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Abstract: Background: Ischemic stroke is the second, and pulmonary embolism (PE) is the third
most common cardiovascular cause of death after myocardial infarction. Data regarding risk factors
for ischemic stroke in patients with acute PE are limited. Methods: Patients were selected by
screening the German nationwide in-patient sample for PE (ICD-code I26) and were stratified by
ischemic stroke (ICD code I63) and compared. Results: The nationwide in-patient sample comprised
346,586 hospitalized PE patients (53.3% females) in Germany from 2011 to 2014; among these,
6704 (1.9%) patients had additionally an ischemic stroke. PE patients with ischemic stroke had a
higher in-hospital mortality rate than those without (28.9% vs. 14.5%, p < 0.001). Ischemic stroke
was independently associated with in-hospital death (OR 2.424, 95%CI 2.278–2.579, p < 0.001). Deep
venous thrombosis and/or thrombophlebitis (DVT) combined with heart septal defect (OR 24.714
[95%CI 20.693–29.517], p < 0.001) as well as atrial fibrillation/flutter (OR 2.060 [95%CI 1.943–2.183],
p < 0.001) were independent risk factors for stroke in PE patients. Systemic thrombolysis was
associated with a better survival in PE patients with ischemic thrombolysis who underwent cardio-
pulmonary resuscitation (CPR, OR 0.55 [95%CI 0.36–0.84], p = 0.006). Conclusions: Ischemic stroke
did negatively affect the survival of PE. Combination of DVT and heart septal defect and atrial
fibrillation/flutter were strong and independent risk factors for ischemic stroke in PE patients. In PE
patients with ischemic stroke, who had to underwent CPR, systemic thrombolysis was associated
with improved survival.

Keywords: systemic thrombolysis; mortality; ischemic stroke; pulmonary embolism

1. Introduction

Pulmonary embolism (PE) and ischemic stroke are acute and life-threatening cardio-
vascular emergency events related to high morbidity and mortality [1–8]. While the annual
incidence of PE inclined in the past decades to 109 per 100,000 in Germany during the
year 2015 in the light of decreasing case fatality [3,9–11], the absolute annual numbers
of incident strokes increased by 70% from 1990 to 2019, and the global age-standardized
incidence rate of ischemic stroke is projected to increase to 89 per 100,000 population by
2030 worldwide [12–14].

PE is caused by an acute embolization in the pulmonary artery bed affecting pul-
monary circulation driven by the vascular occlusion, which impairs gas exchange and
circulation properties [3,11], whereas in ischemic stroke, the occlusion of an intracranial
or neck blood vessel is the initiating event that in most cases impairs blood flow to a
portion of the brain, resulting in infarction of brain tissue [15,16]. Ischemic stroke is the
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second, and PE is the third most common cardiovascular cause of death after myocardial
infarction [3,10,16,17]. Mortality caused by PE is closely related to patients’ hemodynamic
status, cardiac involvement, including right ventricular dysfunction (RVD) and/or myocar-
dial injury, as well as patients’ individual comorbidity profile [2–4,6,18–24]. In ischemic
stroke, coma and cerebral edema, as well as heart failure and advanced age, appeared to be
associated with poor short-term outcomes [25,26].

In this context, it is important to note that PE-related deaths account for approxi-
mately 20–25% of the early deaths in stroke patients [27]. Without prophylaxis for venous
thromboembolism (VTE), approximately 75% of the stroke patients with hemiplegia might
develop a deep venous thrombosis and 20% of these patients an acute PE, which is fatal in
1–2% of the patients [27]. Notably, the risk of the occurrence of deep venous thrombosis
is strongly related to the degree of paralysis with predilection in the paralyzed leg [28,29].
It is well known that approximately half of clinically evident PE events following stroke
manifest as sudden death [30,31] and the majority of these patients had no clinical evidence
of deep venous thrombosis [7,30]. As aforementioned, both cardiovascular diseases (PE
and ischemic stroke) are life-threatening events if they occur singularly without influence
of the other entity and share in part the pathomechanism of a blot clot occlude an artery
to an essential vital organ. It has to be expected that a combination of both acute events
compromising the perfusion of two vital essential organs is accompanied by a largely
aggravated risk of death. Although studies report an incidence of acute ischemic stroke
after a PE ranging between 1 and 10%, concomitant ischemic stroke directly after acute PE
in the acute phase of PE is infrequent [32]. Data regarding the impact of ischemic stroke
on the outcome of acute PE and risk factors for ischemic stroke in patients with acute PE
are very sparse [32,33]. Thus, the objective of our study was to identify risk factors for
ischemic stroke in PE patients, evaluate the influence of ischemic stroke on the survival of
PE patients, and also to investigate the effect of systemic thrombolysis on survival in PE
patients with a co-prevalence of PE and ischemic stroke.

2. Methods and Patients

For our analysis, we selected all in-patients diagnosed with acute PE (ICD code I26)
in the German nationwide in-patient sample stratified for ischemic stroke (ICD code I63)
during the years 2011 and 2014. In Germany, patients’ diagnoses must be coded from all hos-
pitals according to ICD-10-GM (International Classification of Diseases, 10th Revision with
German Modification) to obtain remuneration for the rendered services/efforts, whereas
surgical, diagnostical, and/or interventional procedures have to be coded according to
OPS codes (Operationen- und Prozedurenschlüssel). DRG diagnoses of in-patients are col-
lected and evaluated by the Federal Statistical Office of Germany (Statistisches Bundesamt).
PE patients of all ages were included in the analysis without exclusion (source: RDC of
the Federal Statistical Office and the Statistical Offices of the Federal States, DRG Statis-
tics 2011–2014, own calculations). Clinical patient characteristics of each patient are also
coded in the German nationwide in-patient sample and were assessed by us. Thus, these
data allow us to characterize the comorbid burden of the patients (Table 1 illustrates the
patient characteristics).

2.1. Study Outcomes

The primary outcome of this study was all-cause death during in-hospital stay (in-
hospital death). We focused on in-hospital survival as a primary outcome since most
treatment studies use the case-fatality rate singularly as an important central outcome.
Especially regarding the benefit of the reperfusion treatment of systemic lysis in these
patients, all-cause death during in-hospital stay (in-hospital death) was assessed as the
key outcome parameter. The secondary outcome was defined as the combined adverse in-
hospital outcome (comprising all-cause in-hospital death, mechanical ventilation, or cardio-
pulmonary resuscitation), as most risk stratification studies use such a combined outcome to
prove risk stratification markers. The overlapping of the primary and secondary outcomes
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is necessary because of the different foci of these outcomes to generate a comparability to
previously published study results.

2.2. Ethical Aspects and Study Oversight

Because this study did not involve direct access by the investigators (us) to data on
individual patients but only access to summary results provided by the Research Data
Center, approval by an ethics committee and informed consent were not required, in
accordance with German law.

2.2.1. Definitions

Adverse in-hospital events were defined as a composite of all-cause in-hospital
death, the need for mechanical ventilation, and/or cardio-pulmonary resuscitation (CPR).
Chronic lung diseases comprised bronchial asthma, chronic obstructive lung disease,
pulmonary arterial hypertension, and interstitial lung diseases. Renal insufficiency in-
cluded diagnosis of all renal insufficiency stages. Coagulation abnormalities comprised
coagulopathies, hemophilia, purpura, and bleeding diathesis consisting of disseminated
intravascular coagulation.

2.2.2. Statistics

Descriptive statistics for the relevant comparisons regarding the patients’ characteris-
tics of 1st) PE with additional ischemic stroke vs. PE without ischemic stroke as well as
2nd) in PE patients with additional stroke comparing survivors vs. non-survivors were
provided with median and interquartile range (IQR), or absolute numbers and correspond-
ing percentages. Continuous variables were compared using the Wilcoxon–Whitney U test
and categorical variables with Fisher’s exact or chi2 test, as appropriate.

Univariate and multivariate logistic regression models were calculated to identify
(I) risk factors for ischemic stroke in PE patients, (II) predictors for in-hospital case-fatality
in patients suffering from both PE and ischemic stroke, and (III) the impact of systemic
thrombolysis on the survival of PE patients with additional ischemic stroke. We calculated
the multivariate regression models with different adjustments to examine whether the
significant associations, which were detected in univariate regressions, remained significant
after adjustment for the additional parameters. The multivariate regressions were calculated
with all the parameters in one model. Results were presented as odds ratios (OR) and 95%
confidence intervals (CI).

We calculated Cox regression models for survival analysis related to in-hospital stay,
comparing (I) PE patients with ischemic stroke vs. those without ischemic stroke and
(II) PE patients with additional ischemic stroke, PE patients with co-prevalence of ischemic
stroke stratified for atrial fibrillation/flutter (AF).

In PE patients with ischemic stroke aged ≥ 18 years (after exclusion of those patients
with surgical thrombectomy), we compared the in-hospital mortality between the sub-
groups with and without treatment of systemic thrombolysis in all patients as well as in
those patients with additional CPR only.

The software SPSS® (version 20.0; SPSS Inc., Chicago, IL, USA) was used for the
computerized analysis. Only p-values of <0.05 (two-sided) were statistically significant.

3. Results

The German nationwide in-patient sample comprised 346,586 hospitalized patients
(53.3% females) with acute PE in Germany in the years 2011–2014. Among these, 6704 (1.9%)
patients were additionally diagnosed with ischemic stroke. In total, 51,296 PE patients
died during hospitalization (14.8%). The case-fatality rate was higher in PE patients with
ischemic stroke than in those without ischemic stroke (28.9% vs. 14.5%, p < 0.001) (Table 1).
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Table 1. Patients’ characteristics, medical history, presentation, treatments, and adverse in-hospital
events of the 346,586 PE patients (ICD I26) stratified according to additional diagnosis of ischemic
stroke (ICD I63).

Parameters
PE Patients with
Ischemic Stroke
(n = 6704; 1.9%)

PE Patients without
Ischemic Stroke

(n = 339,882; 98.1%)
p-Value

Age 73.0 (63.0–81.0) 72.0 (60.0–80.0) <0.001

Age ≥ 18 years 6698 (99.9%) 339,191 (99.8%) 0.038

Gender (Females) 3598 (53.7%) 181,201 (53.3%) 0.564

In-hospital stay (days) 18 (9–29) 6 (9–15) <0.001

Obesity 579 (8.6%) 29,349 (8.6%) 0.996

VTE risk factors

Surgery during in-hospital stay 4832 (72.1%) 172,485 (50.7%) <0.001

Cancer 1113 (16.6%) 68,017 (20.0%) <0.001

Comorbidities

Chronic (left) heart failure 1597 (23.8%) 74,067 (21.8%) <0.001

Chronic lung disease 1516 (22.6%) 64,830 (19.1%) <0.001

Arterial hypertension 3627 (54.1%) 152,073 (44.7%) <0.001

Renal insufficiency 1642 (24.5%) 73,163 (21.5%) <0.001

Diabetes mellitus (type 2 diabetes) 1710 (25.5%) 63,657 (18.7%) <0.001

Deep venous thrombosis or thrombophlebitis 1605 (23.9%) 124,872 (36.7%) <0.001

Coagulation abnormalities 1054 (15.7%) 32,319 (9.5%) <0.001

Heart septal defect 534 (8.0%) 1178 (0.3%) <0.001

Atrial fibrillation/flutter 2067 (30.8%) 51,026 (15.0%) <0.001

Combination of DVT and heart septal defect 221 (3.3%) 385 (0.1%) <0.001

Risk stratification

Tachycardia 226 (3.4%) 6144 (1.8%) <0.001

Syncope 112 (1.7%) 7838 (2.3%) 0.001

Shock 506 (7.5%) 13,449 (4.0%) <0.001

Myocardial Injury 393 (5.9%) 7549 (2.2%) <0.001

RV dysfunction 1991 (29.7%) 92,812 (27.3%) <0.001

Adverse events and treatments during the in-hospital stay after acute PE

Adverse in-hospital outcome (comprising
all-cause in-hospital death, mechanical
ventilation, or cardio-pulmonary resuscitation)

3045 (45.4%) 69,556 (20.5%) <0.001

Cardio-pulmonary resuscitation 731 (10.9%) 22,313 (6.6%) <0.001

Mechanical ventilation 1876 (28.0%) 37,982 (11.2%) <0.001

All cause in-hospital death 1938 (28.9%) 49,358 (14.5%) <0.001

Systemic thrombolysis 795 (11.9%) 14,740 (4.3%) <0.001

Surgical embolectomy of PE thrombus 18 (0.3%) 468 (0.1%) 0.005

Transfusion of blood constituents 1467 (21.9%) 39,479 (11.6%) <0.001

Abbreviations: VTE indicates venous thromboembolism, which comprises the two VTE entities of pulmonary
embolism and deep venous thrombosis; RV, right ventricular. p-values of <0.05 (two-sided) mark statistically
significant values.



J. Clin. Med. 2024, 13, 2730 5 of 16

3.1. Comparison of the Characteristics of PE Patients with and without Ischemic Stroke

PE patients with ischemic stroke were older and underwent more surgery during
in-hospital stays compared to those without ischemic stroke (Table 1). In contrast, can-
cer was more frequently found in PE patients without stroke. All investigated relevant
comorbidities such as chronic heart and renal failure, as well as chronic lung disease and
AF, were more prevalent in PE patients with ischemic stroke. Noteworthy, coagulation
abnormalities were distinctly more often detected in PE patients with ischemic stroke than
without (15.7% vs. 9.5%, p < 0.001) (Table 1). In summary, regarding typical VTE risk factors,
surgery, coagulation abnormalities, and heart failure, but not cancer, were more often seen
in PE patients with ischemic stroke. Heart septal defects with and without detected deep
venous thrombosis and/or thrombophlebitis (DVT)—as a possible cause of paradoxical
embolism—were more often identified in PE patients with ischemic stroke.

PE patients with ischemic stroke showed more frequently signs of hemodynamic
compromise, such as RVD, tachycardia, myocardial injury, as well as shock, whereas
syncope was less common in these patients.

While the proportion of hereditary factors such as coagulation abnormalities and heart
septal defects decreased over the time, the prevalence of established cardiovascular risk
factors and comorbidities increased with growing age, as expected (Figure 1A).
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Figure 1. Risk factors, comorbidities, risk stratification markers, systemic thrombolysis, and adverse
events in stroke with additionally diagnosed PE stratified by age groups. (A) Risk factors and
comorbidities stratified by age groups. (B) Risk stratification markers, systemic thrombolysis, and
adverse events stratified by age groups.

PE patients with ischemic stroke exhibited a risk ratio (RR) of 2.2 times for the sec-
ondary outcome (combined adverse in-hospital outcome), were 1.7 times more likely to
undergo CPR, had a prolonged in-hospital stay, and faced a 2.0-fold increased risk for
in-hospital case-fatality in comparison to PE patients without ischemic stroke (primary
outcome of the study). Systemic thrombolysis was 2.8-fold (RR) more often administered
in PE patients with ischemic stroke compared to those without (Table 1). The percentage
of adverse events during the in-hospital phase decreased markedly with increasing age
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(Figure 1B). PE patients with ischemic stroke had a more than 24-fold prevalence of heart
septal defect and a more than 2-fold prevalence of AF, independently of other factors
(Table 2). The combination of DVT and heart septal defect was independently associated
with ischemic stroke in PE patients (OR 24.714 [95%CI 20.693–29.517], p < 0.001). Increasing
age (OR 1.005 [95%CI 1.003–1.007], p < 0.001), surgery (OR 1.686 [95%CI 1.590–1.789],
p < 0.001), arterial hypertension (OR 1.259 [95%CI 1.196–1.325], p < 0.001), diabetes mel-
litus type 2 (OR 1.233 [95%CI 1.114–1.364], p < 0.001), as well as AF (OR 2.060 [95%CI
1.943–2.183], p < 0.001) were independent risk factors for ischemic stroke in PE patients
(Table 2).

Table 2. Factors associating with ischemic stroke event in PE patients (n = 346,586; among these, 6704
[1.9%] patients were additionally diagnosed with ischemic stroke).

Uni-Variate Regression Model Multi-Variate Regression Model

Parameters OR (95%CI) p-Value OR (95%CI) p-Value

Age 1.009 (1.007–1.011) <0.001 1.005 (1.003–1.007) <0.001

Gender (Females) 1.014 (0.966–1.065) 0.564 1.037 (0.986–1.091) 0.158

Obesity 1.000 (0.918–1.090) 0.996 0.775 (0.708–0.848) <0.001

VTE risk factors

Surgery during in-hospital
stay 2.505 (2.374–2.643) <0.001 1.686 (1.590–1.789) <0.001

Cancer 0.796 (0.746–0.849) <0.001 0.654 (0.611–0.699) <0.001

Comorbidities

Chronic (left)
heart failure 1.122 (1.060–1.188) <0.001 0.716 (0.672–0.763) <0.001

Chronic lung disease 1.240 (1.170–1.314) <0.001 1.031 (0.970–1.095) 0.330

Arterial hypertension 1.456 (1.387–1.528) <0.001 1.259 (1.196–1.325) <0.001

Renal insufficiency 1.183 (1.118–1.251) <0.001 0.789 (0.742–0.840) <0.001

Diabetes mellitus
(type 2 diabetes) 1.486 (1.405–1.571) <0.001 1.233 (1.114–1.364) <0.001

Coagulation abnormalities 1.775 (1.661–1.898) <0.001 1.018 (0.946–1.096) 0.632

Atrial fibrillation/flutter 2.523 (2.394–2.660) <0.001 2.060 (1.943–2.183) <0.001

Combination of DVT and
heart septal defect 30.060 (25.431–35.532) <0.001 24.714 (20.693–29.517) <0.001

Risk stratification
parameters

Tachycardia 1.895 (1.656–2.169) <0.001 1.184 (1.028–1.364) 0.019

Shock 1.982 (1.807–2.173) <0.001 1.233 (1.114–1.364) <0.001

Myocardial injury 2.741 (2.470–3.043) <0.001 1.996 (1.789–2.226) <0.001

RV dysfunction 1.125 (1.067–1.186) <0.001 1.077 (1.019–1.139) 0.009

The multi-variable regression model was calculated with all variables in one model (additionally adjusted for
length of in-hospital stay and rheumatic diseases [comprised rheumatoid arthritis, Wegener’s granulomatosis,
and systemic lupus erythematosus] and in-hospital stay). Abbreviations: RV indicates right ventricular. p-values
of <0.05 mark statistically significant values.

PE patients with ischemic stroke events had a 2.4-fold higher risk of dying during their
in-hospital stay in comparison to acute PE patients without ischemic stroke (univariate anal-
ysis: OR 2.393, 95%CI 2.268–2.525, p < 0.001). This result remained stable after adjustment
for age and sex (OR 2.335, 95%CI 2.211–2.466, p < 0.001) as well as additional adjustment
for the comorbidities/conditions of obesity, surgery, cancer, heart failure, chronic lung dis-
ease, arterial hypertension, renal insufficiency, diabetes mellitus type 2, DVT, coagulation
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abnormalities, heart septal defect, AF, tachycardia, shock, myocardial injury, and RVD (OR
2.424, 95%CI 2.278–2.579, p < 0.001).

In the crude Cox regression model, ischemic stroke in PE patients had a significant
influence on in-hospital survival (HR 1.218, 95%CI 1.164–1.275, p < 0.001) related to the
days of in-hospital stay. After adjustment for age and gender (HR 1.221, 95%CI 1.166–1.278,
p < 0.001) as well as for age, gender, and the comorbidities/conditions of obesity, surgery,
cancer, heart failure, chronic lung disease, arterial hypertension, renal insufficiency, diabetes
mellitus type 2, DVT, coagulation abnormalities, heart septal defect, AF, tachycardia, shock,
myocardial injury, and RVD (HR 1.313, 95%CI 1.254–1.375, p < 0.001), the result remained
stable (Figure 2).
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by the comorbidity of atrial fibrillation/flutter related to the in-hospital stay (blue line: patients
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3.2. Predictors of In-Hospital Death in PE Patients with Ischemic Stroke

Results about the comparison of deceased PE patients with ischemic stroke vs. PE
patients with ischemic stroke, who survived, showed that non-survivors were, on average,
2 years older, less often obese, but had more often chronic diseases such as chronic heart
and renal failure, chronic lung diseases, cancer, and coagulation abnormalities (Table 3).
Surgery as a typical VTE risk factor was less prevalent in non-survivors. While AF as a
source of cardioembolic stroke was more often diagnosed in deceased PE patients with
ischemic stroke, heart septal defect as well as DVT as a cause of paradoxical embolism
were both singularly as well as in co-prevalence less frequently observed in non-survivors.
Remarkably, patients with arterial hypertension showed a lower case-fatality rate (Table 3).
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Table 3. Baseline characteristics, medical history, and presentation of the 6704 PE patients with
additional diagnosis of ischemic stroke stratified according in-hospital mortality.

Parameters

PE Patients with Stroke,
Who Died
In-Hospital
(n = 1938; 28.9%)

PE Patients with Stroke, Who
Were Discharged Alive
(n = 4766; 71.1%)

p-Value

Age 75.0 (65.0–82.0) 73.0 (62.0–80.0) <0.001

Gender (females) 1018 (52.5%) 2580 (54.1%) 0.232

In-hospital stay (days) 10 (4–20) 20 (12–33) <0.001

Obesity 130 (6.7%) 449 (9.4%) <0.001

VTE risk factors

Surgery during in-hospital stay 1196 (24.8%) 3636 (75.2%) <0.001

Cancer 419 (21.6%) 694 (14.6%) <0.001

Comorbidities

Chronic (left) heart failure 524 (27.0%) 1073 (22.5%) <0.001

Chronic lung disease 471 (24.3%) 1045 (21.9%) 0.035

Arterial hypertension 929 (47.9%) 2698 (56.6%) <0.001

Renal insufficiency 625 (32.2%) 1017 (21.3%) <0.001

Diabetes mellitus (type 2 diabetes) 525 (27.1%) 1185 (24.9%) 0.058

Deep venous thrombosis or thrombophlebitis 322 (16.6%) 1283 (26.9%) <0.001

Coagulation abnormalities 372 (19.2%) 682 (14.3%) <0.001

Heart septal defect 60 (3.2%) 474 (9.9%) <0.001

Atrial fibrillation/flutter 652 (33.6%) 1415 (29.7%) 0.001

Combination of DVT and heart septal defect 16 (0.8%) 205 (4.3%) <0.001

Risk stratification

Tachycardia 85 (4.4%) 141 (3.0%) 0.003

Syncope 24 (1.2%) 88 (1.8%) 0.078

Shock 303 (15.6%) 203 (4.3%) <0.001

Myocardial injury 167 (8.6%) 226 (4.7%) <0.001

RV dysfunction 874 (45.1%) 1117 (23.4%) <0.001

Abbreviations: VTE indicates venous thromboembolism, which comprises the two VTE entities of pulmonary
embolism and deep venous thrombosis; RV, right ventricular. p-values of <0.05 (two-sided) mark statistically
significant values.

As expected, markers corresponding to hemodynamic compromise, such as tachycar-
dia, RVD, myocardial injury, and shock, were all more prevalent in non-survivors (Table 3).

Independent predictors for in-hospital case-fatality in the group of PE patients with
ischemic stroke, which were calculated with an OR of >1.5, were cancer, renal insufficiency,
coagulation abnormalities, shock, and myocardial injury and RVD (Table 4). Remarkably,
cardio-embolic stroke as ischemic stroke in PE patients with additional AF is also a strong
and independent predictor for in-hospital case-fatality (OR 1.238 [95%CI 1.083–1.414],
p = 0.002) (Table 4).
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Table 4. Predictors of in-hospital death in PE patients with additionally diagnosed ischemic stroke
(n = 6704; among these, 1938 [28.9%] patients died in-hospital).

Uni-Variate Regression Model Multi-Variate Regression Model

Parameters OR (95%CI) p-Value OR (95%CI) p-Value

Age 1.013 (1.009–1.017) <0.001 1.011 (1.006–1.016) <0.001

Gender (females) 0.938 (0.843–1.042) 0.232 0.858 (0.760–0.969) 0.014

Obesity 0.691 (0.564–0.847) <0.001 0.772 (0.613–0.973) 0.028

VTE risk factors

Surgery during in-hospital stay 0.501 (0.447–0.561) <0.001 0.760 (0.663–0.873) <0.001

Cancer 1.618 (1.414–1.852) <0.001 2.275 (1.947–2.659) <0.001

Comorbidities

Chronic (left) heart failure 1.275 (1.130–1.440) <0.001 0.941 (0.814–1.087) 0.409

Chronic lung diseases 1.143 (1.009–1.295) 0.035 1.224 (1.063–1.411) 0.005

Arterial hypertension 0.706 (0.635–0.785) <0.001 0.722 (0.640–0.816) <0.001

Renal insufficiency 1.755 (1.560–1.974) <0.001 1.558 (1.356–1.790) <0.001

Diabetes mellitus (type 2 diabetes) 1.123 (0.996–1.266) <0.001 1.265 (1.103–1.452) 0.001

Coagulation abnormalities 1.423 (1.238–1.635) <0.001 1.676 (1.415–1.986) <0.001

Atrial fibrillation/flutter 1.201 (1.073–1.344) 0.001 1.238 (1.083–1.414) 0.002

Combination of DVT and heart
septal defect 0.185 (0.111–0.309) <0.001 0.178 (0.101–0.312) <0.001

Risk stratification parameters

Tachycardia 1.505 (1.143–1.980) 0.004 1.374 (0.997–1.894) 0.052

Shock 4.166 (3.457–5.020) <0.001 4.218 (3.362–5.293) <0.001

Myocardial injury 1.894 (1.539–2.331) <0.001 1.687 (1.333–2.135) <0.001

RV dysfunction 2.683 (2.400–3.001) <0.001 2.518 (2.220–2.857) <0.001

The multi-variate regression model was calculated with all variables in one model (additionally adjusted for
length of in-hospital stay and rheumatic diseases [comprised rheumatoid arthritis, Wegener’s granulomatosis,
and systemic lupus erythematosus] and in-hospital stay). Abbreviations: RV indicates right ventricular. p-values
of <0.05 mark statistically significant values.

PE patients with ischemic stroke with an additional AF had a poorer prognosis with a
higher case-fatality rate (HR 1.342, 95%CI 1.314–1.369, p < 0.001) related to the in-hospital
stay in the computed Cox regression model. After adjustment for age and gender (HR 1.113,
95%CI 1.090–1.136, p < 0.001), the result remained stable, but not after additional adjustment
for the comorbidities/conditions of obesity, surgery, cancer, heart failure, chronic lung
disease, arterial hypertension, renal insufficiency, diabetes mellitus type 2, DVT, coagulation
abnormalities, heart septal defect, tachycardia, shock, myocardial injury, and RVD (HR
0.998, 95%CI 0.976–1.020, p = 0.836) (Figure 2). Female sex, obesity, surgery during in-
hospital stay, arterial hypertension, and DVT in combination with a heart septal defect
were accompanied by a higher chance of survival (Table 3).

3.3. The Impact of Systemic Thrombolysis on In-Hospital Case-Fatality Rate

When focusing on 6680 PE patients with ischemic stroke aged ≥ 18 years (and after
exclusion of patients with surgical thrombectomy), only 792 (11.9%) patients were treated
with systemic thrombolysis. The in-hospital case-fatality rate was higher in patients treated
with systemic thrombolysis compared to those without this treatment (35.5% vs. 27.9%,
p < 0.001) when the analysis was performed for all patients regardless of hemodynamic
compromise. This finding was confirmed in the logistic regression (OR 1.418, 95%CI
1.213–1.658, p < 0.001) in an univariate regression model, but interestingly, after adjustment
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for age, gender, in-hospital stay, obesity, surgery during hospitalization, cancer, heart
failure, chronic lung disease, arterial hypertension, renal insufficiency, diabetes mellitus
type 2, rheumatic diseases, DVT, tachycardia, shock, RVD, myocardial injury, coagulation
abnormalities, and heart septal defect (OR 1.112, 95%CI 0.925–1.336, p = 0.259), this result
was no longer significant.

In contrast, when narrowing the focus on the subgroup of 723 PE patients with
ischemic stroke aged ≥ 18 years (excluding patients with surgical embolectomy) who
underwent CPR, overall 226 (31.3%) were treated with systemic thrombolysis. The in-
hospital case-fatality rate was slightly lower in patients treated with systemic thrombolysis
compared to those without this treatment (66.4% vs. 69.8%, p = 0.354). Although systemic
thrombolysis was not associated with a beneficial impact on survival in the univariate
regression (OR 0.853, 95%CI 0.610–1.194, p = 0.354), after adjustment for age, gender, length
of in-hospital stay, obesity, surgery during hospitalization, cancer, heart failure, chronic
lung disease, arterial hypertension, renal insufficiency, diabetes mellitus type 2, rheumatic
diseases, DVT, tachycardia, shock, RVD, myocardial injury, coagulation abnormalities,
and heart septal defect, systemic thrombolysis was associated with higher survival in this
crucial patient group (OR 0.548, 95%CI 0.358–0.840, p = 0.006).

4. Discussion

While VTE events are frequent and harmful complications in stroke patients [27–31,34]
and the number of PE-related deaths may be underestimated since approximately half of
clinically evident PE events following stroke present as sudden death [30,31], studies about
the co-prevalence of ischemic stroke and PE are very limited [7,33].

The main results of our study can be summarized as follows: (I) Ischemic stroke
negatively affected the survival of patients with acute PE. (II) Combination of DVT and
heart septal defect, older age, surgery, arterial hypertension, diabetes mellitus type 2,
as well as AF were independent risk factors for stroke in PE patients. (III) Age, can-
cer, chronic lung diseases, renal insufficiency, coagulation abnormalities, AF, and dia-
betes mellitus type 2 were independent risk factors for increased in-hospital case-fatality.
(IV) Markers of hemodynamic compromise, such as shock, myocardial injury, and RVD,
identified PE patients who were at increased risk of dying regardless of the diagnosis
of stroke. (V) Systemic thrombolysis was used 2.8-fold more often in PE patients with
ischemic stroke compared to those without stroke. (VI) The usage of systemic throm-
bolysis was accompanied by a survival benefit in PE patients with ischemic stroke who
underwent CPR.

Ischemic stroke is the second, and PE is the third most common cardiovascular cause
of death after myocardial infarction [3,10,16,17]. In this present study, PE patients showed
an in-hospital mortality rate of 14.8%, which is in accordance with previously published
studies [3,35]. When PE and ischemic stroke occurred both during the in-hospital course,
the in-hospital case-fatality rate increased to 28.9%. Thus, the case-fatality rate was ap-
proximately doubled if both vascular events occurred in comparison to the case-fatality
of PE without ischemic stroke and was approximately 3.5-fold increased in comparison
to the reported in-hospital mortality rate of ischemic stroke patients in Germany, which
ranges in these studies approximately between 5% and 7% [7,36,37]. PE patients’ risk of
dying was 2.4-fold and therefore substantially increased by the occurrence of ischemic
stroke, independently of age, sex, comorbidities, and signs of hemodynamic compromise.
This finding was in line with other studies, showing that ischemic stroke complicates the
outcome of different acute cardiovascular events [38,39].

Age, cancer, chronic lung diseases, renal insufficiency, coagulation abnormalities,
AF, and diabetes mellitus type 2 were independent predictors of increased in-hospital
case-fatality. PE patients with ischemic stroke revealed a higher burden of atherosclerotic
diseases, chronic heart failure, and AF as possible sources of (cardioembolic) ischemic
stroke events. It is well known that AF, especially, increases the risk of stroke [40–44]. In
general, 15–30% of all strokes are due to AF, and this rate may even be underestimated since
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strokes caused by AF due to unidentified “silent” or paroxysmal AF remain frequently
unrecognized [42,45–49]. In consensus with these reported percentages, we elucidated
an AF rate of 31% in PE patients with additional strokes. Thromboembolic strokes due
to AF are frequently devasting, accompanied by severe impairments or death [48,50,51].
In addition, cardiovascular risk factors are known risk factors for ischemic stroke [52].
In accordance with the literature, persistent foramen ovale, prolonged immobility, and
hypercoagulable states are common risk factors for ischemic stroke in PE [32]. Paradoxical
embolism might be one important cause of ‘cryptogenic’ ischemic stroke [53]. In accordance
with literature [53,54], paradoxical embolism seems not to be a rare entity in ischemic stroke:
in 8% of the ischemic stroke patients of our study, a heart septal defect was documented.
In addition, our study results lead to the assumption that a paradoxical embolism is
accompanied by a lower mortality rate, maybe due to a lower thrombus burden traveling
through an existing heart septal defect to the brain. The important question in this context
is whether the presence of a heart septum defect represents an association by chance or
a true cause-and-effect relationship [53]. However, Konstantinides et al. [55] reported
that a patent foramen ovale signifies a high risk of death and arterial thromboembolic
complications, including ischemic stroke, in PE patients [55].

In view of the heterogeneity of the PE patients with additionally diagnosed ischemic
stroke, we consider that the underlying pathomechanism of ischemic stroke has an im-
portant impact on the risk of dying during in-hospital stay. The following two pathome-
chanisms have to be distinguished: (I) paradoxical stroke: DVT leading to both PE and
through heart septal defect to ischemic stroke [55]. (II) cardioembolic stroke and PE: emboli
develop within the cardiac cavities, causing ischemic stroke as well as PE most frequently
in the presence of AF [41–44]. The thrombotic material of PE has, in the majority of events,
its origin in the deep veins, forming a DVT [56], but maybe it is also caused by AF, with the
formation of the right heart thrombi [57,58]. (III) Atherosclerotic stroke in temporal context
with PE in terms of PE as a stress factor in cerebral perfusion (hypotension due to PE) [56].
(IV) Presumably, the most frequent cause is the development of PE as a consequence of
ischemic stroke, driven by typical VTE risk factors such as immobilization in stroke pa-
tients [27–29]. These differences regarding the pathomechanism have to be kept in mind
when interpreting the data.

Our data confirm that the risk stratification markers shock, myocardial injury, and
RVD work adequately in PE patients regardless of the presence of stroke to identify those
PE patients who are at an increased risk of dying.

As expected, higher age and chronic diseases such as chronic heart and renal failure
and chronic lung diseases, as well as cancer and coagulation abnormalities, were accom-
panied by a higher mortality rate in PE patients with ischemic stroke in accordance with
previous PE [59] and ischemic stroke studies [60]. Our study results demonstrated an
outstanding role of AF (frequently accompanied by severe impairment or death [48,50,51])
increasing the in-hospital mortality rate independently of other factors.

Of particular interest are factors that were accompanied by better survival. Although
most studies reported a similar short-term survival between men and women in ischemic
stroke patients [61–64], our data revealed a better survival in women with additionally PE
events, which is maybe driven by an elevated overall mortality of male PE patients in the
nationwide in-patient sample.

Obesity influences the survival of several acute cardiovascular diseases (CVD), ben-
eficially indicating an obesity survival paradox in these CVD. Despite the adverse effect
of obesity on most cardiovascular risk factors as well as on the prevalence of most CVD,
studies have reported an obesity paradox leading to a better prognosis for obese patients
with CVD compared to their leaner counterparts [65–67]. A possible explanation is that
obesity may protect against malnutrition and energy waste during the acute phase of these
critical, life-threatening diseases [68–70].

Similarly, although arterial hypertension is an important risk factor for the develop-
ment of ischemic stroke as well as myocardial infarction [71], it is well known, that low
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blood pressure in these acute manifestations and conditions of ischemic stroke [72,73] and
myocardial infarction [74] is strongly associated with increased mortality. Consistently in
acute PE, hypotension is accompanied by increased short-term mortality [56]. Therefore,
our results lead to the hypothesis that an existing arterial hypertension may modify the
drop in blood pressure response or that a higher base level in systolic blood pressure
is responsible for the better survival of patients with arterial hypertension during the
acute phase.

The main interest regarding the use of systemic thrombolysis was the hypothesis that
systemic thrombolysis should be particularly beneficial in these critically ill patients with
both life-threatening diseases (PE and ischemic stroke), in which systemic thrombolysis
is recommended for selected patients [56,73,75]. Our data support the hypothesis that an
uncritically and unselected use of systemic thrombolysis treatment seems unreasonable,
whereas the use of systemic thrombolysis according to stroke and PE guidelines was
beneficial for selected patients. This recommendation was confirmed by our study showing
that the use of systemic thrombolysis was harmful when administered in PE patients with
ischemic stroke regardless of hemodynamic status, but in PE patients with additionally
diagnosed stroke, who had to undergo CPR, systemic thrombolysis led to a better survival.
In this context, a 0.5-fold decreased short-term risk of dying driven by the administration
of systemic thrombolysis in PE patients with ischemic stroke, who underwent CPR, is
an important finding because the benefit regarding systemic thrombolysis seems to be
larger than the reported benefit of systemic thrombolysis in PE patients with CPR in other
studies [3] and supports the recommendations of the guidelines [56,73,75].

5. Limitations

In this context, some main limitations of this study must be considered: Due to the
nature of an ICD- and OPS-code-based study analysis for hospitalized patients, under-
reporting and under-coding are possible and may be biasing factors. In addition, data on
concomitant medications other than systemic thrombolysis, such as heparins or vitamin K
antagonists, NOACs, or laboratory markers are not available in the German nationwide in-
patient sample. In addition, no follow-up evaluation is available since data are only limited
to the timeframe of the in-hospital course. Another key limitation represents the specific
focus on outcome parameters such as in-hospital mortality, as we had no opportunity to
include additional information about the functional status of the patients, especially the
patients with ischemic stroke, which information would be valuable. In this context, for
example, several studies have outlined that for stroke patients, the survival rate between
both genders was similar, but the functional outcome was less favorable in women [7,61–64].
However, our study results are partly in accordance with the current recommendations
that systemic thrombolysis is beneficial for selected patients with PE [56] and ischemic
stroke [73,76].

6. Conclusions

Ischemic stroke had a substantially negative impact on the survival of PE patients.
The combination of DVT and heart septal defect was the strongest risk factor for ischemic
stroke in PE patients. Further predictors were older age, surgery, arterial hypertension,
diabetes mellitus type 2, and AF. Age, cancer, chronic lung diseases, renal insufficiency,
coagulation abnormalities, AF, and diabetes mellitus type 2 were independent risk factors
for increased in-hospital death in PE patients with ischemic stroke. Systemic thrombolysis
was associated with PE patients with ischemic stroke, who underwent CPR.

Author Contributions: Conceptualization, K.K. and L.H.; Methodology, K.K.; Software, K.K.; Val-
idation, K.K.; Formal analysis, K.K.; Investigation, K.K. and L.H.; Resources, K.K.; Data curation,
K.K.; Writing—original draft, K.K.; Writing—review & editing, K.K., V.H.S., O.H. and L.H.; Visualiza-
tion, K.K.; Supervision, K.K.; Project administration, K.K. All authors have read and agreed to the
published version of the manuscript.



J. Clin. Med. 2024, 13, 2730 13 of 16

Funding: This research received no external funding.

Institutional Review Board Statement: Since our study did not comprise direct access by the
investigators to individual patient data but only an access to summarized results provided by the
RDC, approval by an ethics committee as well as patients’ informed consent were not required, in
accordance with German law.

Informed Consent Statement: Since our study did not comprise direct access by the investigators to
individual patient data but only an access to summarized results provided by the RDC, approval
by an ethics committee as well as patients’ informed consent were not required, in accordance with
German law.

Data Availability Statement: All codes used in this study are publicly available online. The data
used in this study are sensitive due to individual patient-level data and will not be made publicly
available. The data is available at the Federal Statistical Office of Germany (Statistisches Bundesamt,
DEStatis) (source: RDC of the Federal Statistical Office and the Statistical Offices of the federal states,
DRG Statistics 2011–2014, and own calculations).

Acknowledgments: We thank the Federal Statistical Office of Germany (Statistisches Bundesamt,
DEStatis) for providing the pooled data for this study and the kind permission to publish these
data/results.

Conflicts of Interest: K.K., V.H.S. and O.H. report no conflict of interests; L.H. received lecture/consultant
fees from Johnson & Johnson, MSD, Boston Scientific and Inari Medical, outside the submitted work.

References
1. Konstantinides, S.; Goldhaber, S.Z. Pulmonary embolism: Risk assessment and management. Eur. Heart J. 2012, 33, 3014–3022.

[CrossRef] [PubMed]
2. Keller, K.; Beule, J.; Schulz, A.; Coldewey, M.; Dippold, W.; Balzer, J.O. Right ventricular dysfunction in hemodynamically stable

patients with acute pulmonary embolism. Thromb. Res. 2014, 133, 555–559. [CrossRef] [PubMed]
3. Keller, K.; Hobohm, L.; Ebner, M.; Kresoja, K.-P.; Münzel, T.; Konstantinides, S.V.; Lankeit, M. Trends in thrombolytic treatment

and outcomes of acute pulmonary embolism in Germany. Eur. Heart J. 2020, 41, 522–529. [CrossRef] [PubMed]
4. Keller, K.; Hobohm, L.; Münzel, T.; Ostad, M.A. Impact of concomitant deep or superficial venous thrombosis of the legs on

survival of patients with pulmonary embolism. Int. J. Cardiol. 2020, 315, 92–98. [CrossRef] [PubMed]
5. Klok, F.; van der Hulle, T.; Exter, P.D.; Lankeit, M.; Huisman, M.; Konstantinides, S. The post-PE syndrome: A new concept for

chronic complications of pulmonary embolism. Blood Rev. 2014, 28, 221–226. [CrossRef] [PubMed]
6. Konstantinides, S.V.; Meyer, G. The 2019 ESC Guidelines on the Diagnosis and Management of Acute Pulmonary Embolism. Eur.

Heart J. 2019, 40, 3453–3455. [CrossRef]
7. Keller, K.; Hobohm, L.; Münzel, T.; Lankeit, M.; Ostad, M.A. Impact of pulmonary embolism on in-hospital mortality of patients

with ischemic stroke. J. Neurol. Sci. 2020, 419, 117174. [CrossRef] [PubMed]
8. Keller, K.; Hobohm, L.; Wenzel, P.; Münzel, T.; Espinola-Klein, C.; Ostad, M.A. Impact of atrial fibrillation/flutter on the in-hospital

mortality of ischemic stroke patients. Heart Rhythm. 2020, 17, 383–390. [CrossRef]
9. Konstantinides, S.V.; Barco, S.; Lankeit, M.; Meyer, G. Management of Pulmonary Embolism: An Update. J. Am. Coll. Cardiol.

2016, 67, 976–990. [CrossRef] [PubMed]
10. Jiménez, D.; de Miguel-Díez, J.; Guijarro, R.; Trujillo-Santos, J.; Otero, R.; Barba, R.; Muriel, A.; Meyer, G.; Yusen, R.D.; Monreal,

M. Trends in the Management and Outcomes of Acute Pulmonary Embolism: Analysis From the RIETE Registry. J. Am. Coll.
Cardiol. 2016, 67, 162–170. [CrossRef]

11. Konstantinides, S.V.; Meyer, G.; Becattini, C.; Bueno, H.; Geersing, G.J.; Harjola, V.P.; Huisman, M.V.; Humbert, M.; Jennings,
C.S.; Jiménez, D.; et al. 2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolism developed in
collaboration with the European Respiratory Society (ERS): The Task Force for the diagnosis and management of acute pulmonary
embolism of the European Society of Cardiology (ESC). Eur. Respir. J. 2019, 54, 1901647. [PubMed]

12. Pu, L.; Wang, L.; Zhang, R.; Zhao, T.; Jiang, Y.; Han, L. Projected Global Trends in Ischemic Stroke Incidence, Deaths and
Disability-Adjusted Life Years From 2020 to 2030. Stroke 2023, 54, 1330–1339. [CrossRef] [PubMed]

13. Collaborators GBDS. Global, regional, and national burden of stroke and its risk factors, 1990–2019: A systematic analysis for the
Global Burden of Disease Study 2019. Lancet Neurol. 2021, 20, 795–820. [CrossRef] [PubMed]

14. Feigin, V.L.; Nguyen, G.; Cercy, K.; Johnson, C.O.; Alam, T.; Parmar, P.G.; Abajobir, A.A.; Abate, K.H.; Abd-Allah, F.; et al.; CGBD
2016 Lifetime Risk of Stroke Collaborators. Global, Regional, and Country-Specific Lifetime Risks of Stroke, 1990 and 2016. N.
Engl. J. Med. 2018, 379, 2429–2437. [PubMed]

15. Catanese, L.; Tarsia, J.; Fisher, M. Acute Ischemic Stroke Therapy Overview. Circ. Res. 2017, 120, 541–558. [CrossRef] [PubMed]

https://doi.org/10.1093/eurheartj/ehs258
https://www.ncbi.nlm.nih.gov/pubmed/22961946
https://doi.org/10.1016/j.thromres.2014.01.010
https://www.ncbi.nlm.nih.gov/pubmed/24461144
https://doi.org/10.1093/eurheartj/ehz236
https://www.ncbi.nlm.nih.gov/pubmed/31102407
https://doi.org/10.1016/j.ijcard.2020.05.041
https://www.ncbi.nlm.nih.gov/pubmed/32445886
https://doi.org/10.1016/j.blre.2014.07.003
https://www.ncbi.nlm.nih.gov/pubmed/25168205
https://doi.org/10.1093/eurheartj/ehz726
https://doi.org/10.1016/j.jns.2020.117174
https://www.ncbi.nlm.nih.gov/pubmed/33059297
https://doi.org/10.1016/j.hrthm.2019.10.001
https://doi.org/10.1016/j.jacc.2015.11.061
https://www.ncbi.nlm.nih.gov/pubmed/26916489
https://doi.org/10.1016/j.jacc.2015.10.060
https://www.ncbi.nlm.nih.gov/pubmed/31473594
https://doi.org/10.1161/STROKEAHA.122.040073
https://www.ncbi.nlm.nih.gov/pubmed/37094034
https://doi.org/10.1016/S1474-4422(21)00252-0
https://www.ncbi.nlm.nih.gov/pubmed/34487721
https://www.ncbi.nlm.nih.gov/pubmed/30575491
https://doi.org/10.1161/CIRCRESAHA.116.309278
https://www.ncbi.nlm.nih.gov/pubmed/28154103


J. Clin. Med. 2024, 13, 2730 14 of 16

16. Qin, C.; Yang, S.; Chu, Y.H.; Zhang, H.; Pang, X.W.; Chen, L.; Zhou, L.Q.; Chen, M.; Tian, D.S.; Wang, W. Signaling pathways
involved in ischemic stroke: Molecular mechanisms and therapeutic interventions. Signal Transduct. Target Ther. 2022, 7, 215.
[CrossRef] [PubMed]

17. Wendelboe, A.M.; Raskob, G.E. Global Burden of Thrombosis: Epidemiologic Aspects. Circ. Res. 2016, 118, 1340–1347. [CrossRef]
[PubMed]

18. Goldhaber, S.Z. Assessing the prognosis of acute pulmonary embolism: Tricks of the trade. Chest 2008, 133, 334–336. [CrossRef]
[PubMed]

19. Jiménez, D.; Uresandi, F.; Otero, R.; Lobo, J.L.; Monreal, M.; Martí, D.; Zamora, J.; Muriel, A.; Aujesky, D.; Yusen, R.D. Troponin-
based risk stratification of patients with acute nonmassive pulmonary embolism: Systematic review and metaanalysis. Chest
2009, 136, 974–982. [CrossRef]

20. Torbicki, A.; Perrier, A.; Konstantinides, S.; Agnelli, G.; Galiè, N.; Pruszczyk, P.; Bengel, F.; Brady, A.J.; Ferreira, D.; Janssens,
U.; et al. Guidelines on the diagnosis and management of acute pulmonary embolism: The Task Force for the Diagnosis and
Management of Acute Pulmonary Embolism of the European Society of Cardiology (ESC). Eur. Heart J. 2008, 29, 2276–2315.

21. Jiménez, D.; Díaz, G.; Molina, J.; Martí, D.; Del Rey, J.; García-Rull, S.; Escobar, C.; Vidal, R.; Sueiro, A.; Yusen, R.D. Troponin I and
risk stratification of patients with acute nonmassive pulmonary embolism. Eur. Respir. J. Off. J. Eur. Soc. Clin. Respir. Physiol. 2008,
31, 847–853. [CrossRef]

22. Sanchez, O.; Trinquart, L.; Caille, V.; Couturaud, F.; Pacouret, G.; Meneveau, N.; Verschuren, F.; Roy, P.M.; Parent, F.; Righini, M.;
et al. Prognostic factors for pulmonary embolism: The prep study, a prospective multicenter cohort study. Am. J. Respir. Crit. Care
Med. 2010, 181, 168–173. [CrossRef]

23. Haddad, F.; Doyle, R.; Murphy, D.J.; Hunt, S.A. Right ventricular function in cardiovascular disease, part II: Pathophysiology,
clinical importance, and management of right ventricular failure. Circulation 2008, 117, 1717–1731. [CrossRef]

24. Kucher, N.; Wallmann, D.; Carone, A.; Windecker, S.; Meier, B.; Hess, O.M. Incremental prognostic value of troponin I and
echocardiography in patients with acute pulmonary embolism. Eur. Heart J. 2003, 24, 1651–1656. [CrossRef]

25. Viderman, D.; Issanov, A.; Temirov, T.; Goligher, E.; la Fleur, P. Outcome Predictors of Stroke Mortality in the Neurocritical Care
Unit. Front Neurol. 2020, 11, 579733. [CrossRef]

26. Zuliani, G.; Cherubini, A.; Ranzini, M.; Ruggiero, C.; Atti, A.R.; Fellin, R. Risk factors for short-term mortality in older subjects
with acute ischemic stroke. Gerontology 2006, 52, 231–236. [CrossRef] [PubMed]

27. Sherman, D.G.; Albers, G.W.; Bladin, C.; Fieschi, C.; Gabbai, A.A.; Kase, C.S.; O’Riordan, W.; Pineo, G.F. The efficacy and safety of
enoxaparin versus unfractionated heparin for the prevention of venous thromboembolism after acute ischaemic stroke (PREVAIL
Study): An open-label randomised comparison. Lancet 2007, 369, 1347–1355. [CrossRef]

28. Warlow, C.; Ogston, D.; Douglas, A.S. Deep venous thrombosis of the legs after strokes. Part I–Incidence and predisposing factors.
Br. Med. J. 1976, 1, 1178–1181. [CrossRef] [PubMed]

29. Kelly, J.; Rudd, A.; Lewis, R.; Hunt, B.J. Venous thromboembolism after acute stroke. Stroke A J. Cereb. Circ. 2001, 32, 262–267.
[CrossRef] [PubMed]

30. Kelly, J.; Rudd, T.; Lewis, R.R.; Hunt, B.J. Mortality from pulmonary embolism after acute stroke: Can we do better? Age Ageing
2002, 31, 159–161. [CrossRef]

31. Wijdicks, E.F.; Scott, J.P. Pulmonary embolism associated with acute stroke. Mayo Clin. Proc. Mayo Clin. 1997, 72, 297–300.
[CrossRef] [PubMed]

32. Velez, F.G.S.; Garcia, J.G.O. Management dilemmas in acute ischemic stroke and concomitant acute pulmonary embolism: Case
series and literature review. Eneurologicalsci 2021, 23, 100341. [CrossRef] [PubMed]

33. Pongmoragot, J.; Rabinstein, A.A.; Nilanont, Y.; Swartz, R.H.; Zhou, L.; Saposnik, G.; Laporte, S.; Mismetti, P.; Décousus, H.;
Uresandi, F.; et al. Pulmonary embolism in ischemic stroke: Clinical presentation, risk factors, and outcome. J. Am. Heart Assoc.
2013, 2, e000372. [CrossRef] [PubMed]

34. Warlow, C.; Ogston, D.; Douglas, A.S. Deep venous thrombosis of the legs after strokes: Part 2-Natural history. Br. Med. J.
1976, 1, 1181–1183. [CrossRef] [PubMed]

35. Madsen, S.F.; Christensen, D.M.; Strange, J.E.; Nouhravesh, N.; Kümler, T.; Gislason, G.; Lamberts, M.; Sindet-Pedersen, C. Short-
and Long-Term Mortality for Patients With and Without a Cancer Diagnosis Following Pulmonary Embolism in Denmark, 2000
to 2020: A Nationwide Study. J. Am. Heart Assoc. 2023, 12, e030191. [CrossRef] [PubMed]

36. Heuschmann, P.U.; Kolominsky-Rabas, P.L.; Misselwitz, B.; Hermanek, P.; Leffmann, C.; Janzen, R.W.C.; Rother, J.; Buecker-Nott,
H.-J.; Berger, K. Predictors of in-hospital mortality and attributable risks of death after ischemic stroke: The German Stroke
Registers Study Group. Arch. Intern. Med. 2004, 164, 1761–1768. [CrossRef]

37. Koennecke, H.-C.; Belz, W.; Berfelde, D.; Endres, M.; Fitzek, S.; Hamilton, F.; Kreitsch, P.; Mackert, B.-M.; Nabavi, D.; Nolte, C.;
et al. Factors influencing in-hospital mortality and morbidity in patients treated on a stroke unit. Neurology 2011, 77, 965–972.
[CrossRef]

38. Brammås, A.; Jakobsson, S.; Ulvenstam, A.; Mooe, T. Mortality after ischemic stroke in patients with acute myocardial infarction:
Predictors and trends over time in Sweden. Stroke 2013, 44, 3050–3055. [CrossRef]

39. Merkler, A.E.; Chu, S.Y.; Lerario, M.P.; Navi, B.B.; Kamel, H. Temporal relationship between infective endocarditis and stroke.
Neurology 2015, 85, 512–516. [CrossRef]

https://doi.org/10.1038/s41392-022-01064-1
https://www.ncbi.nlm.nih.gov/pubmed/35794095
https://doi.org/10.1161/CIRCRESAHA.115.306841
https://www.ncbi.nlm.nih.gov/pubmed/27126645
https://doi.org/10.1378/chest.07-2464
https://www.ncbi.nlm.nih.gov/pubmed/18252908
https://doi.org/10.1378/chest.09-0608
https://doi.org/10.1183/09031936.00113307
https://doi.org/10.1164/rccm.200906-0970OC
https://doi.org/10.1161/CIRCULATIONAHA.107.653584
https://doi.org/10.1016/S0195-668X(03)00394-4
https://doi.org/10.3389/fneur.2020.579733
https://doi.org/10.1159/000093655
https://www.ncbi.nlm.nih.gov/pubmed/16849866
https://doi.org/10.1016/S0140-6736(07)60633-3
https://doi.org/10.1136/bmj.1.6019.1178
https://www.ncbi.nlm.nih.gov/pubmed/1268614
https://doi.org/10.1161/01.STR.32.1.262
https://www.ncbi.nlm.nih.gov/pubmed/11136946
https://doi.org/10.1093/ageing/31.3.159
https://doi.org/10.4065/72.4.297
https://www.ncbi.nlm.nih.gov/pubmed/9121173
https://doi.org/10.1016/j.ensci.2021.100341
https://www.ncbi.nlm.nih.gov/pubmed/33997324
https://doi.org/10.1161/JAHA.113.000372
https://www.ncbi.nlm.nih.gov/pubmed/24275627
https://doi.org/10.1136/bmj.1.6019.1181
https://www.ncbi.nlm.nih.gov/pubmed/1268615
https://doi.org/10.1161/JAHA.123.030191
https://www.ncbi.nlm.nih.gov/pubmed/38014671
https://doi.org/10.1001/archinte.164.16.1761
https://doi.org/10.1212/WNL.0b013e31822dc795
https://doi.org/10.1161/STROKEAHA.113.001434
https://doi.org/10.1212/WNL.0000000000001835


J. Clin. Med. 2024, 13, 2730 15 of 16

40. Camm, A.J.; Kirchhof, P.; Lip, G.Y.; Schotten, U.; Savelieva, I.; Ernst, S.; Van Gelder, I.C.; Al-Attar, N.; Hindricks, G.; et al.;
Developed with the special contribution of the European Heart Rhythm Association (EHRA). Guidelines for the management of
atrial fibrillation: The Task Force for the Management of Atrial Fibrillation of the European Society of Cardiology (ESC). Eur.
Heart J. 2010, 31, 2369–2429.

41. Wolf, P.A.; Abbott, R.D.; Kannel, W.B. Atrial fibrillation as an independent risk factor for stroke: The Framingham Study. Stroke
1991, 22, 983–988. [CrossRef] [PubMed]

42. Sanna, T.; Diener, H.-C.; Passman, R.S.; Di Lazzaro, V.; Bernstein, R.A.; Morillo, C.A.; Rymer, M.M.; Thijs, V.; Rogers, T.; Beckers,
F.; et al. Cryptogenic stroke and underlying atrial fibrillation. N. Engl. J. Med. 2014, 370, 2478–2486. [CrossRef] [PubMed]

43. Granger, C.B.; Alexander, J.H.; McMurray, J.J.V.; Lopes, R.D.; Hylek, E.M.; Hanna, M.; Al-Khalidi, H.R.; Ansell, J.; Atar, D.;
Ave-zum, A.; et al. Apixaban versus warfarin in patients with atrial fibrillation. N. Engl. J. Med. 2011, 365, 981–992. [CrossRef]
[PubMed]

44. Connolly, S.J.; Ezekowitz, M.D.; Yusuf, S.; Eikelboom, J.; Oldgren, J.; Parekh, A.; Pogue, J.; Reilly, P.A.; Themeles, E.; Varrone, J.;
et al. Dabigatran versus warfarin in patients with atrial fibrillation. N. Engl. J. Med. 2009, 361, 1139–1151. [CrossRef] [PubMed]

45. Kirchhof, P.; Benussi, S.; Kotecha, D.; Ahlsson, A.; Atar, D.; Casadei, B.; Castella, M.; Diener, H.C.; Heidbuchel, H.; Hendriks,
J.; et al. ESC Guidelines for the management of atrial fibrillation developed in collaboration with EACTS: The Task Force for
the management of atrial fibrillation of the European Society of Cardiology (ESC)Developed with the special contribution of
the European Heart Rhythm Association (EHRA) of the ESCEndorsed by the European Stroke Organisation (ESO). Eur. Heart J.
2016, 74, 1359–1469.

46. Furie, K.L.; Kasner, S.E.; Adams, R.J.; Albers, G.W.; Bush, R.L.; Fagan, S.C.; Halperin, J.L.; Johnston, S.C.; Katzan, I.; Kernan,
W.N.; et al. Guidelines for the prevention of stroke in patients with stroke or transient ischemic attack: A guideline for healthcare
professionals from the american heart association/american stroke association. Stroke 2011, 42, 227–276. [CrossRef] [PubMed]

47. Pepi, M.; Evangelista, A.; Nihoyannopoulos, P.; Flachskampf, F.A.; Athanassopoulos, G.; Colonna, P.; Habib, G.; Ringelstein, E.B.;
Sicari, R.; European Association of Echocardiography; et al. Recommendations for echocardiography use in the diagnosis and
management of cardiac sources of embolism: European Association of Echocardiography (EAE) (a registered branch of the ESC).
Eur. J. Echocardiogr. 2010, 11, 461–476. [CrossRef] [PubMed]

48. Ferro, J.M. Cardioembolic stroke: An update. Lancet Neurol. 2003, 2, 177–188. [CrossRef]
49. Kamel, H.; Okin, P.M.; Elkind, M.S.; Iadecola, C. Atrial Fibrillation and Mechanisms of Stroke: Time for a New Model. Stroke A J.

Cereb. Circ. 2016, 47, 895–900. [CrossRef]
50. Gladstone, D.J.; Spring, M.; Dorian, P.; Panzov, V.; Thorpe, K.E.; Hall, J.; Vaid, H.; O’Donnell, M.; Laupacis, A.; Côté, R.; et al.

Atrial fibrillation in patients with cryptogenic stroke. N. Engl. J. Med. 2014, 370, 2467–2477. [CrossRef]
51. Steger, C.; Pratter, A.; Martinekbregel, M.; Avanzini, M.; Valentin, A.; Slany, J.; Stöllberger, C. Stroke patients with atrial fibrillation

have a worse prognosis than patients without: Data from the Austrian Stroke registry. Eur. Heart J. 2004, 25, 1734–1740. [CrossRef]
[PubMed]

52. Boehme, A.K.; Esenwa, C.; Elkind, M.S. Stroke Risk Factors, Genetics, and Prevention. Circ. Res. 2017, 120, 472–495. [CrossRef]
[PubMed]

53. Windecker, S.; Meier, B. Is closure recommended for patent foramen ovale and cryptogenic stroke? Patent foramen ovale and
cryptogenic stroke: To close or not to close? Closure: What else! Circulation 2008, 118, 1989–1998. [CrossRef]

54. Alsheikh-Ali, A.A. Thaler DE and Kent DM. Patent foramen ovale in cryptogenic stroke: Incidental or pathogenic? Stroke A J.
Cereb. Circ. 2009, 40, 2349–2355. [CrossRef]

55. Konstantinides, S.; Geibel, A.; Kasper, W.; Olschewski, M.; Blumel, L.; Just, H. Patent foramen ovale is an important predictor of
adverse outcome in patients with major pulmonary embolism. Circulation 1998, 97, 1946–1951. [CrossRef]

56. Konstantinides, S.V.; Torbicki, A.; Agnelli, G.; Danchin, N.; Fitzmaurice, D.; Galiè, N.; Gibbs, J.S.R.; Huisman, M.V.; Humbert,
M.; Kucher, N.; et al. 2014 ESC guidelines on the diagnosis and management of acute pulmonary embolism. Eur. Heart J.
2014, 35, 3033–3069, 3069a–3069k. [CrossRef] [PubMed]

57. Sørensen, H.T.; Horvath-Puho, E.; Lash, T.L.; Christiansen, C.F.; Pesavento, R.; Pedersen, L.; Baron, J.A.; Prandoni, P. Heart disease
may be a risk factor for pulmonary embolism without peripheral deep venous thrombosis. Circulation 2011, 124, 1435–1441.
[CrossRef]

58. Keller, K.; Prochaska, J.H.; Coldewey, M.; Gobel, S.; Ullmann, A.; Jünger, C.; Lamparter, H.; Ariza, L.; Bickel, C.; Lauterbach, M.;
et al. History of deep vein thrombosis is a discriminator for concomitant atrial fibrillation in pulmonary embolism. Thromb. Res.
2015, 136, 899–906. [CrossRef]

59. Mameli, A.; Palmas, M.A.; Antonelli, A.; Contu, P.; Prandoni, P.; Marongiu, F. A retrospective cohort study of patients with
pulmonary embolism: The impact of comorbidities on patient’s outcome. Eur. Respir.J. Off. J. Eur. Soc. Clin. Respir. Physiol.
2016, 48, 555–557. [CrossRef]

60. Schmidt, M.; Jacobsen, J.B.; Johnsen, S.P.; Bøtker, H.E.; Sørensen, H.T. Eighteen-year trends in stroke mortality and the prognostic
influence of comorbidity. Neurology 2014, 82, 340–350. [CrossRef]

61. RReeves, M.J.; Bushnell, C.D.; Howard, G.; Gargano, J.W.; Duncan, P.W.; Lynch, G.; Khatiwoda, A.; Lisabeth, L. Sex differences in
stroke: Epidemiology, clinical presentation, medical care, and outcomes. Lancet Neurol. 2008, 7, 915–926. [CrossRef]

https://doi.org/10.1161/01.STR.22.8.983
https://www.ncbi.nlm.nih.gov/pubmed/1866765
https://doi.org/10.1056/NEJMoa1313600
https://www.ncbi.nlm.nih.gov/pubmed/24963567
https://doi.org/10.1056/NEJMoa1107039
https://www.ncbi.nlm.nih.gov/pubmed/21870978
https://doi.org/10.1056/NEJMoa0905561
https://www.ncbi.nlm.nih.gov/pubmed/19717844
https://doi.org/10.1161/STR.0b013e3181f7d043
https://www.ncbi.nlm.nih.gov/pubmed/20966421
https://doi.org/10.1093/ejechocard/jeq045
https://www.ncbi.nlm.nih.gov/pubmed/20702884
https://doi.org/10.1016/S1474-4422(03)00324-7
https://doi.org/10.1161/STROKEAHA.115.012004
https://doi.org/10.1056/NEJMoa1311376
https://doi.org/10.1016/j.ehj.2004.06.030
https://www.ncbi.nlm.nih.gov/pubmed/15451152
https://doi.org/10.1161/CIRCRESAHA.116.308398
https://www.ncbi.nlm.nih.gov/pubmed/28154098
https://doi.org/10.1161/CIRCULATIONAHA.107.757013
https://doi.org/10.1161/STROKEAHA.109.547828
https://doi.org/10.1161/01.CIR.97.19.1946
https://doi.org/10.5603/KP.2014.0211
https://www.ncbi.nlm.nih.gov/pubmed/25524375
https://doi.org/10.1161/CIRCULATIONAHA.111.025627
https://doi.org/10.1016/j.thromres.2015.08.024
https://doi.org/10.1183/13993003.02193-2015
https://doi.org/10.1212/WNL.0000000000000062
https://doi.org/10.1016/S1474-4422(08)70193-5


J. Clin. Med. 2024, 13, 2730 16 of 16

62. Di Carlo, A.; Lamassa, M.; Baldereschi, M.; Pracucci, G.; Basile, A.M.; Wolfe, C.D.; Giroud, M.; Rudd, A.; Ghetti, A.; Inzitari, D.
Sex differences in the clinical presentation, resource use, and 3-month outcome of acute stroke in Europe: Data from a multicenter
multinational hospital-based registry. Stroke A J. Cereb. Circ. 2003, 34, 1114–1119. [CrossRef]

63. Glader, E.L.; Stegmayr, B.; Norrving, B.; Terént, A.; Hulter-Åsberg, K.; Wester, P.O.; Asplund, K. Sex differences in management
and outcome after stroke: A Swedish national perspective. Stroke A J. Cereb. Circ. 2003, 34, 1970–1975. [CrossRef]

64. Petrea, R.E.; Beiser, A.S.; Seshadri, S.; Kelly-Hayes, M.; Kase, C.S.; Wolf, P.A. Gender differences in stroke incidence and poststroke
disability in the Framingham heart study. Stroke A J. Cereb. Circ. 2009, 40, 1032–1037. [CrossRef]

65. Lavie, C.J.; McAuley, P.A.; Church, T.S.; Milani, R.V.; Blair, S.N. Obesity and cardiovascular diseases: Implications regarding
fitness, fatness, and severity in the obesity paradox. J. Am. Coll. Cardiol. 2014, 63, 1345–1354. [CrossRef]

66. Lavie, C.J.; Milani, R.V.; Ventura, H.O. Obesity and cardiovascular disease: Risk factor, paradox, and impact of weight loss. J. Am.
Coll. Cardiol. 2009, 53, 1925–1932. [CrossRef]

67. Oktay, A.A.; Lavie, C.J.; Kokkinos, P.F.; Parto, P.; Pandey, A.; Ventura, H.O. The Interaction of Cardiorespiratory Fitness With
Obesity and the Obesity Paradox in Cardiovascular Disease. Prog. Cardiovasc. Dis. 2017, 60, 30–44. [CrossRef]

68. Angerås, O.; Albertsson, P.; Karason, K.; Råmunddal, T.; Matejka, G.; James, S.; Lagerqvist, B.; Rosengren, A.; Omerovic, E.
Evidence for obesity paradox in patients with acute coronary syndromes: A report from the Swedish Coronary Angiography and
Angioplasty Registry. Eur. Heart J. 2013, 34, 345–353. [CrossRef]

69. Bucholz, E.M.; Beckman, A.L.; Krumholz, H.A.; Krumholz, H.M. Excess weight and life expectancy after acute myocardial
infarction: The obesity paradox reexamined. Am. Heart J. 2016, 172, 173–181. [CrossRef]

70. Lavie, C.J.; De Schutter, A.; Parto, P.; Jahangir, E.; Kokkinos, P.; Ortega, F.B.; Arena, R.; Milani, R.V. Obesity and Prevalence of
Cardiovascular Diseases and Prognosis-The Obesity Paradox Updated. Prog. Cardiovasc. Dis. 2016, 58, 537–547. [CrossRef]

71. Soler, E.P.; Ruiz, V.C. Epidemiology and risk factors of cerebral ischemia and ischemic heart diseases: Similarities and differences.
Curr. Cardiol. Rev. 2010, 6, 138–149. [CrossRef] [PubMed]

72. Bangalore, S.; Schwamm, L.; Smith, E.E.; Hellkamp, A.S.; Suter, R.E.; Xian, Y.; Schulte, P.J.; Fonarow, G.C.; Bhatt, D.L.; for the
Get With the Guidelines-Stroke Steering Committee and Investigators. Blood pressure and in-hospital outcomes in patients
presenting with ischaemic stroke. Eur. Heart J. 2017, 38, 2827–2835. [CrossRef] [PubMed]

73. Jauch, E.C.; Saver, J.L.; Adams, H.P., Jr.; Bruno, A.; Connors, J.J.; Demaerschalk, B.M.; Khatri, P.; McMullan, P.W., Jr.; Qureshi, A.I.;
Rosenfield, K.; et al. Guidelines for the early management of patients with acute ischemic stroke: A guideline for healthcare
professionals from the American Heart Association/American Stroke Association. Stroke A J. Cereb. Circ. 2013, 44, 870–947.
[CrossRef]

74. McNamara, R.L.; Kennedy, K.F.; Cohen, D.J.; Diercks, D.B.; Moscucci, M.; Ramee, S.; Wang, T.Y.; Connolly, T.; Spertus, J.A.
Predicting In-Hospital Mortality in Patients With Acute Myocardial Infarction. J. Am. Coll. Cardiol. 2016, 68, 626–635. [CrossRef]

75. Dennis, M.; Caso, V.; Kappelle, L.J.; Pavlovic, A.; Sandercock, P.; European Stroke Organisation European Stroke Organisation.
(ESO) Guidelines for Prophylaxis for Venous Thromboembolism in Immobile Patients with Acute Ischaemic Stroke. Eur. Stroke J.
2016, 1, 6–19. [CrossRef] [PubMed]

76. European Stroke Organisation (ESO) Executive Committee; ESO Writing CommitteeGuidelines for management of ischaemic
stroke and transient ischaemic attack 2008. Cerebrovasc Dis. 2008, 25, 457–507. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1161/01.STR.0000068410.07397.D7
https://doi.org/10.1161/01.STR.0000083534.81284.C5
https://doi.org/10.1161/STROKEAHA.108.542894
https://doi.org/10.1016/j.jacc.2014.01.022
https://doi.org/10.1016/j.jacc.2008.12.068
https://doi.org/10.1016/j.pcad.2017.05.005
https://doi.org/10.1093/eurheartj/ehs217
https://doi.org/10.1016/j.ahj.2015.10.024
https://doi.org/10.1016/j.pcad.2016.01.008
https://doi.org/10.2174/157340310791658785
https://www.ncbi.nlm.nih.gov/pubmed/21804773
https://doi.org/10.1093/eurheartj/ehx330
https://www.ncbi.nlm.nih.gov/pubmed/28982227
https://doi.org/10.1161/STR.0b013e318284056a
https://doi.org/10.1016/j.jacc.2016.05.049
https://doi.org/10.1177/2396987316628384
https://www.ncbi.nlm.nih.gov/pubmed/31008263
https://doi.org/10.1159/000131083
https://www.ncbi.nlm.nih.gov/pubmed/18477843

	Introduction 
	Methods and Patients 
	Study Outcomes 
	Ethical Aspects and Study Oversight 
	Definitions 
	Statistics 


	Results 
	Comparison of the Characteristics of PE Patients with and without Ischemic Stroke 
	Predictors of In-Hospital Death in PE Patients with Ischemic Stroke 
	The Impact of Systemic Thrombolysis on In-Hospital Case-Fatality Rate 

	Discussion 
	Limitations 
	Conclusions 
	References

