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Abstract

Purpose: Assess the effect of heart rate on diagnostic accuracy for the detection of significant coronary artery
stenosis using 16-row multislice computed tomography (MSCT). Material and methods: About 120 patients
(105 males; 59±11 years) with suspected coronary artery disease who underwent conventional coronary
angiography (CA) and MSCT-CA were retrospectively enrolled for the study. Patients underwent a MSCT-
CA (Sensation 16, Siemens, Germany), with the following protocol: collimation 16 � 0.75 mm, gantry
rotation time 420 ms, feed/rotation 3.0 mm, kV 120, mAs 400–500. The protocol for contrast material
administration was 100 ml of Iodixanol (Visipaque 320 mg l/ml, Amersham, UK) at 4 ml/s and the delay
was defined with a bolus tracking technique. In all patients the mean heart rate (HR) during the scan was
used as a criteria to divide the population in two groups of 60 patients each. In one group (Low HR) the 60
patients with lower heart rates, and in the other group (High HR) the patients with higher heart rates. In the
two groups diagnostic accuracy (per coronary segment) for the detection of significant stenosis (‡50% lumen
reduction) was evaluated in vessels ‡2 mm of diameter using quantitative CA as reference standard. The
difference in diagnostic accuracy were compared with a Chi2 test and a p<0.05 was considered significant.
Results: There was no significant difference between the two groups regarding age, gender, weight, mean
intravascular attenuation, and calcium score. Overall 1310 (652 for LowHR and 658 for High HR) segments
with 219 (105 for Low HR and 114 for High HR) significant lesions were available for the analysis. The
average heart rate was 52±4HU and 63±5HU for Low HR and High HR, respectively (p<0.001). The
sensitivity and specificity were 92 and 96% for Low HR and 90 and 92% for High HR (p<0.05). There were
22 vs. 44 false positives, and 8 vs. 12 false negatives in the Low HR and High HR, respectively. Conclusion:
Increasing HR significantly deteriorates diagnostic accuracy in MSCT-CA.

Introduction

Significant coronary artery stenosis can be reliably
detected with multislice computed tomography

coronary angiography (MSCT-CA) [1–3]. The
increased number of detector rows and faster gantry
rotation of the generation with 16 detector rows
compared to the previous generations with four
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detector rows have improved the diagnostic perfor-
mance. Nevertheless, HR remains a relevant issue
able to influence the diagnostic performance [4, 5].
The aim of our study was to compare diagnostic

accuracy of 16-row MSCT-CA in the detection of
significant coronary artery stenosis in two groups
of patients with different HR.

Material and methods

We retrospectively enrolled for the study 120
patients (105 males 59±11 years) who previousily
underwent both conventional coronary angiogra-
phy (CA) and MSCT of the coronary arteries
(calcium score and coronary angiography) to
compare the diagnostic accuracy of either tech-
niques to detect coronary artery disease. Inclusion
criteria were: regular heart rate with sinus rhythm,
and the ability to hold the breath for 20 s. Exclu-
sion criteria were: contra-indications to intrave-
nous administration of iodinated contrast
material, patients with previous bypass surgery.
Age, gender, weight, and mean heart rate during
the scan were collected. A single oral dose of
100 mg metoprolol was administered 1 h before
the scan if the heart rate was ‡65 beats/min.
A calcium score scan was performed with the

following parameters: collimation 16 � 1.5 mm,
gantry rotation time 420 ms, feed/rotation
6.0 mm, effective slice width 3mm, increment
1.5 mm, kV 120, eff. mAs 150.
The MSCT-CA scan (Sensation 16, Siemens,

Germany) was performed with the following
parameters: collimation 16 � 0.75 mm, gantry
rotation time 420 ms, feed/rotation 3.0 mm,
effective slice width 1 mm, increment 0.5 mm, kV
120, eff. mAs 400–500. The protocol for contrast
material administration was 100 ml of Iodixanol
(Visipaque 320 mg/ml, Amersham, UK) at 4 ml/s
and the delay was defined with a bolus tracking
technique.
Three standard temporal windows were set at

)350 ms, )400 ms, and )450 ms before the next R
wave for ECG-gated retrospective reconstruction
by a single observer. The same observer, a radio-
logist with 3 years of experience in this field,
selected the dataset with least residual motion for
the final evaluation.

For the evaluation, coronary arteries were di-
vided into segments according to the AHA classi-
fication [6]. A single observer, unaware of the
MSCT results, classified all coronary segments as
<2 and ‡2 mm diameter using a quantitative
coronary angiography (CA) algorithm (CAAS, Pie
Medical, The Netherlands). Only segments classi-
fied as ‡2 mm were considered for comparison
with MSCT. The severity of coronary stenoses was
quantified in two orthogonal views, and a stenosis
was classified as significant if the mean lumen
diameter reduction was ‡50%.
Coronary calcium score was assessed with a

dedicated software application (CaScore, Siemens,
Germany). The overall Agatston score was re-
corded in each patient. Two observers with 3 years
of experience in this field, blinded to the results of
conventional coronary angiography, indepen-
dently evaluated all MSCT-scans. All branches
(>2 mm lumen diameter) of the coronary tree
were evaluated for the presence of significant
(‡50% diameter reduction) obstructive stenoses.
Segments with stents were excluded from analysis.
Maximum intensity projections were used to
identify coronary lesions and multiplanar recon-
structions to classify lesions as significant or
not-significant. Disagreements were resolved by
consensus.
The median (57 bpm) of the mean HR during

the scan in overall patients was found and used to
divide the population in two groups of 60 patients
each. In the first group (defined as: Low HR) were
clustered all the patients with the lower mean HR,
and in the second group (defined as: High HR) the
patients with the higher mean HR.
Interval data were expressed as mean and stan-

dard deviation. Diagnostic accuracy was expressed

Table 1. Patients data.

Low High

Number of patients 60 60

Mean age (years) 58±11 59±10

Male/Female 54/6 51/9

Mean heart rate (bpm)* 52±4 63±5

Mean calcium score (Agatston score) 213±452 379±675

Mean weight (kg) 71±8 71±10

bpm=beat per minute. *p<0.01.
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in percentage with 95% confidence intervals. The
differences in demographics were tested with an
unpaired T test. The differences in diagnostic
accuracy were tested with a non-parametric Cra-
mer’s V test. A p<0.05 was considered significant.

Results

There were no significant differences between the
two groups regarding age, gender, body weight
and Agatston Calcium score (Table 1). The mean
HR during the scan for the overall population was
57±7 bpm. After sorting the population in the
two groups the resulting mean HR was 52±4 bpm
and 63±5 bpm (p<0.001) for Low HR and High
HR, respectively.

Overall, 1310 coronary segments (mean=10.9
segments/patient) ‡2 mm were available for the
comparison between MSCT-CA and CA
(Table 2). Of these, 652 (50%) were available in
Low HR and 658 (50%) in High HR. There were
219 significant coronary lesions available for
analysis. Of these, 105 (49%) in group Low HR
and 114 (51%) in group High HR.
The overall sensitivity, specificity, positive and

negative predictive value for the detection of
significant stenosis were 92, 96, 82 and 99% for
Low HR and 90, 92, 70 and 98% for High HR
(p<0.05 – Table 3). The difference in diagnostic
accuracy between the two groups was not signif-
icant when segments were compared separately
(p>0.05).

Discussion

In our experience image quality in MSCT-CA is
reduced with the progressive increase in heart rate.
This has been previously reported on 4-row MSCT
equipments [4, 5].
Our study confirms these observations. In fact, a

higher HR determines a significant reduction in
overall diagnostic accuracy. In the population of
patients that we retrospectively enrolled the other
parameters that could have affected diagnostic
accuracy (e.g. demographics, coronary calcifica-
tions, etc) were all not significantly different. The

Table 3. Diagnostic accuracy of low heart rate group vs. high

heart group.

Overall Low HR High HR

Sensitivity 92 (85–97) 90 (82–93)

Specificity 96 (93–97) 92 (89–94)

PPV 82 (73–91) 70 (61–83)

NPV 99 (97–99) 98 (95–98)

The values of diagnostic accuracy are expressed in percentage

and between brackets the 95% confidence intervals.

PPV=positive predictive value; NPV=negative predictive va-

lue; HR=heart rate.

Figure 1. Example of lesion missed at CT because of motion artifact. The patient underwent the scan with a heart rate of 75 bpm. The

CT images (A) performed in longitudinal curved multiplanar reconstruction (A – lower image) and in longitudinal multiplanar (A –

upper images) show a vessel wall thickening of the proximal left anterior descending artery (arrowheads). The conventional coronary

angiography instead demonstrates a significant lesion of the proximal segment of the same vessel (B).
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difference was more evident in terms of false
negatives (Figure 1). More significant lesions were
missed in the group with higher HR. From the
clinical point of view, a missed lesion is more
important than a false positive, especially if
MSCT-CA is used to pre-select patients for CA
(Figure 1).
In a paper from Hoffmann et al. the Authors

state that heart rates ranging around 60 bpm
provide degradation of the image quality when
compared to heart rates ranging around 50 bpm
[7]. Lower heart rates then are always preferable
especially when the heart rate variability is limited.
One limitation of the current study is that the

population was enrolled retrospectively. Never-
theless, the scan protocol was homogenous in the
study population and the two groups that were
derived from it were also homogeneous. Another
limitation is related to the fact that very high HR
(e.g. >80 bpm) were not present in the popula-
tion.
Despite improvements of the temporal resolu-

tion at higher heart rates, we have shown that
diagnostic accuracy is significantly higher at lower
HR, and deteriorates at higher HR. The use of
negative cronotropic agents to temporarily reduce
HR before the data acquisition remains still a
cornerstone of MSCT-CA, especially when the
entire coronary tree needs to be visualized. Further
development aimed at a reduction of rotation time
may progressively reduce the need of negative
cronotropic agents.

References

1. Nieman K, Cademartiri F, Lemos PA, Raaijmakers R,

Pattynama PM, de Feyter PJ. Reliable noninvasive coronary

angiography with fast submillimeter multislice spiral com-

puted tomography. Circulation 2002; 106: 2051–2054.

2. Ropers D, Baum U, Pohle K, et al. Detection of coronary

artery stenoses with thin-slice multi-detector row spiral

computed tomography and multiplanar reconstruction.

Circulation 2003; 107: 664–666.

3. Mollet NR, Cademartiri F, Nieman K, et al. Multislice

spiral computed tomography coronary angiography in

patients with stable angina pectoris. J Am Coll Cardiol 2004;

43: 2265–2270.

4. Nieman K, Rensing BJ, van Geuns RJ, et al. Non-invasive

coronary angiography with multislice spiral computed

tomography: impact of heart rate. Heart 2002; 88: 470–474.

5. Schroeder S, Kopp AF, Kuettner A, et al. Influence of heart

rate on vessel visibility in noninvasive coronary angiography

using new multislice computed tomography: experience in 94

patients. Clin Imaging 2002; 26: 106–111.

6. Austen WG, Edwards JE, Frye RL, et al. A reporting system

on patients evaluated for coronary artery disease. Report of

the Ad Hoc Committee for Grading of Coronary Artery

Disease, Council on Cardiovascular Surgery, American

Heart Association. Circulation 1975; 51: 5–40.

7. Hoffman U, Moselewski F, Cury RC, et al. Predictive value

of 16-slice multidetector spiral computed tomography to

detect significant obstructive coronary artery disease in

patients at high risk for coronary artery disease: patient-

versus segment-based analysis. Circulation 2004; 110(17):

2638–2643.

Address for correspondence: Filippo Cademartiri, MD,

Department of Radiology, Erasmus Medical Center, Dr

Molenwaterplein 40, 3015GD Rotterdam, The Netherlands

Tel.: 0031-(0)-10-463-4127; Fax: 0031-(0)-10-463-4033

E-mail: filippocademartiri@hotmail.com

105



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


