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Abstract
Objective: Root cause analyses of serious adverse events (SAE) in out-of-hours primary care (OHS-PC) often point to errors in tele-
phone triage. Such analyses are, however, hampered by hindsight bias. We assessed whether experts, blinded to the outcome, recognize (un)
safety of triage of patients with chest discomfort, and we quantified inter-rater reliability.

Study Design and Setting: This is a case-control study with triage recordings from 2013e2017 at OHS-PC. Cases were missed acute
coronary syndromes (ACSs, considered as SAE). These cases were age- and gender-matched 1:8 with the controls, sampled from the
remainder of people calling for chest discomfort. Fifteen experts listened to the recordings and rated the safety of triage. We calculated
sensitivity and specificity of recognizing an ACS and the intraclass correlation.

Results: In total, 135 calls (15 SAE, 120 matched controls) were relistened. The experts identified ACSs with a sensitivity of 0.86 (95%
CI: 0.71e0.95) and a specificity of 0.51 (95% CI: 0.43e0.58). Cases were rated significantly more often as unsafe than the controls (73.3%
vs. 22.5%, P ! 0.001). The inter-rater reliability for safety was poor: ICC 0.16 (95% CI: 0.00e0.32).

Conclusions: Blinded experts rated calls of missed ACSs more often as unsafe than matched control calls, but with a low level of agree-
ment among the experts. � 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
Keywords: Acute coronary syndrome; Telephone triage; Patient safety; Serious adverse events; Out-of-hours primary care; Inter-rater reliability
1. Introduction

For people with chest discomfort calling the out-of-hours
services in primary care (OHS-PC) adequate telephone
triage is vital [1,2]. Telephone triage should help to
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differentiate acute coronary syndrome (ACS) from non-life-
ethreatening conditions, to allow for timely intervention
and to improve prognosis [3]. Similar to other European
countries, Australia and New Zealand, telephone triage at
Dutch OHS-PC is performed by triage nurses, who use a de-
cision support tool called the ‘‘Netherlands Triage Stan-
dard.’’ [4e11] During telephone triage, information on the
patient’s symptoms is collected and interpreted into an
appropriate urgency level. Each level is linked with a corre-
sponding type of care (e.g., ambulance, home visit, and
consultation at OHS-PC or telephone advice, Appendix 1).
It is, however, challenging to differentiate ACS from other
conditions based on patient’s complaints only [1,12,13].
Therefore, assigning a too low urgency level to callers with
chest discomfort may occur and can result in a missed ACS,
i.e., a serious adverse event (SAE).

In the Netherlands, an SAE is defined by the Healthcare
Quality, Complaints, and Disputes Act as ‘‘an unintended
or unexpected event related to the quality of care and result-
ing in death or a severe harmful event for the patient.’’ [14].
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What is new?

Key findings
� Blinded experts rate SAE calls more often as un-

safe than matched control calls.

� There is a low level of agreement among experts
on the safety of OHS-PC telephone triage.

What this adds to what was known?
� This is the first study in which multiple expert as-

sessments were combined to compare serious
adverse events (SAE) evaluations.

What are the implications and what should change
now?
� Learning from SAEs should not be based on sin-

gle-case analysis only but also on a comparison
with controls.

� Expert assessment of triage calls should be
cautiously interpreted due to low inter-rater
agreement.

In Dutch OHS-PC settings, almost half (46.2%) of all 240
SAEs in 2012 concerned missed acute cardiovascular dis-
ease, of which the majority were missed ACS (i.e., acute
myocardial infarction and acute cardiac death) [15]. With
a legally required root cause analysis investigation each
SAE is scrutinized for factors contributing to the emer-
gence of the SAE, intending to prevent similar events from
occurring in the future [16,17]. Root cause analyses at the
OHS-PC often pointed to triage-related errors: too low ur-
gency allocations or assigning the incorrect type of care
frequently played a role [15]. Importantly, however, inves-
tigators doing a root cause analysis are often hampered by
hindsight bias, believing that what they learned during the
assessment of the events, influenced by outcome knowl-
edge, could have been known in foresight by the profes-
sionals involved in the process which led to SAEs
[18,19]. As a result, investigators tend to judge harshly
about the decision process of triage nurses and may draw
false conclusions leading to inadequate improvement mea-
sures for future triage.

The substantial risk of hindsight bias in root cause
analysis of SAEs is acknowledged by the Dutch Health
and Youth Care Inspectorate, part of the Ministry of
Health, Welfare, and Sport [20,21]. In scientific literature,
numerous measures are proposed to decrease the influence
of hindsight bias and to improve the quality of root cause
analysis [17,20], for example, the use of an independent
expert from another institution [20,22], using a group of
multiple experts to obtain adequate coverage of the range
of opinions with a weighted average as end point [23] and
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involving one or more experts with extensive knowledge
of the subject in question [24e26]. Yet, the use of experts
as a measure to decrease hindsight bias seems to be at
least partly based on the assumption that experts are less
sensitive to hindsight bias. From earlier research it is,
however, known that experts also fall prey to hindsight
bias [27e29]. To gain more insight into the effect of hind-
sight bias when using experts to evaluate safety and qual-
ity in root cause analysis of SAEs, a study is needed in
which both SAEs and non-SAEs are included and experts
are blinded to the final outcome while assessing the triage
calls.

We assessed whether experts, unaware of the outcome,
assess triage calls of patients calling the OHS-PC with
chest discomfort in whom an ACS was missed (SAE)
differently than triage calls of others’ calls with chest
discomfort, but in whom, the call did not end in an SAE.
In addition, their inter-rater reliability was assessed.
2. Methods

2.1. Study design and setting

We conducted a retrospective, matched nested case-
control study. The calls were part of a larger research proj-
ect on telephone triage among callers with symptoms sug-
gestive of acute cardiovascular disease in OHS-PC settings,
of which the design is published elsewhere [30]. This case-
control study included telephone triage recordings from all
registered SAEs concerning missed ACS in the period
2013e2017 from a collaboration of six OHS-PC in the
Netherlands. We matched SAEs with controls (1:8) based
on age and gender from an existing database, which is part
of the aforementioned larger research project and included
telephone triage recordings of callers presenting with chest
discomfort and other symptoms more or less suggestive of
ACS [30]. Follow-up data on the final diagnoses of the con-
trols were retrieved from the patients’ own general practi-
tioner’s (GPs) electronic medical files.

2.2. Expert panel and data collection

A convenience sample of 15 GPs with ample triage
consultation experience at the OHS-PC was approached
by email and telephone to participate in the study. We
defined triage experience as at least 5 years of experience
with (telephone) triage in the OHS-PC setting, preferably
in combination with additional training in cardiovascular
disease or emergency medicine or with experience in the
field of patient safety. The expert panel evaluated the qual-
ity and safety of the performed triage while being blinded
to the final outcome (case/control status). Panel members
received a description of the study domain (patients with
symptoms suggestive of ACS who called the OHS-PC).
Members were informed that there were SAEs within
the sample but did not receive further information (e.g.,



Fig. 1. Expert panel questionnaire.
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number of SAEs and final diagnoses). We randomly allo-
cated the triage calls to the GPs in such a way that every
triage call was listened to by 2 different experts, thus with
two expert assessments per triage call. For every call, we
determined the exact time moment just before the triage
nurse said anything that revealed the urgency or the as-
signed type of medical help. Panel members were obliged
to stop the recordings at these predefined time moments.
They received an overview of the predefined time mo-
ments for all the triage calls they had to assess. At this
predefined time moment, the experts had to determine
what they considered the most proper urgency allocation
for that specific call (ranging from U1 to U5, see
Appendix 1) [5,31] and whether or not they considered
ACS present, without being influenced by the urgency
assignment of the triage nurse. The experts continued
listening to the remaining part of the tape (including
new information about the triage nurse’s final urgency
allocation). At the end of the call, experts were asked to
assess whether the triage nurse handled the telephone con-
tact safely and to give an overall appraisal of the triage
quality (visual analog scale ranging from zero to ten). Ex-
perts could not reconsider and change their response after
completion of a question. An overview of the complete
questionnaire is available in Figure 1.
2.3. Data analysis

We dichotomized the experts’ appraisal of triage quality
and defined poor triage quality as five or less on a scale
from zero to ten. For differences in experts’ assessments
of urgency, quality, and safety of triage, we used condi-
tional logistic regression analysis [32,33]. In addition, we
calculated the sensitivity and specificity (with correspond-
ing 95% confidence intervals) of ACS identification by
the triage nurses and experts within the control group.
For the triage nurses’ urgencies we used an U1 urgency
allocation as an expression of ACS identification, whereas
for the experts, we used their answers to question number
4 from the questionnaire (see Figure 1): ‘‘Does this triage
call involve such a high risk of ACS that you would act ur-
gently (U1)?’’

To quantify inter-rater reliability of the expert assess-
ments (that is two assessments per triage recording with
different experts, and not every recording was listened to
by the same two experts), we calculated intraclass correla-
tion coefficients (ICC) as an approximation of weighted
Kappa’s [34,35]. As suggested in previous literature on
the interpretation of ICC, we considered values less than
0.40 indicative of poor inter-rater reliability, values be-
tween 0.40 and 0.75 indicative of fair to good reliability,
and values greater than 0.75 indicative of excellent
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reliability [34,36e38]. A P-value !0.05 was considered
statistically significant for all analyses. Statistical analyses
were performed using both SPSS version 25.0 and SAS
version 9.4.
3. Results

3.1. Characteristics of the expert panel

Of the 15 GPs, nine were men (60%) and work experi-
ence as a GP ranged from 5 to 36 years with a median work
experience of 23 years (interquartile range 6e27 years).
The areas of expertise varied: four GPs completed addi-
tional training in cardiovascular disease, five in emergency
medicine, and five GPs had experience in the field of pa-
tient safety (e.g., member of incident/SAE board and pa-
tient safety researcher or advisor).

3.2. Experts’ assessments

Each triage call was assessed twice by different ex-
perts, resulting in a total amount of 270 assessments
(2 � 15 SAE cases and 2 � 120 controls). Five cases con-
cerned a missed myocardial infarction, and ten were acute
cardiac deaths. Of the controls, 17.5% had an ACS, 75%
had a diagnosis other than ACS of non-lifeethreatening
origin (e.g., musculoskeletal, respiratory, or gastrointes-
tinal disease), and in 7.5%, the exact final diagnosis was
missing.

In Table 1, both the actual assigned urgencies by triage
nurses and the experts’ blinded assessments on the most
appropriate urgency allocation are displayed. Considering
the highest urgency level (U1) appropriate in suspected
ACS, experts correctly allocated a high urgency in 55.2%
of all calls vs. 51.1% by the triage nurses. In SAE calls,
triage nurses undertriaged 28 cases (93.3% U2eU5),
whereas experts would have undertriaged 13 cases
(43.3% U2eU5). If we would also consider U2 as
adequate, experts would have correctly allocated U1 or
U2 urgency in 85.2% of all calls vs. 84.4% by the triage
nurse. In SAE calls, triage nurses undertriaged 14 cases
(46.7% U3eU5), whereas experts would have undertriaged
2 cases (6.6% U3eU5).
Table 1. Urgencies allocated by triage nurses and experts

Cases (n [ 30 assessme
in n [ 15 cases)

Actual urgency allocation by triage
nurses (n (%))

U1: 2 (6.7)
U2: 14 (46.6)
U3: 10 (33.3)
U4: 2 (6.7)
U5: 2 (6.7)

Urgency allocation by experts (after
hearing the first part of the triage call)
and blinded to the actual triage nurses’
allocation (n (%))

U1: 17 (56.7)
U2: 11 (36.7)
U3: 1 (3.3)
U4: 1 (3.3)
U5: 0 (0.0)
Table 2 shows the results of the experts’ assessments.
We compared assigned urgencies by triage nurses and ex-
perts (dichotomized into high or low). In cases, the differ-
ence between a high assigned urgency category by
experts and a low assigned urgency by triage nurses was
significantly more often present: 50.0% vs. 9.6%,
P ! 0.001 (U1 vs. U2eU5) and 43.4% vs. 5.4%,
P ! 0.001 (U1eU2 vs. U3eU5).

Experts considered, after listening to the first part of the
triage call, ACS the most likely diagnosis in 18 of 30 case
assessments, which was quite comparable with controls
(60.0% vs. 56.7%, P5 0.73). We compared the experts’ as-
sessments that urgent acting was required due to a high risk
of ACS (question 4, see Figure 1) with the actual final diag-
nosis of ACS and found that this relation was significantly
more often present for the cases (63.3% vs. 16.2%,
P ! 0.001). A poor triage quality (�5 on a scale of
0e10) was significantly more given by experts to calls of
cases than calls of controls (33.3% vs. 10.9%,
P 5 0.004). In addition, experts considered the handling
of calls of cases more often unsafe than calls of controls
(73.3% vs. 22.5%, P ! 0.001).

Within the controls, we calculated sensitivity and speci-
ficity of ACS identification by the triage nurses and experts.
For the triage nurses, we compared a U1 urgency allocation
(as an expression of ACS within the domain of patients
calling with chest discomfort) with the other urgencies
for patients with and without a final diagnosis of ACS. In
36 of 42 ACS calls, the triage nurses allocated an U1 ur-
gency; sensitivity of 0.86 (95% CI 0.71e0.95). In addition,
in 88 of 180 non-ACS calls, the triage nurse correctly allo-
cated an urgency level lower than U1; specificity of 0.49
(95% CI 0.41e0.56).

For the experts, we compared whether urgent acting was
required due to a high risk of ACS or not (question 4, see
Figure 1) for patients with and without a final diagnosis
of ACS. Comparable with the triage nurses, 36 of 42
ACS calls were identified by the experts as at high risk of
ACS for which an U1 urgency was required; sensitivity
of 0.86 (95% CI 0.71e0.95). In addition, 91 of 180 non-
ACS calls were correctly assessed as non-ACS by the ex-
perts; specificity of 0.51 (95% CI 0.43e0.58).
nts Controls (n [ 240 assessments
in n [ 120 controls)

Total (n [ 270
assessments)

U1: 136 (56.7)
U2: 76 (31.7)
U3: 22 (9.1)
U4: 0 (0)
U5: 6 (2.5)

U1: 138 (51.1)
U2: 90 (33.3)
U3: 32 (11.9)
U4: 2 (0.7)
U5: 8 (3.0)

U1: 132 (55.0)
U2: 70 (29.2)
U3: 30 (12.5)
U4: 6 (2.5)
U5: 2 (0.8)

U1: 149 (55.2)
U2: 81 (30.0)
U3: 31 (11.5)
U4: 7 (2.6)
U5: 2 (0.7)



Table 2. Results of experts’ assessments of urgency, quality, and safety of triage

Cases (n [ 30 assessments
in n [ 15 cases)

Controls (n [ 240 assessments
in n [ 120 controls) P-value

Urgency allocation by experts, blinded to
the actual triage nurses’ allocation

U1: 17 (56.7)
U2: 11 (36.7)
U3: 1 (3.3)
U4: 1 (3.3)
U5: 0 (0.0)

U1: 132 (55.0)
U2: 70 (29.2)
U3: 30 (12.5)
U4: 6 (2.5)
U5: 2 (0.8)

0.47

Highest urgency allocation (U1) by
experts, blinded to the actual triage
nurses’ allocation

17 (56.7) 132 (55.0) 0.87

High urgency allocation (U1eU2) by
experts, blinded to the actual triage
nurses’ allocation

28 (93.3) 202 (84.2) 0.21

Assigned urgency by experts vs. triage
nurse differs:

Expert high (U1) vs. triage nurse low
(U2-U5)

15 (50.0) 23 (9.6) !0.001

Expert low (U2eU5) vs. triage nurse
high (U1)

0 (0.0) 27 (11.3) 0.23

Expert high (U1eU2) vs. triage nurse
low (U3eU5)

13 (43.4) 13 (5.4) !0.001

Expert low (U3eU5) vs. triage nurse
high (U1eU2)

1 (3.3) 23 (9.6) 0.30

ACS considered likely 18 (60.0) 136 (56.7) 0.73

Poor triage quality on a scale of 0-10 (�5
is considered ‘‘poor’’)

10 (33.3) 26 (10.9) 0.004

Urgent acting required because of high
risk of ACS

19 (63.3) 135 (56.3) 0.47

Urgent acting required because
considered high risk of ACS and final
outcome indeed ACS

19 (63.3) 36 (16.2) !0.001

Contact safely handled 8 (26.7) 186 (77.5) !0.001

Contact both safely handled and
sufficient triage quality on a scale of 0
e10 (6� is considered sufficient)

8 (26.7) 179 (74.6) !0.001
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3.3. Inter-rater reliability

Table 3 shows the overall inter-rater reliability for the ex-
perts’ assessments of the presence of ACS, urgency levels, ur-
gently acting, and safety and quality of triage and for the cases
and controls separately. The overall inter-rater reliability of
the presence of ACS after pausing the triage call at the given
Table 3. Inter-rater reliability of experts’ assessments

Cases ICC (95% CI)

After listening to triage call recording
until given stop time:

Presence of ACS 0.44 (0.00e0.89)

After listening to whole triage call
recording

Urgency level (U1eU5) 0.48 (0.06e0.91)

Urgently acting required because of
high risk of ACS

0.28 (0.00e0.79)

Safely handled triage call 0.00 (0.00e0.66)

Poor triage quality 0.40 (0.00e0.87)
time was poor (ICC 5 0.34), as well as for the controls
(ICC 5 0.32), whereas inter-rater reliability was fair for the
cases (ICC5 0.44). The inter-rater reliability on urgency level
was fair for cases (ICC 5 0.48), controls (ICC 5 0.53), and
overall (0.53). Yet, overall agreement on urgently acting due
to high risk of ACS (ICC 5 0.37) and agreement for cases
(ICC 5 0.28) and controls (ICC 5 0.37) apart were poor.
Controls ICC (95% CI) Overall ICC (95% CI)

0.32 (0.16e0.48) 0.34 (0.18e0.49)

0.53 (0.40e0.66) 0.53 (0.40e0.65)

0.37 (0.22e0.53) 0.37 (0.22e0.51)

0.09 (0.00e0.27) 0.16 (0.00e0.32)

0.05 (0.00e0.23) 0.17 (0.00e0.33)
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Agreement on the safety of the triagewas lower than previous
assessments, with poor inter-rater reliability for controls
(ICC 5 0.09) and overall (ICC 5 0.16). Among the cases,
agreement was the lowest (ICC 5 0.00). Similarly, the inter-
rater reliability for poor triage quality (defined as�6 on a scale
of 1-10) overall (ICC 5 0.17) and for controls only
(ICC5 0.05) was slight. However, agreement on poor triage
quality among cases was fair (ICC 5 0.40).
4. Discussion

Fifteen GP experts assessed the urgency, safety, and qual-
ity of telephone triage calls in recordings of patients with
symptoms suggestive of ACS, while blinded to the final
outcome.We found that in SAE calls withmissedACS cases,
triage nurses undertriaged 14 cases (46.7% U3eU5),
whereas experts would have undertriaged 2 cases (6.6%
U3eU5) when considering both U1 and U2 adequate. Our
analysis of control calls suggests that experts are reasonably
capable of identifying ACS with a sensitivity of 0.86 but less
able to rule out ACS with a specificity of 0.51. We calculated
sensitivity and specificity only for the control calls because
we believe that the population was a more realistic reflection
of our study domain of suspected ACS, and the prevalence of
ACS within this control group (17.5%) approximates the
prevalence of ACS within our study domain (10e12%)
[39e42]. Sensitivity and specificity of ACS identification
should be interpreted carefully for triage nurses because they
worked under the stress of real life decision, while the experts
interpreted the calls, however, without having direct respon-
sibility. Cases were rated significantly more often as unsafe
and were of lower triage quality than controls, which might
suggest that experts recognize unsafety in triage of patients
with chest discomfort without knowing the final outcome.
However, the poor inter-rater reliability remains striking.

Many international studies have been performed on the
reliability of triage systems [35,43e45], also for triage of
chest pain [46e49], yet, studies on the reliability of blinded
experts’ assessments on recordings of triage of missed ACS
have never been carried out [50]. In a previous retrospective
study from New Zealand, an expert panel of GPs did
examine emergency department discharges with the aim
to identify cases that could have been managed in primary
care. Between 37% and 50% of all cases were considered
‘‘primary care appropriate’’ by the experts, who were not
blinded to the final diagnosis. Nevertheless, similar to our
study, there was poor to fair agreement (Kappa
0.35e0.45) between panel members about which cases
were appropriate. In addition, in 15% of all cases, GPs gave
a different response to the same individual case on different
occasions, illustrating the variability of clinicians’ assess-
ments, even while knowing the final diagnosis [51].

In our study, experts may have recognized unsafe triage
without outcome knowledge, illustrated by the observations
that they allocated higher urgencies to cases and rated them
more often as unsafe. In contrast, the experts’ assessments
showed poor inter-rater reliability, which implies ‘‘one expert
is no expert.’’ The value of a single expert assessment such as
in root cause analysis, therefore, seems questionable [52].We
believe that, contrary to the individual caseeoriented
approach of root cause analysis [17], a blinded assessment
of multiple SAEs by experts, preferably in a case-control
manner provides a more realistic view on safety and quality
of telephone triage in the context of daily practice.

Furthermore, a substantial proportion of the triage calls
from the control group were considered as unsafe (22.5%),
of poor triage quality (10.9%) or both (7.9%). This suggests
room for improvement of OHS-PC telephone triage of pa-
tients with symptoms suggestive of ACS, irrespective of an
adverse outcome. Similarly, in 26.7% of the SAE triage calls,
the safety and quality were considered sufficient. On the
other hand, aforementioned finding and the poor inter-rater
reliability among expertsmay reflect the inherent complexity
of handling triage calls concerning chest discomfort. One
could argue that telephone triage is such a complex task that
a certain complication rate is inevitable, in line with a recent
publication on the risks of striving for ‘‘zero harm.’’ [53e56]

A strength and key feature in our study design was the
blinding of the expert panel to the final outcome (case/con-
trol status), which limited the influence of hindsight bias.
However, it is conceivable that experts’ knowledge that
SAEs were present in the study might have raised their
awareness for potential SAEs. Our study is limited by
missing values on the final diagnosis of some of the con-
trols. It is possible that this 7.5% of callers could have
had a ‘‘silent’’ ACS, but the possibility of an SAE as the
final outcome is virtually ruled out as these control calls
were not registered as SAEs in the OHS-PC database nor
reported in an incident reporting system. Therefore, there
were no missing values on the final outcome. Another lim-
itation is the relatively small sample size of our study,
which is mainly problematic for the reported absolute
numbers and percentages in Table 2 but not for the ICC.
Yet, our study is unique in blinded assessments of multiple
SAEs of missed ACS, and it provides an alternative to
solely a qualitative root cause analysis of a single SAE.
5. Conclusion

Blinded experts rated telephone triage calls of SAEs in
which ACS was missed more often as unsafe and of lower
triage quality than matched control calls. However, there is
such a low level of agreement among the experts that the
value of a single expert assessment is questionable.
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