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A B S T R A C T

Background: Pulmonary embolism (PE) and cystic fibrosis (CF) are both diseases that impact the cardiovascular- 
pulmonary system. While CF is a rare heterogeneous monogenetic autosomal-recessive inherited multisystem- 
disease that reduces life-expectancy, PE is a common emergency event with also high morbidity and mortal
ity. We aimed to investigate the impact of CF on prognosis of PE patients.
Methods: The German nationwide inpatient sample was used for this study. All patient-cases of patients with PE 
in Germany 2005–2020 were included and stratified for CF.
Results: Overall, 1,373,084 patient-cases of PE patients (median age 72.0 years, 53.0 % females) in Germany were 
included in our study 2005–2020. Among these, 126 patients (0.01 %) were coded with CF.
PE patients with CF were younger (33.0 [24.0–43.0] vs. 72.0 [60.0–80.0] years, P < 0.001) displaying a lower 
prevalence of arterial hypertension, hyperlipidemia and lower comorbidity-burden (Charlson comorbidity index: 
2.0 [1.0–4.0] vs. 4.0 [3.0–7.0], P < 0.001) compared to those without CF. In contrast, diabetes mellitus was more 
frequent in PE patients with CF (49.2 % vs. 18.7 %, P < 0.001).
After adjustment for age, sex and comorbidities, CF was associated with higher case-fatality (OR 2.451 [95 % CI 
1.542–3.896], P < 0.001), pneumonia (OR 1.518 [95 % CI 1.059–2.176], P = 0.023) and necessity regarding 
transfusion of blood constituents (OR 3.702 [95 % CI 2.540–5.396], P < 0.001).
Conclusions: PE patients with CF were younger at the time of PE event and accompanied by typical comorbidities 
such as diabetes mellitus and renal disease compared to PE patients without CF. CF was associated with higher 
complication rates comprising pneumonia, bleeding events and 2.5-fold increased case-fatality.

1. Introduction

Cystic fibrosis (CF) is a heterogeneous monogenetic autosomal 
recessive inherited multisystem-disease that shortens life of the affected 
patients [1–4]. More than 80,000 people are afflicted by CF worldwide 
[2,5].

Mutations and deficiencies in the CF transmembrane conductase 
regulator protein (CFTR) are responsible for development of a complex 
multi-organ disease leading predominantly to impaired mucus hydra
tion and clearance. This condition promotes comprising progressive 

respiratory deterioration, chronic bacterial infections of the air-ways 
and sinus, maldigestions with exocrine pancreatic insufficiency and 
hepatobiliary impairment, infertility in males, and sweating with 
abnormal sweat composition [1–6]. Management strategies, include 
augmentation of muccociliary clearance and aggressive treatment of 
infections, which have gradually improved life expectancy of in
dividuals affected by CF. [5] In addition, restoration of CFTR function 
via new small molecule modulator drugs is transforming the disease for 
many patients [5,7,8]. Due to the progress in treatment strategies during 
the last three decades, the long-term prognosis of patients with CF has 
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enormously improved [1,8].
However, individuals with CF confronted with an increased risk of 

venous thromboembolism (VTE) due to chronic inflammation, use of 
central venous catheters, as well as acquired thrombophilia [5,9,10]. 
VTE with its two manifestations pulmonary embolism (PE) and deep 
vein thrombosis is accompanied by high morbidity and mortality 
[11–16]. Since PE represents pulmonary disease-manifestation with a 
significant and relevant impact on the cardiovascular system caused by 
embolus material blocking the pulmonary artery bed, it is of interest 
whether CF as disease with focus on the lungs, but also affecting the 
cardiovascular system, might influence cardiac deterioration caused by 
PE and the prognosis of acute PE [12–14,16–23]. Therefore, we aimed to 
investigate the impact of CF on prognosis of PE patients.

2. Methods

The year 2004 was the starting date for all German hospitals to 
transfer their coded patient-data of hospitalizations focusing on di
agnoses, (coexisting) conditions/comorbidities, surgeries, interventions, 
treatments and procedures to the Institute for the Hospital Remunera
tion System and the Federal Statistical Office of Germany (Statistisches 
Bundesamt) to receive their corresponding remuneration for the pro
vided and rendered services [13]. For this reason, patients’ diagnoses 
are coded according to ICD-10-GM (International Classification of Dis
eases, 10th Revision with German Modification), while diagnostic, 
surgical and interventional procedures have to be coded according to 
OPS-codes in order to get the remuneration (Operationen- und Proze
durenschlüssel) [30,47].

The coding-information on all hospitalization-data from the inpa
tient cases, which is gathered by the Federal Statistical Office of Ger
many (Statistisches Bundesamt), will be included in the German 
nationwide inpatient sample (diagnosis related groups [DRG] statistic), 
which can be analysed and is the basis of the analysis of this present 
study [13].

Our study analyses were computed by the Research Data Center 
(RDC) of the Federal Statistical Office and the Statistical Offices of the 
federal states (in Wiesbaden, Germany) on our behalf (based on our 
made-up and generated SPSS syntaxes, delivered to the RDC).

For the present analysis, we selected all inpatients hospitalized with 
PE (ICD code I26) (source: RDC of the Federal Statistical Office and the 
Statistical Offices of the federal states, DRG Statistics 2005–2020, own 
calculations) and stratified these hospitalizations of PE patients ac
cording of the presence of CF (ICD code E84). Since remuneration is the 
primary cause of coding the diagnoses, all diagnoses are coded, which 
are related to patient-costs during hospitalizations. Thus CF was coded if 
it was newly diagnosed during hospitalization or was a well-known 
diagnosis in the treated patient.

2.1. Study endpoints and in-hospital adverse events

The primary study endpoint was death of any cause during the 
hospital stay (in-hospital death). In addition, the adverse in-hospital 
events stroke (ischemic or haemorrhagic) (ICD codes I61-I64), acute 
kidney injury (ICD code N17), pneumonia (ICD-codes J12-J18), as well 
as serious bleeding events such as intracerebral bleeding (ICD code I61), 
and necessity of transfusion of blood components (OPS code 8-800) were 
included as further outcome parameters in the present study. It is well 
known that the airways of patients with CF are susceptible to infection 
inducing an intense inflammatory response even in those patients with 
only modest pulmonary disease [24]. Mucus retention in the lungs fa
vors recurrent and persistent bacterial infections of the lungs and is 
followed by development of structural lung damage (bronchiectasis) 
[25,26]. However, data regarding prevalence of pneumonia with or 
without parapneumonic effusions are inconsistent [27]; thus, we 
included pneumonia as another outcome of our study to close this gap of 
knowledge.

2.2. Definitions

The definition of obesity was oriented towards the recommendation 
of the WHO (World Health Organization) determined by a body mass 
index ≥30 kg/m2. Stroke comprised both stroke entities: ischemic as 
well as haemorrhagic stroke. Hemodynamically unstable PE was defined 
as PE patients with shock or cardio-pulmonary resuscitation (CPR). 
Thrombophilia comprised anti-thrombin deficiency, protein C and S 
deficiency, prothrombin gene mutation, factor V Leiden mutation and 
other thrombophilia including anti-phospholipid (anti-cardiolipin) 
syndrome.

2.3. Ethical aspects and study oversight

Since our study did not include a direct access by us (as the in
vestigators) to individual data of patients, approval by an ethics com
mittee and informed consent were not required, in compliance with 
German law. There was no commercial influence on the interpretation of 
the data.

2.4. Statistics

We compared hospitalization data of PE patients who also had CF to 
those of PE patients without CF. Descriptive statistics for this compari
son of both groups (with and without CF) were provided with median 
and interquartile range (IQR), or absolute numbers and corresponding 
percentages and the continuous variables were compared with the help 
of Wilcoxon-Whitney U test, while the categorical variables were 
compared with Fisher’s exact or chi2 test, as appropriate.

Logistic regression models were used to investigate associations be
tween CF and I) case-fatality as well as II) the investigated adverse in- 
hospital events. Results are presented as odds ratios (OR) and 95 % 
confidence intervals (CI). To ensure and provide that the results of these 
logistic regressions are not biased by important comorbidities, condi
tions and further factors and therefore, to guarantee a wide indepen
dence, the multivariable logistic regressions were calculated with the 
following adjustment: age, sex, obesity, cancer, heart failure, essential 
arterial hypertension, hyperlipidemia, acute and chronic kidney disease, 
diabetes mellitus, coronary artery disease, chronic obstructive pulmo
nary disease, and atrial fibrillation/flutter.

Temporal trends in the annual total numbers and proportion of PE 
patients with CF among all PE patients were analysed and illustrated.

We used the software of SPSS® (IBM Corp. Released 2011. IBM SPSS 
Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp) for the 
computerised data analysis. P values <0.05 (two-sided) were accounted 
to be statistically significant.

3. Results

Overall, 1,373,084 patient-cases of patients with PE (median age 
72.0 years, 53.0 % females) were registered in Germany between the 
years 2005 and 2020 and included in our study. Among these, 126 pa
tients (0.01 %) were coded with CF. The annual total numbers of PE 
patients with CF and the proportion of PE with CF related to all PE pa
tients each year did not change over time (Fig. 1A). In contrast, we 
detected a large peak of PE patients with CF in 3rd decade of life with 
decreasing numbers of PE patients with CF in higher age-decades 
(Fig. 1B).

PE patients with CF were significantly younger than those PE pa
tients without CF (33.0 [24.0–43.0] vs. 72.0 [60.0–80.0] years, P <
0.001). Only 7.1 % of the PE patients with CF were 70 years or older. The 
in-hospital stay of PE patients with CF was distinctly longer than that of 
those without CF (16.0 [7.0–32.3] vs. 9.0 [5.0–16.0], P < 0.001) 
(Table 1). While the cardiovascular risk factors essential arterial hy
pertension and hyperlipidemia were less prevalent in PE patients with 
CF probably driven by younger age, diabetes mellitus was substantially 
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more frequently detected in PE patients with CF (49.2 % vs. 18.7 %, P <
0.001). Regarding the classical risk factors for venous thromboembo
lism, cancer was more common in PE patients without CF, whereas 
surgery and thrombophilia were more prevalent in PE patients with CF. 
Interestingly, deep venous thrombosis and/or thrombophlebitis were 
less often detected in PE patients with CF (15.1 % vs. 35.6 %, P < 0.001) 
(Table 1).

The Charlson comorbidity index mirrors a higher comorbidity 
burden of PE patients without CF vs. those with CF (4.0 [3.0–7.0] vs. 2.0 
[1.0–4.0], P < 0.001) most probably due to older age. Notably, the 
prevalence of acute and chronic kidney disease was higher in PE patients 
with CF, whereas frequency of heart failure and chronic obstructive 
pulmonary disease were similar between both groups (Table 1).

When focusing on the risk stratification markers of PE, PE patients 
with CF were more often afflicted by hemodynamic instability (14.3 % 
vs. 9.0 %, P = 0.037) and tachycardia, but were less often coded with 
right ventricular dysfunction (Table 1). However, despite PE patients 
with CF were more often afflicted by hemodynamic compromise, the 
standard reperfusion treatment of systemic thrombolysis was not more 
frequently administered in PE patients with CF than without CF (2.4 % 
vs. 4.2 %, P = 0.498).

PE patients with CF had a slightly, not significantly elevated case- 
fatality (19.0 % vs. 15.3 %, P = 0.264) in comparison to PE patients 
without CF, - which has to be considered in the light of the younger age 
of CF patients, who were in median 39 years younger than PE patients 
without CF (Table 1). CF was accompanied by higher risk of pneumonia 
(40.5 % vs. 24.1 %, P < 0.001) and acute kidney injury (15.9 % vs. 6.6 
%, P < 0.001) in PE patients. Regarding bleeding events, PE patients 
with CF had a higher necessity of transfusion of blood constituents (37.3 
% vs. 11.6 %, P < 0.001) compared to those without CF (Table 1).

The logistic regression models revealed that CF was independently 
related to higher case-fatality (OR 2.451 [95 % CI 1.542–3.896], P <
0.001) after adjustment for age, sex and comorbidities (Table 2). In 
addition, CF was independently associated with pneumonia (OR 1.518 
[95 % CI 1.059–2.176], P = 0.023). In contrast, CF was not indepen
dently related to acute kidney injury (P = 0.608), right ventricular 
dysfunction (P = 0.103) and hemodynamic compromise (P = 0.422). 
However, the independent association between CF and lower usage of 
systemic thrombolysis (OR 0.287 [95 % CI 0.091–0.905], P = 0.033) 
might underline an underuse of this standard reperfusion treatment in 
PE patients with CF, which may be driven by the fear for major bleeding 
events since CF was associated with higher necessity regarding trans
fusion of blood constituents (OR 3.702 [95 % CI 2.540–5.396], P <
0.001) (Table 2). Lastly, the detection of deep venous thrombosis and/or 
thrombophlebitis was substantially lower in PE patients with CF than in 
those without CF (OR 0.284 [95 % CI 0.174–0.464], P < 0.001) 
(Table 2).

Regarding subgroup analysis, we detected that CF was an indepen
dent driver of in-hospital case-fatality especially in PE patients with 
pneumonia (OR 3.597 [95 % CI 1.852–6.988], P < 0.001), whereas in PE 
patients without pneumonia (OR 1.768 [95 % CI 0.910–3.432], P =
0.093) CF was not independently associated with in-hospital case-fa
tality. In PE patients with sepsis, CF was not an additional powerful 
trigger of hemodynamic instability (OR 0.256 [OR 0.026–2.507], P =
0.242) and in-hospital case-fatality (OR 0.663 [95 % CI 0.068–6.444], P 
= 0.723).

When focussing on the 817,796 patients, who were admitted due to 
PE (main diagnosis of PE), CF was diagnosed in only 23 patients, which 
indicates that PE might occur more often in CF patients than in those 
without CF. Length of in-hospital stay of patients admitted due to PE 

Fig. 1. Time trends in PE patients with cystic fibrosis (CF). 
Panel A: Annual time trend regarding absolute numbers of PE patients with CF and proportion of PE patients with CF related to all PE patients 2005–2020. 
|Panel B: Age-dependent time trend regarding absolute numbers of PE patients with CF and proportion of PE patients with CF related to all PE patients in the different 
age-decades of life. 
In the years 2005 and 2006 the absolute and relative numbers of PE patients with CF were not provided by the RDC due to reasons of data protection.
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with and without CF does not differ significantly (8.0 [5.0–12.0] vs. 7.0 
[4.0–18.0], P = 0.944) between the groups.

4. Discussion

Venous thromboembolism (VTE) comprising both deep vein throm
bosis and PE affects approximately 10 million people every year 
worldwide and are accompanied by high morbidity and mortality 
[11–16,28]. The PE-related mortality is closely related to patient’s he
modynamic status, cardiac deteriorations as well as comorbidities 
[12–14,16–23]. In this context, the impact of patient’s comorbidities on 
survival during the acute phase of PE is mostly underrated [29–33]. 
Patients’ comorbidity burden affects the patients’ capacities to 
encounter the strain, stress and complications due to PE to avoid right 

heart failure and in-hospital death [29,34–37]. Of course, the effect of 
comorbidities on prognosis varies widely and results not least from the 
interaction and interplay of different comorbidities [29]. In particular, 
cardiovascular as well as pulmonary diseases seem to negatively influ
ence the capacities to encounter the deterioration of PE and aggravate 
prognosis [38,39]. This was shown for coronary artery disease [39] and 
heart failure [40], as well as for acute and chronic lung disease including 
chronic obstructive pulmonary disease [38] and pneumonia caused by 
COVID-19 [41]. Data for the rather rare disease CF (with approximately 
80,000 affected people worldwide) and its impact on prognosis of PE are 
sparse [2,5]. Since PE represents a cardiovascular as well as pulmonary 
disease-manifestation, we hypothesized that CF as multisystem-disease 
with focus on the lungs might have a direct influence on cardiac dete
rioration during PE and might impact the prognosis of acute PE sub
stantially [1–4,12–14,16–23]. It seems very unlikely that PE patients 
with CF will be treated ambulatory without admission to a hospital. 
Since CF is a chronic lung disease and PE patients with chronic cardio
pulmonary diseases are classified as sPESI of 1 point or more depending 
on the other parameters which are assessed for risk stratification, these 
patients were classified as high risk patients according the sPESI and 
were not intended for early discharge of the hospitals or a complete 
ambulatory management [42–44]. However, data regarding outpatient 
treatment of pulmonary embolism (PE) is scarce [45].

In this large nationwide-inpatient sample from Germany with more 
than 1.3 million included hospitalizations of PE patients spanning the 
years 2005–2020, only a small minority (9.2 per 100,000 hospitaliza
tions of PE patients) was coded with CF. However, if we put the small 
number of 126 patients during the 16 years observational period in 
correlation to the 80,000 patients worldwide, the number of included 
patient-cases is not so small as it seems to be. Approximately 0.01 % of 
the world population lives in Germany. If we calculate the 0.01 % pro
portion of the 80,000 CF patients worldwide, we would expect 800 
patients with CF in Germany (if CF would be similarly distributed 
worldwide). Among these, 8 hospitalizations with PE and CF were 

Table 1 
Patients’ characteristics, medical history, presentation and outcomes of the 
included 1,373,084 patients with pulmonary embolism (PE) stratified according 
the presence of additional cystic fibrosis (CF). P values <0.05 were accounted to 
be statistically significant.

Parameters PE patients 
without CF 
(n = 1,372,958; 
99.99 %)

PE patients 
with CF 
(n = 126; 0.01 
%)

P-value

Age 72.0 (60.0–80.0) 33.0 
(24.0–43.0)

<0.001

Age ≥70 years 767,898 (55.9 %) 9 (7.1 %) <0.001
Female sex 727,412 (53.0 %) 72 (57.1 %) 0.349
In-hospital stay (days) 9.0 (5.0–16.0) 16.0 

(7.0–32.3)
<0.001

Traditional cardiovascular risk factors
Essential arterial hypertension 602,718 (43.9 %) 12 (9.5 %) <0.001
Diabetes mellitus 256,167 (18.7 %) 62 (49.2 %) <0.001
Hyperlipidaemia 172,137 (12.5 %) 3 (2.4 %) 0.001

Classical risk factors for venous thromboembolism and proportion of DVT
Cancer 279,144 (20.3 %) 13 (10.3 %) 0.005
Any surgery 711,778 (51.8 %) 77 (61.1 %) 0.037
Thrombophilia 16,064 (1.2 %) 6 (4.8 %) 0.004
Deep venous thrombosis and/or 

thrombophlebitis
489,000 (35.6 %) 19 (15.1 %) <0.001

Comorbidities
Charlson comorbidity index 4.0 (3.0–7.0) 2.0 (1.0–4.0) <0.001
Heart failure 300,758 (21.9 %) 24 (19.0 %) 0.438
Atrial fibrillation/flutter 207,041 (15.1 %) 4 (3.2 %) <0.001
Chronic obstructive pulmonary 

disease
138,380 (10.1 %) 17 (13.5 %) 0.203

Acute and chronic kidney 
disease

294,419 (21.4 %) 37 (29.4 %) 0.030

Risk stratification parameters of PE
Hemodynamic instability 123,153 (9.0 %) 18 (14.3 %) 0.037
Shock 56,631 (4.1 %) 10 (7.9 %) 0.041
Cardio-pulmonary resuscitation 89,121 (6.5 %) 9 (7.1 %) 0.717
Right ventricular dysfunction 381,220 (27.8 %) 25 (19.8 %) 0.047
Tachycardia 40,906 (3.0 %) 10 (7.9 %) 0.005

Adverse events during hospitalization
In-hospital death 210,530 (15.3 %) 24 (19.0 %) 0.264
Systemic thrombolysis 57,172 (4.2 %) 3 (2.4 %) 0.498
Surgical embolectomy 2007 (0.15 %) 3 (2.4 %) 0.001
Pneumonia 330,768 (24.1 %) 51 (40.5 %) <0.001
Sepsis 19,859 (1.4 %) 4 (3.1 %) 0.113
Acute kidney injury 90,334 (6.6 %) 20 (15.9 %) <0.001
Stroke (ischaemic or 

haemorrhagic)
40,576 (3.0 %) 3 (2.4 %) 1.000

Intracerebral bleeding 8565 (0.6 %) 0 (0.0 %) 1.000
Transfusion of blood 

constituents
159,599 (11.6 %) 47 (37.3 %) <0.001

Table 2 
Impact of cystic fibrosis (CF) on different outcomes and adverse in-hospital 
events (univariable and multivariable logistic regression model). P values 
<0.05 were accounted to be statistically significant.

Univariable regression 
model

Multivariable regression 
modela

OR (95 % CI) P-value OR (95 % CI) P-value

In-hospital death 1.299 
(0.833–2.027)

0.249 2.451 
(1.542–3.896)

<0.001

Pneumonia 2.143 
(1.501–3.058)

<0.001 1.518 
(1.059–2.176)

0.023

Sepsis 2.222 
(0.821–6.015)

0.116 0.737 
(0.268–2.032)

0.556

Acute kidney injury 2.679 
(1.661–4.320)

<0.001 0.837 
(0.423–1.654)

0.608

Stroke (ischaemic or 
haemorrhagic)

0.801 
(0.255–2.518)

0.704 1.005 
(0.319–3.166)

0.993

Hemodynamic 
instability

1.691 
(1.027–2.786)

0.039 1.232 
(0.740–2.049)

0.422

Right ventricular 
dysfunction

0.644 
(0.416–0.998)

0.049 0.691 
(0.444–1.077)

0.103

Deep venous 
thrombosis and/or 
thrombophlebitis

0.321 
(0.197–0.523)

<0.001 0.284 
(0.174–0.464)

<0.001

Systemic 
thrombolysis

0.561 
(0.179–1.765)

0.323 0.287 
(0.091–0.905)

0.033

Surgical 
embolectomy

16.661 
(5.296–52.415)

<0.001 4.139 
(1.286–13.318)

0.017

Transfusion of blood 
constituents

4.523 
(3.152–6.490)

<0.001 3.702 
(2.540–5.396)

<0.001

a Adjusted for age, sex, obesity, cancer, heart failure, essential arterial hy
pertension, hyperlipidemia, acute and chronic kidney disease, diabetes mellitus, 
coronary artery disease, chronic obstructive pulmonary disease, and atrial 
fibrillation/flutter.
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counted annually, which corresponds to a high 1 % incidence rate of PE 
in patients with CF. As expected and in accordance with the established 
knowledge that CF shortens life of the affected patients (despite the 
treatment progress in CF) [1–4], PE patients with CF were in our study in 
median nearby 40 years younger than those PE patients without CF. 
Although risk for PE increases substantially with age [13,19,46–48], 
only 7.1 % of the PE patients with CF were 70 years and older at the PE 
event. Therefore, this finding of lower median age does not surprise 
mirroring the shorter life expectancy of CF patients [1–4]. According to 
the distinctly younger age of PE patients with CF, typical cardiovascular 
risk-factors with age-dependent prevalence such as arterial hypertension 
and hyperlipidemia were (as expected) less often detected in patients 
with CF than without [49]. In line, we identified a higher comorbidity 
burden in PE patients without than with CF mirrored by the Charlson 
comorbidity index most probably due to older age. In contrast, diabetes 
mellitus was substantially more frequent (more than 30 % higher 
prevalence) in PE patients with CF. It is well established that diabetes 
mellitus requiring insulin is the leading complication and comorbidity in 
patients with CF. [50,51] Notably, the reported frequency of almost half 
of the PE patients with CF suffering from diabetes mellitus is higher than 
the reported prevalence of 5–30 % of CF patients in other studies 
[50,51]. In this context, the understanding regarding the nature of 
diabetes mellitus in CF is crucial, since diabetes mellitus is associated 
with an increased nutritional failure, worse pulmonary disease and 
earlier death in these affected patients [50,51]. Additionally and in part 
consecutively to higher prevalence of diabetes mellitus, the prevalence 
of acute and chronic kidney disease was higher in PE patients with CF in 
comparison to those without CF. [52,53] In this context, studies have 
shown that patients with CF presented with impaired renal function with 
increased serum Cystatin C and decreased eGFR values compared to 
controls [53].

It is well known that patients with CF are afflicted by acquired 
thrombophilia triggered by inflammation, or deficiencies of different 
anticoagulant proteins due to vitamin K deficiency and/or liver 
dysfunction [9], which was also confirmed in our study.

However, lung complications are the major cause of morbidity and 
mortality in CF patients [1–6,54]. Since the lung complications in CF 
patients are predominatly caused by infections, CF is associated with 
increased and intensified inflammation prcesses, but these inflammatory 
defense mechanisms in CF are less effective or ineffective to defeat and 
clear the pathogens [1–6,54]. Mucus retention in the lungs favors 
recurrent and persistent bacterial infections followed by development of 
structural lung damage, especially bronchiectasis [25,26]. The airways 
of CF patients are susceptible to infection inducing an intense inflam
matory response even in those patients with only modest pulmonary 
disease [24]. Data regarding prevalence of pneumonia with or without 
parapneumonic effusions are inconsistent [27]. Our study detected a 
substantially higher rate of pneumonia in PE patients with CF. More 
than 40 % of the PE patients with CF developed a pneumonia. The 
pneumonia rate was substantially higher than in literature [27]. In 
addition, it has to be mentioned that persistent high-intensity inflam
mation results in structural damage of the airways and impaired lung 
function in CF patients potentially followed by respiratory failure and 
death [54].

Notably, deep venous thrombosis and/or thrombophlebitis were less 
often detected in PE patients with CF, which might be driven by higher 
inflammation levels in CF patients resulting in higher incidence rates of 
isolated PE without deep vein thrombosis. For PE without underlying 
deep venous thrombosis (isolated PE), data from previously published 
studies suggest an important role of co-morbidities such as cancer [55], 
atrial fibrillation [56,57], myocardial infarction [56] and HF [56,57] in 
the pathogenesis of thrombus formation. CF as lung and inflammatory 
disease might be one additional comorbidity contributing to isolated PE.

Our study demonstrated that CF was independently associated with a 
2.5-fold increased case-fatality after adjustment for age, sex and 
comorbidities. This finding underlines the crucial impact of CF on 

prognosis of PE patients. In contrast to our hypothesis that CF might 
make patients more susceptible to cardiac changes and alterations due to 
PE, CF was not independently related to higher risk of development of 
right ventricular dysfunction. However, CF was accompanied by 
increased risk for hemodynamic instability and tachycardia, which 
might underline the effect of CF as an important comorbidity regarding 
prognosis in PE with reduced capacities to resist the stress of PE besides 
cardiac adaptations [29,54]. It is important, that our analysis revealed 
that the hemodynamic compromise was not primarily a result of an 
underlying sepsis.

Remarkably, although PE patients with CF were more often afflicted 
by hemodynamic compromise, the standard reperfusion treatment of 
systemic thrombolysis was less commonly administered in PE patients 
with CF, which might be driven by the fear regarding major bleeding 
events since CF was afflicted by crucially higher necessity regarding 
transfusion of blood constituents. In this context it is well known that 
individuals with CF are associated with higher bleeding rates (e.g. he
moptysis). This bleeding risk increases with higher age in CF patients in 
the context of higher life expectancy, which is achieved through better 
therapy options in recent years [1,8,58].

We detected a longer in-hospital stay of PE patients with CF in 
comparison to those without CF. This difference was no longer seen, if 
we focussed only on hospitalizations of patients admitted due to PE. The 
finding seems to be triggered by the younger age of the PE patients with 
CF. The younger age has a larger effect in patients admitted due to PE 
although CF is afflicted by higher complication rate than in admissions 
due to complications of CF with pneumonia and developing PE for 
example.

However, due to the imbalanced group sizes of hospitalizations of PE 
patients with and without CF, the associations of CF with increased 
complications in PE have to be evaluated with caution, since these 
imbalanced analysis are more prone to BIAS, since deteriorations in the 
smaller group of hospitalizations with CF have a larger weight compared 
with deteriorations in the larger group. Nevertheless, the primary aim of 
the study was to present for the first time data derived from a very large 
epidemiological data set and analyse and illustrate the impact of CF on 
outcomes in PE. Since CF is a rare disease smaller data sets would not be 
able to indicate significant differences between PE patients with and 
without CF. Keeping this limitation in mind, our study reveals clear 
evidence that CF in association with inflammation influences the out
comes of PE patients significantly and negatively. However, the gener
alizability of the results appears restricted.

4.1. Limitations

The present study has some limitations that merit consideration: 
Firstly, due to the nature of ICD- and OPS-code-based study-analysis of 
hospitalized patients of the German nationwide-inpatient sample, 
under-reporting as well as under-coding are possible. Secondly, data on 
most concomitant medication or laboratory markers are not available. 
Thirdly, the data of the German nationwide sample comprises the hos
pitalization duration and no follow-up evaluation after discharge from 
the hospital. Fourthly, due to the data structure of the German Nation
wide Inpatient Statistics and confidential reasons, we could only analyse 
patient-cases and were not able to exclude that patient may be include in 
the study twice. Nevertheless, it is unlikely that a significant number of 
patients with CF have twice or more PE events and be twice or more 
often included in the study and distort statistical analysis. Fifthly, we 
were not able to differentiate between patients with single PE or 
recurrent PE events. Sixtly, due to the imbalanced group sizes of hos
pitalizations of PE patients with and without CF, the analysis are more 
prone by BIAS, since deteriorations in the smaller group of hospitali
zations with CF have a larger weight compared with the larger group. 
Seventhly, the cause of death is not available in the German nationwide 
inpatient statistics. Eighthly, due to the data structure, data about results 
of echocardiography were not available in detail. However, the German 
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nationwide inpatient statistics provided data about the presence of RVD. 
Lastly, the sample size of PE patients with CF was small and this group 
exhibited a much younger age profile, which may impact the reliability 
of the reported effect estimates and confidence intervals.

5. Conclusions

PE patients with CF suffered from PE events in younger age and CF 
was accompanied by typical comorbidities such as diabetes mellitus and 
renal disease.

Additionally, CF was linked to higher complication rates, including 
an increased prevalence of pneumonia and bleeding events. Impor
tantly, CF was independently associated with a 2.5-fold increase in case 
fatality.

CRediT authorship contribution statement

Karsten Keller: Writing – review & editing, Writing – original draft, 
Visualization, Validation, Supervision, Software, Resources, Project 
administration, Methodology, Investigation, Formal analysis, Data 
curation, Conceptualization. Volker H. Schmitt: Writing – review & 
editing. Visvakanth Sivanathan: Writing – review & editing. Omar 
Hahad: Writing – review & editing. Thomas Münzel: Writing – review 
& editing. Philipp Lurz: Writing – review & editing. Christine Espi
nola-Klein: Writing – review & editing. Stefano Barco: Writing – re
view & editing. Stavros Konstantinides: Writing – review & editing. 
Lukas Hobohm: Writing – review & editing, Project administration, 
Methodology, Investigation, Data curation, Conceptualization.

Funding

None.

Declaration of competing interest

KK, VHS, VS, OH and TM report no conflict of interests. PL has 
received institutional fees and research grants from Abbott Vascular, 
Edwards Lifesciences, and ReCor, honoraria from Edwards Lifesciences, 
Abbott Medical, Inno-ventric, ReCor and Boehringer Ingelheim and has 
stock options with Innoventric. CEK reports having from Amarin Ger
many, Amgen GmbH, Bayer Vital, Boehringer Ingelheim, Bristol-Myers 
Squibb, Daiichi Sankyo, Leo Pharma, MSD Sharp & Dohme, Novartis 
Pharma, Pfizer Pharma GmbH, Sanofi-Aventis GmbH, outside the sub
mitted work. SB received lecture/consultant fees from Bayer Health
Care, Concept Medical, BTG Pharmaceuticals, INARI, Boston Scientific, 
and LeoPharma; institutional grants from Boston Scientific, Bentley, 
Bayer HealthCare, INARI, Medtronic, Concept Medical, Bard, and 
Sanofi; and economical support for travel/congress costs from Daiichi 
Sankyo, BTG Pharmaceuticals, and Bayer HealthCare, outside the sub
mitted work. SK reports institutional grants and personal lecture/advi
sory fees from Bayer AG, Daiichi Sankyo, and Boston Scientific; 
institutional grants from Inari Medical; and personal lecture/advisory 
fees from MSD and Bristol Myers Squibb/Pfizer. LH received lecture/ 
consultant fees from MSD, Boston Scientific and Inari Medical, outside 
the submitted work.

References

[1] F.C. Ringshausen, T. Hellmuth, A.M. Dittrich, Evidence-based treatment of cystic 
fibrosis, Internist (Berl). 61 (2020) 1212–1229, https://doi.org/10.1007/s00108- 
020-00896-9.

[2] P.J. Barry, M.A. Mall, A. Alvarez, C. Colombo, K.M. de Winter-de Groot, I. Fajac, K. 
A. McBennett, E.F. McKone, B.W. Ramsey, S. Sutharsan, et al., Triple therapy for 
cystic fibrosis Phe508del-gating and -residual function genotypes, N. Engl. J. Med. 
385 (2021) 815–825, https://doi.org/10.1056/NEJMoa2100665.

[3] M.R. Knowles, P.R. Durie, What is cystic fibrosis? N. Engl. J. Med. 347 (2002) 
439–442, https://doi.org/10.1056/NEJMe020070.

[4] R.C. Stern, The diagnosis of cystic fibrosis, N. Engl. J. Med. 336 (1997) 487–491, 
https://doi.org/10.1056/NEJM199702133360707.

[5] M. Shteinberg, I.J. Haq, D. Polineni, J.C. Davies, Cystic fibrosis, Lancet 397 (2021) 
2195–2211, https://doi.org/10.1016/S0140-6736(20)32542-3.

[6] D.A. Stoltz, D.K. Meyerholz, M.J. Welsh, Origins of cystic fibrosis lung disease, 
N. Engl. J. Med. 372 (2015) 351–362, https://doi.org/10.1056/NEJMra1300109.

[7] C.L. Ren, R.L. Morgan, C. Oermann, H.E. Resnick, C. Brady, A. Campbell, 
R. DeNagel, M. Guill, J. Hoag, A. Lipton, et al., Cystic fibrosis Foundation 
pulmonary guidelines. Use of cystic fibrosis transmembrane conductance regulator 
modulator therapy in patients with cystic fibrosis, Ann. Am. Thorac. Soc. 15 (2018) 
271–280, https://doi.org/10.1513/AnnalsATS.201707-539OT.

[8] K. Dayasiri, J. Hull, S. Rao, NICE guidance on diagnosis and management of cystic 
fibrosis, Arch. Dis. Child. Educ. Pract. Ed. 106 (2021) 31–34, https://doi.org/ 
10.1136/archdischild-2019-316882.

[9] C.M. Takemoto, Venous thromboembolism in cystic fibrosis, Pediatr. Pulmonol. 47 
(2012) 105–112, https://doi.org/10.1002/ppul.21566.

[10] P. Holsteen, M. Meier, L. Brennan, T. VanHorn, S.A. Kuldanek, M. Wang, S. 
L. Martiniano, Safety and effectiveness of a risk-stratified venous 
thromboembolism prophylaxis algorithm in young people with cystic fibrosis, 
Thromb. Res. 206 (2021) 36–41, https://doi.org/10.1016/j. 
thromres.2021.07.007.

[11] S. Konstantinides, S.Z. Goldhaber, Pulmonary embolism: risk assessment and 
management, Eur. Heart J. (2012), https://doi.org/10.1093/eurheartj/ehs258.

[12] K. Keller, J. Beule, A. Schulz, M. Coldewey, W. Dippold, J.O. Balzer, Right 
ventricular dysfunction in hemodynamically stable patients with acute pulmonary 
embolism, Thromb. Res. (2014), https://doi.org/10.1016/j.thromres.2014.01.010.

[13] K. Keller, L. Hobohm, M. Ebner, K.P. Kresoja, T. Munzel, S.V. Konstantinides, 
M. Lankeit, Trends in thrombolytic treatment and outcomes of acute pulmonary 
embolism in Germany, Eur. Heart J. 41 (2020) 522–529, https://doi.org/10.1093/ 
eurheartj/ehz236.

[14] K. Keller, L. Hobohm, T. Munzel, M.A. Ostad, Impact of concomitant deep or 
superficial venous thrombosis of the legs on survival of patients with pulmonary 
embolism, Int. J. Cardiol. 315 (2020) 92–98, https://doi.org/10.1016/j. 
ijcard.2020.05.041.

[15] F.A. Klok, T. van der Hulle, P.L. den Exter, M. Lankeit, M.V. Huisman, 
S. Konstantinides, The post-PE syndrome: a new concept for chronic complications 
of pulmonary embolism, Blood Rev. 28 (2014) 221–226, https://doi.org/10.1016/ 
j.blre.2014.07.003.

[16] S.V. Konstantinides, G. Meyer, The 2019 ESC guidelines on the diagnosis and 
management of acute pulmonary embolism, Eur. Heart J. 40 (2019) 3453–3455, 
https://doi.org/10.1093/eurheartj/ehz726.

[17] S.Z. Goldhaber, Assessing the prognosis of acute pulmonary embolism: tricks of the 
trade, Chest 133 (2008) 334–336, https://doi.org/10.1378/chest.07-2464.

[18] D. Jimenez, F. Uresandi, R. Otero, J.L. Lobo, M. Monreal, D. Marti, J. Zamora, 
A. Muriel, D. Aujesky, R.D. Yusen, Troponin-based risk stratification of patients 
with acute nonmassive pulmonary embolism: systematic review and metaanalysis, 
Chest 136 (2009) 974–982, https://doi.org/10.1378/chest.09-0608.

[19] A. Torbicki, A. Perrier, S. Konstantinides, G. Agnelli, N. Galie, P. Pruszczyk, 
F. Bengel, A.J. Brady, D. Ferreira, U. Janssens, 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. 29 (2008) 2276–2315, https://doi.org/10.1093/ 
eurheartj/ehn310.

[20] D. Jimenez, G. Diaz, J. Molina, D. Marti, J. Del Rey, S. Garcia-Rull, C. Escobar, 
R. Vidal, A. Sueiro, R.D. Yusen, Troponin I and risk stratification of patients with 
acute nonmassive pulmonary embolism, The European respiratory journal: official 
journal of the European Society for Clinical Respiratory Physiology 31 (2008) 
847–853, https://doi.org/10.1183/09031936.00113307.

[21] O. Sanchez, L. Trinquart, V. Caille, F. Couturaud, G. Pacouret, N. Meneveau, 
F. Verschuren, P.M. Roy, F. Parent, M. Righini, et al., Prognostic factors for 
pulmonary embolism: the prep study, a prospective multicenter cohort study, Am. 
J. Respir. Crit. Care Med. 181 (2010) 168–173, https://doi.org/10.1164/ 
rccm.200906-0970OC.

[22] F. Haddad, R. Doyle, D.J. Murphy, S.A. Hunt, Right ventricular function in 
cardiovascular disease, part II: pathophysiology, clinical importance, and 
management of right ventricular failure, Circulation 117 (2008) 1717–1731, 
https://doi.org/10.1161/CIRCULATIONAHA.107.653584.

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

[24] S.D. Davis, T. Ferkol, Identifying the origins of cystic fibrosis lung disease, N. Engl. 
J. Med. 368 (2013) 2026–2028, https://doi.org/10.1056/NEJMe1303487.

[25] H. Grasemann, F. Ratjen, Cystic fibrosis, N. Engl. J. Med. 389 (2023) 1693–1707, 
https://doi.org/10.1056/NEJMra2216474.

[26] A.E. O’Donnell, Bronchiectasis - a clinical review, N. Engl. J. Med. 387 (2022) 
533–545, https://doi.org/10.1056/NEJMra2202819.

[27] G. Spoletini, H. Saumtaully, A.P. Sawant, C. Etherington, I.J. Clifton, M. Denton, D. 
G. Peckham, Pneumonia and parapneumonic pleural effusions in adults with cystic 
fibrosis, ERJ Open Res. 11 (2025), https://doi.org/10.1183/23120541.00996- 
2024.

[28] F. Khan, T. Tritschler, S.R. Kahn, M.A. Rodger, Venous thromboembolism, Lancet 
398 (2021) 64–77, https://doi.org/10.1016/S0140-6736(20)32658-1.

[29] K. Keller, V.H. Schmitt, O. Hahad, C. Espinola-Klein, T. Munzel, P. Lurz, 
S. Konstantinides, L. Hobohm, Categorization of patients with pulmonary 
embolism by Charlson comorbidity index, Am. J. Med. (2024), https://doi.org/ 
10.1016/j.amjmed.2024.04.025.

K. Keller et al.                                                                                                                                                                                                                                   Thrombosis Research 255 (2025) 109499 

6 

https://doi.org/10.1007/s00108-020-00896-9
https://doi.org/10.1007/s00108-020-00896-9
https://doi.org/10.1056/NEJMoa2100665
https://doi.org/10.1056/NEJMe020070
https://doi.org/10.1056/NEJM199702133360707
https://doi.org/10.1016/S0140-6736(20)32542-3
https://doi.org/10.1056/NEJMra1300109
https://doi.org/10.1513/AnnalsATS.201707-539OT
https://doi.org/10.1136/archdischild-2019-316882
https://doi.org/10.1136/archdischild-2019-316882
https://doi.org/10.1002/ppul.21566
https://doi.org/10.1016/j.thromres.2021.07.007
https://doi.org/10.1016/j.thromres.2021.07.007
https://doi.org/10.1093/eurheartj/ehs258
https://doi.org/10.1016/j.thromres.2014.01.010
https://doi.org/10.1093/eurheartj/ehz236
https://doi.org/10.1093/eurheartj/ehz236
https://doi.org/10.1016/j.ijcard.2020.05.041
https://doi.org/10.1016/j.ijcard.2020.05.041
https://doi.org/10.1016/j.blre.2014.07.003
https://doi.org/10.1016/j.blre.2014.07.003
https://doi.org/10.1093/eurheartj/ehz726
https://doi.org/10.1378/chest.07-2464
https://doi.org/10.1378/chest.09-0608
https://doi.org/10.1093/eurheartj/ehn310
https://doi.org/10.1093/eurheartj/ehn310
https://doi.org/10.1183/09031936.00113307
https://doi.org/10.1164/rccm.200906-0970OC
https://doi.org/10.1164/rccm.200906-0970OC
https://doi.org/10.1161/CIRCULATIONAHA.107.653584
http://refhub.elsevier.com/S0049-3848(25)00249-X/rf0115
http://refhub.elsevier.com/S0049-3848(25)00249-X/rf0115
http://refhub.elsevier.com/S0049-3848(25)00249-X/rf0115
https://doi.org/10.1056/NEJMe1303487
https://doi.org/10.1056/NEJMra2216474
https://doi.org/10.1056/NEJMra2202819
https://doi.org/10.1183/23120541.00996-2024
https://doi.org/10.1183/23120541.00996-2024
https://doi.org/10.1016/S0140-6736(20)32658-1
https://doi.org/10.1016/j.amjmed.2024.04.025
https://doi.org/10.1016/j.amjmed.2024.04.025


[30] H. Polo Friz, A. Orenti, E. Gelfi, E. Motto, L. Primitz, L. Cavalieri d’Oro, 
C. Giannattasio, G. Vighi, C. Cimminiello, P. Boracchi, Predictors of medium- and 
long-term mortality in elderly patients with acute pulmonary embolism, Heliyon 6 
(2020) e04857, https://doi.org/10.1016/j.heliyon.2020.e04857.

[31] R. Golpe, L.A. Perez-de-Llano, O. Castro-Anon, Prognostic value of the Charlson 
comorbidity index in pulmonary embolism, Respiration 85 (2013) 438, https:// 
doi.org/10.1159/000346982.

[32] J. de Miguel-Diez, R. Albaladejo-Vicente, A. Lopez-de-Andres, V. Hernandez- 
Barrera, D. Jimenez, M. Monreal, D. Carabantes-Alarcon, J.J. Zamorano-Leon, 
R. Jimenez-Garcia, Changing trends in hospital admissions for pulmonary 
embolism in Spain from 2001 to 2018, J. Clin. Med. 9 (2020), https://doi.org/ 
10.3390/jcm9103221.

[33] J. de Miguel-Diez, R. Jimenez-Garcia, D. Jimenez, M. Monreal, R. Guijarro, 
R. Otero, V. Hernandez-Barrera, J. Trujillo-Santos, A. Lopez de Andres, P. Carrasco- 
Garrido, Trends in hospital admissions for pulmonary embolism in Spain from 
2002 to 2011, Eur. Respir. J. (44) (2014) 942–950, https://doi.org/10.1183/ 
09031936.00194213.

[34] K. Keller, J. Beule, A. Schulz, M. Coldewey, W. Dippold, J.O. Balzer, Right 
ventricular dysfunction in hemodynamically stable patients with acute pulmonary 
embolism, Thromb. Res. 133 (2014) 555–559, https://doi.org/10.1016/j. 
thromres.2014.01.010.

[35] S.V. Konstantinides, G. Meyer, C. Becattini, H. Bueno, G.J. Geersing, V.P. Harjola, 
M.V. Huisman, M. Humbert, C.S. Jennings, D. Jimenez, et al., 2019 ESC guidelines 
for the diagnosis and management of acute pulmonary embolism developed in 
collaboration with the European Respiratory Society (ERS), Eur. Heart J. 41 (2020) 
543–603, https://doi.org/10.1093/eurheartj/ehz405.

[36] K. Keller, M. Coldewey, W. Dippold, J. Beule, J.O. Balzer, Simplified CRB-65 for 
risk stratification and predicting prognosis in acute pulmonary embolism, 
Phlebologie 44 (2015) 192–199, https://doi.org/10.12687/phleb2251-4-2015.

[37] K. Keller, V.H. Schmitt, I. Sagoschen, T. Munzel, C. Espinola-Klein, L. Hobohm, 
CRB-65 for risk stratification and prediction of prognosis in pulmonary embolism, 
J. Clin. Med. 12 (2023), https://doi.org/10.3390/jcm12041264.

[38] T. Borvik, S.K. Braekkan, L.H. Evensen, E.E. Brodin, V.M. Morelli, H. Melbye, J. 
B. Hansen, Chronic obstructive pulmonary disease and risk of mortality in patients 
with venous thromboembolism-the Tromso study, Thromb. Haemost. 120 (2020) 
477–483, https://doi.org/10.1055/s-0039-3400744.

[39] M.C. Williams, N.C.D. Morley, K.C. Muir, J.H. Reid, E.J.R. van Beek, J. 
T. Murchison, Coronary artery calcification is associated with mortality 
independent of pulmonary embolism severity: a retrospective cohort study, Clin. 
Radiol. 74 (2019) 973, e977-973 e914, https://doi.org/10.1016/j.crad.2019.08.0 
23.

[40] M. Farid-Zahran, M. Mendez-Bailon, J.M. Pedrajas, R. Alonso-Beato, F. Galeano- 
Valle, V. Sendin Martin, J. Marco-Martinez, P. Demelo-Rodriguez, Prognostic 
significance of heart failure in acute pulmonary embolism: a comprehensive 
assessment of 30-day outcomes, J. Clin. Med. 13 (2024), https://doi.org/10.3390/ 
jcm13051284.

[41] L. Hobohm, I. Sagoschen, S. Barco, I.T. Farmakis, U. Fedeli, S. Koelmel, T. Gori, 
C. Espinola-Klein, T. Munzel, S. Konstantinides, K. Keller, COVID-19 infection and 
its impact on case fatality in patients with pulmonary embolism, Eur. Respir. J. 61 
(2023), https://doi.org/10.1183/13993003.00619-2022.

[42] D. Sanchez, J. De Miguel, A. Sam, C. Wagner, C. Zamarro, R. Nieto, L. Garcia, 
D. Aujesky, R.D. Yusen, D. Jimenez, The effects of cause of death classification on 
prognostic assessment of patients with pulmonary embolism, J. Thromb. Haemost. 
9 (2011) 2201–2207, https://doi.org/10.1111/j.1538-7836.2011.04490.x.

[43] D. Jimenez, B. Bikdeli, C. Rodriguez, A. Muriel, A. Ballaz, S. Soler, S. Schellong, 
A. Gil-Diaz, A. Skride, A. Riera-Mestre, et al., Identification of low-risk patients 
with acute symptomatic pulmonary embolism, Arch. Bronconeumol. 59 (2023) 
575–580, https://doi.org/10.1016/j.arbres.2023.06.010.

[44] S.V. Konstantinides, G. Meyer, C. Becattini, H. Bueno, G.J. Geersing, V.P. Harjola, 
M.V. Huisman, M. Humbert, C.S. Jennings, D. Jimenez, 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. 54 (2019), https://doi.org/10.1183/ 
13993003.01647-2019.

[45] P.M. Erkens, E. Gandara, P. Wells, A.Y. Shen, G. Bose, G. Le Gal, M. Rodger, M. 
H. Prins, M. Carrier, Safety of outpatient treatment in acute pulmonary embolism, 
J. Thromb. Haemost. 8 (2010) 2412–2417, https://doi.org/10.1111/j.1538- 
7836.2010.04041.x.

[46] E. Oger, Incidence of venous thromboembolism: a community-based study in 
Western France. EPI-GETBP Study Group. Groupe d’Etude de la Thrombose de 
Bretagne Occidentale, Thromb. Haemost. 83 (2000) 657–660.

[47] P.D. Stein, R.D. Hull, F. Kayali, W.A. Ghali, A.K. Alshab, R.E. Olson, Venous 
thromboembolism according to age: the impact of an aging population, Arch. 
Intern. Med. 164 (2004) 2260–2265, https://doi.org/10.1001/ 
archinte.164.20.2260.

[48] M.D. Silverstein, J.A. Heit, D.N. Mohr, T.M. Petterson, W.M. O’Fallon, L. 
J. Melton 3rd., Trends in the incidence of deep vein thrombosis and pulmonary 
embolism: a 25-year population-based study, Arch. Intern. Med. 158 (1998) 
585–593.

[49] F. Tian, L. Chen, Z.M. Qian, H. Xia, Z. Zhang, J. Zhang, C. Wang, M.G. Vaughn, 
M. Tabet, H. Lin, Ranking age-specific modifiable risk factors for cardiovascular 
disease and mortality: evidence from a population-based longitudinal study, 
EClinicalMedicine 64 (2023) 102230, https://doi.org/10.1016/j. 
eclinm.2023.102230.

[50] A. Moran, D. Hardin, D. Rodman, H.F. Allen, R.J. Beall, D. Borowitz, C. Brunzell, P. 
W. Campbell 3rd, S.E. Chesrown, C. Duchow, et al., Diagnosis, screening and 
management of cystic fibrosis related diabetes mellitus: a consensus conference 
report, Diabetes Res. Clin. Pract. 45 (1999) 61–73, https://doi.org/10.1016/ 
s0168-8227(99)00058-3.

[51] M. Costa, S. Potvin, Y. Berthiaume, L. Gauthier, A. Jeanneret, A. Lavoie, 
R. Levesque, J. Chiasson, R. Rabasa-Lhoret, Diabetes: a major co-morbidity of 
cystic fibrosis, Diabetes Metab. 31 (2005) 221–232, https://doi.org/10.1016/ 
s1262-3636(07)70189-1.

[52] D. Nazareth, M. Walshaw, A review of renal disease in cystic fibrosis, J. Cyst. 
Fibros. 12 (2013) 309–317, https://doi.org/10.1016/j.jcf.2013.03.005.

[53] M. Rachel, S. Galiniak, M. Biesiadecki, A. Gala-Bladzinska, Renal function in 
patients with cystic fibrosis: a single-center study, Int. J. Environ. Res. Public 
Health 19 (2022), https://doi.org/10.3390/ijerph19095454.

[54] A.M. Cantin, D. Hartl, M.W. Konstan, J.F. Chmiel, Inflammation in cystic fibrosis 
lung disease: pathogenesis and therapy, J. Cyst. Fibros. 14 (2015) 419–430, 
https://doi.org/10.1016/j.jcf.2015.03.003.

[55] T. Schwartz, A. Hingorani, E. Ascher, N. Marks, A. Shiferson, D. Jung, R. Jimenez, 
T. Jacob, Pulmonary embolism without deep venous thrombosis, Ann. Vasc. Surg. 
26 (2012) 973–976, https://doi.org/10.1016/j.avsg.2012.01.014.

[56] H.T. Sorensen, E. Horvath-Puho, T.L. Lash, C.F. Christiansen, R. Pesavento, 
L. Pedersen, J.A. Baron, P. Prandoni, Heart disease may be a risk factor for 
pulmonary embolism without peripheral deep venous thrombosis, Circulation 124 
(2011) 1435–1441, https://doi.org/10.1161/CIRCULATIONAHA.111.025627.

[57] K. Keller, J.H. Prochaska, M. Coldewey, S. Gobel, A. Ullmann, C. Junger, 
H. Lamparter, L. Ariza, C. Bickel, M. Lauterbach, et al., History of deep vein 
thrombosis is a discriminator for concomitant atrial fibrillation in pulmonary 
embolism, Thromb. Res. (2015), https://doi.org/10.1016/j.thromres.2015.08.024.

[58] C.M. Roman, H.C. Loughlin, E. Aliaj, R.J. Fay, Q.T. Tran, D. Borowitz, Hemoptysis 
from the perspective of people with cystic fibrosis, Clin. Respir. J. 14 (2020) 
299–303, https://doi.org/10.1111/crj.13132.

K. Keller et al.                                                                                                                                                                                                                                   Thrombosis Research 255 (2025) 109499 

7 

https://doi.org/10.1016/j.heliyon.2020.e04857
https://doi.org/10.1159/000346982
https://doi.org/10.1159/000346982
https://doi.org/10.3390/jcm9103221
https://doi.org/10.3390/jcm9103221
https://doi.org/10.1183/09031936.00194213
https://doi.org/10.1183/09031936.00194213
https://doi.org/10.1016/j.thromres.2014.01.010
https://doi.org/10.1016/j.thromres.2014.01.010
https://doi.org/10.1093/eurheartj/ehz405
https://doi.org/10.12687/phleb2251-4-2015
https://doi.org/10.3390/jcm12041264
https://doi.org/10.1055/s-0039-3400744
https://doi.org/10.1016/j.crad.2019.08.023
https://doi.org/10.1016/j.crad.2019.08.023
https://doi.org/10.3390/jcm13051284
https://doi.org/10.3390/jcm13051284
https://doi.org/10.1183/13993003.00619-2022
https://doi.org/10.1111/j.1538-7836.2011.04490.x
https://doi.org/10.1016/j.arbres.2023.06.010
https://doi.org/10.1183/13993003.01647-2019
https://doi.org/10.1183/13993003.01647-2019
https://doi.org/10.1111/j.1538-7836.2010.04041.x
https://doi.org/10.1111/j.1538-7836.2010.04041.x
http://refhub.elsevier.com/S0049-3848(25)00249-X/rf0230
http://refhub.elsevier.com/S0049-3848(25)00249-X/rf0230
http://refhub.elsevier.com/S0049-3848(25)00249-X/rf0230
https://doi.org/10.1001/archinte.164.20.2260
https://doi.org/10.1001/archinte.164.20.2260
http://refhub.elsevier.com/S0049-3848(25)00249-X/rf0240
http://refhub.elsevier.com/S0049-3848(25)00249-X/rf0240
http://refhub.elsevier.com/S0049-3848(25)00249-X/rf0240
http://refhub.elsevier.com/S0049-3848(25)00249-X/rf0240
https://doi.org/10.1016/j.eclinm.2023.102230
https://doi.org/10.1016/j.eclinm.2023.102230
https://doi.org/10.1016/s0168-8227(99)00058-3
https://doi.org/10.1016/s0168-8227(99)00058-3
https://doi.org/10.1016/s1262-3636(07)70189-1
https://doi.org/10.1016/s1262-3636(07)70189-1
https://doi.org/10.1016/j.jcf.2013.03.005
https://doi.org/10.3390/ijerph19095454
https://doi.org/10.1016/j.jcf.2015.03.003
https://doi.org/10.1016/j.avsg.2012.01.014
https://doi.org/10.1161/CIRCULATIONAHA.111.025627
https://doi.org/10.1016/j.thromres.2015.08.024
https://doi.org/10.1111/crj.13132

	Cystic fibrosis and its impact on prognosis in pulmonary embolism
	1 Introduction
	2 Methods
	2.1 Study endpoints and in-hospital adverse events
	2.2 Definitions
	2.3 Ethical aspects and study oversight
	2.4 Statistics

	3 Results
	4 Discussion
	4.1 Limitations

	5 Conclusions
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	References


