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Improving mortality of coronary surgery over first four
years of independent practice: retrospective examination
of prospectively collected data from 15 surgeons
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Paul Waterworth on behalf of the North West Quality Improvement Programme in Cardiac Interventions

Abstract
Objective To study the “learning curve” associated
with independent practice in coronary artery surgery.
Design Retrospective analysis of prospectively
collected data.
Setting All NHS centres in north west England that
carry out cardiac surgery in adults.
Participants 18 913 patients undergoing coronary
artery surgery for the first time between April 1997
and March 2003, 5678 of whom were operated on by
15 surgeons in the first four years after their
consultant appointment.
Main outcome measures Observed and predicted
mortality (EuroSCORE) for surgeons in their first,
second, third, and fourth years after appointment as a
consultant compared with figures for established
surgeons.
Results Overall mortality decreased over the six years
of study (P = 0.01). Of the patients operated on by
established surgeons or newly appointed consultants,
265/13 235 (2.0%) and 109/5678 (1.9%), respectively,
died (P = 0.71). There was a progressive decrease in
observed mortality with time after appointment as a
consultant from 2.2% in the first year to 1.2% in the
fourth year (P = 0.049). This result remained significant
after adjustment for time and case mix (P = 0.019).
Conclusions Mortality in patients operated on by
newly appointed consultant surgeons is similar to
mortality in patients operated on by established
surgeons. There are significant decreases in crude and
risk adjusted mortality in the four years after
appointment. These findings should influence the
nature of practice in newly appointed surgeons.

Introduction
In British medicine consultants are appointed to
hospitals after a defined period of training, once they
have satisfied national training bodies and been
successful in open competition for an advertised post.
NHS consultants are independent practitioners who
function under clinical governance systems in the
institutions in which they are employed. Increasingly,
they are also regulated by national initiatives, such as
the planned publication of surgeon specific mortality
data for coronary artery surgery.1

In a recent study of outcomes of coronary artery
surgery for individual surgeons in north west England,2

an incidental finding was a strong association between
the volume of operations each surgeon had performed
and mortality. This may be due to a “learning curve”
effect, with higher mortality in patients operated on by
newly appointed surgeons. We studied this in more
detail by looking at changes in case mix and mortality
after new consultant appointments in cardiac surgery.

Methods
The north west quality improvement programme in
cardiac interventions is a regional consortium involv-
ing all four NHS centres (Blackpool Victoria Hospital;
Cardiothoracic Centre, Liverpool; Manchester Royal
Infirmary; and South Manchester University Hospital)
in north west England.

We prospectively collected data on 18 913 consecu-
tive adult patients undergoing cardiac surgery between
1 April 1997 and 31 March 2003. We included only
those patients undergoing isolated coronary artery
surgery (excluding repeat surgery). For each patient we
collected data on preoperative and operative variables
to calculate predicted mortality. Mortality was defined
as any death in hospital. Every patient record
contained an identifier for each consultant surgeon.

Design of the project
We addressed four specific questions:
x Are there differences in observed and predicted mor-
tality between patients operated on by newly appointed
surgeons and their more experienced colleagues?
x Are there changes in observed and predicted
mortality in patients operated on by newly appointed
surgeons over the first four years of appointment?
x If there are improvements in risk adjusted mortality
over the first few years of appointment, what is the time
course of those changes?
x If there are decreases in mortality are they seen in
low or high risk patients?

This is the abridged version of an article that was posted on
bmj.com on 6 August 2004: http://bmj.com/cgi/doi/10.1136/
bmj.38173.577697.55
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Since 1997 there have been 13 new appointments,
and two surgeons practising in 1997 were in the first
four years of their consultant appointment. For the
analysis we pooled these 15 surgeons into four groups
according to year of independent practice (first,
second, third, and fourth years).

Statistical analysis
Crude mortality was determined for each patient and a
predicted mortality calculated by using additive
EuroSCORE.3 The mean EuroSCORE is often given as
an indication of operative risk of a group. The score is
not normally distributed, so we have given results as
means and medians with 25th and 75th centiles. We
constructed a logistic regression model and calculated
risk adjusted mortality percentages for the first four
years of independent practice, in line with the system
developed in the state of New York.4 The results reflect
performance adjusted for time and case mix (see
bmj.com for full details).

Results
A total of 18 913 patients underwent surgery in the
region during the study period, 5678 of whom were
included in the learning curve analysis. See bmj.com
for details of the consultant appointments and number
of patients operated on. The average number of
patients per surgeon was 379. The learning curve data-
set included 30% of the total number of patients
undergoing surgery.

Overall, 374 patients (2.0%) undergoing isolated
coronary artery surgery died. Mortality in patients oper-
ated on by surgeons in their first four years after
appointment and that of established consultants was
similar (109/5678 (1.9%, 95% confidence interval 1.6% to
2.3%) and 265/13 235 (2.0%, 1.8% to 2.2%), respectively,
P = 0.71). The mean predicted mortality for patients
operated on by consultants in the first four years after
appointment (EuroSCORE mean 3.1, median 3, 25th
and 75th centiles 1 and 4) was similar to that of those

operated on by more established surgeons (mean 3,
median 3, 25th and 75th centiles 1 and 4) (P = 0.79).

The ratio of observed to expected mortality is the
best risk adjusted summary of performance. The ratios
for the patients operated on by surgeons in the first
four years of practice and more established surgeons
were 0.61 and 0.66, respectively.

There was a progressive decrease in observed mor-
tality during the first four years after appointment, the
predicted mortality progressively increased over the
four years, the ratio reduced by a factor of 50% and the
adjusted mortality decreased (table 1).

There was a significant reduction in mortality in the
low risk group with increasing length of time since
appointment that was not seen in high risk patients
(table 2). For established consultants there was a signifi-
cant reduction in mortality over the time of the study
from 2.3% in 1997-8 to 1.5% in 2002-3 (P = 0.01).

Discussion
Principal findings
Significant improvements in crude and risk adjusted
mortality are associated with coronary artery surgery
over the four years after surgeons are appointed to
independent practice. The observed mortality for
surgeons in their first and second years after appoint-
ment was slightly higher than for established
consultants, but lower in the third and fourth years.
These improvements were due to better outcomes in
patients undergoing low risk surgery.

Strengths and weaknesses of the study
The data have been subjected to local validation, but have
not been subjected to external validation. The number of
surgeons, the large population of patients, and the fact
that these appointments were across four different hospi-
tals add strength to our study. We were concerned that
some of the learning curve effect detected may have been
due to overall changes in mortality because of
progressive improvements in outcome with time, an
effect that has been seen in previous work.5 We looked
only at mortality; morbidity may be a more sensitive
indicator of subtle improvements in the quality of care.

We observed a significant decrease in crude
mortality as surgeons became more experienced.
Predicted mortality increased in the four years after
appointment, suggesting that surgeons are operating
on patients with increasing comorbidity, which
confirms local clinical perceptions. Use of the ratio of
observed to expected mortality highlights this effect of
decreasing mortality despite increasing complexity of
case mix. It is conceivable that more experienced
surgeons may become “smarter” at exploiting limita-
tions within the risk prediction model, which would not
affect our observations on crude mortality but may
potentially confound the risk adjusted analysis.

The observation that mortality in patients of
surgeons in their third and fourth years of appoint-
ment is below that seen in patients of more established
surgeons, suggests that either the performance of these
consultants is better than their peers, or that there are
complex issues associated with case mix and higher
risk surgery that were not detected with our methods.

Comparison with other studies
There have been few reports of learning curve effects
in cardiac6 7 and non-cardiac surgery.8–13 There are

Table 1 Observed mortality, predicted mortality, observed to expected mortality ratios,
and adjusted mortality in patients operated on by newly appointed surgeons according
to year after appointment

Year
Observed mortality

(%) (95% CI)
Mean EuroSCORE

(median; 25th, 75th centiles) O:E ratio*
Adjusted

mortality (%)†

1 2.2 (1.6 to 3.0) 3 (3; 1, 4) 0.73 2.3

2 2.1 (1.5 to 3.0) 3.1 (3; 1, 4) 0.68 2.2

3 1.6 (0.9 to 2.3) 3.1 (3; 1, 5) 0.52 1.7

4 1.2 (0.5 to 2.1) 3.3 (3; 1, 5) 0.36 1.0

P value‡ 0.049 0.03 <0.001 0.019

*Ratio between observed and expected (predicted) mortality is indicator of overall quality of care adjusted
for risk.
†Adusted for time and case mix.
‡Significance for trend over time.

Table 2 Changes in observed mortality in low and high risk
patients for newly appointed surgeons by year after appointment.
Figures are percentage mortality

Low risk group
(deaths/patients)

High risk group
(deaths/patients)

Year 1 1.7 (29/1700) 5.6 (15/267)

Year 2 1.6 (20/1280) 5.1 (13/254)

Year 3 0.8 (9/1099) 6.5 (12/184)

Year 4 0.3 (2/722) 5.2 (9/172)

P value* 0.011 0.93

*Significance for trend over time.
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thought to be three separate components to the
learning curve for new procedures: the specialist com-
munity, the institution, and the individual surgeon.7 We
observed an “individual surgeon” effect.

A recent study on learning curve effects in complex
laparoscopic colorectal surgery10 suggests a steady state
of technical competence is achieved after 70-80 proce-
dures. If we use this model, since all new appointees
would have performed well over 100 operations,
improvements are probably related to issues other
than technical ability.

Implications
The implications are that surgeons improved non-
technical aspects of surgery, including decisions on
case selection and aspects of preoperative, intraopera-
tive, and postoperative care and decision making.

It has been suggested that learning curve effects in
medicine are similar to those in manufacturing. Theories
accepted in manufacturing are that outcomes improve
with higher volume, improvement increases in decreas-
ing units with progressive experience, and increases in
improvement follow a predictable pattern. Previous
studies of learning curves in cardiac and non-cardiac
surgery have all been detected on a relatively small
number of cases. We have observed a learning curve
effect in surgeons who are performing high volumes of
surgery. While we saw continuous improvements in each
of the first four years of appointment, the most marked
improvements were between the third and fourth years,
which is at odds with data from manufacturing.

Volume of experience, incentives, and managerial
factors are potential modifying influences on the
learning curve.14 It seems inappropriate to increase the
volume of surgery to higher than current levels. Incen-
tives include planned publication of surgeon specific
mortality and use of performance data in clinical
excellence awards (but these may also encourage newly
appointed surgeons to turn down higher risk cases,
unless risk adjusted measures are used for perform-
ance management). Managerial input—including the
use of clinical pathways, robust clinical risk manage-
ment strategies, supervision, and targeted continuing
professional development—seem to be the most effec-
tive way to accelerate learning curve effects.

Unanswered questions and future research
We do not know whether causes of death change as
surgeons become more experienced. While the
learning curve for cardiac surgery seems to be marked,
we do not know whether it is seen in other surgical
specialties or is widespread throughout medicine.
There are several initiatives that are leading to a reduc-
tion in hours during the working week and limiting the
number of years of training for surgeons, and we do
not know if this will make the effects we have seen
more marked. Finally, we do not know whether
initiatives such as a structured supervision and targeted
continuous professional development would acceler-
ate the learning curve effect.
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What is already known on this topic

Learning curves are associated with the
introduction of new procedures in medicine

Although mortality for coronary artery surgery
has decreased over time, it is not known whether
mortality among patients of new consultants
changes as the doctors become more experienced
and whether such changes are independent of
overall improvements of their peers

What this study adds

In the first four years after the appointment of UK
consultant surgeons to independent practitioner
status outcomes significantly improve

While initial mortality associated with newly
appointed consultant surgeons is not significantly
higher than that for more established consultants,
there is a 50% reduction in risk adjusted mortality
over the subsequent four years
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