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Abstract

Background: Patent foramen ovale (PFO) may complicate acute
pulmonary embolism (PE) by enabling paradoxical embolism, but
its clinical impact remains unclear. We evaluated the characteristics,
management, and outcomes of patients hospitalized with PE with or
without PFO.

Methods: Using the National Inpatient Sample database, adult pa-
tients admitted with acute PE between 2016 and 2020 were identified
via ICD-10 codes. Patients were grouped based on whether they had
concomitant PFO. Clinical characteristics, advanced therapies, and
in-hospital outcomes were compared between patients with and with-
out PFO. Multivariable logistic regression analyses were adjusted for
demographics and comorbidities, with outcomes reported as adjusted
odds ratios (aORs) and 95% confidence intervals (ClIs).

Results: We identified 903,230 adult patients hospitalized with acute
PE, among whom 4,860 (0.54%) had a PFO. Patients with concomi-
tant PE and PFO were younger (59.4 £ 15.9 vs. 63 £+ 16.5 years, P
< 0.001) and presented with more severe clinical features, including
higher rates of saddle PE (17.7% vs. 9%, P < 0.001) and cor pulmo-
nale (17.9% vs. 8.3%, P < 0.001). They required significantly more
frequent interventions, such as catheter-directed thrombolysis (7.4%
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vs. 3.8%, P < 0.001). After multivariable adjustment, PFO presence
was associated with significantly increased odds of stroke (aOR 25.5,
95% CI 19.8 - 32.8; P < 0.001) and peripheral embolism (aOR 13.7,
95% CI110.5 - 18.0; P < 0.001) but not increased in-hospital mortality
(aOR 0.9, 95% C1 0.6 - 1.3; P=0.702).

Conclusion: In this nationwide study, PFO in patients with acute PE
was linked to greater clinical severity and more frequent advanced in-
terventions. Prospective studies are needed to define optimal screen-
ing strategies.

Keywords: Pulmonary embolism; Patent foramen ovale; Stroke;
Paradoxical embolism

Introduction

Pulmonary embolism (PE) is a significant cardiovascular con-
dition associated with high morbidity, mortality, and substan-
tial healthcare utilization [1, 2]. It represents the third most
common cause of cardiovascular-related deaths, affecting hun-
dreds of thousands of patients annually in the United States
[1]. In addition to acute complications such as hemodynamic
instability and death, PE can lead to long-term consequences,
including chronic thromboembolic pulmonary hypertension
(CTEPH) and recurrent thromboembolic events [3, 4]. Nota-
bly, a patent foramen ovale (PFO) - a persistent, congenital
opening between the right and left atria - can complicate the
clinical course of PE through the phenomenon of paradoxical
embolism [5]. The elevated right-sided heart pressures during
acute PE may facilitate right-to-left shunting through a PFO,
resulting in paradoxical arterial emboli, including ischemic
strokes, systemic embolization, and worsened hypoxemia [6].

Several retrospective, prospective, and meta-analytic stud-
ies have highlighted the clinical implications of a PFO in pa-
tients presenting with acute PE [7-10]. The presence of a PFO
has consistently been associated with a significantly increased
risk of stroke, systemic embolization, and higher short-term
mortality. However, the literature remains heterogeneous, par-
ticularly regarding the actual prevalence of PFO in large, na-
tionally representative populations and detailed characteriza-
tion of clinical features, management strategies, and associated
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outcomes in patients admitted with PE and concomitant PFO.
Importantly, existing large-scale studies predominantly focus
on PFO prevalence in stroke patients [10, 11], therapeutic in-
terventions for PE alone [12, 13], and therapeutic interventions
for PFO alone [14], and thus fail to adequately address the in-
tersection between PE and PFO at a population level.

To address this gap in the literature, we utilized the Na-
tional Inpatient Sample (NIS) to perform a comprehensive
analysis of adult patients admitted with acute PE. Specifically,
we aimed to assess the incidence and clinical characteristics
of patients diagnosed with PE who also had documented PFO.
Additionally, our study evaluates contemporary management
strategies utilized in this unique patient population, including
thrombolytic therapy. Given the significant clinical implica-
tions of concomitant PE and PFO, clarifying the epidemiology
and treatment patterns at the national level can provide valu-
able insights for clinicians and policymakers. It is, however,
important to acknowledge that the lack of systematic screening
inherently limits the identification of PFOs in administrative
datasets.

Materials and Methods

Data source

We identified patients from the 2016 to 2020 NIS. The NIS,
part of the Healthcare Cost and Utilization Project (HCUP),
which is managed by the Agency for Healthcare Research and
Quality, is a collaborative project involving federal, state, and
private sector entities. Each year, the NIS compiles administra-
tive claims data from approximately 7 million hospitalizations
from 47 states and the District of Columbia, covering 97% of
the US population. The NIS’s annual data aggregation enables
longitudinal analysis of disease patterns using trend weights
developed by HCUP [15]. This study involved the analysis of
de-identified data and was exempt from the institutional re-
view board’s approval. This study was conducted in compli-
ance with the ethical standards of the responsible institution on
human subjects as well as with the Helsinki Declaration.

Study population

ICD-10 codes were used to identify hospital encounters of pa-
tients admitted with acute PE. Patients were stratified accord-
ing to whether a concomitant diagnosis of PFO was present. A
list of ICD-10 diagnosis and procedure codes for identifying
the study population is provided in Supplementary Material
1 (cr.elmerpub.com). Baseline patient-level characteristics in-
cluded demographics (age, sex, primary expected payer, me-
dian household income for patient’s zip code) and relevant
comorbidities (smoking, hyperlipidemia, diabetes mellitus,
hypertension, atrial fibrillation, coronary artery disease, con-
gestive heart failure (CHF), renal failure, obesity, coagulopa-
thy, anemia, and metastatic cancer). Hospital-level charac-
teristics included bed size. We identified comorbidities using
the ICD-10 codes as shown in Supplementary Material 2 (cr.

elmerpub.com).

PE management therapies were defined as systemic
thrombolysis (ST), catheter-directed thrombolysis (CDT),
catheter-directed embolectomy (CDE), and surgical embolec-
tomy (SE). ICD-10 codes used to identify the comorbidities
and advanced PE therapies are included in Supplementary Ma-
terial 3 (cr.elmerpub.com).

Outcomes

The outcomes assessed included all-cause mortality, stroke,
peripheral embolism, and bleeding, including intracranial
hemorrhage (ICH), gastrointestinal (GI) bleeding, hematuria,
respiratory bleeding, and the need for blood transfusion. The
ICD-10 codes used to define these outcomes are listed in Sup-
plementary Material 4 (cr.elmerpub.com).

Statistical analysis

Weighted values of patient-level observations were used to
produce nationally representative estimates of the entire US
population of hospitalized patients. Continuous variables were
expressed as weighted mean + standard deviation, and cate-
gorical variables were expressed as frequencies and percent-
ages. Continuous variables were compared using the unpaired
Student’s #-test or Mann-Whitney U test. Chi-square or Fisher
exact testing was used to compare categorical variables as ap-
propriate. Univariable and multivariable logistic regression
was employed to estimate the odds of in-hospital outcomes.
Regression models were adjusted for demographics and all co-
morbidities listed in Supplementary Material 5 (cr.elmerpub.
com). Results of regression models were reported using odds
ratios (ORs) and 95% confidence intervals (Cls). A P-value
of less than 0.05 was considered statistically significant. Stata
version 18 (Stata Corp, College Station, TX) was utilized for
all statistical analyses.

Results

Overall, we identified 903,230 patients admitted with acute
PE. As shown in Supplementary Material 5 (cr.elmerpub.com),
patients admitted with PE and PFO were significantly younger
(59.4 £ 15.9 years vs. 63 + 16.5 years; P < 0.001) compared
to those with PE alone, although the proportion of females
was similar between groups (50.7% vs. 51.8%, P = 0.510).
Statistically significant differences were also noted in several
comorbidities: patients with PE and PFO had higher rates of
atrial fibrillation (18.7% vs. 16.2%, P = 0.030), CHF (28.8%
vs. 18.5%, P < 0.001), and anemia (9% vs. 6.4%, P = 0.001).
Conversely, the prevalence of renal failure (11% vs. 13.3%, P
=0.035) and metastatic cancer (4.5% vs. 7.8%, P <0.001) was
significantly lower in patients with PE and concomitant PFO.
Patients admitted with PE and PFO presented with sig-
nificantly sicker clinical profiles compared to those with PE
alone. Specifically, patients with PFO had substantially higher
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Table 1. Clinical Presentation in PE Patients With and Without PFO

PE only (N = 898,370) PE with PFO (N = 4,860) P-value
Saddle PE 81,135 (9) 860 (17.7) <0.001
Cor pulmonale 74,245 (8.3) 870 (17.9) <0.001
Shock 25,560 (2.9) 470 (9.7) <0.001
Progressive hypoxia 52,275 (5.8) 700 (14.4) <0.001
Pressors 7,385 (0.8) 170 (3.5) <0.001
PE with high-risk features 64,525 (7.2) 940 (19.3) <0.001

Values are expressed as mean + SD for continuous variables or percentages for categorical variables. PE: pulmonary embolism; PFO: patent fora-

men ovale; SD: standard deviation.

rates of saddle PE (17.7% vs. 9%, P < 0.001), cor pulmonale
(17.9% vs. 8.3%, P < 0.001), progressive hypoxia (14.4% vs.
5.8%, P<0.001), and requirement for pressors (3.5% vs. 0.8%,
P <0.001) (Table 1).

Similarly, patients with concomitant PE and PFO required
significantly higher utilization of advanced therapeutic inter-
ventions compared to those with PE alone (Table 2). Specifi-
cally, the use of ST (3.7% vs. 2.5%, P =0.010), SE (7.5% vs.
0.2%, P <0.001), CDT (7.4% vs. 3.8%, P <0.001), and CDE
(4.3% vs. 1.3%, P<0.001) were all significantly greater in the
PE with PFO group, emphasizing the increased severity and
complexity of management in these patients.

After adjusting for demographics and comorbidities, pa-
tients with concomitant PE and PFO demonstrated significant-
ly increased odds of stroke (adjusted OR 25.5, 95% CI 19.8
-32.8,P<0.001) and peripheral embolism (adjusted OR 13.7,
95% CI 10.5 - 18.0, P < 0.001) compared to patients with PE
alone. There was no significant difference in adjusted odds for
in-hospital mortality (adjusted OR 0.9, 95% CI1 0.6 - 1.3, P =
0.702) (Table 3).

Patients with PE and concomitant PFO had significantly
greater healthcare resource utilization, with higher adjust-
ed hospitalization costs ($30,723 + $57,305 vs. $12,008 +
$15,116, P<0.001) compared to those without PFO (Table 4).

Discussion

In this large nationwide analysis of 903,230 patients hospi-
talized with acute PE, patients with concomitant PFO were
significantly younger and exhibited distinct clinical charac-
teristics, including higher rates of atrial fibrillation and CHF.
Patients with PE and PFO presented with notably more severe

clinical manifestations, such as higher rates of cor pulmonale
and increased requirement for pressors. Correspondingly,
these patients required significantly greater use of advanced
therapeutic interventions, including ST and CDT. After ad-
justing for demographics and comorbidities, patients with
concomitant PE and PFO had significantly increased odds of
stroke and peripheral embolism, though there was no signifi-
cant difference in adjusted odds of in-hospital mortality (Fig.
1). The greater use of advanced therapeutic interventions and
higher healthcare resource utilization observed in PFO carriers
with PE are plausibly explained by the compounding effect of
systemic embolic complications on top of the hemodynamic
burden of acute PE.

Konstantinides et al performed a retrospective analysis in-
volving 139 patients admitted with acute PE, detecting PFO
in 35% of cases and demonstrating increased mortality and
systemic embolization in those with PFO [1]. While our study
similarly identified significantly increased risks of stroke and
peripheral embolism, we did not find significantly increased
adjusted in-hospital mortality among PE patients with PFO,
highlighting differences likely due to advancements in acute
PE management over the past two decades. Le Moigne et al
conducted a prospective cohort study involving 361 patients
hospitalized with acute PE, systematically evaluated for PFO.
The study reported a PFO prevalence of 13% and identified
significantly higher stroke rates in PE patients with PFO com-
pared to those without [9]. Similarly, Lucas et al conducted
a meta-analysis of eight studies totaling 1,197 PE patients,
reporting a pooled PFO prevalence of approximately 20-25%
and a significantly elevated risk of stroke among those with
PFO [7]. Our findings strongly align with these two, confirm-
ing increased stroke risk. Moreover, in our study, the degree of
underdiagnosis was notable, with only 0.5% of patients coded

Table 2. Advanced Therapies in PE Patients With and Without PFO

PE only (N = 898,370) PE with PFO (N = 4,860) P-value
Systemic thrombolysis 22,185 (2.5) 180 (3.7) 0.010
Catheter directed thrombolysis 34,380 (3.8) 360 (7.4) <0.001
Catheter directed embolectomy 12,000 (1.3) 210 (4.3) <0.001
Surgical embolectomy 1,445 (0.2) 365 (7.5) <0.001

Values are expressed as mean + SD for continuous variables or percentages for categorical variables. PE: pulmonary embolism; PFO: patent fora-

men ovale; SD: standard deviation.
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Table 3. In-Hospital Outcomes in PE Patients With and Without PFO

PE only (N = 898,370) PE with PFO (N = 4,860) P-value

In-hospital mortality

% 3.1% 5.8%

Unadjusted OR (95% CI) Ref. 1.8(1.5-2.5) <0.001

Adjusted OR (95% CI) Ref. 0.9 (0.6 - 1.3) 0.702
MI

% 3.6% 1.8%

Unadjusted OR (95% CI) Ref. 2(1.4-2.9) <0.001

Adjusted OR (95% CI) Ref. 1.6 (1.1-2.3) 0.02
Stroke

% 0.5% 13.5%

Unadjusted OR (95% CI) Ref. 30.4 (25-37) <0.001

Adjusted OR (95% CI) Ref. 25.5(19.8 - 32.8) <0.001
Peripheral embolism

% 0.6% 9.6%

Unadjusted OR (95% CI) Ref. 18.7 (15-23.4) <0.001

Adjusted OR (95% CI) Ref. 13.7 (10.5 - 18) <0.001
Bleeding

% 9.3% 16.7%

Unadjusted OR (95% CI) Ref. 1.9(1.6-2.3) <0.001

Adjusted OR (95% CI) Ref. 1.1 (0.9 - 1.3) 0.409

Adjusted for demographics, and all comorbidities listed in Table 1. Cl: confidence interval; MI: myocardial infarction; OR: odds ratio; PE: pulmonary

embolism; PFO: patent foramen ovale.

as having a PFO, implying that roughly one in four patients in
the comparison group likely harbored an undiagnosed PFO. As
a result, the presence of these “blind passengers” in the non-
PFO cohort would have diluted the differences in outcomes
between groups. It follows that, if PFOs were more accurately
identified, the adverse impact of PFO on embolic complica-
tions - particularly ischemic stroke - would likely have ap-
peared even more pronounced.

Our study, however, identified a notably lower prevalence
of PFO among patients with acute PE. This discrepancy may
reflect real-world clinical practice captured by the NIS, where
systematic evaluation for PFO is uncommon among patients
admitted with PE. Indeed, data from large registries, such as
the Registro Informatizado de la Enfermedad TromboEmboli-
ca (RIETE) registry, have shown that most patients with acute
PE do not routinely undergo dedicated screening for PFO, with
only a minority receiving targeted echocardiographic evalua-

Table 4. Resources Utilization

tion [16]. Consequently, our observed lower prevalence of PFO
may underscore the selective and often clinically driven ap-
proach to PFO assessment in routine clinical care, as opposed
to systematic screening protocols employed in prior studies. It
is important to acknowledge, however, that our reported preva-
lence of PFO may be underestimated due to potential under-
diagnosis or underreporting in the NIS database, which is a
known limitation associated with administrative data sources
[17, 18]. A critical consideration when interpreting our find-
ings is the potential underdiagnosis of PFOs among patients
with PE in the comparison group. In our analysis, only 0.5%
of PE hospitalizations were coded as having PFO, a markedly
lower prevalence than expected in the general population. This
discrepancy suggests that a substantial proportion of PFO car-
riers were misclassified as not having PFO, thereby diluting
the apparent differences in clinical outcomes between the two
groups.

PE without PFO PE with PFO P-value
LOS (days) 43 (3.4 -4.6) 7.4 (6.1 -8.9) <0.001
Total cost? ($) 12,008 = 15,116 30,723 + 57,305 <0.001
Total charge® ($) 49,677+ 70,313 126,355 + 238,335 <0.001

aAdjusted for inflation. Values are expressed as mean + SD and median (IQR). IQR: interquartile range; LOS: length of stay; PE: pulmonary embo-

lism; PFO: patent foramen ovale; SD: standard deviation.

502 Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™ | https://cr.elmerpub.com



Jabri et al

Cardiol Res. 2025;16(6):499-506

£

CHARACTERISTICS
National Inpatient

OF PATIENTS
Sample WITH PATENT FORAMEN
2016-2020 OVALE

t

Atrial Fibrillation

903,230 Patients 1
with Pulmonary Embolism
‘ Congestive Heart Failure

)

4,860 Patients with
Patent Foramen Ovale

Anemia

OUTCOMES IN PATIENTS ADMITTED WITH ACUTE
PULMONARY EMBOLISM AND PATENT FORAMEN OVALE

ADJUSTED ODDS RATIO
(95% CONFIDENCE
INTERVAL) OF IN-

CLINICAL PRESENTATION
OF PATIENTS WITH

PATENT FORAMEN HOSPITAL OUTCOMES
OVALE OF PATIENTS WITH PE
AND PFO
1 @ In-hospital
aY Mortality
g 0.9 (0.6-1.3)
Shock
>, . » Stroke
,/ 1 R 25.5 (19.8-32.8)

Progressive Hypoxia

o
. 1

Saddle Pulmonary Embolism

Peripheral
Embolism

13.7 (10.5-18.0)

i Major
i‘ & Bleeding
1.1 (0.9-1.3)

Figure 1. Clinical characteristics, severity of presentation, and in-hospital outcomes of patients admitted with acute pulmonary

embolism (PE) and concomitant patent foramen ovale (PFO).

Beyond its role in paradoxical embolism, a PFO may also
have broader implications for patients at risk of venous throm-
boembolism (VTE) [19]. A PFO constitutes a potential conduit
for paradoxical embolization in the event of a PE - an inher-
ently unpredictable event. Therefore, identifying and closing
a PFO in individuals with known risk factors for VTE could,
in theory, serve as a primary preventive measure to mitigate
catastrophic embolic complications should a PE occur [19].
While this concept remains speculative and lacks randomized
data, it underscores the importance of considering proactive
PFO detection in select high-risk populations.

Routine screening for PFO among all patients presenting
with acute PE remains controversial, largely due to a lack of
clear evidence that universal screening improves clinical out-
comes. Current guidelines, including the European Society
of Cardiology, recommend a selective and symptom-driven
approach [20, 21]. Although major US societies, including
American College of Cardiology/American Heart Association
and the American Thoracic Society, provide detailed guidance

on the management of acute PE, none specifically address
whether or how to screen for or manage a concomitant PFO
in PE patients, thereby underscoring the paucity of directed
recommendations in this scenario and the need for individual-
ized multidisciplinary decision-making. Our study identified
a significant association between the presence of PFO and
more severe clinical presentations among patients with acute
PE; however, the precise nature of this relationship remains
uncertain. It is unclear whether the presence of a PFO inher-
ently places patients with PE at a higher clinical risk, possibly
due to mechanisms such as paradoxical embolism and right-to-
left shunting [22, 23], or whether this association was detected
primarily because sicker patients were more likely to undergo
comprehensive diagnostic evaluations, including echocardiog-
raphy. Furthermore, pulmonary hypertension and cor pulmo-
nale plausibly amplify the clinical impact of a PFO in acute PE
by increasing right-to-left shunting duration and magnitude;
however, these states are manifestations of PE severity rather
than consequences of a PFO, and prior studies demonstrate
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a consistent increase in ischemic stroke with PFO but do not
show a reproducible increase in hemodynamic severity per se
[22, 24, 25]. Apparent associations between PFO and cor pul-
monale/saddle PE in large administrative cohorts, such as in
this study, may reflect ascertainment bias (sicker patients un-
dergo echocardiography and PFO screening), underdetection
of PFO in comparators, and residual confounding rather than
a direct causal link. Therefore, our findings should be consid-
ered hypothesis-generating, and further prospective studies are
needed to better delineate this relationship and inform optimal
screening and management strategies.

Study limitations

This study has several important limitations. First, due to the
administrative nature of the NIS, our findings rely on diag-
nostic and procedural codes, which are susceptible to coding
errors, misclassification, and inaccuracies at the data collec-
tion sites, without the ability for independent adjudication
or verification. Second, because the NIS records diagnoses
at hospital discharge rather than upon admission, we cannot
definitively determine whether PE was present on admis-
sion or developed subsequently during hospitalization. Third,
the NIS lacks granular procedural details, such as the dura-
tion of catheter-directed interventions, the thrombolytic doses
administered, the specific devices utilized, and the discharge
medication regimens. Additionally, certain associations - such
as the higher frequency of saddle pulmonary emboli and the
lower prevalence of renal insufficiency or metastatic disease
among PFO carriers - lack clear mechanistic explanations and
likely reflect unmeasured confounding, a limitation inherent
to administrative datasets that preclude detailed physiologic
or imaging correlation. The observed co-occurrence of PFO
with cor pulmonale/saddle PE should be interpreted cau-
tiously, given verification bias (PFO sought in sicker patients),
under-ascertainment of PFO in controls, and the absence of
physiologic/imaging detail in administrative data needed to
disentangle causality from severity confounding. Fourth, we
were unable to assess long-term clinical outcomes, as the NIS
database only includes inpatient hospitalization data. Fourth,
the absence of detailed diagnostic imaging results and cardiac
biomarkers in the NIS prevented us from accurately stratifying
our patient population into the traditionally defined intermedi-
ate and high-risk PE categories. Finally, our study is limited
by potential misclassification bias due to underdiagnosis of
PFO in the NIS. Only 0.5% of patients hospitalized with PE
were identified as having PFO, whereas the true prevalence in
the general population approaches 25%. Consequently, many
patients in the comparator group probably harbored an unrec-
ognized PFO, which may have attenuated the differences in
outcomes observed between groups. Similarly, among patients
with a documented PFO, 95 had procedural codes indicating
PFO closure; however, because of the NIS dataset’s structure,
it is not possible to determine whether these closures occurred
during the index hospitalization or before admission, which
limits the ability to distinguish active from previously treated
PFO cases.

Conclusion

In this large, nationwide analysis utilizing the NIS, we found
that patients admitted with acute PE and concomitant PFO
present with more severe clinical profiles, require increased
utilization of advanced therapeutic interventions, and incur
significantly greater healthcare resource utilization. While the
presence of PFO was strongly associated with increased odds
of stroke and peripheral embolism, there was no significant
difference in adjusted in-hospital mortality. These findings
highlight the importance of clinical vigilance for potential
paradoxical embolic events in this patient subgroup. How-
ever, given the limitations inherent in administrative datasets,
further prospective studies are necessary to confirm these as-
sociations and determine optimal screening and management
strategies in patients with acute PE and suspected PFO.

Supplementary Material

Suppl 1. International Classification of Diseases Tenth Edition
Codes (ICD-10) used to identify patients with acute PE and
severity of illness.

Suppl 2. International Classification of Diseases Tenth Edition
Codes (ICD-10) used to identify comorbidities.

Suppl 3. International Classification of Diseases Tenth Edition
Codes (ICD-10) used to identify therapy for acute PE.

Suppl 4. International Classification of Diseases Tenth Edition
Codes (ICD-10) used to identify outcomes.

Suppl 5. Baseline characteristics in PE patients with and with-
out PFO.
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