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Abstract Background A significant impact of surgeons’ experience on outcomes of off-pump
coronary artery bypass (OPCAB) has been recognized through previous large-scale
studies. However, a safe, effective, and concrete OPCAB training was yet to be
identified. We evaluate a safety of our OPCAB training model with single left internal
mammary artery (LIMA)–left anterior descending artery (LAD) as a reasonable first
step.
Methods Between January 2010 and June 2019, 180 patients with an isolated single
coronary bypass of the LAD using LIMA as an in situ graft via median sternotomy
fulfilled the inclusion criteria. Coronary arterial bypass under cardiopulmonary bypass
(CPB), utilizing other graft material, minimal invasive direct coronary arterial bypass
through left-sided thoracotomy, and multiple diseased coronary artery disease were
excluded. The primary outcome is an early postoperative outcome (major adverse
cardiac and cerebrovascular events [MACCEs]: myocardial infarction, coronary re-
revascularization, stroke, acute renal failure, and all causes of death) between residents
in training under supervision (group 1: n¼ 63) and experienced surgeons (group 2:
n¼117). Trainees were already experienced in on-pump coronary artery bypass
grafting.
Results Preoperative variables were comparable. There was no significant difference
in the rate of MACCEs between the two groups including hospital mortality (p¼ 1.000),
perioperative myocardial infarction (p¼0.246), stroke (p¼0.655), and acute renal
failure (p¼0.175).
Conclusion The early postoperative outcome of off-pump LIMA to the LAD performed
by trainees was comparable to those by experienced surgeons. Single LIMA-LAD was
safely performed by trainees under supervision without CPB. In order to master OPCAB
technique, single LAD bypass might be a reasonable first step to get into touch with the
technical characteristics of this special procedure.
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Introduction

Coronary artery bypass grafting (CABG) is the most common
operation performed in cardiac surgery.1 Given the technical
development and the increasing use of percutaneous coro-
nary interventions (PCI) in patientswith three-vessel and left
main coronary artery disease, the number of surgical pro-
ceduresmarkedly declined in the last decade.1 Even high-risk
patients with complex coronary artery disease are well
treated by cardiologists. Off-pump coronary artery bypass
(OPCAB) surgery, especially “aortic no-touch technique”
might be a reasonable solution counteracting to the negative
aspect of CABG with regard to neurologic complications
and/or perioperative transfusion needs.2

However, real-world data revealed that this procedure is
performed in a minority of specialized centers, and the
quantity and ratio of OPCAB have decreased significantly
in recent years.3,4 A standardized teaching program can
hardly be implied. On one hand, we face the competing,
quality concern when compared to PCI, and on the other
hand, there is a significant impact of a surgeon’s experience
on outcome. Therefore, for a young trainee, an establishment
of systematic training curriculum is warranted. As a first
step, single left internal mammary artery (LIMA) to the left
anterior descending artery (LAD) in off-pump technique
might be reasonable, in order to learn this technique with
good vision of the surgical field by the teaching supervisor.

Our objective was to compare early hospital outcomes of
single LIMA-LAD off-pump CABG between trainees and
experienced consultant surgeons, to evaluate the safety
and reproducibility in terms of training utility.

Methods

The retrospective analysis included patients with single coro-
nary artery disease who underwent isolated single coronary
revascularization using LIMA in situ for LAD stenosis between
2010 and 2019 at our institution. A total of 180 consecutive
patients who received LIMA in situ for LAD in OPCAB were
involved in this study. Exclusion criteria were CABG under
cardiopulmonary bypass (CPB), utilizing other graft material,
minimal invasive direct coronary artery bypass (MIDCAB)
through left-sided thoracotomy, and multiple diseased coro-
naryartery disease. The current 180patientswere not suitable
for MIDCAB due to anatomical reason including obesity,
intramural position of LAD, or diffuse disease or urgent situa-
tion of ischemic status. There was no conversion from off-
pump to on-pump in this cohort. In-hospital outcome was
comparedbetween trainees (group1:n¼63) andexperienced
surgeons (group 2: n¼117). Data acquisition and analysis was
performed retrospectively and anonymized according to the
principles of Declaration of Helsinki.

Definitions
OPCABwas defined as any CABG procedurewithout CPB. The
primary end point of this analysis was major adverse cardiac
and cerebrovascular event including all-cause mortality
within 30 days after the procedure, postoperative myocardi-

al infarction during hospital stay,major cerebral stroke, acute
renal failure (Kidney Disease Improving Global Outcomes
(KDIGO) classification stage 3),5 and any postoperative re-
revascularization (PCI or surgical revision). Postoperative re-
revascularizationwas indicated after angiographic diagnosis.
Postoperative myocardial infarction was defined as type 5
myocardial infarction in the “Third universal definition of
myocardial infarction.”6 The secondary outcomes were rest-
ernotomy for excessive bleeding, number of transfused red
blood cell units, length of the intensive care unit (ICU) and
hospital stays, and postoperative wound infection.

Operative Technique
All cases were performed under general anesthesia and
through a median sternotomy. After preparation of the
LIMA conduit, the heart was positioned using an epicardial
stitch and stabilized using a Medtronic Octopus device
(Medtronic, Dublin, Ireland) during distal anastomoses. A
distal LIMA in situ graft to LAD anastomosis was performed
as a running suture with 8/0 Prolene using a coronary shunt
and a blower mister. We utilize the transit time flow meters
for every bypass. All anastomosis was completed if only the
flow volume is more than 15mL/min and the pulsatility
index is less than 5.0. Eight trainees were involved in the
study in the period. They were in the final 2 years of the
cardiac surgery training program for German board-certified
cardiac surgery and had enough experience in on-pump
CABG (median procedures before off-pump surgery: 15).
Trainees (group 1) performed distal anastomosis under
direct supervision of experienced surgeon.

Statistical Analysis
Continuous variables are reported as mean� standard devi-
ation or median with interquartile range as properly. Cate-
gorical variables are expressed as proportions. Baseline
differences between experienced surgeon and trainees
were detected using the Student’s t-test for normal distribu-
tion of continuous variables, the Mann–Whitney’s test for
unequally distributed continuous variables, and the Fisher’s
exact test for categorical variables.

Statistical significance was present when the two-tailed
p-value was less than 0.05. All statistical analyses were
performed using the statistical software SPSS (IBM SPSS
Statistics for Windows, Version 27.0. IBM Corp., Armonk,
New York, United States).

Results

Baseline Characteristics
Baseline characteristics of the study cohorts are summarized
in ►Table 1. Preoperative characteristics were comparable
except from seven redo procedures within the group 2
(experienced surgeon).

Primary Outcome
Intraoperative and postoperative variables are summarized
in ►Table 2. There was no significant difference with regard
to surgical revision between the two groups. The frequency
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of major stroke, renal failure, or postoperative myocardial
infarction was higher in trainee group but did not reach any
statistical significance. All three cases of postoperative myo-
cardial infarction were in the LAD territory. There was one
hospital death in group 2 due to perioperative myocardial
infarction and cardiogenic shock under extracorporealmem-
brane oxygenation therapy. The patient received postopera-
tive catheter intervention. This was a complex redo case
5 years after CABG and aortic valve replacement. After

extreme elevation of cardiac enzyme or unstable hemody-
namics, patients received coronary angiography and it
revealed graft kinking or stenosis at the level of anastomotic
site. These patients received surgical revision and all of them
could leave the hospital without any other complications.

Secondary Outcome
The duration of ICU stay or hospital stay were comparable
between the two groups. Postoperative bleeding and

Table 1 Baseline characteristics

Group 1: trainee (n¼ 63) Group 2: experienced surgeon (n¼ 117) p-Value

Age, mean� SD 65� 12 68�11 0.311

Male, n (%) 44 (70) 76 (65) 0.507

STS morbidity, median (IQR) 6.218 (3.964–8.708) 6.109 (4.446–8.324) 0.687

Prior CABG, n (%) 0 7 (6) 0.048

Prior PCI, n (%) 18 (29) 33 (28) 0.959

STEMI, n (%) 5 (8) 7 (6) 0.678

NSTEMI, n (%) 5 (8) 9 (8) 0.762

Extracardiac arteriopathy, n (%) 9 (14) 19 (16) 0.730

COPD, n (%) 6 (10) 12 (10) 0.876

Stroke/TIA, n (%) 2 (3) 10 (9) 0.168

Arterial hypertension, n (%) 56 (89) 94 (80) 0.142

Diabetes on insulin, n (%) 7 (11) 8 (7) 0.322

Dialysis, n (%) 1 (2) 0 0.124

Preoperative EF (%), mean� SD 51� 11 51�12 0.309

Urgency, n (%) 6 (10) 14 (12) 0.619

Abbreviations: CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; EF, ejection fraction; IQR, interquartile range;
NSTEMI, non-ST-elevated myocardial infarction; PCI, percutaneous coronary intervention; SD, standard deviation; STEMI, ST-elevated myocardial
infarction; STS, Society of Thoracic Surgeon; TIA, transient ischemic attack.
Note: Bold values are relevant in results.

Table 2 Intraoperative and postoperative variables

Group 1: trainee (n¼ 63) Group 2: experienced surgeon (n¼117) p-Value

Procedure time, median (min) (IQR) 175 (135–190) 160 (120–196) 0.310

Transfusion (unit), median (IQR) 0 (0–0) 0 (0–0) 0.756

Ventilation time (h), median (IQR) 4.5 (3.3–7.2) 4.75 (3.3–8.0) 0.659

ICU stay (d), median (IQR) 2 (1–3) 1 (1–3) 0.843

Rethorax due to bleeding, n (%) 3 (7) 3 (5) 0.532

Wound infection, n (%) 2 (4) 2 (2) 0.533

Hospital death, n (%) 0 1 (1) 1.000

Surgical revision, n (%) 2 (3) 3 (3) 0.812

PCI, n (%) 1 (2) 1 (1) 0.655

Postoperative MI, n (%) 2 (3) 1 (1) 0.246

Stroke, n (%) 1 (2) 1 (1) 0.655

Renal failure (KDIGO 3), n (%) 1 (2) 0 0.175

Hospital stay, median (IQR) 7 (6–8) 7(6–8) 0.951

Abbreviations: ICU, intensive care unit; IQR, interquartile range; KDIGO, Kidney Disease Improving Global Outcomes classification; MI, myocardial
infarction; PCI, percutaneous coronary intervention.
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rethoracotomy were higher within the trainee group without
any statistical significance. All postoperativewound infections
were just superficial and were treated with vacuum-assisted
closure therapy. There was no deep sternal wound infection.

Comments
The main finding of the present study is comparable early
hospital outcome after single LIMA-LAD bypass in off-pump
technique through trainees compared with experienced
surgeons.

Previous Reports
Our finding is consistent with previous studies.7,8 These
previous studies comparing outcomes between consultants
and trainees have been limited, in terms of a selection bias
toward experienced surgeons operatingmore complex cases.
Also, all OPCAB procedures with any bypass design were
included. In our data, we simply analyze performed single
LIMA-LAD series and add evidence of safety and reproduc-
ibility of the operation through young trainees.

Why Is OPCAB Needed?
The current guidelines recommend off-pump CABG for
patients with significant atherosclerotic aortic disease (Class
I, level B) or high risk (Class II, level B) by experienced off-
pump teams.9 Pros of this technique are to diminish any
negative effect of CPB and aortic manipulation. Especially,
cerebral events are the Achilles’ heel of this type of surgery
when compared to PCI. The etiology of postoperative neuro-
logical events after CABG is multifactorial. Air embolization,
debris or clots from the CPB circuit, systemic inflammatory
response, atherosclerotic plaques at the site of aortic manip-
ulation, and intraoperative hypotension are the main mech-
anisms underlying neurological complications after cardiac
surgery.10 Therefore, CABGwithout any aortic manipulation,
so-called aortic no-touch technique is a reasonable option to
diminish these complications and its socioeconomic impacts
on the patient. Further, several nonrandomized series showa
significant reduction of early mortality of OPCAB group in
reduced left ventricular ejection fraction patients.11,12

Experience on Outcome
The technical difference from on-pump CABG includes posi-
tioning and stabilization of the heart using a suction device,
which might be unfamiliar to unexperienced surgeons. The
distal anastomosis using a coronary artery shunt is markedly
challenging comparing to on-pump surgery. Intraoperative
hemodynamic instability must be managed together with
anesthetists. The largest single randomized controlled trial
ROOBY (Randomized On/Off Bypass trial13) failed to demon-
strate improved outcomes in OPCAB. The main cause of
failure might be inadequate surgeons’ experience. Given
the result, experience with OPCAB procedures seems to
play a major role on outcome. Expertise and experience
are crucial in this field.2 Further, OPCAB is not an operation
that is performed just occasionally by any surgeon in high-
risk patients, but rather it needs to be on a routine basis by
dedicated teams.2

Training Model
However, there is a huge niche between usual surgical
training and routine OPCAB surgery as subspeciality. There
is still no clear OPCAB training model. In spite of clear
statement of guideline,9 this procedure remains just a
minority of specialized centers. Therefore, the establish-
ment of exact OPCAB training model as subspeciality is
warranted for young trainees. Hamburg OPCAB training
model is shown in ►Fig. 1. After this results, we believe
that this training model could be continued with safety and
efficacy.

Simulator
Results of training using OPCAB simulator are sporadically
reported.14,15 Wu et al showed porcine beating heart simu-
lator model.14 Ito et al described the use of the “BEAT, YOU
CAN” simulator (EBM, Tokyo, Japan) in training residents
with no prior experience in CABG.15 Simulator-oriented
training enables improvement of forceps handling, position-
ing needles at a right angle, and focusing on target and graft
vessels. Further, the reduction of procedural timewill also be
achieved. Concomitantly with on-site bypass training, these

Fig. 1 OPCAB training model. ONCAB, on-pump coronary artery bypass; OPCAB, off-pump coronary artery bypass.
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simulator trainingwill behelpful to get used to the technique
earlier.

Limitation
This observational study has specific limitations. First, the
main limiting aspect of our study is the small sample size of a
single center, which might be consequently underpowered
for important safety and efficacy end points. If the anatomi-
cal criteria reach the indication for minimally invasive
surgery through left thoracotomy, the patients are operated
not via median sternotomy, and only the remained cases
were included for this cohorts. The single-center setting also
reduces generalizability to broader clinical practice. Second,
due to the low incidence of mortality or morbidity, the
significant differencemight not yet be present and risk factor
analysis is not possible. Third, we evaluated just early post-
operative outcomes, and no long-term data were included.
Fourth, anatomical severity of LAD stenosis was not evaluat-
ed. In experienced group, theremight bemore complex cases
including reoperation or severe embedded coronary artery
influencing postoperative outcomes.

Conclusion

The early postoperative outcome off-pump LIMA to the LAD
performed by trainees was comparable to experienced sur-
geons. Single LIMA-LAD was safely performed as training
case under supervision without CPB. In order to master the
demanding OPCAB technique, single LAD bypass might be an
appropriate training case for young trainees to get used to
the technical characteristics of this special procedure.
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