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Abstract The purpose of this study was to investigate the image quality of coronary artery bypass graft visualization in 4- and 16-row
multidetector CT using multiple imaging reformations. Material and Methods. One hundred sixteen patients underwent CT examination of the
heart after receiving CABG. Group A (n=58) received 4-row MDCT; group B (n=58) received 16-row MDCT. Various bypass types such as
LITA to LAD and venous grafts to the RCA and RCX were included in the study. A five-point Likert scale was used to grade image quality.
Each bypass was reviewed under different imaging reformations: thin slap maximum intensity projection (MIP thin), multiplanar reformation
(MPR) and volume rendering technique (VRT). Special attention was paid to the delineation of the distal anastomosis. Interobserver correlation
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was determined. Results: From 289 bypass grafts examined, 279 (96.54%) were classified as patent and 10 (3.46%) as not patent. Except for the
distal anastomosis, 16-row MDCT showed significantly better results for al segments of bypasses. Comparison of reformations within group A
and B showed that MIP thin (P<0.05) and VRT (P<0.05) displayed better visualization as compared to MPR. Conclusion: Significantly better
imaging of all bypasstypesis possible using 16-row MDCT as compared to 4-row MDCT. Assessment of the distal anastomosis yields no
difference between 4- and 16-row technology.

Keywords Coronary arteries bypass graft - MDCT angiography - Cardiac MDCT

Objective

Coronary artery bypass surgery is akey foundation in the therapy of coronary artery disease (CAD). In 2001, 77,000 coronary bypass procedures
were performed in Germany [1]. However, the patency rate of bypass graftsis limited. Eleven days postoperatively, 1.3% of |eft internal thoracic

artery (LITA) grafts are occluded [2]. One year after surgery, 3.4-5.7% of al arterial grafts are not patent anymore [3]. In venous grafts, the
postoperative follow-up yields even worse results.

In women 16.7% and in men 12.4% have occluded venous bypass grafts 1 year after surgery [3]. One year after surgery, the postoperative
mortality is 2.8% and the myocardia infarction (M) rate reaches 4% [4]. Three years after surgery, 20-30% of all bypass grafts are occluded [5].

Sites of anastomosis are particularly prone to occlusion [4, 6]. In asymptomatic CABG patients, an invasive procedure such as coronary
angiography for assessment of graft patency cannot be recommended in general because of its evident risks[7]. Moreover, the inconveniences
for the patients as well as the economic burden have fueled the quest to find an alternative, non-invasive method to close this diagnostic gap.
Multidetector row CT (MDCT) for non-invasive coronary bypass graft imaging and assessment of graft patency is an emerging technique
bearing the potential to close this gap. In prior studies, using 4-row MDCT evaluation of the distal anastomosis, if possible at all, isvery
challenging and exhibits amajor limitation in using 4-row MDCT technology [8, 9]. In 16-row MDCT, temporal resolution is further improved
and nearly isotropic in-plane and z resolution is achieved. As a consequence, new isotropic voxeling leads to higher resolutions in various
Imaging planes. But does this also result in better image quality?

In this study, we examined the outcome of 16-row multidetector CT technology as compared to 4-row MDCT on CABG imaging, using
visualization techniques such as multiplanar reformations (MPR), maximum intensity projection (MIP) and volume-rendered technique (VRT).
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Materials and methods

Patients

We studied retrospectively 116 patients (92 men and 24 women) who had undergone cardiac multidetector row CT over a 2-year period. All
patients had undergone CABG surgery before being scanned. Patients in group A were scanned in the 1st year of this study. Patientsin group B
were scanned in the 2nd year of this study. None of the patients suffered from angina pectoris or had any indication of myocardial ischemia.

Patient comorbidity islisted in Table 1.

Table 1 Patient comorbidity

Group A |Group B |P value
Arteria hypertension |51 (88%) |49 (85%) |n.s.
Hyperlipidemia 29 (50%) (29 (50%) |n.s.
Obesity 20 (34%) |19 (33%) |n.s.
Diabetes mellitus |9 (16%) |12 (21%) |n.s.
History of smoking |15 (26%) (20 (35%) |n.s.
Single vessel disease |2 2 n.s.
2-vessel disease 31 29 n.s.
3-vessdl disease 25 27 n.s.

n.s. not significant (P>0.05).

Group A (n=58) received 4-row MDCT (Somatom Plus 4 VVolumeZoom WIP Version VA 20; Siemens, Forchheim, Germany) and group B
(n=58) received 16-row MDCT (Sensation 16, Siemens, Forchheim, Germany). The average time between surgery and the CT exam was 5.82
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+1.1 days (range 3—10 days) for group A and 5.68+1.3 days (range 3—-11 days) for group B; mean patient age was 67.69+7.44 years (range 47-86
years) for group A and 68.05+6.33 years for group B (range 42-81 years); mean heart rate was 76.09+12.62 beats per minute (bpm) (range 54—
122 bpm) for group A and 83.74+21.19 bpm (range 53-198 bpm) for group B (P>0.05).

All patients were enrolled in the study approved by the institutional review board and had previoudly signed informed consent. The number of
bypass grafts in each patient ranged from one to five grafts. A total number of 289 grafts (group A: 149; group B: 140), of which 180 venous
(group A: 93; group B: 87) and 109 arteria (group A: 56; group B: 53) grafts were examined. Bypass types such as LITA to LAD (109) [(arterial
grafts)] and venous grafts to the RCA (91), RCX (89) were examined. Bypass numbers and bypass types are listed in detail in Table 2.

Table 2 Bypass numbers and bypass types

LITA-LAD |109 |Arteria |Distal anastomosisin the distal LAD
ACVB-RCA |91 |Venous [Distal anastomosisin the distal RCA
ACVB-RCX |89 |Venous [Distal anastomosisin the distal RCX
Total 289

CT imaging

In both groups, all CT scans were obtained by using a multidetector row MDCT scanner. In group A, a4-row MDCT (Somatom Plus 4
VolumeZoom WIP-version VA 20; Siemens, Forchheim, Germany) was used. In group B, a 16-row MDCT (Sensation 16, Siemens, Forchheim,
Germany) was used. Patients with heart rates greater than 70 bpm previously received a short-lasting beta-blocker (esmolol hydrochloride,
Brevibloc; Baxter, Unterschleisheim) administered at 10 mg per 10 kg of body weight to obtain rates of 60 bpm or less. However, as medical
treatment often did not produce any effect, in some patients, heart rates higher than 70 bpm were observed. Each patient underwent contrast-
enhanced examinations,

In group A (4-row MDCT), scanning parameters were 120 kV and 300 mAs, 500-ms rotation time, 4x1.0-mm section collimation and 1.5-mm
table feed per rotation for the contrast-enhanced series. All patientsin group A received 140 ml of anon-ionic contrast medium (Ultravist;
Schering, Berlin, Germany) infused through an 18-gauge intravenous antecubital catheter at aflow rate of 3.5 ml/s. Start delay was calculated
with atest bolus placed in the ascending aorta; 30 ml of contrast medium was administered at aflow rate of 3.5 ml/s. Scan rangewasin a
craniocaudal direction from the distal ascending aorta to the diaphragm. Mean scan time was 387 s.
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In group B (16-row MDCT), scanning parameters were 120 kV and 500 mAs, 420-ms rotation time, 16x0.75-mm section collimation and 2.8-
mm table feed per rotation for the contrast-enhanced series. All patientsin group B received 140 ml of a non-ionic contrast medium (Ultravist;
Schering, Berlin) and 40 ml isotonic saline solution (Isotonic NaCl 0.9%, B. Braun Melsungen, Inc., Melsungen, Germany) in arow using a
double head injector [10] (Injektron CT 2, Medtron, Inc., Saarbruecken, Germany) infused through an 18-gauge intravenous antecubital catheter
at aflow rate of 3.5 ml/s. CareBolus technique (Siemens, Erlangen, Germany) was used to determine the optimal scan start in placing aROI in
the ascending aorta and setting the density threshold on 140 HU. Scan range was in a craniocaudal direction from the distal ascending aortato the
diaphragm. Mean scan time was 19+7 s. Because of the 180° linear interpolation, exposure time was minimized to 210 msin group B and to

250 msin group A.

Image reconstruction

Image reconstruction was performed by using retrospective ECG gating, a technique that allowed continuous image reconstruction from volume
data sets during any phase of the cardiac cycle [11, 12]. The following reconstruction parameters were used in group A (4-row MDCT): 220-mm
field of view, a medium soft tissue kernel, 1.25-mm effective dlice thickness and 0.5-mm increment for the contrast-enhanced series. In group B
(16-row MDCT), reconstruction parameters were as mentioned for group A, but differed as slice thickness was lowered to 1 mm; the increment
stayed at 0.5 mm.

The adaptive cardiac volume reconstruction algorithm, standard software provided with the software package of the CT scanner, was used for
Image reconstruction. This algorithm combined two different reconstruction algorithms, depending on the heart rate: single segmental

reconstruction (SSR) [( =65 bpm)] and adaptive-segmental reconstruction (ASR) [( = 65 bpm)]. For SSR only data from one rotation are

required for image reconstruction; for ASR data from at |east two rotations are required for the reconstruction of each 1.25-mm dslice (group A)/1-
slicemm (group B) [13]. In group A, temporal resolution for SSR constantly was 250 ms and in group B, 210 ms. For ASR, temporal resolution
varied according to the heart rate and ranged between 125 and 250 msfor group A and 110 and 220 msfor group B [14]. Considering basic
cardiac physiology, image reconstruction is performed best in the late systole (i.e., ascending T wave) and the late diastole (i.e., beginning of the
P wave) [14]. Consequently, each data set was reconstructed at multiple time points within thisinterval, differing from each other by 50 ms[15].
The number of possible reconstruction time points per patient ranged between six (elevated heart rate) and ten (low heart rate), depending on the
length of the TP interval (time between the T wave and the P wave). The TP interval decreases as heart rate increases. At each time point, image
reconstruction was performed antegrade and absolute (i.e., in 0, 50, 100, 150, 200, etc., ms) in relation to the R peak. Subsequently for each
patient and each bypass graft separately, a single reconstruction was determined that displayed the fewest motion artifacts in the segment or
anastomosis to be examined and therefore made a proper image interpretation possible [16-21].
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Image reformation and evaluation

For both groups alike, evaluation of the bypass grafts was performed by dividing each bypass graft into three segments. a proximal, middle and
distal segment. In addition, the sites of proximal and distal bypass anastomosis were evaluated. After initial blinding by atechnician, each dataset
was evaluated by two independent observers (M.F.K., K.L.) separately.

Images were evaluated with three reformation techniques in both groups: MIP thin, MPR and VRT. Each visualization technigue was examined
in separate readings. To avoid bias from previous readings, a 7-day time gap between readings was kept. Each observer did the reformations for
evaluation by himself.

For patients in both groups, evaluations were performed on a separate workstation (Leonardo, Siemens, Inc., Erlangen, Germany) with a
512x512 matrix size.

Observers were asked to grade image quality on afive-point Likert scale (1, excellent; 2, good; 3, moderate; 4, poor; 5, not visible) for every
segment as well as the sites of anastomosis. Grading criteria were as follows:

(1) Delimitation between the vessal and surrounding structures
(2) Blurring of the segments course caused by artifacts
(3) Differentiation between vascular lumen and wall-not for VRT.

Observers were instructed to judge each of the three grading criteria according to the five-point Likert scale from which an average grade was
calculated. Depending on the image quality and complexity of the CABG surgery, the evaluation lasted between 40 and 60 min per patient. Each
observer rated each patient and reformation technique.

Statistical analysis

Statistical analysis was carried out using the StatView software package (Abacus Concepts, Berkeley, CA). Data are presented as mean +
standard error. The Wilcoxon matched pairs test was used to compare different reformations within a group as well as to compare corresponding
reformations between groups. To assess interobserver correlation, the Spearman-Rank test was used. Differences were considered significant
when the P value was below 0.05.
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Results

From 289 bypass grafts examined, 279 (96.54%) were classified as patent and 10 (3.46%) as not patent. All total occlusions were observed in the
proximal anastomosis, i.e., in ACVB to RCx and ACVB to RCA grafts. No subtotal plague formation could be reported in any segment
evaluated. For the different bypass graft types, the following results can be reported in comparison of both groups.

InLITA to LAD bypasses, 16-row MDCT technology yielded better visualization in the total course as well as the proximal, middle and distal
course of the bypass graft (P<0.05) [(Fig. 1, 4-row vs. 16-row)]. We cannot report a better visualization for the distal anastomosisin LITA to

LAD grafts (P>0.05) [(Fig. 2, 4-row vs. 16-row)].
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Fig. 1 Four-row (upper row images) vs. 16-row MDCT (lower row images) LITA to LAD bypass in the proximal, middle and distal course
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Fig. 2 Four-row (left image) vs. 16-row (right image) MDCT LITA to LAD bypass at the distal anastomosis

In ACVB to RCX bypasses, 16-row technology also provided better visualization of the bypass graft (P<0.05) except for the distal anastomosis,
which did not show a significant improvement (P>0.05) [(Fig. 3, 4-row vs. 16-row)]. The proximal site of anastomosis, not existent in LITA to
LAD grafts, could be better displayed as well (P<0.05).
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Fig. 3 Four-row (upper row images) vs. 16-row (lower row images) MDCT ACVB to RCX bypass in the proximal, middle and distal course

Matching our resultsin LITA to LAD and ACVB to RCX bypasses, the distal anastomosis could not be delineated any better in ACVB to RCA
bypasses (P>0.05) [(Fig. 4, 4-row vs. 16-row)]. Sixteen-row technology yielded significantly better resultsin the proximal anastomosis aswell as
the total, proximal, middle and distal course of ACVB to RCA grafts (P<0.05) [(Fig. 5, 4-row vs. 16-row)]. P values for each segment and
reformation used are displayed in Table 3.



10.1007/s00330-004-2521-z

Fig. 4 Four-row (left image) vs. 16-row (right image) MDCT ACVB to RCA bypass at the distal anastomosis
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Fig. 5 Four-row (upper row images) vs. 16-row (lower row images) MDCT ACVB to RCA bypass in the proximal, middle and distal course

Table 3 P values for each segment and reformation used comparing 4-row MDCT with 16-row MDCT
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Sifpess Total course Proximal Proximal course Middle course Distal course Distal anastomoses

type anastomoses

LITA- |4-row rlgw P |4row rlgw P |4-row rlgw P |4row rlgw P |4-row rlgw P |4row rlgw P

LAD |[CT cT value|CT cT value|CT CT value|CT cT value CT CT value |CT cT value

MIP |24 1.873 2.127 (1.709 2.382 (1.8 2.855 (2.227 2.836 [2.545

thin +1.047 |+0.963 0.005 +0.924 +0.916 0.015 +1.097 (+0.989 0.004 +0.989 +0.904 0.003 +1.014 +1.152 0.112
3 2.636 2.509 (2.164 3.036 (2.564 3.327 (2.873 3.236 (3.982

MPR +0.861 |+0.778 0.04 +0.998 [+0.834 0.04 +0.881 |+0.834 0.004 +0.982 |+0.862 0.007 +1.053|+0.933 0.142
2.509 |1.891 2.018 |1.473 2.509 |1.745 3.018 (2.309 3.036 (2.829

VRT +1.086 |+1.012 0.002 +1.027 |£0.94 0.003 +1.120|+1.058 0.001 +1.147 |1£1.184 0.001 +1.170|+1.329 0.258

ACVB-RCA

MIP |25 2.25 1.864 |1.291 1.818 |1.236 2.409 |(2.127 3.25 |[2.727 3.273 |3

thin +1.210|+1.349 0.026 +1.268 |+0.923 0.032 +1.263 |+1.406 0.042 +1.335|+1.344 0.042 +1.278 |+1.301 0.042 +1.264 |+1.364 0.304
2.682 |2.073 2.136 |1.689 2.227 |1.364 2.682 |2.173 3.273 |2.590 3.25 [3.295

MPR +1.095 +1.097 0.043 +1.173(+0.835 0.031 +1.198 (+1.222 0.035 +1.157|+1.138 0.041 +1.208 |+1.098 0.036 +1.241 |+1.173 0.809

153

2.273 1.773 |1.264 1.795 |1.288 225 |1.836 3 2.563 3.091 (3.364

VRT +1.318 JgéG 0.053 +1.256 |+0.942 0.036 +1.322(+1.483 0.02 +1.366 |+1.456 0.007 +1.258 |+1.463 Q.01 +1.291 (+1.399 0.3

ACVB-RCX

MIP 2209 [1.791 1.442 |1.032 1465 |1.115 1.977 |1.721 3.023 |2.395 3.163 (2.989

thin +0.888 |+1.013 0.046 +0.765 (+0.787 0.026 +0.758 |+0.821 0.045 +0.988 [+1.054 0.031 +1.102 |+1.178 0.024 +1.067 |+1.245 0.119
2.488 (2.042 1.767 |1.261 1.814 |1.023 2512 (2.119 3.186 (2.884 3.256 (3.047

MPR +0.768 [+0.854 0.023 +0.751 |+0.756 0.017 +0.764 |+0.74 0.016 +0.768 |+0.906 0.036 +1.006 |+0.851 0.015 +1.049 |+0.975 0.378
2.395 (1.837 1.442 |1.14 1.488 |1.126 207 |1.491 3.419 |2.558 3.535 (3.343

VRT +0.979 (+1.09 0.009 +0.796 (+0.413 0.043 +0.91 |+0.747 0.057 +0.985 |+1.226 0.002 +1.239|+1.402 0.004 +1.241 |+1.463 0.056
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Comparison of reformations within group A and B showed that thin slap maximum intensity projection (MIP thin) [(P<0.05)] and volume
rendered reformations (VRT) [(P<0.05)] displayed better visualization as compared to MPR (Table 4), [(Figs. 6, 7)].

Table 4 P value comparison of reformations within groups, 4-row and 16-row MDCT

Total course Proximal anastomoses |Proximal course [Middle course Distal course Distal anastomoses
MPR VRT  |MPR VRT MPR VRT |[MPR |VRT |[MPR VRT |MPR VRT
LITA-LAD
4-row CT
MIPthin|0.00004 [0.055 |0.00084  [0.5782  |0.000003|0.907275 0.000085 0.189608 0.000025 |0.774068 |0.00073 |0.0821
MPR 0.003 0.000018 0.00037 0.0018 0.00012 0.00056
16-row
MIP thin |0.000146|0.1087830.00051  |0.68991 |0.000856 0.802088|0.000146 0.15744 |0.00183 |0.407277 [0.000171 |0.76021
MPR 0.00073 0.00418 0.000189 0.000826 0.000387 0.000983
ACVB-RCA
4-row CT
MIP thin [0.000302|0.999569 0.000071  |0.951779 |0.000353 |0.834425 |0.000925|0.995859 [0.000861|0.9995 |0.00038 |0.185
MPR 0.0035 0.00051 0.00022 0.000002 0.000302 0.00421
16-row
MIP thin|0.000643|0.687367 [0.00351  (0.749678 |0.001863|0.927083 |0.002607 |0.560875 0.000411 |0.922947 |0.004198 |0.2518
MPR 0.000983 0.000055 0.00163 0.00781 0.000004 0.000361
ACVB-RCX
4-row CT
MIP thin |0.000013|0.993223 0.000964  |0.903245 |0.000353 |0.834425 |0.000458 0.613108 [0.000179|0.999987 0.000477 |0.7713
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MPR 0.00025 0.00047 0.00062 0.000427 0.004059 0.00098
16-row CT

MIP thin|0.00001 |0.328697|0.0031121 [0.999364 |0.001863|0.927083|0.00014 |0.203206 |0.000001 |0.898188 |0.000759 (0.0719
MPR 0.00026 0.009279 0.00351 0.000241 0.000459 0.00561

o i

Fig. 6 Comparison of reformations within group A; MIP thin (left image), MPR (middle image) and volume-rendered reformation (VRT) [(right image)]
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Fig. 7 Comparison of reformations within group B; MIP thin (left image), MPR (middle image) and volume-rendered reformation (VRT) (right image)

Interobserver correlation varied between bypass types, reformations and segment evaluated. For LITA to LAD grafts rho 0.79-0.92. For ACVB
to RCx grafts rho 0.74-0.98 and for ACVB to RCA graftsrho 0.71-0.95. Correlations are listed in detail in Table 5.

Table 5 Interobserver correlation

Total course Proximal anastomoses Distal anastomoses
4-row CT
MIP thin |0.809/0.922/0.824 x/0.753/0.926 0.848/0.882/0.789
MPR  |0.900/0.949/0.888 x/0.711/0.755 0.897/0.813/0.920
VRT  |0.882/0.926/0.867 |x/0.747/0.957 0.884/0.920/0.928
16-row CT
MIP thin |0.827/0.923/0.980 x/0.817/0.761 0.789/0.843/0.898
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MPR 0.81/0.807/0.772 |x/0.741/0.953 0.884/0.943/0.844
VRT 0.787/0.792/0.744 |x/0.731/0.734 0.915/0.952/0.923

LITA to LAD/ACVB to RCA/ACVB to RCX.

Discussion

Since the introduction of cardiac CT angiography in the late 1990s and with it the evaluation of bypass grafts using MDCT technology [22, 23],

authors benchmarking the relatively new method with angiography, the current gold standard, have expressed their confidence that future
generations of multidetector technology will bridge the gap to the gold standard [6, 7, 24].

In patients after bypass surgery, invasive angiography often is an underestimated challenge due to degenerated and diffusely calcified vessels. In
cases of complex revascularization, the anatomy of the graftsis often very confusing and the exact knowledge of number and type of grafting
performed is very useful. A non-invasive approach adds up to the complexity of the situation.

Asthe quality of cardiac CT angiography desperately relies on the reduction of respiratory and cardiac motion artifacts, using 16-row technology
with faster scan time and temporal resolution up to 110 ms as well as nearly isotropic voxel size with a slice thickness of <1 mm can be of no
harm. The reduction in scan time in 16-row technology by half allows visualization of the LITA to LAD graftsin almost their entire course,
without the use of preoxygenation [25]. It is evident that the probability of motion artifacts caused by breathing is reduced by a shorter scan time.
Especially assessment of the distal anastomosisis a problem that has been neglected in the recent past because of technical limitations and
commonly has been deflected to being addressed in future MDCT generations [8].

Still, vascular metal clips, particularly along the course of vessels with smaller diameters such as arteria grafts, are prone to beam hardening and
partial volume effects that may hinder proper assessment [26]. However, sensitivities between 76 and 100% and specificites between 92 and 98%

have been described by severa authors, depending on the evaluation of graft occlusion or substantial graft stenosis [24, 27, 28].

Our datareport that 16-row MDCT technology in comparison to 4-row MDCT technology yielded a better assessment of the proximal
anastomosis, the proximal, middle, distal course and total course of the graft vessel, no matter which kind of grafting was performed (Table 3).
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We can confirm the experience of Nieman et al. [24] that thin-slap M1Ps were the best algorithm to assess an extended length of a bypass. In the

presence of metal clips, the use of MIP resulted in over projection in which case evaluation was continued using multiplanar reconstruction or
transverse sections. V olume-rendering technique was used for global orientation and presentation of results. In cases of complex
revascularization in which the number and type of bypass grafts were sometimes largely unknown, it is very useful to get an overview of the
bypass anatomy first using VRT before starting evaluation of the patency and image quality of each segment. Thisis particularly useful when
outpatients are subject to examination and there is only limited information obtainable from the patient or the referring physician. However,
neither VRT nor any other reformation we examined can detect grafts with total occlusion in the proximal anastomosis. Therefore, a precise
patient history and detailed information on the grafting performed is crucial for a proper evaluation. Dewey et a. report on 75 bypass grafts they
evaluated, of which 99% of the distal anastomoses were described as eligible for assessment [29]. However, in our results visualization of the
distal anastomosis was equal in both groups. Though a clear trend towards enhanced bypass visualization can be reported, one should keep
clearly in mind that visualization of the distal anastomosis did not display any improvement.

Despite better temporal resolution, shorter scan time and a smaller collimation, we cannot report on better results for the evaluation of the distal
anastomosis using 16-row technology. To some extent, this can be attributed to the fact that both groups had to cope with patients in whom heart
rates much above the optimum of 60 bpm were observed. Although beta-blockers were routinely administered to all patients with HR >70 bpm
prior to examination, the mean heart rate was as high as 83 bpm for patients in group B (16-row MDCT). In the context of cardiac CT
examinations, whether administration of beta-receptor blocking medication in patients with severe cardiac limitations and medication is useful
should be discussed. The lack of validation of our results with coronary angiography would have been alimitation if bypass patency had been the
main issue of this study. Instead, the focus was on the relative improvement in 16-row MDCT vs. 4-row MDCT, in which case we think a
correlation with coronary angiography is not necessarily required. Plague formation was not observed and is not commonly expected in patients
shortly after surgery.

Sixteen-row technology may fall short in the needs and expectations in respect to distal anastomoses, but the next generation of multidetector CT
scanners with an increased temporal resolution using faster rotating X-ray tubes and a smaller collimation may enable us to assess the distal parts
of bypass grafts.
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