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Sex-Specific Biatrial
Volumetric Measurements

Obtained with Use of Multidetector
Computed Tomography in Subjects
with and without Coronary Artery Disease

Atrial volumetric measurement has proven clinical implications. Advances in cardiac imag-
ing, notably the precision enabled by multidetector computed tomography (MDCT), herald
the need for new criteria of what constitutes normal volumetric measurements. With use
of 64-slice MDCT, we compared the atrial volumes in healthy individuals with those in
individuals with coronary artery disease.

By means of manual segmentation, we measured biatrial volume in 686 participants
who underwent retrospective electrocardiographic-gated MDCT angiographic evaluation.
The study population included a control group of 203 persons with no cardiac abnormali-
ties, and a study group of 483 patients with obstructive coronary artery disease. All vari-
ables were compared between men and women and between the groups.

We found a significant difference in left atrial end-systolic and end-diastolic volumes be-
tween men and women in the control group (P <0.05); however, right atrial volumes were
similar. In comparison with the entire control group, the coronary artery disease group had
significantly higher left atrial volume, significantly lower right atrial stroke volume, and sig-
nificantly lower biatrial ejection fraction, except for left atrial ejection fraction in men. Right
atrial volume and left atrial stroke volume were not significantly different. The results imply
that a sex-specific reference value is necessary for left atrial volumetric evaluation, and
that left atrial volume and biatrial ejection fraction (excluding left atrial ejection fraction in
men) might be useful during diagnosis and prognosis in patients who have coronary artery
disease. (Tex Heart Inst J 2014;41(3):286-92)

trial volume enlargement is an important diagnostic and prognostic indica-

tor for patients with coronary artery disease (CAD). In various diseases, an

increase in left atrial (LA) size has been associated with poor outcomes."
In patients with CAD, LA enlargement is a known risk factor for an unfavorable
cardiovascular prognosis.® In addition, right atrial (RA) enlargement might indirectly
contribute to this risk by affecting the systemic and coronary vasculature. Multide-
tector computed tomography (MDCT) enables 3-dimensional imaging of the heart
and correlates well with results of echocardiography and magnetic resonance imaging
(MRI).” In this study, we used MDCT angiography to identify normal ranges of LA
and RA volumes in men and women and to calculate the prevalence of atrial enlarge-
ment in individuals with CAD.

Patients and Methods

The study protocol and method of consent were approved by our institutional review
board. We reviewed our clinical database of patients who had been examined for
evaluation of coronary artery disease with use of computed tomographic angiography
(CTA) in our department from November 2007 through December 2010. A total of
1,400 records were reviewed; any patient with a historical diagnosis of valvular disor-
ders, atrial fibrillation, or pulmonary hypertension was excluded from consideration.
The remaining 686 participants (Table I) subsequently underwent examination by
means of electrocardiographic (ECG)-gated CTA. We estimated the presence and
extent of CAD, and cardiac systolic function.

We then divided the study population into a control group (203 healthy subjects)
and an obstructive-CAD group (483 patients) as diagnosed by CTA. Exclusionary
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TABLE I. Clinical and Demographic Characteristics of the Groups

Control Group CAD Group
Variable Male (n=121) Female (n=82) Male (n=371) Female (n=112)

Age (yr) 52.8+11.9 55.8+13.1 65.9+10.5* 65.6 £11*
Race

White 53.3 451 53.6 38.7

Hispanic 1.5 171 7.8 22.6

Black 3.3 4.9 4.2 4.7

Asian 6.6 10.9 9.2 57

Other 10.6 4.9 3.1 6.6

Unknown 4.7 171 221 21.7
Height (cm) 1777 +11.7 161.9+9.6 176 £ 11.1 161.3+9.2
Weight (kg) 89.8+20.1 69.4+16.8 85.1+19.8 74.9+17.8
Body surface area (m?) 21+0.3 1.7+0.2 2+0.3 1.8+0.2
Body mass index (kg/m?) 285+5.7 26.5+5.8 275+6.1 28.9+5.8
Family history of heart disease 39.6 451 41.6 44.3
Diabetes mellitus 0 0 15.9*% 34.9%
Hypertension 0 0 37.4% 45.3*%
Dyslipidemia 27.3 31.7 321 321
Smoking 3.3 3.6 3.4 6.6
Left ventricular ejection fraction 0.64 0.66 0.55% 0.60*
Heart rate (beats/min) 56.7 57.3 56.5 56.9
Agatston score 18 8.2 1,165%* 781**

CAD = coronary artery disease

*P <0.05 compared with the respective male or female control subgroup
**P <0.001 compared with the respective male or female control subgroup

Data are presented as mean + SD or as percentage unless otherwise stated. P <0.05 was considered statistically significant.

criteria for the control group included a high coronary
calcium burden (Agatston score, >100) and obstructive
CAD as seen on CTA (>50% stenosis in any coronary
artery), as well as conditions that could affect atrial
diameters, including a history of hypertension (=140
mmHg systolic pressure and >90 mmHg diastolic pres-
sure), diabetes mellitus, congenital or rheumatic heart
disease, lung disease, or kidney disease.

Coronary Artery Calcium Scanning
and Angiographic Protocols

Scanning for Coronary Artery Calcium. All coronary
arteries and their branches were imaged with 30 to 40
contiguous 2.5-mm slices during mid-diastole with use
of ECG triggering during each participants 10-second
breath-hold. Coronary artery calcium was considered
to be present when a density greater than 130 Houns-
field units was detected in 3 or more contiguous pixels
(>1 mm?) overlying an artery. The calcium burden was
quantified in accordance with Agatston score.

Cardiac Computed Tomographic Angiography.
B-Blockers were given to participants whose heart rates
were faster than 65 beats/min. As a measure of con-
trast timing, an intravenous bolus of 15 mL of contrast
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agent was followed by flushing with 20 mL of normal
saline solution at a rate of 4.5 mL/s, followed by one
sublingual puff of nitrate (400 pg) by each participant,
5 to 10 min before contrast injection. For all coronary
CTA studies, we used a dual-head Medrad® Stellant®
CT Injection System (Bayer HealthCare; Indianola, Pa)
to perform retrospective ECG-gated cardiac CTA in a
triphasic consecutive-injection sequence. This process
began with the injection of 50 mL of iopamidol 370,
a nonionic intravenous contrast material (Bracco Di-
agnostics, Inc.; Monroe Township, NJ), at a rate of 5
mL/s, followed by 50 mL of 60% contrast agent mixed
with normal saline solution, and ending with a 50-mL
flush of normal saline solution. Contrast material was
injected through a 18G-20G angiocatheter in an ante-
cubital vein. The mean heart rate of participants during
scanning was 56 £ 6 beats/min.

Data Acquisition. For 64-slice MDCT, we used a GE
64 LightSpeed™ VCT (General Electric Medical Sys-
tems; Wausheka, Wisc). Imaging began 1 inch above
the ostium of the left main coronary artery and contin-
ued to 1 inch below the inferior aspect of the heart. The
following imaging and reconstruction limits were ap-
plied: collimation, 40 x 0.625 mm; 120 kVp; 220-670
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mAs; pitch, 0.18—0.24; rotation time, 0.35 s; matrix,
512 x 512 pixels; and mean effective radiation dose,
11.4 £+ 1.3 mSv (8-14.5 mSv). In each instance, ECG-
triggered dose modulation was applied at 400 to 600
mA in a 60% to 80% R-R interval and at 250 to 350
mA for the rest of the cardiac cycle. The R-R interval
of the next cycle was 59% to 81%. The cardiac data
were reconstructed from 5% to 95% of the R-R interval
at 10% intervals and 1.5 mm in slice thickness. The
status of the coronary vessels was reviewed with use of
AW VolumeShare™ (GE Medical Systems), and vol-
ume renderings and curved multiplanar reformations
were produced. Each vessel was classified as normal (no
stenosis or calcium), as having nonobstructive CAD
(luminal stenosis, 1%—49%), or as having obstructive
CAD (luminal stenosis, 250%). We evaluated vessels
that were at least 1.5 mm in diameter. Two experienced
cardiologists (MJB and SSM), who were blinded to the
clinical data, separately evaluated the arteries. The ar-
teries were grouped as follows: 1) left main coronary
artery, left anterior descending coronary artery, and di-
agonal branches; 2) left circumflex coronary artery and
obtuse marginal branches; and 3) right coronary artery,
acute marginal branches, posterior descending artery,
and posterolateral branch. Left or right dominance was
determined.

Left Ventricular Evaluation. Left ventricular segmen-
tation was completed by 2 physicians (YG and SSM)
who were experienced in cardiac CT study. Global wall
motion was estimated, and the end-systolic (minimum)
and end-diastolic (maximum) phases were chosen. The
epicardial and endocardial segmentation was manually
completed at end-systole and end-diastole simultane-
ously. The AW 4.4 Workstation (GE Medical Systems)
was used. In each study, 8 to 15 slice levels with axial
images were traced; the remaining slices were traced
automatically by computers. Volume was calculated by
means of the modified Simpson method, in which the
sum of cross-sectional areas was multiplied by the sum
of slice thicknesses. Left ventricular systolic function
was calculated accordingly.

Left and Right Atrial Measurement. By means of seg-
mentation and calculation methods similar to those de-
scribed above, all LA and RA epicardial segmentation
was completed manually at end-systole (maximal in
area) and end-diastole (minimal). The atrial appendag-
es were included in the measurements. The pericardial
border at the pulmonary-vein slice levels was traced as
an LA boundary (Fig. 1). All segmentation was com-
pleted by 2 skilled physicians (YG and SSM). The preci-
sion test was conducted by GC and AC.

Atrial Volume. In all instances, atrial volume was in-
dexed to body surface area (BSA) as recommended by
the American Society of Echocardiography.®

Atrial Stroke Volume and Atrial Ejection Fraction. Atri-
al stroke volume (ASV) was calculated from measure-
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ments of end-systolic volume (ESV) and end-diastolic
volume (EDV) as follows:

ASV =ESV —EDV.
Atrial ejection fraction (AEF) was calculated from
measurements of ASV and atrial end-systolic volume
(AESV) as follows:

AEF = (ASV/AESV) x 100%.

Statistical Analysis
Continuous variables were expressed as mean = SD
among men and women separately in the 2 groups.
Bonferroni-adjusted ¢ tests were applied, and all values
were adjusted for age. In the control group, means were
compared between both sexes. The CAD and control
groups were compared. The value of mean £ 2 SD was
used as an upper or lower limit. The prevalence of LA
enlargement and decrease of biatrial ejection fraction,
and the relative ratio of all values compared with the
control group, were computed in the CAD group. The
variation of interobserver measurement for biatrial ESV
was calculated as follows and represented the precision
error: abs (A+B)/[0.5 x (A+B)] x 100%.

P <0.05 was considered statistically significant. All

statistical analyses were performed by DL with use of
SAS 9.3° software (SAS Institute Inc.; Cary, NC).

Results

The mean reference values of the left and right atrial in-
dexed volumes, as well as the reference values for stroke
volumes and ejection fractions, were derived in the con-
trol group (Table II). In that group, the women had
significantly higher LA volumes than the men (2=0.01)
but had similar RA volumes. In comparison with the
control subgroups for each sex, LA volumes in the CAD
group were significantly higher; RA stroke volumes and
biatrial ejection fractions were significantly lower, ex-
cept for left AEF in men; and neither RA volume nor
LA stroke volume was significantly different.

Table III shows the upper limits of LA enlargement
and lower limits of biatrial ejection fraction. According
to those limits, men in the CAD group had a prevalence
of abnormal left atrial ESV of 12.4%; a prevalence of
abnormal left atrial EDV of 12.4%; of left AEF, 14.4%;
and of right AEF, 16.5%. In women, the correspond-
ing values for each of these variables were 8.8%), 6.4%,
6.4%, and 12.8%.

The precision error for left atrial ESV was 4.8% £
3.5% (r=0.97, P <0.001); the error for right atrial ESV
was 5.8% +4.1% (r=0.96, P <0.001).

Discussion

Atrial volumes have substantial clinical significance.
Echocardiography is most often used for measurement.
Modern MDCT systems are capable of obtaining high-
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Fig. 1 Axial computed tomographic angiograms at end-systole show manual tracings of A, B, C) the left atrium (LA) of one patient and
D, E, F) the right atrium (RA) of another. These are representative slices from the top (A, D), mid (B, E), and bottom (C, F) levels of the
atria. Both appendages were included for segmentation (white arrows). At the junction of the pulmonary vein and the LA body, the peri-
cardial boundary was used as the border of the LA body (black arrows).

Ao = ascending aorta; LV = left ventricle; RV = right ventricle

quality data for the volumetric evaluation of heart cham-
bers, including the atria. Our study revealed a significant
difference in left atrial ESV and EDV between men and
women in the control group. In comparison, the CAD
group had significantly higher LA volume and signifi-
cantly lower biatrial ejection fraction, except for left AEF
in men. This result implies that a sex-specific reference
value is necessary for LA volumetric evaluation, and that
LA volume and biatrial ejection fraction (excluding left
AEF in men) might be used for diagnosis and prognosis
in patients with CAD.

A small MDCT study of 103 healthy individuals’
yielded volume-indexed measurements of 54.4 + 11.9
mL/m? for left atrial ESV and 59.7 £ 15 mL/m? for right
atrial ESV, slightly larger than the normal mean values
in our control group (left atrial ESV, men 44.4 + 12.4
mL/m? and women 50.9 £ 12 mL/m?; right atrial ESV,
men 51.8 £ 13 mL/m? and women 54.6 £ 13.8 mL/
m?). This might be because of different populations or
measurement techniques.

Studies have shown that LA volumetric measure-
ments are more accurate than linear-dimension mea-
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surements in evaluating asymmetric enlargement of
the LA, a condition usually caused by restriction of the
anteroposterior dimension of the thoracic cavity.® Left
atrial volume is also a better predictor of cardiovascu-
lar disease than is LA linear dimension."” Multidetector
computed tomography has proved to be a good tool that
correlates with results of MRI and echocardiography
in ventricular volumetric measurement.® As echocardio-
graphically measured, LA volume was compared with
cine computed tomography, biplane contrast ventricu-
lography, and MRI, and echocardiography was proved
to have good correlation or underestimation."?

Left atrial volume was echocardiographically mea-
sured in the Framingham Heart Study cohort. In those
1,099 nonobese subjects (20—45 years of age, of average
height, and with no cardiovascular disease), LA volume
was 22 to 52 mL in women versus 18 to 58 mL in men,
whereas the corresponding volume indexed to BSA was
22+ 6 mL in both sexes.* In another echocardiographic
study of 767 healthy individuals,” LA volumes in men
ranged from 29 to 69 mL and in women from 23 to 54
mL. Echocardiography underestimates true atrial vol-
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TABLE Il. Left and Right Atrial Values in the Groups, Indexed to Body Surface Area

Control Group CAD Group

Variable Male Female Male Female
Left atrial
ESV (mL/m?) 44.4+£124 50.9+ 12* 51.2£16.5* 54.9+12.2*
EDV (mL/m?) 27.5+10.7 31.1+£12.2* 33.4+15.9*% 36.2+14.3*%
SV (mL/m?) 16.9+6.1 196+7 17871 17975
Ejection fraction 0.38+£0.12 0.40+0.2 0.36+0.13 0.34+0.13*
Right atrial
ESV (mL/m?) 51.8+13 54.6+13.8 51.8+12.6 51.2+13
EDV (mL/m?) 293196 28.5+10.3 31.8+£14.6 28.5+13
SV (mL/m?) 223+7 26.1+10.2* 19.9 +8.5% 21.6 £9.6%
Ejection fraction 0.43+0.11 0.48+0.13* 0.40+0.15* 0.43+£0.17*

CAD = coronary artery disease; EDV = end-diastolic volume; ESV = end-systolic volume; SV = stroke volume

*Pvalue <0.05, compared with men in the control group, and compared with the applicable sex in the CAD group

Except for ejection fraction, data are presented as mean + SD. P <0.05 was considered statistically significant.

TABLE lll. Prevalence of Left Atrial Enlargement and Atrial Ejection Fraction Decrease in the Groups

Prevalence in Control Group, %

Prevalence in CAD Group, %

(Reference Value)

(Relative Ratio*)

Variable Male Female Male Female
Upper limits of normal
Left atrial ESV 3.3 3.7 12.4(3.7) 8.8(2.4)
(male, 69; female, 74; mL/m?)
Left atrial EDV 0.8 2.4 12.4(14.9) 6.4 (2.6)
(male, 49; female, 56; mL/m?)
Lower limits of normal
Left atrial EF 3.3 4.9%* 14.4 (4.3) 6.4(1.3)
(male and female, 0.16)
Right atrial EF 41 4.9 16.5 (4) 12.8(2.6)

(male, 0.18; female, 0.22)

CAD = coronary artery disease; EDV = end-diastolic volume; EF = ejection fraction; ESV = end-systolic volume

*In comparison with the applicable male or female control subgroup

**P <0.05 in comparison with males

P <0.05 was considered statistically significant

umes, because it cannot procure images of the LA to the
origins of the pulmonary veins. Accordingly, MDCT
normal values are much more consistent with those
yielded by MRI than with those of echocardiography.
Contrast or 3-dimensional echocardiography might en-
able better viewing of the entire atria and more accurate
determination of volumes.

Body size and age have a relation to LA size. Sex
variations in LA size are also attributed to body size,*
and indeed we found a significant difference in the LA
volumes indexed to BSA among men versus women.

290  Biatrial Volume Obtained with Use of MDCT

Individuals with an enlarged LA have an increased risk
of adverse cardiovascular events."*”

Comparatively few studies have focused on measur-
ing RA size. Right atrial size can vary by sex; however,
the American Society of Echocardiography has not rec-
ommended separate reference values. In a study of 54
healthy individuals, indexed RA volumes appeared to
be slightly smaller in women. No significant difference
in RA volume between men and women was found in
the control group in that study, implying that the co-
reference value can be used for RA volume evaluation

Volume 41, Number 3, 2014



with use of CTA. The right ASV and right AEF were
significantly lower in the CAD groups. The investiga-
tors suggested that right ASV and right AEF might en-
able diagnosis and prognosis in patients with CAD."
Multidetector computed tomography can be used in
volumetric quantification of the atrium on contrast and
noncontrast scans.” Left atrial measurements should be
reported with the MDCT angiographic results, to bet-
ter evaluate prognosis in high-risk patients. The data
can be used as a baseline for future studies into the
indexed atrial measurements obtained with use of 64-
slice MDCT. Large, randomized clinical trials will be
necessary to establish the normal range and importance
of biatrial volume measurements in cardiac CTA."" In
view of the increasing use of MDCT imaging in pre-
ventive and diagnostic cardiology,”* atrial volumetric
measurement can be performed at no additional par-
ticipant burden.”? We used the retrospective triggered
helical scan to evaluate coronary arterial and cardiac
function. The radiation doses in our study were much
higher (8—14.5 mSv) than those in contemporary stud-
ies, because at the time of acquisition we lacked current
dose-reduction algorithms, including prospective trig-
gering, low kVp, and iterative reconstruction.”” The In-
ternational Commission on Radiological Protection has
documented that CT radiation doses approaching or ex-
ceeding 50 mSv can result in an increase in cancer, and
CT doses are always well below that level. Although
acquiring atrial volumes requires no additional scan-
ning or radiation, measurement does add time to the
conventional analysis of coronary arteries on coronary
CTA. Furthermore, automated software can detect and
measure the volumes, in most cases. Nonetheless, from
a practical standpoing, atrial volumetric evaluation can
be a valuable additional measurement with no increased
radiation, participant burden, or extra scanning,

Limitations of the Study

An important limitation of our study—one true in all
CTA studies—was our inability to measure Doppler
values of LA enlargement along with measurements of
LA pressure. The tricuspid valve, the junction of the
RA with the superior or inferior vena cava, and the
junction of the pulmonary vein with the LA could not
be delineated clearly, and this affected accurate, precise
segmentation despite high spatial and contrast resolu-
tion. Regardless, we think that MDCT evaluation of
biatrial volumetric values affords meaningful diagnostic

and prognostic benefits in patients who have obstruc-
tive CAD.
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