The Heart Surgery Forum #2019-2745
23 (4), 2020 [Epub July 2020]
doi: 10.1532/hsf.2745

Online address: http://journal.hsforum.com

Hospital Volume and Outcome after Bilateral Internal Mammary Artery Grafting

Andrea Perrotti,' Daniel Reichart,” Giuseppe Gatti,* Giuseppe Faggian,* Francesco Onorati,* Marisa De Feo,’
Sidney Chocron, MD,' Magnus Dalén,® Giuseppe Santarpino,” Antonino S. Rubino,® Daniele Maselli,’
Riccardo Gherli,'® Antonio Salsano,'! Francesco Nicolini,'? Marco Zanobini,"? Karl Bounader,'* Stefano Rosato,"

"Tuomas Tauriainen,'¢ Tatu Juvonen,!” Giovanni Mariscalco,'® Vito G. Ruggieri,'” Fausto Biancar

i16,20

'Department of Thoracic and Cardio-Vascular Surgery, University Hospital Jean Minjoz, Besancon, France; “Hamburg University

Heart Center, Hamburg, Germany; *Division of Cardiac Surgery, Ospedali Riuniti, Trieste, Italy; *Division of Cardiovascular Surgery,
Verona University Hospital, Verona, Italy; *Division of Cardiac Surgery, Universita degli Studi della Campania Luigi Vanvitelli,
Caserta, Italy; ‘Department of Molecular Medicine and Surgery, Department of Cardiothoracic Surgery and Anesthesiology,
Karolinska Institutet, Karolinska University Hospital, Stockholm, Sweden; ’Cardiovascular Center, Paracelsus Medical University,
Nuremberg, Germany and Citta di Lecce Hospital GVM Care&Research, Lecce, Italy; *Centro Clinico-Diagnostico “G.B.
Morgagni”, Centro Cuore, Pedara, Italy; Department of Cardiac Surgery, St. Anna Hospital, Catanzaro, Italy; ’Department of
Cardiovascular Sciences, Cardiac Surgery Unit, S. Camillo-Forlanini Hospital, Rome, Italy; "Division of Cardiac Surgery, University

of Genoa, Genoa, Italy; ?Division of Cardiac Surgery, University of Parma, Parma, Italy; "Department of Cardiac Surgery, Centro
Cardiologico - Fondazione Monzino IRCCS, University of Milan, Milan, Italy; *Division of Cardiothoracic and Vascular Surgery,
Pontchaillou University Hospital, Rennes, France; "National Center of Global Health, Istituto Superiore di Sanita, Rome, Italy;
“Department of Surgery, Oulu University Hospital and University of Oulu, Oulu, Finland; "Heart Center, Helsinki University
Hospital, Finland; ¥Department of Cardiovascular Sciences, Clinical Sciences Wing, University of Leicester, Glenfield Hospital,
Leicester, UK; Division of Cardiac Surgery, Reims University Hospital, Reims, France; ’Heart Center, Turku University Hospital,

and Department of Surgery, University of Turku, Turku, Finland

ABSTRACT

Background: Bilateral internal mammary artery
(BIMA) grafting largely is underutilized in patients
undergoing coronary artery bypass grafting (CABGQG),
partly because of the perceived increased complexity of
the procedure.

Aims: In this study, we evaluated whether BIMA grafting
can safely be performed also in centers, where this revascular-
ization strategy infrequently is adopted.

Methods: Out of 6,783 patients from the prospective
multicenter E-CABG study, who underwent isolated non-
emergent CABG from January 2015 to December 2016,
2,457 underwent BIMA grafting and their outcome was eval-
uated in this analysis.

Results: The mean number of BIMA grafting per
center was 82 cases/year and hospitals were defined as high
or low volume, according to this cutoff value. Six hospitals
were considered as centers with a high volume of BIMA
grafting (no. of procedures ranging from 120 to 267/year;
overall: 2,156; prevalence: 62.2%) and nine hospitals as
centers with a low volume of BIMA grafting (no. of pro-
cedures ranging from 2 to 39/year; overall: 301; preva-
lence: 9.1%). Multilevel mixed-effects regression analysis

Received September 24, 2019; accepted April 10, 2020.

Correspondence: Dr. Andrea Pervotti, Department of Thoracic and Cardio-
Vascular Surgery, University Hospital Jean Minjoz, Besancon, France (e-mail:
a.perrotti@botmail.it).

© 2020 Forum Multimedia Publishing, LLC

showed that the low- and high-volume cohorts had similar
outcomes. Propensity score one-to-one matching analy-
sis of 292 pairs showed that the low-volume cohort had
a significantly shorter intensive care unit stay (2.2 = 2.3
versus 2.9 + 4.8 days, P = .020). The rates of in-hospital
death (1.0% versus 0.3%, P = .625), deep sternal wound
infection/mediastinitis (3.8% versus 3.1%, P = .824), and
1-year survival (98.1% versus 99.7%, P = .180) as well
as other outcomes were similar between the high- and
low-volume cohorts.

Conclusions: BIMA grafting can be safely performed also
in centers in which this revascularization strategy is infre-
quently performed.

mmNo. of BIMA grafting
—=BIMA grafting (%)

Prevalence of bilateral internal mammary artery grafting in different
European cardiac centers.
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Table 1. Baseline characteristics

Overall series

Propensity score matched pairs

High-volume Low-volume Standardized High-volume Low-volume Standardized

hospitals 2156 pts  hospitals 301 pts P difference  hospitals 292 pts  hospitals 292 pts P difference
Age (years) 66.1+£9.1 59.9+9.3 <.0001 -0.686 59.3+£9.8 59.7 £ 9.1 342 0.051
Age >70 years 278 (36.1) 49 (16.3) <.0001 -0.477 39 (13.4) 44 (15.1) .560 0.049
Female 272 (12.6) 31 (10.3) 252 -0.057 31 (10.6) 30 (10.3) 1.000 -0.0M
Body mass index (kg/m?) 274 £ 4.0 26.9+3.8 .019 -0.124 270 £4.0 26.9 +3.8 .706 -0.031
Hemoglobin (g/L) 139 £ 16 139 £ 16 .879 -0.046 139+15 139 + 16 .896 0.01
eGFR (mL/min/1.73 m?) 81+ 23 92 +25 <.0001 0.451 92 +26 92 +24 .987 -0.001
Dialysis 16 (0.7) 2(0.7) 1.000 0.000 0 0 - 0.000
Atrial fibrillation 158 (7.3) 9(3.0) .005 -0.180 6(2.1) 8(2.7) .594 0.045
Diabetes 589 (27.3) 71 (23.6) A7 -0.066 67 (22.9) 70 (24.0) 766 0.024
Insulin dependent diabetes 197 (9.1) 30 (10.0) .642 0.047 26 (8.9) 30 (10.3) .565 0.047
Poor mobility 2(0.7) 65 (3.0) .013 0.000 0 0 - 0.000
Stroke 71 (3.3) 8(2.7) .558 -0.039 8(2.7) 6(2.1) TN -0.045
Pulmonary disease 137 (6.4) 32 (10.6) .006 0.154 28 (9.6) 31 (10.6) .675 0.034
Extracardiac arteriopathy 436 (20.2) 54 (17.9) .349 -0.054 46 (15.8) 52 (17.8) .537 0.055
Prior percutaneous 460 (21.3) 75 (24.9) 158 0.088 €9 (23.6) 73 (25.0) 698 0.032
coronary intervention
Prior cardiac surgery 2 (0.1) 1(0.3) .265 0.000 0 0 - 0.000
LVEF<50% 543 (25.2) 63 (20.9) 109 -0.096 62 (21.2) 64 (21.9) 919 -0.017
Left main stenosis 832 (38.6) 129 (43.0) .148 0.095 118 (40.4) 126 (43.2) .557 0.056
No. of diseased vessels 2.8+0.4 2.7+0.5 132 -0.101 2.7+04 2.7+0.5 .337 -0.083
Porcelain ascending aorta 1 (0.5) 6 (2.0) .004 0.1M 0 5(1.7) .063 0.187
Urgent procedure 736 (34.1) 115 (38.2) 165 0.087 117 (40.1) 112 (38.4) 727 -0.035
Indication for coronary <0001 0.245 954 0.049
surgery
Unstable angina 308 (14.3) 54 (17.9) 57 (19.5) 52 (17.8)
NSTEMI 419 (19.4) 71 (23.6) 67 (22.9) 70 (24.0)
STEMI 92 (4.3) 25(8.3) 21 (7.2) 20 (6.8)
j:;u inhibitor pause <3 345 (16.0) 29 (9.6) .004 0.192 25 (8.6) 27 (9.2) 888 0.024
Critical preoperative state 104 (4.8) 10 (3.3) 246 -0.085 15 (5.1) 9 (3.1) .307 -0.104
EuroSCORE I 20+2.6 1.7+£22 <.0001 -0.134 1.5+£15 1.6+£2.2 .375 0.070

Continuous variables are reported as means and standard deviation and nominal variables as counts and percentages. Clinical variables are according to the
EuroSCORE Il definition criteria. eGFR: glomerular filtration estimated according to the MDRD equation; LVEF: left ventricular ejection fraction; NSTEMI: non
ST-elevation myocardial infarction; STEMI: ST-elevation myocardial infarction; |ABP: intra-aortic balloon pump.

INTRODUCTION

Several studies showed improved long-term outcomes
regarding survival, graft patency, and adverse cardiac events
after isolated coronary artery bypass grafting (CABG) using
bilateral internal mammary artery (BIMA) grafts compared with
single internal mammary artery graft [Dorman 2012; Weiss
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2013; Iribarne 2017]. The use of BIMA grafting varies consider-
ably between centers, and this bypass grafting strategy likely is
underutilized in many centers owing to the perceived complex-
ity of BIMA grafting compared with single internal mammary
artery grafting [LaPar 2015; Iribarne 2017]. It is unknown if
a low center volume of BIMA grafting carries a risk for worse
outcomes after this procedure. In this prospective multicenter
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Table 2. Operative data

Overall series

Propensity score matched pairs

High-volume Low-volume Standardized High-volume Low-volume Standardized
hospitals 2156 pts  hospitals 301 pts P difference  hospitals 292 pts  hospitals 292 pts P difference

Operative technique <.0001 0.0421 <.0001 0.342
Off-pump 489 (22.7) 25(8.3) 54 (18.5) 22 (7.5)
Beating heart on-pump 8 (0.4) 0 1(0.3) 0
Vein graft use 616 (28.6) 188 (62.5) <.0001 0.707 101 (34.6) 181 (62.0) <.0001 0.570
Radial artery graft use 5(0.2) 15 (5.0) <.0001 0.296 0 14 (4.8) <.0001 0.317
No. of distal anastomoses 2.9+0.9 3.0+0.9 .013 0.133 2.9+0.9 3.0+0.9 .019 0.197
No. of imal

o O proxima 0.3+0.5 0.9+08 <0001  0.955 0.3+0.5 09+08 <0001  0.867
anastomoses
Untouched ascending aorta 440 (20.4) 1(3.7) <.0001 -0.539 52 (17.8) 9.1 <.0001 -0.496
Cross-clamping time (min) 65 + 26 60£25 <.0001 -0.216 66 +28 60 £ 25 .004 -0.263
Cardiopul b

arcloprmonary Brpass 85+ 35 89+35 o7 0.098 87+ 39 89+ 36 687 0.038

time (min)

Continuous variables are reported as mean and standard deviation. Categorical variables are reported as absolute number and percentages (in parentheses).

registry, we evaluated whether this revascularization can be
safely performed in centers with a low volume of BIMA grafting.

Patient population and data collection: The European
Coronary Artery Bypass Grafting (E-CABG) registry is a
prospective, multicenter study enrolling patients undergo-
ing isolated CABG at 16 European centers of cardiac sur-
gery (Besancon, France; Catanzaro, Italy; Genoa, Italy;
Hamburg, Germany; Leicester, UK; Milan, Italy; Nuremberg,
Germany; Naples, Italy; Oulu, Finland; Parma, Italy; Pedara,
Italy; Rennes, France; Rome, Italy; Stockholm, Sweden;
Trieste, Italy; Verona, Italy). This study is registered in
Clinicaltrials.gov (Identifier: NCT02319083). The study pro-
tocol and definition criteria of baseline, operative, and post-
operative variables are described elsewhere [Biancari 2015].
The Institutional Review Board or Ethical Committee of the
participating centers approved this study.

Out of 7,352 consecutive patients operated on from
January 2015 to May 2017 and enrolled in the E-CABG
registry, 53 patients were excluded because their data were
retrieved from one participating center only during the last
year of recruitment. Further, 181 patients were excluded
because they were operated on at two participating centers
after the end of the official period of recruitment. Three-
hundred-thirty-five patients underwent emergency surgery
and were excluded from this analysis.

Overall, 6,783 patients underwent isolated elective or
urgent CABG. Among these patients, 2,457 patients (36.2%)
underwent BIMA grafting and were the subjects of this com-
parative analysis. The outcome of patients operated in centers
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with high-volume BIMA grafting was compared with that
of patients operated in centers with a low volume of BIMA
grafting. Centers were classified as high or low BIMA graft-
ing volume centers, depending on the total number of BIMA
procedures performed per year. Centers performing more
than the mean yearly number of BIMA grafting procedures in
the overall series were classified as high-volume centers, and
centers performing less than this mean number were defined
as low-volume centers.

Outcome end-points: In-hospital death and sternal wound
infection (SWI) were the primary end-points of this study.
Secondary end-points were the need of prolonged inotro-
pic support, postoperative use of intra-aortic balloon pump
(IABP) or extracorporeal membrane oxygenation (ECMO),
stroke, acute kidney injury, the number of transfused red
blood cell units, reoperation for bleeding as well as length of
stay in the intensive care unit and in the hospital.

The definition criteria of these end-points are reported in
detail elsewhere [Biancari 2015]. The diagnosis and severity
of SWI was defined and graded, according to the Centers for
Disease Control and Prevention classification of the surgical
site infections [Mangram 1999]. The severity of postopera-
tive acute kidney injury was classified according to the Kidney
Disease: Improving Global Outcomes (KDIGO) criteria
[Work Group — KDIGO 2013].

Statistical analysis: Statistical analyses were performed
using the SPSS v. 24.0 IBM Corporation, New York, NY),
SAS v. 9.4 (SAS Institute Inc., Cary, NC) and Stata v. 14.2
(StataCorp LLC, College Station, Texas) statistical software.
Mann-Whitney U-test, Fisher’s exact test, Chi-square test,
and Kruskal-Wallis tests were used for univariate analysis in
the unmatched population. Multilevel mixed-effects linear and
logistic regression methods were used for institutional-volume

E477




The Heart Surgery Forum #2019-2745

Table 3. Outcomes

Overall series

High-volume Low-volume

hospitals 2156 pts  hospitals 301 pts

Propensity score matched pairs

Low-volume
hospitals 292 pts P

Multilevel mixed-effects High-volume

regression estimates hospitals 292 pts

Prolonged inotropic support 519 (24.1) 83 (27.6) <.0001 1.39 (0.19-10.28) 71 (24.3) 81 (27.7) .391

Intra-aortic balloon pump 55 (2.6) 9 (3.0) 0.58 (0.16-2.05) 8(2.7) 9(3.1) 1.000
Postoperative ECMO 18 (0.8) 0 1.00 3 (1.0) 0 .250
:éﬁg"mc balloon pump,/ 68 (3.2) 9 (3.0) 0.74 (0.25-2.14) 1 (3.8) 9 (3.1) 824
Stroke 17 (0.7) 2 (0.7) 1.000 1.20 (0.26-5.63) 2 (0.7) 2 (0.7) 1.000
Sternal wound infection —

overall 140 (6.5) 28 (9.3) 0.49 (0.22-1.10) 18 (6.2) 23 (7.9) 522

Deep sternal wound infection/

mediastinitis 67 (3.1) 13 (4.3) 0.62 (0.19-2.03) 9 (3.1) 11 (3.8) .824
Acute kidney injury 500 (23.5) 57 (19.3) 0.97 (0.57-1.66) 55 (18.9) 55 (19.0) 1.000
Dialysis 48 (2.2) 7 (2.3) 0.62 (0.24-1.58) 5(1.7) 5(1.7) 1.000
E-CABG bleeding grade 2-3 102 (4.7) 10 (3.3) 1.24 (0.56-2.75) 12 (4.7) 10 (3.4) .832

No. of transfused RBC units 0.9+17 0.8+ 1.6 -0.84 (-0.41-0.24) 0.8+ 1.6 0.7 1.4 418

Resternotomy for bleeding 62 (2.9) 6 (2.0) 1.48 (0.61-3.58) 8 (2.7) 6 (2.1) 9N

Intensive care unit stay (days) 3.1+£3.7 22+23 <.0001 0.52 (1.026-1.31) 2.9+48 22+23 .020

In-hospital stay (days) 10.2£70 9.6 5.7 0.07 (-2.21-2.34) 10.6 + 1.1 9.6 +5.7 169

In-hospital death 33 (1.5) 1(0.3) 3.80 (0.44-32.72) 3 (1.0) 1(0.3) .625

1-year survival (%) 97.5 99.7 5.99 (0.79-43.71) 98.1 99.7 .180

Continuous variables are reported as the mean and standard deviation. Categorical variables are reported as counts and percentages (in parentheses). ECMO:
extracorporeal membrane oxygenation; Acute kidney injury: estimated according to the KDIGO criteria; E-=CABG bleeding grade 2-3: resternotomy for bleeding
or RBC transfused >4 units; RBC: red blood cell; *: estimates are odds ratio or coefficients with 95% confidence interval.

adjusted analysis of the impact of high- compared with low-
volume BIMA grafting on the outcomes as adjusted by age,
gender, body mass index, estimated glomerular filtration rate,
pulmonary disease, stroke, poor mobility, extracardiac arte-
riopathy, diabetes, left ventricular ejection fraction, previous
percutaneous coronary intervention, indication for revascu-
larization, urgent operation, critical preoperative status, left
main coronary artery stenosis, number of diseased vessels,
and revascularization technique.

Propensity score one-to-one matching analysis was per-
formed to adjust for covariates difference between patients
operated on at centers with high- and low-volume BIMA
grafting. A propensity score was estimated, using the above-
mentioned covariates in logistic regression with the high- and
low-volume BIMA grafting centers as a dependent variable.
Propensity score matching was performed using the near-
est neighbour method and a caliper of 0.2 of the standard
deviation of the logit of the propensity score. The t-test for
paired samples for continuous variables, the McNemar test
for dichotomous variables, and the analysis of the standard-
ized differences after matching were used to evaluate the bal-
ance between the matched groups. A standardized difference

E478

lower than 0.10 was considered as an acceptable imbalance
between the study groups. The t-test for paired samples and
McNemar test were employed to evaluate any difference in
the early outcomes of propensity score matched pairs. Survival
analyses were performed using the Kaplan-Meier method and
log-rank test. The Cox frailty survival model with gamma dis-
tribution was employed for multilevel adjusted survival analy-
sis. The Kaplan-Meier method with the Klein-Moeschberger
stratified log-rank test was used to evaluate the differences
in survival of propensity score-matched pairs. All tests were
two-sided and P < .05 was set for statistical significance.

RESULTS

Outcomes in the overall series: The prevalence of BIMA graft-
ing at the participating centers varied from 0.8% to 88.6%. The
number and proportion of BIMA grafting in each participating
center are summarized in Figure 1. The mean number of BIMA
grafting per center was 82 patients/year (median: 24.5 patients/
year), and the participating hospitals were defined as high- or
low-volume BIMA grafting centers, according to this cutoff value.
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Accordingly, six hospitals were considered as centers with a
high volume of BIMA grafting (overall: 2,156 patients; no. of
patients/center ranging from 119.5 to 267.0 per year; mean,
179.5 + 63.0 cases/year; prevalence ranging from 39.3%
to 88.6%; overall prevalence: 62.2%) and nine hospitals as
centers with a low volume of BIMA grafting (overall: 301
patients; no. of patients/center ranging from 2.0 to 38.5 per
year; mean, 16.7 = 12.1 cases/year; prevalence ranging from
0.8% to 25.1%; overall prevalence: 9.1%).

The baseline characteristics and operative variables of the
study cohorts are summarized in Tables 1 and 2. Patients in
the high-volume cohort had a significantly higher opera-
tive risk (mean EuroSCORE II, 2.0 + 2.6 versus 1.7 + 2.2%,
median, 1.3 versus 1.1%, P < .0001), mainly driven by the
significantly higher age of patients operated on at these cen-
ters (66.1 = 9.1 versus 59.9 = 9.3 years, P < .0001). In fact,
the prevalence of patients aged >70 years in the high-volume
cohort was 36.1% compared with 16.3% in the low-volume
cohort (P <.0001). On the other hand, the low-volume cohort
had a higher prevalence of acute coronary syndrome, pulmo-
nary disease, and porcelain aorta. Vein grafts (62.5% versus
28.6%, P < .0001) and radial artery graft (5.0% versus 0.2%,
P < .0001) were used more frequently in the low-volume
cohort. Furthermore, the ascending aorta was left untouched
more frequently in the high-volume cohort (20.4% versus
3.7%, P < .0001) compared with the low-volume cohort.

Multilevel mixed-effects regression analyses showed the
low-volume cohort had similar hospital outcomes and 1-year
survival compared with the high-volume cohort. The rates
of in-hospital death (1.5% versus 0.3%, adjusted OR 3.80,
95%CI 0.44-32.72) and deep sternal wound infection/medi-
astinitis (3.1% versus 4.3%, adjusted OR 0.62, 95%CI 0.19-
2.03) were similar in the study cohorts (Table 3).

Propensity score matched analysis: One-to-one propensity
matching provided 292 pairs with similar baseline character-
istics as confirmed by standardized differences being lower
than 0.10 for all variables but the prevalence of porcelain,
which tended to be higher in the low-volume cohort (Table
1). The use of vein and radial artery grafting was higher in the
low-volume BIMA cohort. The number of distal anastomo-
ses were higher in the low-volume cohort compared with the
high-volume BIMA cohort (Table 2).

Paired tests showed that the low-volume cohort had a sig-
nificantly shorter intensive care unit stay (2.2 + 2.3 versus 2.9 =
4.8 days, P = .020). Otherwise, the propensity score-matched
cohorts had similar early and 1-year outcomes (Table 3). As
in the overall cohort, rates of in-hospital death (1.0% versus
0.3%, P = .625), deep sternal wound infection/mediastinitis
(3.8% versus 3.1%, P = .824), and 1-year survival (98.1%
versus 99.7%, P = .180) were similar between the high- and
low-volume cohorts (Table 3).

In this multicenter study, we observed that: 1) a low
volume of BIMA grafting was not associated with a higher
mortality or morbidity; 2) BIMA grafting was underutilized
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in about two-thirds of the centers participating in this reg-
istry; 3) patients undergoing BIMA grafting at low-volume
centers were younger and with lower operative risk than those
operated at high-volume centers; 4) low-volume centers uti-
lized vein grafts and radial artery grafts more frequently than
high-volume centers.

This analysis did not take into account the individual surgeon’s
impact on the outcomes, but the rather low proportion of BIMA
grafting in low-volume hospitals suggests also a low volume of
BIMA grafting for individual surgeons at these institutions.

These results are of clinical importance in view of the
increased risk of early adverse events and the uncertainty
over the real long-term benefits of BIMA grafting. In fact,
despite several large studies that demonstrated the benefits
of this revascularization strategy [Dorman 2012; Weiss 2013;
Iribarne 2017; Lytle 2004], a number of recent studies with
very long follow-up data failed to demonstrate the benefit of
the BIMA grafting strategy [Dalén 2014; Garatti 2014; Pevni
2017] compared with single internal mammary artery graft-
ing associated with vein grafts. In particular, a study from the
Swedish Web System for Enhancement and Development of
Evidence-Based Care in Heart Disease Evaluated According
to Recommended Therapies (SWEDEHEART] with solid
late survival data posed doubts about the long-term benefits
of BIMA grafting [Dalén 2014]. Still, this study was not ran-
domized, and revascularization with BIMA grafts was per-
formed only in 1.1% of patients. The higher risk of severe
sternal wound infection as well as the increased operative time
and costs associated with BIMA grafting have led to a hesita-
tion to implement this grafting strategy [Gray 2017; Taggart
2019]. Only one randomized trial has been performed, show-
ing an increased risk for sternal wound infection with BIMA
grafting, but similar 10-year outcome [Taggart 2019].

BIMA grafting technically is considered more demand-
ing than single internal mammary artery grafting using vein
or radial arterial grafts as secondary conduits. Indeed, coro-
nary artery anatomy and severity of coronary artery disease
call for a detailed planning of the BIMA grafting strategy to
achieve complete myocardial revascularization. Harvesting of
both internal mammary arteries and configuration of arterial
grafts, according to the coronary artery anatomy, make the
operation more complex and thereby require longer opera-
tive times and may expose patients to increased intraopera-
tive blood loss compared with single internal mammary artery
grafting. Therefore, hospital volume and individual surgeon
experience may affect the early and late outcome after BIMA
grafting. A recent study showed that BIMA grafting can safely
be performed by residents with early and 1-year outcomes
similar to that of more experienced surgeons [Pasrija 2018].
However, the small size of this study and lack of adjusted
analyses prevented conclusive results on the safety of BIMA
grafting, when performed by less experienced surgeons.

Since experience of the surgeon and hospital volume seem
to significantly affect the postoperative outcome after more
complex CABG procedures, such as off-pump coronary sur-
gery [Benedetto 2018], an inter-institutional analysis of the
outcome after BIMA grafting is expected to provide important
insights on the potential risks of BIMA grafting utilization in
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low-volume BIMA centers. However, the present analysis did
not show higher risk of mortality and morbidity in centers
with limited experience with this technique compared with
centers with large experience.

These results should be viewed in light of an evident dis-
parity in the adoption of BIMA grafting between the centers
participating in this prospective European registry. Indeed,
the prevalence of BIMA grafting was only 9% in low-volume
centers, whilst it was 62% in high-volume centers. Low-
volume centers most likely have been using BIMA grafting
as a bail-out strategy as indicated by the higher prevalence of
porcelain aorta in this cohort. The different use of vein graft
and radial artery grafts between low- and high-volume BIMA
centers suggest that low-volume centers were more prone
to adopt grafts other than the internal mammary artery to
accomplish a complete revascularization. Despite these dif-
ferences, the early and 1-year postoperative outcomes were
similar after propensity score matching. These findings sug-
gest that, despite its technically more demanding nature com-
pared with single internal mammary artery, BIMA grafting
can safely be performed also in hospitals with limited experi-
ence with this revascularization method.

Surgeons resort to the use of BIMA grafting either by
choice or necessity. In the presence of a diffusely atheroscle-
rotic ascending aorta that precludes cannulation, clamping, or
both, BIMA use, with both conduits in situ or as composite
conduit, yields potentialities of off-pump (and on-pump beat-
ing heart) technique for myocardial revascularization; besides,
the proximal stem of the right (or left) BIMA also might be
a useful inflow for a saphenous vein or radial artery coronary
graft [Benussi 2019]. The lack of other suitable coronary
grafts, such as the case of a prior bilateral total saphenectomy
or a Doppler Allen’s test positive for ischemia of the dominant
arm, may be more examples of when BIMA use is needed,
regardless of surgical priority and the patient's age and pre-
operative conditions. On the other hand, surgeons confident
in the long-term benefits of BIMA grafting may choose to
adopt it for patients aged 70-75 or younger, regardless of the
expected risk of sternal wound infections, as well as for older
subjects with low risk of sternal complications. Obviously, the
choice becomes more challenging in the presence of one or
more out of the following recognized predictors of sternal
wound infections after CABG: female sex, morbid obesity,
diabetes mellitus (especially when insulin-dependent and/or
with poor glycemic control), chronic obstructive pulmonary
disease, extracardiac arteriopathy, chronic dialysis, congestive
heart failure, and urgent surgical priority [Gatti 2016].

LIMITATIONS

The E-CABG registry is a prospective multicenter regis-
try, with clear definition criteria, which guarantee the unifor-
mity of collected data. Still, this study has a few limitations.
First, this is not a randomized trial, and data might possibly
be biased by inter-institutional differences. Although we
adjusted for such potential differences at patient and hospital
level using multilevel mixed-effects regression methods, the
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study design does not guarantee uniformity in patient selec-
tion, operative experience, and perioperative care. Second,
this study lacks details on the harvesting technique and graft
configuration, which may have a potential impact on the out-
comes. Third, the short follow up of this series prevents any
conclusive result on a possible impact of the hospital volume
on the late outcome after BIMA grafting. Fourth, despite the
rather large size of this series, we were able to match only 292
pairs of patients, due to the limited number of patients oper-
ated on at low-volume centers. Finally, individual surgeon
data was not collected in the E-CABG registry, and there-
fore we are not able to perform a surgeon-volume analysis.
However, the latter analysis might be prevented by the rather
limited number of patients undergoing BIMA grafting in
low-volume hospitals, which also suggests a low volume of
BIMA grafting for individual surgeons.

The present results suggest that increasing the experience
with BIMA grafting does not translate into an improvement
of early outcomes of patients undergoing non-emergent
CABG. These findings indicate that when more conclusive
results on its long-term benefits are gathered, BIMA grafting
strategy could safely be implemented in hospitals with limited
experience with this revascularization technique.
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