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64-Slice Multidetector 
Computed Tomographic 
Evaluation of Arterial 
Conduit Patency
after Off-Pump Coronary Artery Bypass Grafting

We set out to evaluate the accuracy of 64-slice multidetector row computed tomography 
(MDCT) in the evaluation of graft patency in 25 unselected patients who underwent off-
pump revascularization with arterial conduits. A total of 73 coronary artery bypass grafts 
were examined by means of 64-slice MDCT. Postoperative clinical outcomes were also 
evaluated as indicators of early coronary bypass malfunction. Serial data from cardiac-
specific biomarkers and from hemodynamic results were obtained in all patients. Two radi-
ologists analyzed the MDCT images and reached consensus.

No patients had evidence of postoperative acute myocardial infarction. Transient post-
operative reduction of 5% to 8% in left ventricular ejection fraction was detected in 4 
patients, independently of elevated biomarker serum levels. A total of 73 conduits were 
available for the analysis. Two grafts were judged not evaluable because of poor visualiza-
tion due to irregular heartbeat. The image quality was excellent in all other scanned grafts 
and anastomoses.

We conclude that 64-slice MDCT technology enables accurate and reliable visualiza-
tion of coronary bypass grafts with arterial conduits. We believe that it can be performed 
in large populations of postoperative bypass patients as a realistic alternative to coronary 
angiography. (Tex Heart Inst J 2009;36(5):409-15)

C oronary artery bypass grafting (CABG) performed with cardiopulmonary 
bypass (CPB) and cardiac arrest provides good early and late graft patency. 
However, CPB is believed to be a major cause of postoperative morbidity, and 

the resurgence of interest in surgery without CPB (“off-pump”) reflects an attempt to 
avoid that additional morbidity.1-3 The development of modern stabilizers and intra-
coronary shunts has made off-pump coronary surgery accessible and technically fea-
sible. There is evidence that off-pump surgery, in comparison with on-pump surgery, 
may decrease the incidence of postoperative complications.4-6 Although the extensive 
use of arterial conduits in off-pump revascularization has provided anecdotal evidence 
of better long-term graft patency and decreased need for reintervention, there is not 
sufficient evidence from randomized studies to support that contention.7,8

	 The postoperative assessment of bypass conduits and anastomosis after CABG is 
important in order to evaluate surgical results. Usually, CABG patency can be evalu-
ated only indirectly, by intraoperative flow measurement. Until recently, selective by-
pass graft angiography has been considered the gold standard for the evaluation of 
early and late bypass patency, but it is invasive and carries risks of such serious compli-
cations as myocardial infarctions, embolic events, graft dissections, arrhythmias, and 
strokes.9-11 Therefore, in the last 20 years, several trials have investigated the potential 
of computed tomography (CT) and magnetic resonance imaging as noninvasive al-
ternatives for the visualization of CABG patency.12 Although both methods have been 
limited by sensitivity to motion artifacts, recent advances in scanner performance—
faster tube rotation and higher numbers of detector rows—have enabled thinner slices 
and better spatial resolution.13-16 The 64-slice multidetector CT (MDCT) has indeed 
shown improved sensitivity and specificity for assessing graft patency.14,17-20 The Amer-
ican Heart Association Committee, in a recent statement, has definitively validated 
the sensitivity (93%) and specificity (96%) of 64-slice MDCT for the detection of 
bypass stenoses or occlusions.21
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	 The aim of our prospective study was to investigate 
graft quality and patency in an unselected group of 
CABG patients who underwent noninvasive evalua-
tion of their new arterial conduits by means of 64-slice 
MDCT.

Patients and Methods

Our policy is to perform only off-pump CABG (OP-
CAB) in all coronary patients. Intraoperative conver-
sion to CPB support occurs only when the instability of 
the patient calls for it, and that did not happen during 
the course of this study. We used only arterial conduits 
for revascularization of the left coronary arteries. Sa-
phenous veins were used only for right coronary artery 
(RCA) revascularization: either as aortocoronary grafts 
or as grafts to extensions of the right internal mamma-
ry artery (IMA) pedicle when we needed a composite 
graft from the left IMA.
	 Our study was conducted at a single cardiac surgery 
center. We evaluated 25 unselected patients who under-
went surgery for coronary disease between January and 
February 2008. Our exclusion criteria were emergen-
cy surgery, associated cardiac procedures, atrial fibrilla-
tion, allergy to contrast agents, previous percutaneous 
coronary stenting in native vessels, and all contraindi-
cations for β-blocker drugs. Patients’ characteristics are 
listed in Table I. All patients were evaluated by preoper-
ative coronary angiography: the indication for surgery 
was ≥70% stenosis. The total number of coronary le-
sions was the number of ≥70% stenoses in all coronary 
arteries. Coronary stenoses were evaluated by means of a 
computerized cardiovascular angiography analysis sys-
tem (Centricity® Carddas Xi, GE Healthcare; Dorn-
stadt, Germany). Coronary runoff was evaluated by 
means of the Thrombolysis in Myocardial Infarc-
tion (TIMI) frame-counting method, with the aid of a 
frame-counter on the cineviewer. The corrected TIMI 
frame count (CTFC) for the long left anterior de-
scending coronary artery (LAD) was derived by divid-
ing by 1.7, as described by Gibson and colleagues.22 The 
mean preoperative TIMI frame count was 21.8 ± 4.5 
(range, 16–29) for the RCA and the left circumflex cor-
onary artery, and the CTFC was 22.8 ± 3.1 (range, 
19.1–29.7) for the LAD. Hemodynamic variables were 
recorded in all patients through a Swan-Ganz CCOm-
bo pulmonary artery catheter used in combination 
with a Vigilance CEDV monitor (both Edwards Life-
sciences LLC; Irvine, Calif ). Standardized operative 
techniques were always used, and a shared operative 
strategy was established before surgery. All OPCABs 
were performed through a median sternotomy. Hepa-
rin was administered to obtain an activated clotting 
time of >300 sec. At the end of surgery, the heparin ef-
fects were reversed with protamine sulfate. The num-
ber of grafts per patient varied between 1 and 5 (mean, 

2.99), and the index of completeness was 0.99. We tried 
to achieve complete coronary revascularization and, to 
that end, always preferred arterial conduits. Our usual 
choices of conduit were the skeletonized in situ left 
IMA and, when indicated, the right IMA. The radi-
al artery (RA) was used only when constructing com-
posite grafts from the left IMA or the right IMA. 
Saphenous vein was used only for RCA revasculariza-
tion. In all patients, the LAD was revascularized first. 
Graft distribution is summarized in Table II. A suction-
type Octopus® mechanical stabilizer (Medtronic Inc.; 
Minneapolis, Minn) was used to immobilize the tar-
get coronary artery, and a Starf ish heart positioner 
(Medtronic) was used to elevate the heart for the cir-
cumflex and right coronary artery approaches. All dis-
tal anastomoses were performed with 8-0 polypropylene 
running sutures, and intracoronary shunts (Medtronic) 
were used routinely. Graft f low was in all cases mea-
sured by means of a Transonic® HT323-CS transient-
time flow meter (Transonic Systems Inc.; Ithaca, NY) 

TABLE I. Baseline and Intraoperative Characteristics of 
the 25 Patients

   Variable	 Value*

Men/women	 19/6 (76/24)

Mean age (yr)	 65.3 ± 9.6

Mean heart rate (beats/min)	 55.8 ± 4

Mean serum creatinine level (mg/dL)	 0.95 ± 0.18

Stable angina pectoris	 5 (20)

Diabetes mellitus	 8 (32)

Hypertension**	 17 (68)

Hyperlipidemia***	 10 (40)

Mean body mass index (kg/m2)	 27.9 ± 0.6

Previous myocardial infarction	 11 (44)

Mean left ventricular ejection fraction	 0.49 ± 0.06

Planned number of grafts	 3

Mean number of grafts	 2.99

Index of completeness	 0.96

Territory grafted 
   LAD	 25 (100) 
   Cx or obtuse marginal coronary artery	 15   (60)
   RCA or posterior descending artery	 11   (44)
 
Cx = circumflex coronary artery; LAD = left anterior de-
scending coronary artery; RCA = right coronary artery 
 

***Values are expressed as mean ± SD or n (%).
***�Defined as blood pressure ≥140/90 mmHg and/or use of 

antihypertensive medication.
***�Defined as total serum cholesterol level ≥200 mg/dL and/

or use of a lipid-lowering agent.
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to confirm graft patency at the end of the procedure. 
No distal anastomosis had to be redone because of un-
satisfactory flow as measured.
	 A standardized protocol was followed in the intensive 
care unit. Ticlopidine was started 48 hours after surgery, 
at a dose of 250 mg/dL. Other drugs were administered 
when indicated.
	 A 12-lead electrocardiogram (ECG) was obtained be-
fore surgery, upon admission to the intensive care unit 
and again 12 hours later, and every day thereafter until 
discharge. Echocardiographic studies were obtained 
24 and 48 hours postoperatively. A 5% or greater post-
operative reduction of left ventricular ejection fraction 
(LVEF) was considered significant. Blood samples for 
assay of the creatine kinase-MB (CK-MB) isoenzyme, 
troponin I, and myoglobin were collected at baseline 
and at 8, 12, and 24 hours after surgery, and then on 
every postoperative day until each patient’s hospital dis-
charge.
	 Postoperative acute myocardial infarction (AMI) was 
diagnosed when the criteria, as indicated by the Euro-
pean Society of Cardiology/American College of Car-
diology Guidelines Joint Committee, were fulf illed.23 
Therefore, we never considered the sole laboratory evi-
dence of an elevated biomarker to be indicative of post-
operative AMI, without evidence of the other criteria.24

	 Postoperative renal failure was def ined as a rise in 
serum creatinine >2.5 mg/dL. Low-output syndrome 
was diagnosed when the cardiac index decreased to 
below 2.0 L/(min·m2), when the pulmonary capil-

lary wedge pressure exceeded 15 mmHg, when the left 
ventricular stroke work index (LVSWI) decreased to  
<22 g/(min·m2), and when mixed systemic venous ox-
ygen saturation was <60% for at least 30 minutes after 
correction of all electrolyte or blood-gas abnormalities 
and after preload optimization. Patients in need of less 
than 5 µg/kg of dopamine or dobutamine were not con-
sidered to have low-output syndrome.
	 All CT scans were performed using an Aquilion 64-
slice MDCT (Toshiba Medical Systems; Tokyo, Japan), 
during the period from 4 to 6 months after surgery 
(mean, 4.9 ± 0.2 mo). Patients with a heart rate great-
er than 65 beats/min before examination received 2 to 
4 mg of intravenous propranolol 10 minutes before the 
scan. In some cases, mild sedation with midazolam was 
very effective for heart-rate control. Contrast-enhanced 
CT for coronary angiography was performed at our in-
stitution as follows: a bolus of 80 mL of iopamidol (Io-
pamiro® 400, Bracco S.p.A.; Milan, Italy) was injected 
into the antecubital vein at a flow rate of 5 mL/sec, fol-
lowed by a 50-mL saline bolus-f lush at a f low rate of  
5 mL/sec. An automated bolus-tracking system was 
used to synchronize the arrival of the contrast materi-
al with the initiation of the scan. The CT scanning was 
performed at the following settings: retrospective ECG-
gated acquisition, 120 kV, 500 mA; slice collimation, 
64 × 0.5 mm; gantry rotation time, 330 ms; and table 
feed, 6.4 mm/gantry rotation with a beam pitch of 0.2. 
The window of the cardiac CT scan extended from the 
top of the left clavicle to the cardiac apex. The field of 

TABLE II. Distribution of 73 Distal Anastomoses

				    Circumflex
	 			   or Obtuse
	 	 Diagonal	 Intermediate	 Marginal		  Total Distal
     Anastomosis	 LAD	 Branch	 Branch	 Artery	 RCA	 Anastomoses

LIMA in situ	 20	 2	 —	 3	 —	 25

RIMA in situ	 4	 2	 —	 1	 1	   8

RIMA in situ + RA (Y)	 —	 —	 —	 1	 —	   1

LIMA in situ + RA (Y)	 1	 7	 —	 8	 1	 17

LIMA in situ + RA (K)	 —	 2	 1	 1	 —	   4

LIMA in situ + RIMA (Y)	 —	 1	 —	 —	 —	   1

Saphenous vein	 —	 1	 —	 —	 8	   9 
aortocoronary

Saphenous vein	 —	 —	 —	 —	 1	   1 
end-to-end from RIMA

LIMA in situ + RA (π)	 —	 2	 —	 4	 —	   6

RIMA in situ + LIMA (Y)	 —	 1	 —	 —	 —	   1
 
LAD = left anterior descending coronary artery; LIMA = left internal mammary artery; RA = radial artery; RIMA = right internal 
mammary artery
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view was adjusted according to the size of the heart. A 
3-D line Vitrea® workstation (Vital Images; Plymouth, 
Minn) was used to reconstruct axial images retrospec-
tively at an optimal window: a slice thickness of 0.75 
mm and an increment of 0.5 mm. The image data sets 
were analyzed by means of multiplanar reformatted im-
ages (vertical, long-axis, and short-axis views), curved 
multiplanar reformatted images, thin-slab maximum- 
intensity projection images, and volume-rendered im-
ages, in addition to axial.
	 The 3-dimensional images show the lumen of each 
vessel f illed with contrast medium and might show 
wall calcif ications and surgical clips. When this vol-
ume rendering is active, the volume can be rotated in all 
directions, thus enabling evaluation of the vessels in 3 
dimensions. Two-dimensional reconstructions (curved 
multiplanar reformation) of the coronary arteries and 
grafts were performed on several planes to assess paten-
cy of the grafts and anastomoses. These 2-dimensional  
images show the vessel’s wall and lumen and all the sur-
rounding tissue. They are reconstructed on at least 2 
orthogonal planes, and continuity of contrast material 
throughout the graft serves as an indication of patency.
	 Two experienced readers, blinded to the clinical re-
sults but aware of the operative procedure, evaluated 
the CT images by reaching a consensus. Grafts were 
f irst classif ied using a 3-grade scale: (1) occluded, (2) 
stenosis ≥50%, and (3) stenosis <50% or no stenosis. 
Graft occlusion was defined as absence of contrast ma-
terial along the course of the graft, from the 1st anas-
tomosis to the distal native artery. In composite grafts, 
each of the several distal anastomoses was counted as a 
separate graft. Significant stenosis of a patent graft anas-
tomosis was defined as a reduction of luminal diame-
ter by 50% or more. Patients’ data were expressed as 
mean ± SD, and categorical variables were expressed as 
proportions.
	 The study protocol was approved by the ethics com-
mittee of our institution and by the hospital’s Institu-
tional Review Board. Informed consent was obtained 
from each patient before enrollment in the study.

Results

No patients had evidence of postoperative AMI. Postop-
erative increases in troponin I, myoglobin, and CK-MB 
values were observed, respectively, in 55%, 62%, and 
40% of patients. The mean postoperative peak values 
of these markers were troponin I, 0.32 ± 0.26 ng/mL; 
myoglobin, 98.31 ± 31 ng/mL; and CK-MB, 9.3 ± 8.1 
ng/mL. At early postoperative echocardiographic eval-
uation, transient LVEF reductions of 5% to 8% from 
preoperative measured values were detected in only 4 
cases over the whole population, independent of lab-
oratory evidence of an elevated biomarker serum level 
and independent of graft number. Transient postopera-

tive renal failure occurred in 1 patient. The low-output 
syndrome evidence was not recorded.
	 All patients were asymptomatic at the time of CT 
scanning. The 64-slice MDCT angiograms were com-
pleted in all patients without complications. The mean 
heart rate during data acquisition was 55.8 ± 4 beats/
min, and all patients were able to hold their breaths for 
the required time.
	 A total of 73 conduits were available for the analy-
sis: 63 arterial grafts (including 33 in situ left and right 
IMAs, and 30 free right IMAs and RAs) and 10 sa-
phenous vein grafts. There were 73 distal anastomo-
ses and 10 proximal anastomoses of saphenous vein 
grafts (9 from the ascending aorta and 1 end-to-end 
from the right IMA. We performed 2 tangential (K-
type) anastomoses between the left IMA and RA, and 
26 end-to-side (Y or π type) anastomoses between the 
left IMA and free right IMA or RA (Table II). Among 
these, 2 grafts could not be visualized with diagnos-
tic-image quality and were judged not fully evaluable 
(2.7%). The cause of poor visualization was the pres-
ence of relevant artifacts, due mostly to irregular heart 
rate during examination. Artifacts arising from metal 
clips never appeared in our series. Excellent graft visu-
alization, including visualization of the anastomoses, 
was achieved in all the other scanned grafts. Seventy 
of the 71 grafts evaluated were patent on CT angiog-
raphy, and the 1 remaining graft (an RA) was found 
to be occluded from its origin in the left IMA, with no 
contrast medium evident in its lumen. No significant 
stenoses were noted. Representative CT angiographic 
images are shown in Figures 1 through 4.

Fig. 1  Arterial graft in a 65-year-old man: a left internal mam-
mary artery graft to the left anterior descending coronary artery.
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Discussion

Complete myocardial revascularization with arterial 
conduit is considered the most effective treatment of 
myocardial ischemia, and OPCAB surgery has become 
a widely used means of revascularization in recent 
years.1-3 However, limited data are available to compare 

the 1-year patency of bypass grafts implanted during 
beating-heart surgery with that of bypass grafts im-
planted during conventional “on-pump” surgery, and 
several randomized studies have provided conflicting 
evidence.7,8 Although OPCAB is technically more dif-
f icult than conventional CABG, the development of 
new devices has led to its wide practice. Therefore, the 
postoperative evaluation of conduits and anastomoses 
is important to determine the comparative quality of  
OPCAB.
	 For the evaluation of bypass conduits, convention-
al coronary angiography remains the gold standard; 
however, the limitations of angiography include a small 
but definable risk, the need for multiple staff members, 
and high costs associated with the procedure itself and 
with the ensuing observational period.9,10 Although use-
ful when clinically indicated, invasive techniques are not 
appropriate for screening a large population of patients or 
for repeated measurements.21 Of the alternative noninva-
sive methods that have been investigated, only MDCT 
has provided satisfactory results. Previous studies20,25-28 of 
16-channel MDCT have reported high-quality images 
and satisfactory accuracy in evaluating coronary artery 
stenosis and bypass graft patency, in comparison with 
coronary angiography. However, only the latest genera-
tion of 64-slice MDCT has provided a significant im-
provement of temporal and spatial resolution, yielding 

Fig. 2  Composite arterial graft in a 64-year-old man: a left 
internal mammary artery graft to the left anterior descending 
coronary artery, together with a radial artery graft that is attached 
proximally to the internal mammary artery in a Y-shaped anasto-
mosis, in order to supply the obtuse marginal coronary artery.

Fig. 3  Composite arterial-venous graft in a 69-year-old man: a 
left internal mammary artery graft to the left anterior descending 
coronary artery, together with a saphenous vein graft to the right 
coronary artery.

Fig. 4  Composite arterial graft in a 62-year-old man: a left 
internal mammary artery graft to the left anterior descending 
coronary artery, together with a radial artery graft that is attached 
proximally to the internal mammary artery in a K-shaped anas-
tomosis, in order to supply the obtuse marginal coronary artery 
and the diagonal branch.
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excellent diagnostic images and (with the aid of multi-
sector reconstruction) a reduction of artifacts.17,18,21

	 The results of our study confirm the high sensitivity 
and specificity of 64-slice MDCT, as reported by the 
American Heart Association Committee,21 and demon
strate the potential of the recently developed 64-detector 
row CT scanner for the evaluation of arterial conduits 
after CABG. The percentage of usable bypass con-
duits has risen to nearly 98% (which is superior to re-
sults previously reported), and this is in combination 
with improved diagnostic accuracy for the detection of 
stenosis. The major advantages of the 64-detector row 
system include shorter breath-hold times, fewer respira-
tory and cardiac motion artifacts, faster rotation of the 
gantry, and a decrease in slice thickness, all of which re-
sult in better spatial resolution.
	 Our study examined the early results of off-pump re-
vascularization that had been performed with arteri-
al (mainly in situ arterial) and composite grafts, and 
we achieved MDCT images of satisfactory quality in 
all 25 patients. The high-resolution, volume-rendered, 
3-dimensional scanning made the interpretation of our 
anatomic f indings quite easy. A further advantage of 
MDCT over conventional coronary angiography (not 
demonstrated by our particular study) is its ability to 
show not only the lumen but the vascular wall—a prop-
erty that can, in theory, enable the distinction between 
RA spasm and intimal hyperplasia.
	 For a long time, the interpretation of CT angiogra-
phy has been impeded by artifacts associated with the 
metal hemoclips that are placed alongside bypass con-
duits; these artifacts are often exacerbated by motion.18 
However, a number of recent studies18,29,30have reported 
a very low incidence of artifacts due to hemoclips, when 
current 64-slice MDCT is used. In the current study, 
the presence of clips rendered no bypass graft incapable 
of evaluation. This may be attributable to the high tem-
poral and spatial resolution of 64-slice devices, as well as 
to our strict protocol for lowering the heart rate. Even 
so, 2 grafts were judged not evaluable because of poor 
visualization due to irregular heartbeat. In regard to the 
clinical aspects of our study, we can see a clear linkage 
between postoperative outcomes, biomarker serum lev-
els, and the patency rate of all off-pump arterial grafts.

Conclusion
The most important findings of the present study are 
that 64-slice MDCT 1) enables the reliable and accu-
rate evaluation of patency of arterial coronary bypass 
conduits, 2) achieves excellent image quality with fewer 
artifacts, and 3) is a realistic alternative to coronary an-
giography for postoperative early and late evaluations in 
a large population of patients. Finally, we are confident 
that our preliminary results will be confirmed in stud-
ies of larger populations of patients.
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