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Always think of the right ventricle, even
in “low-risk” pulmonary embolism
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Patients with pulmonary embolism (PE) represent a prognostically heterogeneous patient population.
Therefore, the current European Society of Cardiology (ESC) guidelines recommend risk stratification to
guide risk-adjusted management [1]. Since no individual clinical, imaging or laboratory finding has been
shown to predict risk of an adverse in-hospital outcome with adequate sensitivity and specificity to justify
treatment decisions numerous studies have investigated combination models for an optimised risk
classification [2, 3]. Despite considerable progress made in the identification of intermediate-high-risk
patients who might benefit from reperfusion therapy, there is an ongoing discussion whether patients
classified as low-risk based on clinical parameters (such as the simplified pulmonary embolism severity
index (sPESI) or the Hestia criteria) should undergo imaging or laboratory testing for right ventricular
(RV) function. The ESC guidelines do not provide a clear recommendation, but suggest that “patients with
a sPESI of 0 points and elevated cardiac biomarkers or signs of RV dysfunction on imaging test should be
classified into the intermediate-low-risk category” and thus are not candidates for home treatment [1].
There are strong arguments for and against routine imaging or laboratory testing for RV function in
low-risk patients: opponents argue that routine testing has not been shown to have therapeutic
implications, is time- and cost-intensive, and does not provide additive prognostic information since the
risk of adverse events is low per se in patients identified by the sPESI or the Hestia criteria. The study by
CotE et al. [4] published in this issue of the European Respiratory Journal appears to support, at least in
part, this notion. This pooled analysis of three prospective cohorts, namely the Prognostic Factors for
Pulmonary Embolism (PREP) study, the PROgnosTic valuE of Computed Tomography scan in
haemodynamically stable patients with acute symptomatic pulmonary embolism (PROTECT) study and a
French prospective single-centre registry, confirms that the risk of PE-related adverse events and all-cause
mortality during the first 30 days was low (0.77% and 0.39%, respectively) in 779 PE patients without
relevant comorbidities (no cancer, cardiopulmonary disease and age <80 years) and stable vital signs on
admission (normal systolic blood pressure, heart rate and oxygen saturation) [4]. In this context, it should
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be remembered that the 30-day mortality rate was 1.0% in 305 “low-risk” patients of the sPESI derivation
cohort and 1.1% in 2569 patients of the sPESI validation cohort [5].

Notwithstanding these findings, proponents argue that routine imaging or laboratory testing for RV
dysfunction, which is considered the critical determinant of outcome in acute PE, should also be
performed in patients without relevant comorbidities and (apparently) stable haemodynamic status on
admission. Concerns against omitting RV testing are based on case reports demonstrating RV dysfunction
in sPESI negative patients [6] and the premature discontinuation of a multicentre randomised trial by
OtErO et al. [7] after the inclusion of 132 low-risk patients (identified by the Ursandi score) because of a
2.8% mortality rate in the early discharge group; of those, one young patient who had no transthoracic
echocardiography died 5 days after the diagnosis of PE and autopsy revealed a large right heart thrombus.
The VESTA study aimed to address this topic and randomised 550 PE patients without any of the Hestia
criteria to direct discharge or additional N-terminal pro-brain natriuretic peptide (NT-proBNP) testing
(and discharge if NT-proBNP was <500 ng-L™" or hospital admission if NT-proBNP was >500 ng-L™").
Although outpatient treatment of PE patients selected by the Hestia criteria alone was associated with a
low rate of adverse events (1.1% in the direct discharge group), the trial was unable to draw definite
conclusions about the incremental value of NT-proBNP testing due to the low number of patients with
elevated NT-proBNP levels [8].

The study by CorE et al. [4] is not only the largest cohort published to date focusing on low-risk patients
(defined as an sPESI of 0 points), but is also the first investigating the impact of RV dysfunction assessed
by multidetector computed tomography (MDCT) in this subgroup of patients. Some findings deserve
special attention. Although the prevalence of RV dysfunction (defined as a right to left ventricular (RV/
LV) diameter ratio >0.9) was lower than in previous studies (for example, 66% in unselected [9] and 63%
in normotensive [10] PE patients), a prevalence of 54% appears considerably high in an apparently healthy
and haemodynamically stable cohort of PE patients. Furthermore, although only three patients died during
the first 30 days, all deaths were due to PE. Finally, although the mortality rate was not different in
patients with an RV/LV diameter ratio >0.9 compared to those with a RV/LV diameter ratio <0.9 (0.71%
versus 0%, p=0.254), presumably due to the low number of events, all patients who died had a RV/LV
diameter ratio >1.2. By providing different RV/LV diameter ratio thresholds, the authors were able to
demonstrate an increase in specificity with increasing RV/LV diameter ratios and a significant difference in
the rate of adverse events comparing patients with a RV/LV diameter ratio >1.1 versus those with a RV/LV
diameter ratio <1.1 (details are provided in the supplementary material of the study by CotE et al [4]).
These findings are in accordance with previous reports: a continuous increase of the RV/LV diameter ratio
was identified as independent predictor of 30-day PE-related mortality in 785 unselected PE patients [11]
and of 30-day complications in 190 normotensive PE patients [12].

So, how should prognostically relevant RV dysfunction on MDCT be defined? There is agreement that an
increased RV/LV diameter ratio is associated with prognosis, both in unselected and in haemodynamic
stable PE patients [13-15]. The most recent meta-analysis, including 49 studies with 13162 patients,
reported a 2.5-fold (95% CI: 1.8-3.5) increased risk for all-cause mortality and a 5.0-fold (95% CI: 2.7-9.2)
increased risk for PE-related mortality in patients with increased RV/LV diameter ratios [15]. However,
some studies were not able to demonstrate an association between RV/LV diameter ratios and prognosis,
for example the PROTECT study with 848 normotensive patients who were also included in the present
analysis by COTE et al. [4]. Differences in the prognostic performance might be related to the study design
(studies with a retrospective design reported higher risk estimates [15]), progress and improvement of
radiological techniques over the years, the methodology used for measuring RV and LV diameters (axial
transverse versus reconstructed four-chamber views) and use of different thresholds to define an
“abnormal” RV/LV diameter ratio. KaNG et al. [16] observed, in 260 unselected PE patients, that a RV/LV
diameter ratio measured in reconstructed four-chamber views was predictive of adverse outcomes while a
RV/LV diameter ratio measured in axial transverse sections was not. This finding was not confirmed by
Lu et al. [17] who reported a similar prognostic performance for the two methods in 674 unselected
patients. However, the choice of thresholds to define an “abnormal” RV/LV diameter ratio should be given
more attention: considering the heterogeneity of PE patients with regard to comorbidities, symptoms and
initial presentation, extent of RV dysfunction and prognosis the “one size fits all” concept for clinical,
imaging and laboratory findings might no longer be sustainable. For example, the use of age-adjusted
cut-off values for high-sensitivity troponin T (>14 pgmL™" for patients aged <75 years and >45 pg-mL~"
for patients aged >75 years) was shown to improve risk assessment in 682 normotensive PE patients [18].
As demonstrated by COTE et al. [4], “mild” RV dilation (RV/LV diameter ratio >0.9) due to the sudden
increase of pulmonary artery pressure caused by the embolisation of thrombotic material to the
pulmonary vasculature is a frequent finding with minor prognostic significance in patients without chronic
cardiopulmonary disease, while a “more distinct” RV dilation (RV/LV diameter ratio >1.1) indicates more
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severe PE, even if heart rate, systolic blood pressure and oxygen saturation are below the thresholds used
for calculation of the sPESI. Finally, and importantly, MDCT provides more information on RV function
than RV and LV diameters alone. While it is increasingly understood that thrombus load (for example
assessed by the Qanadli, Mastora or modified Miller score) has only marginal if any prognostic
implication [19] and the most recent studies were not able to demonstrate an association of central versus
peripheral thrombus location with prognosis [20, 21], evidence is accumulating that volumetric analysis of
the heart chambers [16, 22, 23] and measurement of contrast reflux to the inferior vena cava [15, 24, 25]
provide valuable prognostic information in patients with PE. For example, a left atrial volume <62 mL and
right atrial/left atrial volume ratio >1.2 were associated with 30-day mortality (adjusted hazard ratio 2.4,
95% CI 1.5-3.9; p<0.001 and adjusted hazard ratio 2.1, 95% CI 1.3-3.4; p=0.002, respectively) in 636
unselected patients with PE [23]. Furthermore, KumMaMARU et al. [26] demonstrated, based on an analysis
of 1698 MDCT scans from PE patients, that the combination of various information obtained from
MDCT in a “CT-based prediction model” containing seven differently weighted variables allows reliable
prediction of 30-day mortality (0.0% in the lowest to 40.9% in the highest of four risk categories).

The following conclusion can be drawn based on the findings from CortE et al. [4]. First, since MDCT is
the diagnostic modality of choice for confirming or excluding PE and is performed in the vast majority of
patients, clinicians should seize the opportunity and use the information on the RV that is already
available, even in “low-risk” PE patients. Secondly, future studies should focus on the definition of RV/LV
diameter ratio thresholds for different subgroups of patients and the investigation and combination of
further indicators of RV dysfunction to allow for a more differentiated risk assessment using MDCT.
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