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Abstract

Objective. To assess the reporting of critical incidents by anaesthetic trainees using personal digital assistants. The project also
identified the reporting of ‘near miss’ incidents by anaesthetic trainees.

Design. Comparison of electronic incident reporting with retrospective case note review of cases in which no incident was
reported.

Setting. A 400-bed university teaching hospital in Victoria.

Participants. Fourteen accredited Australian and New Zealand College of Anaesthetists (ANZCA) registrars and their
training supervisors.

Interventions. Registrars and supervisors underwent initial training for 1 hour and were provided with ongoing support. The
cases and incidents reported to the database using the portable digital assistants were analysed.

Main outcome measures. These were the total number of anaesthetics reported to the database; the number of incidents
reported to the database; the outcome severity of incidents reported; and the number of incidents detected in the case note
review that were not reported to the database.

Results. An incident was reported for 156 (3.5%) of 4441 anaesthetic procedures reported to the database. Of these incidents,
72 (46.2%) were ‘near misses’. One incident was identified in a review of 208 case notes, which had no incidents reported elec-
tronically, and was not reported to the database electronically. This gives a reporting rate of 99.52% [95% confidence interval
(CI) 96.9–100%].

Conclusions. ANZCA trainees in routine anaesthetic practice can reliably use mobile computing technology to report critical
incidents and ‘near miss’ incident data.
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Reliable critical incident reporting in health care has been
notoriously hard to achieve [1–5]. Various authors have
described different rates of incident reporting, but even lim-
ited adverse occurrence screening has achieved an estimated
level of incident recording of around 50% [6,7]. The value of
incident reporting and analysis has recently been emphasized
by the Australian Incident Monitoring Study group [8]. In this
article, Runciman [8] uses the usual definition of an adverse
event as ‘an unintended injury or harm to a patient, caused by
health care management rather than a disease process, which
led to hospitalization, prolongation of hospital stay, morbidity
at discharge or death’. 

In 2001, the Division of Perioperative Medicine, Anaesthe-
sia & Pain Medicine in the Geelong Hospital introduced a
personal professional monitoring programme based on per-
sonal digital assistants (PDAs) [9]. The programme facilitated
critical incident reporting at the point of care and the production
of performance charts for practical procedures in anaesthesia.

The initial analysis reported a 2.5% critical incident reporting
rate in 1690 anaesthetics provided to patients logged in the
database [9]. The number of sites involved prevented a retro-
spective analysis of the case notes to identify critical incidents
documented in the case notes that were not reported via the
programme.

To identify the true critical incident reporting rate, it is nec-
essary to identify adverse events reported in the case notes or
by other routes (e.g. Morbidity & Mortality or Australian Inci-
dent Monitoring Study reports) that were not reported via the
programme. This case note review was undertaken according
to guidelines from previous studies, for one of the contribu-
tory hospitals (the Geelong Hospital), to attempt to identify
retrospectively the level of voluntary incident reporting using
the programme [3].

This article describes the results of the data collection with
respect to the rate of critical incidents in the anaesthetic prac-
tice of a Victorian tertiary hospital. The study also evaluates
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the number of incidents that resulted in patient harm relative
to those in which no patient harm occurred. This allows an
estimate of the ‘near miss’ incident rate, which may be very
valuable in reducing future adverse events. The relationship
of these incident rates provides information on the applicabil-
ity of the Heinrich ratio to current health care practice [9,10].
Finally, the study provides an estimate of the fraction of criti-
cal incidents occurring in this setting that are actually reported
to the database.

Materials and methods

Both the Barwon Health Research and Ethics Committee and
the Asoka Database Access Management Committee
approved the data collection and analysis. The analysis was
carried out in the Geelong hospital as previously described
and extended from August 2001 to February 2004 [9].

Eight anaesthetic critical incident categories were provided
to facilitate incident reporting. The categories were derived
from the anaesthetic and safety literature and represented the
best incident reporting categories available at the time the
programme was written in 1999. Each category of incident
when ‘tapped’ on the PDA screen displayed subcategories of
incident that could then be reported. These are summarized
in Table 1 along with the frequency of each type of incident
and the outcome of the incident.

Each incident reported had to be categorized with one of
four possible outcomes for the patient. Four outcomes were
provided and these were death, major adverse outcome
(increased length of hospital stay or permanent patient harm),
minor adverse outcome (transient patient harm, no increased
length of stay), and uneventful incident with no adverse out-
come for the patient.

The ‘near miss’ critical incidents were defined as the
‘uneventful’ category of outcome for reported incidents.

The case note review was undertaken by one of the authors
using criteria from published studies [3]. Before the case note
review, two other authors (S.N.B. and M.C.) were also
assigned to review incidents in which there was any doubt
about the classification of the incident and the classification
of the outcome. The case note review only revealed one
adverse incident attributable to the anaesthetic procedure,
and there was no disagreement between the authors about its
classification.

Results

During the study period, the number of patients undergoing
anaesthesia reported to the database was 4441 in the Geelong
hospital. One hundred and fifty-six of these anaesthetics had
a reported incident using the PDA programme. This repre-
sents a critical incident rate of 3.54%.

The number of incidents and ‘near miss’ incidents reported
to the database are summarized in Table 2. Seventy-two of
the 156 incidents reported represent ‘near miss’ incidents
where no patient harm occurred, including any prolongation

of in hospital stay or permanent patient damage. This gave a
‘near miss’ incident reporting rate in this study of 46.2%.

To calculate the percentage of actual critical incidents that
were experienced by the registrars, it was necessary to exam-
ine the case records of those patients in which no critical inci-
dent had been reported. The sample size calculations were
undertaken to establish a confidence interval (CI) that would
be statistically significant.

The number of cases examined with no incident reported
was 208. In this sample, only one incident was identified that
could have given rise to a report in the database.

This incident occurred when a 5-year-old male undergoing
elective day surgery grommets insertion had a general anaes-
thetic with laryngeal mask airway (LMA) and spontaneous
respiration. At the end of the procedure, on removal of the
LMA, bile-stained fluid was noted on the LMA but not in the
hypopharynx. The child developed tachypnoea and arterial
oxygen desaturation (measured by pulse oximetry) in the
recovery area. This was attributed to aspiration of stomach
contents and was treated with overnight admission and oxy-
gen therapy via a facemask. The child was discharged well, the
following day.

One incident detected in 208 case notes where no incident
had been reported via the programme represents a false-
negative incident reporting rate of 0.48% (95% CI 0–3.1%).
Thus, the incident reporting rate of the trainee anaesthetists
was 99.52% (95% CI 96.9–100%).

Using the case note review as the ‘Gold standard’ for
detecting incidents that should have been reported, it can be
extrapolated that one case in 208 not reported represents
4285 × 1/208 = 20.5 extra cases that should have been
reported to the database.

This gives a sensitivity estimate for a report of 88.4% (95%
CI 54.0–100%).

The specificity for a positive incident report is 100%.

Discussion

The data from this study indicate that accredited anaesthetic
registrars will report critical incidents occurring in their
anaesthetic practice at the rate of 3.54 per hundred cases
undertaken. Furthermore, the rate of critical incidents
reported is likely to be as high as 98% of the actual number
of critical incidents that occur in their practice. This is the
highest rate of critical incident reporting that has been
reported in the medical or health care safety literature and
represents a considerable advance on previous studies
[3,7,11].

One of the weaknesses of this study is the lack of an
accepted nomenclature for critical incidents in health care [8].
The adoption of a standardized classification of incidents in
health care could easily be incorporated into this electronic
incident reporting system. Despite the lack of clear defini-
tions at the time the programme was authored, the definitions
provided by the Patient Safety International website were
adopted to guide the case note review [12].
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Table 1 Categories and subclassification for incident reporting with numbers of incidents and outcomes

Incident type Subclassification No.
.............................................................................
Outcome grade

Uneventful Minor Major Death
.................................................................................................................................................................................................................................

Airway
Accidental extubation 1 1
Difficult intubation 40 23 17
Endo-bronchial intubation 0
Failed intubation 3 2 1
Non-ventilation 1 1
Obstruction—including vomit/spasm 17 7 10
Oesophageal intubation 3 2 1
Trauma 1 1
Other 2 1 1
Suboptimal assistance 0

Cardiovascular
Anaemia—severe (<70 g/l) 4 1 3
Cardiac arrest 2 2
Dysrhythmia requiring intervention 6 1 3 2
Hypertension—significant 4 2 2
Hypotension—significant 12 5 4 3
Myocardial ischaemia 5 1 3 1
Myocardial infarction 1 1
Pulmonary oedema 0
Other 0
Suboptimal assistance 0

Respiratory
Aspiration 2 2
Bronchospasm 0
Desaturation (<90% >30 seconds) 7 3 4
Pneumothorax 0
Respiratory arrest 1 1
Unplanned post-op ventilation 0
Unplanned post-op ICU admit 1 1
Other 0
Suboptimal assistance 0

Central nervous system
Awareness 0
Cerebrovascular accident 2 1 1
Delayed emergence 0
Hiccoughs 0
Seizure 0
Other 1 1
Suboptimal assistance 0

Equipment
Anaesthetic machine 2 2
Circuit 1 1
Disconnection 5 3 2
Monitor 1 1
Other 2 2
Suboptimal assistance 0

continued
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The fact that only one adverse event was described in the
case notes made inter-rater and intra-rater analysis of the case
note review particularly easy. However, it was clear from the
first case note reviewer that only one incident was docu-
mented in the case notes. Some authors of articles on case
note review have discussed the limitations of retrospective case
note review to detect adverse incidents in health care [13,14].
In contrast this study used case note review to confirm that
no incidents had been recorded in the patient record when no
incident had been reported via a PDA-based incident report-
ing program.

The methodology may have contributed to the high appar-
ent rate of voluntary incident reporting because it is possible
that critical incidents were not recorded in the anaesthetic or
recovery record. This is unlikely to have accounted for many
adverse incidents and is not likely to have contributed to a
large difference between the reported incident rate and the
observed incident rate. The reason for this conclusion is that
the registrars were prepared to report critical incidents with
minor or no adverse outcomes for the patient and certainly
routinely reported incidents that would not have been
recorded in the case notes. These events are unlikely to have
been detected by any morbidity or mortality surveillance or by
case record review, and yet the registrars reported the inci-
dent. Furthermore, there was only one critical incident with a
serious adverse outcome that was not reported. All serious
adverse outcomes would have been documented in the case
notes and would therefore be available for comparison with
the PDA reporting programme. This confirms that the cul-
ture of incident reporting in registrars can be encouraged to a
very high degree [15].

Vincent, Firth-Cozens, and Waring, in the UK, Barach,
Gawande, and Shojania, in the US, and Kingston, in Australia,
have recently identified professional and institutional reasons
given by doctors and nurses for not reporting poor care in
hospitals [4,5,16–21]. These considerations do not appear to
have influenced the trainees in this organization during this
study. Firth-Cozens identified lack of confidence or trust in
organizational management as a significant barrier to reporting.

Table 1 continued

Incident type Subclassification No.
.............................................................................
Outcome grade

Uneventful Minor Major Death
.................................................................................................................................................................................................................................

Pharmacological
Allergic phenomenon 2 2
Inappropriate drug 0
Interaction 0
Overdosage 3 1 2
Side effect 2 1 1
Wrong drug 1 1
Other 2 2
Suboptimal assistance 0

Regional/ procedural
Dural tap 5 2 2 1
High block 0
Nerve damage 0
Paraesthesia 0
Trauma 0
Vascular injection 2 2
Other 12 9 3
Suboptimal assistance 0

Temperature
Hyperthermia 0
Hypothermia (<35°C) 0
Suboptimal assistance 0

Table 2 PDA reports by outcome of case note review: fig-
ures for negative PDA reports are an estimate based on an
extrapolation from a subsample of one positive case note
review from 208 negative PDA reports

Sensitivity = 88.4% (confidence intervals 54.0–100%), specificity =
100%.

PDA reports
.....................................................................
Case note review

Positive Negative Total
............................................................................................................

Positive 156 0 156
Negative 20.5 4264.5 4285
Total 176.5 4264.5 4441
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In our study, the registrars were informed that reported
incidents were anonymous and would not be used to judge or
discriminate against those reporting. In fact, incident report-
ing is seen as a valuable contribution to future patient safety
and an activity that helps to prevent colleagues from suffering
similar difficulties in the future [15]. This explanation is deliv-
ered by a well-known health care safety expert and whistle
blower, who emphasizes the non-punitive nature of the data
collection [22,23]. This explanation repeated over time, cou-
pled with the publication record of the authors in the area of
improving health care safety, has created an atmosphere of
trust in incident reporting within the Division of Periopera-
tive Medicine, Anaesthesia & Pain Management that has
supported a high level of incident reporting [15,24,25].

Kingston et al. [5] identified the ability to undertake rapid
incident reporting as being a requirement for incident report-
ing in both hospital nursing and medical staff. Incident
reporting using the programme in this study takes <5 seconds.
We can confirm that if a simple rapid and available method is
provided to anaesthetic trainees, they will complete reliable
incident reporting.

The observation that of the incidents reported 46.2% had
no impact on patient outcome compared with 53.8% that
had a serious outcome for the patient or death indicates
that the Heinrich ratio described for US industrial accidents
in 1931 may not apply to complex health care delivery in the
21st century [10]. This is hardly surprising given that the
Heinrich ratio was derived from a 1926 study of over 5000
cases of industrial accident but relates to a theoretical 330
average accidents of the same kind and involving the same person

(original italics) [10]. The Heinrich ratio of 1:29:300 con-
cluded that there are 300 ‘no injury’ and 29 ‘minor injury’ acci-
dents for every one major injury accident [10]. Furthermore, a
subsequent study in 1969 by Frank Bird Jr reported an analy-
sis of 1,753,498 accidents covering over 3 billion work hours
and demonstrated that there are 600 ‘no injury or damage’, 30
‘property damage’, and 10 ‘minor injury’ accidents for every
serious or disabling accident [26]. This led Petersen and Roos
to conclude ‘there are different ratios for different accident
types, for different jobs, for different people etc.’. Thus, the
finding, for a group of anaesthetic registrars, the ratio of 1 ‘no
injury’ to 1 major injury incident applies, may indicate the first
detailed confirmation of the Heinrich ratio (46.2–64%) for
this area of health care and is consistent with our earlier study
[9,10].

The fact that 46.2% of the critical incidents reported by
anaesthetic trainees had no adverse outcome indicates that in
a supportive and blame-free environment, accredited anaes-
thetic registrars will report >96% of the critical incidents
occurring in their practice is a striking and encouraging
observation. In effect, the trainees are prepared to identify
shortcomings in the ability to deliver the highest quality serv-
ice to their patients, and this represents a form of whistle
blowing on their own clinical practice [15]. We believe that
this requires the juxtaposition of both the portable comput-
ing technology and the correct environment for reporting to
occur and that both features will favourably transform the
culture of the trainees in reporting critical incidents [27–30].

Both features are present in the Geelong Hospital Division
of Perioperative Medicine, Anaesthesia & Pain Management,
and this organizational culture and adoption of mobile com-
puting technology are a likely explanation of the rate of inci-
dent reporting achieved [15]. This culture and the associated
technology represent the highest standards of clinical gov-
ernance available to the speciality and should be encouraged
throughout Australia [25,31–33]. Other authors have recog-
nized and documented the fact that honesty in patient man-
agement in the face of adverse events will lead to reduced
legal costs over time and use of this technology to promote
honest and open incident reporting is likely to reduce the
costs of medical and systemic error in health care [34,35].

The ability to gather critical incident data to improve the
safety of health care is well recognized [8]. The timely and
efficient feedback of this information to clinical risk managers
and safety staff should ensure a reduction in adverse occur-
rences in health care organizations in the future [7]. All the
incidents reported via the programme in the Geelong hospital
are automatically e-mailed to the Divisional Quality Manager
for feedback to morbidity and mortality meetings and review.
Incidents with serious outcomes (major adverse outcome or
death) are automatically e-mailed to the hospital Risk Manager
for immediate analysis [30].
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