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ABSTRACT
Objective To understand human factors (HF) contributing 
to disturbances during invasive cardiac procedures, 
including frequency and nature of distractions, and 
assessment of operator workload.
Methods Single centre prospective observational 
evaluation of 194 cardiac procedures in three adult 
cardiac catheterisation laboratories over 6 weeks. A 
proforma including frequency, nature, magnitude and 
level of procedural risk at the time of each distraction/
interruption was completed for each case. The primary 
operator completed a National Aeronautical and Space 
Administration (NASA) task load questionnaire rating 
mental/physical effort, level of frustration, time- urgency, 
and overall effort and performance.
Results 264 distractions occurred in 106 (55%) out 
of 194 procedures observed; 80% were not relevant to 
the case being undertaken; 14% were urgent including 
discussions of potential ST- elevation myocardial infarction 
requiring emergency angioplasty. In procedures where 
distractions were observed, frequency per case ranged 
from 1 to 16 (mean 2.5, SD ±2.2); 43 were documented 
during high- risk stages of the procedure. Operator rating 
of NASA task load parameters demonstrated higher levels 
of mental and physical workload and effort during cases in 
which distractions occurred.
Conclusions In this first description of HF in adult cardiac 
catheter laboratories, we found that fewer than half of 
all procedures were completed without interruption/
distraction. The majority were unnecessary and without 
relation to the case or list. We propose the introduction of 
a ‘sterile cockpit’ environment within catheter laboratories, 
as adapted from aviation and used in surgical operating 
theatres, to minimise non- emergent interruptions and 
disturbances, to improve operator conditions and overall 
patient safety.

INTRODUCTION
There is growing recognition of the impor-
tance of human factors (HF) in healthcare 
and patient safety.1 2 Better understanding 
of working environments is paramount to 
improving clinical working conditions and 
patient safety. Distractions and interruptions 
are common in clinical medicine. Their 

negative impact on staff performance has 
been recognised across a number of clin-
ical areas.3–8 There is an inverse relationship 
between interruptions and miscommunica-
tions during surgical procedures.5 Interrup-
tions and multitasking are associated with 
significantly increased prescribing errors in 
emergency departments.6 A systematic review 
showed auditory and mental distractions in 
laboratory/simulation studies can adversely 
impact surgical performance.7 In addition, 
intraoperative distractions led to fewer safety 
checks by urological surgical teams.8 In 
contrast, the use of a ‘do not interrupt’ inter-
vention bundle led to a significant decrease 
in non- medication related interruptions to 
nursing staff during medication administra-
tion.9

Surgical specialties have led the translation 
of HF research, alongside safety concepts 
from the aviation industry, into clinical 
practice.1 For example, the WHO ‘Surgical 
Safety Checklist’ has been widely adopted 

Key questions

What is already known about this subject?
 ► Distractions and interruptions are increasingly rec-
ognised in clinical medicine and may have adverse 
impact on staff performance and patient safety.

What does this study add?
 ► First description of significant levels of non- urgent 
and case irrelevant distractions in adult cardiac 
catheterisation laboratory and their association with 
increased perception of workload in cardiologists.

How might this impact on clinical practice?
 ► Non- urgent distractions in cardiac catheterisation 
laboratory should be minimised. A ‘sterile cockpit’ 
environment with only essential case- relevant com-
munication and no interruptions during critical stag-
es of procedures may be considered.
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in operating theatres for over a decade but only more 
recently in cardiac catheterisation laboratories.10

The cardiac catheter laboratory shares similarities with 
the operating room. A primary operator and 4–6 other 
healthcare professionals work as a team to investigate/
treat patients, in often emergent situations, with complex 
invasive procedures. Asides from incorporation of the 
generic WHO checklist, there has been no specific eval-
uation of the impact of HF in adult catheter laborato-
ries. We set out to describe the frequency and nature of 
distractions in the adult cardiac catheter laboratory and 
their impact on cardiologists and patients.

METHODS
We undertook a 6- week single centre prospective observa-
tional patient safety and service evaluation project (July to 
September 2018) in our three adult cardiac catheterisa-
tion laboratories. Activity included primary percutaneous 
coronary intervention (PPCI), percutaneous coronary 
intervention (PCI), coronary angiography (CA), device 
implantation—permanent pacemaker (PPM), implant-
able cardioverter defibrillator (ICD) and cardiac resyn-
chronisation therapy (CRT), electrophysiological studies 
(EPS) and ablation.

The casemix included emergencies (ST- elevation 
myocardial infarction (STEMI), pericardial tamponade, 
unstable heart block), acute in- patient and elective outpa-
tient procedures. Catheter laboratory team members 
were informed prior to commencement of the evaluation 
period including discussion around data collection with 
reminders at daily team brief. Physiologists, noted to have 
the best overall ‘birds- eye’ perspective of the catheter 

laboratory, were requested to complete a proforma for 
each case, including duration of procedure, frequency 
and nature of distractions and team members involved.

When possible, the risk stage of the procedure at time 
of distraction was also noted (table 1).

Distraction coding and National Aeronautical and Space 
Administration task load index
Distracting sources were audited prior to derivation of a 
formal distraction source list (table 2).

Background music was classified as a distraction if any 
team member requested volume reduction/cessation. 
The magnitude of distraction was coded as per the Healey 
Scoring System from least to most disruptive (table 3, 
observed effect).11

Risk stages (table 1), modelled in similar fashion to 
that proposed by Bergersen et al in their study of paedi-
atric and congenital cardiac catheterisation,12 were classi-
fied into four groups, ranging from category 1 (vascular 
access and wound closure) to category 4 (cardiac arrest, 
tamponade). The anticipation being that an increase in 
risk category would demand an increase in catheter labo-
ratory team concentration.

Procedural duration was classified as category 
1 (≤30 min), category 2 (31–60 min); category 3 
(61–120 min), category 4 (121–180 min), category 5 
(181–240 min), category 6 (>240 min).

The Hart and Stavelands National Aeronautical and 
Space Administration Task load Index (NASA TLX, 
online supplemental figure 1), a widely used and robustly 
validated human- centred tool, was employed to assess 
operator workload. The primary operator was asked to 

Table 1 Categorisation of risk stages of procedures performed in cardiac catheterisation laboratory

Risk category 1 Risk category 2 Risk category 3 Risk category 4

Primary PCI Vascular access Catheter exchange
Contrast delivery

Critical time to open artery
Balloon inflation and stent delivery

Cardiac arrest
Pericardial tamponade
Life- threatening bleed

Elective angioplasty Vascular access Catheter exchange Balloon inflation and stent delivery Cardiac arrest
Pericardial tamponade
Life- threatening bleed

CRT Vascular access
Wound closure

RV/RA lead placement
Access to coronary sinus

Placement of LV lead/removal of 
delivery sheath

Cardiac arrest
Pericardial tamponade
Life- threatening bleed

EPS/Ablation Vascular access Catheter placement
Catheter exchange

Ablation catheter
Signal analysis
Transeptal puncture

Cardiac arrest
Pericardial tamponade
Life- threatening bleed

Diagnostic angiogram Vascular access Catheter exchange
Contrast delivery

Cardiac arrest
Pericardial tamponade
Life- threatening bleed

Bradycardic PPM or ICD Vascular access
Wound closure

RV/RA lead placement Cardiac arrest
Pericardial tamponade
Life- threatening bleed

CRT, cardiac resynchronisation therapy device implantation; EPS, electrophysiological studies; ICD, implantable cardioverter defibrillator 
implantation; LV, left ventricular; PCI, percutaneous coronary intervention; PPM, permanent pacemaker implantation; RA, right atrial; RV, right 
ventricular.
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score task load components (effort, performance, mental 
demand, physical demand, frustration and temporal 
demand) on a 21- point graded scale from low to high, 
immediately post procedure to ensure perceptions were 
an accurate reflection of experience.

Patients completed an experience and satisfaction ques-
tionnaire (excluding those who received general anaes-
thesia) rating perceived quality and success of procedure 
(scale 1 (poor) to 10 (excellent)) and continuity of team 
members.

Statistical analyses
Procedural distraction data were analysed using the 
Rasch Rating Scale model which takes ordinal data and 
computes a linear (equal- interval) measure which can 
be used in further analyses. Rasch model analysis focuses 
on data quality in relation to the hypothesised construct 
(task load in this case) and produces a number of metrics 
which can be used to judge the validity of the measure-
ment instrument and its resulting data. Data judged to 
fit the Rasch model can be regarded as interval data and 
analysed appropriately. The structure and functioning of 
the original 21 point response scale was evaluated and in 
order to maximise model fit, rating scale categories were 
merged to create a new 6- point scale.

After validation, the resulting data (measured in logits) 
represented a valid measurement of the construct of task 
load. Extreme values (maximum and minimum) were 
excluded as they did not provide any useful measure-
ment information. The remaining data were normally 
distributed interval data and analysed using parametric 
methods.

To ensure an appropriate amount of data for analysis 
of impact of interruptions on the taskload, the struc-
ture of some descriptive variables were modified. Only 
procedure types where data were collected on ≥10 cases 
were included (CA, CRT, PCI and PPCI). In terms of the 
number of distractions, all occurrences with ≥3 distrac-
tions were included as a single category. For the duration 
of the procedure, all observations classified as category 
four or above were classified as 4+.

The relationship between descriptive variables and task 
load was analysed using analysis of variance (ANOVA) 
with post hoc comparisons investigated using Tukey’s 
‘Honest Significant Difference’ (HSD) method which 
allows multiple pairwise comparisons between variable 
levels while correcting for the family- wise error rate .

Patient and public involvement
Patients/public were not involved in design, conduct, 
reporting or dissemination plans.

RESULTS
Procedural distractions
Data were collected from 194 procedures: EPS/ablation 
(n=17), box change (n=8), ICD/CRT implants (n=13), 
coronary interventions (n=148, including 10 PPCI), PPM 
implant (n=8). The primary operator was a fellow (ST7) 
in 41%, consultant in 58% and registrar in 1% of cases.

A total of 264 distractions occurred in 55% (n=106) of 
all procedures undertaken. In procedures where inter-
ruptions were observed, frequency per case ranged from 
1 (n=43) to 16 (n=1).

An average of 2.5 (SD ±2.2) distractions were seen in 
cases when any distraction happened. The number of 
distractions occurring across procedure types is shown 
in figure 1. Eight out of 10 PPCI procedures were inter-
rupted (1–8 interruptions per case) and 14 of the inter-
ruptions happened during stages of procedural difficulty 
2–4 (i.e. after gaining vascular access).

Procedural duration was recorded in 189 procedures 
(97%); 67 were duration category 1, 63—category 2; 33—
category 3, 20—category 4, 4—category 5, 2—category 6. 
Fifty eight per cent of distractions occurred in cases with 
procedural time <120 min.

Eighty per cent (n=210) of all distractions had no rele-
vance to the case underway at the time. Only 14% were 
urgent including discussions around potential STEMI/
PPCI. Online supplemental figure 2 shows distribution 
of distraction by source, with interruption of the catheter 
laboratory team by external staff accounting for 60%. 
Free- text descriptions of individual distractions were 

Table 2 Common distracting sources

No Potential distracting source

1 Phone — in lab or in close proximity

2 Bleeper

3 Radio — action or response to the radio causing 
distraction

4 Case irrelevant communication

5 Communication difficulties

6 External staff

7 Equipment—provision or failure

8 Working environment

9 Procedural events

Table 3 Grading of the interference or disturbance on the 
intended task/procedure

Event level Observed effect

1 Potentially distracting source

2 Interference noticed by floating personnel

3 Floating member attends to non- case interference

4 Team member momentarily distracted from task

5 Team member pauses current task

6 Team member attends to distraction

7 Whole/part team momentarily distracted from task

8 Whole/part team attend to distraction

9 Flow of the task/procedure interrupted

1=least, 9=most.
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encouraged and included: ‘discussion regarding prac-
titioner finishing time,’ ‘coordinator entered to check 
progress of list,’ ‘ED call to discuss STEMI,’ ‘equipment 
request,’ ‘discussion of daily jobs,’ ‘discussion of stock,’ 
‘registrar answering multiple bleeps,’ ‘radiographers/
physiologists discussing breaks.’

In 37% (n=97), the risk stage of the procedure at the 
time of distraction was recorded (online supplemental 
figure 3). Forty four per cent (n=43) occurred during 
high- risk stages including critical time to balloon infla-
tion and reperfusion in STEMI. On analysis of magnitude 
of distraction on the primary operator, we demonstrated 
transient but complete procedural cessation in 16% 
(n=43) of all interruptions, of which nine were during 
emergencies.

Validation of National Aeronautical and Space Administration 
task load index
An initial evaluation of the 21- point rating scale suggested 
that it was not used uniformly or consistently by respond-
ents and so individual rating scale points were collapsed 
into six categories that demonstrated a similar number of 
observations with distinct Rasch probability. This meant 
that the possible score for each item ranged from 1 to 
6 and the entire instrument score ranged from 6 to 36. 
Rasch analysis identified seven responses that did not fit 
the model and these were removed during calibration. 
After calibration, raw scores increased monotonically 
with overall task load measures and all six items demon-
strated strong positive correlation with overall task load 
measures (range 0.61–0.87) suggesting a single construct 
(task load). Items demonstrated an appropriate level of 
model fit with both infit and outfit ranges between 0.5 
and 1.5. Calibrated items had a logit difficulty range of 

between −1.3 and 1.3. On the task load scale, low logit 
values indicate items that are easier (more commonly 
attract higher ratings) and high logit values indicate items 
that are harder (less commonly attract higher ratings). 
The person reliability of the calibrated model was 0.87 
(equivalent to a Cronbach’s Alpha value of 0.89) with 
a separation index of 2.59. The item reliability was 0.99 
suggesting that the responses were sufficient to confi-
dently establish the item hierarchy.

Relationship between task load and case variables
The resulting task load measurements were analysed in 
relation to other case related variables. The results of a 
t- test/one- way ANOVAs suggested a difference in mean 
task load scores related to the presence of distractions 
(t=−4.26, df=171.1, p<0.01); number of distractions 
(F(3,173)=7.79, p<0.001); type of procedure (F(3,134)=11.28, 
p<0.001) and duration of procedure (F(3,169)=25.30, 
p<0.001). The results of subsequent post hoc Tukey HSD 
tests are shown in figure 2.

There was evidence of higher task load scores in cases 
with one or more distractions as compared with no 
distractions and in cases with three or more distractions 
as compared with no distractions. Higher mean task load 
scores were seen for PPCI, PCI and CRT compared with 
CA. A trend towards higher mean task load scores was seen 
with increasing procedural duration (with the exception 
of category 2 vs 3). Predictably ICD/CRT implantation 
was associated with longer procedural duration with 12 
out of 13 lasting >60 min and 1–8 interruptions per case 
in approximately 70% (n=9).

Patient experience
Patient rating of procedural experience and success was 
recorded in 93% of cases. Mean satisfaction score in the 

Figure 1 Distractions observed during different procedures. Number (N) of procedures without interruptions and number and 
percentage (N, %) of procedures where interruptions were observed. CA, coronary angiography; CTO, chronic total occlusion 
intervention; EPS, electrophysiological studies; ICD/CRT, implantable cardioverter defibrillator/cardiac resynchronisation 
therapy device implantation; PCI, percutaneous coronary intervention; PPCI, primary percutaneous coronary intervention; PPM, 
permanent pacemaker implantation; SBCA, standby coronary angiogram.
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‘distraction’ group was 9.5 vs 9.7 in the ‘no distraction’ 
group. Patient perception of team continuity throughout 
procedure was recorded in 92% (n=97) in the ‘distrac-
tion’ group and 97% (n=85) in the ‘no distraction’ group. 
Catheter laboratory team continuity was perceived by 
89% of patients in the ‘distraction’ group and 98% in the 
‘no distraction’ group.

DISCUSSION
Our results demonstrate the magnitude and frequency 
of distractions and interruptions during a range of 
invasive cardiac procedures, in a high volume district 
general hospital, with fewer than half of all procedures 
being completed without interruption/distraction. The 
majority of interruptions are irrelevant and non- urgent, 
causing unnecessary disruption to catheter laboratory 
team members, operators and in some cases resulting 
in transient but complete cessation of procedures. This 
raises patient safety concerns.

These findings share similarity with surgical data. For 
example, 85 distracting communications and 52 other 
types of distractions were seen during 24 urological proce-
dures.8 In a study of 65 surgical procedures (excluding 
those with duration >4 hours) 803 interruptions/distrac-
tions occurred (averaging 12 interruptions/proce-
dure).13 The higher frequency of distractions observed 
in these studies, compared with ours, might in part be 
explained by the use of dedicated trained observers.

Data from cognitive psychology research demonstrate 
that on interruption, the focus of an individual shifts 
from the primary task (in this case cardiac procedure) 

to the subject of the distraction. On resumption of the 
primary task a cognitive memory lag ensues, whereby 
the individual may transiently forget what stage of the 
primary procedure they had just completed or their 
planned strategy to successfully complete a procedural 
step.14 Clinician multitasking has negative effects on clin-
ical task completion: 40 emergency departments doctors 
were observed to have 11% of their tasks interrupted and 
failure to return to the original task was seen in 18.5% 
of these cases.15 In an experimental setting of radiolo-
gists interpreting CT chest images, interruptions led to 
increase in task completion time by 8–13% but without 
increase in errors.16 A study of ear, nose and throat 
surgeons performing a simulated surgical task demon-
strated that interruptions precipitated both an increased 
time to task completion and frequency of errors.17 In 
the context of a complex or critical stage of a cardiac 
procedure cognitive disruption due to task switching 
or multi- tasking may have significant implications both 
to successful procedural completion and patient safety. 
Furthermore it has been suggested that attendance to a 
new task may increase the risk of error within one or both 
tasks due to induced cognitive fatigue potentially leading 
to multiple suboptimal clinical decisions.18

Our data demonstrate an association between 
increased operator task load and procedural distractions. 
Fifty eight per cent of procedures were performed by 
senior operators (consultants) and previously reported 
data suggest that experienced operators are less likely to 
be negatively affected by distractions.17 19 Interestingly, 
within the Rasch model, as overall task load increased the 

Figure 2 The relationship between task load and case variables. (A) task load in the presence and absence of distractions; (B) 
number of distractions per procedure and task load; (C) procedure types and task load; (D) procedure duration and task load. 
CA, coronary angiography; CRT, cardiac resynchronisation therapy; HSD, Honest Significant Difference; PCI, percutaneous 
coronary intervention; PPCI, primary percutaneous coronary intervention.
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component attracting higher ratings was mental work-
load. It is tempting to speculate that operator distraction 
impacts on cognition above and beyond other task load 
components. This finding differs from a study of associ-
ations between interruptions and surgeons’ perceived 
workload during 56 general surgical/orthopaedic cases.20 
Case- irrelevant communications were associated with 
increased intraoperative distraction but less with mental 
fatigue/stress.

Effort was the second component to rise, supporting 
the concept that increasing demand on cognition is 
associated with operator perception of increased effort. 
Operator frustration and performance were the last 
components to rise with task load. We speculate that this 
may be explained by operator conditioning. Cardiologists 
are trained to remain calm under pressure and hence 
although subject to increased mental workload they may 
be able to control frustration to maintain an adequate 
level of performance. However, through learning lessons 
from aviation and surgical colleagues perhaps it is time to 
rely less on the cognitive multitasking capabilities of clini-
cians and rather focus on the facilitation of a safer and 
more conducive catheter laboratory environment.

Unsurprisingly the longer the procedure the more 
likely it will be interrupted. In our study interruptions 
were observed in all 20 procedures lasting >120 min. 
Longer procedures were also associated with increased 
task load. Apart from minimising distractions in general 
it seems sensible for both operator and team members 
to schedule breaks at non critical times of longer proce-
dures. It is interesting (noting that sedation is often 
given for procedures) that distractions did not impact on 
patients’ perception of procedural success.

Could the introduction of a ‘sterile cockpit concept’ 
within the cardiac catheter laboratories improve both 
working conditions and patient safety? First described 
in aviation, the ‘sterile cockpit’ mandates only essential 
flight- relevant communication and no interruptions at 
any altitude below 10 000 feet. This ensures crew members 
are focused on their tasks during the most critical stages 
of flight. Wadhera et al demonstrated that use of commu-
nication analogous to the ‘sterile cockpit’ led to a posi-
tive effect on overall communication with a reduction 
in communication failures during cardiac surgery.21 We 
advocate the introduction of the ‘sterile cockpit concept’ 
into the WHO team brief at the start of every procedural 
list, whereby, at any critical procedural phase, any team 
member (though most likely the primary operator) can 
instigate a ‘sterile cockpit’ environment. This would 
automatically trigger all cardiac catheter laboratory team 
members to revert to case relevant essential communica-
tion, to become hyper- alert to both patient and environ-
mental factors that may impact on safety or procedural 
outcome and to minimise distractions both within and 
external to the catheter laboratory. Invoking the ‘sterile 
cockpit’ is not analogous to ‘muting’ catheter labora-
tory staff—rather the contrary. Extensive research has 
shown the dangers of steep hierarchical boundaries both 

in aviation and within healthcare.22 Hence, the ‘sterile 
cockpit’ is not a tool by which the operator demands 
silence but rather an instrument to effectively focus the 
team, ensuring heightened awareness to a clinically dete-
riorating patient, challenging intervention or potential 
complication, and in tandem, empowering the team to 
communicate relevant observations or concerns that may 
warrant imminent action.

Limitations
Limitations of our study include that it is a single centre 
experience over a relatively short time period. Though it 
reflects real- world practice, real- time data collection was 
performed by cardiac physiologists in addition to their 
clinical duties, as we did not have a dedicated observer. 
Although key data was comprehensively collected, addi-
tional information such as risk stage at the time of distrac-
tion was only captured in a third of cases. Mindful that 
the exercise of data collection should not itself become 
a distraction to the physiologist from their primary role, 
we exercised significant flexibility around data collection 
particularly for free- text fields. As such it is likely that we 
have underestimated the interruption burden. We cannot 
account for the Hawthorne effect (when being observed 
leads to change in behaviour)—it is feasible that through 
the study period, individuals (both within and external to 
the catheter laboratory) may have adopted behavioural 
changes to reduce unnecessary distractions. Despite this 
our data clearly demonstrates high volume non- urgent 
and irrelevant interruptions throughout the study period.

CONCLUSION
To our knowledge, this is the first description of HF in the 
adult cardiac catheterisation laboratory. We have shown 
that fewer than half of all procedures are completed 
without interruption/distraction. The vast majority of 
these are unnecessary and are associated with increased 
operator task load. We, therefore, propose the introduc-
tion of a ‘sterile cockpit’ environment in the catheter 
laboratory, as has been adapted from aviation and is 
used within surgical operating theatres, to minimise non- 
emergent interruptions and disturbances, in an attempt 
to improve both catheterisation laboratory working 
conditions and overall patient safety.
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Online figure 1. NASA Task Load Index (TLX) completed at the end of each case by the primary 

operator, rating parameters on a scale of 1 to 21. 
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