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Abstract
The optimal management strategy for submassive or intermediate risk pulmonary embolism (IRPE)—anticoagulation alone 
versus anticoagulation plus advanced therapies—remains in equipoise leading many institutions to create multidisciplinary 
PE response teams (PERTs) to guide therapy. Cause-specific mortality of IRPE has not been thoroughly examined, which is 
a meaningful outcome when examining the effect of specific interventions for PE. In this retrospective study, we reviewed all 
adult inpatient admissions between 8/1/2018 and 8/1/2019 with an encounter diagnosis of PE to study all cause and PE cause 
specific mortality as the primary outcomes and bleeding complications from therapies as a secondary outcome. There were 
429 total inpatient admissions, of which 59.7% were IRPE. The IRPE 30-day all-cause mortality was 8.7% and PE cause-
specific mortality was 0.79%. Treatment consisted of anticoagulation alone in 93.4% of cases. Advanced therapies—systemic 
thrombolysis, catheter directed thrombolysis, or mechanical thrombectomy, were performed in only six IRPE cases (2.3%). 
Decompensation of IRPE cases requiring higher level of care and/or rescue advanced therapy occurred in only five cases 
(2%). In-hospital major bleeding and clinically relevant non-major bleeding were more common in those receiving systemic 
thrombolysis (61.5%) compared to anticoagulation combined with other advanced therapies (11.7%). Despite the high overall 
acuity of PE cases at our institution, in-hospital all-cause mortality was low and cause-specific mortality for IRPE was rare. 
These data suggest the need to target other clinically meaningful outcomes when examining advanced therapies for IRPE.

Keywords Intermediate risk pulmonary embolism · Submassive pulmonary embolism · Inpatient mortality · Cause specific 
mortality

Highlights

• Cause-specific mortality in acute intermediate risk pul-
monary embolism is very low.

• Mortality in patients with PE is mostly from their under-
lying illness, such as malignancy, rather than PE.

• Advanced interventional therapies were rarely used in 
this cohort for IRPE. Future directions: There is a need 
to study outcomes appropriate to PE when studying inter-
ventions in clinical research instead of generalized mor-
tality.

Introduction

Pulmonary embolism (PE) is a common and potentially fatal 
condition with an estimated incidence of a 112 to 115 per 
100,000 adults in the United States [1–3]. Several treatment 
options are now available to treat PE. While there is broad 
consensus regarding the management of low and high risk 
PE, controversy persists regarding IRPE, in terms of both 
preventing short term mortality and long-term sequelae 
[4–6]. Fibrinolysis in IRPE has been found to decrease the 
risk of the composite outcome of death or hemodynamic 
compromise at the expense of increased risk of stroke and 
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major hemorrhage, though some of that risk can be mitigated 
by using lower doses of thrombolytics [7, 8]. Long term 
follow-up of fibrinolytic therapy in IRPE has not demon-
strated a difference in mortality or the prevalence of pul-
monary hypertension [9]. A systematic review including 18 
randomized trials examining thrombolytic therapy for both 
hemodynamically stable and unstable PE showed a reduction 
in death with thrombolytic therapy, but this effect was lost 
when studies with a high risk of bias were excluded [10]. 
Another meta-analysis found that compared to standard anti-
coagulation, recanalization procedures including systemic 
thrombolysis and catheter directed thrombolysis had similar 
risk of all-cause mortality when compared with standard 
anticoagulation [11]. In the last decade, several institutions 
have implemented multidisciplinary Pulmonary Embolism 
Response Teams (PERT) to rapidly evaluate intermediate 
and high risk PE cases and formulate individualized treat-
ment plans [12, 13]. At least one institution has reported a 
reduction in all-cause mortality compared to the year prior 
to adopting a PERT [14], though PE-specific mortality was 
not examined. Determining PE cause specific mortality, and 
rates of hemodynamic decompensation would allow for bet-
ter determination of the impact of PE-specific treatments, 
especially in the IRPE group [15].

To better define the all-cause and PE cause-specific mor-
tality rates, a retrospective cohort of consecutive patients 
hospitalized (8/1/2018–8/1/2019) with PE was analyzed. We 
further sought to assess the impact of patient characteristics 
and treatment on clinical outcomes for these patients.

Methods

A single-center retrospective observational study was con-
ducted at the Mayo Clinic in Rochester, MN where PE cases 
are treated without the use of a PERT. The study protocol 
was reviewed by the Institutional Review Board and deemed 
it exempt from the requirement of IRB approval (45 CFR 
46.104d, category 4). The primary outcome was to ascer-
tain both all-cause and PE cause-specific mortality in all 
PE cases managed in the inpatient setting. Additionally, we 
examined and described in detail the clinical characteristics 
and treatment strategies used to elucidate important vari-
ables leading to mortality or hemodynamic decompensation. 
The secondary outcome was to study the bleeding complica-
tions from therapies.

All adult (age > 18) inpatient admissions at two inpa-
tient facilities of the Mayo Clinic in Rochester, MN between 
8/1/2018 and 8/1/2019 with an encounter diagnosis of pul-
monary embolism (ICD-9 415.1; ICD-10 I26) diagnosed 
via computed tomography angiogram (CTA) or ventilation-
perfusion scans were reviewed. All consecutive cases were 
included, and patient charts were individually reviewed by 

HM and SA. Demographic, clinical, radiological, laboratory, 
and treatment data were collected from which the Pulmonary 
Embolism Severity Index (PESI) score was calculated [16]. 
In order to better understand the entire spectrum of disease 
presentation for hospitalized patients with PE, no patients 
were excluded from the analysis.

The cases were stratified into low, intermediate, and high 
risk according to the ACCP guidelines [5, 17]. Briefly, a PE 
was considered intermediate risk (also referred to as submas-
sive or moderate) if either right ventricular dysfunction or 
elevation of biomarkers (troponin or brain natriuretic pep-
tide) was present. High risk PE were those associated with 
systolic blood pressure < 90 mm Hg for at least 15 min. All 
others were low risk PE. The presence of right ventricular 
dysfunction was ascertained from the radiologists’ report of 
the diagnostic CT scan or from the echocardiogram report if 
one was performed within 24 h of PE diagnosis. Serum bio-
marker levels of N-terminal pro B-Type Natriuretic Peptide 
(NT ProBNP considered abnormal if > 300 pg/mL) and fifth 
generation troponin T (abnormal if > 15 ng/L for males and 
> 10 ng/L for females) were noted. Cases with evidence of 
cancer (either untreated or undergoing active treatment) at 
the time of PE diagnosis were categorized as having active 
malignancy.

Therapeutic interventions were noted including initial 
anticoagulant used, and the usage of any advanced thera-
pies/interventions. These included systemic (i.e., intrave-
nous) thrombolytics with recombinant tissue plasminogen 
activator (rTPA), catheter directed thrombolysis, mechani-
cal thrombectomy (performed by interventional radiology 
at our institution), extracorporeal membrane oxygenation 
(ECMO), and inferior vena cava (IVC) filter placement. The 
patient records were also reviewed for evidence of bleeding. 
Major bleeding and clinically relevant non-major (CRNM) 
bleeding were defined as previously described by the Inter-
national Society of Thrombosis and Hemostasis (ISTH) [18, 
19].  Major bleeding includes fatal bleeding, bleeding in a 
critical organ, fall in hemoglobin of 2 g/dL and need for 
transfusion of 2 units of packed red blood cells. CRNM is 
minor bleeding that still needs to be reported as a patient- 
centered outcome.

We defined mortality to be PE cause specific if deter-
mined by autopsy (when available) or if determined by the 
treating clinician to be definitely or probably due to PE 
as documented in the medical record. In-hospital, 30-day, 
3-month, and 6-month mortality rates were examined. The 
total number of individual patients, rather than number 
of admissions, was used as the denominator to calculate 
mortality. In patients who survived the initial hospitaliza-
tion to discharge, their setting of death (another inpatient 
admission, outpatient, or hospice) was noted. All statistical 
analysis was performed using BlueSky Statistics software. 
Differences among the 3 PE groups were analyzed using 
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one way ANOVA and chi-square 3-sample test for equality 
of proportions.

Results

Over the one-year review period, 429 separate admissions 
with a diagnosis of PE were identified. Four (0.9%) of these 
patients had more than one admission for PE (confirmed by 
CTA each time); three patients had one readmission each, 
and one patient had two readmissions. Three patients were 
anticoagulated during their initial admission. One patient 
was treated with supportive care and IVC filter due to active 
alveolar hemorrhage. Another patient’s anticoagulation was 
stopped as an outpatient prior to readmission due to retro-
peritoneal bleeding (see Supplemental Table 1). Of these, 
one patient died during the study period for whom the time 
to death was counted from the initial PE event.

Patient demographics and clinical characteristics are 
provided in Table 1. Of the 429 admissions, 10 were high-
risk (massive) PE, 256 were IRPE (submassive) and the 
remaining were low risk. Patients in the IRPE group were 
older than the other groups. As expected, PESI scores were 
significantly different between groups. Within each group, 
the range of PESI scores was broad, reflecting significant 

intra-group heterogeneity. There was a high prevalence 
of any history of malignancy (N = 189, 44%) and active 
malignancy (N = 158, 36.8%) in the entire cohort, but no 
statistically significant difference was present in the rates 
of active malignancy between the three groups. Provoking 
factors for PE included recent inpatient hospitalization (N 
= 90, 20.9%), recent surgery (N = 85, 19.8%), medications 
(N = 29, 6.7%), primary thrombophilia disorders (N = 28, 
6.5%), trauma (N = 16, 3.7%) and underlying non-infectious 
inflammatory disorders (N = 8, 1.9%). A previous history of 
venous thromboembolism (DVT or PE) was present in 111 
(25.8%) cases. In 68 (15.8%) cases, there was no provoca-
tive cause identified. Of the 331 patients who had a Doppler 
ultrasound of the extremities, 209 (63.1%) were positive for 
DVT. A significantly higher percentage of the intermediate-
risk subgroup was positive for DVT compared to the low-
risk subgroup—68.8% vs. 55.3%, respectively.

Mortality data is provided in Table 2. In the entire cohort, 
there were 11 in-hospital deaths, resulting in an all cause 
in-hospital mortality of 2.6%. PE cause-specific in-hospital 
mortality included two deaths in the high-risk group (20% 
of high-risk PE patients) and one death in the IRPE group 
(0.4% of IRPE patients). In the IRPE group, PE cause-
specific mortality rate both in-hospital and for the 6-month 
study period was very low at 0.4% (N = 1) and 1.6% (N = 

Table 1  Clinical characteristics Of PE patients

a One-way ANOVA
b Chi-square 3-sample test for equality of proportions

Entire Cohort Low risk Intermediate risk High risk P value

Number of admissions (N= 429) 429 163 256 10
Mean age in years (range 20–98) 64.5

(SD 15.96)
61.2
(SD 15.8)

66.9
(SD 15.7)

57.8
(SD 14.8)

< 0.001a

Females 209
(48.7%)

87
(53.3%)

119
(46.5%)

3
(30%)

0.2b

History of malignancy 189
(44.0%)

82
(50.3%)

106
(41.4%)

1
(10%)

0.01b

Active malignancy 158
(36.8%)

64
(39.3%)

93
(36.3%)

1
(10%)

0.1b

Pulmonary Embolism Severity Index 112
(SD 37.7)

95.8
(SD 32.0)

119
(SD 34.4)

200
(SD 28.1)

< 0.001a

Positive cardiac troponin T 212
(49.4%)

0 204 (79.7%) 8
(80%)

Positive NTproBNP 159
(37.1%)

0 156
(60.9%)

3
(30%)

Right ventricular dysfunction 148
(34.5%)

0 138
(53.9%)

10
(100%)

Ultrasound examinations for extremity deep venous thrombosis 331
(77.1%)

123
(75.5%)

199
(77.7%)

9
(90%)

0.7a

Positive deep venous thrombosis (% of ultrasound examinations) 209
(63.1%)

68
(55.3%)

137
(68.8%)

4
(44.4%)

0.01a

Hospital length of stay (mean, median, SD) 6.3, 4.0, 8.7 6.1, 3.0, 10.8 6.2, 4, 7.1 11.0, 7.0, 10.4 0.22b

ICU length of stay 0.89, 0, 2.2 0.42, 0, 1.3 0.99, 0, 2.0 5.7, 2.5, 7.7 < 0.001b
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4), respectively. Cancer related deaths were a major factor 
in overall mortality. By the 30-day time point, 73% (N = 16) 
of deaths in the IRPE group and 100% of deaths (N = 7) in 
the low-risk group were patients with active cancer at the 
time. A significant portion of the patients who died enrolled 
in hospice care while hemodynamically stable, either as 
outpatients or during subsequent unrelated admissions. Of 
the eight patients (80%) surviving their initial hospitaliza-
tion for high-risk PE, all were alive at the six-month mark. 
Of the 11 in-hospital deaths, autopsies were performed on 
two patients. For the entire 6-month duration of the study, 
autopsies were available for 11.4% (N = 10) of the deaths.

Hemodynamic decompensation after admission is a sig-
nificant outcome in IRPE. In our study, five patients (2%) 
with IRPE at admission, then treated initially with antico-
agulation alone, had subsequent decompensation requiring 
escalation of care (Table 3). Four of the five patients suf-
fered obstructive shock but were successfully rescued with 
systemic alteplase. One patient suffered a sudden cardiac 
arrest with an initial rhythm of pulseless electrical activity. 
This patient did not receive systemic thrombolytics or other 
advanced therapies and did not survive the episode; this was 
classified as a PE cause-specific death.

Table 4 details the management strategies used. Just over 
1% (N = 5) were treated with supportive care only whose 
clinical details are provided in Supplementary Table 2. The 
first anticoagulant used in most cases was unfractionated 
heparin. The direct oral anticoagulants (apixaban, rivar-
oxaban etc.) were rarely used as the first anticoagulant of 
choice—4.3% (N = 7) in the low-risk group and 3.0% (N = 
8) in the IRPE group. A minority of patients underwent any 
of the advanced interventions described earlier. Only three 
patients underwent either catheter directed thrombolysis or 
mechanical thrombectomy. No patients underwent surgi-
cal thrombectomy. Excluding IVC filters, only six patients 
(2.3%) in the IRPE group underwent advanced therapies of 
any kind—one patient underwent catheter directed thrombol-
ysis and another underwent thrombectomy (both performed 
by interventional radiology) due to marked hypoxemia per-
sisting to day 3 and day 5 of hospitalization, respectively. 
IVC filter placement occurred in 23 cases (5.4%) among the 
entire cohort and in 9 cases (3.9%) in the IRPE group. Most 
patients getting IVC filters did so because of contraindica-
tions to anticoagulation or due to planned interruption in 
anticoagulation (see Supplemental Table 2).

In-hospital bleeding complications are detailed in 
Table 5. Overall incidence of bleeding (including major and 
CRNM bleeding) was low at 13% and even lower (11.7%) 
in those not receiving systemic thrombolysis. The subgroup 
of patients who received systemic thrombolysis had a much 
higher incidence of bleeding; this group also included 
three patients managed on VA ECMO, which is known to 
carry a high risk of bleeding independent of thrombolytics Ta
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Table 3  Intermediate risk cases with decompensation after admission

Age/sex PESI score Active cancer? Time to decompensation 
after admission (h)

Cardiac 
arrest?

Lytics (mg) Survived to 
discharge?

Clinician cause of death

81 F 151 Pancreatic 20 Y None N PE, anoxic brain injury
65 M 185 DLBCL 16 N 100 N Widely metastatic 

DLBCL (chose 
hospice)

77 F 97 – 12 N 50 Y –
77 F 107 – 30 N 50 Y –
42 F 82 – 6 N 50 Y –

Table 4  Management strategies

Low risk (n = 163) Intermediate risk (n = 
256)

High risk (n = 10)

Anticoagulation alone 148 (90.8%) 239 (93.4%) 0
Supportive care only 4 (2.4%) 2 (0.8%) 0
First inpatient anticoagulant used (% of anticoagulated)
 Unfractionated heparin 116 (73%) 211 (83%) 10 (100%)
 Low molecular weight heparin (Enoxaparin) 35 (22%) 34 (13%) 0
 Apixaban 5 (3.1%) 6 (2.4%) 0
 Rivaroxaban 2 (1.3%) 0 0
 Warfarin 0 2 (0.8%) 0
 Bivalirudin 1 (0.6%) 0 0
 Argatroban 0 1 (0.4%) 0

Anticoagulation plus advanced therapies (% of all cases)
 50 mg rTPA 0 3 (1.2%) 4 (40%)
 100 mg rTPA 0 1 (0.4%) 5 (50%)
 Catheter directed thrombolysis 0 1 (0.4%) 1 (10%)
 Mechanical thrombectomy 0 1 (0.4%) 0
 IVC filter 11 (6.7%) 9 (3.5%) 3 (30%)
 VA-ECMO 0 0 3 (30%)

Table 5  In-hospital bleeding 
complications

a Includes 3 patients managed on VA ECMO
b Includes 1 patient with catheter-based thrombolysis and 1 with mechanical thrombectomy
c P < 0.001 by Chi-square 2-sample test for equality of proportions

Anticoagulation + 
Systemic  alteplasea

Anticoagulation ± 
other  therapiesb

Overall

Total N (excluding supportive care only) 13 411 423
Cases with major + clinically relevant non-

major  bleedingc
8 (61.5%) 48 (11.7%) 56 (13%)

Intracranial bleeding 2 (15.4%) – 2 (0.47%)
Gastrointestinal 3 (23%) 12 (2.9%) 15 (3.5%)
Hematuria – 9 (2.2%) 9 (2.1%)
Surgical site 1 (7.7%) 7 (1.7%) 8 (1.9%)
Soft tissue/intramuscular – 8 (1.9%) 8 (1.9%)
Vascular access sites 2 (15.4%) – 2 (0.47%)
Retroperitoneal – 2 (0.5%) 2 (0.47%)
Hemoptysis – 2 (0.5%) 2 (0.47%)
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[20]. Only two patients underwent catheter-based interven-
tions (one mechanical thrombectomy and another catheter 
directed thrombolysis) and neither had bleeding complica-
tions. Intracranial bleeding occurred in two patients, both 
of whom received intravenous alteplase; neither of them 
received ECMO support. One of those patients had a suba-
rachnoid hemorrhage and another had a subdural hemor-
rhage. The two cases with significant vascular access site 
bleeding were both on ECMO support and had significant 
bleeding from the ECMO cannulation sites.

Discussion

Our cohort of inpatients is defined by a high risk PESI 
score, a large proportion of patients with malignancy, and 
a majority classified as intermediate risk PE. Overall, in-
hospital PE-specific mortality was 0.7% and in-hospital 
IRPE-specific mortality 0.4%. Management was limited to 
anticoagulation alone in most patients without hemodynamic 
instability, and invasive procedures targeting the pulmonary 
vasculature were rarely performed. Four of five patients in 
the intermediate risk group that decompensated were suc-
cessfully rescued. One patient with pancreatic cancer had 
sudden death. Serious bleeding in the context of relatively 
conservative management was uncommon.

Intermediate risk PE presents many challenges when 
considering management strategies and patient selection 
for advanced therapies. Direct mortality related to interme-
diate risk PE remains incompletely understood. A compos-
ite outcome of death or clinical decompensation is often 
used in clinical research [21]. Our study adds to the field 
by examining cause-specific mortality attributable to PE at 
a high volume tertiary care center in patients receiving the 
current standard of care. The overall acuity of PE cases at 
our institution was high with a mean PESI score of 112, 
which falls in the class IV (high risk) category. Our overall 
30-day mortality rate of 7.3% is congruent with the expected 
rate predicted by that PESI score [16, 22]. Cause-specific 
mortality from PE in-hospital and at 30 days was less than 
1% in our cohort. This low rate is unlikely to be significantly 
affected by any specific intervention or at least would require 
a very large population in a prospective study to demonstrate 
efficacy. In this cohort, the majority of patient deaths were 
related to their underlying malignancy, with a large portion 
transitioning to hospice care while hemodynamically sta-
ble. The rate of clinical decompensation was found to be 
only 1.9% in the intermediate risk group. Incidence of major 
bleeding was low in patients managed with anticoagulation 
alone, but higher in the group receiving systemic thrombo-
lytics plus anticoagulation. Unfractionated heparin was used 
in most cases, including in the low-risk group. We speculate 
that the low rate of direct oral anticoagulant use may have 

been due to the high rate of comorbidities in this cohort and 
potential need for procedures necessitating interruption of 
anticoagulation during hospitalization, though the study was 
not designed to ascertain the rationale behind the clinicians’ 
choice of anticoagulation.

Whereas a conservative strategy of using anticoagulation 
alone may delay needed intervention in patients at risk of 
decompensation, a strategy employing advanced interven-
tions widely across the IRPE group can place these patients 
at a higher bleeding risk. Given the low cause-specific mor-
tality and low rate of decompensation in the IRPE group, 
a conservative therapeutic strategy in this subgroup with 
anticoagulation alone is reasonable as it avoids exposing 
patients to the potential adverse effects of more aggressive 
interventions. Several institutions have formed PERTs over 
the last decade to bring together the expertise of a multi-
disciplinary team to aid in complex clinical decision mak-
ing and management of difficult cases. At the Mayo Clinic 
in Rochester, MN, we do not have a formal PERT. We do, 
however, have a strong culture of multi-disciplinary col-
laboration in patient care, especially in complex scenarios. 
Published experiences from institutions with PERTs do 
report an increase in advanced interventions and at least one 
institution reported a reduction in all-cause mortality [14]. 
The MAPPET 3 and PEITHO trials demonstrated reduction 
in all-cause mortality, but at the cost of increased stroke, 
extracranial, and intracranial bleeding [7, 23]. Potential 
mitigation of the bleeding risk was explored in MOPPET 
by using a lower dose of tissue plasminogen activator [8]. 
Whereas bleeding risk was lower, there was no significant 
difference in the individual outcomes of death and recur-
rent PE. All-cause mortality, however, can be an insensitive 
endpoint especially when examining a discrete and specific 
intervention such as thrombolysis/thrombectomy. The low 
rate of cause-specific mortality combined with high rate of 
comorbidity related mortality in this cohort creates pause 
when considering the benefit of PE-specific advanced inter-
ventions. Further assessment of risk factors leading to hemo-
dynamic decompensation and mortality could better inform 
clinicians to optimize and individualize advanced therapies 
for PE.

A strategy geared towards advanced interventions in the 
IRPE group may still be reasonable if other clinically rel-
evant outcomes could be positively influenced. Clinicians 
can then select from a range of therapies to individualize 
patient care. Some of these outcomes may include safety 
of intervention, residual dyspnea, RV dysfunction, clini-
cal decompensation from intermediate risk PE, post-PE 
syndrome, and chronic thromboembolic pulmonary hyper-
tension (CTEPH) [24]. Existing studies examining these 
outcomes have not supported widespread use of systemic 
thrombolysis and advanced interventions. Long term follow-
up of the PEITHO study found that thrombolytic treatment 
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did not affect long term residual dyspnea or RV dysfunction 
[9, 25]. Catheter directed thrombolytic strategies have to 
date examined only short term efficacy measures [26–28]. 
In the absence of significant PE specific mortality in the 
IRPE group, more studies exploring clinically meaningful 
outcomes of advanced interventions are needed.

This single-centered retrospective analysis has inherent 
limitations. The rate of autopsy examination was low and the 
determination of mortality attributable to PE was dependent 
largely on clinician determination. However, we believe this 
is a reasonable measure as the clinical picture of PE directly 
causing mortality is unambiguous. Of note, these data were 
obtained prior to the Coronavirus Disease 2019 (COVID-19) 
pandemic and may not necessarily apply to that population. 
However, given the overall high prevalence of PE, this study 
is still instructive when considering therapeutic options in 
non-COVID-19 patients. The rate of active malignancy was 
high in our cohort compared to the major prospective trials 
(36.8% vs. 6–15%), but similar to other major institutions 
reporting on their PERT experience [7, 8, 12, 23]. After the 
initial hospitalization, mortality was largely cancer related, 
suggesting PE in the setting of active malignancy is likely a 
poor prognostic factor. Further studies are needed to evalu-
ate this hypothesis. Specific risk factors to predict decom-
pensation in the intermediate risk group were unable to be 
identified in this study due to the low incidence. Likewise, 
the risks and benefits of catheter-based interventions could 
not be assessed due to their rare usage.

In summary, this study provides valuable insight into PE 
cause-specific mortality, which was found to be very low. 
The real world setting of our study can be more directly 
applicable to patients and can help inform clinicians and 
PERTs to have careful consideration of the types of out-
comes expected when using advanced therapies in the 
intermediate risk group. A conservative treatment strategy 
largely using anticoagulation alone resulted in a very low 
cause-specific mortality in this study. Larger cohorts are 
needed to further assess risk factors associated with mor-
tality and clinical decompensation in the intermediate risk 
group.
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