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Abstract: Background and Objectives: bedside cardiac ultrasound is a widely adopted method in
Emergency Departments (ED) for extending physical examination and refining clinical diagnosis.
However, in the setting of hemodynamically-stable pulmonary embolism, the diagnostic role of
echocardiography is still the subject of debate. In light of its high specificity and low sensitivity, some
authors suggest that echocardiographic signs of right ventricle overload could be used to rule-in
pulmonary embolism. In this study, we aimed to clarify the diagnostic role of echocardiographic
signs of right ventricle overload in the setting of hemodynamically-stable pulmonary embolism
in the ED. Materials and Methods: we performed a systematic review of literature in PubMed, Web
of Science and Cochrane databases, considering the echocardiographic signs for the diagnosis of
pulmonary embolism in the ED. Studies considering unstable or shocked patients were excluded.
Papers enrolling hemodynamically stable subjects were selected. We performed a diagnostic test
accuracy meta-analysis for each sign, and then performed a critical evaluation according to pretest
probability, assessed with Wells’ score for pulmonary embolism. Results: 10 studies were finally
included. We observed a good specificity and a low sensitivity of each echocardiographic sign of
right ventricle overload. However, once stratified by the Wells’ score, the post-test probability only
increased among high-risk patients. Conclusions: signs of echocardiographic right ventricle overload
should not be used to modify the clinical behavior in low- and intermediate- risk patients according
to Wells’ score classification. Among high-risk patients, however, echocardiographic signs could help
a physician in detecting patients with the highest probability of pulmonary embolism, necessitating
a confirmation by computed tomography with pulmonary angiography. However, a focused cardiac
and thoracic ultrasound investigation is useful for the differential diagnosis of dyspnea and chest
pain in the ED.
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1. Introduction

Integrated cardiac and lung ultrasounds, performed at the bedside by the emergency
medicine physicians, are becoming the standard method to improve diagnoses among
critically ill patients admitted to the emergency department (ED) [1], especially in patients
affected by undifferentiated dyspnea [2,3], shock, chest pain and cardiac arrest [4]. Bedside
ultrasound can improve the differential diagnosis of shock and acute heart failure. Fur-
thermore, it has been proposed as a potential means of diagnosing pulmonary embolism
(PE), especially among patients with specific contraindications to second-level imaging, as
contrast-enhanced computed tomography angiography (CTPA) or V/Q scan. However,
while the presence of right ventricle (RV) dilatation and hypokinesis is deemed to be diag-
nostic for PE in patients admitted with shock, cardiac arrest or persistent hypotension [5],
the role of echocardiography as a diagnostic procedure in haemodynamically stable pa-
tients admitted to the ED is less clear. Some authors have suggested the potential role of
echocardiography in the rule-in of PE, especially in those with a high pre-test probabil-
ity [6]. With this systematic review and meta-analysis, with subsequent analysis of post-test
probability, we aimed to clarify the role of echocardiography in haemodynamically stable
subjects admitted to the ED with a potential PE diagnosis.

2. Materials and Methods

Systematic Review of Literature: we conducted a systematic review of the literature,
considering papers published in the English language from 1 January 1990 to 31 December
2020. We performed the literature search in the following repositories: PubMed/MedLine,
Web of Sciences and Cochrane Database. The research strategy is described in Supplemen-
tary Materials Table S1. The systematic review and its results are compliant to PRISMA 2020
reporting guidelines [7]. Four independent reviewers (L.F., V.Z., L.G. and C.F.) reviewed
the selected literature and chose the references adopted for further analyses.

Inclusion and Exclusion Criteria: We only selected papers in the English language re-
porting data in a form that allowed the calculation of sensitivity and specificity, dealing
of transthoracic echocardiography as a diagnostic mean for PE in the ED. We excluded
works dealing with animals and humans aged less than 18 years old as well as reviews,
case reports and small-sampled cohort studies (less than 40 patients). We also excluded all
the papers that adopted echocardiography to stratify PE prognosis, that conducted studies
outside of an ED (particularly those where the study was conducted in cohorts of inpa-
tients, such as cardiology or intensive care units’ inpatients), that adopted transesophageal
echocardiography or dealt with less-available techniques (for example, tissue-doppler
imaging). Moreover, we excluded the studies performed in patients with COVID-19,
shock, refractory hypotension or thrombus-in-transit. All the retrieved papers were saved
into EndNote 20 for MacOS Systems, and duplicate records were removed through this
software.

Quality Analysis, Data Collection and Processing: two reviewers (G.L. and F.C.) indepen-
dently assessed the quality of the selected papers, adopting a validated tool (QUADAS-2) [8].
An absence of agreement between the two reviewers was resolved via consensus after a
discussion with members of the team (F.L., Z.V., G.V., A.M.M.). The data retrieved from
the selected studies were included into the RevMan 5.4 software for MacOS systems. We
then calculated HSROC and bivariate model parameters to calculate pooled sensitivity,
specificity, positive and negative likelihood ratios, and diagnostic odds ratios with the
MetaDTA software [9].

Wells Score and Post-Test Probability: According to its original definition [10], Wells’
score for PE can stratify subjects at low-, intermediate- or high-risk considering only clinical
variables, as shown in Table 1. According to Wells’ original study, PE prevalence in an
ED population is 1.3% among low-risk patients, 16.2% in the intermediate-risk group
and 40.6% in the high-risk group [10]. We obtained Fagan’s diagram and calculated the
post-test probabilities of each echocardiographic sign according to Wells’ score adopting
the diagnostic test calculator (version 2010042101) by Alan Schwartz [11].
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Table 1. Wells’ score for pulmonary embolism according to its original definition.

Clinical signs and symptoms for DVT No = 0 points
Yes = +3 points

Pulmonary embolism is the first hypothesis
or

Pulmonary embolism is equally likely

No = 0 points
Yes = +3 points

Heart rate >100 bpm No = 0 points
Yes = +1.5 points

Immobilization at least 3 days
or

Surgery in the previous 4 weeks

No = 0 points
Yes = +1.5 points

Previous, objectively diagnosed pulmonary embolism
or

Previous, objectively diagnosed deep vein thrombosis

No = 0 points
Yes = +1.5 points

Hemoptysis No = 0 points
Yes = +1 point

Malignancy w/treatment within 6 months or palliative No = 0 points
Yes = +1 point

3. Results

Our research strategy retrieved 5471 papers, 3044 of which resulted after duplicate
removal. We excluded 1198 case reports, 1095 unrelated studies, 470 reviews, 132 studies
evaluating the risk stratification but not the diagnostic capacity of echocardiography, 46
studies analyzing patients with shock or persistent hypotension, 41 studies evaluating
the diagnostic yield of transesophageal echocardiography in various settings, 18 studies
evaluating COVID-19 subjects and 12 studies evaluating the diagnostic yield of echocar-
diography in settings different from the ED from the analysis. Of the 33 selected studies,
23 were excluded for pre-specified reasons (non-English language, small sample size, pa-
tients’ selection, missing data for analysis and use of non-conventional echocardiographic
methods). We synthesized the paper selection process in the flow diagram (Figure 1). 10
papers were deemed suitable for further analyses, as synthesized in Figure 1 and Supple-
mentary Materials Table S2. The QUADAS-2 results are synthesized in Supplementary
Materials Table S3. Among the selected works, we observed that the most commonly
searched signs in the ED were (i) RV dilatation (9 papers, 1025 participants); (ii) Mc-
Connell’s sign (4 papers, 506 participants); (iii) tricuspid regurgitant velocity (6 papers,
626 participants); (iv) paradoxical septum movement (6 papers, 713 participants) and (v)
reduced RV contractility, expressed by reduced tricuspid anulus plane systolic excursion
(TAPSE) (4 papers, 529 participants). The main bias, present in almost all of the studies,
is represented by different reference standards for PE diagnosis between patients in the
same study and among different studies. This is due to both patients’ characteristics and
the different year of execution of each study; most recent studies prefer to adopt CTPA
as a reference standard, while temporally distant papers used pulmonary angiography
or V/Q scan. However, these tests reflect the common clinical practice in PE and did not
affect the results of our study. Other observed biases were: (i) the presence of different
cutoffs adopted for certain measurements, such as tricuspid regurgitant velocity or right
ventricle end-diastolic diameter; (ii) the varying definitions of right ventricle dilatation
across the different studies (RV end-diastolic diameter in parasternal long-axis view [12–15];
RV/LV ratio in apical four chambers view [12,16–19]; RV end-diastolic diameter in apical
four chambers view [13,15,17,20]) and (iii) the lack of a uniform assessment of pre-test
probability in the selected studies, ranging from no assessment to physician’s gestalt to
a Wells’ score assessment, which is reflected in the fluctuation in the prevalence of PE
throughout the selected studies (iv) the presence in two selected studies of both ED patients
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and inpatients [16,17]. However, removing these studies from our analysis did not affect
our results (data not shown).
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Figure 1. Flow diagram for paper selection.

Right ventricle dilatation: the forest plot for RV dilatation and the HSROC model
are shown in Figure 2, and the sensitivity analysis is synthesized in Table 2. The post-test
modification, according to Wells’ pre-test stratification in accordance with RV dilatation, is
synthesized in Figure 3.
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Table 2. Sensitivity analysis and diagnostic odds ratio from meta-analysis.

Se (97.5% CI) Sp (97.5% CI) DOR (95% CI)

RV Dilatation [12–20] 0.539 (0.695) 0.884 (0.925) 8.907 (5.025–15.792)
McConnell’s Sign [17–19,21] 0.175 (0.240) 0.971 (0.984) 6.985 (3.313–14.727)

Tricuspid regurgitant velocity [13–16,20] 0.473 (0.612) 0.842 (0.922) 4.791 (2.101–10.928)
Paradoxical septum [12,15,17–20] 0.232 (0.299) 0.968 (0.989) 9.080 (3.419–24.113)

Reduced RV contractility [15,18–20] 0.563 (0.695) 0.843 (0.908) 6.492 (4.390–10.978)

Legend: RV: right ventricle; Se: Sensitivity; Sp: Specificity; DOR: Diagnostic Odds Ratio; CI: confidence interval.

McConnell’s Sign: the HSROC model and the forest plot for McConnell’s sign are
shown in Supplementary Materials Figure S1, and the sensitivity analysis is shown in
Table 2. The post-test modification, according to Wells’ pre-test stratification in accordance
with McConnell’s sign, is synthesized in Supplementary Materials Figure S2.

Tricuspid regurgitant velocity: the forest plot for tricuspid regurgitant velocity and the
HSROC model are shown in Supplementary Materials Figure S3, the sensitivity analysis is
shown in Table 2. The post-test modification according to Wells’ pre-test stratification in
accordance with tricuspid regurgitant velocity is synthesized in Supplementary Materials
Figure S4.

Paradoxical septum movement: the forest plot for paradoxical septum movement
and the HSROC model are shown in Supplementary Materials Figure S5 and the sen-
sitivity analysis is displayed in Table 2. The post-test modification according to Wells’
pre-test stratification in accordance with paradoxical septum movement is synthesized in
Supplementary Materials Figure S6.

Reduced right ventricle contractility: the forest plot for reduced RV contractility and
the HSROC model are shown in Supplementary Materials Figure S7 and the sensitivity
analysis in Table 2. The post-test modification according to Wells’ pre-test stratification
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in accordance with reduced RV contractility is synthesized in Supplementary Materials
Figure S8.

4. Discussion

The increasing availability of bedside ultrasound imaging, especially in the ED, is
allowing physicians to obtain faster and better assessments of the patient’s hemodynamic
status [22]. This technique is particularly useful in patients affected by shock, as it helps
the physician to perform a fast differential diagnosis, guide the treatment of specific causes
and monitor the patient’s hemodynamics until stabilization [23,24]. According to ESC
guidelines, bedside echocardiography can guide fibrinolysis in ED subjects presenting
shock, cardiac arrest or persistent hypotension with signs of acute RV overload in the
suspect of massive PE [5]. This approach is both specific and sensitive, and can be fur-
ther improved by extending the ultrasound examination to the deep veins of a patient’s
lower limbs [25]. In the remaining outpatients affected by hemodynamically stable PE, the
diagnosis should be based on stratification with clinical prediction rulers such as Wells’
score, followed by d-Dimer testing and/or CTPA [26]. However, several papers in which
studies were performed different clinical settings underlined a relatively high specificity of
different echocardiographic signs, suggesting the use of cardiac ultrasound can support PE
diagnosis, even in hemodynamically stable patients [6]. In this paper we aim to underline
the importance of applying a clinical method by stratifying the pretest probability in hemo-
dynamically stable patients before the echocardiographic examination. Our results, derived
from cohorts of subjects admitted to the ED, underline the unusefulness of performing
a cardiac ultrasound if the pretest probability is low or intermediate, independently of
echocardiographic results. In fact, the absence or the presence of the analyzed echocar-
diographic signs at low- or intermediate- pretest probability do not significantly modify
the post-test probability and can thus be misleading for the emergency physician. Several
authors underlined that McConnell’s sign can be mimicked by right ventricle infarction [27]
or can be found in several types of chronic pulmonary hypertension [28]; this is only one
of the potential hazards in substituting clinical reasoning with bedside imaging. The
application of cardiac ultrasound examination without a prior clinical reasoning and a
necessary risk stratification could turn into an excess of unnecessary CTPA, which is one of
the main problems when treating PE [29]. Thus, patients at low- or intermediate- pretest
probability should be assessed clinically with d-Dimer testing, according to international
guidelines. A potential field of development is the use of transthoracic echocardiography
in patients with a high pretest probability. Among these patients, the presence of any
single echocardiographic sign of RV overload could significantly increase the post-test
probability at a level sufficient to rationally suspect PE. Thus, among subjects with a high
pretest probability, some authors suggest that the application of a multi-organ ultrasound
approach (echocardiography, doppler ultrasound and thoracic ultrasound) could improve
both sensitivity and specificity [30]. However, in absence of prospectively conducted
studies, hemodynamically stable subjects with a high pretest probability for PE should
undergo CTPA in order to confirm the clinical suspicion, independently of echocardio-
graphic assessment. Moreover, in patients with a high PE pretest probability, the absence of
echocardiographic signs of right ventricle overload do not allow the emergency physician
to exclude the presence of PE, since the post-test probability of a negative examination
remains too high.

5. Study Limitations

The main study limitations are mainly related to (i) a research strategy that was
limited to Pubmed/MedLine, Web of Science and Cochrane Database repositories, further
implementations of the current review will also comprise the EMBASE repository, (ii)
the pre-test probability level remains theoretical; further real-life studies are needed to
assess the performance of the echocardiographic signs with different pretest probabilities
to validate our observations.
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6. Conclusions

Despite the advances in the application of bedside ultrasound in the ED, according to
our results, echocardiography should not be adopted to modify the clinical behavior of the
emergency physician before the diagnosis of hemodynamically stable PE. Patients with a
high clinical pretest probability and echocardiographic signs of right ventricle overload will
benefit the most from an increase in post-test probability. In this last population, however, it
is reasonable to perform further studies to evaluate whether an echocardiographic approach
could be helpful to confirm PE diagnosis in the setting of the ED. A focused cardiac and
thoracic ultrasound examination, however, is useful in the differential diagnosis of chest
pain and dyspnea in an acute setting.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/medicina57080766/s1, Figure S1: HSROC model and Forest Plot for McConnell’s Sign, Figure
S2: Fagan plots for McConnell’s sign; Table S1: Search strategy adopted in the systematic review,
Table S2: Characteristics of the selected papers, Table S3: QUADAS-2 assessment table for the selected
studies; Figure S3: HSROC model and Forest Plot for tricuspid regurgitant velocity; Figure S4: Fagan
plots for tricuspid regurgitant velocity; Figure S5: HSROC model and Forest Plot for paradoxycal
septum movement; Figure S6: Fagan plots for paradoxical septum movement; Figure S7: HSROC
model and Forest Plot for right ventricle hypokinesis; Figure S8: Fagan plots for Right Ventricle
Hypokinesis.
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