
Improved identification of thrombolysis
candidates amongst intermediate-risk
pulmonary embolism patients:
implications for future trials

To the Editor:

Contemporary classification of acute pulmonary embolism (PE) severity is based on the risk of early death,
which is influenced by demographic factors, comorbidity, and the functional status of the right ventricle
(RV) under acute pressure overload [1]. Shock or persistent arterial hypotension, indicating overt RV
failure at presentation, has long been identified as a key determinant of poor prognosis [2] and represents
the only widely accepted indication for (systemic) thrombolytic therapy to date [3]. In contrast, for
normotensive patients who present with imaging findings that indicate RV dysfunction and biochemical
evidence of myocardial injury, anticoagulation remains the primary treatment option [3, 4]. This
recommendation is supported by the Pulmonary Embolism Thrombolysis (PEITHO) trial, which showed
that patients fulfilling these latter criteria were unlikely to derive a net clinical benefit from routine use of
systemic thrombolysis in view of the high risk for major bleeding [5].

Although the results of the PEITHO trial are considered as strong evidence against routine full-dose
intravenous thrombolysis, they have not terminated the debate on the need for reperfusion treatment of
intermediate-risk PE. Outside the setting of randomised controlled trials, these patients continue to have a
poor prognosis in the acute phase [6]. Reduced-dose intravenous thrombolysis [7, 8] and
pharmaco-mechanical catheter-directed reperfusion techniques [9, 10] have emerged as promising options
with an improved risk-benefit ratio. In fact, preliminary data from small cohort and phase 2 studies
(reviewed in [1]) suggest that these modalities could relieve pulmonary vascular obstruction and improve
RV function with a very low rate of life-threatening, particularly intracranial, bleeding complications. It
remains to be shown, however, whether their efficacy is comparable, i.e. non-inferior, to that of
standard-dose systemic thrombolysis.

The PEITHO trial included normotensive adult patients with objectively confirmed acute PE, RV
dysfunction detected on echocardiography or computed tomographic pulmonary angiography, and a
positive laboratory test for cardiac troponin I or T. Patients were randomised to receive either a single
weight-based intravenous bolus of the fibrinolytic agent tenecteplase, or placebo, with unfractionated
heparin. The primary efficacy outcome was the clinical composite of death from any cause or
haemodynamic decompensation (or collapse) within 7 days after randomisation [11]. We performed a post
hoc analysis of the trial results, focusing on two key aspects, which in our opinion will be crucial for
designing future trials that would test safer reperfusion agent dosages or interventions.

First, it would be necessary to identify a higher-risk population, compared to the patients included in
PEITHO, as potential candidates for thrombolysis. In fact, PEITHO, which was designed before clinical
scores of PE severity were developed and validated, demanded no clinical criteria of ‘severe’ PE. This
limitation may have been responsible, at least in part, for the low absolute rate of the combined primary
outcome, and particularly for its component ‘7-day mortality’ in the placebo arm [5]. This, in turn,
probably diminished the magnitude of the clinical benefit that reperfusion treatment might have had in a
truly ‘intermediate-high-risk’ population.
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Second, we believe that it would be important to prospectively define and test, in a future trial, a combined
PE-relevant clinical outcome, assessed over a longer period of observation (typically, 30 days rather than
only 7 days for the primary outcome of PEITHO). Such an extended outcome will be more clinically
relevant, and can be more practicable for calculating the sample size necessary to enable an objective
assessment of treatment efficacy.

Based on the above rationale, and seeking to provide useful tools for clinical trials that will test
contemporary reperfusion options, we re-analysed the PEITHO data after (retrospectively) defining a
combined clinical outcome as the composite of 1) death from any cause; or 2) non-fatal haemodynamic
collapse; or 3) non-fatal symptomatic, objectively confirmed recurrent PE, between randomisation and day
30. All events related to this outcome had already been adjudicated by the trial’s independent critical
events committee [5]. In parallel, we selected baseline clinical criteria of PE severity from the PEITHO
dataset, based on their clinical relevance and inclusion in established risk assessment scores (reviewed in
[3]). Baseline variables, which were available from the case report forms, and had been listed in the
original PEITHO publication [5], were tested for association with the ‘new’ composite outcome. The
optimal cut-off values for continuous variables were chosen based on criteria of clinical relevance, while
also taking into account the median values and ranges observed in the PEITHO population. Because of
this, some of these values were not identical with the cut-off values used in severity scores, which were
developed after PEITHO and focused on much broader study populations of normotensive acute PE
patients [1]. The proportion of missing values for the baseline variables included in the present analysis
showed no difference between patients randomised to tenecteplase and those who received the placebo
(6.1% versus 6.9%; p=0.28).

Using a two-sided Chi-squared test of proportions, we selected variables that were statistically associated
with the outcome at a threshold p-value of 0.1 in the placebo (heparin-only) arm. The selected variables
were subsequently tested in the tenecteplase arm, in order to study potential interaction effects. The
corresponding relative risk, absolute risk reductions, and 95% confidence intervals were calculated. The
final model was built based on both marginal statistical significance at bivariate screening and external
clinical judgement. Data analysis was performed using the SAS software version 9.2 (SAS Institute, Cary,
NC, USA).

The composite clinical outcome of death from any cause, non-fatal haemodynamic collapse, or non-fatal
symptomatic recurrent PE between randomisation and day 30, occurred in 19 out of 506 (3.8%) patients
in the tenecteplase arm, and in 33 out of 499 (6.6%) in the placebo arm (RR for tenecteplase treatment
0.57, 95% CI 0.33–0.98). The results for each treatment arm separately are summarised in table 1.

TABLE 1 Clinical outcomes of tenecteplase and placebo groups

Placebo (n=499) Tenecteplase (n=506)

Criterion
prevalence#

Outcome p-value RR (95% CI) Criterion
prevalence#

Outcome p-value RR (95% CI)

With
criteria

Without
criteria

With
criteria

Without
criteria

Clinical severity criteria
SBP ⩽110 mmHg 82 (16.6) 9 (11.0) 24 (5.8) 0.087 1.89 (0.91–3.91) 82 (16.3) 4 (4.9) 15 (3.6) 0.530 1.37 (0.47–4.02)
Respiratory rate
>20 breaths·min−1

181 (46.2) 21 (11.6) 6 (2.8) <0.001 4.08 (1.68–9.89) 211 (51.3) 8 (3.8) 4 (2.0) 0.281 1.90 (0.58–6.20)

Chronic heart failure 26 (5.3) 6 (23.1) 26 (5.6) 0.004 4.14 (1.87–9.16) 21 (4.2) 1 (4.8) 18 (3.7) 0.563 1.27 (0.18–9.07)
Active cancer 32 (6.7) 6 (18.7) 26 (5.8) 0.014 3.22 (1.43–7.26) 41 (8.4) 3 (7.3) 14 (3.1) 0.165 2.33 (0.70–7.76)

Model based on bivariate screening only¶

At least one severity
criterion

250 (50.2) 27 (10.8) 6 (2.4) <0.001 4.46 (1.88–0.62) 286 (56.5) 11 (3.8) 8 (3.6) 0.902 1.06 (0.43–2.58)

At least two criteria 64 (12.9) 13 (20.3) 20 (4.6) <0.001 4.41 (2.31–8.42) 66 (13.0) 5 (7.6) 14 (3.2) 0.087 2.38 (0.89–6.39)
At least three criteria 7 (1.4) 2 (28.6) 31 (6.3) 0.073 4.53 (1.34–15.33) 2 (0.4) 0 (0.0) 19 (3.8) 1.000

Final model based on bivariate screening and clinical judgement+

At least one severity
criterion§

242 (48.6) 27 (11.2) 6 (2.3) <0.001 4.76 (2.00–11.33) 270 (53.5) 10 (3.7) 9 (3.8) 0.941 0.97 (0.40–2.34)

At least two criteriaƒ 45 (9.0) 9 (20.0) 24 (5.3) 0.001 3.78 (1.87–7.62) 43 (8.5) 3 (7.0) 16 (3.5) 0.214 2.01 (0.61–6.64)
Three criteria 2 (0.4) 0 (0.0) 33 (6.7) 1.000 1 (0.2) 0 (0.0) 19 (3.8) 1.000

Data are presented as n (%), unless otherwise stated SBP: systolic blood pressure #: given as the percentage of patients in each treatment
arm, in whom the respective variable had been assessed and was available; ¶: cancer in model; +: cancer not in model; §: two-tailed p-value
for interaction 0.011; ƒ: two-tailed p-value for interaction 0.371.
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Systolic blood pressure ⩽110 mmHg, respiratory rate >20 breaths·min−1, and chronic heart failure were
associated with a significantly higher risk of the PE-focused clinical outcome and were included in the
final model. Of 1005 patients randomised in the PEITHO trial [5], 512 (50.9%) presented with at least one
of these three criteria, and 88 (8.8%) presented with at least two (table 1). In the placebo arm, the relative
risk for the composite clinical outcome for patients presenting with at least one, or at least two clinical
criteria of severity was 4.76 (versus no criterion) and 3.78, respectively (versus one or no criterion). By
comparison, the elevation of risk was much less pronounced in the group treated with the thrombolytic
agent tenecteplase (relative risk 0.97 and 2.01 for patients with at least one, and at least two criteria of
severity, respectively; table 1). The p-values for interaction with treatment were 0.011 and 0.371, for
patients with at least one, and at least two criteria of severity, respectively.

Our study is based on the unique dataset of a large randomised controlled (and thus, free from
confounding by indication) thrombolysis trial with adjudicated outcomes, including those defined post hoc
for the present analysis. We acknowledge that the data provided in this report are insufficient to establish
definitive clinical criteria to identify ‘more appropriate’ candidates for thrombolysis among normotensive
patients with acute PE. Apart from the fact that this was a post hoc analysis, its most important limitation
is related to the fact that some potentially relevant baseline parameters, such as syncope, had not been
documented in the original case report forms of PEITHO, and it was no longer possible to obtain them
retrospectively. For the same reason, we were not able to calculate and directly test more recently
developed clinical severity scores (reviewed in [1, 3]). Nevertheless, we believe that our results could help
to generate clinically relevant hypotheses and provide the background for the design of future reperfusion
trials. Our findings support the requirement for clinical indicators of severity at presentation, namely
systolic blood pressure ⩽110 mmHg, respiratory rate >20 breaths·min−1 (or, as a surrogate, hypoxaemia on
room air), or chronic heart failure, in addition to established imaging and biochemical criteria, such as
those used in PEITHO, to be used as inclusion criteria. Although including patients with at least two
criteria might be able to show a greater absolute risk reduction as a result of the therapeutic intervention,
these patients comprised only 9% of the PEITHO population, and this low proportion would be an
obstacle to the feasibility of a future trial. Because of this, the requirement of at least one criterion of
severity appears to be an adequate and more realistic option, especially when a PE-related composite
outcome is chosen.
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