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Abstract

Objective: To determine whether the pulmonary embolism (PE) categories of massive, submassive, PE
with no right ventricle dysfunction (NRVD), and subsegmental only (SSO) adequately predict clinical
outcome.
Methods: Patients treated for acute PE (March 1, 2013, through July 31, 2019) were followed forward
prospectively to compare venous thromboembolism (VTE) recurrence, all-cause mortality, major bleeding,
and clinically relevant nonmajor bleeding (CRNMB) across 4 PE categories.
Results: Of 2703 patients with VTE, 1188 (44%) had PE, of which 1021 (85.9%) completed at least 3
months of therapy or had clinical outcomes precluding further treatment (27 with massive, 217 sub-
massive, 557 NRVD, and 220 SSO PE). One patient with massive, 8 with submassive, 23 with NRVD, and
5 with SSO PE had recurrent VTE (3.90, 5.33, 5.36, and 3.66 per 100 person-years, respectively; P¼.84).
There were 3 deaths in massive, 27 in submassive, 140 in NRVD, and 34 in SSO PE groups (11.59, 17.37,
31.74, and 24.74 per 100 person-years, respectively; P¼.02); when adjusted for cancer, the relationship
was no longer significant (P¼.27). One patient with massive, 5 with submassive, 22 with NRVD, and 5
with SSO PE had major bleeding (3.90, 3.31, 5.24, and 3.75 per 100 person-years, respectively; P¼.66).
Similar cumulative rates for CRNMB were observed (P¼.87). Three-month rates of VTE recurrence, death,
major bleeding, and CRNMB did not differ by PE category.
Conclusion: In the setting of anticoagulation therapy with maximal standardization and evidence-based
practice, there is no evidence of a difference between PE categories and outcomes.
Trial Registration: clinicaltrials.gov Identifier: NCT03504007
ª 2020 THEAUTHORS. PublishedbyElsevier Inc onbehalf ofMayoFoundation forMedical Education andResearch. This is anopenaccessarticle under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) n Mayo Clin Proc Inn Qual Out 2020;4(3):249-258
From the Mayo Clinic Alix
School of Medicine (J.C.C.,
E.S.S.) and Department of
Cardiovascular Diseases
(R.D.M., A.I.C., H.R.V.,
D.E.H., D.T.V., D.F., L.G.P.,
D.M.B.-K., W.E.W.), Mayo
Clinic, Rochester, MN; and
Department of Health
Sciences Research, Mayo
Clinic, Jacksonville, FL
(D.H.).
P ulmonary embolism (PE) is an acute
complication of deep vein thrombosis
(DVT) and is the third most common

cause of cardiovascular death.1-3 Pulmonary
embolism encompasses a wide range of pre-
sentations, from asymptomatic to hemody-
namic instability and sudden death. Several
prognostic stratification tools have been pro-
posed comprising a mixture of clinical, labora-
tory, and anatomical findings. These
stratification qualifiers were created based on
their effect on PE clinical outcomes, particu-
larly mortality.4,5 The American Heart
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Association (AHA) uses the presence or
absence of sustained hypotension to differen-
tiate PE into massive or not massive.4 Pulmo-
nary embolism without hemodynamic
instability is further differentiated into PE
with right ventricle (RV) dysfunction, which
is called submassive or intermediate-risk PE,
and PE without RV dysfunction, called low-
risk PE. In addition to the AHA-
recommended PE categories, other groups
have defined a distinct category of PE termed
isolated subsegmental PE in which the most
proximal occlusive defect is found in the
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subsegmental arteries.6,7 The European Soci-
ety of Cardiology5 uses the Pulmonary Embo-
lism Severity Index (PESI) or the simplified
PESI score8,9 and defines normotensive pa-
tients with PE as intermediate risk if the
PESI class is III or greater or if the simplified
PESI score is 1 or more. Further stratification
into intermediate-high risk or intermediate-
low risk depends on the presence or absence
of RV dysfunction.5

Advances in PE diagnosis, such as the use
of d-dimer measurement and particularly the
introduction of multidetector row computed
tomography (CT) pulmonary angiography,
which facilitates detection of very small
emboli, raise the concern for overdiagnosis
of potentially less significant PE. Some re-
searchers have proposed that subsegmental
PE, if not associated with DVT, and particu-
larly if in an asymptomatic patient with good
cardiorespiratory reserve, does not require
treatment with anticoagulation.10-12 Classi-
cally, high-risk PE is thought to encompass
massive and submassive PE categories,
whereas patients with subsegmental defects
on radiographic imaging are thought to have
a more benign course.4,5,10-12

The aim of this study was to analyze pro-
spectively collected data from patients with
confirmed PE to compare demographic and
clinical features as well as outcome measures,
such as venous thromboembolism (VTE)
recurrence, major bleeding, clinically relevant
nonmajor bleeding (CRNMB), and mortality
rates, across 4 PE categories.
MATERIALS AND METHODS

Patient Recruitment
Analysis included consecutive patients with
acute PE who were treated for at least 3
months with anticoagulation drugs at the
Thrombophilia Clinic, Gonda Vascular Center,
Mayo Clinic Rochester, from March 1, 2013,
through July 31, 2019. For some patients,
the treatment course was prematurely aborted
due to an aforementioned study outcome or
death.

The Thrombophilia Clinic’s highly orga-
nized system, which includes streamlined
referrals that ensure prompt, guideline-
supported patient care, has been previously
described.13 Briefly, if a patient has positive
Mayo Clin Proc Inn Qual Out n June 2020
testing for acute VTE, the radiologist reading
the study contacts the Thrombophilia Center,
the patient is immediately evaluated, and,
when appropriate, anticoagulation therapy is
initiated. Templated, continuously updated in-
formation about available Food and Drug
Administractioneapproved anticoagulants for
acute VTE is provided, using a standardized
script for providers and a short summary table
with medication characteristics for the patient.

In general, patients with symptomatic PE
were referred for prompt hospitalization. Hos-
pitalized patients were evaluated by vascular
medicine and had a follow-up visit at the
Thrombophilia Clinic arranged after
discharge. For patients with asymptomatic or
minimally symptomatic PE, outpatient man-
agement was offered. We used the simplified
PESI score tool counting 1 point for each of
the following: younger than 80 years, presence
of cancer, chronic heart failure, chronic pul-
monary disease, pulse rate of 110 beats/min
or greater, systolic blood pressure less than
100 mm Hg, and arterial oxyhemoglobin satu-
ration less than 90%.13

For patients with cancer and, therefore, a
simplified PESI score of 1, outpatient therapy
was accepted after consultation with the pri-
mary Mayo Clinic hematologist/oncologist.
All patients with symptoms of DVT were eval-
uated by ultrasonography. In addition, all pa-
tients with cancer had a lower-extremity
ultrasound, and if they had a central catheter,
an upper-extremity ultrasound as well.13,14

Demographic and clinical data were gath-
ered prospectively, and patient status was reas-
sessed after 3 months of anticoagulation. After
the initial 3 months, follow-ups were conduct-
ed when clinically indicated at 3-month inter-
vals, or annually if there was an indication for
long-term anticoagulation. Patient status was
assessed in person, by mailing a written ques-
tionnaire, or via a scripted phone interview.
Institutional review board approval was ob-
tained for this prospective study.

Study Definitions and Outcome Measures
Based on AHA criteria,4 massive PE was
defined as as an acute PE with sustained hypo-
tension (systolic blood pressure <90 mm Hg),
pulselessness, or persistent profound brady-
cardia (heart rate <40 beats/min with signs
or symptoms of shock). Submassive PE was
;4(3):249-258 n https://doi.org/10.1016/j.mayocpiqo.2020.02.002
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defined as an acute PE that caused biochemical
or radiographic evidence of RV strain or
myocardial necrosis but did not meet the
criteria for massive PE.4 In this study, the
AHA category of low-risk PE was replaced by
descriptive terminology of PE with no RV
dysfunction (NRVD) for those who had no im-
aging or laboratory indicators of RV injury.
This nomenclature was used to better distin-
guish NRVD from subsegmental PE, which is
also consider to be low risk. In previous
studies, the term isolated subsegmental PE has
at times been used to characterize PE of a sin-
gle subsegmental location; however, in the
present study, single as well as multiple sub-
segmental PEs were included in this cate-
gory.6,7 To avoid this potentially confusing
terminology in the present study, those with
the largest filling defect at the subsegmental
level in the category of NRVD (irrespective of
1 or multiple defects) were separated into
the category of subsegmental only (SSO).

All patients with PE, irrespective of PE
category, were treated with anticoagulation
for a minium of 3 months. Anticoagulation
was stopped after 3 or 6 months if PE was pro-
voked, and anticoagulation was continued
long-term in those with unprovoked thrombo-
embolic events and low bleeding risk accord-
ing to current guidelines.10 Those with
cancer had anticoagulation for a minimum of
6 months and until cancer free.10,14,15

Every PE was diagnosed by contrast-
enhanced CT or magnetic resonance imaging.
Every DVT of the extremity was identified by
ultrasonography with Doppler technique and
abdominal venous thrombosis by CT veno-
gram. All patients with massive and submas-
sive PE underwent echocardiography.
Patients with PE without RV strain on CT
and normal troponin and brain natriuretic
peptide levels had echocardiography ordered
at the discretion of the primary medical ser-
vice. The primary efficacy outcome was radio-
logically proven VTE recurrence as previously
described.13,14 To be classified as a true recur-
rent event there had to be a new filling defect
evident on the second study not appreciated
on the original images or an interval study
clearly showing thrombus resolution. Death
was categorized as a result of PE, bleeding,
Mayo Clin Proc Inn Qual Out n June 2020;4(3):249-258 n https://d
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cancer, or other established diagnoses or
from unknown cause. Pulmonary embolism
was considered the cause of death if there
was objective documentation of the condition
or if there was an unexpected sudden death in
the setting of an established or highly probable
PE.16

The primary safety outcome was major
bleeding, defined as fatal bleeding, bleeding
in a critical area (intracranial, intraspinal,
intraocular, retroperitoneal, pericardial), or
overt bleeding causing a hemoglobin level
decrease of 2 g/dL or more (to convert to g/
L, multiply by 10) after the incident or war-
ranting a transfusion of 2 U or more of packed
red blood cells.17 The secondary safety
outcome was CRNMB, defined as overt
bleeding not meeting the criteria for major
bleeding but associated with medical interven-
tion, an unscheduled contact with a member
of the health care team, or temporary cessation
of treatment. All events were adjudicated inde-
pendently using previous study criteria by a
committee composed of 3 Thrombophilia
Clinic physicians (A.I.C., D.F., W.E.W.).

Statistical Analysis
Continuous numerical variables are reported
as mean � SD. Continuous variables were
compared among PE categories using the anal-
ysis of variance procedure. Each pairwise com-
parison among the 4 groups was completed.
Categorical factors were compared among
groups using the c2 test for independence.
Follow-up end points were estimated using
the Kaplan-Meier method. Summaries of these
end points are provided using the person-
years approach. Potential risk factors for each
outcome were evaluated using proportional
hazards models. The proportional hazards
assumption was tested using Schoenfeld resid-
uals. The assumption was not violated for the
variables of interest in the models. The Fine
and Gray method was used to evaluate out-
comes using death as a competing risk for
the event of interest. A P<.05 was considered
statistically significant. Study data were
collected and managed using REDCap
(Research Electronic Data Capture), and data
analysis was performed using SAS software,
Version 9.4 (SAS Institute Inc).
oi.org/10.1016/j.mayocpiqo.2020.02.002 251

https://doi.org/10.1016/j.mayocpiqo.2020.02.002
http://www.mcpiqojournal.org


TABLE 1. Demographic and Clinical Variables of the 1021 Study Patients by PE Categorya,b,c

Variable Massive PE (n¼27) Submassive PE (n¼217) PE with NRVD (n¼557) SSO PE (n¼220) P valued

Age (y), mean � SD 59.1 � 18.0 63.3 � 13.1 60.9 � 14.2 61.4 � 14.7 .28

Weight (kg), mean � SD 101.0 � 20.0 97.1 � 25.3 90.5 � 24.8 87.5 � 25.9 <.001

Female sex (No. [%]) 10 (37.0) 88 (40.6) 246 (44.2) 98 (44.5) .70

Symptomatic (No. [%]) 27 (100.0) 191 (88.4) 293 (52.6) 104 (47.3) <.001

Previous VTE (No. [%]) 4 (14.8) 49 (22.6) 98 (17.6) 38 (17.3) .37

With DVT (No. [%]) 15 (55.6) 134 (61.8) 245 (44.0) 77 (35.0) <.001
Leg, proximal DVT only 6 (22.2) 36 (16.6) 58 (10.4) 13 (5.9) .001
Leg, distal DVT only 2 (14.3) 33 (28.2) 89 (21.2) 33 (18.0) .18
Upper-extremity DVT only 0 2 (1.7) 10 (2.4) 5 (2.7) .88
Mesenteric only 0 0 1 (0.2) 0 .86
Portal only 0 0 2 (0.5) 1 (0.5) .88
Splenic only 0 0 1 (0.2) 0 .86
Ovarian only 0 0 1 (0.2) 0 .86
Renal only 0 0 1 (0.2) 0 .86
Cerebral only 0 0 1 (0.2) 0 .86
Other DVT location only 0 0 4 (1.0) 1 (0.5) .70

Provoked PE (No. [%]) 17 (63.0) 142 (65.4) 439 (78.8) 171 (77.7) <.001

Risk factors for PE (No. [%])

Active cancer 5 (18.5) 70 (32.3) 318 (57.1) 107 (48.6) <.001
Chemotherapy (only in cancer patients) 1 (20.0) 38 (54.3) 212 (66.7) 70 (65.4) .04
Surgery �30 d before PE 7 (25.9) 29 (13.4) 88 (15.8) 26 (11.8) .17
Immobility 6 (22.2) 39 (18.0) 70 (12.6) 35 (15.9) .15
Trauma 3 (11.1) 12 (5.5) 28 (5.0) 9 (4.1) .46
Thrombophilia 1 (3.7) 6 (2.8) 8 (1.4) 4 (1.8) .57
Pregnancy/hormonal therapy 2 (7.4) 7 (3.2) 28 (5.0) 12 (5.5) .60
Other 3 (11.1) 25 (11.5) 68 (12.2) 36 (16.4) .39

CrCl (mL/min/1.73 m2), mean � SD 113.1 � 54.3 107.0 � 49.6 103.7 � 46.1 100.4 � 47.2 .19

Distribution (No. [%]) .28
<30 mL/min/1.73 m2 1 (3.7) 2 (0.9) 5 (0.9) 3 (1.4)
30 to 50 mL/min/1.73 m2 5 (18.5) 70 (32.3) 175 (31.4) 83 (37.7)
>50mL/min/1.73 m2 21 (77.8) 145 (66.8) 377 (67.7) 134 (60.9)

Platelet (�103/mL), mean � SD 0.20 � 0.10 0.24 � 0.11 0.25 � 0.11 0.25 � 0.11 .03

Distribution (No. [%]) .87
<100�103/mL 2 (7.4) 8 (3.7) 25 (4.5) 9 (4.1)
100-149�103/mL 3 (11.1) 28 (12.9) 73 (13.1) 22 (10.0)
�150�103/mL 22 (81.5) 181 (83.4) 459 (82.4) 189 (85.9)

Inferior vena cava filter (No. [%]) 5 (18.5) 23 (10.6) 45 (8.41) 15 (6.8) .14

Lytic therapy, systemic/catheter (No. [%]) 10/2 (44.4) 0/11 (5.1) 0/8 (1.4) 0/2 (0.9) <.001

First anticoagulant used (No. [%]) <.001

Low-molecular-weight heparin 6 (22.2) 82 (37.8) 295 (53.0) 115 (52.3)
Unfractionated heparin 17 (63.0) 84 (38.7) 97 (17.4) 39 (17.7)
Apixaban 1 (3.7) 25 (11.5) 87 (15.6) 39 (17.7)
Rivaroxaban 2 (7.4) 18 (8.3) 61 (11.0) 22 (10.0)

Continued on next page
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TABLE 1. Continued

Variable Massive PE (n¼27) Submassive PE (n¼217) PE with NRVD (n¼557) SSO PE (n¼220) P valued

First anticoagulant used (No. [%]), continued
Warfarin with heparin 1 (3.7) 8 (3.7) 14 (2.5) 5 (2.3)
Dabigatran 0 0 3 (0.5) 0

aCrCl ¼ creatinine clearance; DVT ¼ deep vein thrombosis; NRVD ¼ no right ventricle dysfunction; PE ¼ pulmonary embolism; SSO ¼ subsegmental only; VTE ¼ venous
thromboembolism.
bSI conversion factors: To convert CrCl to mL/s/m2, multiply by 0.0167; to convert platelet count to �109/L, multiply by 1.
cDVT of other locations included thrombosis of the superior vena cava (n¼2), inferior vena cava (n¼1), left ventricle thrombus related to pacemaker wire (n¼1), and
superficial vein thrombosis within 1 cm of the saphenofemoral junction. Three patients were transferred to Mayo Clinic within the first 48 hours of acute PE diagnosis from
other institutions after receiving a first dose of dabigatran.
dP values result from analysis of variance for continuous variables and the c2 test for categorical variables.

PE CATEGORIES AND CLINICAL OUTCOMES
RESULTS

Classification Data
During the study period (March 1, 2013,
through July 31, 2019), there were 2703 pa-
tients with acute VTE enrolled in our stan-
dardized clinical practice, of which 1188
(44%) were diagnosed as having PE. After
the exclusion of patients without research
authorization (n¼97) and those who had not
completed 3 months of anticoagulation for
reasons other than a studied outcome event
such as death (n¼70), 1021 patients were
included in the study.

In this group, there were 27 patients
(2.6%) with massive PE, 217 (21.3%) with
submassive PE, 557 (54.6%) with PE with
NRVD, and 220 (21.5%) with SSO PE. Two
patients with radiographic findings of embolic
thrombi limited to subsegmental territory had
echocardiographic and laboratory evidence of
RV strain and were, therefore, categorized as
having submassive PE.
Demographic Data
Demographic and clinical characteristics of pa-
tients in the 4 categories of PE are summarized
in Table 1. Patients with massive PE had
higher body weight compared with the
NRVD and SSO groups. By definition, all pa-
tients with massive PE were symptomatic. Pa-
tients with submassive PE were more often
symptomatic compared with the NRVD and
SSO PE groups. Coexisting DVT (including
isolated proximal DVT) was detected more
often in patients with massive and submassive
PE compared with the NRVD and SSO groups.
Upper-extremity DVT was found in a minority
Mayo Clin Proc Inn Qual Out n June 2020;4(3):249-258 n https://d
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of patients with PE (0%-2.7%). Very few pa-
tients had isolated ovarian, renal, mesenteric,
splenic, or portal DVT or cerebral venous si-
nus thrombosis (Table 1). Patients with sub-
massive PE more often had previous VTE
compared with other groups. NRVD and
SSO PE were more often provoked and were
more commonly associated with cancer
compared with massive and submassive PE.
All other provoking factors were distributed
evenly among PE categories. A similar propor-
tion of patients in each PE category had renal
failure and thrombocytopenia (Table 1). More
than 20% of patients with massive PE had an
inferior vena cava filter placed compared with
7% of those with SSO PE (Table 1).

Enoxaparin was the first anticoagulant
used in more than half of patients with
NRVD and SSO PE but in a minority of those
with massive and submassive PE (Table 1). In
contrast, unfractionated intravenous heparin
was used in two-thirds of patients with
massive PE but in less than 20% of the
NRVD and SSO groups. Apixaban, followed
by rivaroxaban, was the most common oral
anticoagulant used for initiation of therapy.
Very few patients received warfarin along
with parenteral anticoagulation the first day
of therapy (Table1).

In the massive PE group, systemic lytic
therapy and catheter-directed thrombolysis
were used in 10 and 2 patients, respectively.
No patients in the other PE categories were
treated with systemic thrombolysis, but 11 pa-
tients (5.2%) with submassive, 8 (1.5%) with
NRVD, and 2 (0.9%) with SSO PE had
catheter-based pharmacomechanical thrombo-
lytic therapy of proximal DVT (Table 1).
oi.org/10.1016/j.mayocpiqo.2020.02.002 253
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TABLE 2. Clinical Outcomes of Patients by Category of PEa

Outcome Massive PE (n¼27) Submassive PE (n¼217) PE with NRVD (n¼557) SSO PE (n¼220) P valueb

Efficacy
VTE recurrence
Rate/100 person-years (95% CI) 3.90 (0-11.55) 5.33 (1.64-9.04) 5.36 (3.17-7.55) 3.66 (0.45-6.88) .84
No. of events 1 8 23 5
Total person-years 25.63 149.86 429.21 136.47
3-mo rate (No. [%]) 1 (3.7) 3 (1.4) 11 (2.0) 2 (0.9) .60

Death
Rate/100 person-years (95% CI) 11.59 (0-24.70) 17.37 (11.08-23.92) 31.74 (26.48-36.99) 24.74 (16.43-33.06) .02
No. of events 3 27 140 34
Total person-years 25.89 155.43 441.14 137.41
3-mo rate (No. [%]) 0 1 (0.5) 4 (0.7) 2 (0.9) .92

Safety

Major bleeding
Rate/100 person-years (95% CI) 3.90 (0-11.56) 3.31 (0.41-6.22) 5.24 (3.05-7.42) 3.75 (0.46-7.03) .69
No. of events 1 5 22 5
Total person-years 25.61 150.91 420.21 133.46
3 mo rate (No. [%]) 1 (3.7) 2 (0.9) 13 (2.3) 3 (1.4) .47

CRNMB
Rate/100 person-years (95% CI) 3.97 (0-11.75) 8.87 (4.05-13.70) 6.63 (4.18-9.09) 7.60 (2.89-12.32) .87
No. of events 1 13 28 10
Total person-years 25.20 146.49 422.26 131.51
3-mo rate (No. [%]) 1 (3.7) 10 (4.6) 10 (1.8) 6 (2.7) .18

aCRNMB ¼ clinically relevant nonmajor bleeding; VTE ¼ venous thromboembolism.
bP values were calculated using the Fine and Gray method or the log-rank test.
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Clinical Outcomes
During the study period, 1 patient with
massive, 8 with submassive, 23 with NRVD,
and 5 with SSO PE experienced another
VTE, corresponding to recurrence rates of
3.90, 5.33, 5.36, and 3.66 per 100 person-
years, respectively (P¼.84) (Table 2). Kaplan-
Meier curves for time to VTE recurrence by
PE category are shown in the Figure, A.
Three-month rates of VTE recurrence for
massive (3.7%), submassive (1.4%), NRVD
(2.0%), and SSO (0.9%) PE were not signifi-
cantly different (P¼.60).

There were 3, 27,140, and 34 deaths in
the massive, submassive, NRVD, and SSO
PE groups, respectively, for mortality rates
of 11.59, 17.37, 31.74, and 24.74, per 100
person-years, respectively (P¼.02)
(Table 2). Cumulative incidence curves for
the time to death of patients in the 4 PE cat-
egories are shown in the Figure, B. When the
Mayo Clin Proc Inn Qual Out n June 2020
PE with NRVD group was used as a compar-
ator in the Cox model analysis, the SSO PE
group had similar mortality, with a hazard
ratio (HR) of 0.81 (95% CI, 0.55-1.18).
The difference in mortality for massive PE
compared with PE with NRVD was not sig-
nificant (HR, 0.36; 95% CI, 0.11-1.12;
P¼.08). Submassive PE had significantly
lower mortality compared with PE with
NRVD (HR, 0.58; 95% CI, 0.38-0.84;
P¼.009), but after adjustment for cancer,
the difference was not significant (HR,
0.79; 95% CI, 0.52-1.20; P¼.27). Very low
and similar 3-month mortality rates for
massive, submassive, NRVD, and SSO PE
(0%, 0.50%, 0.70%, and 0.90%, respec-
tively; P¼.92) were observed (Table 2).
Three patients died of major bleeding, 1 pa-
tient in each of the submassive, NRVD, and
SSO PE categories. There were no deaths
from PE recurrence during follow-up.
;4(3):249-258 n https://doi.org/10.1016/j.mayocpiqo.2020.02.002
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FIGURE. Kaplan-Meier curves are shown for the first event of recurrent venous thromboembolism (A), death event (B), first episode
of major bleeding (C), and clinically relevant nonmajor bleeding (D) for massive, submassive, no right ventricle dysfunction (NRVD),
and subsegmental only (SSO) pulmonary embolism.

PE CATEGORIES AND CLINICAL OUTCOMES
During anticoagulation, 1 patient with
massive, 5 with submassive, 22 with NRVD,
and 5 with SSO PE experienced major
bleeding, representing rates per 100 person-
years of 3.90, 3.31, 5.24, and 3.75, respec-
tively (P¼.69) (Table 2). Three-month rates
of major bleeding were also similar in all 4
PE categories (3.70%, 0.90%, 2.30%, and
1.40%, respectively; P¼.47). Likewise, similar
rates of CRNMB per 100 person-years in all 4
categories (P¼.87) and at 3 months (P¼.18)
were observed (Table 2). Kaplan-Meier curves
for time to major bleeding and CRNMB are
shown in the Figure, C and D, respectively.
Composite of major bleeding and CRNMB
was also not different among PE categories
(P¼.97).
Mayo Clin Proc Inn Qual Out n June 2020;4(3):249-258 n https://d
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DISCUSSION
The major finding of this study is that cate-
gories of PE that are considered to be low or
very low risk, such as NRVD and SSO PE,
have similar outcomes to categories consid-
ered to be high or intermediate risk, such as
massive and submassive PE. The VTE recur-
rence and major bleeding rates did not differ
across the 4 PE categories. Mortality was not
dependent on RV function but rather was
related to patients’ comorbidities, particularly
underlying malignancy. We observed that pa-
tients with submassive PE had lower mortality
rates compared with patients with PE with
NRVD, but after adjusting for cancer, the dif-
ference was not statistically significant. The 2
opposite extremes of PE severity, massive PE
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and SSO PE, had no difference in survival
compared with PE with NRVD. More patients
with SSO and NRVD PE had asymptomatic
PE, but more often cancer was present,
compared with massive and submassive PE.
In fact, cancer was present more than twice
as often in SSO PE compared with submassive
PE. This is likely related to more SSO PE being
incidentally diagnosed in patients with cancer
during imaging studies for neoplasm staging.
This suggests that currently used PE categories
may not adequately reflect prognosis.

Current risk stratification processes rely on
the belief that acute RV dysfunction is a critical
determinant of outcomes in acute PE. Indeed,
previous studies reported higher risk of in-
hospital adverse outcomes in patients with PE
with RV enlargement diagnosed by CT angiog-
raphy18-20; this includes a prospective multi-
center cohort study of 457 patients.18

However, meta-analyses looking at the risk of
RV dysfunction, as assessed by echocardiogra-
phy, and short-term mortality have found over-
all low positive predictive values.21,22 Due to
the dichotomy between burden/location-based
and clinical statusebased naming conventions,
PE categories are not always mutually exclusive.
Even patients with SSO PE by radiographic
description can have a clinical presentation of
submassive PE with RV strain, as was observed
in the present cohort. On the other hand, more
than 10% of the present patients with submas-
sive PE were asymptomatic. The observation
that SSO PE does not have a more favorable
outcome compared with other PE categories is
consistent with the previous study involving
748 patients with PE (SSO n¼116; 16%) that
showed similar rates of VTE recurrence,
bleeding, and all-cause mortality between pa-
tients with subsegmental PE and nonsubseg-
mental categories.7 Also, separate analysis of
EINSTEIN-PE trial data showed similar out-
comes in both therapeutic groups for patients
with anatomically limited PE (<25% of the
vasculature of a single lobe) compared with
more extensive PE, although the definition of
limited PE does not select solely patients with
SSO.23

The present results suggest that the strati-
fication methods recommended by the Euro-
pean Society of Cardiology, which
implement elements of cardiorespiratory sta-
tus and presence of cancer (elements of PESI
Mayo Clin Proc Inn Qual Out n June 2020
score), may better reflect clinical status and
clinical outcome of patients with PE.5 A
simplified PESI score of 0 points is associated
with a 1% risk of mortality within 30 days,
and 1 point or more with a risk of 10.9%.5

Available literature confirms that a variety
of comorbidities, such as chronic heart failure,
obstructive pulmonary disease, age older than
70 years, concomitant DVT, and, particularly,
cancer, are important predictors of outcome in
patients with PE.24-26

A secondary aim of the present study was
to describe the clinical presentation and demo-
graphic characteristics of the different PE
groups. The average age of patients across all
subtypes of PE was similardin the early
60sdwhich is consistent with previous re-
ports.3,7,23 In the present cohort, patients
with massive and submassive PE were more
often symptomatic and more often had coex-
isting DVT compared with those with NRVD
or SSO PE, which is also consistent with pre-
vious studies.24-26 Note that 17 patients in the
present cohort (1.7%) had upper-extremity
DVT as the only detected source of PE. Iso-
lated ovarian, renal, and cerebral venous
thrombosis occurred in only 1 patient each.
A mesenteric, splenic, or portal DVT was an
isolated coexisting finding in 1 patient each,
suggesting that there was a different source
of pulmonary embolism because these
anatomical locations cannot represent the
source of embolic material to the lung.

The strengths of the present study include
that it reflects real clinical practice without
limitations related to exclusion criteria used
in clinical trials, but in the setting of a
guideline-supported structured framework.
This study also represents a different quality
of clinical data than “real-world” practice,
such as prospective registries, retrospective an-
alyses of case series or retrospective health care
databases, or insurance claims data analyses.
These have a purely observational design
without any control of the quality and unifor-
mity of the therapy and often have imprecise
clinical outcome assessments.27 We actively
prescribe and monitor anticoagulation therapy
in a standardized manner so, to differentiate
our model from other registries, we use the
term STAGPOR (Standardized, Guideline-
Directed but Patient-Oriented Prospectively
Registered) clinical practice.
;4(3):249-258 n https://doi.org/10.1016/j.mayocpiqo.2020.02.002
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An organized system of follow-up, pro-
vided for every patient in our practice, allows
reassessment not only of anticoagulation per-
formance but also of RV status as recommen-
ded by current guidelines.28 Patients with a
history of massive or submassive PE have
echocardiography prescheduled for the first
3-month follow-up visit, and all patients
with PE who remain symptomatic have echo-
cardiography ordered during the follow-up
visit. Patients with persistent pulmonary hy-
pertension are refered to the Pulmonary Hy-
pertension Clinic for consultation.

This study has several potential limita-
tions. First, the clinical profile of the patients
with massive PE is likely affected by underen-
rollment of early fatalities. Even in the current
era of advanced diagnostic facilities, approxi-
mately 90% of patients with acute, massive
PE die within 1 to 2 hours of symptom
onset,29,30 and the vascular hospital consulting
service might not be asked to see these criti-
cally ill patients if they died within the first
hours. The relatively small sample size and
low event count of the massive PE group
created imbalance between PE categories,
which can affect accuracy of comparison
and, thus, appears as a lack of difference in
outcomes between massive PE and other PE
categories. In addition, more than 46% of pa-
tients with massive PE in this study had sys-
temic lytic therapy implemented, and more
than 20% had an inferior vena cava filter
placed, whereas in the International Coopera-
tive Pulmonary Embolism Registry,24 throm-
bolysis was performed in 33 of the 108
patients (30.5%) with massive PE and only
11 (10%) received an inferior vena cava filter.
Second, there may also be a selection bias
related to our SSO group because these pa-
tients were included in the study only if anti-
coagulation was initiated. It is possible that
those who were treated with anticoagulation
were considered to be of better clinical status,
but it is also possible that the decision to not
anticoagulate was based on the patient’s high
bleeding risk. Nevertheless, the category of
PE with minimal distal embolic material, if
anticoagulated, had clinical outcomes similar
to those with larger thrombotic material
causing RV dysfunction up to hemodynamic
collapse. Third, a selection bias may exist
related to the referral of a high proportion of
Mayo Clin Proc Inn Qual Out n June 2020;4(3):249-258 n https://d
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complex patients with multiple comorbidities,
including malignancy, to tertiary referring cen-
ters. Consequently, the findings of this study
may not be applicable to other patient popula-
tions with different clinical and demographic
characteristics.
CONCLUSION
This large, prospective study shows that in the
setting of maximal standardization of
evidence-based practice, all 4 PE categories
have similar clinical outcomes. Clinical out-
comes were not determined by RV dysfunc-
tion but rather by comorbidities, specifically
cancer, which was significantly more common
in the NRVD and SSO PE categories.
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