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Changes in Coronary
Plaque Volume:

Comparison of Serial Measurements on
Intravascular Ultrasound and Coronary
Computed Tomographic Angiography

Serial measurements of coronary plaque volume have been used to evaluate drug effi-
cacy in atherosclerotic progression. However, the usefulness of computed tomography for
this purpose is unknown. We investigated whether the change in total plaque volume on
coronary computed tomographic angiography is associated with the change in segment
plague volume on intravascular ultrasound.

We prospectively enrolled 11 consecutive patients (mean age, 56.3 + 5 yr; 6 men) who
were to undergo serial invasive coronary angiographic examinations with use of grayscale
intravascular ultrasound and coronary computed tomography, performed <180 days apart
at baseline and from 1 to 2 years later. Subjects underwent 186 serial measurements
of total plaque volume on coronary computed tomography and 22 of segmental plaque
volume on intravascular ultrasound. We used semiautomated software to examine per-
centage relationships and changes between total plaque and segmental plaque volumes.

No significant correlations were found between percentages of total coronary and
segment coronary plaque volume, nor between normalized coronary plaque volume.
However, in the per-patient analysis, there were strong correlations between the imag-
ing methods for changes in total coronary and segment coronary plaque volume (r=0.62;
P=0.04), as well as normalized plaque volume (r=0.82; P=0.002).

Per-patient change in plaque volume on coronary computed tomography is significantly
associated with that on intravascular ultrasound. Computed tomographic angiography may
be safer and more widely available than intravascular ultrasound for evaluating atheroscle-
rotic progression in coronary arteries. Larger studies are warranted. (Tex Heart Inst J
2018:45(2):84-91)

or decades, the serial measurement of coronary plaque volume with use of

intravascular ultrasound (IVUS) has enabled drug efficacy in coronary athero-

sclerotic regression to be evaluated. Because it provides high-resolution views
and validation of coronary plaque, numerous investigators have used IVUS to evaluate
the efficacy of statins in inhibiting coronary plaque progression, changes in plaque
composition, and stabilization of plaque vulnerability."” In addition, IVUS findings
have characterized the natural history of coronary atherosclerosis in patients with
acute coronary syndrome, in association with cardiac events.® However, invasiveness,
high cost, and associated morbidity make its routine use impractical, particularly in
asymptomatic patients.

Coronary computed tomographic angiography (CCTA)—a robust, noninvasive
means of evaluating the presence, extent, and severity of coronary artery disease
(CAD)’—correlates well with IVUS in determining coronary plaque characteris-
tics," stenosis severity," and volume.”” The diagnostic capabilities of CCTA have
been useful in defining the natural history of coronary plaque and its changes over
time during drug therapy.*" However, in terms of investigating serial changes in
coronary plaque, IVUS and CCTA have not been directly compared. We investigated
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care. Mr. Kitslaar is employed by Medis and has a research appointment at Leiden University Medical
Center. Dr. Min serves as a consultant to AstraZeneca and HeartFlow, has served on the medical
advisory boards of GE Healthcare, Arineta, AstraZeneca, and Bristol-Myers Squibb; is on the Speak-
ers’ Bureau of GE Healthcare; and received research support from GE Healthcare, Vital Images, and
Philips Healthcare.
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whether serial changes in total coronary plaque volume
(TPV), measured by using CCTA, are associated with
serial changes in segmental coronary plaque volume
(SPV), measured by using IVUS.

Patients and Methods

We prospectively enrolled 11 consecutive patients (mean
age, 56.3 £ 5 yr; 6 men) with known or suspected CAD.
All underwent serial invasive coronary angiography at
our institution from February 2006 through August
2013 via grayscale IVUS and noninvasive CCTA, at
baseline and from 1 to 2 years later (mean durations, 705
+ 86 d for IVUS and 698 £ 106 d for CCTA; P>0.05).
Intravascular ultrasound and CCTA were performed
within a mean of 31 + 39 days. No patient underwent
coronary intervention or had a clinical cardiovascular
event (hospitalization for angina, myocardial infarction,
or stroke) between the baseline and follow-up examina-
tions. We excluded patients who had renal impairment
(serum creatinine level, >1.4 mg/dL), history of coronary
artery bypass grafting, or >180 days between CCTA and
IVUS examinations. This study was approved by our
Institutional Review Board, and all patients gave written
informed consent.

All patients underwent invasive coronary angiography
by means of IVUS on an iLab™ Ultrasound Imaging
System (Boston Scientific Corporation). An automat
ed pullback at 0.5 mm/s was performed on the target
vessel. The same vessel was evaluated at baseline and
follow-up. No patient had complications. Experienced
readers studied the target vessels for the presence and
volume of coronary plaque by using semiautomated
Qlvus® plaque-analysis software (Medis Medical Im-
aging Systems). The software automatically traced con-
tours of the luminal and vessel walls inside the IVUS
pullback stack. When necessary, we manually modified
the lines by using cross-sectional images (Fig. 1).

We performed CCTA by using a 64-slice Lightspeed
VCT scanner (GE Healthcare). Scanning values were
typically 70% to 80% of the R-R interval for prospec-
tive electrocardiogram-triggering studies and 35% to
80% for retrospective studies; collimation, 64 x 0.625
mm; tube voltage, 100 to 120 kV; and tube current, 350
to 780 mA. To attain target heart rates of <60 beats/
min before scanning, patients were given oral or intra-
venous B-blockers, and, immediately before the study,
sublingual nitroglycerin or nitroglycerin spray (0.4—0.8
mg). Experienced readers used QAngioCT® Research
Edition version 2.0.5 (Medis), a semiautomated plaque-
analysis software program, to evaluate CCTAs for the
presence and volume of coronary plaques. Detected
plaques were assigned locations in accordance with
a modified 18-segment American Heart Association
coronary tree model.” The QAngioCT software au-
tomatically extracted centerlines, detected the inner
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luminal and vessel wall contours from the ostium to
the distal end of each artery, and produced straightened
multiplanar reformatted images (Fig. 2). When neces-
sary, we manually modified the contours. Window level
and width were set at 740 and 220 Hounsfield units,
respectively. Only segments 1.5 mm in diameter and
of sufficient image quality were evaluated; those with
stents or artifact were excluded.

Coronary Plaque Volume Calculations

At baseline and follow-up, TPV (measured by CCTA)
and SPV (measured by IVUS) were derived as follows:
vessel volume — luminal volume (mm?). The percent
ages of TPV or SPV were then calculated as follows:
[(TPV or SPV/total vessel volumes) x 100]. Change
in percentage was defined as the difference between
baseline and follow-up values. Normalized plaque vol-
ume was calculated as follows: [(TPV or SPV/total or
segmental length of coronary artery) x mean total or
segmental length of all studies].”

Statistical Analysis

All analyses of CCTA variables were performed inde-
pendently and with blinding to the IVUS measure-
ments. A paired 7 test was used to compare variables
from CCTA and IVUS at baseline and follow-up for
normally distributed variables, and the Kruskal-Wallis
test for nonparametrically distributed variables. Agree-
ment between 2 observers in plaque measurements by
CCTA and IVUS was evaluated with use of an intra-
class correlation coefficient. The Pearson correlation
coefficient was calculated to evaluate plaque volume
and serial changes between IVUS and CCTA. Pvalues
<0.05 were considered statistically significant. Statisti-

cal analyses were performed with use of SAS version 9.3
(SAS Institute Inc.).

Results

Table I shows the baseline characteristics of the study
population. All patients were taking antihypertensive
medications, most took statins, and nearly half took
medication for diabetes mellitus.

Table IT shows the variables measured on CCTA and
IVUS at baseline and follow-up. There were no differ-
ences in total vessel, luminal, or plaque volumes. On
CCTA, the changes in TPV percentage (0.7% + 6.2%
[median, 0.4%]) and normalized plaque volume (-4.4
+26.7 mm? [median, 3.7 mm?]) were relatively small.
Similar minimal changes on IVUS were found: SPV
percentage, —0.2% *+ 4.5% (median, —0.3%); and nor-
malized plaque volume, 0.1 £ 6.2 mm? (median, 0.4
mm?3).

We evaluated 93 vascular segments on CCTA (total
from baseline and follow-up, 186) and these 11 seg-
ments on IVUS (total, 22): left anterior descending

Coronary Plague Changes Measured on IVUS and CCTA 85
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Fig. 1 We measured segment plaque volume (indicated by red lines) with use of intravascular ultrasound A) along the length of a left
circumflex coronary artery and obtained cross-sectional views of the B) proximal, C) target, and D) distal segments. In C), the luminal
area of plaque is 1.58 mm? (vessel area, 8.03 mm?). E) Longitudinal image shows the vessel at a 90° angle.
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Fig. 2 Using coronary computed tomographic angiography,

we summed individual segment plaque volumes in all available
vessels to obtain total plaque volumes for each scan. Images
show the left circumflex coronary artery (LCx) from the left main
coronary artery to the 2nd obtuse marginal branch (OM2) in

A) longitudinal and B) cross-sectional views. C) Tracings show
vessel and luminal areas.

pCx = proximal left circumflex coronary artery

coronary artery, 3 segments; left circumflex coronary
artery, 4; right coronary artery, 3; and ramus intermedi-
us branch, 1. Overall, no significant correlations existed
between TPV on CCTA and SPV on IVUS (r=0.16;
P=0.47) (Fig. 3A). When we compared coronary plaque
volume by using normalized plaque volume, we found
no significant relationship between CCTA and IVUS
(r=0.21; P=0.34) (Fig. 3B). On per-patient analysis,
performed to determine whether total plaque change
on CCTA was associated with segmental plaque change
on IVUS, we found strongly correlated serial changes
between TPV-percentage change on CCTA and SPV-
percentage change for IVUS (r=0.62; P=0.04) (Fig.
4A). An even stronger correlation existed between
the changes in normalized coronary plaque volume
(r=0.82; P=0.002) (Fig. 4B).

As was previously reported in regard to interobserv-
er variability of measurements when using CCTA, we
too observed moderate correlations in TPV measure-
ment between 2 observers (correlation coefficient, 0.94;
95% CI, 0.80—0.98). When we examined interobserver
variability for coronary artery plaque measurements on
IVUS among 5 randomly selected cases (10 vessels) in
blinded fashion, we observed a moderate variability for
SPV (correlation coefficient, 0.52; 95% CI, —0.12 to
0.80).
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TABLE I. Baseline Characteristics in 11 Patients

Variable Value
Clinical characteristics
Age (yr) 56.3+5
Male 6 (54.5)
Body mass index (kg/m?) 309+73
Systolic BP (mmHg) 135.2+16.9
Diastolic BP (mmHg) 80.8+8.8
Heart rate (beats/min) 66+ 15
HDL cholesterol (mg/dL) 42 +6.3
LDL cholesterol (mg/dL) 73.4+18.6
Triglycerides (mg/dL) 136.3+27.8
Diabetes mellitus 5 (45.5)
Hypertension 11 (100)
Prior coronary intervention 5 (45.5)
Drugs
ACE inhibitor 8(72.7)
ARB 2(18.2)
B-blocker 11 (100)
Calcium channel blocker 2(18.2)
Statins 9(81.8)
Diabetes medication 5 (45.5)
Nitroglycerin 8(72.7)

ACE = angiotensin-converting enzyme; ARB = angiotensin-I|
receptor blocker; BP = blood pressure; HDL = high-density-
lipoprotein; LDL = low-density-lipoprotein

Data are presented as mean + SD or as number and percentage.

Discussion

To our knowledge, this is the first direct comparison of
CCTA and IVUS measurements of plaque changes over
time. We could not use IVUS to measure total plaque
burden, so we compared SPV to TPV on CCTA and
found only modest correlations. However, we found sig-
nificant correlation between SPV and TPV.

Papadopoulou and colleagues” reported the potential
usefulness of CCTA in evaluating the natural history
of coronary atherosclerosis. They measured TPV and
changes in plaque over 39 months in 32 patients with
acute coronary syndromes who had undergone coronary
intervention. Ito and associates* also studied coronary
plaque progression in 148 patients, using serial CCTA
(median scan interval, 12 mo). However, neither group
directly compared CCTA and IVUS findings.

The results of our study strengthen those of Papado-
poulou’s group" and also indicate that TPV change on
CCTA is associated with SPV change on IVUS. Coro-
nary artery disease is systemic, so partial plaque change
may be associated with systemic atherosclerotic change.

Coronary Plague Changes Measured on IVUS and CCTA 87



TABLE Il. Findings on CCTA and IVUS at Baseline and Follow-Up in 11 Patients

Variable Baseline Follow-Up P Value Change
CCTA volumetric findings
Total vessel (mm3) 3,341.8 £1,952.4 (3,342) 3,373.5+1,780.9 (3,083.7) 0.81 —
Total lumen (mm?) 2,159.1 +£1,359.3 (2,355.1) 2,123 +1,215.6 (2,013.7) 0.97 —
Total plague (mm3) 1,175 £ 624.8 (1,000.9) 1,250.5 +626.6 (1,393.1) 0.71 —
Plague (%) 36.5+4.6(37) 37.2+6.6 (34.6) 0.97 0.7+6.2(0.4)
Normalized plague (mm?3) 48.4+40.9 (32.8) 46.3+31.2(34.2) 0.92 -4.4+26.7(3.7)
IVUS volumetric findings
Segmental vessel (mm?) 867.1 +359.2 (798.2) 764.5 +251.6 (726) 0.563 —
Segmental lumen (mm?) 579.9+273.1 (480.9) 517.5+ 193.9 (456.7) 0.58 —
Segmental plague (mm®) 287.2+127.2(317.7) 246.9 +122.1 (203.4) 0.41 —
Plaque (%) 32.1+11.4(30.8) 32+11.3(28.6) 0.76 -0.2+4.5(-0.3)
Normalized plague (mm?3) 33.1+11.6(35.1) 33.1+10.9(28.1) 0.87 0.1+6.2(0.4)
CCTA = coronary computed tomographic angiography; IVUS = intravascular ultrasound
Data are presented as mean + SD and median. P <0.05 was considered statistically significant.
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Fig. 3 Scatter plots show no significant correlation between A) percentages of total coronary plague volume on CCTA and segment
coronary plaque volume on IVUS, nor between B) normalized coronary plaque volume on CCTA and IVUS. P <0.05 was considered

statistically significant.

CCTA = coronary computed tomographic angiography; IVUS = intravascular ultrasound

Although our patient numbers are small, our findings
support this concept. Because CCTA has lower image
resolution than IVUS, one might overestimate plaque
volume on CCTA. In particular, calcified plaque from
blooming artifact can cause small, insignificant differ-
ences between CCTA and IVUS findings." Despite
this, distortion of image quality is similar across serial
scans. Advantageously, CCTA can produce 3-dimen-
sional coronary artery models, and change in total coro-
nary plaque is more practical than change in SPV for
evaluating atherosclerotic progression.

88  Coronary Plaque Changes Measured on IVUS and CCTA

Therefore, we also evaluated normalized plaque vol-
ume and changes.”” We calculated volume percentage
by dividing all measured plaque volume by the total
measured vessel volume per patient. This might cause
errors in calculations, even when the same patients are
evaluated at baseline and follow-up. On CCTA images,
vessel volume—in particular, luminal volume—can
be affected by image quality because of the timing or
dosing of nitroglycerin or contrast agents. Because the
change in plaque volume over time was relatively small
during our observation period, this error potentially af-

April 2018, Vol. 45, No. 2
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CCTA and segment coronary plaque volume on IVUS and between B) normalized coronary plaque volume on CCTA and IVUS. P <0.05

was considered statistically significant.

CCTA = coronary computed tomographic angiography; IVUS = intravascular ultrasound

fects the results of our serial CCTA study. Moreover,
during serial measurements, total coronary segment
length as evaluated by CCTA or IVUS is important
when determining TPV.® In this regard, normalized
plaque volume, which was calculated not by vessel vol-
ume but by the mean length for all studies, may be more
reliable in evaluating plaque changes in serial CCTA
study. This underlying mechanism may explain why
the change in normalized plaque volume on CCTA was
more strongly associated than that on IVUS in the cur-
rent study.

Determination of plaque progression might help when
selecting patients who would benefit from additional
medical intervention or modification of risk factors, or
in stratifying further risk.?2%%

Study Limitations

This was a single-center study. The small sample (11
patients) might have affected some results, such as in-
terobserver variability of plaque volume on IVUS. The
plaque changes measured on CCTA and IVUS over
time were relatively small, and the difference in plaque
change between these modes might be greater in a larger
cohort.

Serial CCTA exposes patients to additional radiation;
however, newer CCTA technology enables lower radia-
tion exposure and acceptable image quality.”” Moreover,
current high-pitch CCTA models might emit radiation
doses within <1 mSv for CCTA,* considerably below
the 5-mSv level needed for invasive angiography.”

During investigation of serial changes in plaque vol-
ume by examining calcified or noncalcified plaque

Texas Heart Institute Journal

(including low-attenuation plaque), fibrous or fibrous-
fatty plaques are clinically important. Specifically, non-
calcified plaque is associated with faster progression
of CAD than is calcified plaque,' and its prevalence
might influence the occurrence of future cardiovascular
events.” We did not examine plaque characteristics on
virtual-histology IVUS, so we could not examine the
relationship of plaque-type progression between CCTA
and IVUS. Advanced CCTA software can now identify
plaque characteristics equally as well as can IVUS* or
histology,” so future studies are warranted to evaluate
the correlation of serial change of each plaque charac-
teristic’s volume between CCTA and IVUS.

Conclusion

We found a strong, significant correlation of plaque
changes between CCTA and IVUS. This suggests that
using CCTA—a less invasive imaging method than
IVUS—is advantageous in evaluating atherosclerotic
progression in patients with CAD; however, larger stud-
ies are warranted for validation.
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