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A B S T R AC T

Background: We sought to determine the feasibility of
off-pump coronary artery bypass grafting (OPCAB) in a
consecutive series and prospectively assess the value of
immediate post-operative coronary angiography. 

Methods: All patients referred for coronary artery
bypass grafting, within a four-month period, were
approached as candidates for OPCAB. All 50 OPCAB
patients were studied by immediate post-operative coro-
nary angiography. 

Results: The OPCAB procedure was feasible in 67% of
patients (50/75). Five of 55 patients (9.1%) were converted
to on-pump procedures, three for hemodynamic instabili-
ty, and two because of deeply intramyocardial vessels. The
other 20 underwent on-pump revascularization for
anatomical and physiological reasons. The average age of
OPCAB patients was 68.1 ± 9.6 years; 26% were female,
74% male. Two (4%) were redo operations. Mean number
of grafts was 2.9 ± 0.8, 51 internal thoracic artery grafts
(ITA), 17 radial artery grafts (RA), and 76 saphenous vein
grafts (SVG). Angiographic graft patency was 90.2% for
ITA, 88.2% for RA, and 96.1% for SVG. Interpretation of
catheterization results was confounded by significant
native and arterial graft spasm. Six of seven occluded arter-
ial grafts and one of three SVG were probe patent at imme-
diate reoperation (all had adequate flow by intra-operative
doppler at the initial operation). Only two graft occlusions
were noted in the 18 patients who did not receive prota-

mine. The patency rate was 95.6% (131/137) when the
probe patent anastomoses were excluded. Seven patients
(14%) returned to the OR as a result of the catheterization
findings; five to revise occluded grafts, one to improve the
lie of a kinked SVG, and one to graft an intramyocardial
intermediate ramus when an adjacent high diagonal was
grafted instead (two of seven on-pump). All graft problems
were found in the absence of hemodynamic instability or
electrocardiogram changes. In-hospital mortality was 2%
(1). Complications in survivors were atrial fibrillation in
12 patients (24.5%), permanent pacemaker in one (2%),
endotracheal bleeding in one (2%), and take-back for
bleeding in one (2%).

Conclusions: There were a significant number of unex-
pected arterial graft occlusions. The reversal of heparin
and ITA spasm appeared to be contributory. All patients
with occluded grafts had no signs of trouble. Interpreta-
tion of immediate post-operative catherization is difficult
because of significant native vessel and graft spasm. It reli-
ably determines patency but it’s value is suspect for deter-
mination of long-term graft adequacy.

I N T R O D U C T I O N

Current use of post-operative angiography to assess
graft patency in coronary artery bypass procedures utiliz-
ing cardiopulmonary bypass is generally reserved for
patients having significant persistent postoperative local-
ized ST segment elevations on electrocardiogram (ECG) or
those with unexpected hemodynamic instability. 

With the advent of minimally invasive direct coronary
artery bypass grafting (MIDCAB) and off-pump coronary
artery bypass grafting (OPCAB), proof of graft patency has
become mandatory. There are two reasons for this: 1) the
need to show adequacy of the new technique compared to
an accepted graft patency rate in routine on-pump cases;
and 2) to provide feedback to the surgeon as he/she mas-
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ters these new, more difficult techniques. Feedback con-
cerning graft patency is particularly important during the
learning curve associated with OPCAB. Several groups have
used systematic post-operative angiography to assess graft
patency after the MIDCAB or OPCAB during their initial
experience [Alessandrini 1997, Puskas 1998, Possati 1998,
Diegeler 1999a, Diegeler 1999b, Calafiore 1999, Poirier
1999, Wiklund 2000]. Most angiograms were performed
several days or weeks after surgery with revision only if the
patient was symptomatic or ischemic. The use of systemat-
ic immediate angiography has been reported for the MID-
CAB [Mack 1999] and for the OPCAB [Izzat 1999]. 

We sought to determine the feasibility of OPCAB dur-
ing the learning curve in a consecutive series and prospec-
tively assess the value of immediate post-operative coro-
nary angiography.

M AT E R I A L S  A N D  M E T H O D S

All patients referred for coronary artery bypass grafting
between April 1999 and July 1999 were prospectively
approached as candidates for OPCAB. Feasibility was deter-
mined by vessel size, position and myocardial function.
OPCAB procedures were performed using either the CTS
retractor/stabilizer (Guidant CTS Corporation, Indianapo-
lis, IN) or the Octopus II stabilizer (Medtronic, Inc., Fridley,
MN). An intraluminal coronary artery shunt (Flow-coil
Shunt, Guidant CTS Corporation, Indianapolis, IN) was
used for the left internal thoracic artery to left anterior
descending anastomosis when required to maintain hemo-
dynamic stability (three patients). Heparin was adminis-
tered to maintain the activated clotting time (ACT) > 350
seconds. All proximal anastomoses were constructed with
running 6-0 polypropylene suture. All distal anastomoses
were constructed with running 7-0 polypropylene suture.
The first 23 patients had full heparin reversal with prota-
mine. The remaining 27 patients received no protamine
(n=17) or protamine to partially reverse the heparin (n=10). 

All 50 OPCAB patients were transferred directly from
the operating room to the angiography suite for immedi-

ate multiplane coronary angiography. If a significant
graft(s) problem was found, the patient was immediately
returned to the operating room for revision of the bypass
graft(s). Patients undergoing graft revision were again
returned to the angiography suite for repeat angiogram.
Angiography results were assessed simultaneously by the
surgeon and cardiologist. Appearance of the anastomoses,
grafts, native vessels and run-off were evaluated.

R E S U LT S

The OPCAB procedure was feasible in 67% of patients
(50/75). Five of 55 patients (9.1%) were converted to on-
pump procedures, three for hemodynamic instability, and
two because of deeply intramyocardial vessels. The other
20 underwent on-pump revascularization for anatomical
and physiological reasons.

The average age of OPCAB patients was 68.2 ± 9.6 years,
26% were female, 74% male (range 42–85 years, median
69.5 years). Two (4%) were redo operations. Preoperative
patient risk factors, functional status, extent of coronary
artery disease and urgency of surgery data are detailed in
Tables 1 and 2 ( ). 

Mean number of grafts was 2.9 ± 0.8. Fifty-one internal
thoracic artery grafts (ITA), 17 radial artery grafts (RA),
and 76 saphenous vein grafts (SVG) were placed (Table 3,

). Interpretation of catheterization results was con-
founded by significant native and arterial graft spasm.
Angiographic results are detailed in Table 4 ( ). Angio-
graphic graft patency was 90.2% for ITA, 88.2% for RA,
and 96.1% for SVG. In one patient, all four grafts were

Table 1. Preoperative Risk Factors

n %

Smoking 7 14
Hypertension 27 54
Hypercholesterolemia 30 60
Diabetes 10 20
Positive family history 4 8
COPD 7 14
Creatinine 

0.5–1 16 32
> 1–1.5 29 58
> 1.5 5 10

Prior carotid surgery 5 10

Table 2. Preoperative Coronary Disease and Functional Status

n %

Prior CABG 2 4
Prior PTCA/stent 10 20
Prior MI 21 42
NYHA class 

I 0 0
II 11 22
III 32 64
IV 7 14

CCS class 
O 1 2
I 0 0
II 12 24
III 30 60
IV 7 14

2-Vessel disease 11 22
3-Vessel disease 39 78
L-main disease 15 30
Elective 39 78
Urgent 10 20
Emergent 1 2
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occluded—the ITA, 2 RA, and 1 SVG. This patient
accounted for four of the 10 total graft occlusions. Seven
patients (14%) returned to the OR as a result of the
catheterization findings. Five underwent anastomotic
revision of occluded grafts. One patient required external
repositioning of a kinked SVG. One patient underwent
reoperation to graft an intramyocardial intermediate
ramus when an adjacent high diagonal coronary artery
was grafted initially. Five out of seven revision operations
were performed off-pump. All graft problems were found
in the absence of hemodynamic instability or ECG
changes. Six of seven occluded arterial grafts and one of
three occluded SVG were probe patent at re-operation. All
had adequate flow by intra-operative Doppler at the ini-
tial operation. The patency rate was 95.6% (131/137)
when the probe patent anastomoses were excluded. 

There was marked native vessel spasm seen on immedi-
ate angiography (Figures 1a-2a, ), 56% of patients had
moderate to severe spasm. Because of this spasm, it was

difficult to categorically identify an anastomotic stenosis
in 11.1% (16/144) of grafts. Five of 144 grafts (3.5%) were
found to have > 50% stenosis (FitzGibbon Grade B)
[FitzGibbon 1986]. The ITA exhibited moderate to severe
spasm in 52.2% (21/46) of patent ITA grafts. Because of
this coupled with native vessel spasm, 21.7% (10/46) of
patent ITA grafts had poor run-off. Radial artery grafts also
showed a degree of spasm, with 40.7% (7/15) of patent
grafts exhibited moderate to severe spasm. These results
are tabulated in Table 4 ( ). 

Only two graft occlusions were noted in the 18 patients
who did not receive protamine. Initially protamine was
administered to completely reverse the heparin in 23
patients. The remaining patients received either partial
reversal (10) or no protamine (17). There were five occlu-
sions of the left ITA. Of these patients, two received prota-
mine and three no protamine. Those with occlusions of a
SVG or RA all received protamine. Statistical analysis was
prevented due to lack of sufficient events to provide an
accurate and reliable analysis. 

There was one in-hospital mortality (2%). The patient
died after the decision was made not to dialyze him after
his post-operative course was complicated by mediastinitis
and acute chronic renal failure. Complications in survivors
were atrial fibrillation in 12 patients (24.5%), permanent

Table 3. Grafting Data

n %

Number of anastomoses
1 2 4
2 12 24
3 26 52
4 10 20

Type of fraft placed
LAD – LITA 49 98

First obtuse marginal
SVG 15 30
Radial artery 10 20
RITA 1 2

Second obtuse marginal
SVG 2 4
Radial artery 1 2

Intermediate ramus
SVG 5 10
Radial artery 2 4

Diagonal
SVG 16 32

Posterior lateral
SVG 2 4
Radial artery 2 4

RCA
RITA 1 2
SVG 36 72
Radial artery 2 4

Total grafts
LITA 49
RITA 2
Radial artery 17
SVG 76

LAD = left anterior descending; LITA = left internal thoracic artery; RCA =
right coronary artery, SVG = saphenous vein graft 

Table 4. Angiogram Results

n %

Patients with native vessel spasm
None 13 26
Mild 9 18
Moderate 17 34
Severe 11 22

Number of occluded grafts 10/144 6.9
ITA 5/51 9.8
Radial artery 2/17 11.8
SVG 3/76 3.9

Number of stenotic grafts
FitzGibbon Grade B 5/144 3.5
Patent but hard to define 16/144 11.1

Arterial spasm and run-off
ITA spasm with patent graft 46

None 13 28.3
Mild 9 19.6
Moderate 19 41.3
Severe 5 10.9

ITA run-off with patent graft 46
Good 36 78.3
Poor 10 21.7

Radial artery spasm in patent grafts 15
None 6 40
Mild 2 13.3
Moderate 6 40
Severe 1 0.7

ITA = internal thoracic artery
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pacemaker in 1 (2%), endotracheal bleeding in 1 (2%), and
take-back for bleeding in 1 (2%).

D I S C U S S I O N

Direct feedback for quality control and technical
improvement is a requirement for the adoption of any
new surgical technique. There is no doubt that perfor-
mance of the graft to coronary artery anastomosis is more
difficult in the OPCAB or MIDCAB procedure compared to
conventional coronary artery bypass grafting (CAB) on an
arrested, flaccid heart. This is due to the cardiac motion
and lack of a blood free operative area. The anastomosis is
often performed in a vertical position, particularly when
sewing to the lateral and inferior wall vessels. This creates
a parallax view with poor depth of vision for judging dis-
tance between stitches. The coronaries undergo significant

spasm when manipulated on the hemodynamically active
heart. All of these factors contribute to the theoretical pos-
sibility of decreased quality of the anastomoses. With
experience, the above barriers to sewing on a beating heart
can be overcome with complete revascularization in the
majority of patients with low morbidity and mortality
[Baumgartner 1999, Cartier 1999]. 

The angiogram is the gold standard for qualitative and
quantitative assessment of native coronary disease and
patency of bypass grafts. Prior to the introduction of the
MIDCAB and OPCAB, angiographic control studies have
been used in an attempt to validate more widespread use of
arterial grafts. Tyras et al. [Tyras 1980] catheterized 527 of
765 patients, one month after receiving a left internal tho-
racic artery (LITA) graft showing a patency of 95% in surviv-

Figure 1. (A) Coronary angiogram showing a saphenous vein graft to an
obtuse marginal coronary artery showing severe native vessel spasm
with poor run-off. (B) Coronary angiogram of the same graft in figure
1a, two months later with complete resolution of native vessel spasm.

Figure 2. (A) Coronary angiogram showing a sequential saphenous
vein graft to the posterior descending and posterior lateral coronary
arteries with severe native vessel spasm and potential stenoses at
both anastomoses proximally and at the posterior lateral graft distally.
(B) Coronary angiograms of the same graft in figure 2a with complete
resolution of potential anastomotic problems and native vessel spasm.
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ing patients. Barner et al. [Barner 1976] catheterized 139 of
307 patients with a LITA graft several weeks after bypass and
showed a patency rate of 95%. The largest series to undergo
systematic catherization in the modern era was part of the
protamine IMAGE study [Berger 1997]. Eighty four percent
of patients received a LITA graft with a patency rate at a
mean post-operative interval of 11 days of 98.8%. Eight per-
cent exhibited a FitzGibbon Grade B graft [FitzGibbon
1986]. In an attempt to analyze early patency rate of the
radial artery graft, Chen et al. [Chen 1996] studied 60 of
150 patients receiving radial artery grafts. The patency rate
was 95.7% (90 of 94 grafts). Gurne et al. [Gurne 1994] stud-
ied 122 of 150 patients receiving a free inferior epigastric
CAB. The angiographic control study showed a 98% paten-
cy rate. Because of this, this prospective study was undertak-
en to determine the role of immediate angiography in pro-
viding useful information in regards to the adequacy of the
coronary bypass grafts during the learning curve of the rou-
tine OPCAB at our institution. 

Other groups have used angiographic assessment to
examine patency rates for the OPCAB procedure [Puskas
1998, Califiore 1999, Diegeler 1999c, Wiklund 2000]. Most
of these studies were performed several days to weeks after
the bypass procedure. Patency rates ranged from 95.3% to
98.9%. Revision of the failed grafts was performed only in
the event of symptoms and ischemia.

There have been three studies using immediate angiogra-
phy to assess the LITA to left anterior descending (LAD)
anastomosis in the MIDCAB procedure. Mack et al. [Mack
1999] systematically and prospectively studied 100 MID-
CAB patients with immediate angiography. There was one
occluded graft and nine with a stenosis > 50%. Three grafts
were revised immediately. One required a reoperation and
three underwent percutaneous transluminal coronary
angioplasty (PTCA). Schaff et al. [Schaff 1996] prospectively
performed immediate angiography on 15 of 16 MIDCAB
patients with three patients requiring graft revision. Gill et
al. [Gill 1997] did angiography on 29 MIDCAB patients four
to six hours after surgery. They had a patency rate 97.5%
and 19% had a stenosis of > 50%. Angiography was not
used for immediate feedback and no grafts were revised as a
result of the study. A prospective study using systematic,
immediate angiography with immediate revision of occlud-
ed grafts has not been published for the OPCAB procedure. 

This study points out the difficulty in qualitative assess-
ment of the anastomoses using immediate angiography
after the OPCAB procedure. The main problem was the
significant amount of native vessel spasm. This occurred as
the sites proximal and occasionally distal to the anastomo-
sis where ligatures or clips were used to occlude the native
vessel. Many of the native coronary target vessels were
pruned by spasm, which resulted in poor run-off in the
immediate post-operative period. The ITA grafts had signifi-
cant spasm as well. The vessel was free of spasm up high
near the subclavian artery where it was not manipulated.
However, spasm was often seen starting where it was
manipulated during ITA take down. Spasm was particularly
prominent distally, near the anastomosis. It is possible that
the higher rates of occlusion of the ITA grafts as found in

this study were related to ITA spasm. Many were probe
patent at re-operation. The differential diagnosis of the rea-
son for occlusion was spasm versus thrombosis. If the
angiogram were delayed until resolution of spasm, several
of the revisions may not have been required. On many of
the anastomosis, a pseudostenosis was seen, appearing at
the shoulder of the anastomosis, both proximally and dis-
tally. This was often seen only in one plane and likely due
to edema and spasm from manipulation. This was seen in
vessels with torrential run-off as well as vessels with poor
run-off because of diffuse native vessel spasm. As a result of
these findings, IV nitroglycerin is started pre-operatively
and continued post-operatively for 24 hours in our practice. 

There is evidence that some of these anastomotic prob-
lems are transient, when seen on early angiography. Sever-
al patients in this series have returned for angiography for
various reasons several months after their bypass surgery.
There is mounting evidence in our series that most of the
hard to define anastomoses have no anastomotic problems
(Figures 1a-b and 2a-b, ). This is likely due to resolution
of surgically induced spasm of the graft, native vessels and
resolution of anastomotic edema. Wiklund et al. [Wiklund
2000] found that 2/3 of the patients with FitzGibbon
Grade B stenoses at early angiography (0-5 days) after
OPCAB had normal angiograms at re-angiography. Diegel-
er et al. [Diegeler 1999a] found a decrease or disappearance
of the stenosis in four of 15 patients (26.6%) comparing
early angiography to angiography at six months in MID-
CAB patients. Determination of the true stenosis rate in
our study patients will require later follow-up angiography. 

Determination of patency was reliable. This proved to
be the most important value of immediate angiography.
All the occluded grafts occurred in the absence of any
hemodynamic instability or ECG changes. This was even
true for the patient with all four grafts occluded. This was
surprising to find as conventional wisdom suggests that ST
changes and hemodynamic instability are invariably pres-
ent in the face of occluded grafts. All patients were success-
fully revised with confirmation by repeat angiography. 

Very little data is available concerning adequate antico-
agulation and appropriateness of reversal of anticoagula-
tion during the OPCAB procedure. There is much anecdo-
tal evidence that patients undergoing off-pump procedures
are not in the same protected state from graft thrombosis
compared to those suffering from the inflammatory state
initiated by cardiopulmonary bypass. The cytokine and
inflammatory responses have shown to be reduced during
off-pump surgery [Wan 1999, Ascione 2000]. This theoreti-
cally may result in a more intact clotting system. Mariani
et al. [Mariani 1999] showed an increased procoagulant
activity in-patients undergoing off-pump coronary bypass
procedures irrespective of the surgical approach. They
found significantly increased prothrombin factor one and
two, and evidence of endothelial activation because of
increased von Willebrand factor and decreased factor VII
in the 24 hours following the procedure. Fibrinolysis was
increased on post-operative day one. Our study suggests
that the complete reversal of heparin with protamine may
contribute to arterial graft thrombosis. In six of seven of
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the occluded arterial grafts, the anastomosis was probe
patent when the patient was taken back to the OR for graft
revision. The graft was ligated several millimeters proximal
to the anastomosis and a probe was able to pass easily
down through the anastomosis. The presumptive reasons
for the occlusion are occlusive spasm or thrombosis. It is
interesting that only two of the seven patients who had
graft occlusions did not receive protamine. There were too
few events to provide a reliable statistical analysis. Howev-
er, the events suggest a correlation. This has resulted in the
adoption of only partial reversal of heparin in our practice.

In conclusion, systematic immediate angiography is
useful during the learning curve of the OPCAB. It provides
valuable feedback concerning technical aspects of the pro-
cedure, such as the lie of the grafts, position where the
graft is placed on the target vessel, and anastomotic paten-
cy. It’s role in quantitative assessment of the anastomoses
is suspect, but it is reliable for deciding the issue of paten-
cy. Accurate determination of the presence of real or pseu-
do-stenosis was confounded by significant native vessel
and arterial graft spasm. Administration of pre-operative
and post-operative IV nitroglycerin is advisable. Immedi-
ate revision of the occluded grafts was able to be per-
formed off-pump in the majority of cases without addi-
tional morbidity and mortality. There were a significant
number of unexpected arterial graft occlusions. The rever-
sal of heparin and ITA spasm appeared to be contributory.
All patients with occluded grafts had no signs of trouble.
While immediate angiography was helpful for direct feed-
back for determination of patency of grafts during the
learning curve of the OPCAB procedure, it’s routine use to
determine the adequacy of graft anastomoses is unadvis-
able. Delay of the angiogram to several days after the oper-
ation will likely result in more easily interpretable data.
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