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Abstract

Perioperative graft failure following coronary artery bypass grafting (CABG) may result in acute myocardial ischaemia. Whether acute
percutaneous coronary intervention, emergency reoperation or conservative intensive care treatment should be used is currently
unknown. Between 2003 and 2009, 39 of the 5598 patients who underwent isolated CABG surgery underwent early postoperative cor-
onary angiography for suspected myocardial ischaemia. Following angiography, two groups were identified: patients who underwent
immediately reintervention (group 1); and those treated conservatively (group 2). Primary study endpoints were mortality and post-
operative myocardial infarct size. Postoperative coronary angiography revealed early perioperative bypass graft failure in 32 of 39
patients. Acute percutaneous coronary intervention was performed in 15 patients, redo-CABG in 4 patients and conservative treatment
in 13 patients. The number of failing bypass grafts were significantly higher in group 1 compared with group 2 (P = 0.0251). A trend
toward lower post-procedural peak cardiac troponin T and creatinine phosphokinase serum levels in group 1 was observed (163.0 vs.
206.0 and 4.35 vs. 5.53, respectively) (P = 0.0662 and 0.1648). Early reintervention may limit the extent of myocardial cellular damage
compared with conservative medical strategy in patients with myocardial ischaemia due to early graft failure.
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INTRODUCTION

Perioperative myocardial infarction (MI) is a serious complication
following coronary artery bypass graft (CABG) surgery with an in-
cidence between 5 and 10% [1]. Postoperative MI significantly
raises [2]. Since patients are unable to express classical clinical
symptoms of myocardial ischaemia, the diagnosis of this compli-
cation is a clinical challenge. Surgeons rely on electrocardiogram
(EKG) modifications (new ST segment alterations or new Q
wave), refractory malignant arrhythmias, elevation of cardiac bio-
markers, persistent low cardiac output syndrome (LCOS) and
new echocardiography wall motion abnormalities to identify
possible myocardial injury [1, 3–5].

Myocardial damage following CABG surgery is due to two dif-
ferent causes classified as graft or non-graft related [6, 7]. The in-
cidence of early graft dysfunction is �3% [5]. Non-graft-related
ischaemia is related to inappropriate myocardial protection, ex-
cessive surgical manipulations, and air or plaque embolization
[8]. Graft-related injury is associated with: early graft thrombosis,
anastomotic stenosis, bypass kinks, overstretching or tension, sig-
nificant spasm or incomplete revascularization [4, 7]. Hence, dis-
crimination between graft-related ischaemic events from other
reasons [6] must be made rapidly. Early reintervention has been
proposed to allow myocardial rescue to preserve ventricular

function after CABG surgery [9] since MI is associated with con-
gestive heart failure and significant adverse outcomes [3, 8].
The primary objective of this study was to describe specific

angiographic findings in patients with early graft dysfunction to
determine the most appropriate management.

METHODS

This study was performed as a retrospective analysis. Between
January 2003 and December 2009, data were collected from
5598 consecutive patients who receive isolated CABG surgery.
From this group, 39 underwent early coronary angiography for
signs of myocardial ischaemia and suspicion of early graft dys-
function at the Montreal Heart Institute (MHI). Early graft failure
was defined as suspected graft dysfunction occurring within the
first 72 h after the CABG procedure. Following angiographic
diagnosis, patients were divided in two groups according to the
treatment strategy chosen. The first group consisted of patients
with early aggressive treatment of graft dysfunction [return to OR
for CABG revision or percutaneous coronary intervention (PCI)],
while the second group consisted of patients with observation in
the ICU. This study was approved by the Review Board and the
Ethics Committee of MHI.
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CABG procedures were performed at the MHI by a group of
10 surgeons. Revascularization strategy was according to sur-
geon’s preferences. The left internal mammary artery was ana-
stomosed to the left anterior descending coronary artery and
the right internal mammary artery or a saphenous vein graft
were used to complete revascularization. Patency of grafts was
assessed following the last proximal anastomosis with intraopera-
tive Doppler. Transoesophageal echography (TEE) was routinely
performed in the OR by experienced cardiac anaesthesiologists
to evaluate myocardial and valvular function. TEE evaluations of
regional wall motion abnormalities (RWMAs) were performed
after the anaesthetic induction and after weaning from cardio-
pulmonary bypass. Measurements were done according to the
standard guidelines using a 16-segment model [10].

Indexed cardiac output was available for all patients once
temperature reached 36°C. All patients had a standard 12-lead
EKG, TnT and CKMB serum level measurements in the ICU.
These parameters were evaluated every 8 h and daily for 72 h.
Intravenous nitroglycerin (1.2 mg/h) was administered in con-
tinuous perfusion for the first 24 h for all patients. American
Society of Anaesthesiologists (325 mg) was administrated orally
6 h after surgery when was controlled.

Once the diagnosis of graft dysfunction was made, the treat-
ment strategy was chosen after consultation with an interven-
tional cardiologist and attending cardiac surgeon. Conservative
treatment consisted of aggressive inotropic and intra-aortic
balloon pumping support, intravenous heparin, beta-blockers
and pain management. When PCI was chosen, the patient
underwent immediate revascularization with percutaneous dila-
tation of the native coronary circulation. When redo CABG was
chosen, the patient was immediately transferred to the OR and
the failed graft was repaired or replaced.

Postoperative myocardial was evaluated according to the two
treatment strategies. For each group, the highest TnT and CK-MB
serum levels following CABG surgery were measured. In-hospital
and 30-day mortality was also recorded for both treatment
strategies.

Statistical analysis

Categorical variables are described as percentages, and the
Fisher exact test was used to compare groups. Continuous vari-
ables are expressed as the mean value ± SD if normally distribu-
ted or the median value (interquartile range) if the distribution

was skewed. The differences were tested by t-test or Wilcoxon
rank-sum test when appropriate.

RESULTS

Thirty-nine patients (12 females: 27 males) had postoperative
suspicion of early graft failure based on high CKMB (>80 µg/l)
level (54%, n = 21), EKG alterations (59%, n = 23), haemodynamic
instability (31%, n = 12), ventricular arrhythmia (23%, n = 9) and
LCOS (10%, n = 4) (Fig. 1).
Of the 39 patients, 32 (82%) had early postoperative graft

failure and 7 (18%) had graft unrelated conditions. Overall, early
graft dysfunction was diagnosed in 0.6% (n = 32) of patients oper-
ated for CABG surgery in this study period (5598 cases).
Preoperative baseline characteristics and operative details are

summarized for both groups in Tables 1 and 2, respectively.
There were no significant differences between groups.

Angiographic findings

The angiographic findings are presented in Fig. 2. In patient with
graft-related failure, findings were: graft thrombosis or severe
stenosis (>50%) in 47% of patients (n = 15), anastomotic stenosis
(>50%) in 31% (n = 10), extrinsic compression or graft kink in 9%
(n = 3), insufficient distal runoff in 6% (n = 2), incomplete revascu-
larization in 3% (n = 1) and subclavian artery thrombosis in 3%
(n = 1). When comparing the two treatment options (conserva-
tive vs. repeat revascularization), group 1 had more graft failures
per patient than group 2 (1.5 ± 0.7 compared to 1 ± 0.42 graft,
P = 0.03). The type of conduits failing and myocardial territory
with the failing conduit did not differ between the groups
(Table 3).

Outcomes

Myocardial injury following myocardial initial revascularization,
as indicated by peak postoperative CKMB and TnT serum levels,
was not statistically different between the two groups. However,
there was a trend towards more extensive myocardial injury in
the group with conservative treatment: CKMB: 175.25 ± 122.32
vs. 206.35 ± 131.1 µg/l, and TnT: 4.37 ± 5.79 vs. 5.53 ± 8.2 µg/l
(P = 0.0662 and 0.1648, respectively). In-hospital or 30-day

Figure 1: Signs of ongoing ischaemia. EKG: electrocardiogram; CKMB: creatinine phosphokinase.
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mortality was 15.8% in group 1 and 15.4% in group 2 (P = 0.74).
This was not significant between the two groups (Table 4).

Intraoperative TEE prior to suspected myocardial
ischaemia

In the 32 patients with graft failure, 8 patients (20.5%) (true
positive) showed new intraoperative RWMAs as detected by TEE,
21 patients (53.8%) had normal examinations (false negative), no
report was available in 8 patients (20.5%) and 2 examinations
(5.1%) were excluded due to poor imaging quality. The sensitivity
of TEE to detect graft failure was 20%, specificity 25%,
positive predictive and negative values were 62.5% and 4.8%,
respectively.

DISCUSSION

The aim of this study was to determine the appropriate treat-
ment for patients with early graft dysfunction following CABG
surgery. The major findings of the present study are: (i) patients
with early re-intervention for early graft failure after CABG
surgery had a higher number of graft/patient failure compared
to patient managed conservatively, (ii) even with more graft
failure per patient, there was a trend toward smaller size of MI in
the early aggressive re-intervention group compared to the con-
servative group, and (iii) coronary angiography was a good tool
to discriminate the aetiology of postoperative infarction (graft
related or non-graft related).
Two important reports addressing revascularization of patient

after angiographic confirmation of early graft failure have been
published [4, 5]. Thielmann et al. demonstrated that conservative
management of patients with early graft failure with large myo-
cardial area at risk failed to prevent the development of severe
myocardial pump failure. Early PCI can limit the progression
towards LCOS and that early aggressive re-revascularization can
limit the extent of myocardial cellular damage. Rasmussen et al.
demonstrated that graft failure or incomplete revascularization
was the cause of myocardial ischaemia early after CABG and that
re-operation could be performed with low additional risks.
Overall, the incidence of early graft dysfunction is 3% follow-

ing cardiac surgery [5]. The rate of graft occlusion before dis-
charge varies from 3 to 12% for vein grafts, 3 to 4% for radial
arteries and 1 to 2.5% for internal mammary arteries [11, 12].

Table 1: Preoperative characteristics

Group 1
(n = 19)

Group 2
(n = 13)

P-value

Age (years) 65.9 ± 12.4 61.4 ± 10.2 0.2019
Male 11 (61.1) 6 (60.0) 0.2899
BMI (kg/m2) 27.1 ± 4.9 24.99 ± 7.2 0.2646
Diabetes 1 (5.5) 3 (23.1) 0.4420
Hypertension 14 (77.78) 8 (61.5) 0.7889
Hyperlipidaemia 14 (77.78) 5 (38.5) 0.3124
Smoking 7 (38.89) 6 (46.2) 0.6309
COPD 3 (16.67) 2 (15.4) 1.0000
PVD 8 (44.44) 6 (46.2) 0.7248
Renal insufficiency 0 1 (7.7) 0.5882
Previous MI 13 (72.22) 4 (30.1) 0.2160
Previous CABG 3 (16.67) 0 0.0441
Previous PCI 5 (27.78) 1 (7.7) 0.0702
CCS >3 8 (44.44) 6 (46.2) 0.1027
3Vx 3 (16.67) 1 (7.7) 0.354
LMCA 9 (50.0) 5 (38.5) 0.986
Normal LVEF 15 (83.3) 8 (61.5) 0.892
ASA 3.33 ± 0.69 3.67 ± 0.5 0.6592
EuroSCORE 10.16 ± 6.79 7.8 ± 7.6 0.125

Data are presented as mean ± SD or number (%).
ASA: American Society of Anaesthesiologists; BMI: body mass index
(kg/m2); CABG: coronary artery bypass graft; CCS: Canadian
Cardiovascular Society; COPD: chronic congestive pulmonary disease;
LMCA: left main coronary artery; LVEF: left ventricular ejection
fraction; MI: myocardial infarction; PCI: percutaneous coronary
intervention; PVD: peripheral vascular disease; 3Vx: three vessels
coronary artery disease.

Table 2: Intraoperative data

Group 1
(n = 19)

Group 2
(n = 13)

P

CBP time (min) 71.33 ± 48.83 85.6 ± 36.89 0.2157
Cross clamp time (min) 49.56 ± 44.93 50 ± 27.33 0.7052
No. of graft 2.67 ± 0.77 2.9 ± 0.57 0.7845
No. of anastomosis 2.72 ± 0.75 3 ± 0.67 0.6362

Data are presented as mean ± SD.
CPB: cardiopulmonary bypass.

Figure 2: Angiographic finding. a: artery.
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Prevention of postoperative graft failure starts with harvesting
vessels for CABG. A special attention must be taken not to injure
the endothelium. At the end of the procedure, intraoperative as-
sessment of the technical adequacy of distal graft anastomoses is
of paramount importance. This holds true particularly for
off-pump CABG, where technical errors requiring revision for
distal anastomoses have been reported in up to 9.9% of cases
[13]. Hence, non-permeable graft must be repaired or replaced
rapidly when detected in the OR. The most common method of
assessing graft patency intraoperatively is transit-time flowmetry,
but this is of limited value since coronary flow is affected in
many ways by coronary resistance and morphology of the anas-
tomosis. This method is less accurate than angiography and may
fail to detect non-occlusive, but haemodynamically significant
stenosis [14]. Despite those limitations, the Doppler analysis of
arterial and venous grafts is the simplest and the most widely
available method to assess graft patency in the operating room.
Intraoperative TEE has proven useful in detecting acute myocar-
dial ischaemia and to predict postoperative MI [15]. However, in
this study, the sensitivity of new intraoperative RMWAs to predict
graft failure was rather low (20%) with a specificity of 25%.
Possible explanations include that limited two regional wall
motion analysis, one before CBP and one after CBP, and differ-
ent loading conditions may influence regional wall motion ana-
lysis as well as inter observers differences, and the possibility of
missing new RWMAs when performed in real-time. Moreover,
ischaemic episodes may occur in the post-operative period after
TEE probe removal. In this retrospective study, RWMAs with TEE
were of limited value to predict early postoperative CABG
failure. However, 20% of potential graft failures could have been
corrected at the time of the initial surgical intervention.

Table 3: Angiographic finding (failing graft)

Group 1
(n = 19)

Group 2
(n = 13)

P-value

LIMA-LAD 44% 36% 0.598
RIMA-OM 4% 0% 0.432
SVG-D 8% 0% 0.324
SVG-OM 20% 29% 0.876
SVG-RCA 24% 36% 0.903

D: diagonal artery; LAD: left descending artery; LIMA: left internal
mammary artery; OM: obtuse marginal; RCA: right coronary artery;
RIMA: right internal mammary artery; SVG: saphenous vein graft.

Table 4: Postoperative characteristics

Group 1
(n = 19)

Group 2
(n = 13)

P-value

No. of graft failure 1.5 ± 0.42 1 ± 0.7 0.0251
Delay before
angiography (h)

16.08 ± 21.71 10.96 ± 22.65 0.3598

Intubation time (h) 45.67 ± 57.84 44.78 ± 75.14 0.6185
Peak CKMB (µg/l) 175.25 ± 122.32 206.35 ± 131.1 0.0662
Peak troponin T (µg/l) 4.37 ± 5.79 5.53 ± 8.2 0.1648
In-hospital mortality (%) 3 (15.8%) 2 (15.4%) 0.7373

Data are presented as mean ± SD.

Figure 3: Proposed algorithm for the management of early postoperative coronary artery bypass graft failure.
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The diagnosis of graft failure should be rapidly confirmed by
coronary angiography when the clinical status of the patient
allows it. Although this procedure has several important risks
such as thromboembolic events, bleeding and contrast
dye-induced nephropathy, recent data demonstrate that this
procedure can be performed safely [4]. In our opinion, redo
CABG without coronary angiography should be reserved for un-
stable patients who cannot wait for a definite angiographic
diagnosis.

Surprisingly, 24–35% of patients undergoing coronary angiog-
raphy after CABG for early graft dysfunction had normal patent
grafts [4]. In this contemporary study, seven patients (18%)
underwent coronary angiography for graft failure suspicion, and
had normal grafts. These observations show that graft failure is
the most common cause of ischaemia when suspicion is high.
Angiographic confirmation of graft failure should be obtained
whenever possible before return to the OR to avoid unnecessary
reoperation. In this study, 0.6% of all patients having CABG
underwent a coronary angiography for suspicion of early graft
failure during the first 72 h. This is an underestimation of the
postoperative incidence of MI, since patients without any diag-
nostic or therapeutic procedures were excluded from the
analysis.

Postoperative graft failure is not a benign condition. It is of
interest to note that in-hospital mortality is 15.8 and 15.4% in
groups 1 and 2, respectively. This mortality is higher than the
one predicted by the EuroSCORE (10.2 ± 6.8 and 7.8 ± 7.6 in
groups 1 and 2, respectively).

Limitations

The results of this study should be interpreted with caution since
it is a retrospective study of a single centre experience. Early
graft dysfunction remains a rare event. However, the differences
observed between the two groups may guide us in the manage-
ment of our patients.

In conclusion, early graft failure after surgery is an infrequent
but serious complication after CABG. Coronary angiography is a
reliable tool to confirm the diagnosis and to determine the
reason of ongoing ischaemia. This study suggests that once diag-
nosis of early graft dysfunction is confirmed, early
re-intervention for repeat revascularization of the myocardium
using PCI or redo surgery may be superior to conservative
support management in selected cases. We propose a new algo-
rithm of management for patient with signs of ongoing ischae-
mia early after CABG surgery (Fig. 3).
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