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ABSTRACT
Purpose Research on surgical decision making and risk
management usually focuses on peri-operative care,
despite the magnitude and frequency of intra-operative
risks. The aim of this study was to examine ophthalmic
surgeons’ intra-operative decisions and risk management
strategies in order to explore differences in cognitive
processes.
Method Critical decision method interviews were
conducted with 12 consultant ophthalmologists who
recalled cases and selected important decisions during
the operations. These decisions were then discussed in
detail in relation to decision making style and risk
management. Transcripts were coded according to
decision making strategy (analytical, recognition primed
decision, creative and rule-based) and risk management
(threats, risk assessment and risk tolerance).
Results The key decision in each case was made using
either a rapid, intuitive mode of thinking (n=6, 50%) or
a more deliberate comparison of alternative courses of
action (n=6, 50%). Rule-based or creative decision
making was not used. Risk management involved the
perception of threats and assessment of threat impact
but was also influenced by personal risk tolerance. Risk
tolerance seemed to play a major role during situations
requiring a stopping rule. Risk management did not
appear to be influenced by time pressure.
Conclusions Surgeons described making key intra-
operative decisions using either an intuitive or an
analytical mode of thinking. Ophthalmic surgeons’ risk
assessment, risk tolerance and decision strategies appear
to be influenced by personality.

INTRODUCTION
Along with technical skills (eg, manual dexterity),
non-technical skills such as team working, leader-
ship, judgment and decision making are vital for
optimal ophthalmic surgical performance.1 2

However, according to American ophthalmic pro-
gramme directors, 22% of residents display poor
intra-operative judgment and decision making,
second only to poor manual dexterity (24%).3

Coupled with the rate of adverse events4 5 and
intra-operative errors6 encountered during eye
surgery by inexperienced surgeons, this suggests
that training programmes should strengthen their
focus on decision making, risk management and
judgement skills in addition to the technical aspects
of surgery.
There is very little research on surgeons’ decision

making and risk management during operations,7

apart from some recent studies of general sur-
geons.8 9 Across surgical specialties, most research
concerns pre-operative decisions such as diagnosis
and planning of the intervention.10–13 This is also

true for ophthalmic surgery.14 15 Although pre-
operative planning and risk management are vital to
ensure successful outcomes, sound intra-operative
decision making is especially important during
unforeseen circumstances (eg, malfunctioning of
equipment, intra-operative flattening of the anterior
chamber or reduction in pupil size). Even expected
complications, such as rupture of the posterior
capsule during cataract surgery, have a highly vari-
able presentation and response to intra-operative
manoeuvres.
From research in other high risk occupations,16 17

it appears that the basic components of decision
making and risk management are detection, assess-
ment of situational risks and time available, option
generation and option selection.18 Flin et al7

adapted a model of pilots’ in-flight decision making
for surgery.18 This two stage model proposes that if
a deviation from the intended plan is noticed, the
surgeon first defines the problem and estimates the
level of risk and the time available. Depending on
this situation assessment, one of four main decision
strategies is then used to choose a course of action:
(i) intuitive recognition primed decision (RPD)
making17 (rapid recollection of a single course of
action based on situational cues); (ii) rule-based
decision making (application of a documented pro-
cedure; if x, then y, from evidence-based medicine
or guidelines); (iii) analytical decision making
(several options are generated and compared simul-
taneously to determine the optimal course); and
(iv) creative decision making (devising a novel solu-
tion when the situation is so unfamiliar that rule-
based or analytical solutions are not available).
However, some decisions will involve more than
one type of cognitive process, using a mixture of
the above strategies.
In a recent study, our group investigated

intra-operative decision making and risk manage-
ment9 in a range of surgical specialties including
urology, general, orthopaedic and vascular surgery.
Surgeons were interviewed about a difficult case in
order to examine their risk judgements and deci-
sion making processes. Interviews were analysed
using thematic coding to determine whether a key
decision in the case involved one of the four deci-
sion strategies described above. The surgeons
described using either the analytical (50% of sur-
geons) or intuitive approach (50%) for key deci-
sions during challenging surgery. These modes of
thought are akin to ‘thinking slow’ and ‘thinking
fast’, respectively.19 Selection of the method did
not seem to be related to situational constraints,
such as time pressure, type of operation (laparo-
scopic or open) or context (emergency or elective).
Rather, surgeons’ decision strategy seemed to
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depend on individual preferences. Risk management was found
to be an important part of the decision making process, involv-
ing perception of threats and assessment of their impact. Risk
tolerance seemed to be influenced by personal disposition
towards risk.

Ophthalmology is of interest because of substantial differ-
ences compared to other surgical specialties: there is a high
volume of interventions (cataract surgery is the most common
operation in the National Health Service (NHS) with over
300 000 interventions per year) in mainly elective cases under
local anaesthesia (a factor influencing communication among
team members when a complication arises), predominantly in
an elderly population, yet there can be a relatively high
number of adverse events among inexperienced surgeons.
Intra-operative complications are not life-threatening but can
cause severe morbidity (ie, visual loss). The goal of this study
was to examine decision making and risk management processes
among ophthalmic surgeons.

METHODS
A cross-sectional qualitative study was conducted. Ethics
approval was granted by the NHS North-East Scotland Research
Ethics Committee. Consultant ophthalmic surgeons (n=14)
from four hospitals in Scotland were invited to participate via
an email from a senior surgical colleague, and 12 agreed. The
surgeons (10 male, 2 female), with a mean age of 48.5 (SD 7.7)
years, had an average of 13 years’ experience as an attending/
consultant surgeon (range 3–31 years, SD 9.0). Their surgical
sub-specialities included vitreo-retinal, strabismus, general oph-
thalmology (cataract) and glaucoma. Informed consent was
obtained before each interview.

The critical decision method (CDM) was used in inter-
views.20 In this method, an expert recalls a critical incident, for
example, where they made a difficult decision. The goal of the
interview is to gather information about the decision process
(see above) by probing for information regarding the timeline,
cues, analogies, goals, options and the role of experience. We
used similar questions as in previous research9 (see online sup-
plementary appendix 1) with two additional items to quantify
risk on a scale of 1–3. The cases recalled occurred between
1 week and 2 years prior to the interview (mean 11 months, SD
7 months).

The surgeons recalled a challenging case from their operative
experience. They were asked to describe basic details and the
decisions that were made throughout the case. The interviewer
(KP) repeated the information back as she understood it and the
surgeon corrected the case details if necessary. The interviewer
created a timeline to indicate key decisions, and the surgeon
selected an important decision point where he or she experi-
enced a major shift in understanding the problem or took some
action which altered events. Selecting one decision point of this
type enables a deep understanding of the decision making
process, while limiting the length of the interview to an hour.20

Then 28 questions (see online supplementary appendix 1) were
posed to identify decision making and risk management pro-
cesses at that decision point.20

Risk management processes include: (i) threat perception; (ii)
risk assessment; and (iii) risk tolerance. Threat perception
involves recognition of aspects of the situation (including
patient related threats) which pose a threat to safety (eg, the
complexity of the operation), the anxiety of the patient (par-
ticularly if the patient is under local anaesthesia), the state of
the bilateral eye (if it is blind, the consequences of a poor
outcome are much worse than if it has good visual function),

individual or staff factors (eg, inexperience of staff members
(nurses), the surgeon being on ‘auto-pilot’ because the proced-
ure is routine) and culture/organisation factors (eg, only seeing
the patient 5 min before the operation). Risk assessment is a
cognitive ability and involves the estimation of risk associated
with the recognised threat. The surgeons were asked to discuss
the general level of risk in the situation and the potential impact
on outcome and the patient’s quality of life. Finally, risk toler-
ance is a personality variable, relating to the amount of risk a
surgeon is willing to accept in a given situation. Risk tolerance
follows risk assessment: the surgeon assesses the risk associated
with the considered option(s) and determines whether this is an
acceptable level of risk.

Transcripts were coded according to decision making strategy
(analytical, RPD, creative and rule-based10) and risk management
(threats,21 risk assessment and risk tolerance). The intra-operative
threats encountered by the surgeons were further classified accord-
ing to origin (patient, task, operating environment, team, individ-
ual staff members and culture/organisation).21 A sample of six
interviews was coded by a second investigator to assess reliability.
The methodology used is particularly suited for understanding
complex processes such as decision making.20 The sample size
used in this study (n=12) is normally sufficient for data saturation
with an in-depth interview method.22

RESULTS
The inter-rater reliability (κ) was acceptable (κ values were 0.80
for decision making strategy, 0.67 for risk management and
0.90 for threats).

The characteristics of the 12 ophthalmic cases and the deci-
sion strategies, risk rating and time pressures are shown in
table 1.

Decision making
Although the interview focused on just one key decision, the
cases often involved multiple decisions, similar to the situation
with other non-ophthalmic surgeons.9 In all 12 cases, the sur-
geons described using either an analytical or intuitive (RPD)
rather than a rule-based or creative strategy when making their
key decisions.

Analytical decision making
In six (50%) of the cases, the surgeons described using an ana-
lytical decision method to make their key decision. Recalling
these cases, the surgeons described weighing up the risks and
benefits of more than one possible course of action before
making a decision.

In one case, the surgeon used a limited analytical strategy
where he considered all available options, but only very briefly.
In this case, the trainee surgeon did not respond to the code
word to stop the operation, so the surgeon had to decide how
to get the trainee’s attention without alarming the patient (who
was awake). The surgeon briefly considered the risks of a
number of plausible solutions (eg, physically stopping the
trainee, saying ‘stop’, or asking for an instrument which was
only used in this complication) before deciding to try asking for
the other instrument. If this did not work, he would try one of
the other options.

Other surgeons described how they used analytical decision
making:

How did I arrive at my decision? Analysed the possible options,
of which there were two: do something or do nothing and
realised that I could do something, simple as that.
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I weighed them up and decided that leaving it alone was a better
option for the patient at the time.

RPD decision making
In the other six (50%) cases, the surgeons described using an
intuitive (RPD) method to make their key decision. During
these cases, the surgeons did not compare the risks and benefits
associated with more than one option. There may have been
other plausible alternatives, but they did not need to be consid-
ered because the surgeons already knew what to do as they had
immediately identified their preferred course of action. There
may have been some post hoc evaluation of different options
(eg, asking ‘why didn’t I do X?’), but they did not report doing
this during the operation. These surgeons described thinking
ahead, considering the positives and the negatives associated
with their preferred option, but they never mentioned consider-
ing another option. They just thought the proposed response
through to see if anything could go wrong if they applied this
option; any intra-operative discussion of the option (eg, with
junior surgical team members) was done for teaching purposes
or to confirm the decision.

The surgeons described their RPD decision strategy:

I think that in retrospect, I probably, maybe, talk about these
things slowly but actually it was actually a quick decision, and
look at it and think: right, there is not much vitreous, I can see
there, I’ll just go ahead. You know, it was probably quite a quick,
almost subconscious decision at the time. I knew that I had this
complication; you’re worried that you have this complication,
but actually, the decision to go ahead and not do the vitrectomy
and implanting was probably quite a quick one, it was a
reflex one.

I suppose on previous, some limited previous knowledge and a
gut feeling that this was probably the best way forward.

Regarding factors influencing the decision strategy, the six
cases where the key decisions were characterised as RPD
involved a range of operations, only one of which was cataract
surgery. In four of these RPD cases, the surgeons said there was
no time pressure. In the six cases where the surgeons reported
using analytical decision making, five were cataract surgery. The
risk ratings (see below) did not appear to differ in relation to
decision strategy. In five cases (two RPD, three analytical), the
surgeons described problems that they had not previously
encountered. They said they used their prior experience in
other situations, their reading around the topic and previous
discussions with colleagues to select the appropriate course of
action.

Time pressure was reported in five cases as the patient was
under local anaesthetic (difficulties lying still and anxiety that
the operation was taking too long) and a shorter time frame was
scheduled for each operation compared to general surgery cases.
There was an expectation that local surgery was going to be
quick (eg, 20 min long), which added to the time pressure. The
surgeons said they often ignored this time pressure.

Risk management
Rating of surgical risk
The surgeons rated the patient-related risk as high (n=7) or
medium (n=5), and the majority (n=8) rated the risk to them-
selves as low. These risk ratings did not differ according to the
perceived time pressure or decision strategy adopted.

Risk assessment
The eye surgeons considered whether the complication could be
fixed and how it might affect the patient’s quality of life. A
second, more complex form of risk assessment was consider-
ation of the risk associated with the different options. This was
especially important during analytical decisions where the

Table 1 Characteristics of the 12 cases discussed (ordered by decision strategy)

Operation Decision Anaesthesia
Time
pressure (Y/N)

Patient risk
rating

Decision
strategy

Retinal detachment Intraoperative supra-choroidal haemorrhage. Gas or silicon oil fill?* General Y 3 RPD
Glaucoma drainage device
implantation

Eyeball came out of the orbital socket—what was causing this and how could
it be dealt with?*

General N 3 RPD

Cataract Tear in the capsule. Was the vitreous coming through, and would an anterior
vitrectomy be needed?

Local N 2 RPD

Cataract+iris repair Repair the iris or put in an artificial iris? General Y 2 RPD
Proliferative
vitreo-retinopathy

Scar tissue on the surface of the retina. When to stop trying to remove scar
tissue?

General N 3 RPD

Retinal detachment Retina was not unfolding after inserting decalin. Take the decalin out and
close up or do a retinotomy?

General N 3 RPD

Cataract Needed to take over from trainee surgeon (patient awake). Usual code word
was not working—how to alert the trainee without alarming the patient?*

Local Y 2 Analytical

Strabismus Paediatric case where the wrong muscle was accidentally cut. How to fix the
mistake?*

General Y 3 Analytical

Cataract Small piece of lens in the bag and ruptured posterior capsule. How to remove
the small piece of lens?*

General Y 3 Analytical

Cataract Did not recognise a retrobulbar haemorrhage and decided to continue with the
operation.

Local N 3 Analytical

Cataract Lens was not staying in the correct location. Reposition the lens or remove it
altogether?

Local Y 2 Analytical

Cataract Haptics supporting the intraocular lens implant broke off. Leave the implant in
place or take it out and replace it?

Local Y 2 Analytical

Risk was quantified on a scale of 1–3.
*Novel situation for the surgeon.
N, no; RPD, recognition primed (intuitive) decision making; Y, yes.
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surgeons compared the risk (likelihood and severity of compli-
cations) associated with the different alternatives.

In a number of cases, the surgeons considered short term
versus long term risk. For example, one surgeon described a
cataract operation where the haptics supporting the lens broke
off. If the surgeon left the lens implant in place, there was a
chance that the lens would be misaligned and that the patient
would have to return for another operation. On the other hand,
if the surgeon took the lens out, the operation would definitely
take longer (thus increasing the chance of the patient becoming
anxious) and the incision would have to be extended. As well as
considering the certainty of the outcome (one was 100% likely,
the other was less likely), the surgeon can also compare the
immediacy of the negative outcome. If the lens were removed,
the negative outcome would be immediate. However, if the lens
were retained, the possible negative outcome would occur in
several days time.

Risk tolerance
Risk tolerance played a major role in the surgeons’ decision
making and was discussed by all of them. Issues that affected
risk tolerance included the experience of the surgeon and the
patient’s risk. Risk tolerance seemed to play an especially
important role during situations requiring a stopping rule (eg,
taking over from the trainee surgeon, removing more scar tissue
from the retina).

The risk management process was illustrated in a number of
quotes:

I guess that I... that was a risk, I guess that I was risking if I left
it, it might cause complications but overall it would be better
than going in and risking stabbing the vitreous and having to go
in and suck the vitreous out and do the whole thing.

I wasn’t aware of particular deepening of the chamber, so that
made me treat it more conservatively.

In one particular case, the surgeon described the relationship
between threat perception, risk assessment and risk tolerance.
He noticed a tear in the posterior capsule (during cataract
surgery) based on subtle visual information and decided (based
on the same visual information) that very little vitreous was
coming through (threat perception) and that it did not threaten
the safety of the operation (risk assessment). Therefore, he did
not have to worry about performing a vitrectomy, but could
proceed and put the implant in the eye (risk tolerance), in other
words, he was comfortable taking this level of risk. In this case,
time pressure might have been a factor.

DISCUSSION
Intra-operative decision making and risk assessment are essential
skills for effective and safe eye surgery, and thus should be part
of training programmes. This is the first attempt to develop a
method to determine how consultant ophthalmic surgeons
evaluate and manage risk when taking decisions during eye
operations.

The CDM interview employed in this study is a technique
used to measure on-task decision making in high risk activities
such as fire fighting, aviation and healthcare.20 CDM interviews
are useful to measure intra-operative decision making and risk
management, and have been used to develop curricula to
inform decision making behind other surgical procedures, for
example, percutaneous tracheotomy placement23 and flexor
tendon repair.24

In this study eye surgeons facing a challenging situation
during surgery used both analytical and intuitive (RPD) decision
making. Similarly, both strategies have been documented during
practice in other surgical specialties.9 25 26 RPD is faster and
requires less working memory27 but can only be used by experi-
enced surgeons familiar with the problem in hand. However,
with enough time, or when faced with a complex or ambiguous
situation, an analytical decision strategy may be adopted. It has
been suggested that surgeons use their preferred strategy for
70% of decisions, while situational constraints determine strat-
egy use for 30% of decisions.25 Moulton et al8 described how
surgeons have to transition between the more effortful analytical
stage to the more automatic, intuitive mode during surgery, with
a recent observational study of surgeons’ decision making
reporting a cyclical model based on this type of transition.28

The decision making of car drivers29 and aircraft pilots30 has
been shown to be influenced by their risk management, com-
prising threat perception, risk assessment and risk tolerance.
Surgeons’ preoperative risk assessment31 and risk attitudes32 33

have been studied previously. In this study, eye surgeons evalu-
ated the risk before and during surgery. Risk ratings and risk
management did not seem to be influenced by time pressure or
the decision strategy adopted (intuitive or analytical). While the
surgeons in our previous study discussed this in terms of the
likelihood of patient death, the eye surgeons considered the like-
lihood of the patient losing an eye or eyesight.

Behavioural areas of competence should receive explicit
attention during ophthalmic surgical training to ensure
individuals are aware of what constitutes good practice and that
they have the requisite skills to deliver this. Recognition of the
importance of these non-technical skills in anaesthesia has
led to the development of aviation-style crew resource
management training courses, for example, Crisis Avoidance
and Resource Management (CARMA) and Anaesthesia Crisis
Resource Management (ACRM). A taxonomy of anaesthetists’
non-technical skills (ANTS) and a behavioural scale to rate them
is now being used in some anaesthetic training programmes.34

For general surgeons, a non-technical skills for surgeons
(NOTSS) taxonomy and rating system was developed using task
analysis with subject matter experts and evaluated in trials using
standardised video scenarios and real operations.35 36 It allows
consultant (attending) surgeons to give feedback to colleagues
and trainees based on structured observations of non-technical
aspects of performance during intra-operative surgery.35

Training in NOTSS is offered by The Royal College of Surgeons
of Edinburgh, and the Royal Australasian College of Surgeons
have incorporated NOTSS into their new professional stan-
dards. Similar developments should perhaps be considered for
training ophthalmic surgeons.37
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