in CIMT readings were noted
between the images acquired by the 2 sonographers independently
on the same patient and at the same time. In addition, interobserver
and intraobserver reliability of CIMTreadings was obtained for a total
of 106 frames (53 on the right common carotid artery and 53 on the
left common carotid artery). A single reader read all these frames on 2
November 2009 � 3:08 pm � ce Le
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Table 1 Demographic, anthropometric, blood pressure, lipid
profile, glucose, and insulin data

n = 49 Mean 6 SD

Age (y) 13.2 6 3.4
Weight (kg) 65.0 6 24.4

Height (cm) 155.1 6 17.3

Body mass index (kg/m2) 26.1 6 6.2

Systolic blood pressure (mm Hg) 119 6 13
Diastolic blood pressure (mm Hg) 64 6 8

Total cholesterol (mg/dL) 220 6 53

Triglyceride (mg/dL) 149 6 80
LDL (mg/dL) 148 6 49

HDL (mg/dL) 45 6 14

VLDL 30 6 16

Glucose (mg/dL)
(n = 46) 88 6 9

Insulin (uIU/mL)

(n = 28) 12 6 6

SD = standard deviation; LDL = low-density lipoprotein; HDL = high-den-
sity lipoprotein; VLDL = very low-density lipoprotein.

Table 2 Mean lumen diameter, heart rate, and body mass
index distribution in the various age groups

Age (y) N Mean 6 SD

6-9 11 Mean lumen diameter (mm) 4.8 6 0.38a

11 Mean heart rate (beats/min) 78 6 7

11 BMI 22.1 6 5.3b

10-14 22 Mean lumen diameter (mm) 5.1 6 0.31
22 Mean heart rate (beats/min) 73 6 14

22 BMI 26.4 6 6.0

15-19 16 Mean lumen diameter (mm) 5.4 6 0.43a

15 Mean heart rate (beats/min) 73 6 17
16 BMI 28.5 6 5.9b

SD = standard deviation; BMI = body mass index.
aP < .05.
bP = .03.

Table 3 Carotid artery intima–media thickness measurements
at ‘‘QRS’’ and ‘‘non-QRS’’ on electrocardiogram

n Average CIMT (mm) SD (mm) SE Mean (mm)

‘‘QRS’’ 49 0.46 0.04 0.005
‘‘Non-QRS’’ 49 0.45 0.03 0.004

CIMT = carotid artery intima–media thickness; SD = standard deviation;

SE = standard error.
P = .01.
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Figure 4 Mean lumen diameter and standard deviation in the 3
age groups.
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determining intraobserver reliability. Three readers read the same
frames independently and were blinded to each other’s readings to
establish interobserver reliability. The intraclass correlation was calcu-
lated for both cases using established guidelines23 where values
greater than 0.75 indicate excellent reliability and values between
0.4 and 0.75 indicate good reliability. The intraobserver, intraclass
correlation value was 0.81 (95% confidence interval, 0.74-0.87), indi-
cating excellent reliability. The interobserver, intraclass correlation
value was 0.67 (95% confidence interval, 0.57-0.76), indicating
good reliability. However, the primary author read all the carotid
scans for this study.

The overall mean lumen diameter was 5.2 6 0.42 mm, and the
overall mean heart rate was 74 6 14 beats/min. To further account
for age-related differences, the patient population was separated
into 3 age groups (6-9 years, 10-14 years, and 15-19 years) (Table
2). Significant differences were found between age group and mean
lumen diameter (overall P = .002), and post hoc analyses found
groups 6 to 9 years and 15 to 19 years to be significantly different
(P < .05). In addition, a significant age group difference was found
for BMI between age groups 6 to 9 years and 15 to 19 years with
a P value of .027, mean ‘‘QRS CIMT’’ between age groups 15 to 19
FLA 5.0 DTD � YMJE2067_proof � 11
years and each of the other groups (P = .004), and mean ‘‘non-
QRS CIMT’’ between age groups 15 to 19 years and each of the other
age groups (P = .001). CIMT values between right and left carotid
arteries differed by 2.5%. There were no age-related differences in
mean heart rates.

Thirty-four children (69%) had grand mean ‘‘QRS CIMTs’’ that
were thicker than the grand mean ‘‘non-QRS CIMTs.’’ When we av-
eraged the grand mean ‘‘QRS CIMTs’’ and compared them with
the averaged grand mean ‘‘non-QRS CIMTs’’ of all 49 patients, there
was a statistically significant difference between them, with the aver-
aged grand mean ‘‘QRS CIMT’’ values being thicker (Table 3). By sim-
ple linear regression, age, SBP, and blood glucose were significant
predictors of mean CIMT (P = .001, P = .001, and P = .048, respec-
tively). By stepwise multiple linear regression analysis and considering
age, SBP, and glucose as coexisting variables, SBP was the only signif-
icant predictor of mean CIMT.
DISCUSSION

We describe for the first time that CIMT measurements in children
vary during the cardiac cycle and that measurements are thicker dur-
ing the QRS complex on EKG (end diastole). We have also shown that
performing carotid artery ultrasound and determining CIMT is feasi-
ble in an outpatient pediatric clinic setting. Our study used semiauto-
mated edge-detection software to take measurements of CIMT. This
software is likely a superior tool for measuring CIMT for 2 reasons.
First, bias is decreased as the software deciphers edge detection,
and thus reader variability with measurement is diminished. Second,
the software is time efficient and allows the reader to measure multi-
ple frames, thus increasing accuracy and reliability.
November 2009 � 3:08 pm � ce Le
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Figure 5 Comparison of mean CIMT measurement during ‘‘non-
QRS’’ and ‘‘QRS’’ phases of the cardiac cycle for each of the 49
children (black lines) and the average grand mean ‘‘non-QRS’’
and average grand mean ‘‘QRS CIMT’’ trend for all 49 children
(red line).½Q3�
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Childhood obesity is a public health problem. Between the years of
2003 and 2006, one third of children were diagnosed as overweight
with BMIs $ 85th percentile.24 Obese children and those with ath-
erosclerotic-promoting risk factors are often evaluated in pediatric
outpatient clinics. These children frequently have multiple risk factors
that may adversely affect vasculature. An assessment of CIMT allows
quantification of atherosclerotic burden because the effects of these
risk factors on the vasculature may vary according to the risk factor
interactions, genetic predisposition, presence of undocumented risks,
and length of exposure to the risk factors. Thus, CIMT can be re-
garded as an in vivo structural marker of progression of subclinical
atherosclerosis, somewhat akin to an ‘‘end-organ.’’ Because CIMT
measures would be the end result of exposure to all documented
and unknown atherosclerosis-promoting risk factors, assessing
CIMT may be of additional value to the clinician in further risk strat-
ification, management, and follow-up of these high-risk children. The
results of our study suggest that it may be useful to measure CIMT at
a particular point in the cardiac cycle. Thus, repeat measurements at
the same point in the cardiac cycle may overcome these inherent var-
iations in CIMT during the cardiac cycle. We recommend that CIMT
be measured at the R-wave on EKG because this is an easily discern-
ible point in the cardiac cycle.

Our data agree with other reports indicating improved reproduc-
ibility of CIMT measurements when those of the right and left carotid
FLA 5.0 DTD � YMJE2067_proof � 11
arteries are combined and when multiple CIMT readings are ob-
tained.18-21 At times, images of the arterial intima are clearer on one
side versus the other. Our study found that CIMT values differed
2.5% between the right and left common carotid arteries; thus, the
right and left common carotid artery CIMTshould be averaged. Given
the small sample size and the wide range of age groups represented in
our study population, meaningful conclusions about the relationship
between lumen diameter and CIMT change during the cardiac cycle
cannot be made, but we noted the most significant difference
between mean ‘‘QRS CIMT’’ and mean ‘‘non-QRS CIMT’’ in the
10- to 14-year age group.
D
P
R
O
O
FLIMITATIONS

We acknowledge that the patient population studied would be con-
sidered high risk; thus, these findings may not be applicable to the
‘‘normal’’ pediatric population. However, because CIMT measures
typically are primarily of concern usually in high-risk populations,
these data should be meaningful and generalizable to high-risk popu-
lations. This is a retrospective study, and as such we were not able to
verify the trends in ‘‘QRS’’ and ‘‘non-QRS CIMT’’ in a given patient
over time. We have not compared the edge-detection software that
we used to measure CIMT with other methods of measuring
CIMT, such as digital calipers or manual measurements, and the con-
clusions drawn in this study may not be applicable if those methodol-
ogies are used to measure CIMT. Our sample size was small and
covered a wide age range of children in different stages of develop-
ment and pubertal processes; thus, further determinations as to the
changes in CIMT during the cardiac cycle in relation to lumen
diameter, heart rate, age, gender, or race cannot be determined.
CONCLUSIONS

In children, measures of CIMT show significant differences when ob-
tained at different phases of the cardiac cycle. CIMT is thicker during
the QRS complex on the EKG. Carotid ultrasound should be per-
formed with an EKG, and CIMT should be measured at the same
point on the EKG to overcome this variation. Furthermore, we recom-
mend that CIMT be measured at the R-wave on EKG because this is
an easily discernible point in the cardiac cycle.
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