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Abstract

Objectives: Existing pulmonary embolism (PE) risk scores were developed to pre-
dict death within weeks, but not more proximate adverse events. We determined the
ability of 3 PE risk stratification tools (simplified pulmonary embolism severity index
[sPESI], 2019 European Society of Cardiology guidelines [ESC], and PE short-term clin-
ical outcomes risk estimation [PE-SCORE]) to predict 5-day clinical deterioration after
emergency department (ED) diagnosis of PE.

Methods: We analyzed data from six EDs on ED patients with confirmed PE. Clinical
deterioration was defined as death, respiratory failure, cardiac arrest, new dys-
rhythmia, sustained hypotension requiring vasopressors or volume resuscitation, or
escalated intervention within 5 days of PE diagnosis. We determined sensitivity and
specificity of sPESI, ESC, and PE-SCORE for predicting clinical deterioration.

Results: Of 1569 patients, 24.5% had clinical deterioration within 5 days. sPESI, ESC,
and PE-SCORE classifications were low-risk in 558 (35.6%), 167 (10.6%), and 309
(19.6%), respectively. Sensitivities of sPESI, ESC, and PE-SCORE for clinical dete-
rioration were 81.8 (78, 85.7), 98.7 (97.6, 99.8), and 96.1 (94.2, 98), respectively.
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1 | INTRODUCTION

1.1 | Background

The emergency department (ED) decision to admit a patient with acute
pulmonary embolism (PE) is usually based on the patient’s predicted
risk of death or clinical deterioration. Established risk stratification
tools, such as the pulmonary embolism severity index (PESI), simpli-
fied pulmonary embolism severity index (sPESI), and European Society
of Cardiology (ESC) guidelines, have been validated to predict death
and limited outcomes within 30 days after ED diagnosis of PE, but not
short-term clinical deterioration.

1.2 | Importance

Some clinicians argue that risk of clinical deterioration within 5 days
is more important than risk of death alone after an acute PE.1-3 A PE
risk stratification tool that focuses on shorter-term, clinically relevant
outcomes enables informed decisions that reduce clinical uncertainty
and prioritize patient safety. The risk of longer term outcome(s) does
not inform a clinician’s immediate concerns about clinical deteriora-
tion, need for hospital-based interventions, anticoagulation safety, or
disposition. Currently, most patients classified low-risk by sPESI are
admitted, which suggests clinicians are uncomfortable discharging PE
patients with the current risk stratification tools.*>

1.3 | Goals of this investigation

We derived and validated PE-SCORE in a previously published report.2
In the current study, we compared the ability of sPESI, ESC, and PE-
SCORE to predict 5-day clinical deterioration after ED-diagnosed PE.

2 | METHODS
2.1 | Study design and setting

We performed a secondary analysis of pooled data from the Pul-

monary Embolism Short-term Clinical Outcomes registry and Short-

Specificities of sPESI, ESC, and PE-SCORE for clinical deterioration were 41.2 (38.4,
44), 13.7 (11.7, 15.6), and 24.8 (22.4, 27.3). Areas under the curve were 61.5 (59.1,
63.9), 56.2 (55.1, 57.3), and 60.5 (58.9, 62.0). Negative predictive values were 87.5
(84.7,90.2), 97 (94.4,99.6),and 95.1 (92.7, 97.5).

Conclusions: ESC and PE-SCORE were better than sPESI for detecting clinical
deterioration within 5 days after PE diagnosis.

clinical deterioration, health care, outcome assessment, prognosis, pulmonary embolism, risk

term Clinical Deterioration after Acute Pulmonary Embolism registry
(ClinicalTrials.gov NCT02883491 and NCT03915925, respectively).
The registry data were prospectively collected from August 2016 to
November 2020 from six geographically separate academic EDs (Salt
Lake City, UT; Nashville, TN; Charlotte, NC; Orlando, FL; Newark,
Delaware; San Diego, CA).2 The two registry databases were popu-
lated by the same six EDs listed above using the same inclusion and
exclusion criteria for both registries. Patients 18 years or older with
image-confirmed acute PE diagnosed within 12 h of initial presenta-
tion were eligible. Exclusion criteria included: age less than 18 years
old, refusal to participate in the study, PE determined to be chronic,
received empiric anticoagulation or underwent an escalated interven-
tion more than 12 h preceding the PE diagnosis, incidental PE (not
related to the primary diagnostic workup or ED presentation) and
segmental/subsegmental PE.

Both registries involved the same predictors and outcomes. The
primary outcome was short-term clinical deterioration, defined as
death, respiratory failure, cardiac arrest, new dysrhythmia, sustained
hypotension receiving catecholamine or volume resuscitation support,
or escalated intervention within 5 days of ED-diagnosed PE. Deaths
were delineated as PE-related and not PE-related and determined
by the site investigator. We defined respiratory failure as respiratory
distress requiring emergent interventions and mechanical ventilation.
These interventions included unscheduled noninvasive positive pres-
sure ventilation, intubation, and surgical airway management. Cardiac
arrest was any pulseless rhythm requiring cardiopulmonary resus-
citation. New dysrhythmias were defined as cardiac rhythms not
present on initial evaluation, and included bradycardia, stable ventricu-
lar tachycardia, supraventricular tachycardia, and atrial flutter or atrial
fibrillation with rapid ventricular response. Hypotension was defined
as sustained systolic blood pressures <90 mm Hg treated with >500
milliliters fluid or adrenergic agents.

Eligible patients were followed for 5-day clinical deterioration
events and the following data were entered into the registries: demo-
graphics, PE risk factors, comorbidities, and clinical findings. During the
ED evaluation, clinicians performed point-of-care cardiac ultrasound
and we collected laboratory measurements of cardiac biomarkers (tro-
ponin and brain natriuretic peptide levels). Institutional review boards

(IRBs) of participating sites approved both registry studies. PE-SCORE
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The Bottom Line

Determining risk of short-term clinical deterioration in
patients diagnosed with pulmonary embolism in the emer-
gency department is important for clinician decision-making.
This secondary analysis of multicenter registry data demon-
strated greater accuracy for identifying patients at low-risk
for 5-day clinical deterioration or death using risk stratifica-
tion tools that incorporate assessment of right ventricular

dysfunction.

was developed and validated from these registry databases. Sample
size determinations were previously reported.?

For this study, we included all patients from enrolled in the two reg-
istries. We excluded patients missing data required for any of the three

risk stratification tools.

2.2 | Measurements

Table 1 provides a comparison of the three PE risk stratification tools:
sPESI, ESC, and PE-SCORE. sPESI is a prognostic tool that was devel-
oped from 11 candidate variables; the final tool had six components,
which were used in this study.!’ Those components were age, sys-
tolic blood pressure, heart rate, cardiopulmonary disease, history of
cancer, and oxygen saturation. A total of zero points was classified as
low-risk. A total of 1 to 6 points on the 6-point sPESI tool was consid-
ered not low-risk of clinical deterioration within 5 days. We used sPESI

TABLE 1 Comparison of pulmonary embolism risk stratification tools.?

Risk stratification

as the reference standard in this study, which was coded as a binary
categorical predictor variable.

The ESC risk stratification tool combines sPESI or PESI with
additional components, which include hemodynamic instability,
right ventricle (RV) dysfunction by echocardiography or computed
tomography (CT) pulmonary angiography, and cardiac troponin levels.
ESC has 4 risk classifications: high, intermediate-high, intermediate,
and low. For purposes of this secondary analysis, we coded ESC as
a binary variable (low-risk of clinical deterioration within 5 days
vs. not low-risk as shown in Table 1). Low-risk ESC was defined as
being low-risk by sPESI criteria (O points) and the absence of RV
dilatation by CT or echocardiography. Not low-risk was defined
by hemodynamic instability on presentation or sPESI greater than
0 points or RV dilatation by CT or echocardiography or troponin
elevation.

We developed PE-SCORE from 138 candidate variables, of which
9 components made up the final tool: creatinine >2.0 mg/dL, dys-
rhythmia at presentation, suspected systemic infection, systolic blood
pressure <100 mm Hg, heart rate (<50 or >110 bpm), syncope, medical
or social reason for hospitalization, bedside echocardiography features
of RV dilatation with or without septal deviation or RV systolic dys-
function, and CT RV:LV ratio of 1.0 or more.2 As a logistic regression
and points tool, PE-SCORE was validated with area under the receiver
operating characteristic curve (AUC) of 0.78-0.80.2 A score of O points
is low-risk of 5-day clinical deterioration and scores of 1-10 points are
not low-risk.

Both ESC and PE-SCORE include imaging assessment for RV
dilatation. We used previously reported definitions for RV dilatation
for ESC and PE-SCORE.21314 Severe RV dilatation was determined
by visual estimation or measurement of an RV:LV ratio of 1.0 or
greater in one or more transthoracic windows. For CT, an RV:LV ratio

tool sPESI ESC guidelines PE-SCORE
Criteria Age >80 years Hemodynamic instability HR <50 or >100 beats per min
History of cancer sPESI >0 SBP <100 mm Hg

Chronic cardiopulmonary disease
HR>110

SBP <100 mm Hg

Pa0, <90%

Total points [¢) NA
Binary classification Low-risk = 0 points

Not low-risk >0 points

RV dysfunction by ECHO or CTPA

Troponin elevation

Low-risk = none of above

Not low-risk = any criteria

Systemic infection (suspected or confirmed)
Preceding syncope

Creatinine >2.0 mg/dL

New dysrhythmia

Echocardiogram with RV abnormality
CTRV:LVratio >1.0

Medical or social reason for hospitalization
10

Low-risk = 0 points

Not low-risk >0 points

Note: ESC Guidelines: high or intermediate risk criterion are listed; if none, then patient is low-risk.

Abbreviations: CT, computed tomography; CTPA, Computed tomography pulmonary arteriography; ESC, European Society of Cardiology; HR, heart rate;
LV, left ventricle; PaO, partial pressure of oxygen; PE-SCORE, pulmonary embolism short-term clinical outcomes risk estimation; RV, right ventricle;
SBP, systolic blood pressure; sPESI, simplified pulmonary embolism severity index.

a3sPESI and PE-SCORE: 1 point is assigned for each criteria with exception of 2 points for creatinine >2.0 mg/dL in PE-SCORE.
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of 1.0 or greater (as determined by radiologist) was considered RV TABLE 2  Patient characteristics.
dilatation. No clinical Clinical
deterioration deterioration Overall
(N=1184) (N=385) (N=1569)
2.3 | Outcomes Gender
Female 562 (47.5%) 187 (48.6%) 749 (47.7%)
Our primary outcome was clinical deterioration within 5 days of ED- Male 622(52.5%) 198(51.4%) 820 (52.3%)
diagnosed PE (as defined in the parent study described above).? Race
White 767 (64.8%) 258(67.0%) 1025 (65.3%)
. 0, 0, [}
24 | Data analy5|s Black 352(29.7%) 104(27.0%) 456(29.1%)
American 10 (0.8%) 2(0.5%) 12 (0.7%)
- . . Indian/Alaskan Native
We performed pairwise comparisons of sPESI with ESC and PE-
SCORE. For each risk stratification tool, we reported sensitivity, Asian 12(1.0%) 4(1.0%) 16 (1.0%)
specificity, negative and positive predictive values, and F1 scores. F1 Other 43(3.6%) 17 (4.4%) 60 (3.8%)
is calculated by (positive predictive value x sensitivity)/(positive pre- Hispanic ethnicity 88 (7.4%) 23(6.0%) 111(7.1%)
dictive value + sensitivity). When using binary classification, F1 is a Age, mean (SD), years 585+168 622+155 594+16.6
measure of the accuracy of a model. Vital signs, mean (SD)
We used receiver operating characteristics (ROC) to derive the Systolic blood 1354229 1224252 1322+ 241
area under the curve (AUC) with 95% confidence intervals (Cls) for pressure, mm Hg
clinical deterioration. We used Wald tests following the guidelines of Heartrate, beats/min ~ 95.5+200 105+237 98.2+215
Roldan-Nofuentes and Sidaty-Regad to compare differences in sensi- Shock index 073+022 091+030 077+025
tivity, specificity, and predictive values for sPESI paired with ESC and Respiratory rate, 196442 2104542 1994452
with PE-SCORE.'> We used the method described by DeLong to com- breaths/min
o N _ 16
pare AUCs of sPESI with ESC and with PE-SCORE.*° F1 scores were Oxygensaturation, %  95.8+4.2 942456 95.5 4 4.62
compared using bootstrapping and P values were estimated from the .
Syncope prior 80 (6.8%) 67 (17.4%) 147 (9.4%)
bootstrapped samples.
Hist f 283(23.9% 25.7%) 382(24.3%
A reclassification was assigned if there was a change in classifica- Istory ot cancer o 991 & ( ‘)
tion when applying ESC or PE-SCORE criteria to that first assigned History of COPD 154(13.0%)  70(18.2%) 224(14.3%)
by the sPESI tool. As recommended by Kerr et al.,'” we reported Previous PE/DVT 289(24.4%) 97 (25.8%) 386 (24.6%)
on net reclassification for binary risk categories as the change in CTRV:LV ratio >1.0 319(26.9%) 207 (53.8%) 526 (33.5%)
true-positives for events and false-positives for nonevents for ESC and Abnormal RV by GDE 281(23.7%) 219(56.9%) 500 (31.9%)
PE-SCORE. We reported the change in true-positive rate as the change Troponin elevation 243(205%) 171 (44.4%) 414 (26.4%)

in sensitivity. False-positive rate is 1 minus specificity. Differences with
false-positive rate can be inferred directly from differences between
model specificity. Finally, we reported discrimination of the 3 tools
with AUC and the F1 score. We used R and RStudio software for all

analyses.8
3 | RESULTS
3.1 | Characteristics of study subjects

The combined databases contained 1736 patients with acute PE
between August 2016 and November 2020.2 We included 1569
PE patients who had all components necessary to determine sPESI,
ESC, and PE-SCORE classifications. Table 2 shows patient charac-
teristics and comorbid conditions as grouped by the primary out-
come. Age, gender, and race were similar between outcome groups,
whereas troponin and RV abnormalities by CT and echocardiogra-
phy were significantly higher in patients with clinical deterioration

events.

Abbreviations: COPD, chronic obstructive pulmonary disease; CT, com-
puted tomography; DVT, deep venous thrombosis; ESC, European Society
of Cardiology PE (dichotomized into low-risk versus not low-risk clas-
sifications); GDE, goal directed echocardiography; LV, left ventricle; PE,
pulmonary embolism; PE-SCORE, pulmonary embolism short-term clinical
outcomes risk estimator; RV, right ventricle; sPESI, simplified pulmonary
embolism severity index.

3.2 | Outcome analysis

Ofthe 1569 patients, 385 (24.5% [295% confidence interval (Cl), 2.4%-
26.8%]) experienced 1 or more components of clinical deterioration
within 5 days: 64 (16.6%) had cardiac arrest, 37 (9.6%) of whom did
not achieve return of spontaneous circulation; 131 (34%) had respira-
tory failure; 99 (25.7%) had new dysrhythmia; 73 (19%) had sustained
hypotension treated with volume resuscitation and/or vasopressors;
and 113 (29.4%) patients were given reperfusion intervention. There
was 1 death within 5 days among those classified low-risk by sPESI
(segmental PE without right ventricular abnormalities on imaging).

The death was caused by a perforated gastrointestinal ulcer and was
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TABLE 3 Contingency tables for sPESI, ESC, and PE-SCORE
classification with clinical deterioration outcome.

No clinical
deterioration

Clinical
deterioration

sPESI
Not low-risk (n = 1011) 315 696
Low-risk (n = 558) 70 488
ESC
Not low-risk (n = 1402) 380 1022
Low-risk (n = 167) 5 162
PE-SCORE
Not low-risk (n = 1260) 370 890
Low-risk (n = 309) 15 294

Abbreviations: ESC, European Society of Cardiology; PE-SCORE, pul-
monary embolism short-term clinical outcomes risk estimator; sPESI, sim-
plified pulmonary embolism severity index.

considered unrelated to PE. There were no deaths within 5 days for
those classified low-risk by ESC or PE-SCORE criteria.

3.3 | Risk classification comparisons

Table 3 displays the number of patients classified as low-risk and
not low-risk by each risk stratification tool and whether the group
experienced clinical deterioration within 5 days or not. Both ESC and
PE-SCORE classified more patients as not low-risk than sPESI. sPESI
exhibited a sensitivity of 81.8%, specificity of 41.2%, positive predictive
value of 31.2%, and negative predictive value of 87.5%.

ESC was the most sensitive for excluding low-risk. Almost every
patient who experienced clinical deterioration within 5 days was cor-
rectly classified as not low-risk. As a trade-off, ESC had very low
specificity of 13.7%, approximately half that of PE-SCORE and sPESI.
Most patients who were truly low-risk were not correctly identified
(high false-positive rate) by ESC (Table 4).

The sensitivity of PE-SCORE for excluding low-risk patients was
96.1% (370 of 385 patients with clinical deterioration were correctly
predicted as not low-risk). However, PE-SCORE’s specificity was 24.8%
(only 294 of 890 without clinical deterioration were correctly pre-
dicted as low-risk). PE-SCORE'’s positive predictive value was 29.4%
(false-positive rate of 70.6%), and its negative predictive value was
95.1%, demonstrating a low false-negative rate (Table 4).

The discrimination of sPESI (AUC 0.615 [0.591, 0.639]) and PE-
SCORE (AUC 0.605 [0.589, 0.620]) for clinical deterioration within 5
days were similar (P = 0.44), whereas ESC (AUC 0.562 [0.551, 0.573])
was lower (P < 0.001) (Table 4).

Figure 1 shows reclassification of initial sPESI assignments by
the newer tools. sPESI classified 558 patients as low-risk of clinical
deterioration within 5 days. The newer tools, ESC and PE-SCORE, sub-
sequently reclassified 77.1% and 64.5% as not low-risk, respectively. Of

1011 patients classified as not low-risk by sPESI, ESC and PE-SCORE
reclassified 0.6% and 11.3% as low-risk, respectively.

3.4 | LIMITATIONS

A limitation of this study is that we used the same registry databases
PE-SCORE was developed and validated on. In the original PE-SCORE
report, the tool’s prognostic accuracy was assessed across the range of
possible risk thresholds (across the scale of 0-9 points) or with its orig-
inal logistic regression model.2 However, for this study, we restricted
the PE-SCORE points model to a low-risk threshold (low-risk = zero
points). Additionally, although PE-SCORE was developed and validated
on the current database, it has not been externally validated.

A second limitation is that sSPESI and ESC were designed to identify
patients at risk of death and 30-day adverse outcomes; they were not
designed to identify those at risk for short-term clinical deterioration.
Conversely, PE-SCORE was designed to predict clinical deterioration
within 5 days of PE diagnosis. The next logical step in comparing the
prognostic accuracy of these risk stratification tools would involve an
external validation of PE-SCORE while collecting data on sPESI and
ESC.

Another limitation is our modified ESC risk stratification strat-
egy used only sPESI criteria and did not incorporate the option for
using Hestia criteria for low-risk consideration. Like PE-SCORE, Hes-
tia guidelines factor in social considerations for risk classification, but
Hestia is more expansive, including criteria such as pain control and
bleeding risk.12

A further limitation of this study is that clinical decision-making for
each patient’s disposition was not based on prospective use of sPESI,
ESC, and PE-SCORE tools, as it should be for an impact study with a
new cohort of PE patients.

4 | DISCUSSION

In this study, we compared the ability of sPESI, ESC, and PE-SCORE
risk stratification tools to identify clinical deterioration within 5 days
of ED-diagnosed PE. ESC and PE-SCORE had higher sensitivities, lower
specificities, and higher negative predictive values than sPESI for
predicting clinical deterioration within 5 days.

sPESI does not include cardiac imaging or biomarkers. Although
some guidelines support outpatient treatment of PE without testing for
RV abnormalities,® other research suggests patients with RV abnor-
malities, who are deemed low-risk by validated tools, are at higher
risk of mortality than those without RV abnormalities.”” 1! Our find-
ings support use of the more recent risk stratification tools, including
the 2019 ESC guidelines and our group’s recently derived PE-SCORE,
which incorporate RV assessments to determine low-risk for 5-day
clinical deterioration.1213 Furthermore, PE-SCORE was trained and
validated for clinical deterioration events within 5 days.

A systematic review and meta-analysis of PE risk stratification tools
by Elias et al.1? used earlier versions of ESC than the 2019 ESC
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TABLE 4 Prognostic performance of tools for clinical deterioration within 5 days.
Positive predictive Negative
Predictor Sensitivity Specificity value predictive value  AUC F1 score
sPESI 81.8%(78,85.7) 41.2%(38.4,44) 31.2% (28.3,34) 87.5% (84.7,90.2) 61.5%(59.1,63.9) 45%(42,48)
ESC 98.7% (97.6,99.8) 13.7%(11.7, 15.6) 27.1% (24.8,29.4) 97% (94.4,99.6)  56.2%(55.1,57.3) 43%(39.7,45.1)
Difference: ESC vs. 16.9% (13.0,20.6) —27.5%(-24.9,—-30.1) —04.1(-2.8,-5.3) 9.5% (4.7,14.3) -5.3,P<0.001 -2.6(—4.4,-0.7);
sPESI P<0.001 P<0.001 P <0.001 P<0.001 P=0.505
PE-SCORE 96.1% (94.2,98) 24.8%(22.4,27.3) 29.4% (26.9,31.9) 95.1% (92.7,97.5) 60.5% (58.9,62.0) 45% (42,48)
Difference: 14.3(9.8,18.5); -16.4(-13.1,-19.5); -1.8(-0.3,-3.3); 7.6(3.8,11.6); -1.0;P=0.44 —-0.1(-0.02, 2.0);
PE-SCORE vs. P<0.001 P<0.001 P<0.001 P<0.001 P=0.90
sPESI

Note: 95% confidence intervals are in parentheses.

Abbreviations: AUC, area under the curve; ESC, European Society of Cardiology; PE-SCORE, pulmonary embolism short-term clinical outcomes risk

estimator; sPESI, simplified pulmonary embolism severity index.

ESC PE-SCORE
— — Outcome of Clinical Deterioration
Clinical Deterioration Interest N = 67 (18.4%)
N =65 (16.4%) T
I Upward Not Low-risk

Not Low-risk
N =397 (71.1%)

Reclassification

N = 363 (64.5%)

\

Low-risk
by sPESI
N = 558 (36%)

/

f

1569 PATIENTS

|

Not Low-risk
by sPESI
N = 1011 (64%)

Low-risk Downward Low-risk
N = 6(0.6%) Reclassification N =114 (11.3%)
Clinical Deterioration Outcome of Clinical Deterioration
N =0 (0%) NHaC N = 12 (10.5%)

FIGURE 1

b

Reclassifications of sPESI by ESC and PE-SCORE tools. ESC, 2019 European Society of Cardiology pulmonary embolism risk

classification guidelines; PE-SCORE, pulmonary embolism short-term clinical outcomes risk estimator; sPESI, simplified pulmonary embolism

severity index.

guidelines we evaluated in this study. Elias et al.?

reported the pro-
portion of patients classified low-risk by sPESI and ESC were 36.3%
and 89.8%, respectively. However, only 2 of 71 studies included in the
meta-analysis studied clinical deterioration outcomes within the index
hospitalization.2! A strength of our study is its focus on clinical dete-

rioration outcomes of interest to clinicians deciding on disposition for

immediate discharge or inpatient PE management. In our study, the
proportions of low-risk were similar for sPESI, but much lower for the
2019 version of ESC compared to Elias et al.'? Earlier versions of ESC
did not require RV assessment as a criterion for low-risk assignment. In
Elias et al.,'? in-hospital mortality was much higher among those clas-

sified low-risk by earlier versions of ESC compared with sPESI (5.0%



WEEKES ET AL.

WILEY-

[3.6%-7.1%] and 0.3% [0%-2.3%)], respectively). Emerging evidence
of increased mortality of patients with abnormal cardiac biomarkers
and RV by CT or echocardiography ushered in revisions by ESC.” The
2019 ESC risk stratification strategy includes abnormal RV (by imag-
ing) or myocardial injury (by troponin) as exclusion criteria for low-risk
assignment.

In our cohort, death was uncommon (2.4%), and no patient assigned
to the low-risk group by sPESI, ESC, or PE-SCORE died from PE
within 5 days. Our findings complement recent reports showing added
prognostic value of RV assessment for predicting mortality or clini-
cal deterioration events in otherwise low-risk PE cohorts.”2° In our
study, clinical deterioration was a comparatively frequent occurrence
at 24.5% (95% Cl, 2.4%-26.8%). This outcome prevalence is similar to
another report, which demonstrated nearly identical rates of clinical
deterioration (26%), even among initially normotensive patients with
acute PE.2! These findings build on others from our registry databases,
which show important clinical deterioration events occur within days
of an acute PE. In Raper et al.,” 12% of PE patients classified low-risk
by sPESI criteria experienced 5-day clinical deterioration. In that study,
RV assessments (CT or echocardiography) and laboratory biomarkers
improved prognostic accuracy for 5-day clinical deterioration versus
prognostic tools without RV assessment.”

In this multicenter registry data analysis, we noted the 2 newer
tools, which incorporate RV assessments, had better sensitivity and
negative predictive value than sPESI for predicting clinical dete-
rioration events within 5 days of PE diagnosis. Overall, we found
PE-SCORE classified significantly more patients as not low-risk than
sPESI, and most reclassifications to low-risk by PE-SCORE did not
develop clinical deterioration. In comparing the prognostic ability of
tools, it is noteworthy that ESC incorporates troponin, sPESI, and
RV imaging, resulting in a more stringent sieve (and higher sensi-
tivity) than sPESI alone. However, these additional parameters also
result in a very high false-positive rate. PE-SCORE incorporates RV
imaging findings with similar effects on sensitivity, lending support to
previous work demonstrating RV assessment methods as predictors
of clinical deterioration. Although PE-SCORE could be criticized for
overestimating potential deterioration (70% false-positive rate), it has
a high sensitivity and high negative predictive value—most patients
who experienced clinical deterioration were correctly classified.
Overall, ESC and PE-SCORE were both more sensitive than sPESI, but
PE-SCORE provided a more balanced prognostic profile than ESC in
this cohort, with a significantly lower false-positive rate and an AUC
of 0.60 (Table 4). If externally validated, the high negative predictive
value of PE-SCORE for short-term clinical deterioration may sup-
port the clinical decision for outpatient management of low-risk PE
patients.

Our report suggests PE prognostic tools are not interchangeable for
the specific purpose of determining low-risk for acute PE-related clin-
ical deterioration outcomes. Tools that incorporated RV assessments
had higher negative predictive values and sensitivity for acute clini-
cal deterioration than sPESI. The statistical differences demonstrated
significantly improved accuracy in classifying patients at low-risk for

clinical deterioration within 5 days over sPESI.
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