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Objectives: To assess the diagnostic accuracy of gestalt in the diagnosis of PE and gain
insight into its possible variation.

Methods: We performed an individual patient data meta-analysis including patients
suspected of having PE. The primary outcome was diagnostic accuracy of gestalt for the
diagnosis of PE, quantified as risk ratio (RR) between gestalt and PE based on 2-stage
random-effect log-binomial meta-analysis regression as well as gestalts’ sensitivity and
specificity. The variability of these measures was explored across different health care
settings, publication period, PE prevalence, patient subgroups (sex, heart failure,
chronic lung disease, and items of the Wells score other than gestalt), and age.
Results: We analyzed 20 770 patients suspected of having PE from 16 original studies.
The prevalence of PE in patients with and without a positive gestalt was 28.8% vs 9.1%,
respectively. The overall RR was 3.02 (95% Cl, 2.35-3.87), and the overall sensitivity
and specificity were 74% (95% Cl, 68%-79%) and 61% (95% Cl, 53%-68%), respectively.
Although variation was observed across individual studies (1%, 90.63%), the diagnostic
accuracy was consistent across all subgroups and health care settings.

Conclusion: A positive gestalt was associated with a 3-fold increased risk of PE in
suspected patients. Although variation was observed across studies, the RR of gestalt

was similar across prespecified subgroups and health care settings, exemplifying its

KEYWORDS

1 | INTRODUCTION

Pulmonary embolism (PE) is a potentially fatal disease that warrants
early detection and treatment [1]. However, the diagnosis of PE is
challenging, and delayed diagnosis is common [2]. The classical triad of
shortness of breath, pleuritic pain, and hemoptysis is only present in
10% of patients with established PE [3]. The symptoms of shortness of
breath and chest pain may also occur in other, often less severe,
conditions such as intercostal neuralgia or localized chest myalgia
[3,4]. Hemoptysis is more specific but also an uncommon symptom of
PE. Considering the potential severity, physicians have a low threshold
for additional testing in patients in whom they suspect PE using either
D-dimer testing (a plasma biomarker used to rule out thrombosis) or
direct referral for computed tomography pulmonary angiography (the
reference standard for the diagnosis of PE).

Historically, the decision-making process for this challenging diag-
nosis was mainly driven by physicians’ intuitive judgment called
“gestalt”, which is usually defined as a clinical impression of whether PE
is considered the most likely diagnosis or not. Gestalt estimation has
become an important component of clinical decision rules (CDRs) for PE
diagnosis [5-7]. Gestalt has, since then, been repeatedly shown to be
associated with an increased risk of PE in diagnostic studies [8,9].

Although intuitively appealing, the merit of gestalt in the diag-
nostic management of patients suspected of having PE has been
debated. Several studies have shown that when physicians only used

diagnostic value for all patients suspected of having PE.

diagnosis, pulmonary embolism, venous thromboembolism, venous thrombosis

Essentials

« The diagnostic accuracy of physicians’ gestalt estimation
of pulmonary embolism (PE) is unclear.

« An individual patient data meta-analysis of 16 studies,
including 20 770 patients suspected of having PE, was
conducted.

« A positive physicians’ gestalt estimation was associated
with a 3-fold higher risk of PE.

« The diagnostic accuracy of physicians’ gestalt was similar

across all subgroups and health care settings.

gestalt in the workup of suspected PE, the risk of PE was over-
estimated compared with the observed prevalence, resulting in
decreased overall efficiency of the diagnostic process, with more pa-
tients being referred for imaging [10-12]. Another, perhaps an even
more important concern is that gestalt estimation is dependent on
clinical experience in the diagnosis of PE in daily practice, resulting in
variable interobserver reproducibility [13-15]. Thus, the diagnostic
accuracy of gestalt in patients suspected of having PE may vary across
health care settings due to differences in experience among physicians
working in that setting. Furthermore, it is not well studied how gestalt

varies across patient characteristics. This knowledge gap needs to be
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addressed to understand the diagnostic “behavior” of this subjective
item in assessing the risk of PE and for informing physicians in
determining the context in which clinical gestalt can be of merit and in
which not.

Therefore, this study aimed to quantify the diagnostic accuracy of
gestalt in the diagnostic management of patients suspected of having
PE across patient, study, and health care characteristics. We per-
formed an ancillary analysis of a large international individual patient
data (IPD) dataset, including >35 000 patients suspected of having
PE [16].

2 | METHODS

This was an ancillary analysis of a preregistered individual patient data
meta-analysis (IPD-MA) (PROSPERO database for systematic reviews
number CRD42018089366), for which a protocol has been published
[16]. Previous studies using these IPD explored the diagnostic accu-
racy of existing CDRs for PE across clinically relevant subgroups and
health care settings but not of gestalt specifically [17,18]. Ethical
approval and informed consent of individual patients were obtained in
each included original study. Throughout this IPD-MA, we adhered to
the Preferred Reporting Items for Systematic Review and Meta-
Analysis for Individual Participant Data (PRISMA-IPD) and the
Preferred Reporting Items for Diagnostic Test Accuracy (PRISMA-
DTA) guidelines on reporting of systematic reviews, including IPD
[19,201.

2.1 | Study eligibility, identification, and selection

The systematic search strategy for this IPD-MA, including information
sources and the study selection process, was described in detail pre-
viously [16]. In short, MEDLINE was searched from January 1, 1995,
until November 1, 2021. Studies were eligible if they evaluated diag-
nostic strategies for PE, had a prospective cohort design, and included
patients suspected of having PE with an objectively confirmed diagnosis
of venous thromboembolism (VTE) or clinical follow-up of at least 1
month. For the current analysis, we excluded studies that did not assess
the (gestalt) variable “PE most likely diagnosis” and studies including
only patients with a low clinical pretest probability. Full-text screening
was performed independently by 2 couples (G.-J.G. and N.K. as well as
F.AK. and N.v.E.). The corresponding authors of eligible studies were
asked to provide deidentified IPD. The risk of bias in the individual
studies was independently assessed by 3 pairs of authors (G.-J.G. and
T.T., N.v.E. and N.K,, and F.AK. and M.AM.S.) using the QUADAS-2 tool
for the assessment of the risk of bias and applicability of primary
diagnostic accuracy studies [21]. Disagreements were solved by dis-
cussion within each pair and between pairs. The finally included set
consisted of 23 studies, of which 16 were analyzed in the present work

(Supplementary Figure S1).

jth--
2.2 | Variable measurements

Clinical gestalt was defined as definitions used in the Wells and other
diagnostic PE decision rules in the individual studies, ie, “PE is the
most likely diagnosis”. If PE was considered the most likely diagnosis,
the gestalt item was defined as positive, whereas if PE was not
considered the most likely diagnosis, the gestalt item was defined as
negative. In all studies, physicians were instructed to score the gestalt
item before the result of the D-dimer test was known.

The diagnostic accuracy of gestalt was estimated across different
patient subgroups, categorized by the following variables: male vs
female patients; heart failure (present or absent at presentation with
suspected PE); chronic lung disease (defined as chronic obstructive
pulmonary disease, asthma, pulmonary fibrosis, or any other chronic
lung disease present or absent at presentation with suspected PE);
other Wells items (ie, clinical signs/symptoms of deep vein thrombosis
(DVT), previous VTE, heart rate >100 beats/min, hemoptysis, immo-
bilization or surgery in the previous 4 weeks, and active malignancy);
subgroups of patients without, with 1, or with >2 Wells CDR items in
addition to the gestalt item; and age on a continuous scale (in years).
We also estimated the risk ratio (RR) across 2 publication periods
(before 2010 vs in 2010 and later), PE prevalence, and categories of
health care settings (hospital or nursing home care, referred second-
ary or emergency care, primary health care).

In accordance with the original protocol of the IPD-MA [16], we
predefined the following health care settings: (i) hospital or nursing
home care, (ii) emergency ward or hospital care, (iii) primary health
care, and (iv) self-referral emergency care [18]. Five expert panel
members (G.-J.G., FAK, MAMS, NK, and N.v.E.) independently
categorized each study into 1 of the 4 defined health care settings
and discussed disagreements until they reached a consensus. When
studies were performed in >1 setting, individual patients were
categorized based on the information provided by principal

investigators.

2.3 | Missing data

A summary of missing data in each original study is shown in
Supplementary Table S2 [5,6,22-35]. Variables were either partially
missing (ie, missing in a certain proportion of patients within the
study) or systematically missing (ie, completely missing in the study
because data were not collected on that particular variable). Sys-
temically missing values were not imputed. Partially missing values
were imputed within each study using multiple imputation techniques
with all available variables, including the outcome, using the R-pack-
age mice [36] unless the variables were missing in >80% of patients
[37]. Ten imputed datasets per study were created. The measures of
log-RR, logit-sensitivity, and log-specificity were computed in each
imputed set and combined using Rubin rules in each study (ie, in the
first stage of the meta-analysis; see below) [38].
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2.4 | Data analysis

We described the characteristics and prevalence of PE of the included
patients stratified by positive vs negative gestalt. Continuous variables
were presented as medians with corresponding interquartile ranges
(IQRs), and categorical variables were presented as numbers with
corresponding percentages. The primary outcome measure of this
study was the diagnostic accuracy of the clinical gestalt estimate for
PE diagnosis. We quantified the diagnostic accuracy of gestalt as RR,
ie, the presence (or risk) of having PE in individuals with a positive vs
negative gestalt item, as well as its sensitivity and specificity [39]. We
expressed the diagnostic accuracy of gestalt as RR rather than the
commonly used diagnostic odds ratio because of noncollapsibility is-
sues of odds ratio [40].

A 2-stage meta-analysis was performed to estimate the overall
RR. In the first stage, the RR was estimated in each study using a log-
binomial regression model. In the second stage, these estimates were
pooled using a separate intercept for each study and a random effect
for gestalt using restricted maximum likelihood estimation. The
random effect for gestalt allowed studies to differ in the association
between gestalt and PE diagnosis because of real differences in RR
rather than chance variation only [41]. This resulted in an overall RR
and 95% prediction interval (Pl) for the association between gestalt
and PE diagnosis. Studies without observations in 1 of the cells of the
2 X 2 table for gestalt vs PE were excluded from the meta-analysis.

To gain an insight into the diagnostic accuracy of gestalt across
patient, study, and health care characteristics, we stratified the data
into the following subgroups as described above. The 2-stage meta-
analysis was performed in each subgroup separately to estimate the
subgroup-specific RR of gestalt and a final PE diagnosis. Furthermore,
we assessed how the RR varied across age on a continuous scale by
fitting a log-binomial model on the stacked imputed data with an
interaction between the variable gestalt and age, where age was
modeled using a restricted cubic spline with 5 knots (on the percen-
tiles 0.05, 0.275, 0.50, 0.725, and 0.95) for each imputed dataset.
Then, the risk of PE across ages 18 to 90 years was predicted from
this model under gestalt positive and negative using the stacked
imputed data. The RR was computed from the ratio of these predicted
risks and plotted with a 95% Cl estimated using 500 bootstrap
samples.

We plotted the prevalence of PE in each study against the RR of
gestalt in each study. We hypothesized that the diagnostic accuracy of
gestalt would be related to PE prevalence because it has been shown
that the efficiency (true and false negatives) and failure rate (1 - negative
predictive value) of diagnostic strategies depend on the prevalence of
PE; as PE prevalence increases, the failure rate increases and efficiency
decreases [18].

Finally, the overall sensitivity and specificity were calculated for
the gestalt item on the final PE diagnosis in the overall sample and in
all above-described subgroups using a bivariate generalized linear
mixed-effects model on the logit sensitivity and logit specificity of
each study [39]. This yielded an estimate and 95% ClI for sensitivity
and specificity.

All analyses were performed using R, version 4.0.3, particularly
using the metafor package [42,43]. The analysis code is publicly
available at https://github.com/KLuijken/IPDMA_PE_Gestalt/.

3 | RESULTS

3.1 | Study selection and included patients
The systematic literature search retrieved 3892 unique studies. A total
of 23 studies fulfilled the eligibility criteria, and the original IPD were
obtained from corresponding authors, resulting in 35 248 unique pa-
tients suspected of having PE. Additionally, we excluded 7 more studies:
3 studies that did not assess the variable “PE most likely” [44-46] and 4
studies that selectively included patients with a low clinical pretest
probability (ie, studies evaluating the PE rule-out criteria CDR, also
known as PERC) [47-50]. Hence, in the current analysis, 16 studies
were included, with a total of 20 770 patients (Supplementary
Figure S1). The risk of bias in each included study was generally
scored as low (Supplementary Figure S2). The characteristics of the
included studies are summarized in Table 1 [5,6,22-35]. The prevalence
of PE ranged from 7.4% to 40.9% and the percentage of patients with a
positive gestalt ranged from 22.1% to 62.1% in the individual studies.
The patient characteristics stratified by the gestalt item are
shown in Table 2. The median age was 56.6 years, 60% was women,
and 47% had a positive gestalt. Patients with a positive gestalt had
concurrent heart failure or chronic lung disease less frequently but
had risk factors for PE, namely active malignancy, recent surgery or
immobilization, clinical signs of DVT, and/or a history of VTE, more
often. The median D-dimer level was higher in patients with a positive
gestalt than in patients with a negative gestalt (1001 ng/mL [IQR, 510-
2421] vs 582 ng/mL [IQR, 298-1200], respectively).

3.2 | Main outcomes

The overall prevalence of PE was 20%: 29% in the positive gestalt
group vs 9% in the negative gestalt group. The point estimates of RR
for the association between gestalt and a final PE diagnosis from the
individual studies ranged from 1.46 to 7.71 (Figure 1), with a pooled
point estimate of 3.02 (95% Cl, 2.35-3.87; 95% PI, 1.14-7.94). The
estimated RRs for each subgroup are shown in Figure 2. The estimated
RR was 3.26 (95% PI, 1.37-7.78) in women and 2.79 (95% PI, 0.93-
8.34) in men. Studies with systematic missing data on heart failure (n =
3) [25,30,35] or chronic lung disease (n = 4) [25,30,34,35] were
excluded from the subgroup analysis of comorbidities. The estimated
RRs were 1.98 (95% PI, 1.42-2.76) and 3.07 (95% PI, 1.06-8.89) for
patients with and without heart failure, respectively, and 2.19 (95% PlI,
0.62-7.72) and 3.11 (95% PI, 1.03-9,41) for patients with and without
chronic lung disease, respectively. The estimated RRs in the 3
different settings were 4.03 (95% PI, 0.09-182.9) for hospital or
nursing home care, 2.85 (95% PI, 0.90-8.99) for emergency ward or
hospital care, and 3.81 (95% PI, 3.39-4.28) for primary health care.
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TABLE 1

Author, year
Sanson et al. [22], 2000

Perrier et al. [23], 2004
Perrier et al. [24], 2005
Kearon et al. [25], 2006
van Belle et al. [26], 2006
Goekoop et al. [27], 2007
Righini et al. [28], 2008
Douma et al. [29], 2011
Galipienzo et al. [30], 2012
Geersing et al. [6], 2012
Schouten et al. [31], 2014
Righini et al. [32], 2014
Mos et al. [33], 2014

Country
The Netherlands

Switzerland
Switzerland
Canada

The Netherlands
The Netherlands
Switzerland

The Netherlands
Spain

The Netherlands
The Netherlands
Switzerland

The Netherlands

Penaloza et al. [34], 2017
van der Hulle et al. [5], 2017
Kearon et al. [35], 2019 Canada

PE, pulmonary embolism.

There were no studies in our selection from the setting “self-referral
emergency care”. The subgroups defined by the publication period of
the study showed a comparable estimated RR of 3.17 (95% PI, 0.76-
13.29) for studies published before 2010 and 2.89 (95% PI, 1.15-7.24)
for studies published in 2010 and later. The estimated RRs in the

TABLE 2

France and Belgium

The Netherlands

Health care setting

Referred secondary care and inpatients
Referred secondary care

Referred secondary care

Primary health care and inpatients
Referred secondary care and inpatients
Referred secondary care

Referred secondary care

Referred secondary care and inpatients
Referred secondary care

Primary health care

Primary health care and nursing homes
Referred secondary care

Referred secondary care and inpatients
Referred secondary care

Referred secondary care and inpatients

Primary health care and inpatients

Characteristics of included studies of patients suspected of having pulmonary embolism.

Number of

patients included PE prevalence (%)

517 30.9
965 23.7
755 26.1
1123 15.0
3296 212
876 12.6
1692 213
807 238
240 26.3
597 12.2
129 39.8
3324 19.2
279 40.9
705 217
3448 13.7
2017 7.4

patients in whom the physician did not score pulmonary embolism as the most likely diagnosis (gestalt-).

Characteristic
Median age, v, (IQR)

Female, n (%)

Heart failure, n (%)

Chronic lung disease, n (%)

Active malignancy < 6 mo, n (%)
Surgery or immobilization < 4 wk, n (%)
Clinical signs of DVT, n (%)

Hemoptysis, n (%)

History of VTE, n (%)

Heart rate > 100 beats/min, n (%)
Median D-dimer, ng/mL, (IQR)

Diagnosis of PE, n (%)°

Missing

proportion (%)?

0.0
0.0
200
12.8
0.0
0.0
0.0
0.0
0.0
0.0
15.0
0.0

Gestalt+ (n = 9860)
57.0 (42.8-71.0)

5919 (60.0)
483 (5.5)
906 (10.6)

1266 (12.8)

1814 (18.4)
951 (9.6)
477 (4.8)

1653 (16.8)

2385 (24.2)

1001.0 (510.0-2421.0)

2844 (28.8)

Gestalt- (n = 10 910)

56.0 (41.1-70.0)
6570 (60.2)

599 (7.0)

1166 (14.3)

938 (8.6)

1370 (12.6)

587 (5.4)

501 (4.6)

1244 (11.4)
2622 (24.0)
582.0 (298.0-1200.0)

988 (9.1)

DVT, deep vein thrombosis; IQR, interquartile range; PE, pulmonary embolism; VTE, venous thromboembolism.
aSystematic missingness that remained after multiple imputation.

bAfter 3 months of follow-up.

jth--

Gestalt+ (%)
60.6

29.4
385
484
61.5
47.4
459
56.5
221
55.6
49.6
53.1
62.1
458
50.0
21.0

subgroups based on the presence or absence of any or more of the
other Wells items were comparable, and the point estimates ranged
between 2.01 and 3.19.

The plot of the estimated RR for age on a continuous scale shows

that the estimated RR decreased with increasing age (Figure 3), albeit

Clinical characteristics of patients in whom the physician scored pulmonary embolism as the most likely diagnosis (gestalt+) and

Total (n = 20 770)

56.6 (42.0-70.0)
12489 (60.1)
1082 (6.2)

2072 (12.4)
2204 (10.6)
3184 (15.3)
1538 (7.4)

978 (4.7)

2897 (13.9)
5007 (24.1)
780.0 (354.0-1706.0)
3832 (18.4)
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Overall RR + descriptives per study

Study n RR [95% CI]

Sanson et al, 2000 517 m 1.46 [1.10 - 1.95]
Perrier et al, 2004 965 5 HH 4.08 [3.19 - 5.09]
Perrier et al, 2005 755 ] 7.71 [5.48 - 10.9]
Kearon et al, 2006 1123 - 3.92 [2.76 - 5.55]

van Belle et al, 2006 3296 HH 3.02 [2.51 - 3.62]
Goekoop et al, 2007 876 - 1.60 [1.12 - 2.29]
Righini et al, 2008 1692 HH 3.72 [2.97 - 4.65]
Douma et al, 2011 807 - 2.59 [1.91 - 3.52]
Galipienzo et al, 2012 240 - 2.32 [1.55 - 3.47]
Geersing et al, 2012 597 —a— 4.06 [2.23 - 7.37]
Schouten et al, 2014 129 —— 3.20 [1.85 - 5.51]
Righini et al, 2014 3324 - 2.01 [1.72 - 2.34]

Mos et al, 2014 279 - 2.12 [1.45 - 3.10]
Penaloza et al, 2017 705 HH 1.99 [1.49 - 2.67]

van der Hulle et al, 2017 3448 HH 6.29 [4.94 - 8.01]
Kearon et al, 2019 2017 HH 3.67 [2.71 -4.96]

RE Model L 4 3.02 [2.35 - 3.87] 95%Cl
Isquared = 90.63% : 3.02 [1.14-7.94] 95% Pl

Tau squared = 0.44

06 2 4 14

Risk Ratio on PE for gestalt (log scale)

FIGURE 1 Risk ratio of positive gestalt for the presence of pulmonary embolism in individual studies and the pooled estimate. PI, prediction

interval; RR, risk ratio.

with a wide Cl in the youngest and oldest patients due to fewer ob-
servations in these age groups. The sensitivity and specificity for all
subgroups are shown in Supplementary Table S30. The pooled sensi-
tivity of all studies was 74% (95% Cl, 68%-79%) and the specificity was
61% (95% Cl, 53%-68%), with similar estimates across all evaluated
subgroups (Supplementary Table S30). The estimated RR of PE and the
gestalt item were plotted against the prevalence of PE in individual
studies (Supplementary Figure S110). This did not reveal a clear relation
between the diagnostic accuracy of gestalt and the prevalence of PE.

4 | DISCUSSION

In this IPD-MA, which included 20 770 patients suspected of having
acute PE, we evaluated the diagnostic accuracy of gestalt in the
diagnostic management of PE. Overall, a positive gestalt estimation
(ie, a positive score on the item “PE most likely diagnosis”) corre-
sponded to a 3-fold higher risk of the presence of PE compared with a
negative gestalt estimation. Although there was considerable het-
erogeneity across individual studies, the overall diagnostic accuracy of
gestalt remained remarkably similar across various patient subgroups,
health care settings, PE prevalence, and periods of study publication.
Only the analysis with age showed that with increasing age, the
diagnostic accuracy, on average, decreases, albeit with a wide ClI,

particularly at higher ages due to fewer observations.

In our extensive subgroup analyses in this large IPD-MA, we could
not identify any patient subgroup, clinical setting, or underlying PE
prevalence for which gestalt is not beneficial in the diagnostic man-
agement of PE. Interestingly, our findings do not support the previous
hypothesis that large variability and subjectivity of gestalt would
severely hamper its diagnostic accuracy in different health care pop-
ulations. As an example, much attention was paid to the report of a
previous study that the pretest probability of PE increases with clinical
experience in managing PE cases [15]. This seems to contradict our
finding that the diagnostic accuracy of gestalt did not vary across
health care settings, a proxy for physician experience, although of
course, it can be debated whether differences in physician experience
are fully captured by differences in health care setting. Another pre-
vious study showed that with every additional point in the Wells rule,
patients had a 1.2-fold increased chance of being assigned the sub-
jective “PE most likely diagnosis” [9]. Indeed, we observed that in
patients with an active malignancy, recent surgery or immobilization,
clinical signs of DVT, and a history of VTE, the gestalt item is more
frequently positively scored. However, the diagnostic accuracy of
gestalt, expressed as RR, was comparable across patient subgroups
based on the presence of these Wells items when assessed in isolation
for each Wells also when patients were stratified by combined pres-
ence of other Wells items. The D-dimer values were higher in patients
with a positive gestalt than in those with a negative gestalt. However,

in some studies—for instance the YEARS study [5]—the D-dimer result
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Subgroup n RR [ 95% PI]
Sex
Female 12 489 f— 3.26[1.37 - 7.78]
Male 8 281 —=— 2.79[0.93 - 8.34]
Heart failure
Heart failure* 1082 s 1.98[1.42 - 2.76]
No heart failure* 16 308 Pom 3.07 [1.06 - 8.89]
Chronic lung disease
Chronic lung disease’ 2072 —— 2.19[0.62- 7.72]
No chronic Igung disease 14613 ! - 3.11[1.03- 9.41]
Setting
Hospital or nursing home 597 4_._> 4.03[0.09 - 182.9]
Emergency ward or hospital care 16 436 —a— 2.85[0.90 - 8.99
Primary health care 3737 Coon 3.81[3.39,- 4.28
Publication year
Before 2010 9224 e 3.17[0.76 - 13.29]
2010 and later 11 546 —a— 2.89[1.15- 7.24]
Wells items
Clinical signs and symptoms of DVT* 1514 e 2.0110.95- 4.27
Ko Clinical Signs and Symptoms of DVT? 19016 —a— 3.10[1.11- 871
Previous V1E ymp 2898 i 2335 [139- 397
No previous VTE ) 17 872 - 3.15[1.06 - 9.40
Heart rate > 100/min 5007 C e 3.19 [1.74 - 5.86
Heart rate < 100/min 15763 —a— 2.96 [1.07 - 8.16
Hemoptysis 954 | 2.85[1.27 - 6.37
No hemoptysis' 19 090 —a— 2.97 [1.05- 8.39
Immobilizafion or surgery 3184 b 239 [1.77- 3.23
No immobilization or surgery 17 586 e 3.16 [1.11 - 8.98
Cancer 2204 e 2 2.31[1.33- 3.99
No cancer 18 566 | 3.08 [1.18 - 8.05
Number of Wells items**
0 Wells items 9513 i 2.93[1.02- 8.42]
1 Wells item 7596 —— 2.99 [1.18 - 7.63]
22 Wells items 3 661 i 2.31[1.68- 3.18]
:

06 2 14

Risk ratio on PE for gestalt (log scale)

FIGURE 2 Risk ratio of positive gestalt for the presence of pulmonary embolism in predefined subgroups. *3 studies were excluded because
of systematic missing and 2 studies with empty cells in the 2 x 2 table in the subgroup with heart failure, 14 studies were excluded because of
systematic missing and 1 study with empty cells in the 2 x 2 table in the subgroup with chronic lung disease, £1 study was excluded because of
empty cells in the 2 x 2 table, 2 studies were excluded because of empty cells in the 2 x 2 table, 111 study was excluded because of empty cells
in the 2 x 2 table. DVT, deep vein thrombosis; PI, prediction interval; RR, risk ratio; VTE, venous thromboembolism.

may already have been known before the scoring of the subjective
item “PE most likely diagnosis.” This has likely resulted in an “over-
estimation” of the accuracy of gestalt alone in these studies [51].

4.1 | Strengths and limitations

We performed a comprehensive IPD-MA including data from many
individual patients suspected of having PE to study the diagnostic
accuracy of gestalt. This allowed us to perform subgroup analyses and
provide precise estimates of the diagnostic accuracy of gestalt across
different health care settings and patient subgroups. We performed
multilevel imputation of missing values and state-of-the-art statistical
methods to quantify the diagnostic value of gestalt in patients with
suspected PE.

Yet, for full appreciation, several limitations must be discussed.
The most important limitation is that the subjective gestalt item was
scored in various ways in the individual studies. For instance, in some
studies (n = 12), the gestalt estimation was part of the CDR (ie, the
Wells rule and YEARS algorithm) and, thus, was scored in the context
of these CDRs. On the other end of the spectrum, we included studies
evaluating the Geneva rule, in which the gestalt item was scored only
for research purposes, thus not being part of a CDR. In studies con-
ducted in the primary care setting, gestalt was always scored before
knowing the D-dimer result, whereas likely in some studies conducted
in the hospital setting, the gestalt estimate may, to some extent, have
been influenced by D-dimer when the result was available before the
CDR was assessed [52]. Nevertheless, maybe counterintuitive, the
highest RR for gestalt was found in a hospital-based study evaluating
the Geneva score (7.71; 95% PI, 5.48,-10.90) [24] and the lowest in a



VAN MAANEN ET AL

: j
RR 10.0
gestalt - PE

7.5

5.0

25

0.0
20 40 60 80

Age (years)

FIGURE 3 Risk ratio of pulmonary embolism for positive vs
negative gestalt against age on a continuous scale. PE, pulmonary
embolism; RR, risk ratio.

hospital-based study evaluating the Wells rule (1.46; 95% PI, 1.10-
1.95) [22]. Thus, we believe that the overall estimate of a 3-fold higher
risk of PE in patients in whom gestalt is scored positively seems to be
reasonable and clearly >1.

Another limitation is that the number of patients in the subgroups
with heart failure and chronic lung disease was relatively low, and 4
studies did not record these comorbidities. Similarly, for the sub-
groups with the Wells items “clinical signs/symptoms of DVT” and
“hemoptysis,” the counts in some studies were low, resulting in
convergence issues. Therefore, due to empty cells in these studies in
our 2-stage meta-analytical approach, we had to exclude these studies

from the specific subgroup analyses.

4.2 | Interpretation of the main findings and the
clinical implications

When interpreting our findings, it is important to acknowledge that
the focus of this IPD-MA was to explore the variability of the diag-
nostic accuracy of the gestalt item in the diagnostic management of PE
as a stand-alone item in different patient subgroups and health care
settings. The goal was not to define whether a CDR should or should
not include gestalt estimation. We did not perform such multivariable
analyses exploring the incremental diagnostic value of gestalt beyond
other CDR items.

From a clinical perspective, we believe that the following con-
clusions can be drawn: although heterogeneity across individual
studies was observed, the diagnostic accuracy of gestalt remained

stable, with, on average, a 3-fold increased risk of PE in patients with a

positive gestalt across all evaluated patient subgroups and health care
settings. Hence, this heterogeneity of gestalt across studies in this
IPD-MA did not seem explained by differences in case-mix or health
care settings among these individual studies. Although speculative,
our analyses suggest that the diagnostic accuracy of the intuitive
gestalt item (“gut feeling” of physicians on PE presence) does not
substantially vary across risk factors for VTE, sex, age, comorbidity of
patients, or health care setting. Rather, it could be related to other
factors that are harder to define, such as physicians’ expertise and
exposure to PE or physicians’ clinical impression of the severity of the
disease [53]. This is supported by previous work: if physicians expe-
rienced a “sense of alarm” in patients with shortness of breath, the
odds of having a life-threatening disease increased about 2 folds [54].
Based on our analyses, we might conclude that gestalt estimation or
the “sense of alarm” holds its merit, albeit with remaining not fully
explained heterogeneity, across all patients with suspected PE,
regardless of the health care setting in which they present themselves
or the subgroup they belong to. The heterogeneity may be related to
the different ways of estimating gestalt in the individual studies. Only
the analysis with age showed that the diagnostic accuracy of gestalt
might be slowly declining with increasing age. Indeed, the diagnosis of
PE can be challenging in elderly patients given the subtle signs and
symptoms, presence of other cardiac or pulmonary comorbidities that
may mimic PE symptoms, and that frailty may negatively impact the

accuracy of diagnostic tests [55,56].

5 | CONCLUSION

A positive gestalt estimation in the diagnostic management of PE
predicts, on average, a 3-fold higher risk of PE in suspected patients
compared with a negative gestalt estimation. Although heterogeneity
was observed across individual studies, the diagnostic accuracy of
gestalt remained stable across different subgroups of patients and
health care settings. Our study thereby exemplifies the merit of
gestalt when assessing a patient suspected of having PE: irrespective
of health care setting or subgroup, this subjective variable was indeed
associated with a 3-fold increased risk of PE, and this thus calls for
acting on it by referring the patient for an appropriate diagnostic
workup.
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