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Late Outcome of Sirolimus-Eluting Stents: Comparison of 
Multidetector Computed Tomography with Quantitative Coronary 
Angiography and Intravascular Ultrasound
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Objective: To assess the performance of multidetector computed tomography in determining late clinical outcomes of patients 
undergoing sirolimus-eluting stent implantation.

Methods: Thirty patients, successfully submitted to sirolimus-eluting stent implantation for more than six months, were 
selected to participate in the study. All underwent invasive angiography and intravascular ultrasound following CT angiography 
using iodinated contrast medium at a dose of 1.5 ml/kg.

Results: Mean proximal reference diameter was 3.01 ± 0.31 mm by tomography and 3.14 ± 0.31 mm by angiography (p 
= 0.04). When the left circumflex artery was excluded from the analysis, the difference between both examinations was 
no longer significant (tomography = 3.01 ± 0.32 mm; angiography = 3.10 ± 0.30 mm, p = 0.65). Mean distal reference 
diameter was 2.86 ± 0.30 mm by tomography and 2.92 ± 0.32 by angiography (p = 0.25).  Mean in-stent minimal lumen 
diameter was 2.85 ± 0.25 mm by tomography and 2.85 ± 0.29 mm by angiography (p = 0.27). Mean minimal in-stent cross-
sectional area was 7.19 ± 1.47 mm2 by tomography and 6.90 ± 1.52 mm2 by intravascular ultrasound (p = 0.36), but there 
was only a weak correlation between these measurements (r = 0.33).

Conclusion: Computed tomography allows the qualitative assessment of sirolimus-eluting stents, accurate estimate of proximal 
and distal reference diameters of the target vessel, and in-stent minimal lumen diameter. Its correlation with measurements 
performed using intravascular ultrasound, however, is less strong.
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Invasive angiography using quantification algorithms was 
introduced during the 1980s and currently is the method 
of choice for evaluating patients who underwent coronary 
stent implantation1-4. This approach allows an accurate 
determination of coronary artery reference diameters, minimal 
lumen diameter and percent diameter stenosis1-4.

In addition, this investigation may be complemented by 
the use of intravascular ultrasound (IVUS), which provides 
tomographic images of the coronary lumen, so that their 
diameters and areas can be accurately measured5,6.

In spite of the relevant information provided by these 
examinations7, their invasive nature causes discomfort, however 
minimal, involves some risk for the patients and requires at 
least 8 hours of hospitalization, even when performed as an 
outpatient procedure. Although postcatheterization incident 
rates are minimal, minor complications have been reported, 
usually related to the access route, especially in patients with 
hypertension, heart failure, and other heart diseases. Major 
complications have also been reported, albeit rarely7.

This sparked interest in developing noninvasive forms 

of evaluation that are effective in determining late clinical 
outcomes of stent implantation. Among the modalities studied, 
multidetector computed tomography (MDCT) has come to 
the fore8,9.

Early studies documented the effectiveness of noninvasive 
examination for evaluating CAD patients, but its performance 
in the presence of coronary stents is yet to be determined8-12. 
Recent studies using multidetector technology equipped with 
40 to 64 detectors still reported limitations in the diagnosis 
of in-stent restenosis, the results of which varied according 
to the type of prosthesis studied13,14. Although Gaspar et al 
have reported moderately satisfactory results using 40-slice 
CT scanners13, Mintz and associates, assessing coronary artery 
stents in vitro, determined that results depend on the specific 
model of the prosthesis being evaluated14. On the other 
hand, the presence of neointimal hyperplasia may represent 
a complicating factor for analysis of coronary stents late 
results by means of computed tomography. The difficulties 
in assessing the stents by means of CT may be due to the 
interaction between metallic struts and X-rays or the existence 
of neointimal tissue within the stents, or both 8-12.
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The recorded data were transferred to a workstation 
(Indigo 02TM, SGITM, Mountain View, CA, USA) for processing 
and three-dimensional reconstructions, as well as cross-
sectional and longitudinal reformatting. The three-dimensional 
presentations were used for assessing the coronary arteries. 
The resulting cross-sectional and longitudinal reformatted 
images allowed a semi-objective measurement of intra-arterial 
dimensions. For this purpose, electronic calipers were used for 
manually delimiting the segments to be defined.

Quantitative assessment included measurement of 
reference diameters, proximal and distal to the stent, as well 
as minimal lumen diameter. The operator also traced the 
in-stent minimal area, and the measuring was done on the 
scanner console (figure 1).

Specific software measured contrast transit time and 
maximal intensity of opacification in the operator-delimited 
areas, in addition to projecting contrast media time-density 
curves. Any hemodynamically significant in-stent obstruction 
would be indicated by changes in these curves.

This protocol was reviewed and approved by the 
Institutional Research Ethics Committee of the Hcor, Dante 
Pazzanese Institute and Medical School of the University of 
São Paulo.

Statistical analysis - Categorical variables are reported as 
number and percentage and continuous variables, as mean 
and standard deviation.

Statistical analysis was conducted using SPSSTM software 
version 10.0. Sample size was calculated to detect differences 
of 0.40 mm between means of measurements obtained by 
angiography and computed tomography, with a 0.36 standard 
deviation. Alpha level was set at 0.05 and beta level, at 
0.10. The 0.40 difference was defined because it reflects 
the variation inherent to the quantitative angiography system 
used (CMS). Furthermore, previous studies carried out by our 
group showed that errors of this magnitude may have clinical 
implications and also that this has been the mean intraobserver 
variability of the tomography used 2,8,10. P values < 0.05 were, 
therefore, considered statistically significant.

Continuous variables were analyzed using the Student’s 
t-test for paired data. The degree of association among 
measurements obtained by CT angiography and invasive 
examinations was determined by means of Pearson’s test.

When subgroups had to be analyzed, reducing the sample 
to less than 30 patients, non-parametric tests were used. The 
Wilcoxon test for paired data examined differences between 
mean continuous variables, and Spearman’s test was used 
for correlation.

In order to detect whether disagreement between 
measurements obtained by tomography and angiography 
could have clinical implications, the Bland-Altman method 
was applied.

Results
Demographic characteristics of the population - The interval 

between baseline and invasive reevaluation was 16.80 ± 
8.97 months, whereas multidetector CT preceded cardiac 
catheterization in 28.37 ± 1.33 days. Of the 30 patients 
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The primary purpose of this study was to evaluate the 
clinical utility of CT coronary angiography in determining 
late outcomes in patients treated with drug-eluting stents and 
comparing their results with those from quantitative coronary 
angiography and intravascular ultrasound. The secondary 
purpose was to evaluate the impact of metallic stent struts, 
without the presence of neointimal proliferation, on the quality 
of tomographic images.

Patients and methods - In August 2001, we selected thirty 
patients successfully treated with sirolimus-eluting stent 
implantation (CypherTM), who were then invasively reevaluated 
in the late phase (more than six months) and studied through 
multidector CT 30 days before a control catheterization.

Patients with stent implantation in de novo native coronary 
lesion for more than six months, neither history of pregnancy, 
renal failure nor plasma creatinine above 1.5 mg/dl and no 
known allergy to iodinated contrast material were included. 
Patients who did not provide written informed consent were 
excluded from the study.

Methods
This was a prospective study to compare results derived from 

two different methods of observation of late clinical outcomes 
after percutaneous interventions. Every examination, namely, 
quantitative angiography, intravascular ultrasound (IVUS), 
and CT angiography, was analyzed by independent observers 
blinded to data from the other two forms of investigation.

Coronary artery angiography was obtained after 
intracoronary administration of a vasodilator agent (1.20 
ml nitroglycerin), and images were transferred to a 
computer workstation (CMSTM, Medis Medical SystemTM, 
The Netherlands). This workstation automatically defined 
artery and stent borders and provided values for reference 
diameters proximal and distal do the stent, in addition to 
in-stent minimal lumen diameter.

The invasive investigation ended with intravascular 
ultrasound examination (Clear ViewTM, Boston ScientificTM, 
USA), using a 30-MHz mechanical imaging system (Ultra-
CrossTM CVISTM, USA). Coronary images were acquired during 
motorized pullbacks starting 10 mm upstream of the stent and 
ending 10 mm downstream of the endoprosthesis. In-stent 
area was measured by IVUS at the end of the study. For this 
study, only in-stent minimal cross-sectional (CSA) was taken 
into account, since it could be compared with the results 
derived from multidetector CT, which does not yet provide 
volumetric data.

MDCT data were acquired using the Somaton Volume 
ZoomTM multidetector (Siemens AGTM, Erlhagen, Germany), 
equipped with a VA 40 protocol15,16. Images were acquired 
at 500 ms rotation time. As the tomograph is equipped with 
four rows of detectors, it was possible to obtain eight images 
per second, each 1.25 mm thick.

Stent study was performed after the administration of 
iodinated contrast medium (IobitridolTM, Henetix 350TM, 
GuerbetTM), 1.50 ml/kg, at a rate of 2.50 ml/s. Images were 
obtained while patients held their breath, to minimize the 
amount of motion artifacts from the thoracic structures.
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included in the study, 23 (76%) were men, mean age 57.67 
(SD 8.90); ages, however, ranged from 47 to 77. Vessels treated 
were the left anterior descending artery in 15 patients (50 %), 
left circumflex artery in 7 patients (23 %), and right coronary 
artery in 8 patients (27 %).

Computed tomography: examination characteristics - 
All the CT examinations were performed successfully and 
uneventfully, allowing stent localization and blood flow 
assessment. In six cases (20%) there were motion artifacts, five 
caused by cardiac arrhythmias and one because the patient 
was unable to maintain apnea. Nevertheless, even these 
images could be properly analyzed.

Examination time was 9 ± 4.3 minutes, and contrast 
volume was 133 ± 22.5 ml. Hospital stay, including patient’s 
preparation, the examination itself and postprocedural 
observation was 30.03 ± 5.68 minutes.

Quantitative angiography and intravascular ultrasound 
- Mean examination time was 30.90 ± 7 minutes, and mean 
contrast volume was 129 ± 10.9 ml, which did not differ 
significantly from those of tomography (p = 0.37).

There were no complications during and after the invasive 
procedures, and patients were discharged from hospital 12.50 
± 2 hours after the examination.

Qualitative results - Visualization of the entire arterial tree 
required 2.0 ± 1.0 reconstructions. Only in one case were the 
coronaries reproduced in their entire extension in a single 3D 
image with the required diagnostic quality. The visual analysis 
of contrast dilution showed absence of hemodynamically 
significant obstructions within all stents.

Quantitative results - Proximal reference diameter by 
tomography was 3.01± 0.31 mm and by quantitative 
angiography, 3.14 ± 0.31 mm (p = 0.04). The difference 
between the two examinations was 3.91% (left anterior 
descending artery = 2%, left circumflex artery = 5.08% and 
right coronary artery = 2.97%). The greatest difference was 
found in the circumflex artery (figure 2). However, when this 
vessel was excluded from the analysis, differences were no 
longer significant (tomography = 3.01 ± 0.32 mm, variation: 
2.30 to 3.50 mm; angiography = 3.10 ± 0.30 mm, variation: 
2.60 to 3.70 mm; p = 0.65).

 A significant correlation was found between measurements 
obtained by computed tomography and invasive angiography 
(Pearson’s correlation coefficient = 0.72; p = 0.01). This 
association changed slightly when circumflex arteries were 
excluded from the analysis (Pearson’s correlation coefficient 
= 0.74; p = 0.01).

The distal reference diameter by tomography was 2.86 ± 
0.30 mm, and by angiography, 2.92 ± 0.32 mm (p = 0.25). The 
difference between both quantifications was 1.45% (anterior 
descending artery = 1.92%, circumflex artery = 5.53%, and 
right coronary artery = 3.91%). Differences never exceeded 
5.50%, and the correlation between measurements derived 
from both examinations was significant (Pearson’s correlation 
coefficient = 0.66; p = 0.01). When the circumflex artery 
was excluded from the analysis, no changes were observed 
(Spearman’s correlation coefficient = 0.63; p = 0.01).

In-stent minimal lumen diameter by tomography was 

2.85 ± 0.25 mm and by invasive angiography, 2.85 ± 0.29 
mm (p = 0.27). The difference between measurements was 
1.14% (anterior descending artery = 1%, circumflex artery 
= 0.06%, and right coronary artery = 1.14%). No difference 
exceeded 2.50%, and the significant correlation between 
these measurements (Pearson’s correlation coefficient = 0.68; 
p = 0.01) changed slightly when the circumflex artery was 
excluded from the analysis (Spearman’s correlation coefficient 
= 0.72; p = 0.01).

Differences between measurements were evaluated using 
the Bland-Altman method; results are shown in figures 2-4. 
The analysis of these graphics shows that there was good 
agreement between both examinations, with few points of 
disagreement.

In-stent minimal cross-sectional area by computed 
tomography was 7.19 ± 1.37 mm2 and by intravascular 
ultrasound, 6.90 ± 1.52 (p = 0.36). Mean difference between 
both examinations was 7.48 ± 2.82%, and was not affected 
by the treated artery. The correlation between measurements 
obtained by both examinations was neither statistically 
significant (Pearson’s correlation coefficient = 0.33%, p = 
0.07) nor affected by the treated artery.

Figure 6 shows an example of a case included in this study. 
6,90 +- 1,52 mm2

Discussion
This study was one of the first to evaluate whether 

multidetector CT allows quantitative and qualitative analysis 
of coronary stents without neointimal proliferation and to 
compare its results with those of invasive examinations.

To analyze the degree of coronary stent metallic strut 
interference in the evaluation performed by multidetector CT, 
we selected patients who had been treated with sirolimus-
eluting stents. All patients included in the study were part of 
other investigation protocols and were to undergo quantitative 
coronary angiography and intravascular ultrasound during 
the late outcome of treatment. Moreover, these patients had 
already undergone these examinations previously and showed 
absence of proliferative tissue, representing, therefore, the 
ideal subgroup for the type of investigation proposed.

Fig. 1 - Three-dimensional  reconstructions (A) allowed visual assessment 
of coronary segments proximal and distal to the stent. Treated vessel 
lumen diameter and in-stent minimal lumen diameter were measured from 
reformatted images (B). Cross-sectional area was measured from the cross-
sectional reconstruction of the vessel (C).

A B C
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This was consistent with the study by Sousa et al and 
Morice and associates, which demonstrated that sirolimus-
eluting stents prevent the neointimal proliferation that 
follows implantation of these prostheses, assuring long-term 
maintenance of the results obtained immediately after arterial 
dilation17,18. Sousa also showed that the beneficial effect of 
this drug is sustained even two years after implantation17. 
The characteristics described confirm that the analysis of 
patients treated with this type of stent is the ideal model for 
this study.

Some procedural aspects related to tomography merit 
special discussion. As this system obtains eight images per 
second, the examination takes 25 to 40 seconds; therefore, 
patients are supposed to hold their breath during this time 
interval to prevent motion artifacts. 

also important is the patients’ heart rate. Becker et al 
reported that appropriate reproductions of coronary arteries 
could be acquired only when this rate was less than 60 beats 
per minute9. This aspect was facilitated by the introduction of 
the VA 40 acquisition protocol used in our study. A pilot study 
carried out in our service demonstrated that examinations of 
good diagnostic quality can be obtained in patients with heart 
rate lower than 75 beats per minute19. This may be largely due 
to the ability of this software to make small adjustments in the 
cardiac cycle phases19,20. In the present study, artifacts were 
present in six cases, five of which were related to heart rate 
and one to breathing, showing the importance of technological 
advances regarding this point.

A further aspect of practical interest is that, in this type of 
examination, all contrasted structures are recorded, including 
heart vessels and, occasionally, even the coronary sinus. 
Therefore, it is essential that images be analyzed carefully, 
particularly when it comes to the circumflex artery, because 
it is in the heart region and the coronary artery and vein 
may be superimposed. This interference, however, is more 
pronounced in 3D reconstructions than in longitudinal and 
cross-sectional reformatted images, which are the projections 
most frequently used for arterial measurement. 8,19,21,22

Images of good diagnostic quality were obtained in all 
cases, confirming the effectiveness of the protocol used. 
Quantitative analysis based on both the visual aspect and 
estimate of blood flow within the stented vessel was effective 

in that it showed absence of hemodynamically significant 
in-stent obstructions.

Previous studies using electron-beam technology had 
already suggested the usefulness of non-invasive analysis of 
coronary stents in the later period by means of time-density 
curves23,24. Recently, Storto et al reported a case in which they 
used multidector CT to assess blood flow from time-density 
curves of contrast media, diagnosing severe in-stent stenosis, 
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Fig. 4 - Differences between measurements of the distal reference diameter by 
angiography and tomography, according to the Bland Altman method.
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Fig. 5 - Differences between measurements of  in-stent minimal lumen diameter 
by angiography and tomography  according to the Bland Altman method.
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which was confirmed by invasive angiography25.
 In regard to quantitative results, our study showed 

that arterial and in-stent lumen diameters obtained by 
multidetector CT were significantly correlated with those 
obtained by invasive angiography. A case-by-case analysis 
revealed that the greatest differences pertained to circumflex 
artery measurements. The study described by Nieman et 
al, as well as our own pilot study, had already pointed out 
difficulties related to this artery8,19. As noted previously, this is 
due to the difficulty in isolating this vessel for analysis, since 
it is the only region of the heart where a coronary artery 
and vein are superimposed8,19. Most often, this happened at 
the region selected for determining the proximal reference 
diameter, because the distal end of the stents were usually 
located in a portion of this artery with no arteriovenous 
superimposition.

This hypothesis was corroborated by the fact that the 
correlation between both examinations was strengthened 
when the circumflex artery was excluded from the analysis, 
thus suggesting that the tomographic quantitative analysis of 
this artery is a limitation yet to be circumvented. It should be 
noted, however, that mean differences between measurements 
obtained by both examinations, even when taking into account 
the global sample including the circumflex artery, were lower 
than the standard deviation of the quantitative angiography 
system used in this study.

On the other hand, the measurement of distal reference 
diameter was not affected by the treated vessel, which may 
be explained, at least partly, by the most distal parts of the 
circumflex artery not being superimposed by the coronary 
artery and vein. In-stent lumen diameter was not affected by 
the treated vessel either. Most probably, this may be accounted 

for by the fact that even in the presence of arteriovenous 
superimposition, stent struts help the operator to identify the 
boundaries of the regions to be measured. Hence, statistical 
analysis results were not affected by the exclusion of the 
circumflex artery from the analysis.

Overall, in our study, differences between all comparisons 
of measurements obtained by quantitative angiography and 
computed tomography never exceeded 10%, and the Bland-
Altman analysis, most often, showed disagreement between 
measurements ranging from -0.40 mm and 0.40 mm.

These findings have two major implications. First, although 
quantitative measurements obtained by tomography did not 
differ statistically from those obtained by angiography nor 
from the positive and significant correlation between them, 
their use in everyday clinical practice should be viewed with 
caution. Further technological advances are needed for these 
quantifications to gain widespread acceptance. Additionally, 
these same data also suggest that this examination may be very 
promising, because even at an initial stage of development, it 
yielded results that, for the most part, did not show clinically 
relevant differences when compared to those considered gold 
standard for this purpose.

The results obtained when cross-sectional area, measured 
by ultrasound and invasive tomography, were compared 
deserve special attention. At first glance, tomography seems 
to perform excellently in this aspect, because mean values 
obtained by this examination [6.90 mm2 (SD 1.52)] did not 
differ statistically from those observed in the invasive study 
[7.19mm2 (SD 1.47), p = 0.36], and mean disagreement 
between the results of both examinations was only 7.48 %.

The association between measurements, based on Pearson’s 
correlation coefficient, was weak and non-significant. This 
was confirmed by the Bland-Altman analysis, which showed 
great differences between these measurements. This may be 
probably due to the interaction between metallic stent struts 
and radiographic examinations, causing energy gain. This, in 
turn, leads to the presence of artifacts, which makes it very 
difficult to determine coronary stent perimeters, inducing 
error in the definitions of arterial borders. It seems, therefore, 
that tomographic measurement of in-stent cross-sectional 
area is not yet ready for clinical application, because the 
values thus produced do not reflect the actual area of each 
particular case.

An analysis of the available literature shows that few studies 
used arterial quantification techniques to analyze images 
obtained by multidetector computed tomography. Aschenbach 
et al evaluated 25 asymptomatic volunteers showing no 
evidence of coronary failure either by multidetector CT or 
invasive angiography, by measuring the reference diameter of 
coronary arteries by both techniques. They reported a mean 
difference of 0.36 mm between both techniques and found 
excellent correlation between quantitative angiography and 
tomographic examination (r=0.86)26. The seemingly more 
favorable results achieved by these authors may be related to 
the fact that they studied native coronary arteries of normal 
patients, while we evaluated patients treated with coronary 
stents.

Very few studies have aimed at using tomography to assess 

Fig. 6 - Comparison of three-dimensional CT reconstructions (A), longitudinal 
reformatting (B) and invasive angiography (C) of  a sirolimus-eluting stent in the 
left anterior descending artery (case 21).
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the performance of this examination with the presence of 
stents. Recently, a case was reported of successful visualization 
of the lumen inside a sirolimus-eluting stent deployed at the 
left coronary artery. The authors speculated on the possibility 
of these results being dependent on the stent’s diameter, 
but failed to report the threshold value to obtain adequate 
examinations27.

Limitations - There are some limitations to this study. 
The technology used was that of four-row detectors, a first 
generation multidetector system. This examination has been 
widely used in cardiology practice and is still evolving. Thus, 
further investigation in the future may yield different results. 
Nevertheless, our findings are representative of the time in 
which the study was carried out and prompt similar trials 
when new equipment capable of rendering 64 images per 
cycle becomes available. Either way, despite claiming that 
MDCT scanners that generate 40 images per cycle may be 
useful for clinical use, the study by Gaspar et al produced only 
reasonable results using these systems, which had sensitivity 
of 88.9%, specificity of 80.6%, negative predictive power of 
97.4%, and positive predictive power as low as 47.1%13. The 
difficulties faced by computed tomography regarding non-
invasive analysis of stents are well-characterized in the study 
by Maintz, who analyzed 68 different coronary stents in a CT 
scanner capable of obtaining 64 images per cycle14. His group 
demonstrated that, even in optimal conditions, the results of 
non-invasive analysis are significantly affected by the thickness 
of the metallic struts, the material of which stents are made, 
and their design 14. The use of the technology of four detector 
rows (four images per cycle and eight images per second) with 
1.25 mm thick section, as in this study, represents an additional 
obstacle to viewing inside the implanted stents, especially 
when there may be neointimal proliferation.

Finally, the study sample followed criteria determined for 
its calculation, but selected only patients who had undergone 
sirolimus-stent implantation. Thus, the application of the 
conclusions drawn from this study to other populations of 
CAD patients treated with other types of stents should be 
viewed with reservations.

Clinical and investigational implications and perspectives 
- Our findings indicate that multidetector CT is useful for 
following-up subjects treated with sirolimus-eluting stents, 
since it enabled the determination of their patency and 

luminal diameters.
However, great care must be exercised to reduce heart 

rate- and respiratory-related motion artifacts. In addition, 
images should be reconstructed as many times as necessary so 
that coronary arteries may be reproduced as best as possible. 
It seems clear that, based on the analysis made by this study, 
both qualitative and quantitative data should be used to study 
the clinical course following percutaneous revascularization 
with coronary stents.

A conclusion that may be inferred from our findings is 
that CT angiography may be useful for clinical follow-up of 
patients undergoing drug-eluting stenting and the results of 
which are similar to those provided by sirolimus. Once some 
agents currently under investigation or that may be studied 
in the future show similar performance, these patients’ 
late evaluation should be conducted using this diagnostic 
method.

Conversely, major technological advances, such as the 
introduction of CT scans capable of acquiring 64 images or 
more per cycle and increase in gantry rotation speed, may 
greatly benefit non-invasive studies of patients treated with 
coronary stents.

However, potential limitations to the kind of analysis 
mentioned in this study and even in investigations using more 
up-to-date equipment13,14 make it clear that the routine use 
of multidetector tomography is not recommended for non-
invasive follow-up of stent implantation, especially nondrug-
eluting stents.

Conclusions
The comparison of multidetector CT results with those of 

invasive angiography in patients treated with sirolimus-eluting 
stents has led to the following conclusions: Angiography 
enables qualitative evaluation of blood flow through the target 
vessel, allowing measurement of proximal and distal reference 
diameters of the treated arteries, as well as in-stent minimal 
lumen diameter.

On the other hand, comparison of in-stent minimal 
lumen area by angiography and intravascular ultrasound 
shows unfavorable results for non-invasive examination, 
demonstrating that it should not be used for this purpose.
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