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Abstract 

Pulmonary embolism (PE) is a common dis-
ease with a not negligible short-term risk of
death, in particular in the elderly. An adequate
evaluation of the prognosis in patients with PE
may guide decision-making in terms of the
intensity of the initial treatment during the
acute phase. Patients with shock or persistent
hypotension are at high risk of early mortality
and may benefit from immediate reperfusion.
Several tools are available to define the short-
term prognosis of hemodynamically stable
patients. The pulmonary embolism severity
index (PESI) score, and the simplified PESI
score are particularly useful for identifying
patients at low risk of early complications who
might be safely treated at home. The identifi-
cation of patients who are hemodynamically
stable at diagnosis but are at a high risk of
early complications is more challenging.
Current guidelines recommend a multi-para-
metric prognostic algorithm based on the clin-
ical status, biomarkers and imaging tests.
However an aggressive treatment in hemody-
namically stable patients is still controversial.

Case Report

A 83-year-old woman without a significant
medical history, and recent surgery because of
traumatic hip fracture, presented to the emer-
gency department of our hospital with sudden
onset of right-sided chest discomfort and dysp-
nea that occurred during rehabilitation treat-
ment in a long-term care facility. On physical
examination, she was tachycardic (heart rate
116 beats per minute), normotensive (blood
pressure of 100/72 mm Hg), tachypneic (22
breaths per minute), and hypoxemic (oxygen
saturation 87% on room air). She had jugular
venous distension, lung fields clear to auscul-
tation bilaterally, and mild right lower-extrem-
ity edema. The echocardiography (ECG) was
notable for sinus tachycardia and T-wave
inversions across the anterior precordial leads.
Laboratory evaluation was remarkable for a

cardiac troponin I level of 0.9 ng/mL (normal
≤0.04 ng/mL). Bedside transthoracic ECG doc-
umented a right ventricular (RV) enlargement
(RV-to-left ventricular dimension ratio 1.5).
Contrast-enhanced chest computed tomogra-
phy (CT) demonstrated a thrombus that filled
the right main pulmonary artery. How should
this patient be managed?

Discussion

Acute pulmonary embolism (PE) is a poten-
tially life-threatening condition, being the
third cause of death among the cardiovascu-
lar diseases.1 Elderly patients are not only at
particularly high risk for PE, but also at high
risk of adverse clinical outcomes and treat-
ment-related complications.2 PE has a wide
range of clinical presentations, that are asso-
ciated with different clinical severity and risk
for adverse short-term outcomes.3 Patients
with persistent arterial hypotension (<90 mm
Hg) or cardiogenic shock represent only
about 5% of all patients, but have a high risk
of early death.3 Patients with normal blood
pressure have usually a good prognosis when
properly anticoagulated, with a mortality rate
as low as 2%.4 Some subgroups may however
experience a less favorable course.5

Therefore, a risk stratification in pulmonary
embolism is widely deemed necessary to
guide patient management.

Hemodynamic status
The hemodynamic status is the most impor-

tant prognostic criterion. In the International
cooperative pulmonary embolism registry,
patients with massive pulmonary embolism,
defined as systolic arterial pressure <90 mm
Hg, had a 54% mortality at 90 days, versus a mor-
tality rate of 15% in normotensive patients.6

Clinical scores
Several clinical prediction models have been

developed to determine the outcome of patients
with PE. Of these, the pulmonary embolism
severity index (PESI) and a simplified version,
sPESI, have been the most extensively validat-
ed (Table 1).7,8 The principal strength of the
PESI and sPESI lies in the reliable identifica-
tion of patients at low risk for 30-day mortality
(PESI Class I and II or sPESI Class 0). For
example, a score 0 in the sPESI is associated
with a mortality rate of 1% at 30 days. By con-
trast, a sPESI of 1 predicts a 30-day risk of
death of 11%. Instead, the usefulness of these
scores in guiding the choice of more aggressive
therapy (for example, thrombolysis) when they
are positive is uncertain. Indeed, these scores
provide the risk of all-cause death, which can
be due to the co-morbidities included, regard-

less of the risk due to PE. One randomized trial
employed a low PESI as the inclusion criterion
for home treatment of PE.9

Age
Elderly patients with acute pulmonary

embolism have higher in-hospital mortality
than younger patients.10 Older age is included
as prognostic factor in both PESI and sPESI. In
this latter even the single criterion of age >80
years is associated with an sharp increase in
short-term mortality.8

Right ventricular dysfunction
Right ventricular dysfunction (RVD) is iden-

tified by ECG or computed tomographic
angiography in 25-50% of patients with PE.11

RVD is a recognized risk factor for adverse
events in patients with PE. In PE patients with-
out hemodynamic compromise, RVD, as
assessed by ECG or CT, was associated with a
risk ratio for all-cause mortality of 2.4 [95%
confidence interval (CI) 1.3-4.4].11 However,
its positive predictive value (PPV) for all-cause
or PE-related death was low (5-8%). Several,
non-standardized, criteria have been used to
diagnose RVD with ECG, such as right-to-left
ventricular ratio, right ventricular hypokinesis,
and elevated systolic pulmonary artery pres-
sure.12,13 The only CT criterion for RVD is the
right-to-left ventricular ratio.14
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Cardiac biomarkers
A number of cardiac biomarkers have been

shown to be associated with adverse events in
PE, including troponins, brain-type natriuretic
peptide and fatty acid-binding protein.15,16 In
one meta-analysis troponins predicted all-
cause mortality in hemodynamically stable
patients with PE (odds ratio 5.90; 95% CI, 2.68-
12.95).15 However, in another meta-analysis
elevated troponin levels did not adequately dis-
cern normotensive patients who were at a high
risk of death from those who are at low risk.16

Given the well-recognized worse prognosis
in hemodynamically unstable patients with PE,
the prognostic usefulness of imaging tests or
biomarkers to guide therapeutic decisions is
better evaluated in hemodynamically stable PE
patients. However, neither RVD nor abnormal
biomarkers, as a single prognostic criterion,
have sufficient PPV for PE-related adverse
events to guide therapeutic decisions in nor-
motensive patients with PE.5

Combined risk factors
With the aim to improve the PPV for adverse

events in PE, several scores combining multi-
ple risk-factors have been proposed.17 Among
them, the most extensively validated is the
Bova score (Table 2).18,19 Recently, an algo-
rithm for the risk-stratification of patients
with PE has been proposed by the European
Society of Cardiology (ESC) (Table 3).17

Role of thrombolytic therapy
in pulmonary embolism
Thrombolytics can be life saving in hemody-

namically unstable patients with PE, and cur-
rent guidelines suggest their use in this situa-
tion.17 However, in normotensive patients, the
usefulness of these drugs is controversial. In
the recent large Pulmonary Embolism
Thrombolysis trial20 1005 normotensive
patients with right ventricular dysfunction on
ECG or CT, and a positive test for cardiac tro-
ponin, were randomized to tenecteplase plus
heparin or placebo plus heparin. Death or
hemodynamic decompensation occurred in
2.6% of patients of the tenecteplase group and
in 5.6% of the placebo group (P=0.02). There
were no differences in mortality rate. The risk
of major hemorrhage and stroke was signifi-

cantly increased in the tenecteplase group.
Older patients (>75 years) treated with
tenecteplase had a not significant higher rate
of major extracranial bleeding than did
younger patients (P=0.09). Interestingly, in
two small studies a strategy using a halved-
dose of tissue plasminogen activator (rtPA)
appeared to be safe compared with anticoagu-
lation alone, while maintaining similar effica-
cy than usual dose.12,13 Although these studies
did not focus on elderly (mean age 58 and 52
years respectively), their results are appealing
for older patients, usually at higher risk of
bleeding, and might empirically guide throm-
bolytic therapy (when deemed appropriate) in
these patients. Current guidelines do not rec-
ommend thrombolytic therapy in hemodynam-
ically stable patients with PE.17

Conclusions

In the case presented here, the patient met
the criteria for the intermediate-high risk
class of the ESC classification, and for the

third stage of the Bova score. According to this
latter, the patient had a risk of about 29-37%
for short-term adverse events PE-related.18,19

Anticoagulation was started with enoxaparin 1
mg/kg subcutaneously. One hour later, the
arterial pressure fell to 60/40 mm Hg, and
signs of peripheral hypo-perfusion manifested.
A halved dose of rtPA (50 mg) was adminis-
tered intravenously (a bolus of 5 mg followed
by infusion in two hours). Thirty minutes after
the start of infusion the arterial pressure
began to increase and the dyspnea abated, and
two hours later the patient felt well. No side
effects occurred. A follow-up one-month later
showed an excellent health status.
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Table 1. Simplified pulmonary embolism severity index.

Variable                                                                                                Score

Age >80 years                                                                                                                         1
History of cancer                                                                                                                  1
History of chronic cardiopulmonary disease                                                                  1
Heart rate ≥110                                                                                                                     1
Systolic blood pressure <100 mm Hg                                                                              1
Arterial oxyhemoglobin saturation <90%                                                                        1

Table 2. Bova score.

Predictor                                                                                             Points*

SBP 90-100 mm Hg                                                                                                                 2
Elevated cardiac troponin                                                                                                   2
RVD (echocardiogram or CT scan)                                                                                   2
Heart rate >110/min                                                                                                             1
SBP, systolic blood pressure; RVD, right ventricle dysfunction; CT, computed tomography. *Points 0-2, stage I; 3-4, stage II; >4, stage III.
Percentage of patients: 75.5 stage I; 18.6 stage II; 5.8 stage III. 30-day pulmonary embolism-related complications (%): 4.2 stage I; 10.8 stage II;
29.2 stage III.

Table 3. European Society of Cardiology algorithm for risk stratification in pulmonary embolism.

                                 Shock or hypotension          PESI class III-IV or sPESI ≥1                 Signs of RVD                         Cardiac biomarkers

High                                                         +                                                               NA                                                              NA                                                              NA
Intermediate-high                                -                                                                 +                                                                +                                                                +
Intermediate-low                                  -                                                                 +                                                                        Either one (or none) positive
Low                                                          -                                                                  - Assessment optional; if assessed, both negative 
PESI, pulmonary embolism severity index; sPESI, simplified PESI; RVD, right ventricle dysfunction; NA, not applicable.
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