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Background: Atherosclerosis is associated with increased cardiovascular mortality. Associations between venous
thromboembolism and atherosclerosis were recently reported. We aimed to investigate the impact of symptom-
atic atherosclerosis on adverse outcomes in patients with pulmonary embolism (PE) and to identify significant
differences among patients with PE stratified by symptomatic atherosclerosis.
Methods: Patients were selected by screening the nationwide inpatients sample for PE (ICD-code 126) stratified
by symptomatic atherosclerosis (composite of coronary artery disease [ICD-code 125], myocardial infarction
[ICD-code 121], ischemic stroke [ICD-code 163], and/or atherosclerotic arterial diseases [ICD-code 170]). We com-
pared PE patients with (PE + Athero) and without (PE — Athero) symptomatic atherosclerosis and analysed the
impact of symptomatic atherosclerosis on adverse outcomes.
Results: Overall, 213,995 patients with PE (54.2% females) were included in this analysis. Of these, 30,157 (14.1%)
had symptomatic atherosclerosis with age-dependent incline. Deep vein thrombosis or thrombophlebitis (45.1%
vs. 36.9%, P < 0.001) was more commonly observed in the PE — Athero group (Odds Ratio (OR) 0.713 [95% CI
0.695-0.731], P < 0.001). In-hospital mortality (12.1% vs. 9.6%, P < 0.001) and adverse in-hospital events (16.8%
vs. 12.6%, P < 0.001) were affected by symptomatic atherosclerosis; both in-hospital mortality (OR 1.107 [95% CI
1.061-1.155], P < 0.001) and adverse in-hospital outcomes (OR 1.143 [95%CI 1.102-1.186], P < 0.001) were affected
independently of age, gender, comorbidities, and reperfusion treatments.
Conclusions: Symptomatic atherosclerosis in patients with PE increased with age and was associated with a poorer
outcome. Cardiovascular-atherosclerotic diseases might play a major role in thrombus formation in isolated PE.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Venous thromboembolism (VTE), which comprises pulmonary em-
bolism (PE) and deep venous thrombosis, and thromboembolic arterial
diseases, such as acute myocardial infarction (MI), ischemic stroke, or
peripheral artery disease (PAD), are generally considered as separate
entities [1]. Venous thrombi are mainly composed of red blood cells
and fibrin while arterial thrombi are mainly composed of platelets [2].
In recent years, studies have shown associations between VTE and ath-
erosclerosis. Therefore, the hypothesis has been formulated that athero-
sclerotic diseases and VTE are linked diseases [1,3-7]. A higher
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prevalence of atherosclerotic lesions was reported in patients with idio-
pathic deep venous thrombosis in comparison to deep venous thrombo-
sis patients with secondary deep venous thrombosis or to controls
without deep venous thrombosis [7]. Additional studies observed a
higher prevalence of aortic calcifications [8] and coronary artery calcium
[6,9] in VTE patients compared to controls. Others identified a higher
prevalence of deep venous thrombosis events in patients with PAD
than in controls without PAD [10]. In contrast to these results, other
studies failed to confirm a correlation between atherosclerosis and an
increased risk for deep venous thrombosis [11] or VTE [12]. Most of
the studies investigating links between VTE and atherosclerosis focused
on VTE in general or deep venous thrombosis VTE, but studies regarding
the potentially life-threatening PE VTE in this context are sparse.

Thus, the objectives of our study were to investigate the impact of
symptomatic atherosclerosis on adverse outcomes in patients with PE
and to identify differences between PE patients with and without addi-
tional symptomatic atherosclerosis.
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2. Methods and patients

We used the German nationwide inpatient statistics (diagnosis related groups [DRG]
statistic) for this analysis (source: RDC of the Federal Statistical Office and the Statistical
Offices of the federal states, DRG Statistics 2011-2014, own calculations). The Federal Sta-
tistical Office of Germany (Statistisches Bundesamt) gathers treatment data from all inpa-
tient cases in Germany (processed according to the DRG system). Diagnoses are coded
according to ICD-10-GM (International Classification of Diseases, 10th Revision with
German Modification) and surgical or interventional procedures with OPS codes (surgery
and procedures codes [Operationen- und Prozedurenschliissel]).

Although the number of hospitals in Germany decreased from 2045 to 1980 between
the years 2011 and 2014, covered patient files increased in this timeframe from 18.3 to
19.1 million per year.

For this analysis, all inpatients with a main diagnosis of PE (ICD-code 126) between
2011 and 2014 were selected. Patients' main diagnosis is defined as the diagnosis, which
is mainly responsible for patients' hospitalization [13]. The included patients with PE
were stratified according to presence of symptomatic atherosclerosis, defined as the
presence of at least one of the following comorbidities coded in these patients: coronary
artery disease (CAD, ICD-code 125), myocardial infarction (ICD-code 121), ischemic stroke
(ICD-code 163), and/or atherosclerotic arterial diseases, including PAD, aortic atherosclero-
sis, and atherosclerosis of the renal arteries (ICD-code 170).

2.1. Study outcomes

The primary outcome of this study was all cause-death during hospitalization (in-hos-
pital death). The secondary outcome encompassed adverse in-hospital outcomes, which
included all causes of in-hospital deaths, cardio-pulmonary resuscitation (CPR, OPS code
8-77) and/or mechanical ventilation (MV, OPS codes 8-70 and 8-71). The tertiary end-
points included bleeding complications such as intracerebral, subarachnoid and gastroin-
testinal bleeding as well as the need for transfusions of blood products.

2.2. Definitions

Chronic lung diseases were defined as a composite of the following diseases: bronchial
asthma, chronic obstructive lung disease, pulmonary arterial hypertension, and interstitial
lung diseases. Renal insufficiency comprised diagnosis of all renal insufficiency stages. Coag-
ulation abnormalities were defined as coagulopathies, haemophilia, purpura, and bleeding
diathesis comprising disseminated intravascular coagulation. Right ventricular dysfunction
(RVD) was defined as acute right ventricular dilatation in the imaging procedures.

2.3. Ethical aspects

Since this study did not involve direct access by the investigators of this study to indi-
vidual patient data, approval by an ethics committee and informed patient consent were
not required, in accordance with German law.

2.4, Statistics

The included patients with PE were stratified according to the coded information regard-
ing the presence of symptomatic atherosclerosis into the group of PE patients with symptom-
atic atherosclerosis (PE 4 Athero) and the group of PE patients without symptomatic
atherosclerosis (PE — Athero). We compared the two groups for common VTE risk factors,
comorbidities, risk stratification markers, treatments, and outcomes, and tested the impact
of symptomatic atherosclerosis on the different outcome parameters. Descriptive statistics
for relevant baseline comparisons between PE patients with and without concomitant symp-
tomatic atherosclerosis are provided as medians and interquartile ranges (IQR) or absolute
numbers and corresponding percentages. Continuous variables in the two groups were
tested for significant differences using the Wilcoxon-Mann-Whitney-U test and for categor-
ical variables, the Fisher's exact or y? test were used, as appropriate.

Univariate and multivariate logistic regression models were computed to investigate
the impact of symptomatic atherosclerosis on the various study endpoints, risk stratifica-
tion markers, and treatments. Tachycardia, RVD, and shock were used as established risk
stratification markers in PE. In addition, the association between PE with and without ad-
ditional deep venous thrombosis or thrombophlebitis (DVT) with symptomatic athero-
sclerosis, CAD, myocardial infarction, ischemic stroke as well as atherosclerotic arterial
diseases including PAD, aortic atherosclerosis and atherosclerosis of the renal arteries
were tested univariately in logistic regression models. Results were presented as Odds Ra-
tios (OR) and corresponding 95% confidence intervals (CI).

The multivariate logistic regression models were performed with different adjust-
ments to prove the independence of the associations regarding the following parameters:

adjustment I: age and gender

adjustment II: age, gender, obesity, surgery during in-hospital stay, cancer, heart failure,
atrial fibrillation/flutter, chronic lung diseases, essential arterial hypertension, renal in-
sufficiency, diabetes mellitus, coagulation abnormalities, systemic thrombolysis and
surgical embolectomy. The multivariate logistic regression model was adjusted for
age, gender, obesity, surgery during in-hospital stay, cancer, heart failure, atrial fibrilla-
tion, chronic lung diseases, essential arterial hypertension, renal insufficiency, diabetes
mellitus, and coagulation abnormalities only when testing the independence of the re-
perfusion strategies (systemic thrombolysis and surgical embolectomy).

adjustment II1: age, gender obesity, surgery during in-hospital stay, cancer, heart failure,

atrial fibrillation/flutter, chronic lung diseases, essential arterial hypertension, renal in-
sufficiency, diabetes mellitus, coagulation abnormalities, RVD, tachycardia, syncope, and
shock.

adjustment IV: age, gender obesity, surgery during in-hospital stay, cancer, heart failure,
atrial fibrillation/flutter, chronic lung diseases, essential arterial hypertension, renal in-
sufficiency, diabetes mellitus, coagulation abnormalities, RVD, tachycardia, syncope,
shock, and pneumonia.

We calculated Kaplan-Meier survival curves for PE + Athero and PE — Athero patients
related to the in-hospital stay (observed for a maximum of 30 days) and compared the
curve shapes with the log-rank test. Additionally, Cox proportional-hazards regression
curves were plotted for both groups, and the difference of the survival for all these
group variations was calculated with Cox regression models.

The analyses were performed on our behalf by the Research Data Center of the Federal
Statistical Office and the Statistical Offices of the federal states (DRG Statistics 2011-2014,
own calculations), in Wiesbaden (Germany). The aggregated statistics were provided on
the basis of SPSS codes (SPSS® software, version 20.0, SPSS Inc., Chicago, Illinois), which
were supplied to the Research Data Center. The SPSS® software (version 20.0; SPSS Inc.,
Chicago, Illinois, USA) was used for computerised analyses. P values of <0.05 (two-
sided) were considered to be statistically significant.

3. Results
3.1. Patient characteristics

In total, 213,995 patients with PE (54.2% females) were included in
this analysis. Of these patients, 30,157 (14.1%) had coded information
on concomitant symptomatic atherosclerosis, while 183,838 (85.9%)
did not (Fig. S1 in the Supplementary material). As expected, the pro-
portion of PE patients with symptomatic atherosclerosis increased
with advancing age (Fig. 1A).

Patient characteristics are shown in Table 1. Symptomatic atheroscle-
rosis was less common in PE patients with DVT (univariate: OR 0.713 [95%
(10.695-0.731], P<0.001; adjustment II: OR 0.741 [95%C1 0.722-0.761], P
<0.001) and consequently all of the symptomatic atherosclerotic diseases
such as CAD (univariate: OR 0.683 [95% CI 0.665-0.703], P < 0.001; adjust-
ment II: OR 0.707 [95%CI 0.686-0.727], P < 0.001), ischemic stroke (uni-
variate: OR 0.659 [95% CI 0.578-0.751], P < 0.001; adjustment II: OR
0.700 [95%CI 0.614-0.799], P < 0.001), and atherosclerotic arterial dis-
eases including PAD, aortic atherosclerosis, and atherosclerosis of the
renal arteries (univariate: OR 0.911 [95% CI 0.857-0.968], P = 0.003; ad-
justment II: 0.980 [95%CI 0.922-1.042], P = 0.523), were all found less
often in PE patients with DVT using (univariate) logistic regression
models. These results were confirmed in the multivariate analyses, except
for atherosclerotic arterial diseases.

3.2. Risk stratification markers

All investigated risk stratification markers, particularly tachycardia
(1.8% vs. 1.2%, P < 0.001), shock (3.5% vs. 2.5%, P < 0.001) and RVD
(32.7% vs. 29.8%, P < 0.001), were more frequently found in PE + Athero
patients (Table 1). In particular, RVD was more prevalent in PE + Athero
patients compared to PE — Athero patients in life-decades 2 to 8 (Fig. 1B).

The univariate logistic regression models confirmed an impact of
symptomatic atherosclerosis on RVD and shock with increased frequen-
cies in PE + Athero patients compared to those without symptomatic
atherosclerosis (Table 2). These results remained stable after multivari-
ate adjustments for age and gender. After an additional adjustment for
comorbidities and reperfusion therapies, symptomatic atherosclerosis
was only associated with an increase in shock and remarkably with a
decrease in RVD (Table 2).

3.3. Treatment and bleeding events

Although the use of systemic thrombolysis was higher in PE — Athero
patients compared to PE + Athero patients (5.1% vs. 4.6%, P = 0.002), the
PE + Athero patients had significantly more often bleeding events requir-
ing blood-product transfusions (6.0% vs. 3.9%, P < 0.001) (Table 1). Sys-
temic thrombolysis was particularly more often used in PE + Athero
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Fig. 1. Proportion of PE patients with symptomatic atherosclerosis in different age-groups (A), impact of symptomatic atherosclerosis on RVD (B), and the age-dependent differences in the
treatments of systemic thrombolysis (C) as well as transfusion (D) stratified by symptomatic atherosclerosis (solid black line: PE patients with symptomatic atherosclerosis; dashed black

line: PE patients without coded symptomatic atherosclerosis).

than in PE — Athero group patients younger than 60 years (Fig. 1C). In
contrast, bleeding events such as intracerebral (Fig. 2C) and gastro-
intestinal bleeding (Fig. 2D) as well as transfusions of blood products
(Fig. 1D) were all observed more often in most age-decades of PE
+ Athero patients compared to PE — Athero patients.

The multivariate logistic regression model (adjusted for age, gender,
and comorbidities [adjustment II]) confirmed lower rates of reperfusion
treatments (systemic thrombolysis and surgical embolectomy) in PE
+ Athero patients (Table 2).

Intracerebral bleeding events were significantly associated with
PE + Athero independently of age, gender, comorbidities, and reper-
fusion treatments (adjustment II) (Table 2).

3.4. Primary and secondary study outcomes

In-hospital mortality (12.1% vs. 9.6%, P < 0.001) and adverse in-
hospital events (16.8% vs. 12.6%, P < 0.001) were both higher in PE
+ Athero compared to PE-Arthero patients (Table 1). Frequency of in-
hospital death (Fig. 2A) and adverse in-hospital outcome (Fig. 2B) both
occurred more often in PE + Athero patients compared to PE — Athero
in age-decades 4-8, but in patients aged 80 years and older PE — Athero
patients revealed higher rates of primary and secondary study outcomes.

The multivariate logistic regression models showed an increase in
all-cause mortality (OR 1.107 [1.061-1.155], P < 0.001) and adverse
in-hospital outcomes (OR 1.143 [1.102-1.186], P < 0.001) due to the
presence of symptomatic atherosclerosis independently of age, gender,
comorbidities, and reperfusion treatments. These results remained sta-
ble in the fully adjusted models with additional adjustments for RVD,

tachycardia, syncope, shock, and pneumonia (adjustment IV, Table 2).
The Kaplan-Meier plot as well as the Cox-proportional hazard plot de-
pict the increased survival of PE — Athero patients compared to PE
+ Athero patients related to in-hospital stay (Fig. S2A and B in the Supple-
mentary material). The difference between both curves was statistically
significant (log rank test: P < 0.001). The Cox regression models

statistically confirmed the survival benefit (Table S1 in the Supplemen-
tary material).

4. Discussion

Although VTE and thromboembolic arterial disease are generally
considered as different entities, increased evidence underlines a poten-
tial link between venous and arterial thrombosis [1,3-7,9,14-22]. VTE
and atherothrombosis share risk factors with common pathophysiolog-
ical characteristics of inflammation, hypercoagulability, and endothelial
injury [3]. However, most studies investigated links between VTE in
general or DVT VTE with atherosclerosis, but study results about associ-
ations between life-threatening PE VTE and atherosclerosis are lacking.
Thus, we aimed to investigate the impact of symptomatic atherosclero-
sis on the adverse outcomes in patients with PE and to identify signifi-
cant differences between PE with and without additional DVTs in the
German nationwide inpatient sample.

The key findings of our study can be summarized as follows: i) the
total numbers of PE patients with symptomatic atherosclerosis in-
creased with advancing age, ii) symptomatic atherosclerosis was associ-
ated with isolated PE, iii) bleeding events were significantly more
prevalent in PE + Athero patients independent of age, gender, comor-
bidities, and reperfusion treatments, and iv) adverse in-hospital out-
comes and in-hospital mortalities were both higher in PE 4+ Athero
patients compared to PE — Athero patients. The increased risk for ad-
verse in-hospital outcomes and in-hospital mortalities in PE + Athero
patients was independent of sex, age, comorbidities, and important
risk stratification markers such as shock, RVD, and tachycardia.

Atherosclerosis and related diseases with its complications are the
most important causes of death worldwide [23]. Risk factors such as hy-
pertension, obesity, smoking, dyslipidaemia, diabetes mellitus, and ad-
vanced age have been identified in the progression of atherosclerosis
during an individuals' lifetime. In accordance with literature [24-26],
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Table 1
Baseline characteristics, medical history, and presentation of the 213,995 patients with PE
stratified according to the presence of symptomatic atherosclerosis.

Parameters Symptomatic No symptomatic P-value

atherosclerosis atherosclerosis

(n = 30,157, (n = 183,838;

14.1%) 85.9%)
Age (years) 77.0 (71.0-83.0) 71.0 (57.0-79.0) <0.001
Female gender” 13,921 (46.2%) 102,005 (55.5%) <0.001
In-hospital stay (days) 9(6-14) 8 (5-12) <0.001
Obesity 2777 (9.2%) 15,109 (8.2%) <0.001
VTE risk factors
Surgery during in-hospital stay 13,264 (44.0%) 65,701 (35.7%) <0.001
Cancer 2650 (8.8%) 20,209 (11.0%) <0.001
Comorbidities
Chronic (left) heart failure 10,094 (33.5%) 31,572 (17.2%) <0.001
Chronic lung disease 7670 (25.4%) 29,328 (16.0%) <0.001
Atrial fibrillation/flutter 6381 (21.2%) 20,187 (11.0%) <0.001
Essential arterial hypertension 17,210 (57.1%) 77,838 (42.3%) <0.001
Renal insufficiency 10,225 (33.9%) 29,503 (16.0%) <0.001
Diabetes mellitus 8857 (29.4%) 26,949 (14.7%) <0.001
Coagulation abnormalities 2079 (6.9%) 12,042 (6.6%) 0.026
Deep venous thrombosis or 11,131 (36.9%) 82,886 (45.1%) <0.001

thrombophlebitis
Pneumonia 7342 (24.3%) 45,296 (24.6%) 0.273
Risk stratification
Tachycardia 543 (1.8%) 2236 (1.2%) <0.001
Right ventricular dysfunction 9847 (32.7%) 54,860 (29.8%) <0.001
Shock 1045 (3.5%) 4526 (2.5%) <0.001
Treatment
Systemic thrombolysis 1400 (4.6%) 9321 (5.1%) 0.002
Surgical embolectomy 28 (0.09%) 253 (0.14%) 0.047
Outcomes/clinical conditions
Adverse in-hospital event 5066 (16.8%) 23,098 (12.6%) <0.001
All cause in-hospital death 3645 (12.1%) 17,721 (9.6%) <0.001
Mechanical ventilation 2753 (9.1%) 11,075 (6.0%) <0.001
Cardio-pulmonary 1598 (5.3%) 8436 (4.6%) <0.001
resuscitation

Intracerebral bleeding 77 (0.3%) 244 (0.1%) <0.001
Subarachnoid bleeding 15 (0.05%) 56 (0.03%) 0.090
Gastrointestinal bleeding 328 (1.1%) 1295 (0.7%) <0.001
Transfusion of blood 1805 (6.0%) 7122 (3.9%) <0.001

constituents

Abbreviations: PE indicates for pulmonary embolism; DVT, deep venous thrombosis; VTE,
venous thromboembolism.
Data in bold indicates P values of <0.05.

* Information available for n = 213,989 patients.

and as expected, we identified an age-dependent increase of symptom-
atic atherosclerotic diseases in patients with PE.

It is well known that atherosclerosis, the underlying cause of the ma-
jority of clinical cardiovascular events, is typically present for decades be-
fore the onset of clinical cardiovascular events or symptoms and initial
manifestation of clinical atherosclerotic cardiovascular diseases is often
a fatal event (sudden cardiac death, massive myocardial infarction, or dis-
abling stroke) [26]. Our study results demonstrated that the presence of
symptomatic atherosclerosis was related to poorer outcomes in patients
with PE with a higher rate of adverse in-hospital events and especially a
higher frequency of in-hospital deaths. The increased risk for adverse
in-hospital outcomes and in-hospital mortality for PE + Athero patients
was independent of sex, age, comorbidities, and reperfusion treatments
as well as important risk stratification markers such as shock, RVD, syn-
cope, and tachycardia (Table 2). It is well established that clinical param-
eters of the Pulmonary Embolism Severity Index (PESI) [27], parameters
of risk stratification tools such as the ESC 2014 guideline algorithm [28],
the Bova score [29], and the modified FAST score [30], all have a prognos-
tic impact on the 30 day mortality. Key roles regarding risk stratification
involved RVD [28] and myocardial injury [28]. Thus, we tried to analyse
the independence of our findings regarding these parameters (RVD and

scores/algorithm). Table S2 in the Supplementary material provides an
overview about the parameters of the risk stratification tools. Missing ad-
justments regarding some parameters of the PESI [27], such as hypoxia,
respiratory rate, temperature, and altered mental status could not ade-
quately addressed and the missing adjustments for these parameters, as
well as cardiac troponins and NT-Pro B-type natriuretic peptides (NT-
proBNP) are main limitations of our study. Nevertheless, we were able
to adjust the multivariate logistic regression model for most of the PESI
[27], Bova score [29] and modified FAST score [30] parameters and addi-
tionally, for a large number of comorbidities which are relevant for in-
hospital outcomes. The large number of outcomes enabled us to include
a huge number of variables in the multivariate logistic regression
model. This is a major strength of our study because smaller studies
with small numbers of outcome events can only adjust for a limited num-
ber of parameters and therefore cannot provide large evidence regarding
independence of their prognostic findings.

An association between atherosclerosis and DVT was confirmed in
several studies [7,10,18,31]. Prandoni et al. [7], reported a higher fre-
quency of carotid plaques as an indicator of atherosclerosis in patients
with previous idiopathic DVT in comparison to those without DVT [7].
Other studies found that aortic calcifications [8] and coronary artery cal-
cium [6,9] were more prevalent in VTE patients than in controls. The
concept of linked diseases was proved in the study by Libertiny et al.
[10], demonstrating a higher prevalence of DVT events in patients
with PAD than in controls [10]. In contrast, other studies failed to con-
firm a correlation between atherosclerosis and an increased risk of
VTE [11,12]. Interestingly, our study identified a lower frequency of
symptomatic atherosclerosis in PE patients with DVT, which might indi-
cate a different pathomechanism in the development of PE patients
with and without DVT. In about 65% of the PE events, the clot in the pul-
monary artery bed is the result of DVT rather than a separate clinical en-
tity [28,32]. For PE without underlying DVTs (isolated PE), data from
clinical studies suggest a key role of co-morbidities such as cancer
[33], and especially cardiovascular diseases with an association to ath-
erosclerosis like atrial fibrillation [34,35], myocardial infarction [34],
and heart failure [34,35] in the pathogenesis of thrombus formation.
Several pathomechanisms were proposed to explain the absence of pe-
ripheral thrombi, such as cardiac thrombus formation, embolization of
the complete deep-vein thrombus, and thrombus development de
novo in the lungs due to local inflammatory processes and driven coag-
ulation or reduced cardiac outputs [35-40]. Right cardiac stasis due to
reduced cardiac output might also lead to intracardiac thrombus forma-
tion with an elevated risk of PE [34,39,41]. The results of our study con-
firm an association between atherosclerotic diseases and isolated PE
and support the hypothesis that cardiovascular atherosclerotic diseases,
especially those with cardiac dysfunction (heart failure, CAD, and myo-
cardial infarction) might play a role in thrombus formation in PE pa-
tients without DVT [34,40,42,43]. However, while not all patients in
the German nationwide sample underwent lower limb ultrasound test-
ing for DVT, this finding should be considered with caution, although it
has to be expected that symptomatic DVTs have been detected in the
vast majority of cases. Studies investigating the outcomes of isolated
PE vs. PE with concomitant DVT showed conflicting results [44,45].
Most studies indicate a poorer outcome for PE patients with concomi-
tant DVT [45-49], but not all [35,50]. Becattini et al. [44], provided evi-
dence in their large meta-analysis involving >7500 patients, that a
concomitant DVT in PE was associated with an increased risk of death
within 30 days after PE diagnosis [44]. This higher short-term mortality
might be driven by larger thrombus burdens in these patients with con-
comitant DVT [44]. In this context, another limitation of our study re-
quires consideration: There was a lack of data regarding the left
ventricular ejection fraction in our patients, especially in those with
coded information on heart failure. It would be of interest to determine
whether the left ventricular function is a significant predictor and co-
founder for the poor outcome in PE patients with symptomatic
atherosclerosis.



Table 2

Impact of symptomatic atherosclerosis on risk stratification markers, outcomes, and treatments in patients with PE (univariate and multivariate logistic regression model).
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Univariate regression

Multi-variate regression

Multi-variate regression

Multi-variate regression

Multi-variate regression

model model with adjustment I*  model with adjustment I’ model with adjustment Il model with adjustment IV¢
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Risk stratification markers

RV dysfunction 1.140 <0.001 1.063 <0.001 0.919 <0.001 0.900 <0.001 0.900 <0.001
(1.111-1.170) (1.035-1.092) (0.893-0.946) (0.875-0.926) (0.875-0.926)

Shock 1.422 <0.001 1.376 <0.001 1.162 <0.001 1.152 <0.001 1.152 <0.001
(1.328-1.523) (1.282-1.476) (1.076-1.254) (1.069-1.241) (1.069-1.241)

Outcomes/clinical conditions

Adverse in-hospital outcome 1.405 <0.001 1.182 <0.001 1.143 <0.001 1.149 <0.001 1.150 <0.001
(1.359-1.452) (1.143-1.223) (1.102-1.186) (1.106-1.195) (1.106-1.195)

All-cause death 1.289 <0.001 1.028 0.160  1.107 <0.001 1.115 <0.001 1.113 <0.001
(1.241-1.339) (0.989-1.069) (1.061-1.155) (1.066-1.166) (1.064-1.164)

Cardio-pulmonary 1.163 <0.001 1.127 <0.001 1.219 <0.001 1.196 <0.001 1.196 <0.001

resuscitation (1.101-1.229) (1.065-1.192) (1.146-1.297) (1.122-1.275) (1.122-1.275)

Intracerebral bleeding 1.926 <0.001 1.816 <0.001 1.734 <0.001 1.691 <0.001 1.693 <0.001
(1.490-2.489) (1.394-2.366) (1.322-2.274) (1.290-2.218) (1.291-2.221)

Subarachnoid bleeding 1.633 0.092  2.156 0.012 1.701 0.091 1.697 0.092  1.700 0.091
(0.924-2.888) (1.182-3.935) (0.918-3.149) (0.917-3.141) (0.918-3.146)

Gastrointestinal bleeding 1.550 <0.001 1.300 <0.001 1.045 0.498  1.045 0504  1.046 0.491
(1.372-1.751) (1.148-1.472) (0.920-1.188) (0.919-1.187) (0.920-1.189)

Treatment

Systemic thrombolysis 0.912 0.002 1.042 0.173  0.882 <0.001 0.896 0.001 0.896 0.001
(0.861-0.965) (0.982-1.105) (0.830-0.938) (0.840-0.955) (0.840-0.955)

Surgical embolectomy 0.674 0.048 1.040 0.850  0.509 0.001 0500 0.001 0501 0.001
(0.456-0.997) (0.694-1.558) (0.337-0.768) (0.330-0.756) (0.331-0.759)

Transfusion of blood 1.580 <0.001 1.584 <0.001 1.263 <0.001 1.232 <0.001 1.238 <0.001

components

(1.498-1.666)

(1.500-1.673)

(1.190-1.341)

(1.161-1.308)

(1.166-1.315)

Data in bold indicates P values of <0.05.
¢ Adjustment I: adjusted for age and gender.
b Adjustment II: adjusted for age, gender, obesity, surgery during in-hospital stay, cancer, heart failure, atrial fibrillation/flutter, chronic lung diseases, essential arterial hypertension,
renal insufficiency, diabetes mellitus, coagulation abnormalities, systemic thrombolysis, and surgical embolectomy. The multivariate logistic regression model was adjusted for age, gen-
der, obesity, surgery during in-hospital stay, cancer, heart failure, atrial fibrillation/flutter, chronic lung diseases, essential arterial hypertension, renal insufficiency, diabetes mellitus, and
coagulation abnormalities only when testing the independence of the reperfusion strategies (systemic thrombolysis and surgical embolectomy).
¢ Adjustment III: adjusted for age, gender, obesity, surgery during in-hospital stay, cancer, heart failure, atrial fibrillation/flutter, chronic lung diseases, essential arterial hypertension,
renal insufficiency, diabetes mellitus, coagulation abnormalities, RVD, tachycardia, syncope, and shock.
4 Adjustment IV: adjusted for age, gender, obesity, surgery during in-hospital stay, cancer, heart failure, atrial fibrillation/flutter, chronic lung diseases, essential arterial hypertension,
renal insufficiency, diabetes mellitus, coagulation abnormalities, RVD, tachycardia, syncope, shock, and pneumonia.
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Fig. 2. Impact of symptomatic atherosclerosis on all-cause in-hospital death (A), adverse in-hospital events (B), intracerebral bleeding events (C) as well as gastro-intestinal bleeding
events (D) (solid black line: PE patients with symptomatic atherosclerosis; dashed black line: PE patients without coded symptomatic atherosclerosis).
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PE patients with atherosclerosis revealed higher rates of bleeding
complications presumably driven by additional antiplatelet medication,
whereby the bleeding events were independent of reperfusion treat-
ments (systemic thrombolysis and surgical embolectomy).

There are further limitations of our study that require consideration.
The analysis is based on ICD discharge codes, which might lead to in-
complete data due to underreporting/undercoding or miscoding. There-
fore, the focus of our study was on clear endpoints, such as in-hospital
mortality and complications, which are very unlikely to be miscoded
or not coded. This study includes in-hospital results and cannot address
long-term outcomes.

5. Conclusions

Symptomatic atherosclerosis in patients with PE increased with ad-
vancing age and was accompanied by poorer outcomes. Symptomatic
atherosclerosis was associated with isolated PE (without DVT) and car-
diovascular atherosclerotic diseases might play a role in thrombus for-
mation of PE patients without DVT.
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