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KEY MESSAGES

� In this systematic review and meta-analysis with an extensive scope of all existing relevant studies on delay
in diagnosing pulmonary embolism (PE), the mean diagnostic delay was almost one week and in a quarter
of patients the delay was even longer.

� This emphasises the importance of increasing awareness on PE and educating patients and physicians on
how to recognise PE.

ABSTRACT
Background: Diagnostic delay in patients with pulmonary embolism (PE) is typical, yet the pro-
portion of patients with PE that experienced delay and for how many days is less well
described, nor are determinants for such delay.
Objectives: This study aimed to assess the prevalence and extent of delay in diagnosing PE.
Methods: A systematic literature search was performed to identify articles reporting delays in
diagnosing PE. The primary outcome was mean delay (in days) or a percentage of patients with
diagnostic delay (defined as PE diagnosis more than sevendays after symptom onset). The sec-
ondary outcome was determinants of delay. Random-effect meta-analyses were applied to calcu-
late a pooled estimate for mean delay and to explore heterogeneity in subgroups.
Results: The literature search yielded 10,933 studies, of which 24 were included in the final ana-
lysis. The pooled estimate of the mean diagnostic delay based on 12 studies was 6.3 days (95%
prediction interval 2.5 to 15.8). The percentage of patients having more than sevendays of delay
varied between 18% and 38%. All studies assessing the determinants of coughing (n¼ 3),
chronic lung disease (n¼ 6) and heart failure (n¼ 8) found a positive association with diagnostic
delay. Similarly, all studies assessing recent surgery (n¼ 7) and hypotension (n¼ 6), as well as
most studies assessing chest pain (n¼ 8), found a negative association with diagnostic delay
of PE.
Conclusion: Patients may have symptoms for almost one week before PE is diagnosed and in
about a quarter of patients, the diagnostic delay is even longer.
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Introduction

Pulmonary embolism (PE) is the most serious condi-
tion within the spectrum of venous thromboembolic
(VTE) conditions, given its associated high mortality
rate, as well as its related morbidity and frequent hos-
pitalisation [1,2]. Prompt and early recognition of PE is
thus paramount. Clinical prediction rules – such as the
Wells criteria, Geneva rule or YEARS algorithm – can

assist physicians in diagnosing PE in suspected

patients [3–5]. However, these rules are useful only

when the physician has a clinical suspicion of PE. It

can be extremely challenging to diagnose PE on time

because symptoms of PE can differ widely in severity,

and are often non-specific [6,7]. In some patients

ultimately diagnosed with PE, the suspicion either

never arose or occurred only after multiple

CONTACT R. van Maanen r.vanmaanen@umcutrecht.nl Julius Center for Health Sciences and Primary Care, University Medical Center Utrecht,
Utrecht, 3508 GA, The Netherlands�R. van Maanen and E. M. Trinks-Roerdink are joint first authors.

Supplemental data for this article is available online at https://doi.org/10.1080/13814788.2022.2086232.

� 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

EUROPEAN JOURNAL OF GENERAL PRACTICE
2022, VOL. 28, NO. 1, 165–172
https://doi.org/10.1080/13814788.2022.2086232

http://crossmark.crossref.org/dialog/?doi=10.1080/13814788.2022.2086232&domain=pdf&date_stamp=2022-06-21
http://orcid.org/0000-0002-4981-692X
http://orcid.org/0000-0002-0535-9253
http://orcid.org/0000-0002-5052-7332
http://orcid.org/0000-0001-6976-9844
https://doi.org/10.1080/13814788.2022.2086232
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/13814788.2022.2086232
http://www.tandfonline.com


consultations. For example, the so-called ‘classical’ PE-
triad of chest pain, dyspnoea, and haemoptysis occurs
in less than 10% of patients [8].

Insight into the proportion of patients with PE that
experienced delay and determinants associated with
delay may help to increase awareness among physi-
cians and patients, and thereby help to reduce diag-
nostic delay. This is especially meaningful for general
practitioners (GPs) since patients with symptoms of PE
often seek medical advice from their GP first. No previ-
ous study has systematically assessed the prevalence
and extent of delay in diagnosing PE. Therefore, the
purpose of this study was to systematically review the
literature on studies reporting on delay in diagnosing
PE. The primary objective was to assess the proportion
of patients with PE that experienced diagnostic delay
and the extent of this delay. A secondary objective
was to identify determinants associated with a delayed
diagnosis of PE.

Methods

Search strategy

On 31 August 2021, we performed a literature search
in Medline and Embase databases without date limits
or language restrictions. The key terms in the search
consisted of ‘pulmonary embolism’ and synonyms,
combined with ‘diagnostic delay’, ’time to diagnosis’,
‘misdiagnosis’ and alternative terms (See Online
Appendix 1 for the full search syntax). Two reviewers
(RvM and EMTR) screened the abstracts independently
and selected original studies, describing any form of
delay in the diagnostic management of PE.
Subsequently, both reviewers independently selected
full-text articles. In case of no consensus between
these two researchers selecting a full-text article, a
third researcher (GJG) was asked to screen the article
in question, and a consensus was reached by discus-
sion. We performed a cross-reference check for all
included articles.

Definitions and study selection

For this study, ‘diagnostic delay’ was defined as the
time between the onset of symptoms (as reported by
patients and described in the original publication) until
confirmation of the diagnosis of PE. The primary
objective was to quantify the presence of ‘diagnostic
delay’, expressed as either a mean or median delay, or
as a percentage of patients with diagnostic delay more
than seven days. The secondary objective was to quan-
tify determinants for such delay. Studies conducted in

general practices, emergency departments and hospital
wards were considered for this review. We excluded
systematic reviews, case reports, and articles describing
the outcome in a particular population, e.g. paediatric
populations, only post-operative patients or pregnant
women. Also, articles that only considered ‘logistic
delay’, for example, the time between admission and
confirmation of the diagnosis with imaging, were
excluded from our review since our primary aim was to
obtain a pooled point estimate of the total diagnostic
delay. Finally, if there was no definition of delay men-
tioned or if we could not derive the definition of delay,
the article was excluded.

Risk of bias and applicability assessment

No validated risk of bias tool was available for obser-
vational cross-sectional studies when we performed
this review. Therefore, two reviewers independently
assessed the risk of bias with modified criteria based
on the QUADAS-2 tool [9]. We scored the risk of bias
as high, low or unclear, within the following three
domains: selection of study population (to assess gen-
eralisability and selection bias), validity of diagnostic
testing (to assess information bias) and assessment of
delay (to assess recall and information bias). Moreover
we scored the applicability of studies to primary care.
Studies performed in general practice or studies in
which the GP referred patients are considered very
applicable to primary care. Studies in which a part of
the included patients were referred by their GP are
considered likely applicable to primary care. Studies in
which patients were included from emergency depart-
ments are considered as possibly applicable. Studies in
which patients were included from hospital wards are
deemed not applicable to primary care. If it was
unclear from which setting patients were included, we
considered the applicability to primary care as unclear.
See Online Appendix 2 for the modified risk of bias
and applicability tool used, including further clarifica-
tion of these domains.

Data extraction and data analysis

The data were extracted using a standardised data
extraction form. In addition to the primary objective
to assess diagnostic delay of PE, we also collected
data concerning our secondary objective, i.e. determi-
nants for delay. Both determinants tested in univari-
able analysis and determinants tested in multivariable
analysis were considered. We created an overview of
clinically relevant determinants studied more than
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once and described whether a (significant) positive or
negative association was found in the individ-
ual studies.

We performed a meta-analysis with studies that
reported a mean delay since most studies reported a
mean delay and not a median delay. Studies only
reporting a median delay were excluded from this
meta-analysis. We have sought contact with authors of
studies only reporting a mean delay to obtain the
median delay as well but unfortunately, we received
no response. We log-transformed the data because we
assumed that the mean delay of the individual studies
was not normally distributed. Random-effects meta-
analysis was applied to calculate a pooled estimate
with a 95% confidence interval and prediction interval
for the mean diagnostic delay (defined in days). The
prediction interval represents the range of estimates
for the mean delay that can be found in future studies
with a similar study design and thus can be consid-
ered as a measure of heterogeneity across studies
[10]. Next, we performed meta-analyses to explain the
heterogeneity in the following subgroups: studies that
included only patients in the emergency department,
studies with a low risk of bias due to misclassification,
studies with the same definition of delay (time from
onset of symptoms to diagnosis) and studies with pro-
spective and retrospective data collection. Statistical
analyses were performed in R version 3.4.1.

Results

The literature search yielded a total of 10,933 studies.
After screening on title and abstract, we identified 50
articles, which we assessed for eligibility. Twenty-four
articles met our in-and exclusion criteria [11–34]. For
an overview of the literature search and article selec-
tion, see Figure 1. The 24 studies were published
between 1998 and 2021. Data were collected retro-
spectively in 13 studies and collected prospectively in
11 studies. The included studies were performed in
different settings, namely: primary care practices
(n¼ 1), emergency departments (n¼ 7), hospital wards
(n¼ 9) or combinations (n¼ 7). The characteristics of
the included studies are presented in Table 1. The risk
of bias regarding the domains of patient selection and
valid diagnosis was assessed as ‘low’ in most studies.
The risk of bias due to misclassification (assessment of
delay) was assessed as ‘high’ in 10 studies, mostly
because of retrospective data collection. Two studies
were assessed as very applicable to primary care, five
studies as likely applicable, five studies as possibly
applicable, six studies as not applicable and for six

studies the applicability to primary care was unclear.
See Online Appendix 3 for the risk of bias and applic-
ability assessment.

Diagnostic delay

In total, 12 studies presented a mean delay with
standard deviation. Figure 2 shows the forest plot of
all 12 studies reporting a mean delay in diagnosing
PE. The reported mean delay ranged from 2.5 to
11.9 days. The pooled point estimate of the mean
delay was 6.3 days (95% CI 4.8 to 8.2) with a wide pre-
diction interval (95% PI 2.5 to 15.8 days). The mean
delay in studies performed in emergency departments
was 7.7 days (95% PI 4.6 to 12.8). In our further pre-
defined subgroup analyses (i.e. analyses of only stud-
ies with a low risk of bias, with a uniform definition of
delay, or only using either prospective or retrospective
data collection) the prediction intervals remained
wide, indicating residual and unexplained heterogen-
eity. Sixteen studies reported a percentage of patients
with diagnostic delay. Thirteen of these fifteen studies
categorised delay beyond seven days. More than
seven days of delay varied between 18% and 38%.
The primary outcomes are presented in Table 1.

Determinants associated with delay

Fourteen studies assessed determinants potentially
associated with diagnostic delay. Figure 3 summarises

Full-text ar�cles excluded
n = 26

• Outcome delay not reported
n = 6

• Other or unclear defini�on of
diagnos�c delay
n = 8

• Duplicate database analysed
n = 2

• No PE, only VTE
n = 1

• No full-text available
n = 9

Ar�cles included
n = 24

Full-text ar�cles
assessed for eligibility

n = 50

MEDLINE n = 4913
Embase n = 6020

Duplicate records excluded
n = 2462

Records screened
on �tle and abstract

n = 8471

Records iden�fied
through database

searching
n = 10,933

Figure 1. Flow-chart article selection.
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these determinants and the positive or negative asso-
ciation with diagnostic delay found in the individual
studies (See Online Appendix 4 for the complete over-
view). For many of the explored determinants, findings
were inconclusive and sometimes conflicting across
different studies. Nevertheless, from a narrative

synthesis, we identified several determinants positively
and negatively associated with diagnostic delay based
on univariable and/or multivariable analyses, albeit not
all statistically significant (Figure 3, Online Appendix
4). First, all of the three studies analysing coughing
symptoms, all of the six studies analysing chronic lung

Figure 3. Determinants associated with diagnostic delay.

Figure 2. Meta-analysis of studies reporting mean delay.
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disease and all of the eight studies analysing heart
failure found a positive association of these determi-
nants with diagnostic delay. Second, all of the seven
studies analysing recent surgery and all of the six
studies analysing hypotension found a negative associ-
ation of these determinant with diagnostic delay.
Finally, seven out of nine studies analysing chest pain
and six out of seven studies analysing tachycardia
found a negative association with diagnostic delay.

Discussion

Main findings

This systematic review shows that delay in diagnosing
PE is common, with a pooled point estimate of a
mean diagnostic delay of almost one week, albeit with
a wide prediction interval indicating considerable het-
erogeneity between studies. About a quarter of
patients had more than seven days of delay. Existing
data suggest that patients with chronic cardiopulmon-
ary co-morbidity or symptoms of coughing are at
greater risk for delay. Yet, these observations were
made only out of narrative synthesis from the
included studies as formal meta-regression on deter-
minants for delay was considered in appropriate due
to differences in determinant definition and analytical
techniques used.

Strengths and limitations

To the best of our knowledge, this is the first study to
systematically describe the full scope and extent of
delay in diagnosing PE. We performed a complete lit-
erature search without date or language restrictions
and could provide an extensive scope of all existing
relevant studies. Thereby, we were able to summarise
the existing body of evidence on this important topic,
hoping to provide some ‘base evidence’ for future
studies embarking on this topic, allowing to compare
findings from these new studies with the inferences
found in our review. Furthermore, we pooled the
mean delay using random-effect meta-analyses and
explored heterogeneity. Some limitations, however,
need to be taken into account. First, the mean diag-
nostic delay in days is probably not normally distrib-
uted, so providing a pooled estimate of the median
delay would have been preferable. However, most
studies only reported a mean delay with a standard
deviation and therefore, we had to use the mean
delay to calculate a pooled estimate. Second, in some
of the included studies, delay was not clearly defined,
necessitating us to use a proxy instead. The definition

of delay also differed between the studies. Most of
the included studies analysed the time from the onset
of symptoms until the definitive confirmative diagno-
sis of PE. However, some studies reported the time
from onset of symptoms until hospital admission,
emergency department admission, or the start of
treatment. For future diagnostic studies on PE, we
would recommend reporting on diagnostic delay uni-
formly. We would suggest reporting the time between
symptom onset (patient-reported) and confirmation of
the PE diagnosis, and preferably also the time
between symptom onset and the moment that the
patient seeks medical attention to distinguish between
patients and physicians delay. Third, the methodology
of the included studies differed, for example, in deter-
mining the duration of diagnostic delay. In some stud-
ies, patients were interviewed after a confirmative
diagnosis, which could introduce recall bias, which is
difficult (or even impossible) to adjust for. Finally,
probably as an overall consequence of these above-
described limitations, the between-study heterogen-
eity was considerable. An essential cause of hetero-
geneity was that patients were included from different
settings (hospital wards, emergency departments and
primary care). In our review both studies categorised
as very applicable to primary care, found a similar per-
centage of patients delay of more than seven days
(24% and 26%). However, since both patient and phys-
ician delays and the clinical implications of delay will
be largely dependent on the setting of inclusion, this
should be considered when interpreting our results.

Clinical implications

In our review, we focussed primarily on the prevalence
and extent of diagnostic delay of PE. Although not the
purpose of our study, we could hypothesise on pos-
sible explanations for the diagnostic delay of approxi-
mately a week. First and foremost, it might be that
PE-symptoms are often not timely recognised by the
physician and/or the patient. As mentioned before,
symptoms of PE are often non-specific and can vary in
severity. Consequently, it can be challenging to differ-
entiate PE from alternative diagnoses, leading to a
delay in the diagnostic process. This is supported by
the fact that we found that delay seemed to occur
more frequently in patients with comorbidities.
Moreover, the decreasing prevalence of proven PE in
suspected patients in diagnostic studies might suggest
that physicians do think of PE quite often but still are
struggling to correctly and timely identify PE in the
right patients [35,36]. This emphasises the importance
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of increasing awareness of PE and educating physi-
cians and patients on how to recognise PE, e.g. during
(albeit not exclusively) events like World Thrombosis
Day [37].

Second, another explanation for the diagnostic
delay we found might be that PE is not an acute dis-
ease per se in all PE patients. With an average dur-
ation of symptoms almost a week before diagnosis, PE
might rather be a subacute condition with slower
onset of unfolding symptoms in a subset of patients,
leading to a ‘delayed’, or perhaps better framed as a
protracted and evolving, presentation. Should this be
true, it could be that the delay in diagnosis might be
associated with less negative clinical consequences in
the patients with such a milder clinical trajectory. In
that respect, it could well be that delay happens more
often in patients with sub-segmental PE than in
patients with lobular or more central PE’s. Both pos-
sible explanations could also be valid simultaneously.
Yet, given that PE can also have profound (long-term)
implications, more research is urgently needed to gain
insight into the outcomes of patients with and with-
out a delayed diagnosis.

We could not study the clinical consequences of
diagnostic delay since only a few of the included stud-
ies reported on clinical outcomes, such as recurrent PE
or mortality. For instance, none of the included studies
reported on clinical outcomes such as chronic
thromboembolic pulmonary hypertension (CTEPH) or
post-embolic syndrome. However, we know from the
sparsely existing literature on post-embolic syndromes
that a delayed diagnosis might be a risk factor for
developing CTEPH [38].

Conclusion

Delay in diagnosing PE is common. Patients may have
symptoms for almost one week before PE is diag-
nosed; in about a quarter of patients the diagnostic
delay is even longer.
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