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Noninvasive Assessment of In-Stent Restenosis of the
Coronary Artery with Using 16-Slice Computed Tomography*

Eunhye Yoo, M.D., Byoung Wook Choi, M.D., Namsik Chung, M.D.? Jae Seung Seo, M.D.,

Young-Jin Kim, M.D., Tae Hoon Kim, M.D.?, Kyu Ok Choe, M.D.

Purpose: We strove to evaluate in-stent restenosis of the coronary artery by measuring
the in-stent CT attenuation with using 16-multislice CT.

Materials and Methods: We analyzed the coronary CT angiography, with using 16-slice
CT, in 45 stents of 30 patients. The CT attenuation was measured in the lumen of the
stented segments and in the lumen of the segment proximal to the stents, and this atten-
uation was compared with each other. The CT attenuation difference between them
was analyzed in relation to the presence of significant in-stent restenosis. Conventional
coronary angiography was used as a standard of reference for in-stent restenosis.
Results: 12 stents in 12 patients revealed significant restenosis on the conventional
coronary angiography. In 6 (50%) of them, the CT attenuation value of the in-stent lu-
men was lower than that of the proximal segments (373.8 HU vs. 497.1 HU, respec-
tively, p=0.77). In the other 6 stents, a small stent diameter (n=3) and adjacent severe
calcification (n=2) accounted for the higher CT attenuation value of the in-stent lu-
men. In all the stents without significant restenosis, the CT attenuation values of the
in-stent lumens were higher than those of their proximal segments.

Conclusion: The measurement of CT attenuation with using 16-slice CT at the in-stent
lumen as compared to the attenuation of the proximal segment provides an objective,
confident method for the diagnosis of in-stent restenosis.
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Percutaneous coronary angioplasty with stent inser-
tion has been widely used for managing coronary artery
occlusive disease. However, the risk of in-stent resteno-
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sis is about 10—40%, as determined on the angiographic
follow-up at 6 months, and this remains a clinical issue
in cardiology (1—3). Early identification of in-stent
restenosis is important to reduce the number of recur-
rent ischemic episodes and to prevent myocardial in-
farction, thereby improving the long-term prognosis.
Although routine follow-up angiography at 6 months is
the most sensitive method to detect in-stent restenosis,
non-invasive assessment of in-stent restenosis by multi-
slice spiral computed tomography (MSCT) has the ad-
vantages of comfort, safety, time and cost when com-
pared to conventional coronary angiography.

For the initial reports of in-stent visualization with us-
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ing 4-detector CT, the most serious problems were par-
tial volume effects and beam-hardening artifacts from
the stents and motion artifacts from the pumping heart
(4, 5). Several studies have recently reported improved
visualization of in-stent stenosis by using 16-slice CT (6-
11). However, even with using 16-slice CT, clear delin-
eation of in-stent restenosis on visual assessment was
not consistently possible. Therefore, we assessed the
feasibility of evaluating in-stent restenosis with using 16-
slice CT by measuring the CT attenuation of the in-stent
lumen and comparing it to that of the proximal seg-
ments.

Materials and Methods

Subjects

We enrolled 32 consecutive patients who underwent
both coronary CT angiography (CTA) and conventional
angiography for determining the patency of a coronary
artery stent. The patients were randomly referred for
coronary CTA before undergoing conventional coronary
angiography for following up the stent patency (n=13),
or for evaluating chest pain (n=13), chest discomfort
(n=3) or an abnormal treadmill test report (n=2). The
institutional ethics committee approved the study and
all the patients gave us their written informed consent.
32 coronary CT angiograms were reviewed for analysis
of 48 stents. These stents included 13 Express (Boston
Scientific, strut thickness=0.13 mm), 8 Arthos (AMG,
0.105 mm), 6 Nir (Boston Scientific, 0.102—0.109 mm),
2 Cypher (Cordis, 0.14 mm), 2 Jostent (Jomed, 0.09
mm), 1 Multilink Rx (Guidant, 0.9—0.1 mm), 1 GFX
(AVE, 0.13 mm), 1 Biodiv Ysio (Biocompatibles, 0.06
mm), 1 Bx sonic (Cordis, 0.14 mm), 1 Coroflex (B.
Braun, 0.1 mm), 1 Crossflex (Cordis, 0.14 mm), 1
Microstent (AVE, 0.1 mm), 1 Radius (Boston Scientific,
0.102—0.109 mm) and 9 unknown stents. All the known
stents, except one, were made of stainless steel. Sixteen
stents were bare metal stents and the other 23 stents
were drug-eluting stents.

Three stents (6%) in 3 patients were excluded from
analysis because the quality of the coronary CTA was
not good enough to be reviewed. The poor quality of
these particular CTAs was due to severe motion arti-
facts, one of which occurred from respiratory motion
and the others occurred due to cardiac arrhythmia dur-
ing scanning. 45 stents (1.5 stents/patient) in 30 patients
(25 men, age range: 59+ 12 years) were included for
analysis. These stents were located at the left anterior

descending artery (LAD: n=21, proximal: 8, mid: 9, dis-
tal: 4), the left circumflex artery (LCx: n=11, proximal:
4, mid: 3, distal: 4), the right coronary artery (RCA:
n=12, proximal: 7, mid: 3, distal: 2), and the saphenous
venous graft (SVG: n=1) from the ascending aorta to the
right coronary artery. The time interval between the
coronary arterial stenting and the coronary CTA was 2
* 2.4 years (range: 1 day to 8 years). The stent diameters
from 35 of the 45 stents were measured (3.1+ 0.5 mm,
range: 1.6—4.0 mm).

Coronary CT Angiography

Coronary CTA was performed with using a 16-slice
MSCT scanner (Sensation 16, Siemens, Forchheim,
Germany). Those patients with a heart rate more than
65 beats per minute were pre-treated one hour prior to
the CT scan with 30—50 mg of propranolol in order to
lower their heart rate. During scanning, the mean heart
rate of all the patients was 60+ 8.8 beats/min (range: 57
to 91 beats/min). 100 to 120 mL of nonionic contrast
agent (370 iodine mg/mL, Iopamiro; Bracco, Milano,
Italy) was injected via an 18— or 20— gauge needle
through an antecubital vein with using a flow rate of 4
mL/s. A real-time bolus tracking technique was used for
triggering the scan. We obtained a volume data set from
the carina to the diaphragm during a single inspiratory
breath-hold (duration: 19.2+ 2.2 s). The CT parameters
were a gantry rotation time: 0.42s, table-feed: 3.4
mm/rotation, collimation: 16x 0.75 mm, tube current:
500 effective mA at 120 kV, field of view: 220 mm and
matrix: 512% 512. By performing retrospective ECG-gat-
ed reconstruction, the transaxial images were created
with a slice thickness of 1.0 mm and an increment of 0.5
mm at the minimal motion point through the cardiac cy-
cle. A medium-smooth kernel (B30f) was used for the
angiographic images. Multi-cyclic segmented recon-
struction was applied and the temporal resolution
ranged from 110 to 210 ms.

MSCT Data Analysis

For the CTAs, the multi-planar images were reformat-
ted with a slice thickness of 1 mm and an increment of 1
mm in order to show the cross-sectional views of indi-
vidual stents. The CT attenuation values of the in-stent
lumens were measured by establishing regions of inter-
est (ROIs). Two experienced radiologists, who worked
in consensus, drew the ROI on every cross sectional
view of each stent (Fig. 1). The ROI was consistently
drawn along the inner border of the stent wall under a
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setting of 5,000 Hounsfield Units (HU) for the window
width and a level of 200 HU to improve the delineation
of the real stent size (12). We also measured the CT at-
tenuation values on the cross-sectional view of the seg-
ments that were proximal to the stents; these segments
had the largest area within a 2 cm distance from the
stents and they were not combined with the stenosis, if
possible. If there were greater than or equal to 3 consec-
utive slices in the in-stent lumen that had a lower atten-
uation value than its proximal segment, then significant
in-stent restenosis was considered to be present. In
these cases, the CT attenuation value of the slice that
had the lowest value of those consecutive slices was
used as the CT attenuation value of its in-stent lumen.
For the other cases in which the CT attenuation value of
the in-stent lumen was equal to or greater than that of its
proximal segment, the average CT attenuation value of
the center slice of 3 evenly divided segments along the
longitudinal axis of the stent was used as the CT attenu-
ation value of its in-stent lumen.

Conventional X-ray Coronary Angiography

Conventional X-ray coronary angiography was per-
formed using a time interval of 8.5+ 9.3 days (range: 1
to 35 days) after the CTA. Coronary angiography was
performed using the Judkins technique and this was
recorded at 30 frames/sec in multiple projections.
Significant restenosis was defined when the narrowing
of the lumen diameter was equal to or greater than 50%
and this included total occlusion (100% narrowing).
Two cardiologists working in consensus assessed the

A B
Fig. 1. Measurement of the in-stent lumen CT attenuation values of the longitudinal (A) and cross sectional view (B) multiplanar re-
formatted (MPR) images of the proximal left anterior descending (LAD) artery shows an in-stent lumen obscured by the stent
struts. The CT attenuation values of the in-stent lumen are measured by the ROI on each of the cross sectional views under a set-
ting of a window width of 5000 HU and a level of 200 HU (C), and then these are compared with the CT attenuation value of its
vascular segment proximal to the stent.

coronary angiograms.

Statistical Analysis

Two-sample t-tests and paired t-tests were used for
statistical analysis. A p-value of <0.05 was considered to
be statistically significant.

Results

Twelve stents in 12 patients (12/45, 27%) revealed sig-
nificant restenosis according to conventional x-ray coro-
nary angiography. Among these 12 stents, 4 showed to-
tal occlusion and eight showed narrowing equal to or
greater than 50% and less than 100% of the diameter de-
termined on the conventional coronary angiography.
The mean diameter of the stents that had significant
restenosis (n=11) was 2.9+ 0.6 mm with a range of 1.6-
3.5 mm, which was not significantly different from that
of the stents without significant restenosis (n=24, mean
diameter: 3.1+ 0.4 mm, range: 2.7—4.0 mm). The time
interval between stent insertion and the coronary CTA
for the significant restenosis group was 3.4* 2.9 years,
which was significantly longer than that of the stents
without significant restenosis (1.3 1.9 years). Those
stents with significant restenosis were in the LAD (n=5
stents, proximal LAD: 2, middle LAD: 2, distal LAD: 1),
in the LCx (n= 3 stents, proximal LCx: 1, middle LCx: 2),
and in the RCA (n= 4 stents, proximal RCA: 3, middle
RCA 1).

The CT attenuation value of the in-stent lumens with-
out significant restenosis was significantly greater than
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that of their proximal segments (429+ 57 HU vs. 330+

44 HU, respectively, p=0.001) (Fig. 2). This higher at-
tenuation of the in-stent lumen compared with that of
the normal segments was partly due to the high density
of the blooming artifact from the stents. However, the
CT attenuation value of the in-stent lumens with signifi-
cant restenosis was not significantly different from that
of their proximal segments (335+ 149 HU vs. 333+ 84
HU, respectively p=0.96). The difference of CT attenua-
tion between the lumens of the in-stent and proximal
segments (= the CT attenuation of the in-stent lumen -
the CT attenuation of their proximal segment) in the
stents without significant restenosis was significantly
greater than those with significant restenosis (100+ 56
HU vs. 1.6 106 HU, respectively p=0.008) (Table 1).
In all the stents without significant restenosis, the CT at-
tenuation values of the in-stent lumens were always
higher than those of their proximal segments. In con-
trast, for six (50%) of the 12 stents with significant
restenosis, the CT attenuation value of the in-stent lu-
men was lower than that of the proximal segment (373.8
+ 90 HU wvs. 497.1f 59.5 HU, respectively, p=0.77)
(Fig. 3). The minimal CT attenuation pixel values in
these six stents ranged from 20 to 110 HU, and they
were significantly lower than the values of the stents
without significant restenosis (77+ 35 HU vs. 353+ 68
HU, respectively, p=0.001, range of CT attenuation val-

ues of stents without significant restenosis: 227—502
HU). Three of these 6 stents were totally occluded (75%
of the totally occluded stents) and 3 were narrowed
(38% of the stents with 50% < narrowing < 100%).

The difference of CT attenuation values between the
lumen of the stented segments and the segments proxi-
mal to the stents for the other six of the 12 stents with
significant restenosis (false negative) was not significant-
ly different from the difference of that for the stents
without significant restenosis (93+ 58 HU vs. 100+ 56
HU, respectively, p=0.7). Three of the false negative
cases (50%) had lumens less than 3 mm in diameter,
with the narrowest stent diameters being 1.6, 2.2 and
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Fig. 3. CT attenuation differences between the in-stent lumen
and its proximal segment in the stents with and without signif-
icant restenosis.

The false negative cases were labeled with their causes of
higher-than-expected in-stent luminal CT attenuation values,
including the small stent diameter of 3 stents and the presence
of severe calcification (Cal +) on 2 stents.

Fig. 2. 66-year-old man with in-stent
restenosis in the left circumflex artery
(LCx).

The conventional coronary angiogram
(A) displays in-stent restenosis of the
proximal (white arrow) and middle
(black arrow) LCx. Measurement of
the in-stent lumen attenuation is lower
than the proximal segment attenuation
on the longitudinal MR image of the
proximal LCx (B, white arrow), which
is considered as in-stent restenosis.
The stent lumen of the middle LCx (B,
black arrow) is not visualized on CT,
so it is impossible to evaluate the stent
patency. (This stent was excluded
from the study.)
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2.5 mm, respectively. Two of the false negative cases
(40%) had severe calcification around the stents. The
other false negative case showed very similar CT attenu-
ation values between the in-stent lumen and the proxi-
mal segment with the difference being only 3.6 HU. The
strut thickness of these 6 stents was not different from
those of the other 6 stents with restenosis or those of the
other stents without restenosis.

Five stents had mild restenosis that was less than 50%
of the diameter (range: 10—45%). These stents had a
slightly lower difference between the CT attenuation
values of the in-stent lumens and their proximal seg-
ments compared to that of the stents without any steno-
sis (59 .41 HU Vs. 108+ 55 HU, respectively, p=0.04).
All the segments distal to the stents showed the filling-in

of contrast agent except for one of the 4 occluded stents.
When we included only the 28 stents that greater to or
equal to 3.0 mm in length among the 35 stents with a
known stent size, significant restenosis greater or equal
to 50% was observed in 8 stents (with total occlusion in
4), mild stenosis less than 50% was observed in 4 stents,
and no stenosis was observed in 16 stents. Table 1 sum-
marizes the frequency of stenosis, according to the
range of CT attenuation value differences, which were
defined by using the mean difference of the values of
each group for the stents greater than 3.0 mm in size.

Discussion

MSCT can evaluate, with limited accuracy, in-stent

Table 1. CT Attenuation Differences Between the in-stent Lumen and the Proximal Segments

All Stents (n=45)

Stents > 3.0 mm (n=28)

Without Any Stenosis 108+ 55 HU (n=28) 98+ 43 HU (n=16)
0% < Mild Stenosis < 50% 59+ 41 HU (n=5) 45+ 30 HU (n=4)
50% < Significant Stenosis < 100% 1.6+ 106 HU (n=12) —52+ 83 HU (n=38)
Total Occlusion = 100% —48+ 118 HU (n=4) —48+ 118 HU (n=4)

Table 2. The Degree of Stenosis seen on Conventional Coronary Angiography versus the CT Attenuation Difference
between the In-stent Lumen and the Proximal Segment for Stents Greater or Equal to 3.0 mm (n=28)

Attenuation Difference (D) Without Any Stenosis Mild Stenosis Significant Stenosis
D > 98 HU 8 0 1*

982 D > 45HU 8 1 0

452 D > —52HU 0 3 2t

—52 > D 0 0 5

The numbers are frequencies.

* Occluded stent case with severe calcification
T No occluded stents

 Including 3 occluded stents

Mild stenosis means the diameter narrowing was equal to or greater than 50%
Significant stenosis means the diameter narrowing was lesser than 50%

Fig. 4. 50-year-old man with in-stent
occlusion with collateral flow to the
distal segment

The conventional coronary angiogram
(A) displays in-stent occlusion of the
proximal right coronary artery (RCA,
arrows) with a TIMI grade 1 collateral.
Longitudinal MPR image (B) of the
proximal RCA shows a lower-attenua-
tion area within the in-stent lumen
than that in the vessel proximal to the
segment, but an enhanced distal vas-
cular segment is seen.
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restenosis of the coronary artery. Many factors affect
this accuracy, and these factors can be classified into
four categories; 1) stent factors, 2) calcification at the
stent site, 3) imaging factors, and 4) the standard or crite-
ria for the decision.

An early study with 4-detector CT reported that in-
stent lumens could not be visualized, and this was main-
ly due to partial volume effects and beam hardening ar-
tifacts of the metallic stent material (4). However, with
using 16-slice MSCT, evaluation of in-stent restenosis
was feasible even though many cases should have been
excluded from analysis (33%) (13). The reasons for ex-
clusions are a small stent size and metal artifacts. In a
previous study using 16-slice MSCT, those stents less
than or equal to 3.0-mm were almost impossible to eval-
uate (6). In our study, significant restenoses in the stents
with a diameter less than 3.0-mm were misdiagnosed.
The severity of artifacts from stents is also related to the
stent material. Gilard et al. (6) reported that 93% of
stainless steel stents were analyzable without any seri-
ous partial volume effect or beam hardening.
Calcification was another important factor that induced
beam hardening artifacts and partial volume effects (6,
10). In our present study, two of the false negative cases
(40%) had severe calcification around the stents.

In general, imaging factors affect the overall image
quality. The most important and frequent problem in
coronary artery imaging has been motion artifacts.
Evaluation of in-stent restenosis with MSCT was not
feastable for those patients with arrhythmia and high
heart rates (6, 8). However, motion artifacts can be con-
trolled by reducing the heart rate with -blockers, and
by employing multi-cyclic segmented reconstruction
and an optimized reconstruction window for the cardiac
phase with minimal motion.

In an earlier study that used 4-detector CT and in
some recent studies that used 16-slice CT, perfusion of
the vessel distal to the stent was considered to be evi-
dence of stent patency (4, 9, 11, 13). However, in our
study, well-opacified segments were found distal to the
occluded stents, in which collaterals seemed to cause
retrograde opacification of the entire vessel distal to the
stent occlusion (Fig. 4). Therefore, the opacified vessel
distal to the stent cannot be used as evidence for stent
patency.

Evaluation of in-stent restenosis with CT has depend-
ed on visual assessment. In previous studies that had a
wide range of exclusion from 1.3 to 31.1% and a preva-
lence of significant restenosis from 8.1 to 23.8%, the

sensitivity and specificity ranged from 78 to 100% and
from 92 to 100%, respectively (6, 8, 9, 11, 13). In one
study, occlusion was determined to be present when the
lumen inside the stent was darker than the contrast-en-
hanced vessel before the stent, and non-occlusive stent
restenosis was determined to be present when the lu-
men inside the stent showed an eccentric or concentric
darker rim (8). However, metallic artifacts from the
stent strut might usually obscure the low density in the
periphery of the lumen, which is where neointimal hy-
perplasia starts at. In a previous study, the presence of
neointimal proliferation less than 35% could not be dis-
tinguished with using 16-slice MSCT because of its in-
sufficient spatial resolution (6). Furthermore, according
to our study, either occlusion or non-occlusive signifi-
cant restenosis was present when the in-stent lumen
had a lower CT attenuation than the contrast-enhanced
vessel before the stent. Therefore, visual assessment
may be subjective, inaccurate and irreproducible. The
pixel counting method is the only objective method that
has ever been reported to use CT attenuation measure-
ments to diagnose-stent restenosis (10).

To date, the previous studies that have used MSCT
have used the same principles, that is, neointimal hyper-
plasia had a lower CT attenuation than the contrast-en-
hanced vessel lumen. The lowest pixel values of the in-
stent lumens, which were correctly diagnosed as signifi-
cant restenosis in the present study, were similar to the
CT values of neointimal hyperplasia in the carotid
artery (77+ 35 HU vs. 75.6x 5.6 HU, respectively) (14).
Although low attenuation values were detected only in
the significant stenosis cases, these low values can be
evidence that some degree of neointimal hyperplasia is
present in the stent. For the cases of mild narrowing less
than 50%, the difference between the CT attenuation of
the in-stent lumen and its proximal segment was signifi-
cantly different from that of the stents without any de-
gree of stenosis. However, the ranges of the differences
considerably overlapped each other.

In summary, the present study showed that measur-
ing in-stent luminal CT attenuation could not easily dif-
ferentiate between significant in-stent restenosis and in-
significant restenosis or no stenosis, even with exclusion
of those cases with motion artifacts. The small stent size
and severe calcification were presumed to be main caus-
es of the erroneous measurement of the attenuation val-
ue in the stented lumen. In practice, small stents less
than 3.0-mm and stents with severe calcification should
be excluded from this type of analysis. If CTA is per-
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formed in a well-controlled manner for selected cases,
then the image quality would be good enough for visual-
izing the in-stent lumen and measuring the CT attenua-
tion in the lumen.

Our study was limited only to stainless steal stents and
we did not study the effect of stent design. Calcification
could affect the measurements of CT attenuation at the
segment proximal to the stent. Sharp-kernel images of
CTA were not used in the present study, and these im-
ages have been reported to be useful to reduce the
'blooming artifact’ of the metallic stent (15). Although a
sharp-kernel was helpful for achieving more accurate
measurement of the in-stent lumen diameter, the sharp-
kernel usually increased the noise level, which was then
not optimal for evaluating the unstented coronary artery
segments (12). In the present study, an extremely large
window width (5,000 HU) was used for better delin-
eation and more accurate measurement of the in-stent
lumen. Despite these limitations, the CT attenuation
measurement provided an objective and confident diag-
nosis when evaluating significant in-stent restenosis via
16-slice MSCT. This method should be more accurate
and complementary to visual assessment with using
more advanced CTA technology, in which the in-stent
luminal restenosis can be clearly visualized and quanti-
fied in a diameter or an area.
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