
Agostini et al. [4] conducted a retrospective cohort study of
312 patients undergoing OPCAB at a single centre. Based on
surgeon operative volume, they demonstrated no difference in
mortality, postoperative complications and conversion to
ONCAB between low- and high-volume surgeons. However,
there was a significant difference demonstrated in the mean
number of grafts per patient and the degree of completeness of
revascularization in favour of high-volume surgeons.

Plomondon et al. [5] conducted a retrospective multicentre
cohort study of 5076 patients undergoing OPCAB and analysed
the effects of hospital volume on operative outcomes. They
demonstrated no difference between the four quartiles of hos-
pital volume in terms of short-term mortality, intermediate-term
mortality and perioperative morbidity.

Glance et al. [6] conducted a retrospective multicentre cohort
study of 36 930 patients undergoing CABG (5207 OPCAB).
Analysing surgeon operative volume, they demonstrated no dif-
ference in mortality between three volume categories for
OPCAB; however, there was a significant surgeon volume–
outcome relationship demonstrated for ONCAB surgery.

Brown et al. [7] conducted a retrospective multicentre cohort
study of 16 988 patients undergoing CABG (2491 OPCAB), com-
paring hospital volume and operative outcomes. They demon-
strated no relationship between hospital volume and mortality in
OPCAB; however, this volume–outcome relationship did exist for
postoperative complications of surgery.

CLINICAL BOTTOM LINE

The evidence presented represents a very large cohort of
patients (309 327) undergoing OPCAB across a wide range of
centres. There is also an equal divide between the studies in
terms of the unit of analysis of volume; three studies focusing on
surgeon volume and three on hospital volume. However, based
on our assessment of the methodological quality and strength of
the study, the quality of studies analysed is not very high and
the most reliable sources of evidence come from some large
and medium-sized studies from administrative databases. While
the volume–outcome relationship has been very well documented
for CABG, our review demonstrates that, surprisingly, this relation-
ship may not be so clearly defined for OPCAB. The two largest and
most recent studies [2, 3] do present a significant volume–outcome
relationship in mortality and postoperative complications following
OPCAB. However, the four smaller studies [4–7] do not reach
similar conclusions for mortality, although one study [7] does report
a significant relationship for postoperative complications and
another study [4] reports a significant relationship for the number
of grafts and the degree of completeness of revascularization fol-
lowing OPCAB. One possible explanation for the discrepancy in
outcomes (and specifically mortality) between large and small
studies is the wide variation in sample size, an issue which requires
analysis by larger, higher-quality studies. Off-pump coronary artery
bypass poses a technically challenging operation and one may
have a long learning curve. It is also widely accepted that the great-
est benefits from OPCAB are observed in the high-risk patient;
hence, populations studied here will have a significantly higher risk
profile than those undergoing routine CABG, in whom a volume–
outcome relationship is far easier to predict. Our findings do some-
what support the idea of a volume–outcome relationship with
OPCAB; however, the results will need to be interpreted with
caution and there is certainly a need for larger, higher-quality

studies addressing training and surgeon experience in OPCAB, case
selection for OPCAB, timing and effect of conversion to on-pump
surgery and the impact of the degree of revascularization.
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We congratulate the authors on the interesting topic regarding surgeon-depart-
ment cases volume and their relationship to surgical outcome concerning off-
pump coronary artery heart surgery [1]. We concur and present our personal ex-
perience on the subject.
We believe that mortality as well as morbidity (as expressed by perioperative is-

chaemia/myocardial infarct, need for reoperation, perioperative stroke, periopera-
tive renal failure requiring dialysis) following off-pump heart surgery is highly
associated with the volume of cases operated in each centre and by each surgeon
seperately. We have observed that an experienced on-pump surgeon, commencing
to deal with off- pump surgery requires a learning curve period necessary for
aquiring method-specific surgical skills of about two years and 200-250 cases. The
same goes for the whole surgical team, which needs to be trained so that all peri-
operative procedures, from induction to anaesthesia until transfer to the intensive
care ward become fully standardized. After this point, there is a significant im-
provement in results regarding the aforementioned parameters of morbidity and
mortality, to a point where these are comparable or even better than the ones of
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patients operated on heart-lung machine. This also includes the hot topic of the
number of revascularized coronary vessels, traditionally a weak-point of beating
coronary artery heart surgery.

Conflict of interest: none declared

Reference

[1] Sepehripour AH, Athanasiou T. Is there a surgeon or hospital volume-
outcome relationship in off- pump coronary artery bypass surgery? Interact
CardioVasc Thorac Surg 2013;16:202–8.

eComment. Learning curves in coronary revascularization

Authors: Abdelrahman Abdelbar and Raed Azzam
Manchester Royal Infirmary, Manchester, UK,
doi: 10.1093/icvts/ivs567

© The Author 2012. Published by Oxford University Press on behalf of the
European Association for Cardio-Thoracic Surgery. All rights reserved.

We would like to comment on the interesting article by Sepehripour and
Athanasiou [1], and the related comment by Bougioukakis et al. [2]. We totally
agree that the matter of learning curve is one of utmost importance for every
medical and surgical diagnostic or therapeutic procedure. This applies to both the

individual physician as well as to the surrounding team, as all of them require a
procedure-related time and cases period in order to get acquainted with the
method and offer the best possible results. However, we would like to have, if pos-
sible, the authors’ and commentators’ opinion on the off-pump procedure itself. In
addition to the relatively long learning curve, it is believed that many of the
alleged advantages of beating heart over on-pump surgery, such as benefits
regarding the postoperative neurocognitive function, do not really exist. This is
based on more recent data [3], unlike with what was believed in the past [4]. Do
the authors believe that the junior surgical staff of a cardiothoracic department
must be directed towards the training of off-pump heart surgery rather than other
more promising procedures, such as minimal invasive aortic and mitral valve
procedures?
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