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When this journal first went to press,
surgical trainees followed an appren-
ticeship model propagated by William
Halsted at the John Hopkins Univer-
sity School of Medicine. His ‘see one,
do one, teach one’ method of teaching
has been a surgical training mantra for
generations. However, over the past
decade the subject of surgical train-
ing has enjoyed greater exposure and
there has been a change in attitude
towards it. There is evidence that the
quality of surgical training can affect
patient outcomes1. Surgical training
has evolved into an academic disci-
pline, with a growing body of evidence
for potential improvements. Drivers
for this change include pressures of
time, innovation and introduction
of new technology, and increasing
awareness of patient safety require-
ments. Moreover, surgical trainees
themselves have changed. This arti-
cle discusses how surgical training
has evolved, and explores potential
advances and challenges to surgical
training in the future.

Training a surgeon while simul-
taneously providing a high-volume
and high-standard patient service is
a challenging task. The current polit-
ical focus of financial incentives for
service delivery can act inadvertently
as a barrier to training. The intro-
duction of the European Working
Time Directive has contributed to a
reduction in volume of operative pro-
cedures for trainees. In addition, Birk-
meyer and colleagues’ seminal work2

examining the volume–outcome rela-
tionship of surgeons and hospitals has
transformed the geographical distri-
bution of surgical procedures. As a
result, the past decade has seen a

dramatic increase in subspecialization
both of surgeons and, more impor-
tantly for training, of hospitals. For
example, centralization of vascular
procedures and upper gastrointesti-
nal cancer resections largely restricts
trainee exposure in these specialties
to teaching hospitals. Consequently
structured and targeted training is
now crucial, as time alone will no
longer ensure sufficient exposure to
the breadth of training required to
produce a competent surgeon.

The cumulative effects of reduced
hours, reduced operative volume and
surgical subspecialization have forced
a shift from time and volume towards
competency-based training. This shift
has been assisted by the introduc-
tion of the structured Intercollegiate
Surgical Curriculum Programme in
the UK. Traditionally a well filled
operative logbook acted as a surro-
gate marker of competence. Training
improvements focused on increas-
ing quantity through time in train-
ing or caseload. However, there is
evidence that redesigning an inter-
nal medicine residency programme
had demonstrable training benefits,
despite a reduction in absolute num-
bers of patients seen3. Few would
contest that volume has an impor-
tant effect on surgical training; how-
ever, modern surgical practice has
highlighted the need to be prag-
matic and not rely on quantity alone.
The move towards competency-based
assessment has required a similar but
challenging shift in focus from the
number of hours of training to the
quality of those training hours.

Constant surgical innovation means
the modern trainee is potentially a

consultant surgeon, learning a novel
method to perform a procedure
they already have substantial expe-
rience with. This is exemplified by
recent advances in minimally inva-
sive surgery. In 2006, the National
Institute for Health and Clini-
cal Excellence recommended laparo-
scopic resection as an alternative to
open resection for colorectal cancer.
However, the guidance could not be
followed owing to the lack of colo-
rectal surgeons adequately trained
to perform the laparoscopic resec-
tions. This led to the development
of the LAPCO national training pro-
gramme, which combined preclini-
cal and clinical training with end-
of-programme assessment to confirm
competency. This innovative example
of training both trainees and con-
sultants facilitated the safe and suc-
cessful introduction of a new surgical
technique.

This is in sharp contrast with expe-
riences during the introduction of
laparoscopic cholecystectomy. Iatro-
genic bile duct, bowel and aortic
injuries encountered during early
adoption of the laparoscopic approach
to cholecystectomy underscored the
need to train surgeons without com-
promising patient safety. Complica-
tions attributed to a surgeon’s learn-
ing curve are no longer acceptable.
This provided a catalyst to the con-
cept of using a safe, standard and
reproducible simulated environment
to move learning curves away from
the operating room and patients.

Basic simulation training has been
used since the 1970s. Surgical edu-
cational researchers have now created
an impressive body of evidence for the
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effectiveness and efficiency of simula-
tion. Fried and colleagues’ research
with video box trainers4 was instru-
mental in the development of the Fun-
damentals of Laparoscopic Surgery
programme, which is now mandatory
for American Board of Surgery cer-
tification. Competency-based virtual
reality (VR) training programmes for
basic laparoscopic skills5 and subse-
quently whole-procedure VR train-
ing curricula6 were developed. Sim-
ilar principles have been applied to
endovascular surgery and endoscopy.

Increasing evidence supports skills
transfer from the simulation labo-
ratory to the operating room, and
ultimately to improved outcomes for
patients7. Validation and acceptance
of simulation has led to its devel-
opment from a training instrument
into an educational research plat-
form. This has enabled research
into novel educational concepts, such
as deliberate practice8 and men-
tal practice9. Such techniques have
been described previously in domains
outside medicine requiring technical
expertise, such as music and sports.
Innovative high-fidelity, whole oper-
ating room simulators now allow
training and assessment of both tech-
nical and non-technical skills of entire
surgical teams. Experienced surgeons
will accept that, although techni-
cal skills can appear the most dif-
ficult to acquire, it can be surgical
decision-making that truly separates
the good from the great. Conse-
quently, greater attention must be
given to non-technical skills training,
including teamwork and leadership
skills, not only in the operating room
but also on wards and in management
boardrooms.

Despite substantial evidence of
benefits from simulation training, a
survey of 1130 UK surgical trainees
revealed that under half had access to
simulators and fewer than one-fifth of

those had access out of hours10. Incor-
poration of simulation curricula into
surgical training programmes remains
a challenge. This requires signifi-
cant investment, a difficult undertak-
ing in the current economic climate.
However, evidence suggests that this
could prove cost-effective in the mid-
term11. Surgical training is a process
of equipping a trainee with generic
skills to provide care for patients.
VR simulation can go beyond generic
training and provide patient-specific
training. Advances in endovascular
surgery have provided the oppor-
tunity to explore this exciting new
technology12, which could potentially
herald the concept of patient-specific
full procedure rehearsal. The intro-
duction of robotic-assisted endovas-
cular surgery may even provide the
ability to practise a patient-specific
procedure on a simulator and store the
best attempt for a robot to undertake
automatically. Immersive simulation
training could also provide the oppor-
tunity to train surgeons for those
extremely rare events that most will
never encounter in their careers – the
surgical equivalent of landing a plane
on the Hudson River.

A welcome addition to the surgical
literature has been an appreciation of
the demands surgical training can put
on a surgeon and indeed the signifi-
cant risk of burn-out13. Historically,
surgery was a male-dominated envi-
ronment. However, by 2010 almost
one-quarter of surgical trainees in the
UK were women. As women now
outnumber men in medical schools,
this proportion is likely to rise fur-
ther. This has undoubtedly required
the development of flexible train-
ing. Surgical training programmes
must embrace flexibility and look to
facilitate diverse training pathways;
some trainees may follow an academic
career, whereas others may follow a
management or teaching route.

Obtaining a national training num-
ber in surgery has always been com-
petitive and selection processes will
always be scrutinized intensely. A
reliable, validated, global assessment
scale for technical skills was described
in this journal as early as 199714.
In addition there are now robust,
validated assessment scales for assess-
ing non-technical skills15. Limited
integration of technical skills assess-
ment into selection processes has
begun, for example in cardiothoracic
surgery. However, there is potential
for expansion of both technical and
non-technical assessment processes in
all surgical specialties. To complete
the shift towards competency-based
training, robust skills assessments,
rather than predetermined intervals,
should determine training progres-
sion. With revalidation approaching,
these validated assessment tools could
conceivably play a significant role in
the future careers of consultants as
well as trainees.

Surgical practice has been trans-
formed and the apprenticeship model
is in desperate need of augmen-
tation. Rapidly evolving new tech-
niques, such as the development of
robotic or natural orifice surgery, will
continue to present challenges to sur-
gical training. Innovative simulation
techniques may offer the perfect train-
ing adjunct and ultimately lead to
improved patient outcomes. An ethos
of lifelong training should be adopted
and technology will undoubtedly play
an important role. There are reports
of telementoring and many operative
techniques are already shared among
an international surgical community
using online educational resources
such as WeBSurg. Consideration
must also be given to training the
trainers themselves, to enhance the
quality of training. The changing
nature of educational commission-
ing is placing increased emphasis on
hospitals to demonstrate high-quality
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training to justify receiving trainees
and their associated training budgets.
There is presently no robust method
to assess the quality of surgical train-
ing in a hospital, in contrast with
the way clinical and research out-
comes of an institution are assessed.
An institution’s reputation for train-
ing is largely anecdotal. The future
presents an opportunity to encour-
age competition among institutions
to improve the quality of train-
ing through innovative and evidence-
based recommendations, rather than
focusing on increasing quantity.
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