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Abstract
Background: Surgical management of extensively diseased left anterior descending artery (LAD) is challenging.
Reconstruction of the LAD with endarterectomy may lead to intimal disruption and affect the outcomes of surgery.
We aimed to compare hospital outcomes of surgical reconstruction of extensively diseased LAD with and without
endarterectomy.
Results: This retrospective multicenter study included 275 patients who had reconstruction of extensively diseased
LAD from 2015 to 2019. We divided patients into two groups: group 1 (n = 138) included patients who had plaque
exclusion and patching, and group 2 (n = 137) included patients who had endarterectomy and patching. All
patients had primary isolated on-pump coronary artery bypass grafting with the left internal mammary artery (LIMA)
grafting to LAD. On-lay LIMA patch was used in 118 patients in group 1 and 132 patients in group 2. A saphenous
vein patch was used in 20 patients in group 1 and 5 patients in group 2. Propensity score matching identified 100
matched pairs. The age in group 1 was 56.1 ± 7.8 years versus 55.2 ± 7.1 in group 2 (P = 0.34). There were 119
(86.2%) males in group 1 and 113 (82.5%) in group 2 (P = 0.39). After matching, there was no difference in
preoperative and operative data. In the matched groups, low cardiac output occurred in 6 (6%) patients in group 1
and 4 (4%) patients in group 2 (P = 0.73). There was no difference in mechanical ventilation time between groups
(9 (25th- 75th percentiles: 7.5–14) hours in group 1 vs. 9 (7–14) hours in groups 2; P = 0.93). Length of hospital stay
was 7 (6–9) days in group 1 and 7 (6–10) days in group 2 (P = 0.57). Mortality occurred in one patient in group 1.
We did not report early graft occlusion cases in group 1, and one patient had a myocardial infarction in group 2.
Conclusion: The outcomes after reconstructing extensively diseased LAD with endarterectomy or plaque exclusion
and patching are satisfactory and comparable in both approaches.
Keywords: Endarterectomy, LAD reconstruction, Extensive LAD disease

Background
Management of a diffusely diseased left anterior descending artery (LAD) remains a surgical challenge. Incomplete revascularization of LAD is associated with
increased mortality compared to other coronary arteries
[1, 2]. Endarterectomy is a surgical option to manage a
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diffusely diseased LAD. Early reports of LAD endarterectomy showed increased postoperative myocardial ischemia and mortality [3]. Endarterectomy leads to intimal
disruption and early thrombotic occlusion of the LAD
[4, 5]. Recently, the technique of coronary artery endarterectomy has been evolved, and good results were reported [6].
However, many surgeons are reluctant to perform
endarterectomy because of its controversial results. An
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alternative option for LAD reconstruction was proposed
with plaque exclusion and patching without removing
the intimal lining [7]. The left internal mammary artery
(LIMA) is the standard conduit for LAD [2, 8], and it
can be used for LAD reconstruction as an on-lay graft
[9]. Alternatively, a saphenous vein patch combined with
LIMA grafting can be used [10].
The superiority of LAD reconstruction with or without
endarterectomy has not been established. The results of
these surgical methods were reported in a heterogeneous
population with a difficult comparison. This study compared the surgical outcomes obtained from coronary artery reconstruction, with or without endarterectomy, for
a diffusely diseased LAD.

Methods
Design and patients

We performed a multicenter retrospective study that included patients who had reconstruction of an extensively
diseased anterior descending artery in combination with
conventional coronary artery bypass grafting (CABG) between 2015 and 2019. According to the reconstruction
technique, patients were grouped into two groups: group
1 included patients who had plaque exclusion and LAD
patch repair without endarterectomy (n = 138). Group 2
included patients who had LAD endarterectomy and
patch reconstruction (n = 137). All patients had isolated
primary on-pump CABG and LIMA grafting to the
LAD. We excluded patients who had concomitant valve
surgery, re-operative and off-pump CABG and those
who had LAD graft with a conduit other than LIMA.
The Local Ethical Committee approved the study, and
the need for patients’ consent was waived.
Data and outcomes

We retrieved the data required for this study from the
electronic and paper records. Preoperative data included
patients’ demographics, comorbidities, symptoms, and
investigations. Operative data included the number of
distal anastomoses, cardiopulmonary bypass and ischemic times, and pump parameters. Postoperative data
were compared between both groups and included the
length of ICU and hospital stay, postoperative complications, and mortality.
Diffuse LAD disease was defined as a long segment or
multisegment stenosis of the LAD with at least 1 mm
patent lumen diagnosed in the preoperative angiography.
We defined hospital outcomes as those occurring during
hospital admission or within 30 days from surgery. Postoperative low cardiac output (LCO) was defined as the
need for a mechanical support device or maximum inotropic support (3 μg/kg/min for adrenaline and noradrenaline and 20 μg/kg/min for dopamine and
dobutamine). In patients with pulmonary artery
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catheters, LCO was diagnosed if the cardiac index was
less than 2 L/min/m2. Myocardial infarction was diagnosed with electrocardiographic changes, including ST
changes, Q wave, left bundle branch block, or R wave
progression failure.
Surgical technique

All patients had CABG through a median sternotomy
and aortocaval cannulation. The left internal mammary
artery was anastomosed to the left anterior descending
artery in all patients unless the mammary artery was
short or the anastomosis was very long. In these cases,
we used a vein patch first on LAD; then, the LIMA was
anastomosed to the vein patch. LIMA was used as a pedicled graft in 132 patients and as a free graft in 6 patients
in group 1. Pedicled LIMA was used in 133 patients in
group 2 and as a free graft in 4 patients.
Reconstruction of LAD was performed when simple
LIMA anastomosis to LAD was not feasible. We performed a mid-LAD incision that extended proximally or
distally when needed. The incision was extended to the
proximal LAD in one patient in group 1, and one patient
in group 2, and to the distal LAD in one patient in
group 2. We patched the LAD with the exclusion of the
atherosclerotic plaque from the new lumen. Patients
with ulcerated, large soft or fragile plaques, or those with
poor distal run-off had endarterectomy.
In patients who had endarterectomy, the cleavage line
between the plaque and the LAD was identified, and the
atheroma was carefully dissected using a fine spatula.
Traction was applied to the atheromatous cylinder proximally to disrupt the proximal end; however, the smooth
tapering of the distal cylinder should be achieved (Fig. 1).
LAD reconstruction was performed in both groups
using LIMA as an on-lay patch or saphenous vein patch
if LIMA is short (Fig. 2). The anastomoses were constructed using 8–0 polypropylene sutures. On-lay LIMA
patch was used in 118 patients in group 1 and 132 patients in group 2. Vein patch was used in 20 patients in
group 1 and 5 patients in group 2.
The second conduit used in group 1 was the saphenous vein in 131 patients, the right internal mammary
artery (RIMA) in one patient, and the radial artery in
one patient. Group 2 had 123 saphenous veins, 1 RIMA,
and 3 radial arteries as a second graft.
All patients had intravenous heparin infusion postoperatively for a few days until we achieve the target INR
with warfarin (INR 2–3). Warfarin was administered for
3 months; then, the patients continued on low dose
aspirin.
Statistical analysis

Normally distributed continuous data were presented as
mean and standard deviation and non-normal data as
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Fig. 1 a Endarterectomy of the left anterior descending artery. b Atheroma extracted from the left anterior descending artery

median and (25th–75th percentiles). Qualitative data
were presented as numbers and percentages. t test or
Mann-Whitney test was used to compare continuous
data and chi-square or Fisher exact test for qualitative
data.
Propensity score matching was performed using the
nearest neighbor 1:1 match, and we identified 100 pairs
of matched patients. Matched pairs were compared
using paired t test or Wilcoxon rank-sum test for
matched pair if the data were continuous, and matched
qualitative data were compared using the Mcnemar test.
A p value of less than 0.05 was considered statistically
significant. All analyses were performed using STATA
16 (Stata Corp., College Station, TX, USA).

Results
Preoperative and operative data

The preoperative characteristics were comparable between
both groups apart from the preoperative angina and dyspnea class. In group 1, one patient had preoperative atrial
fibrillation, and one required inotropic support. In group
2, one patient had thrombolysis 24 h before surgery, and
one patient had liver dysfunction (Table 1).
Patients were matched on the preoperative characteristics, in addition to the number of distal anastomoses and
urgency of surgery. We found 100 matched pairs with
no significant difference in their preoperative and operative data (Tables 1 and 2). There was no difference in
transfusion requirement and the support required during
weaning from cardiopulmonary bypass between groups.
Postoperative data and outcomes

Postoperative complications and length of ICU and hospital stay were comparable between both groups.

Mortality occurred in six patients in group 1 (4.4%) and
5 patients in group 2 (n = 3.7%). Blood transfusion was
significantly higher in group 2, and one patient had pancreatitis in group 1. One patient had a stroke in group 2
(0.7%), and two patients had delayed recovery in each
group (P > 0.99). One patient in group 2 had postoperative MI (0.7%).
After matching, there was no significant difference in
the outcomes between both groups (Table 3). One patient has a stroke in group 2. We did not report patients
who had early graft occlusion in the matched cohort.

Discussion
High-risk patients are presented more frequently for
coronary artery bypass grafting because of the increased
number of percutaneous interventions. A large number
of those high-risk patients have a diffusely diseased
LAD. Reconstruction of LAD in those patients is essential to achieving complete revascularization and improving survival [11]. Surgical options for the management
of those patients include endarterectomy or plaque exclusion and patch reconstruction. Surgical reconstruction of extensively diseased LAD had a better outcome
than medical therapy [12]; however, the superiority of
one approach over the other is debatable.
We performed a retrospective study on 275 patients to
compare the outcomes of reconstructing extensively diseased LAD with or without endarterectomy. We did not
find a difference in postoperative outcomes between
both techniques, and we did not report early graft occlusion in the matched patients. Fukui and associates compared both approaches in 250 patients, and they
reported comparable short and long-term outcomes [7].
In contrary to our results, they reported 6.5%
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Fig. 2 Left internal mammary artery anastomosis to a long
saphenous vein patch on the left anterior descending artery

perioperative myocardial infarction in their cohort. Bitan
and colleagues compared both approaches for LAD reconstruction in 166 patients. They found no difference
in in-hospital outcomes and long-term survival; however,
the freedom from percutaneous interventions was higher
in endarterectomy patients [13]. They reported higher ischemic and CPB times in patients who had endarterectomy, and they attributed this to the concomitant valve
surgery and older age of those patients [13]. We did not
report differences in bypass times, as we included
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patients who had isolated and primary CABG, which
created more homogenous patients’ groups.
Studies comparing both techniques are scarce in the
literature; however, several studies reported the outcomes of either strategy separately. Patients who received either treatment option are heterogeneous, which
could be attributed to the disease’s nature. Endarterectomy is preferred in patients with distal LAD disease
and fragile or unstable atheromatous plaque [14].
Both surgical approaches for managing the diffusely diseased LAD could lead to serious postoperative complications [15]. Endarterectomy leads to disruption of the
LAD’s intimal lining, which could activate the coagulation
cascade and lead to early graft thrombosis [5, 16]. Early
postoperative aggressive anticoagulation management is
essential to prevent such dreaded complications. Our
protocol is to start heparin infusion once there is no surgical bleeding until we achieve a satisfactory INR with warfarin. We did not perform postoperative angiographic
studies after endarterectomy routinely, and we used ECG
criteria to diagnose myocardial infarction. One patient
had MI in group 2 and none in the match groups.
Coronary endarterectomy increased postoperative
complications and mortality compared to patients who
underwent CABG without endarterectomy [17]. However, patients who had endarterectomy had different
characteristics compared to patients who did not. A recent meta-analysis showed higher postoperative renal
complications, myocardial infarction, and mortality in
high-risk patients or those with diffuse LAD disease who
had endarterectomy combined with CABG versus isolated CABG. However, when comparing recent reports
published after 2000, they found no difference in the
short and long-term outcomes between groups [3].
In a study on LAD reconstruction without endarterectomy in 524 patients, Ogus and associates reported 1.9%
mortality, 6.9% myocardial infarction, and the long-term
patency of LIMA-LAD anastomosis was 91.4% [18].
Some surgeons reported off-pump reconstruction of the
LAD [19], and good results were claimed using this approach compared to on-pump reconstruction [3, 13].
Several strategies were described to patch the LAD, including saphenous vein patching followed by LIMA
grafting or on-lay LIMA patch [20]. Berreta and colleagues compared both techniques of LAD patching in
96 patients, and they reported better hospital and longterm survival with the use of LIMA [10]. Myers and associates compared LAD reconstruction with LIMA versus saphenous vein patch in 244 patients, and they
found no difference in long-term survival in both approaches [4]. Because of the superiority of LIMA-LAD
on the short- and long-term outcomes after CABG, we
used LIMA grafting in all patients, and whenever possible, we used LIMA on-lay graft.
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Table 1 Preoperative data
Group 1 (n = 138)

Group 2 (n = 137)

P

Group 1 (n = 100)

Group 2 (n = 100)

P

Age (years)

56.1 ± 7.8

55.2 ± 7.1

0.34

56 ± 7.2

55.3 ± 7

0.48

Male

119 (86.2%)

113 (82.5%)

0.39

85 (85%)

81 (81%)

0.58

BMI (kg/m2)

30.9 (27.8–35.9%)

31.1 (27.7–33.6)

0.18

30.4 (28.4–36.4)

31.6 (27.7–34.1)

0.53

2.03 (1.9–2.1)

1.96 (1.89–2.05)

0.07

2.03 (1.93–2.1)

1.97 (1.89–2.01)

0.15

DM

75 (54.4%)

65 (47.8%)

0.28

54 (54%)

47 (47%)

0.36

Hypercholesteremia

61 (46.2%)

56 (41.5%)

0.44

44 (44%)

40 (40%)

0.46

Hypertension

87 (63%)

86 (63.2%)

0.97

63 (63%)

61 (61%)

0.87

Hypothyroidism

3 (2.2%)

1 (0.8%)

0.62

2 (2%)

0

0.5

Renal impairment

3 (2.2%)

1 (0.8%)

0.62

0

1 (1%)

> 0.99

Respiratory disease

1 (0.7%)

4 (2.96%)

0.21

1 (1%)

2 (2%)

> 0.99

Demographics

2

BSA (m )
Comorbidities

CVD

2 (1.5%)

2 (1.5%)

> 0.99

1 (1%)

2 (2%)

> 0.99

PVD

3 (2.3%)

4 (3%)

> 0.99

3 (3%)

2 (2%)

> 0.99

HF (within 1 year)

3 (2.2%)

8 (6%)

0.13

3 (3%)

1 (1%)

0.63

Previous MI

0.93

0.39

1 attack

41 (30.2%)

39 (29.55%)

27 (27%)

31 (31%)

2 or more

12 (8.8%)

10 (7.6%)

10 (10%)

5 (5%)

11 (8%)

12 (8.8%)

9 (9%)

(9%)

I

0

2 (1.4%)

0

0

II

14 (10.4%)

35 (25.9%)

14 (14%)

13 (13%)

III

122 (88.4%)

86 (63.7%)

85 (85%)

81 (81%)

IV

2 (1.5%)

12 (8.9%)

1 (1%)

6 (6%)

120 (87%)

85 (62%)

< 0.001

84 (84%)

75 (75%)

0.15

Creatinine (mg/dl)

1 (0.8–1.2)

0.9 (0.8–1.2)

0.38

1 (0.8–1.1)

0.9 (0.8–1.19)

0.89

Bilirubin (mg/dl)

0.6 (0.4–0.7)

0.6 (0.4–0.9)

0.28

0.6 (0.4–0.9)

0.7 (0.4–0.9)

0.12

Previous PCI

0.81

> 0.99

Symptoms
Angina class

NYHA (III/IV)

< 0.001

0.35

Investigations:

EF

> 0.99

> 0.99

Good (> 50%)

100 (73.5%)

99 (73.9%)

73 (73%)

74 (74%)

Fair (30–50%)

35 (25.7%)

34 (25.4%)

24 (24%)

23 (23%)

Poor (< 30%)

1 (0.7%)

1 (0.8%)

1 (1%)

1 (1%)

2 (1.5%)

1 (0.8%)

1 (1%)

1 (1%)

IV nitrates

> 0.99

> 0.99

Continuous data were presented as mean ± SD or median (25th–75th percentiles) and categorical data as numbers and percentages
BMI body mass index, BSA body surface area, CVD cerebrovascular disease, DM diabetes mellitus, EF ejection fraction, HF heart failure, IV intravenous, NYHA New
York Heart Association, PVD peripheral vascular disease

Patch reconstruction of the LAD can be used in other
conditions. Demir and associates performed stent endarterectomy of the LAD and patching in 6 patients with
multiple overlapping stents; they reported good postoperative angiographic outcomes [21].
This study showed the feasibility of LAD reconstruction with or without endarterectomy. Hospital outcomes
are comparable between both approaches and long-term

studies to evaluate how these techniques on survival and
graft patency are recommended.
Study limitations

The study has several limitations, including the retrospective design; however, this study design is acceptable
to report these infrequently performed procedures. Several other factors could have affected the outcomes and
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Table 2 Operative data
Emergency surgery

Group 1 (n = 138)

Group 2 (n = 137)

P

Group 1 (n = 100)

Group 2 (n = 100)

P

4 (2.9%)

2 (1.5%)

0.68

1 (1%)

2 (2%)

> 0.99

Distal anastomosis

0.62

0.61

1

5 (3.6%)

10 (7.3%)

5 (5%)

8 (8%)

2

44 (31.9%)

37 (27%)

28 (28%)

25 (25%)

3

77 (52.2%)

74 (54%)

53 (53%)

57 (57%)

4

16 (11.6%)

14 (10.2%)

14 (14%)

10 (10%)

5

1 (0.7%)

2 (1.5%)

0

0

95.5 (78–120)

98 (75–115)

0.45

93 (78–120)

98 (70–115)

0.71

Ischemic time (min)

58 (49–75)

57 (44–68)

0.15

58 (50–73)

55.5 (43–65)

0.16

Minimum temperature (C)

32 (30–35)

32 (30–35)

0.41

33 (31–35)

32 (30–35)

0.12

Minimum pressure (mmHg)

50 (40–55)

50 (40–50)

0.9

50 (40–55)

50 (40–50)

0.98

Maximum pressure (mmHg)

80 (80–80)

80 (80–82)

0.95

80 (80–80)

80 (80–80)

0.93

Minimum flow (L/min)

4 (3.7–4.3)

4 (3.8–4.3)

0.69

4 (3.7–4.2)

4 (3.8–4.3)

0.82

Hemofiltration

3 (2.34%)

1 (0.8%)

0.62

2 (2%)

0

0.5

Blood transfusion

18 (14.1%)

15 (12.6%)

0.85

14 (14%)

12 (12%)

> 0.99

CPB time (min)

Coming off bypass

0.17

0.28

No support

63 (48.5%)

72 (55.8%)

47 (50%)

54 (58.1%)

Minimal support

58 (44.6%)

51 (39.5%)

42 (44.7%)

37 (39.8%)

High inotropes

0

2 (1.6%)

0

0

IABP

9 (6.9%)

4 (3.1%)

5 (5.3%)

2 (2.2%)

Continuous data were presented as mean ± SD or median (25th–75th percentiles) and categorical data as numbers and percentages
CBP cardiopulmonary bypass, IABP intra-aortic balloon pump

not measured in our patients. We performed a propensity score matching to adjust for the measured variables;
however, patients’ assignment could be confounded by
indication. Another limitation is the lack of long-term
follow-up, which is vital to detect the effect of both techniques on the long-term patency of the grafts, reintervention, and survival. Moreover, we did not perform

routine coronary angiography for all patients, and ECG
was the main method for diagnosing postoperative ischemia that warranted further investigations.

Conclusion
The outcomes after reconstructing extensively diseased
LAD with endarterectomy or plaque exclusion and

Table 3 Postoperative outcomes
Group 1 (n = 138)

Group 2 (n = 137)

P

Group 1 (n = 100)

Group 2 (n = 100)

P

Low COP

10 (7.2%)

8 (5.8%)

0.84

6 (6%)

4 (4%)

0.73

AF

6 (4.4%)

4 (3%)

0.75

5 (5%)

3 (3%)

0.73

Duration of MV (h)

9 (7–15)

9 (8–18)

0.94

9 (7.5–14)

9 (7–14)

0.93

Reoperation

4 (2.9%)

7 (5.1%)

0.38

3 (3%)

5 (5%)

0.73

Blood transfusion

80 (61.1%)

94 (72.9%)

0.043

60 (60%)

71 (71%)

0.11

Sternal rewiring

4 (3.1%)

4 (3.1%)

> 0.99

4 (4%)

3 (3%)

> 0.99

Re-intubation

4 (3.1%)

5 (3.9%)

0.75

4 (4%)

5 (5%)

> 0.99

Renal failure

1 (0.8)

1 (0.8%)

> 0.99

1 (1%)

0

> 0.99

ICU stay (hour)

39 (24–72)

30 (24–48)

0.53

24 (24–48)

30 (24–48)

0.76

Hospital stay (days)

7 (6–10.5)

7 (6–10)

0.62

7 (6–9)

7 (6–10)

0.57

Mortality

6 (4.4%)

5 (3.7%)

> 0.99

1 (1%)

0

> 0.99

Continuous data were presented as mean ± SD or median (25th–75th percentiles) and categorical data as numbers and percentages
AF atrial fibrillation, COP cardiac output, ICU intensive care unit
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patching are satisfactory and comparable in both approaches. The choice of the technique should be tailored
according to the characteristics and extension of the atherosclerotic plaque. A long-term study to evaluate the
effect of these techniques on survival and graft patency
is recommended.
Abbreviations
CABG: Coronary artery bypass grafting; CPB: Cardiopulmonary bypass;
ECG: Electrocardiogram; ICU: Intensive care unit; INR: International normalized
ratio; LAD: Left anterior descending artery; LCO: Low cardiac output;
LIMA: Left internal mammary artery; RIMA: Right internal mammary artery
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