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Background: To enhance safety in surgery, it is necessary to develop a variety of tools for measuring and
evaluating the system of work. One important consideration for safety in any high-risk work is the frequency
and effect of distraction and interruption.
Aim: To quantify distraction and interruption to the sterile surgical team in urology.
Methods: Observation of the behaviour of the surgical team and their task activity determined distraction and
interruption recorded. Using an ordinal scale, an observer rated each salient distraction or interruption
observed in relation to the team’s involvement.
Results: The frequency of events and their attached ratings were high, deriving from varying degrees of
equipment, procedure and environment problems, telephones, bleepers and conversations.
Discussion: With further refinement and testing, this method may be useful for distinguishing ordinal levels of
work interference in surgery and helpful in raising awareness of its origin for postoperative surgical team
debriefing.

S
urgical skill and patient-specific conditions together
determine the outcome of surgery. However, focusing only
on these determinants assumes that surgeons and other

professionals in surgery will perform highly and uniformly,
regardless of the variable conditions of their work.1 A systems
view recognises that professional skills alone are not sufficient
to determine outcome because the operation of the system
involves many interdependent variables, some of which are not
necessarily under one’s control.2–4 Workload, the reliability and
effectiveness of equipment, and the conditions of the operating
theatre environment may all affect anaesthetic,5 nursing and
surgical performance.6 7 The implication of this argument is
that to improve the reliability of surgery, there must be a
preoccupation with identifying and rectifying variation within
the system that is potentially detrimental to performance.8 This
is consistent with the general approach to safety adopted in
other high-risk domains.9

Critical incident reporting methods provide a valuable means
by which to monitor the causes of near misses or adverse events
retrospectively. They give some indication of the problems
experienced by operating theatre staff, such as equipment
problems, which may contribute to 4% of all hospital incidents
reported.10 One study, for example, showed that over an 11-year
period from 1000 anaesthetic critical incident reports at a
Leicester hospital there were 395 anaesthetic incidents invol-
ving equipment problems.11 However, reports rely on variable
efforts in reporting for fear of blame, and with retrospective
research it is difficult to attribute cause to events12 as they
often have a background of complexity, in terms of latent
failure.13

Research must address the broader conditions of work which
may contribute to system failure. Of particular concern are
distractions and work interruptions because of their possible
contribution to excessive workload and task performance.14

Observational measures are therefore useful means by which to
conduct prospective research for evaluating the causes of work
distraction and interruption15 16; they provide an alternative to,
and complement, reporting systems.17 Results from observa-
tional studies suggest that distraction or interruption indeed
compromise performance in the operating theatre.18 19 One
approach has been to try to quantify distraction and interruption

observed in the operating theatre in an attempt to measure the
overall work interference in surgery.20 Broadly speaking, the
assumption with this approach is that the unhindered flow of
surgical processes reflects a system performing effectively,
whereas distraction or interruption reflects interference within
the system. A rate of one observed distraction or interruption
every 3 min was recorded in general surgery using this method; a
similar frequency of interruption was found in an emergency
department.21 Results showed reasonably high reliability for the
rating of individual distractions and interruptions and for
aggregate scores assigned to operations. This article reports a
similar method applied to urological surgery, where the unit of
analysis was the sterile surgical team and their circulating support
staff, rather than the entire operating theatre personnel. This
difference served to reduce the scope of the system assessed and to
increase observer focus. We also measured interruption duration.
This study had the following aims relating to urological surgery in
a single operating theatre:

(1) to measure the frequency of distraction and interruption in
a single sample;

(2) to identify the source of distraction and interruption in the
sample;

(3) to evaluate noise in the operating theatre with sound
pressure measurement.

METHODS
Sample
The sample included 30 urology day-case procedures (see
Results section for details) collected over a 2-month period
from the operating lists of four consultant urologists practising
in a single operating theatre of a central London teaching
hospital. The relevant ethics committee approved the research
before observations began. Data collection demanded sus-
tained, high-level concentration. Therefore, to maintain the
quality of the data collected, the researcher observed day-case
procedures of (predicted) relatively short duration. Sampling
started from the formation of the sterile field and ended with
deconstruction of the sterile field, representing the intraopera-
tive phase of surgery.22
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Measures
An observer recorded events that distracted or interrupted the
sterile surgical team. We defined distraction as observed
behaviour such as orienting away from a primary task or
verbally responding to a secondary task. We defined interrup-
tion as a distraction resulting in a break in primary task activity.
We constructed a rating scale to reflect ordinal levels of team
involvement in an event of a distracting or interrupting nature
(table 1). Scale point 1 refers to events with the potential to
distract the sterile team. Scale point 2 refers to similar events
noticed by the staff supporting the sterile team. Scale points 3–5
reflect the possible involvement of a single sterile team member
in an event not related to their current work. If they responded
to a visual or auditory stimulus with a short head turn, for
example, this would rate 3. If they were similarly distracted, but
then engaged in the source of distraction by verbally respond-
ing while maintaining primary task activity (ie, multitasking),
this would rate 4. If the single team member ceased their
current tasks to engage entirely on the distraction, this would
become an interruption and correspond to point 5 on the scale.
Scale points 6–8 are similar to points 3–5, but involve two or
more members of the sterile team. Point 8 refers to noticeable
disruption to the whole surgical team’s work. Thus, the scale
relates to the level of impact on the sterile team. The two lower
levels relate to events that might encroach on the sterile team
where support staff notice or deal with the distraction. The
following levels relate to the level of sterile team engagement in
an event, from distraction to interruption at the individual level
or at the team level. The observer recorded a brief description of
each distraction or interruption and rated each using the
ordinal scale, also noting the time of onset and end of observed
work interruption. Concurrently, the observer collected a tally
of personnel entering or leaving the operating theatre.

Materials
The observer used a standardised data record form in table
format with separate columns to insert data on predefined
variables. The observational data were entered into the
following categories: case-irrelevant conversation, telephone
calls, bleepers, equipment, procedure, work environment and
movement behind the endoscopic/fluoroscopic displays. A
Tecpel SE-322 sound-level meter (Tecpel, Taipei, Taiwan) was
used to measure sound pressure levels, pre-set to sample at 2 s
intervals. This had auto-ranging measurement between 30 and
130 A-weighted decibels (dB(A)), an accuracy of ¡1.5 dB(A), a
capacity for 32 000 data logs and an integrated LCD clock and
data display.

Procedure
The observer, a medical student, qualified with a first class
honours degree, ran six pilot cases in a urology theatre before
data collection, receiving training and instruction from a
human factors researcher in the practical aspects of data

collection.20 Training involved the reading of relevant literature,
discussion of the method and the general principles of
observational research, guidance and feedback during piloting.

During data collection, the observer was present in the
capacity of a researcher within a university-based clinical safety
research unit. During data collection, the observer positioned
themself away from the operating table, ensuring an optimum
viewing position, with each member of the sterile surgical team
and all theatre doors in view; the observer’s position once
established was static. The observer positioned the sound meter
beside them and directed it towards the operating table.

Data collation and analysis
We tallied observed events of distraction or interruption to form
a total for each case. Similarly, we tallied the ordinal ratings
attached to each distraction or interruption for each case to
form a total. We also totalled the duration of interruption
recorded to obtain a measure of interruption duration per case.
To remove the bias of operation duration from the data we
divided the totalled events by operation duration. We also
obtained a percentage of interruption duration per case.

RESULTS
Operations
The 30 operations comprised the following: 2 circumcisions; 1
circumcision and vasectomy; 1 ligation of varicocoele; 1 scrotal
exploration; 4 rigid investigative cystoscopies; 2 semi-rigid
investigative cystoscopies; 1 semi-rigid cystoscopy with pyelo-
graphy; 1 laser lithotripsy and stent removal; 1 stricture
division; 4 transurethral resections of prostate; 2 transurethral
resections of prostate and laser lithotripsy; 1 transurethral
electrovaporisation of prostate; 1 bladder tumour excision; 1
bladder tumour biopsy and cystodiathermy; 1 ureteroscopy and
laser lithotripsy; 1 ureteroscopy and tumour excision; 1
ureteroscopy and stent placement; 1 ureteroscopy and stent
replacement; 1 ureteroscopy with lithotripsy and stent place-
ment; 1 ureteroscopy and stent removal; and 1 ureteroscopy
and ultrasonic lithotripsy.

Operation duration
Operation duration ranged from 7.43 to 312.73 min, for the
period from starting sterility to the end of the surgical
operation. The mean operation duration was 52.35 (SE
10.70) min.

Observations
Table 2 shows the summary statistics of observed events. The
total of distraction or interruption events observed per case
ranged from 1 to 89, with a mean of 20.47. The rate of events
observed per minute ranged from 0.11 to 0.82, with a mean of
0.45 events/min. The ordinal rating tally for each case ranged
from 8 to 266. Cumulative work interruption as a percentage of
the operation duration ranged from 0.41% to 50.17%, with a
mean of 13.05%, an average of 5.66 min interruption per
operation. Movement through the operating theatre was very
frequent, with 1543 door-openings, a mean rate of 1.08/min for
the whole sample.

Table 3 shows the data from the whole 30-case sample for
totalled distraction or interruption events observed, totalled
ordinal ratings attached to them and their ratio, and work
interruption duration, according to source category. The most
frequent sources of distraction or interruption were conversa-
tions, work environment problems, telephone calls and equip-
ment. The least frequent sources of distraction or interruption
were movement in front of video monitors and bleepers. The
categories with the highest ratings were conversations, equip-
ment problems, work environment and telephone calls. Those

Table 1 The eight-point ordinal scale used to weigh
observed events

Level Observed related effects

1 Potentially distracting stimulus
2 Non-case-related stimulus noticed by staff, not by sterile team
3 Sterile team member momentarily distracted
4 Sterile team member engages in distraction
5 Sterile team member’s primary task interrupted
6 Sterile team momentarily distracted
7 Sterile team engage in secondary tasks
8 Sterile team’s work interrupted—operation flow disrupted
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associated with the lowest ratings were movement in front of
monitors and bleepers. Most work interruption was derived
from conversations, equipment and procedural problems.
Table 4 shows examples of the equipment, procedure and work
environment.

Noise measurement
Each operation had a mean, maximum and minimum noise
level. Mean noise levels ranged from a minimum of
51.14 dB(A) to a maximum of 63.91 dB, with an average of
56.92 (SE 0.58) dB. The average minimum noise level for an
operation was 46.90 (SE 0.53) dB, and the average maximum
noise level for an operation was 80.28 (SE 0.91) dB. The
absolute minimum level recorded from the entire sample was
37.40 dB and the absolute maximum was 92.60 dB.

DISCUSSION
In this study, an observer recorded distraction and interruption
to the sterile surgical team in urological surgery. The sample
was modest but sufficient to be representative of the operating
theatre observed for the 2-month period of observation and that
particular type of surgery. The results may not be indicative of
other specialities or of the same type of surgery in other
operating theatres. For this sample, the overall results showed a
high frequency of distraction and interruption collectively
amounting to notable work interference, determined by the
level of sterile-team involvement and reflected by the high
frequency of operating theatre door opening recorded.

The measures used, particularly the rating related to team
involvement, must be scrutinised in terms of their validity and
sensitivity. Research to date has shown reasonably high inter-
rater reliability for both identifying distracting events in the
operating theatre and rating them using this method.20

However, it is important to acknowledge that the measurement
scale demands scrutiny, though we argue it is a logical one, and
essentially serves its intended purpose in assigning some
weight to relevant events. A simple tally of observed distraction
and interruption events is useful in itself, but it does not show
anything about the effect on the sterile team, whereas the scale
accounts for team involvement. We attempt to show that some

sources of distraction may be frequent but not so disruptive,
whereas others may be less frequent but more disruptive in
relation to the team.

The measures, of course, depend on the observer’s capacity to
interpret events and this may vary from person to person,
which is a potential weakness of the method. Observers may be
biased in identifying some distractions rather than others. We
need research to test explicitly whether observer characteristics
confound the data and compromise the measures. Indeed, there
are many issues to address with these and other observational
measures for the surgical domain. We might further test their
validity, perhaps in parallel with subjective measures from
operating theatre personnel obtained postoperatively. We may
also improve on the scale used here by reducing scale points.
There may be other means by which to measure the severity of
such events or their effects. Clearly, the object of analysis and
the form of ratings of events could vary in different ways, and
this is a matter for further research in relation to different
research aims. For example, the object of analysis might relate
to the operating surgeon or scrub nurse alone and the rating of
distraction severity would demand a different scale, or even a
completely different form of measurement. We might also
revise categorisations to either separate sources or combine
various sources of distraction in one or more categories,
depending on the purpose of the further study.

Our results showed that frequency, rating tally and duration
of work interruption varied according to source category. A
closer analysis of these data may reveal some of the more
disruptive interactions in the operating theatre (table 3). For
instance, telephone calls and bleepers were highly frequent but
had little observed effect on the sterile team and did not
interrupt much work, as these were dealt with by other
operating theatre personnel. In contrast, equipment-related
problems were less frequent, but were associated with a higher
rating, and accounted for over 30 min of interruption duration
in the sample. Case-irrelevant communication was both
frequent and associated with a high rating, accounting for
100 min of interruption in the sample.23 This supports previous
claims that there may be ‘‘too much talk’’ in some operating
theatres.24 Often, conversation was irrelevant to the case at
hand, although relevant to other cases or hospital matters.
Some talk was about procedure and equipment problems.
Therefore, distractions of one type could have a persistent and
prolonged affect, with a certain degree of interdependence or
overlap among source categories. For instance, equipment
problems involved more journeys outside the theatre for
circulating nurses and increased work interruption for the
sterile team waiting for resolutions for missing equipment or
replacement of faulty equipment.

Noise went beyond acceptable ranges in some cases. For
satisfactory speech-intelligibility, there should be a 10 dB
difference between the ambient noise and speech noise at the
position of the speaker (ISO 9921). Raised vocal effort reaches
66 dB (BS8233-CIBSE, 1994), so the noise level in theatre
should be ,56 dB. We found mean operative case noise

Table 2 Summary statistics of observed events and interruption duration from the entire 30-
case sample

Tally of events
per case Events per minute

Tally of ratings
per case

Interruption
duration
per case (min)

Interruption
duration (%)*

Mean 20.47 0.45 71.90 5.66 13.05
Maximum 89.00 0.82 266.00 19.43 50.17
Minimum 1.00 0.11 8.00 0.10 0.41

*Interruption duration as a percentage of case duration.

Table 3 Totalled events observed and their ratings, and
interruption duration associated with each source category

Source
Tally of
events (a)

Tally of
event ratings
(b)

Ratio of
a to b

Interruption
duration

Conversation 198 902 4.55 100.62
Phone 130 283 2.17 4.05
Bleeper 26 40 1.53 1.30
Equipment 58 376 6.48 35.48
Procedure 36 195 5.41 26.73
Environment 163 351 2.15 1.53
Monitor 3 10 3.33 0.13
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ranging between 51.14 and 63.91 dB, and a mean case
maximum of 80 db, so noise was acceptable in some cases
and in some periods but not in others. This is consistent with
previous studies that show high noise levels in the operating
theatre.12 25 26 High levels of background noise can have
detrimental effects on communications and on cognition—for
example, in terms of disruption to prospective memory27 and
concentration.28

In aviation, it is recognised that distraction and the
ineffective management of concurrent tasks may compromise
safety.29 Work interrupted in the cockpit may lead pilots to
rapidly forget their planned actions.30 Distractions in tandem
with other system failures may lead to deviation in protocol or
procedure and accidents.31 Operational procedures, such as
‘‘The 1981 Sterile Cockpit Rule’’, act to safely control the critical
phases of flight. Rules and conditions for safe operating theatre
work exist, but these mainly regard sterility and nursing
protocol, such as swab and instrument counts, and anaesthetic
protocol. Implicit localised or individualised rules regarding
operational working practices also exist, but these will vary
according to preferences from one surgeon, team or unit to
another. There are no explicit rules for controlling work
interference in surgery.

It is important to emphasise that aspects of distraction and
work interruption are sometimes essential to work, because
concurrent tasks are inherent to a professional’s daily activity.21

Trade-offs in dealing with multiple tasks and multiple cases in
this complex system are expected. However, it should not
follow that we expect operating theatre personnel to deal with
whatever variable work conditions they encounter; there is a
limit to what individuals and teams may adapt to. More
awareness of distraction and interruption may guide the
improvement of surgical processes and standardise working
conditions more uniformly. This is particularly important for
addressing the continual change in surgical training, surgical
procedure and new technology. Researchers need to evaluate
team performance issues in surgery in general; these should
include a focus on distraction and workload, and a pragmatic
discussion of what constitutes multitasking, distraction, inter-
ruption and breaks.32

There was no attempt to relate the measures reported to
patient care directly; for this we would need a much larger
sample. Even with a larger sample we might find that work
interference alone does not necessarily predict rates of adverse
events or near misses. However, we would predict that work
interference covaries with other factors such as individual
performance levels and patient status, and together these may
form the principal components that predict risks to patient care.
The ability to distinguish between operations associated with
high versus low levels of interference would clearly be helpful

for improving the various aspects of performance and safety in
surgery. However, there are statistical challenges in achieving a
single score that represents the overall level of work inter-
ference.

These type of observational measures might confirm and
correlate with data from critical incident reporting which
clearly show that equipment and communications, for example,
may often pose risks to patient care. Observational measures in
turn may inform operating theatre personnel of the broader
aspects of their system of work, the origin of distraction and
potential effects. They may be useful in team debriefing and
help in identifying problems unique to specific surgical
specialities, surgical teams and operating theatres.
Observational measures of various types may help in develop-
ing safe working parameters and serve to monitor working
conditions once those parameters are established. Greater
predictability and standardisation of working conditions could
reduce workload and stress for surgeons33 and other operating
theatre professionals in surgery, and ultimately enhance safety
in surgery toward high-reliability.
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Informed consent continues to baffle

Please visit the
Quality and
Safety in
Health Care
website [www.
qshc.com] for
a link to the full
text of this
article.

A
small UK study has suggested that factors other than adequate cognitive function
determine patients’ understanding in the process of informed consent. Just how to obtain
truly informed consent remains elusive.

The prospective survey of consecutive outpatients undergoing endoscopy showed that all
those with a high degree of understanding of the procedure had normal cognitive function
(Mini Mental State Examination score .24), but so did 78% of those with low understanding,
leaving just 22% with low understanding and low cognitive function. Conversely, half of those
patients with no understanding and 83% with low understanding had normal cognitive
function. Among the 100 patients studied, 36 had low understanding and eight of these had
subnormal cognitive function. Between 92 and 98 patients reported having had written or oral
information about the procedure. The mean age of the cohort was 56 (median 52) years.

All patients were interviewed before endoscopy, immediately after giving consent, to gauge
their understanding of the reasons for the procedure, its risks, what the procedure entailed, and
aftercare. All outpatients are sent a written leaflet on the procedure, based on current national
guidelines, before attending for endoscopy.

Informed consent is often difficult to satisfy fully because of patients’ poor understanding.
The researchers wondered whether cognitive function might be implicated, having found earlier
that up to a third of outpatients had poor understanding and recall of consent they had just
given. The role of cognitive function in informed consent has not been studied in a clinical
setting.

m Yeoman AD, et al. Postgraduate Medical Journal 2006;82:65–69.
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