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CTA Case Studies

Clinical utility of cardiac CTA in patients with previous CABGC.

BY JASON T. BRADLEY, MD; MITCHELL N. RASHID, MD; AND MATTHEW W. WATKINS, MD, FACC

ultidetector computerized tomography

(MDCT) has been studied most in patients

at low to moderate risk.”? CTA has been

best validated for the evaluation of coro-
nary arteries in patients without known coronary dis-
ease. In this patient group, MDCT has a high sensitivity
(>95% in recent reports) and negative predictive value?
However, there are limited data on the accuracy and use
of cardiac CTA for the evaluation of patients with
known CAD and in particular, patients with previous
coronary artery bypass graft (CABG).

For patients with previous CABG, there is no “normal”
result, with most coronary segments and all patients
having varying degrees of CAD. The coronary anatomy is
more complex, and MDCT results must address bypass
graft patency, bypass graft stenosis, and the severity of
native coronary disease in nongrafted segments both
proximal and distal to the anastomosis site. The case
studies we present demonstrate the utility of MDCT in
CABG patients, focusing on the information that MDCT
adds to diagnosis and management. The subsequent lit-
erature review and discussion highlights recent results
comparing accuracy of CTA to invasive angiography in
bypass patients and our current approach to MDCT in
the management of post-CABG patients.

EXAMPLES OF MDCT IN PATIENTS WITH
PREVIOUS CABG
Case 1

A 74-year-old man presented with known CAD and a
recent history of progressively worsening symptoms of
chest pain and shortness of breath with exertion. These
episodes are similar to previous anginal episodes. There
were no symptoms at rest. The patient had CABG in
1991 with three distal anastomoses. A previous coro-
nary angiogram in 2005 revealed no significant disease
in the bypass grafts. The patient was seen in the clinic,
and a 64-slice gated cardiac CTA was performed to eval-
uate for interim changes in bypass graft disease in the
setting of increasing stable angina.

Retrospectively gated CTA images were acquired at
.625-mm thickness, reconstructed at .8 mm, and reviewed
at 10% increments of the cardiac cycle. The CTA showed a
patent left internal mammary artery (LIMA) to the left
anterior descending artery (LAD) with no significant dis-
ease below the LIMA touchdown. The saphenous vein
graft (SVG) to an obtuse marginal branch had a focal
plaque with 50% to 75% luminal narrowing in the mid-
portion of the graft (Figure 1A, B). The SVG to the distal
RCA contained a 50% to 75% stenosis in the proximal
portion (Figure 1A, C). The native coronaries had proxi-

Figure 1. A 74-year-old patient with stable angina and a remote history of bypass surgery. Three-dimensional reconstruction of
the SVG to the marginal artery and the SVG to the right coronary artery (RCA) demonstrating 50% to 75% lesions (A). Curved
multiplanar reformatted image of a 50% to 75% lesion in the mid SVG to the obtuse marginal branch artery (B). Curved multi-
planar reformatted image of a 50% to 75% lesion in the proximal SVG to the RCA (C).
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Figure 2. A 74-year-old patient with stable angina and a remote history of bypass surgery. Invasive angiography of the SVG to the
obtuse marginal branch artery, with 80% stenosis in the midportion (A). Invasive angiography of the SVG to the RCA, with 70%
stenosis in the proximal portion (B).

mal diffuse calcification and >50% to 75% stenosis in the  the SVGs. The SVG to the obtuse marginal artery had a
LAD, circumflex, and RCA, but native runoff below the new 80% stenosis in the midportion that corresponds to
patent bypass grafts was patent with <50% stenosis. the lesion on CTA (Figure 2A). The SVG to the distal RCA
A few days after the cardiac CTA, the patient was admit-  contained a new 70% proximal stenosis corresponding to
ted to an outside hospital due to chest pain and shortness  the CTA (Figure 2B). Corresponding to CTA results, there

of breath. The patient was ruled out for a myocardial was also <50% stenosis in the native vessel runoff below
infarction and was transferred for cardiac catheterization these grafts. The patient underwent percutaneous coro-
based on the abnormal findings of his cardiac CTA. nary intervention of the proximal portion of the SVG to

Invasive coronary angiography was performed to evaluate  the distal RCA with a single 4-mm bare-metal stent with

~4 -
Figure 3. A 62-year-old patient with atypical chest pain and a history of aneurysmal SVG after bypass surgery. Invasive angiogra-
phy showing a complex aneurysm in the SVG to the RCA in 2000 (A). Invasive angiography showing enlargement of a complex

aneurysm in the SVG to the RCA in 2003 (B).
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Figure 4. A 62-year-old patient with atypical chest pain and a hi

story of aneurysmal SVG after bypass surgery. Three-dimen-

sional reconstruction of aneurysmal SVG to the RCA and occluded SVG to the diagonal branch artery (A). Oblique maximum
intensity image (MIP) of aneurysmal SVG to the RCA showing both the lumen and the surrounding mural thrombus (B). Axial
MIP image of aneurysmal SVG to the RCA showing both the lumen and the surrounding thrombus (C).

good result. The lesions in the proximal and midportions
of the SVG to the obtuse marginal were successfully treat-
ed with a total of three 4-mm bare-metal stents.

Case 2

A 62-year-old man presented with known CAD and
remote CABG more than 15 years ago at an outside hos-
pital. He had placement of SVGs to the RCA and diagonal
arteries. Invasive angiography in 2000 demonstrated an
occlusion of the SVG to the diagonal and a focal, complex
aneurysm of the proximal SVG to the RCA (Figure 3A).
Subsequent invasive angiography in 2003 revealed
enlargement of the aneurysm in the proximal SVG to the
RCA graft with a continued patent lumen (Figure 3B). The
patient has had a recent increase in complaints of atypical
chest pain with a pleuritic component leading to an out-
side chest CT that showed a mass abutting the right atri-
um. Given the history of SVG aneurysm, a 64-slice gated
cardiac CTA was performed for further evaluation of SVG
disease and characterization of the pericardiac mass.

Retrospectively gated CTA images were acquired at .625-
mm thickness, reconstructed at .8 mm, and reviewed at
10% increments of the cardiac cycle. The SVG to the diago-
nal artery is clearly occluded proximally, and a cast of calcifi-
cation is seen in the midsection of the remnant graft (Figure
4A). Analogous to previous invasive angiography, the lumen
of the SVG to the RCA shows a large, irregular aneurysm
(Figure 4A). However, CTA imaging also reveals a mass sur-
rounding the lumen of the SVG, up to 6 cm X 45 cm in
diameter, with a density of 35 to 40 Houndsfield units; this is
consistent with chronic mural thrombus inside the SVG
(Figure 4B, C). The complex relationship between the patent
SVG lumen and the massive surrounding mural thrombus,
as well as its location filling a space between the right atri-
um and the sternum, is shown clearly by CTA imaging and
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not by previous invasive angiography. CTA also demonstrat-
ed >75% proximal stenosis in the nongrafted LAD and cir-
cumflex system. Based on the cardiac CTA findings, the
patient is currently being evaluated for possible surgical liga-
tion of the massive SVG aneurysm and repeat CABG.

DIAGNOSTIC CHALLENGE OF POST-CABG PATIENTS

The evaluation of patients with recurrent chest pain after
bypass surgery remains a challenge for the cardiologist.
Patients develop recurrent angina in a time-dependent
manner following CABG, with at least 30% of patients
developing anginal symptoms by 10 years after surgery.?
Patients are likely to acquire ischemic symptoms both due
to progression of native coronary disease and secondary to
progressive disease in bypass grafts. Multiple studies evalu-
ating long-term patency of bypass grafts demonstrate vein
graft patency at 10 years as low as 40% to 50%, and a more
durable arterial graft patency of 51% to 98% at 15 years.*®
Currently, the standard of care in managing coronary
bypass patients includes a detailed history and physical,
aggressive medical management, and continued cardiac
risk factor reduction. For those individuals with new symp-
toms, either typical or atypical for angina, noninvasive test-
ing is generally performed. Often, these patients have mul-
tiple comorbidities, and exercise treadmill testing is limited.
Pharmacologic tests with SPECT imaging or stress echocar-
diography are among the most commonly used methods
of evaluation. However, in this patient population, with
underlying diffuse CAD, there is a high incidence of abnor-
mal noninvasive studies, and many of these patients go on
to invasive catheterization with coronary and graft angiog-
raphy. For MDCT to meet this diagnostic challenge, it must
be able to accurately assess graft patency, graft stenosis,
and native vessel disease, while identifying severe stenosis in
patients with diffuse background CAD.



MDCT APPLIED TO CABG PATIENTS

Cardiac CTA has progressed rapidly in the diagnosis and
management of cardiac disease since the advent of multi-
slice spiral or “helical” CT in 2000. Improved gantry rotation
of <.5 seconds has led to a temporal resolution of <250 ms.
This combined with the patient’s ECG allows retrospective
image reconstruction at quiescent cardiac phases and eval-
uation of the coronary arterial anatomy largely free of car-
diac motion artifact. Spatial resolution has improved with
current-generation 40- and 64-slice scan resolution of <.8
mm.”# Patient selection and preparation remain critical to
obtaining high-quality cardiac CTA results. These factors
include a stable heart rhythm and rate <65 bpm (in our
experience this requires prescan beta blockers in almost all
cases) and patient coaching to improve breath holding and
minimize motion. Several factors related to MDCT image
quality are of particular importance in CABG patients. A
larger region of interest is examined in graft cases, including
the aortic arch, which translates to longer scan times and
increased contrast administration. In our experience, this
requires a patient breath hold of 20 seconds and a contrast
volume of 120 mL administered at 5 mL/s with a saline
bolus chase. Bypass graft motion is less than native vessels,
but rigorous attention to heart rate control remains impor-
tant to improve image quality in the native vessels, which
typically have extensive CAD. Finally, CTA image quality in
CABG patients may be significantly limited by the presence
of sternal wires, surgical clips along grafts, and diffuse native
vessel calcium (Figure 5). The beam hardening and bloom-
ing artifacts associated with these factors remains a signifi-
cant limitation in some cases.>

ACCURACY OF MDCT COMPARED
TO ANGIOGRAPHY

In general, studies evaluating the accuracy of MDCT in
CABG patients have compared CTA results in patients
subsequently undergoing elective cardiac catheterization.
Of note, bypass grafts and coronary segments that are
deemed noninterpretable, often >5% of the total seg-
ments/grafts, are typically omitted from the calculation of
MDCT accuracy compared to invasive angiography.

Table 1 compares the sensitivity, specificity, negative pre-
dictive value, and positive predictive value for the evalua-
tion of graft occlusion, graft stenosis, and native vessels in
five recent studies utilizing either a 16- or 64-slice MDCT.
In contrast to CTA in nonbypass patients in whom >95%
sensitivity and >90% specificity has routinely been report-
ed,’® CTA accuracy in bypass patients is both lower and,
in our view, more dependent on the improved temporal
and spatial resolution of 64-slice and greater scanners. As
an example, the distal graft anastomosis site could be visu-
alized in only 74% of cases in a representative 16-slice
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Figure 5. Examples of MDCT artifacts. MIP-modified sagittal
image showing metal clip artifact along the LIMA graft to the

LAD and “blooming” artifact from the severely calcified native
LAD (Note: Clip artifact obscures the anastomosis site).

study." Overall, 16-slice MDCT has been reported to accu-
rately detect bypass occlusion and significant graft steno-
sis, but is limited downstream in the evaluation of distal
graft anastomotic sites and native disease in calcified, dis-
eased runoff vessels and in minimizing artifacts due to
motion or metal clips.®"?

Recent reports with 64-slice scanners have been more
encouraging. Ropers et al, using 64-slice MDCT, were able
to evaluate and correctly classify 138 SVGs as patent or
occluded with 100% sensitivity and 94% specificity.”
Importantly, downstream imaging accuracy was improved,
with 40% of all graft stenoses seen being detected at the
distal anastomosis site and 91% of distal runoff vessels able
to be evaluated. In the distal native vessels, sensitivity was
86% and specificity was 76% for detection of stenosis
>50%. Meyer et al, using 64-slice MDCT, studied 138 con-
secutive patients (418 bypass grafts) with recurrent chest
pain for the detection of >50% stenosis in grafts only.™ In
contrast to Roper et al, native vessels were not evaluated.
However, in this study, 30% of patients had arrhythmias
during CTA, a common finding in this patient group, and
were not excluded from the analysis. Bypass grafts were
interpretable in 98% of cases (motion artifacts and metal-
lic clips led to no interpretation in nine of 418 grafts). In all
84 cases, MDCT correctly identified total graft occlusions,
and 29 of 32 graft stenoses were correctly identified by
MDCT. Despite the imaging improvements reported previ-
ously, modern MDCT technology still faces important hur-
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TABLE 1. ACCURACY OF MDCT COMPARED TO INVASIVE ANGIOGRAPHY IN PATIENTS WITH PREVIOUS CABG

Study Sensitivity Specificity Negative Positive
Predictive Predictive
Value Value

Ropers et al (64-slice)™

Graft stenosis 100 (%) 94 (%) 100 (%) 92 (%)

Native arteries 86 76 96 44

Nongrafted and runoff 86 90 98 54

Meyer et al (64-slice)'

Graft stenosis 97 97 99 93

Yamamoto et al (16-slice)

Graft occlusion 100 93 100 33

Graft stenosis 100 99 100 67

Burgstahler et al (16-slice)'

Graft occlusion and stenosis 100 93 100 89

Native arteries 83 59 67 78

Anders et al (16-slice)'”

Graft occlusion 100 98 100 97

Graft stenosis 80-82 85-88 94-95 57-64

dles in postbypass patients, which include metal artifacts
and accurate evaluation of calcified and diffusely diseased
native vessels.

An additional recent application of MDCT, which is per-
tinent to patients after CABG, has been to facilitate plan-
ning for PCI for chronic total coronary occlusion. These
procedures have previously been guided by angiography
alone. The course of the totally occluded segment cannot
be ascertained by angiography. Pre-PCI MDCT has proven
useful to define the course of the occluded segment.

SUMMARY

MDCT imaging in patients with previous CABG is
inherently more challenging compared to patients with-
out revascularization. These patients have more diffuse
native CAD, frequent postsurgical metal artifacts, and
fewer normal vascular segments. High-quality CTA
scans are both more difficult to perform in this group
and more challenging to interpret. However, recent
improvements in MDCT technology have led to an
impressively low incidence of noninterpretable bypass
grafts at 0% to 2%. This is a lower rate of noninter-
pretable segments compared to the 5% to 9% rate
reported for native vessels in patients without CABG."
The 64-slice MDCT improves on previous-generation
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scanners to allow visualization of coronary bypass grafts
including the anastomotic site and native vessels.
MDCT is highly accurate for the diagnosis of overall
bypass graft patency with a sensitivity and specificity
approaching 98% and 94% in recent reports. MDCT
diagnosis of significant graft stenosis is less accurate
than graft occlusion. In contrast, MDCT is significantly
less accurate in detecting native vessel lesions in CABG
patients due to a high incidence of calcium and diffuse
CAD. Definitive recommendations regarding appropri-
ateness and indications for MDCT in CABG patients are
evolving and await prospective trials. We agree with
recent consensus statements that MDCT is not general-
ly indicated either as a screening tool in asymptomatic
CABG patients or in patients presenting with unstable
coronary syndromes.'®"” An exception to the former is a
clinical scenario in which documentation of chronic
bypass graft patency will change patient care, such as
establishing LIMA status in a CABG patient with an
unexpected anterior perfusion defect. In conclusion,
cardiac CTA is most likely to alter clinical management
in selected symptomatic patients, in whom the pres-
ence of severe graft stenosis or native disease in non-
grafted vessels would lead to invasive testing and possi-
ble interventional therapy. ®
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