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Summary

AIMS OF TH E STUDY: Minimally invasive extracorpore-
al circulation (MiECC) is an established alternative to con-
ventional extracorporeal circulation (CECC) in coronary 
artery bypass graft surgery (CABG), but data on its use in 
cardiac reoperations are limited. We aimed to analyse pe-
rioperative morbidity and mortality in adult patients under-
going reoperations for isolated CABG using either CECC 
or MiECC circuits at our centre.

METHODS AND RESULTS: In a single centre retrospec-
tive observational study of all adult patients undergoing 
cardiac reoperations for isolated CABG between 2004 and 
2016, we identified 310 patients, and excluded those who 
received concomitant cardiac procedures (n = 205). Of the 
remaining 105 patients, 47 received isolated redo-CABG 
using MiECC, and 58 received CECC. Propensity score 
modelling was performed, and inversed probability treat-
ment analysis was used between the treatment groups. 
Primary endpoint was 30-day all-cause mortality. Sec-
ondary endpoints included major adverse cardiac or cere-
brovascular events or need for conversion to CECC. 
Groups were comparable, apart from a higher incidence 
of NYH A class III or higher in CECC group (33.5% vs 
8.6%, p= 0.004). Shorter times for operation, cardiopul-
monary bypass and aortic cross-clamp were observed in 
the MiECC group. The incidence of postoperative atrial 
fibrillation was significantly lower with MiECC (22.1%, p = 
0.012). No significant difference was observed in all-cause 
30-day mortality between the MiECC and CECC groups 
(6.8% vs. 8.3%, p = 0.81).

CONCLUSION: We found no difference in overall mortality 
between CECC and MiECC in patients undergoing reoper-

ation for isolated CABG. Furthermore, we found no indica-
tion of differences in most outcomes between extracorpo-
real circuit types. In the case of redo-CABG, MiECC could
provide an alternative strategy.

Introduction

In patients with severe coronary artery disease, surgical
revascularisation using conventional extracorporeal circu-
lation (CECC) circuits currently is the preferred perfusion
technique for cardiopulmonary bypass (CPB) in most cen-
tres worldwide [1]. Through the continuous technological
improvements of CECC in the past decades [2], the peri-
and postoperative outcomes have been improving despite
the increasing prevalence of high-risk patients. As a result,
the use of CECC in coronary artery bypass graft surgery
(CABG) is currently considered the “gold standard” with
respect to safety, efficacy, and quality of surgical revascu-
larisation [3, 4].
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However, the use of CECC circuits has been associated
with various degrees of systemic inflammatory response
syndrome (SIRS), possibly contributing to adverse clinical
outcomes. With the aim to reduce pathophysiological
CECC-induced adverse effects, such as triggering of com-
plement cascades by artificial surfaces, haemodilution re-
sulting from higher priming volumes, and pressure
changes within the cardiotomy reservoir [5–7], efforts
have been made in recent years to reduce these adverse ef-
fects, through the continuous improvement of the CPB cir-
cuits. This led to the concept of minimally invasive ex-
tracorporeal circulation (MiECC) circuits [8]. MiECC is a
closed system with a smaller extracorporeal volume, re-
duced artificial surfaces, smaller priming volume and re-
duced air-blood contact [3].

The concept of off-pump coronary artery bypass grafting
(OPCAB) was developed with a similar intention, to re-
duce CECC-related adverse effects. Although some data
indicate that adverse pathophysiological effects of CECC
can be partially avoided by OPCAB in coronary surgery,
especially in patients with multiple comorbidities, porce-
lain aorta, or in patients undergoing reoperation for CABG
(redo-CABG) [3, 9], it may lead to incomplete revascular-
isation [2, 4, 7, 10], and longer intensive care unit (ICU)
and hospital stays [2].

Several studies compared the clinical effects of MiECC
with CECC and reported conflicting results [1]. Whereas
some evidence supports decreased postoperative blood
loss with reduced need for blood transfusion [3, 7] and a
decrease in some perioperative adverse events (e.g., SIRS
with resulting organ dysfunction) in CABG surgery using
MiECC circuits when compared with CECC circuits, other
studies could not confirm these findings [1, 7]. However,
there is evidence supporting MiECC circuits and OPCAB
to improve perioperative outcomes after CABG, compared
with CECC [3]. Therefore a growing number of centres in-
cluding ours, use MiECC circuits or OPCAB as preferred
choices not only in elective isolated CABG cases, but also
in high-risk patients in an elective or emergency setting, as
well as patients undergoing aortic valve surgery [11–13].

Cardiac reoperations, however, are associated with in-
creased peri- and postoperative risk with an increased inci-
dence of major adverse cardiac and cerebrovascular events
(MACCE). These patients are traditionally operated on us-
ing the CECC circuits and so far no data exist on the use
of MiECC circuits in cardiac reoperations. Specifically, in
cardiac reoperations for isolated CABG, the patients are
operated on either using a CECC circuit, or an OPCAB ap-
proach. Although the use of MiECC circuits in isolated re-
do-CABG is technically feasible, there are no data to date
on its safety and efficacy. [1]. Therefore, we retrospective-
ly investigated our experience in the use of MiECC cir-
cuits in isolated redo-CABG cases, focusing on the peri-
and early postoperative outcomes, and compared these re-
sults with CECC circuits in a propensity score modelling
analysis.

Methods

We analysed all adult patients who underwent a reopera-
tion for CABG (redo-CABG) using CECC or MiECC be-
tween 2004 and 2016 at our centre. From 2004 to 2010 all
isolated redo-CABG procedures were performed using the

CECC circuits. As a result of the growing experience and
favourable results of the MIECC circuits in isolated CABG
procedures, the use of MiECC as standard of practice in
all consecutive isolated re-do-CABG cases was initiated.
Of 310 patients who underwent re-do-CABG, patients with
concomitant cardiac procedures were excluded (199 pa-
tients using CECC circuits, 6 patients using MiECC cir-
cuits), and only those who received isolated re-do-
CABG were included (fig. 1). All patients with
concomitant procedures (e.g., valve or aortic surgery) in
combination with redo-CABG were not eligible for
MIECC. A total of 105 patients were identified, 47 in the
MiECC group and 58 in the CECC group. The primary
endpoint was all-cause 30-day mortality. Secondary end-
points included major adverse cardiac or cerebrovascular
events (MACCE), or conversion to CECC. MACCE were
defined as sudden cardiac death, perioperative myocardial
infarction (MI), neurological dysfunction (defined as
stroke or transient ischaemic attack ), new renal dysfunc-
tion (defined as doubled baseline creatinine levels, or cre-
atinine levels of >170 µmol/l), pulmonary arterial em-
bolism, postoperative atrial fibrillation, or surgical
re-exploration for bleeding. Perioperative myocardial in-
farction was defined according to the "2012 Third Univer-
sal Definition of Myocardial Infarction by the European
Society of Cardiology Guidelines" as elevation of cardiac
high-sensitive troponin (hs-TnT) >10 × 99th percentile up-
per reference limit in patients with normal baseline hs-TnT
levels. In addition, the following were considered indica-
tive of MI: new pathological Q-waves, new left bundle
branch block, documented new native coronary artery oc-
clusion in coronary angiography, imaging evidence of new
loss of viable myocardium, or new regional wall motion
abnormality [14].

As a pre-requisite, all patients were evaluated preopera-
tively using percutaneous coronary intervention (PCI) with
coronary lesions (left main stenosis, complicated and mul-
tiple lesions) unsuitable for primary PCI, as a standard of

Figure 1: Study flowchart. CABG: coronary artery bypass graft;
CECC: conventional extracorporeal circulation; MiECC: minimally
invasive extracorporeal circulation
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care at our institution. Emergency procedures with acute
myocardial infarction included cases with conversion to
surgical correction after failed PCI. Rdo-CABG proce-
dures were performed using a CECC circuit or MiECC cir-
cuit, under general anaesthesia. Complete surgical revascu-
larisation was the objective in all patients. All operations
were performed by senior surgeons experienced in redo-
CABG and with experience with both CECC and MiECC
circuits. The study was approved by the Cantonal Ethics
Committee in Bern on human research prior to commence-
ment of the study.

Operational technique and perioperative management

Our minimally invasive cardiopulmonary circuit (MiECC)
comprises a closed circuit containing the oxygenator and
pump. Unlike a CECC circuit, this does not have an open
venous reservoir. The tubing system is shorter than that of
CECC circuits. These characteristics enable a reduction in
the priming volume as compared with CECC, as well as a
reduction in some adverse side effects [15].

At the time of this study, the MiECC circuit consisted of
a Maquet® (Cardiopulmonary AG, Hirrlingen, Germany)
minimally invasive cardiopulmonary circuit with a
RotaFlow® centrifugal pump (RotaFlow, Jostra AG) and a
hydrophobic oxygenation membrane (Quadrox Safeline®,
Maquet, Cardiopulmonary AG, Hirrlingen, Germany).
This system required 600 ml of priming, as opposed to
1800 ml for the CECC. As previously mentioned, we em-
ployed a single injection (100 ml) of crystalloid cardiople-
gia [16]. During MiECC, the perfusion flow was set to two
litres per square metre of body surface area. All patients
received an initial bolus of unfractionated heparin (400 in-
ternational units per kilogram body weight) tailored to an
activated clotting time of at least 480 seconds (ACT plus®,
Medtronic, USA) as per institutional protocol.

Data collection

The eligible patients were identified from the internal hos-
pital records (Dendrite Clinical Systems Ltd, Henley on-
Thames, UK), and for this study relevant pre-, peri- and
postoperative data obtained from existing internal hospital
records. Patients were followed up for 30 days. Peri- and
postoperative endpoints were defined according to the
guidelines of Akins et al. [17]. Additive and logistic Eu-
roSCOREs, and EuroSCORE II were calculated to assess
the presumed risk of 30-day all-cause mortality. The addi-
tive EuroSCORE ranges from 0 to about ≥40 (as age scores
linearly by 5-year increments, the score is not strictly lim-
ited). The logistic EuroSCORE and EuroSCORE II range
from 0.88 or 0.5, respectively, to <100, representing the
risk of perioperative death in % [11–13].

Statistical analysis

We used propensity score modelling to construct balanced
treatment groups with respect to risk factors, applying in-
verse probability of treatment weighting (IPTW). We in-
cluded age, logistic EuroSCORE I, arterial hypertension,
preoperative renal disease, myocardial infarction within 90
days before surgery and presence of three vessel coronary
artery disease as covariates into a logistic regression as
propensity model. The tails of the of propensity score were

trimmed at both ends of the distribution in both groups
at the more centred of the 2.5 and 97.5 percentile of the
groups, representing areas of suspected residual confound-
ing. Continuous variables were summarised as means ±
standard deviation (SD) in the case of normal distribution
and as geometric means with SDs calculated on the log
scale and back-transformed if the distribution was skewed.
Comparisons were calculated using linear or Poisson re-
gressions, respectively. Dichotomous variables are ex-
pressed in absolute numbers and percentages, with com-
parisons conducted using logistic regression. After IPTW,
robust SDs were used in all analyses. Statistical analysis
was performed by a biostatistician (BG) using Stata V 16.0
(StataCorp, College Station, TX, USA).

Results

Unadjusted baseline data (before IPTW analysis) are sum-
marised in supplementary table S1–S3 (in the appendix).
Operative data were significantly indifferent between the
groups. After IPTW, both groups were comparable in terms
of all baseline covariates used for propensity score estima-
tion. IPTW improved covariate balance between treatment
groups. Figure 2 shows the Kernel density analysis of the
probability to receive MiECC in either group, indicating
good overlap of the groups.

After IPTW, a total of 105 patients were identified for
analysis: 47 patients (44.8%) underwent isolated redo-
CABG using ab MiECC circuit and 58 patients (55.2%)
underwent isolated redo-CABG using a CECC circuit
(fig. 1). The baseline groups were comparable; the cohorts
of interest differed significantly only in the prevalance of
New York Heart Association class III or IV, which was
less common in the MiECC group (8.6%, n = 4 compared
with 33.5%, n = 19 in the CECC group (p = 0.004). Mean
age was 65.3 ± 14.6 years for the MiECC group and 65.5 ±
9.3 years for the CECC group (p = 0.954). Both groups
had high incidence of MI within 90 days before surgery, at
41.1% and 39.6%, respectively (p = 0.893), and there was
high prevalence of three-vessel coronary artery disease in
both groups (69.0% and 68.9%, respectively, p = 0.991).
The estimated operative risk calculated as EuroSCORE II
was 4.3% and 4.2%, respectively (p = 0.711). The preoper-

Figure 2: Kernel density analysis of the probability to receive
MiECC in either group shows a good overlap of the groups. Re-
gions outside the more centred 2.5th and 97.5th percentile (red
vertical lines) were trimmed off to eliminate residual confounding
[16]. CECC: conventional extracorporeal circulation; MiECC: mini-
mally invasive extracorporeal circulation
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ative left ventricular ejection fraction (LVEF) averaged al-
most 52.2 ± 12.4% in the MiECC group and 51.2 ± 15.2%
in the CECC group (p = 0.726). The most frequent car-
diovascular risk factors in both groups were hypercholes-
terolaemia and arterial hypertension. The number of years
since last surgery was similar in both groups, with the
mean of 10.6 years for the MiECC group and 11.4 years
for the CECC group (p = 0.257), with previous CABG
surgery being the most common in both groups, at 84.3%
and 83.0%, respectively (p = 0.873). Further patient base-
line data are summarised in table 1.

The intraoperative data are presented in table 2. The num-
bers of distal anastomoses in the MiECC and CECC
groups were comparable at 2.4 ± 0.6 and 2.6 ± 0.8, re-
spectively (p = 0.191). There was a statistically significant
shorter duration of surgery, duration on CBP support, and
duration of aortic cross-clamp in the MiECC group
(p <0.05). More emergency surgeries and more patients
under intra-aortic ballon pump (IABP) support prior to
surgery were observed in the CECC group (12.8% vs
19.2%, and 12.2% vs 16.3%, respectively), although statis-
tically not significant.

Table 1:
Preoperative patient baseline data after propensity score matching and after inverse probability of treatment weighting (IPTW).

Patient baseline data MiECC (n = 47) CECC (n = 58) Difference p-value

Age in years 65.3 ± 14.6 65.1 ± 9.3 –0.012 0.954

Female 5 (10.6%) 8 (13.1%) –0.075 0.742

Diabetes on insulin 10 (21.5%) 7 (12.8%) 0.235 0.250

Arterial hypertension 39 (82.5%) 45 (76.7%) 0.144 0.493

Hypercholesterolaemia 38 (80.9%) 50 (8578%) –0.144 0.568

Smoking 29 (61.9%) 35 (60.8%) 0.023 0.916

Height in metres 1.71 ± 0.09 1.73 ± 0.10 0.133 0.498

Weight in kilograms 82.1 ± 13.4 81.0 ± 17.3 –0.070 0.719

Obesity (BMI >30 kg/m2) 15 (32.4%) 13 (22.9%) 0.215 0.307

Impaired kidney function 15 (32.0%) 17 (29.0%) 0.066 0.756

Peripheral arterial disease 10 (21.8%) 8 (14.3%) 0.200 0.372

Carotid disease 7 (13.9%) 6 (10.2%) 0.112 0.598

COPD 3 (6.2%) 3 (5.3%) 0.041 0.819

MI 90 days prior to surgery 19 (41.1%) 23 (39.6%) 0.030 0.894

CAD: 1-vessel 5 (11.4%) 6 (10.8%) 0.020 0.931

CAD: 2-vessels 9 (19.6%) 12 (20.4%) –0.018 0.936

CAD: 3-vessels 32 (69.0%) 40 (68.9%) 0.003 0.991

NYHA Class ≥III 4 (8.6%) 19 (33.5%) –0.602 0.004

CCS Class ≥3 22 (47.4%) 26 (45.7%) 0.034 0.876

LVEF in % 52.2 ± 12.4 51.2 ± 15.2 –0.068 0.726

Additive EuroSCORE I 7.3 ± 3.1 7.3 ± 2.8 –0.001 0.995

Logistic EuroSCORE I (%) 8.0 (6.3–10.2) 7.7 (6.2–9.5) –0.158 0.416

EuroSCORE II (%) 4.3 (3.4 –5.4) 4.2 (3.3–5.4) –0.015 0.711

Years since last cardiac surgery 10.6 (7.8–14.5) 11.4 (9.7–13.3) 0.294 0.257

Type of previous surgery:

– CABG 40 (84.3%) 48 (83.0%) 0.033 0.873

– AVR 2 (3.5%) 4 (6.9%) –0.149 0.425

– Aortic root replacement 3 (5.8%) 1 (1.8%) 0.208 0.321

– AVR + ascending aorta replacement 0 (0.0%) 3 (4.4%) –-0.267 0.413

– ASD repair 3 (6.5%) 0 (0.0%) 0.388 0.059

– VSD repair 0 (0.0%) 2 (3.8%) –0.276 0.188

MiECC: minimally invasive extracorporeal circulation circuit group; CECC: conventional extracorporeal circulation circuit group; BMI: body mass index; COPD: chronic obstructive
pulmonary disease; MI: myocardial infarction; CAD: coronary artery disease; NYHA: New York Heart Association; CCS: Canadian Cardiovascular Society; LVEF: left ventricular
ejection fraction; CABG: coronary artery bypass grafting; AVR: aortic valve replacement; ASD: atrial septal defect; VSD: ventricular septal defect

Values are mean ± SD or number (percentage).

Table 2:
Intraoperative data after propensity score matching and after inverse probability of treatment weighting (IPTW).

Intraoperative data MiECC (n = 47) CECC (n = 58) Difference p-value

Emergency surgery 6 (12.8%) 11 (19.2%) –0.174 0.437

Preoperative IABP 6 (12.2%) 9 (16.3%) –0.118 0.628

Operation duration in minutes 226.0 ± 66.5 256.8 ± 89.4 0.434 0.028

CBP time in minutes 86.5 ± 40.1 108.5 ± 57.3 0.444 0.024

Aortic cross-clamping time in minutes 36.7 (32.3–41.6) 51.8 (46.7–57.5) 9.989 0.001

Number of distal anastomoses 2.4 ± 0.6 2.6 ± 0.8 0.254 0.191

MiECC: minimally invasive extracorporeal circulation circuit group; CECC: conventional extracorporeal circulation circuit group; IABP: intra-aortic balloon pump; CPB: cardiopul-
monary bypass

Values are mean ± SD or number (percentage).
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The postoperative results are summarised in table 3. The
adjusted 30-day mortality was in the MiECC group 6.8%,
and 8.3% in the CECC group (standard mean differ-
ence –0.058, p = 0.814). There were no significant dif-
ferences the ICU- and hospital stay between groups. Both
groups had comparable outcomes, with a slightly lower
occurrence of perioperative myocardial infarction (7.0%
vs 14.5%), of renal complications (14.7% vs 22.8%), and
of surgical re-exploration for bleeding (8.9% vs 16.1%)
in the MiECC group, although statistically not significant.
However, we observed a statistically significant lower oc-
currence of postoperative atrial fibrillation in the MiECC
group (22.1% vs 49.3%, p = 0.012). No significant reduc-
tion of blood transfusion requirements was observed in ei-
ther group.

Discussion

The present study represents the first comparative analysis
of early postoperative outcomes in isolated CABG reoper-
ations using MiECC and CECC circuits. Propensity score
modelling was applied to reduce selection bias. After in-
verse probability of treatment weighting analyses, we ob-
served a statistically significant lower occurrence of post-
operative atrial fibrillation in the MiECC group.

The majority of patients had a previous CABG surgery
and the presence of three -vessel coronary artery. In both
groups, comparable numbers of distal anastomoses of 2.4 ±
0.6 and 2.6 ± 0.8 in MiECC and CECC groups, respective-
ly, were performed, indicating complete revascularisation.
Nonetheless, the time on CPB support, as well as the aor-
tic cross-clamp time were both significantly lower in the
MiECC group, as was the median duration of CPB time
and aortic cross clamp time. While all procedures were
performed by senior surgeons, standard practice for all car-
diac reoperations at our institution, the differences between
the groups may be explained by higher prevalence of emer-
gency cases in the CECC group (19.2% vs 12.8%), as well
as the significantly higher rate of NYHA class III or high-

er (33.5% vs 8.6%). This difference may have also con-
tributed to the significantly elevated rate of postoperative
atrial fibrillation in CECC group (49.3% vs 22.1%), al-
though a higher incidence of atrial fibrillation with conven-
tional circuits has been observed before [19–21, 28, 29].

The elimination of air-blood contact may theoretically be a
key advantage of MiECC and may explain the potentially
reduced early postoperative inflammatory response after
interventions compared with CECC. Coating and reduction
of overall size in MiECC minimises the foreign surface
area, which is one of the main triggers for SIRS [21–24].
In clinical practice, this translates into superior myocardial
protection with significantly reduced levels of cardiac in-
jury markers, lower incidence of postoperative atrial fib-
rillation, lower incidence of stroke, less haemodialysis as
well as lower creatinine levels postoperatively, and better
neurocognitive and lung function [19]. This improved end-
organ protection may potentiate a survival advantage in
MIECC, and reduce the occurrence of complica-
tions [19]. We observed a statistically significant lower in-
cidence of postoperative atrial fibrillation in MiECC group
in redo-CABG, and a non-significant reduction of periop-
erative MI and renal dysfunction. These differences in out-
comes are comparable to results previously described [2, 9,
27].

Asteriou et al. described better outcomes using MiECC cir-
cuits in terms of morbidity and mortality in high-risk pa-
tient groups such as in reoperations and emergency cas-
es. Furthermore, a risk reduction for development of renal
dysfunction of 77% was observed when using MiECC
circuits [25]. In our study, a reduction of 8.1% was ob-
served in postoperative renal dysfunction, although this
was non-significant. Christenson et al. examined the peri-
and postoperative outcomes in 594 patients undergoing re-
do-CABG using CECC, and found the overall mortality at
30 days to be 7.3%, and incidence of postoperative com-
plications of renal dysfunction and postoperative stroke of
11% and 2%, respectively [26]. The overall 30-day mortal-
ity of 8.3% in the CECC group in our study correlates with

Table 3:
Postoperative data after propensity score matching and after inverse probability of treatment weighting (IPTW).

Postoperative data MiECC (n = 47) CECC (n = 58) Difference p-value

30-day all-cause mortality 3 (6.8%) 5 (8.3%) –0.058 0.814

Postoperative mechanical support (IABP) 7 (14.6%) 9 (15.3%) –0.018 0.940

ICU stay in days 1.6 (1.2–2.2) 1.8 (1.4–2.3) 0.053 0.352

Hospital length of stay in days 10.5 (9.0–12.2) 11.2 (9.9–12.7) 0.436 0.707

MACCE

– Postoperative myocardial infarction 3 (7.0%) 8 (14.5%) –0.244 0.324

– Neurological dysfunction (stroke or TIA) 3 (6.3%) 3 (5.1%) 0.049 0.808

– Renal dysfunction 7 (14.7%) 13 (22.8%) –0.206 0.365

– Pulmonary artery embolism 1 (1.6%) 0 (0.0%) 0.166 0.287

– Atrial fibrillation 10 (22.1%) 29 (49.3%) –0.563 0.012

CK total (U/l) 606 (458–802) 783 (623–982) 70.193 0.255

CK MB (µg/l) 18.6 (13.1–26.6) 31.9 (23.5–43.2) 4.016 0.196

Total blood transfusion units 3.7 (2.9–4.8) 4.2 (3.3–5.3) 0.170 0.177

Transfused packed red blood cells units 2.7 (2.1–3.4) 2.3 (1.8–3.0) –0.139 0.278

Transfused platelet units 1.3 (1.0–1.6) 1.3 (1.1–1.6) 0.016 0.195

Transfused FFP units 2.0 (1.4–2.8) 2.2 (1.6–3.1) 0.052 0.123

MiECC: minimally invasive extracorporeal circulation circuit group; CECC: conventional extracorporeal circulation circuit group; IABP: intra-aortic balloon pump; ICU: intensive
care unit; MACCE: major cardiac and cerebrovascular events; TIA: transient ischaemic attack; CK: creatinine kinase; FFP: fresh frozen plasma concentrate

Values are mean ± SD or number (percentage).
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mortality rates described by Christenson et al, although
more patients experienced NYHA class III or higher, and
a higher rate of emergency cases and of patients requiring
IABP support prior to surgery. As these were not included
in the propensity score modelling, because it would further
decrease the sample size and power of the study, these re-
sults should be interpreted cautiously, and further analyses
are needed to make any recommendations [26].

So far the clinical benefits of MiECC have not been in-
vestigated in a large randomised trial. The current ongoing
CoMICS Trial is looking at conventional versus minimally
invasive extra-corporeal circulation in patients undergoing
cardiac surgery. CoMICS is a multicentre randomised con-
trolled trial including approximately 3500 patients.
CoMICS will compare the effectiveness and cost effec-
tiveness of MiECC versus CECC in patients undergoing
cardiac surgery requiring extra corporeal circulation. The
aim is to inform clinical understanding and influence sur-
gical practice by providing high quality evidence to sup-
port or refute the use of MiECC for patients undergoing
cardiac surgery. The estimation of the cost-effectiveness of
MiECC versus CECC is an major goal of the study. Patient
enrolment is still ongoing and results are currently pend-
ing [30]

Existing comparative studies of MiECC versus CECC in
myocardial revascularisation report lower early postoper-
ative morbidity and mortality with MiECC [1, 31, 32]. A
meta-analysis including 2770 patients demonstrated that
MiECC significantly decreases mortality, when compared
withconventional extracorporeal circulation circuits (0.5%
vs 1.7%, p = 0.02) [31]; however, cardiac reoperations
were excluded. To the best of our knowledge, no data exist
on the use of MiECC in reoperations for myocardial revas-
cularisations, and our study represents first comparative
analysis in the use of MiECC and CECC circuits in isolat-
ed redo-CABG.

In conclusion, using propensity score estimation, there was
no statistically significant difference in overall 30-day
mortality in patients undergoing isolated redo-CABG us-
ing MiECC versus CECC. We noted significantly a re-
duced rate of atrial fibrillation in the MiECC group.
MiECC may offer an alternative feasible strategy in isolat-
ed redo-CABG.

Limitations of this study

Several limitations deserve discussion. As a retrospective
single centre analysis, with all its inherent limitations, the
data span a period of 12 years from a single institution.
Because CECC circuits were routinely utilised for all car-
diac reoperations for CABG at our facility until 2010, and
MiECC circuits were subsequently been employed, a po-
tential therapeutic bias exists. To reduce this, the same in-
clusion period was used for the MiECC group, i.e., from
2010 to 2016. However, our institution's treatment tech-
niques, patient demographics, and therapeutic procedures
have remained constant over the years. All cardiac reoper-
ations at our institution are performed by experienced se-
nior surgeons, thus minimising the intra- and inter-observ-
er variability.

As we were limited by the number of patients treated for
redo-CABG in our institution in the observation period, we

did not perform an a priori sample calculation but rather
used the data of all available patients. With the available
sample size, we had 80% power to detect a 26% reduction
in the rate of atrial fibrillation at a 0.05 alpha level. Propen-
sity score modelling was performed for six variables con-
sidered relevant by the authors, further modelling by emer-
gency status and by NYHA class ≥III between the groups
would have significantly reduced the sample size. To min-
imise the confounding bias, patients were matched using
propensity score modelling. The Kernel density analysis
shows the overlap between the groups. Potential unmea-
sured or hidden co-variables may still exist, however, as
the analysis showed low values for several outcome vari-
ables, calling for further studies in this field.
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Appendix: Supplementary tables

Table S1:
Preoperative patient baseline data before propensity score matching and before inverse probability of treatment weighting (IPTW).

Patient baseline data MiECC (n = 47) CECC (n = 58) Difference p-value

Age in years 64.4 ± 12.9 66.1 ± 7.9 0.161 0.402

Female 4 (8.5%) 8 (13.1%) –0.166 0.402

Diabetes on insulin 12 (25.5%) 8 (13.8%) 0.299 0.133

Arterial hypertension 40 (85.1%) 39 (67.2%) 0.414 0.039

Hypercholesterolaemia 38 (80.9%) 48 (82.8%) –0.050 0.801

Smoking 32 (68.1%) 32 (55.2%) 0.265 0.179

Height in metres 1.72 ± 0.08 1.72 ± 0.09 0.026 0.498

Weight in kilograms 83.5 ± 14.8 80.4 ± 15.5 –0.203 0.306

Obesity (BMI >30 kg/m2) 18 (38.3%) 14 (24.1%) 0.308 0.119

Impaired kidney function 20 (42.6%) 14 (24.1%) 0.394 0.047

Peripheral arterial disease 12 (25.5%) 7 (12.1%) 0.350 0.081

Carotid disease 6 (12.8%) 7 (12.1%) 0.021 0.914

COPD 4 (8.5%) 4 (6.9%) 0.061 0.757

MI 90 days prior to surgery 24 (51.1%) 16 (27.6%) 0.483 0.015

CAD: 1-vessel 4 (8.5%) 8 (13.8%) –0.166 0.402

CAD: 2-vessels 6 (12.8%) 16 (27.6%) –0.364 0.069

CAD: 3-vessels 37 (78.7%) 34 (58.6%) 0.430 0.031

NYHA Class ≥ III 5 (10.6%) 18 (31.0%) –0.493 0.016

CCS Class ≥ 3 22 (46.8%) 24 (41.4%) 0.109 0.577

LVEF in% 51.8 ± 12.5 52.1 ± 13.3 0.020 0.920

Additive EuroSCORE I 7.4 ± 3.0 7.1 ± 2.5 –0.130 0.505

Logistic EuroSCORE I (%) 8.4 (6.6–10.7) 7.3 (6.0–8.8) –0.516 0.000

EuroSCORE II (%) 4.8 (3.7–6.1) 3.9 (3.3–4.5) –0.424 0.000

Years since last cardiac surgery 10.0 (7.4–13.5) 11.3 (9.7–13.2) 0.554 0.020

Type of previous surgery:

– CABG 39 (83.0%) 49 (84.5%) –0.041 0.835

– AVR 2 (4.3%) 4 (6.9%) –0.114 0.566

– Aortic root replacement 3 (6.4%) 1 (1.7%) 0.243 0.247

– AVR + ascending aorta replacement 0 (0.0%) 2 (3.4%) –0.252 0.652

– ASD repair 3 (6.4%) 0 (0.0%) 0.383 0.058

– VSD repair 0 (0.0%) 2 (3.4%) –0.252 0.185

MiECC: minimally invasive extracorporeal circulation circuit group; CECC: conventional extracorporeal circulation circuit group; BMI: body mass index; COPD: chronic obstructive
pulmonary disease; MI: myocardial infarction; CAD: coronary artery disease; NYHA: New York Heart Association; CCS: Canadian Cardiovascular Society; LVEF: left ventricular
ejection fraction; CABG: coronary artery bypass grafting; AVR: aortic valve replacement; ASD: atrial septal defect; VSD: ventricular septal defect

Values are mean ± SD or number (percentage).

Table S2:
Intraoperative data before propensity score matching and before inverse probability of treatment weighting (IPTW).

Intraoperative data MiECC (n = 47) CECC (n = 58) Difference p-value

Emergency surgery 7 (14.9%) 7 (12.1%) 0.083 0.673

Preoperative IABP 5 (10.6%) 7 (12.1%) 0.045 0.819

Operation duration in minutes 233.3 ± 70.7 249.8 ± 73.6 0.229 0.248

CBP time in minutes 89.6 ± 37.2 102.5 ± 41.9 0.324 0.104

Aortic cross-clamping time in minutes 38.4 (34.143.2) 49.5 (44.655.0) 7.451 0.000

Number of distal anastomoses 2.4 ± 0.6 2.5 ± 0.9 0.069 0.732

MiECC: minimally invasive extracorporeal circulation circuit group; CECC: conventional extracorporeal circulation circuit group; IABP: intra-aortic balloon pump; CPB: cardiopul-
monary bypass

Values are mean ± SD or number (percentage).
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Table S3:
Postoperative data before propensity score matching and before inverse probability of treatment weighting (IPTW).

Postoperative data MiECC (n = 47) CECC (n = 58) Difference p-value

30-day all-cause mortality 3 (6.4%) 3 (5.2%) 0.052 0.791

Postoperative mechanical support (IABP) 7 (14.9%) 6 (10.3%) 0.138 0.484

ICU stay in days 1.7 (1.3 to 2.2) 1.7 (1.4 to 2.2) 0.033 0.025

Hospital length of stay in days 10.6 (9.1 to 12.4) 11.7 (10.3 to 13.4) 0.651 0.155

MACCE

– Postoperative myocardial infarction 3 (6.4%) 6 (10.5%) –0.148 0.459

– Neurological dysfunction (stroke or TIA) 3 (6.5%) 3 (5.4%) 0.050 0.804

– Renal dysfunction 7 (15.2%) 10 (17.9%) 0.072 0.722

– Pulmonary artery embolism 1 (2.2%) 0 (0.0%) 0.224 0.283

– Atrial fibrillation 10 (21.7%) 29 (50.0%) 0.585 0.004

CK total (U/l) 597 (466767) 782 (619989) 76.798 0.000

CK MB (µg/l) 18.5 (13.525.2) 31.6 (23.941.8) 4.474 0.000

Total blood transfusion units 3.6 (2.84.6) 4.1 (3.45.0) 0.232 0.000

Transfused packed red blood cells units 2.7 (2.33.3) 2.3 (1.92.8) 0.199 0.022

Transfused platelet units 1.2 (1.01.5) 1.3 (1.11.6) 0.042 0.041

Transfused FFP units 2.2 (1.62.9) 2.1 (1.62.7) 0.034 0.002

MiECC: minimally invasive extracorporeal circulation circuit group; CECC: conventional extracorporeal circulation circuit group; IABP: intra-aortic balloon pump; ICU: intensive
care unit; MACCE: major cardiac and cerebrovascular events; TIA: transient ischaemic attack; CK: creatinine kinase; FFP: fresh frozen plasma concentrate

Values are mean ± SD or number (percentage).

Original article Swiss Med Wkly. 2022;152:w30101
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