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Summary
Practice guidelines recommend outpatient care for selected pa-
tients with non-massive pulmonary embolism (PE), but fail to
specify how these low-risk patients should be identified. Using
data from U.S. patients, we previously derived the Pulmonary
Embolism Severity Index (PESI), a prediction rule that risk strat-
ifies patients with PE.We sought to validate the PESI in a Euro-
pean patient cohort.We prospectively validated the PESI in pa-
tients with PE diagnosed at six emergency departments in three
European countries. We used baseline data for the rule's 11
prognostic variables to stratify patients into five risk classes (I-V)
of increasing probability of mortality.The outcome was overall
mortality at 90 days after presentation.To assess the accuracy of
the PESI to predict mortality, we estimated the sensitivity, spe-
cificity, and predictive values for low- (risk classes I/II) versus
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higher-risk patients (risk classes III-V), and the discriminatory
power using the area under the receiver operating character-
istic (ROC) curve.Among 357 patients with PE, overall mortal-
ity was 5.9%, ranging from 0% in class I to 17.9% in class V.The
186 (52%) low-risk patients had an overall mortality of 1.1%
(95% confidence interval [CI]: 0.1–3.8%) compared to 11.1%
(95% CI: 6.8–16.8%) in the 171 (48%) higher-risk patients.The
PESI had a high sensitivity (91%, 95% CI: 71–97%) and a negative
predictive value (99%, 95% CI: 96–100%) for predicting mortal-
ity.The area under the ROC curve was 0.78 (95% CI:0.70–0.86).
The PESI reliably identifies patients with PE who are at low risk
of death and who are potential candidates for outpatient care.
The PESI may help physicians make more rational decisions
about hospitalization for patients with PE.
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Introduction
Data from the National Hospital Discharge Survey show that in
2004, 122,000 patients with a primary diagnosis of pulmonary
embolism (PE) were hospitalized in acute care hospitals in the
United States (1), resulting in 752,000 inpatient days. Growing
evidence from non-randomized studies suggests that many pa-
tients with non-massive PE could be safely treated in an out-
patient setting using low-molecular-weight heparin (LMWH)
(2–8). Appropriate outpatient treatment of patients with PE has

the potential to increase patient satisfaction (9) and reduce costs
of care without compromising patient safety (10). Based on this
evidence, recently published practice guidelines recommend
outpatient care for carefully selected patients with non-massive
PE (11), but fail to specify how these low-risk patients should be
identified. Moreover, results from a recent study suggest that
physicians may inappropriately select patients with PE for early
discharge who are at increased risk of fatal complications (12).

Using data from patients with PE hospitalized in 186 public
hospitals in Pennsylvania, USA, we previously derived and vali-
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dated a clinical prediction rule for mortality, designated the Pul-
monary Embolism Severity Index (PESI) (13). The PESI, which
consists of 11 clinical parameters routinely available at presenta-
tion, stratifies patients into five risk classes (I–V) with increas-
ing risk of short-term mortality (Table 1). Patients in risk classes
I and II have a risk of short-term mortality of 2.6% or less and are
considered low-risk (13, 14). Thus, the PESI provides clinicians
with an easily applied prognostic tool for patients with PE and
may help identify appropriate candidates for outpatient care or
an abbreviated hospital stay.

Temporal and follow-up period transportabilities are impor-
tant components of the generalizability of a prognostic model
(15). These components require that the model’s predictions re-
main accurate when re-tested in patients from other time periods,
using different periods of follow-up. To assess these dimensions
of generalizability and to further validate its prognostic accuracy,
we applied the PESI to a European patient cohort with PE.

Material and methods
Study sample
We prospectively validated the PESI using data from a clinical
trial that evaluated a diagnostic algorithm for PE based on multi-
detector spiral computed tomography (CT) (16). The trial en-
rolled patients with suspected PE from emergency departments
at six university hospitals in Switzerland, France, and Belgium
between January 1, 2005, andAugust 31, 2006 (16). Consecutive
adult outpatients who were treated in the emergency department
with a clinical suspicion of PE were potentially eligible. Patients
were excluded from this study if they had a contraindication to
spiral CT (i.e. allergy to iodine contrast agents, creatinine clear-
ance of less than 30 ml/minute, or pregnancy), a terminal illness
with an expected survival of less than three months, a diagnosis
of PE documented before the time of presentation, or were re-

ceiving anticoagulant therapy at presentation. The criteria used
to establish the diagnosis of PE were a positive spiral CT or pul-
monary angiography, a high-probability ventilation/perfusion
lung scan, or proximal deep-vein thrombosis (DVT) documented
by compression ultrasonography. Ultrasonographic diagnosis of
proximal DVT has a high positive predictive value (99%) for pre-
dicting PE among patients with a clinical suspicion of PE (17).
All patients diagnosed with PE were treated with heparin fol-
lowed by oral anticoagulants.

Baseline data collection
Trained study personnel prospectively recorded baseline patient
characteristics, including the predictors that comprise the PESI
(age, gender, cancer, heart failure, chronic lung disease, pulse,
blood pressure, respiratory rate, temperature, altered mental
status, and arterial oxygen saturation) and whether patients re-
ceived thrombolysis, on a standardized data collection instru-
ment. Our definition of altered mental status (disorientation,
confusion, or somnolence) was slightly different from the defini-
tion used in the original derivation of the PESI (disorientation,
lethargy, stupor, or coma). Using the prognostic variables in the
PESI, we calculated the risk class for each patient, and the pro-
portion of patients classified within each risk class. Missing
values for all prognostic variables were assumed to be normal, a
strategy used in the original derivation of the PESI (13) and other
prediction rules for mortality (18).

Study outcome
Our outcome measure was all-cause mortality 90 days after pres-
entation for PE. We assessed mortality using patient or proxy in-
terviews, interview of the patient’s primary care physician, and/
or hospital chart review. Interviews were performed through
telephone and administered by local study personnel. Three in-
dependent experts adjudicated all deaths as definite, fatal PE and
possible, fatal PE or death from other causes. Death was judged
to be definite, fatal PE if it was confirmed by autopsy, or if death
followed a clinically severe PE, either initially or after an objec-
tively confirmed recurrent event. Death in a patient who died
suddenly or unexpectedly was classified as possible, fatal PE.

Statistical analyses
We compared the overall mortality rate of low- (risk classes I and
II) versus higher-risk patients (risk classes III-V) at 90 days
using Kaplan-Meier analysis, with the two groups compared by
the log-rank test. To assess the accuracy of the PESI to predict
overall mortality, we estimated sensitivity, specificity, and posi-
tive and negative predictive values and likelihood ratios for low-
versus higher-risk patients at 90 days after presentation. A posi-
tive likelihood ratio indicates how much more likely patients
who die are classified in PESI risk classes IV and V relative to
those who survive; a negative likelihood ratio indicates how
much less likely patients who die are classified in PESI risk
classes I-II compared to those who survive (19). To assess the
rule’s discriminatory power to predict mortality, we also esti-
mated the area under the receiver operating characteristic curve
(ROC).All analyses were performed using SPSS 14.0 (SPSS Inc,
Chicago, IL, USA).

Predictors Points assigned

Age, per year Age, in years

Male sex +10

History of cancer +30

History of heart failure +10

History of chronic lung disease +10

Pulse ≥110/minute +20

Systolic blood pressure < 100 mm Hg +30

Respiratory rate ≥30/minute* +20

Temperature < 36ºC +20

Altered mental status† +60

Arterial oxygen saturation < 90%* +20

A total point score for a given patient is obtained by summing the patient’s age in years and the
points for each applicable predictor. Points assignments correspond with the following risk classes:
≤65 class I; 66–85 class II; 86–105 class III; 106–125 class IV; and
> 125 classV. Patients in risk classes I and II are defined as low-risk. *Assessed with or without the
administration of supplemental oxygen. †Defined as confusion, disorientation, or somnolence.

Table 1:The Pulmonary Embolism Severity Index.
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Results
Overall, 357 patients had objectively confirmed PE, defined by
a positive multi-detector spiral CT (n=299) or pulmonary angi-
ography (n=4), a high-probability ventilation/perfusion lung
scan (n=1), or proximal DVT (n=53). The mean age of the pa-
tients was 64 years and 44% were men; 32% had a history of ve-
nous thromboembolism, 9% had a history of cancer, and 4% had
a systolic blood pressure of less than 100 mm Hg at the time of
presentation (Table 2). Overall, 186 patients (52%) were classi-
fied in risk classes I and II, 91 (25%) in class III, 41 (11%) in
class IV, and 39 (11%) in class V. Eight patients (2%) received
thrombolytic treatment.

No patient was lost to follow-up. Twenty-one patients (5.9%)
died. Of these, nine (43%) died from definite or possible PE. No
patient died in risk class I, two (2.0%) in class II, seven (7.7%) in
class III, five (12.2%) in class IV, and seven (17.9%) in class V
(Table 3). The mortality among low-risk (risk classes I and II)
and higher-risk (classes III-V) patients was 1.1% (2/186; 95%
confidence interval [CI]: 0.1–3.8%) and 11.1% (19/171; 95%
CI: 6.8–16.8%), respectively. Among the two low-risk patients
who died during follow-up, both died from definite or possible
PE. Only one low-risk patient (0.5%, 95% CI: 0–3.0%) and six
higher-risk patients (3.5%, 95% CI: 1.3–7.5%) died within seven
days of presentation. The cumulative survival difference be-
tween low-risk and higher-risk patients was statistically signifi-
cant (p=0.001, log-rank test) (Fig. 1).

When dichotomized as low risk versus higher risk, the PESI
had a negative predictive value of 99% (95% confidence interval
[CI]: 96–100%) and a negative likelihood ratio of 0.2 (95% CI:
0–0.70) for predicting mortality (Table 4). Because this cutpoint
was specifically chosen to identify low-risk patients with PE, the
positive predictive value (11%, 95% CI: 7–17%) and the positive
likelihood ratio (2.0, 95% CI: 1.7–2.4) for predicting mortality
were low. The area under the ROC curve of the PESI was 0.78,
(95% CI: 0.70–0.86), indicating a good discriminatory power.

Overall, the frequency of missing values was very low: one
patient (0.3 %) had missing values for systolic blood pressure, 25
(7%) for respiratory rate, 12 (3%) for temperature, and 13 (4%)
for arterial oxygen saturation.

Discussion
In this prospective validation study, the PESI classified more
than half of patients with PE as low-risk and these low-risk pa-
tients had a very low overall mortality at seven (0.5%) and 90
days (1.1%) following presentation. The negative predictive
value for overall mortality of the PESI was high and reached
99%.These results are consistent with the original derivation and
prior validation studies in which overall short-term mortality
rates ranged from 0% to 2.6% among low-risk patients (13, 14,
20, 21). Compared to the original derivation study, the PESI’s
discriminative power for mortality, expressed as the area under
the ROC curve, remained stable in this validation study (0.78 in
both studies) (13). Overall, the accuracy and the generalizability
of the PESI are now supported by the validation in over 7,000 pa-
tients from over 300 teaching and non-teaching hospitals in the
United States and Europe. Risk stratification based on the PESI

is reliable and accurately identifies patients at low-risk of death
when evaluated over periods of follow-up ranging from 7–90
days, demonstrating the PESI’s excellent follow-up transport-
ability. Given its validation in a wide variety of patients and set-
tings, the PESI currently represents the second highest level (2)
on the hierarchy of evidence for clinical prediction rules (22).
While level 2 rules can be used in various settings with con-
fidence in their accuracy, their potential for changing physician
behavior and improving quality of care must be demonstrated in
a formal impact analysis (level 1, highest level on the hierarchy
of evidence) before their utilization can be generally recom-

Characteristics* Number (percent) or
mean (standard deviation)

Age, years 064 (18)

Male gender 158 (44)

History of venous thromboembolism 116 (32)

Surgery within 1 month 033 (9)

Contraceptive use 023 (6)

Hormone replacement therapy 016 (4)

History of cancer 033 (9)

Class I 087 (24)

Class II 099 (28)

Class I and II combined 186 (52)

Class III 091 (25)

Class IV 041 (11)

ClassV 039 (11)

Class III, IV, andV combined 171 (48)

*One patient (0.3 %) had unknown values for systolic blood pressure, 25 (7%) for respiratory rate,
12 (3%) for temperature, and 13 (4%) for arterial oxygen saturation. For calculating the frequency
of baseline patient characteristics, unknown values were assumed to be normal and were included
in the denominator. †Defined as subjective leg pain. ‡Defined as leg pain on palpation or unilateral
edema. §Assessed with or without the administration of supplemental oxygen. ||Defined as con-
fusion, disorientation, or somnolence. **Percentages may not sum to 100 because of rounding.

History of heart failure 022 (6)

History of chronic lung disease 042 (12)

Chest pain 224 (63)

Dyspnea 307 (86)

Syncope or light-headedness 079 (22)

Hemoptysis 014 (4)

Symptoms of deep vein thrombosis† 073 (20)

Clinical signs of deep vein thrombosis‡ 070 (20)

Pulse ≥110 per minute 058 (16)

Systolic blood pressure < 100 mm Hg 014 (4)

Respiratory rate ≥30 per minute§ 051 (14)

Temperature < 36°C 008 (2)

Altered mental status|| 013 (4)

Arterial oxygen saturation < 90%§ 058 (16)

Risk-class distribution**

Table 2: Baseline patient characteristics (N=357).
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mended (22). Thus, whether the utilization of the PESI increases
the frequency of PE outpatient treatment without compromising
patient safety, must be further examined before its implemen-
tation into practice guidelines or decision algorithms can be jus-
tified.

Despite earlier recommendations to treat clinically stable pa-
tients with nonmassive PE in the outpatient setting (23, 24), most
patients with non-massive PE continue to be hospitalized (25).
The potential economic benefit of the PESI can be estimated

using data from a recent cost-effectiveness analysis comparing
inpatient treatment with unfractionated heparin versus LMWH in
patients with PE. Assuming a cost difference of $4,500 between
inpatient and outpatient treatment of PE (10) and an annual PE
incidence of 122,000 cases in the United States (1), up to $275
million per year could be saved if 50% of patients were treated as
outpatients. However, at the initial site of treatment decision for
patients with PE, it is important for physicians also to consider
psychosocial contraindications to outpatient care (e.g. lack of
treatment adherence). Other potential barriers to outpatient treat-
ment are the lack of outpatient systems of health care and the ab-
sence of insurance coverage for more costly LMWH. Moreover,
there are other clinical predictors of adverse outcome following
PE, for example, immobilization for neurologic disease or renal
failure (26, 27). These factors should also be taken into consider-
ation before a patient with PE is treated as an outpatient.

The diagnostic accuracy of the PESI compares well to an-
other clinical prognostic rule, the Wicki score (28, 29). The
Wicki score uses six clinical, laboratory, and ultrasonographic
variables to identify patients with a low risk of adverse out-
comes. In a study by Jimenez et al. enrolling almost 600 consecu-
tive outpatients with PE (20), PESI low-risk patients had a sig-
nificantly lower short-term mortality compared to low-risk pa-
tients based on the Wicki score (0.9% vs. 5.6%, p < 0.0001).

Risk class Number (percent, 95% CI)

Class I 00 (0, 0–4.1)

Class II 02 (2.0, 0.2–7.1)

Class I and II combined 02 (1.1, 0.1–3.8)

Class III 07 (7.7, 3.1–15.2)

Class IV 05 (12.2, 4.1 26.2)

ClassV 07 (17.9, 7.5–33.5)

Class III, IV, andV combined 19 (11.1, 6.8–16.8)

Table 3: Pulmonary Severity Index risk class-specific mortality
at 90 days (N=357).

Figure 1: Cumulative survival among low-risk (risk classes I and II) versus higher-risk patients (risk classes III-V) based on the Pul-
monary Embolism Severity Index.
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When dichotomized as low (classes I and II) versus higher-
risk (classes III–V), the negative predictive value of the PESI for
mortality is comparable to other prognostic tests for PE such as
echocardiography and ventricular measurements on computed
tomography (30, 31). Prognostic tools based on radiographic
procedures are expensive, require specialized personnel for per-
formance and interpretation, and may not be available 24 hours a
day. Although cardiac biomarkers such as troponins and brain
natriuretic peptides are available at most hospital EDs and have a
high negative predictive value (> 93%) for mortality in patients
with PE (32), use of such biomarkers to identify low-risk patients
is limited by their lack of standardized testing methods (e.g. tro-
ponin I vs. T) and variable cutpoints to define abnormal results.
To date, studies directly comparing the prognostic accuracy of
clinical prognostic models and radiographic procedures or car-
diac biomarkers are lacking. A potential advantage of cardiac
biomarkers over the PESI is their greater simplicity. In contrast,
the PESI is comprised of 11 clinical parameters and may require
the use of pocket cards, electronic handheld devices, or internet
support systems to facilitate its application in clinical practice.

Our study has limitations. First, the study used to validate the
PESI prospectively was not originally designed for this task and
patients with severe renal failure or a terminal illness with an ex-
pected survival of less than three months (i.e. patients with a ter-
minal cancer) were excluded (16). Thus, these patients groups
are underrepresented in our study sample, and we cannot exclude

the possibility that the PESI would have performed differently in
these patient groups. Second, we could not estimate the potential
impact of treatments (e.g. quality of oral anticoagulation) on pa-
tient outcomes, because this information was not consistently
available.

In conclusion, the PESI accurately identifies a substantial
proportion of patients with PE who are at low-risk of mortality
and who are potential candidates for outpatient treatment or an
abbreviated hospital stay. Whether utilization of the PESI can
change physician behavior and safely increase the proportion of
outpatient treatment for non-massive PE must be assessed in a
formal impact analysis.
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Parameter (95% CI)

Sensitivity, % 91 (71–97)

Specificity, % 55 (49–60)

Positive predictive value, % 11 (7–17)

Negative predictive value, % 99 (96–100)

Positive likelihood ratio 02.0 (1.7–2.4)

Negative likelihood ratio 00.20 (0–0.70)

Area under the receiver-
operator characteristics curve*

00.78 (0.70–0.86)

*Risk classes were used as cutpoints to calculate the area under the receiver-operator character-
istics curves for mortality.

Table 4:Test characteristics for predicting overall mortality
months among low- versus higher-risk patients (N=357).What is known about this topic?

− The Pulmonary Embolism Severity Index (PESI) strat-
ifies patients in five classes (I-V) of increasing risk of
short-term mortality.

− Patients in PESI risk classes I and II have a low risk of
death and may be potential candidates for outpatient care.

What does this paper add?
− In our patient sample, patients in PESI risk classes I or II

had a three-month mortality of 1.1%, corresponding to a
negative predictive value of 99% for mortality.

− The PESI accurately identifies a substantial proportion of
patients with PE who are at low risk of mortality and who
are potential candidates for outpatient treatment.
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