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ARTICLE INFO ABSTRACT
Keywords: Background: Dissecting trends and contributing risk factors for intracranial hemorrhage (ICH) in patients treated
Pulmonary embolism for acute pulmonary embolism (PE) may allow for a better patient selection for existing and emerging treatment
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options.

Methods: The German nationwide inpatient sample was screened for patients admitted due to PE 2005-2020.
Hospitalizations were stratified for the occurrence of ICH; risk factors for ICH and temporal trends were
investigated.

Results: Overall, 816,653 hospitalizations due to acute PE in the period 2005-2020 were analyzed in the study.
ICH was reported in 2516 (0.3 %) hospitalizations, and time trend analysis revealed a fluctuating but overall,
largely unchanged annual incidence. There was an increase of ICH with age. Patients with ICH had a higher
comorbidity burden (Charlson-Comorbidity-Index [CCI], 5.0 [4.0-7.0] vs. 4.0 [2.0-5.0]; P < 0.001), and higher
CCI was associated with an OR of 1.26 (95%CI 1.24-1.27) for ICH. Further independent risk factors for ICH were
age > 70 years (OR 1.23 [1.12-1.34]), severe (versus low-risk) PE (OR 3.09 [2.84-3.35]), surgery (OR 1.59
[1.47-1.72]), acute kidney injury (OR 3.60 [3.09-4.18]), and ischemic stroke (OR 14.64 [12.61-17.00]). The
identified risk factors for ICH varied among different reperfusion treatment groups. As expected, ICH had a
substantial impact on case-fatality of PE (OR 6.16 [5.64-6.72]; P < 0.001).

Conclusions: Incidence of ICH in patients hospitalized for acute PE in Germany was overall low and depended on
the patients’ comorbidity burden. Identifying patients at risk for ICH allows tailored patient selection for the
different reperfusion treatments and might prevent ICH.

1. Introduction [1,2]. It is a potentially life-threatening condition variating widely in its
clinical manifestation, ranging from asymptomatic to cardiorespiratory

Pulmonary embolism (PE), is the third most common acute cardio- decompensation and sudden cardiac death [3]. Recent data from Europe
vascular disease affecting 39-115 individuals per 100,000 population and the United States (US) suggest that its incidence and hospitalization

Abbreviations: PE, pulmonary embolism; US, United States; VTE, venous thromboembolism; CDT, catheter-directed treatment; ICH, intracranial hemorrhage; RDC,
research data center; IQR, interquartile range; CI, confidence interval; CCI, Charlson Comorbidity Index; VTE-BLEED, Venous Thromboembolic Disease & Bleeding;
ERICH, Ethnic/Racial Variations of Intracerebral Hemorrhage; AF, atrial fibrillation/flutter.

* Corresponding author at: Center for Thrombosis and Hemostasis and Department for Cardiology, University Medical Center Mainz, Johannes Gutenberg-
University Mainz, Langenbeckstrasse 1, 55131 Mainz, Germany.
E-mail address: Karsten.Keller@unimedizin-mainz.de (K. Keller).

https://doi.org/10.1016/j.thromres.2024.109168

Received 28 June 2024; Received in revised form 15 September 2024; Accepted 19 September 2024

Available online 21 September 2024

0049-3848/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:Karsten.Keller@unimedizin-mainz.de
www.sciencedirect.com/science/journal/00493848
https://www.elsevier.com/locate/thromres
https://doi.org/10.1016/j.thromres.2024.109168
https://doi.org/10.1016/j.thromres.2024.109168
https://doi.org/10.1016/j.thromres.2024.109168
http://crossmark.crossref.org/dialog/?doi=10.1016/j.thromres.2024.109168&domain=pdf
http://creativecommons.org/licenses/by/4.0/

K.C. Christodoulou et al.

rates are constantly rising while case-fatality decreases [2,4].

To resolve emboli and prevent recurrence of venous thromboembo-
lism (VTE), anticoagulation treatment is a key component of PE therapy
[1]. However, in approximately 30 % of all PE events, which are clas-
sified as intermediate-high or high-risk based on impending or overt
clinical and hemodynamic decompensation, anticoagulant treatment
alone is often not sufficient to reduce the risk of early death [1].
Therefore, early use of reperfusion treatment, primarily systemic
thrombolysis or, in selected patients, catheter-directed treatment (CDT)
procedures, need to be considered [1]. Although systemic thrombolysis
was shown to be effective in reducing PE-related mortality, it is
accompanied by a substantial risk of major bleeding [1,2,5,6]. Intra-
cranial hemorrhage (ICH) is the most severe bleeding complication of
thrombolysis in light of its high early case fatality or, in survivors,
dramatic impact on the patients’ long-term quality of life [7].

Although earlier observational studies reported risk factors for major
bleeding and ICH, [7-9] it is necessary to provide further evidence from
large inpatient populations, since analysis of such real-world data may
help to optimize patient selection for reperfusion treatment options and
minimize the risk of ICH. Therefore, in the present study we analyzed
temporal trends of ICH complications and dissected the contributing risk
factors for ICH among different reperfusion treatment groups in the
entire nationwide population of patients admitted to the hospital due to
acute PE in Germany over a 15-year period.

2. Methods

The German nationwide inpatient sample, comprising all hospitali-
zation cases (of any age), was screened for patients admitted due to PE
during the years 2005-2020. Because of the sensitive nature of the data
collected for this study, requests to access analysis in the dataset from
qualified researchers trained in human subject confidentiality protocols
may be send to Research Data Center (RDC) of the Federal Statistical
Office and the Statistical Offices of the federal states, Wiesbaden,
Germany.

Data on all hospitalizations of patients with a main diagnosis of PE
(ICD code 126) for the period 2005-2020 were obtained as summarized
results from the RDC as previously described (source: RDC of the Federal
Statistical Office and the Statistical Offices of the federal states, DRG
Statistics 2005-2020, own calculations) [2,10,11]. Patients’ main
diagnosis is that diagnosis, which is mainly and primarily responsible for
patients’ hospitalization (admission to the hospital) [11].

Therefore, we included only patients admitted due to acute PE (with
a main diagnosis of PE), excluding those admitted due to other reasons
who developed PE during their in-hospital stay. Data from hospitalized
PE patients were analyzed, stratified by the occurrence (or not) of ICH.

ICH was identified if at least one of the following codes were used:
ICD codes 160, 161, 162, G95.10, S06.33, S06.5, S06.6 and OPS-codes
5-012.0, 5-012.2, 5-013.1, 5-013.4, 5-014.1, 5-022.0, 5-022.00,
5-022.01, 5-022.02, 5-022.0x, 5-022.20, 5-022.y, 5-033.2, 5-034.1,
5-034.4, 5-038.0, 8-020.d and/or 8-151.1. In addition, we further
categorized ICH events to investigate the incidence and impact of
intracerebral hemorrhage (ICD code 161) (Table S1 in the Supplemen-
tary material). In addition, we identified all PE patient cases with ICB
associated to a trauma (ICD codes S06.33, S06.5, S06.6). PE patients
with and without ICH were compared, risk factors for ICH were iden-
tified and the impact of ICH on case-fatality was calculated.

Severe PE was defined as tachycardia [ICD-10 codes 147 and R00.0],
right ventricular (RV) dysfunction [126.0], shock [R57] or cardiopul-
monary resuscitation [OPS code 8-77]; high-risk PE was defined as
presence of shock [R57] and/or cardiopulmonary resuscitation [OPS
code 8-77]. The disease and procedure codes used to retrieve hemo-
dynamic instability, systemic thrombolysis, catheter-directed throm-
bolysis, catheter-directed mechanical thrombectomy, and surgical
embolectomy have been previously described [10].
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2.1. Ethical aspects and study oversight

Since the investigators of the study received aggregated results
provided by the RDC but had no direct access to individual patient data,
neither approval by ethics committees nor patient informed consent
were required in compliance with German law. Our work follows the
STrengthening the Reporting of OBservational studies in Epidemiology
reporting guidelines (http://www.strobe-statement.org/).

2.2. Statistical analysis

Descriptive statistics for the comparison of PE patients with and
without occurrence of ICH were provided with median and interquartile
range (IQR), or absolute numbers and corresponding percentages.
Continuous variables were compared with the use of the Wilcoxon-
Whitney U test, whereas categorical variables were tested with
Fisher’s exact or chi [2] test. Logistic regression models were computed
to identify associations between patients’ characteristics, cardiovascular
or VTE risk factors, risk stratification markers of PE, comorbidities,
adverse in-hospital events on the one hand and ICH on the other hand. In
addition, impact of ICH on case-fatality was also assessed by logistic
regression. Results are presented as odds ratios (OR) and related 95 %
confidence intervals (CI). Multivariable logistic regression models were
adjusted for age, sex, obesity, diabetes mellitus, hyperlipidemia, essen-
tial arterial hypertension, cancer, surgery, heart failure, acute and/or
chronic kidney disease, coronary artery disease, chronic obstructive
pulmonary disease, atrial fibrillation/flutter, and chronic anemia.

The software of SPSS® (IBM Corp. Released 2011. IBM SPSS Statis-
tics for Windows, Version 20.0. Armonk, NY: IBM Corp) was used for the
computerised data analysis. Only P values lower than 0.05 (two-sided)
were considered to be statistically significant.

3. Results
3.1. Frequency of intracranial hemorrhage and temporal trends

Between 2005 and 2020, a total of 816,653 patients were hospital-
ized due to acute PE in Germany. ICH was recorded in 2516 (0.3 %)
patients, being intracerebral bleeding in 1282 (0.2 %). Overall, 84,810
(10.4 %) deaths were recorded during in-hospital course, and of these
961 (1.1 %) were related to ICH (Table 1). In the entire PE cohort, fatal
ICH was 0.1 % (961/84810). Among patients with severe PE, ICH
occurred in 0.6 % of the cases; of those, intracerebral bleeding occurred
in 0.3 % and ICH was fatal in also 0.3 % of the cases. By comparison, ICH
rate was 0.18 % in low-risk PE, and fatal ICH in only 0.04 % of the cases.
In addition, 436 patient cases with PE and ICH (17.2 %) were associated
with a trauma.

The hospitalized patients’ median age was slightly above 70 years
throughout the observational period (Fig. S1 of the Supplementary
material). Annual numbers of PE hospitalizations increased, whereas the
proportion of patients suffering ICH remained largely unchanged despite
annual fluctuations (Fig. 1A). There was a distinct increase of ICH with
increasing age: ICH, intracerebral hemorrhage and fatal ICH all peaked
in the age group between 70 and 89 years (Fig. 1B). Annual rates of ICH
in patients with severe PE followed a similar pattern as in the entire
population with PE (Fig. 1C); on the other hand, ICH incidence was
similar in all groups until the eighth decade of life and declined there-
after (Fig. 1D), at least in part due to the less frequent usage of reper-
fusion treatment in older patients (Fig. S2 of the Supplementary
material).

3.2. Comparison of PE patients with and without ICH
Patients who suffered ICH were slightly older (74.0 [IQR 64.0-81.0]

vs. 72.0 [59.0-80.0] years; P < 0.001), with a higher proportion above
70 years (63.3 % vs. 55.1 %, P < 0.001). While the prevalence of
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Table 1

Patients’ characteristics, medical history, presentation and outcomes of the
included 816,653 patients admitted due to pulmonary embolism (PE) stratified

according the occurrence of intracranial hemorrhage (ICH).

Parameters Hospitalizations of Hospitalizations of P-value
PE patients without PE patients with
ICH (n = 814,137; ICH (n = 2516; 0.3
99.7 %) %)
Age, median (IQR) 72.0 (59.0-80.0) 74.0 (64.0-81.0) <0.001
Age > 70 years 448,975 (55.1 %) 1593 (63.3 %) <0.001
Female sex 437,590 (53.7 %) 1320 (52.5 %) 0.197
In-hospital stay (days) 8.0 (5.0-12.0) 10.0 (3.0-19.0) <0.001
Traditional
cardiovascular risk
factors
Obesity 74,854 (9.2 %) 184 (7.3 %) 0.001
Essential arterial 351,907 (43.2 %) 1101 (43.8 %) 0.588
hypertension
Diabetes mellitus 132,249 (16.2 %) 484 (19.2 %) <0.001
Hyperlipidemia 103,210 (12.7 %) 261 (10.4 %) 0.001
Pulmonary embolism
categorization, risk
stratification markers
Severe PE 269,426 (33.1 %) 1554 (61.8 %) <0.001
High-risk PE 49,205 (6.0 %) 612 (24.3 %) <0.001
Right ventricular 254,691 (31.3 %) 1458 (57.9 %) <0.001
dysfunction
Cardiopulmonary 37,533 (4.6 %) 428 (17.0 %) <0.001
resuscitation
Shock 20,983 (2.6 %) 329 (13.1 %) <0.001
Syncope 20,843 (2.6 %) 165 (6.6 %) <0.001
Tachycardia 19,493 (2.4 %) 108 (4.3 %) <0.001
Classical risk factors for
venous
thromboembolism and
presence of deep
venous thrombosis
and/or
thrombophlebitis
Cancer 86,205 (10.6 %) 232 (9.2 %) 0.026
Any surgery 300,585 (36.9 %) 1226 (48.7 %) <0.001
Pregnancy 492 (0.1 %) 4 (0.2 %) 0.069
Thrombophilia 11,304 (1.4 %) 20 (0.8 %) 0.011
Deep venous 355,535 (43.7 %) 810 (32.2 %) <0.001
thrombosis and/or
thrombophlebitis
Comorbidities
Charlson Comorbidity 4.0 (2.0-5.0) 5.0 (4.0-7.0) <0.001
Index
Coronary artery 92,872 (11.4 %) 301 (12.0 %) 0.381
disease
Heart failure 158,035 (19.4 %) 688 (27.3 %) <0.001
Peripheral artery 16,190 (2.0 %) 48 (1.9 %) 0.772
disease
Atrial fibrillation/ 97,798 (12.0 %) 489 (19.4 %) <0.001
flutter
Ischemic stroke 3915 (0.5 %) 203 (8.1 %) <0.001
Chronic obstructive 69,129 (8.5 %) 165 (6.6 %) 0.001
pulmonary disease
Acute and/or chronic 147,071 (18.1 %) 694 (27.6 %) <0.001
kidney disease
Chronic anemia 45,658 (5.6 %) 200 (7.9 %) <0.001

classical risk factors for VTE, deep vein thrombosis and/or thrombo-
phlebitis was lower in PE patients with ICH, they exhibited an aggra-
vated comorbidity profile characterized by higher Charlson Comorbidity
Index (CCI, 5.0 [4.0-7.0] vs. 4.0 [2.0-5.0]; P < 0.001), which was
driven, among others, by distinctly higher rates of heart failure (P <
0.001) and acute and/or chronic kidney diseases (P < 0.001; Table 1).

Patients with ICH more often suffered from severe PE (61.8 % vs.
33.1 %; P < 0.001) and high-risk PE (24.3 % vs. 6.0 %; P < 0.001). Of PE
patients who (later on) developed an ICH, 26.6 % were treated with
systemic thrombolysis, 2.3 % with CDT and 1.2 % with surgical
embolectomy.
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3.3. Risk factors for ICH

Older age was an independent risk factor for ICH in the entire study
population but not in the subgroup of patients with severe PE (Table 2).
Accordingly, patients above the median age of 72 years exhibited almost
throughout the observation period an elevated ICH risk compared to
younger individuals, in the entire PE population (Fig. 2A). In addition, a
higher CCI score was consistently associated with an increased risk for
ICH regardless of PE severity (Fig. 2B, Table 2, Tables S2 and S3 of the
Supplementary material).

Ischemic stroke was an independent risk factor for ICH development
in the multivariate regression model, being associated with a high risk of
ICH occurrence both in the general cohort (OR, 14.64 [95%CI
12.61-17.00], P < 0.001) and in the subgroup with severe PE (OR, 11.88
[9.97-14.17]1, P < 0.001). In addition, and as shown in Table 2, kidney
failure encompassing acute and/or chronic kidney disease (and espe-
cially acute kidney injury [OR 3.60 (3.09-4.18), P < 0.001]) exhibited
an increased risk for ICH. Regarding cardiac diseases, heart failure and
atrial fibrillation/flutter were independently associated with ICH
occurrence, whereas cancer was not associated with an increased ICH
occurrence (Table 2, Fig. 2).

Severe PE and all singular investigated risk stratification markers of
PE were identified as risk factors for ICH (Table 2). While there was an
increased penetration of CDT use over time, especially in patients with
severe PE, the annual numbers of ICH constantly declined over the
observation period (Fig. 3). In patients treated with systemic throm-
bolysis, ICH occurred in 1.8 % of all PE patients and 1.9 % in patients
with severe PE. This incidence of ICH in PE patients treated with sys-
temic thrombolysis was widely constant over time (Fig. S3 of the Sup-
plementary material).

3.4. Risk factors across different treatment groups

In patients with PE undergoing reperfusion treatment, ICH risk fac-
tors varied among different treatment groups (Tables S2 and S3 of the
Supplementary material). Systemic thrombolysis was the only reperfu-
sion treatment which showed age- and sex-differences regarding ICH
occurrence; female sex (P = 0.001) and age > 70 years (P = 0.009) were
independently associated with increased risk for ICH (Table S2, Fig. S3
of the Supplementary material). Ischemic stroke (OR, 6.26 [4.74-8.27];
P < 0.001) was also related to ICH in patients with systemic throm-
bolysis (Table S2 of the Supplementary material). In PE patients treated
with surgical thrombectomy, the risk of ICH was higher when heart
failure (OR 2.230 [1.017-4.890]; P = 0.045) and/or ischemic stroke (OR
11.72 [4.59-29.94]; P < 0.001) were present.

3.5. Impact of ICH on case-fatality and other adverse in-hospital events

In-hospital case-fatality was substantially increased in PE patients
with ICH (38.2 % vs. 10.3 %; P < 0.001) and in the subgroup of patients
with intracerebral bleeding (46.0 % vs. 10.3 %; P < 0.001) compared to
PE patients without such events; the OR for in-hospital death was 6.16
(5.64-6.72; P < 0.001 (Table S4). The impact of ICH on case-fatality rate
was highest in the second and third decade of life and in the second and
third CCI class (Table S5). In addition, we aimed to detect the different
impact of ICH driven by traumatic and non-traumatic reasons: both,
traumatic and non-traumatic ICH were independently associated with
increased case-fatality. Nevertheless, PE patients with non-traumatic
ICH had a higher risk to die during in-hospital stay. While traumatic
ICH was associated with an increased case-fatality in PE patients (uni-
variable regression: OR 2.31 [1.84-2.91], P < 0.001; multivariable
regression: OR 2.13 [1.67-2.72]; P < 0.001), ICH due to non-traumatic
reasons was associated with a substantially higher risk to die univariable
regression: OR 6.14 [5.63-6.69], P < 0.001; multivariable regression:
OR 7.36 [6.70-8.08]; P < 0.001).
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Fig. 1. Temporal trends of intracranial hemorrhage (ICH), intracerebral hemorrhage and fatal ICH in all patients admitted due to PE (A, B) and in PE patients with

severe PE (C, D).
4. Discussion

Bleeding complications and especially ICH remain the most severe
adverse events in the acute phase of PE, and the physicians’ fear of ICH is
a key contributor to the underutilization of various thrombolytic ther-
apies in severe and high-risk PE [2,7,12,13]. Analyzing the large
German nationwide inpatient sample with real-world health-care data
including all patients with a primary diagnosis of PE, we found that the
incidence of ICH, including intracerebral hemorrhage, was overall low
and in agreement with results of previously published studies [8,14,15].
Nevertheless, the fact that ICH was independently associated with a 5-
fold elevation of in-hospital case-fatality in PE patients underlines the
importance of assessing the risk for ICH for proper treatment selection
and tailored monitoring.

Several bleeding models have been tested for VTE patients to predict
the risk of major bleeding, including the Venous Thromboembolic Dis-
ease & Bleeding (VTE-BLEED) [16]. In these models age, active cancer,
renal insufficiency, anemia, and a medical history of hypertension or of
previous bleeding were identified as the most important predictive
variables for ICH. Our analysis showed that PE patients with ICH were
older and had an aggravated comorbidity-profile mirrored by a higher
CCIL. Interestingly, we found no association between cancer and an
increased incidence of ICH, most likely as the result of patient selection
for reperfusion treatment and thus, this elevated burden was mainly
attributed to the higher rates of kidney diseases, atrial fibrillation, heart
failure and ischemic stroke. The patients’ CCI class has been shown to
significantly affect the case fatality and the rates of major adverse events

in PE patients irrespective of hemodynamic instability [17]. In line with
this previously published paper of our research group, we detected that
higher comorbidity burden detected by CCI class was predictive for ICH
occurrence in PE patients. The fact that in addition to a higher comor-
bidity burden, PE patients with ICH exhibited more frequently signs of
RV dysfunction, shock and the need of cardiopulmonary resuscitation,
contributes additionally to their higher in-hospital deaths and adverse
events rates.

A previously developed score suggested a strong association between
a medical history of prior stroke and the risk of ICH when thrombolytic
treatment is given [7]. Although data about any prior stroke were not
available in the RDC, our analysis showed that PE patients with a
concomitant ischemic stroke had the highest risk of ICH. In stroke pa-
tients, hemorrhagic transformation after thrombolytic treatment for an
ischemic stroke is the most serious complication, with an incidence
ranging between 2 % and 7 % [18]. While various contributing factors
have been recognized in these stroke patients, such as older age, stroke
severity and size, uncontrolled hypertension, renal disease, atrial
fibrillation or other anticoagulant use, post-thrombolytic hemorrhagic
transformation may occur against a complex background of underlying
abnormalities such as anticoagulation-induced coagulopathy,
reperfusion-related brain injury and blood-brain barrier disruption [18].
In particular atrial fibrillation has recognized as a risk factor for
thrombolysis associated ICH, since it may lead to larger volume and
more severe ischemic strokes, particularly in an older population [19].

Prevalence of atrial fibrillation/flutter in patients with PE is higher
than in the general population, affecting approximately one fifth of PE
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Table 2

Thrombosis Research 243 (2024) 109168

Risk factors for ICH in all 816,653 and in severe 270,980 pulmonary embolism patients.

Parameters Pulmonary embolism (n = 816,653) Severe pulmonary embolism (n = 270,980)
Univariable regression model Multivariable regression Univariable regression model Multivariable regression model”
model”
OR (95 % CI) P-value  OR (95 % CI) P-value  OR (95 % CI) P-value  OR (95 % CI) P-value
Age 1.012 (1.009-1.015) <0.001  1.007 <0.001 0.996 (0.993-0.999) 0.012  0.993 <0.001
(1.004-1.010) (0.990-0.997)
Age > 70 years 1.404 (1.294-1.522) <0.001  1.226 <0.001 0.928 (0.839-1.027) 0.148  0.870 0.013
(1.121-1.341) (0.779-0.971)
Female sex 0.950 (0.878-1.027) 0.197  0.877 0.001 0.945 (0.855-1.045) 0.269  0.962 0.454
(0.809-0.950) (0.868-1.065)
Obesity 0.779 (0.671-0.906) 0.001  0.778 0.001 0.751 (0.627-0.899) 0.002  0.688 <0.001
(0.668-0.907) (0.572-0.827)
Severe PE 3.266 (3.013-3.540) <0.001 3.087 <0.001 0.953 (0.860-1.055) 0.350 0.978 0.686
(2.843-3.352) (0.880-1.088)
Right ventricular dysfunction 3.027 (2.796-3.277) <0.001 2.861 <0.001
(2.638-3.102)
Syncope 2.671 (2.280-3.130) <0.001  2.439 <0.001 1.796 (1.450-2.225) <0.001  1.755 <0.001
(2.080-2.860) (1.417-2.175)
Tachycardia 1.828 (1.507-2.218) <0.001 1.649 <0.001
(1.357-2.002)
Cancer 0.858 (0.749-0.982) 0.026  0.823 0.005 0.684 (0.560-0.836) <0.001  0.649 <0.001
(0.718-0.943) (0.531-0.794)
Any surgery 1.624 (1.501-1.756) <0.001 1.585 <0.001 1.812 (1.640-2.002) <0.001 1.802 <0.001
(1.465-1.716) (1.628-1.994)
Pregnancy 2.633 (0.984-7.050) 0.054 4.216 0.005 3.860 (1.431-10.410) 0.008  3.160 0.025
(1.562-11.382) (1.158-8.621)
Comorbidities
Charlson Comorbidity 1.256 (1.239-1.272) <0.001 - - 1.178 (1.158-1.199) <0.001 - -
Index
Charlson Comorbidity 2.492 (2.349-2.645) <0.001 - - 1.912 (1.779-2.054) <0.001 - -
Index class
Coronary artery disease 1.055 (0.935-1.191) 0.381  0.877 0.042 0.904 (0.770-1.060) 0.215  0.873 0.111
(0.773-0.995) (0.739-1.032)
Heart failure 1.563 (1.431-1.706) <0.001  1.287 <0.001 1.046 (0.939-1.165) 0.415  0.965 0.540
(1.171-1.415) (0.861-1.081)
Atrial fibrillation/flutter 1.767 (1.601-1.951) <0.001 1.451 <0.001 1.305 (1.149-1.481) <0.001 1.297 <0.001
(1.307-1.612) (1.135-1.482)
Ischemic stroke 18.163 (15.682-21.037)  <0.001  2.172 <0.001  13.935(11.723-16.564)  <0.001  11.882 <0.001
(1.661-2.840) (9.965-14.168)
Acute and/or chronic 1.728 (1.583-1.886) <0.001 1.464 <0.001 1.425 (1.278-1.589) <0.001 1.452 <0.001

kidney disease (1.331-1.610)

(1.292-1.632)

@ Adjusted for age, sex, obesity, diabetes mellitus, hyperlipidemia, essential arterial hypertension, cancer, surgery, heart failure, acute and/or chronic kidney disease,
coronary artery disease, chronic obstructive pulmonary disease, atrial fibrillation/flutter, and chronic anemia.

patients. Both entities share common risk factors [20,21]. Studies sug-
gest that atrial fibrillation may have a negative impact on patient sur-
vival [20,22], although the pathomechanisms by which it may affect the
prognosis of PE are not fully elucidated. Randomized controlled trials on
anticoagulation in atrial fibrillation reported an ICH rate of 0.8-2.5 %,
with non-vitamin K antagonist (direct) oral anticoagulants exhibiting
lower incidence of ICH. The strong association between atrial fibrilla-
tion/flutter and ICH observed in our study may be explained from the
fact that patients with this arrhythmia may also suffer from other car-
diovascular comorbidities; besides, they are often already on anti-
coagulation treatment and therefore bear an elevated risk of major
bleeding events [23].

ICH risk factors varied across the different reperfusion treatment
groups. Renal disease was deemed to be a risk factor for ICH in all
treatment groups except for surgical embolectomy. Recent data from the
Ethnic/Racial Variations of Intracerebral Hemorrhage (ERICH) study
and the UK Biobank reported an independent association of chronic
kidney disease or end-stage renal disease with ICH, along with poorer
neurological functional outcomes following an ICH [24]. Individuals
with chronic kidney disease cannot properly regulate sodium levels and
exhibit strong sympathetic activation, leading to hypertension and
related complications. Moreover, the elevated urea levels have been
shown to jeopardize the endothelial integrity of the cerebral vessels and
cause platelet dysfunction [25], which in combination with the elevated
blood pressure may facilitate a spontaneous or anticoagulation-induced

ICH [24]. On the other hand, while the risk of acute kidney injury in the
setting of ICH is well known [26], the risk of ICH in acute kidney disease
has not been studied to the same extent [27]. In general, studies have
shown that compared to otherwise healthy individuals, patients with
acute kidney injury experienced more often a life-threatening bleeding
[28].

Systemic thrombolysis was the only reperfusion treatment in our
study in which an age and sex dependency was demonstrated, with
higher ICH occurrence in female and older patients. Evidence from two
meta-analyses suggested that in patients with acute PE, who were
treated with systemic thrombolysis, older age was associated with an
increased risk of major bleeding [6,29]. Previously developed scores
highlighted the importance of age as a predictor of major bleeding as
well as of ICH respectively [5,7]. In addition, a recent publication
analyzing European data showed that female sex has an increased risk
major bleeding [8], while a large multicentre thrombolysis trial, in
which tenecteplase was accompanied by higher rates of ICH, indicated
that both female sex and increased age (>75 years) may increase the risk
of major bleeding [30]. In line with our findings, no sex-dependence
regarding major bleeding was detected for catheter-directed thrombol-
ysis in one nationwide study [15], whereas another identified higher
bleeding risk for female patients with PE undergoing percutaneous
thrombectomy [31]. Notably, the annual rate of ICH in PE patients
treated with systemic thrombolysis (1.8 %) is similar to the symptomatic
ICH rate reported in recent clinical trials on thrombolytic treatment of
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Fig. 2. Temporal trends of intracranial hemorrhage (ICH) in all patients admitted due to PE (blue lines) and in PE patients with severe PE (orange lines).
A: prevalence of ICH stratified by median age (<72 years vs >72 years).
B: prevalence of ICH stratified by median Charlson Cormorbidity Index (CCI, CCI <3 vs. CCI >3).
C: prevalence of ICH stratified for presence of atrial fibrillation/flutter (AF).
D: prevalence of ICH stratified for presence of cancer. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of

this article.)
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Fig. 3. Temporal trends in catheter-directed treatments and intracranial bleeding in PE patients treated with catheter-directed treatments.
A: Annual trends regarding proportion of intracranial hemorrhage in all patients admitted due PE with trend lines (dashed lines).*

B: Annual trends regarding usage of catheter-directed treatments in all hospitalized PE patients (solid grey line) and in patients with severe PE (dashed grey line).
*In some of the years data for ICH were not provided due to data protection.
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ischemic stroke [32-34].

Our study supports previous findings showing that despite the
increased penetration of CDT use in the treatment of PE (particular in
patients with severe PE), the annual trends indicate a decreasing pro-
portion of ICH [35,36]. Since the evidence on the safety of CDT is based
predominantly on observational studies, high-quality evidence from
large randomized trials is needed to verify these results [37,38].

Some limitations of our present study need consideration. First, the
study results are based on disease and procedure codes of hospitalized
patients, which may be prone to under-reporting or undercoding. Sec-
ond, information on anticoagulation strategies (heparins, DOACs,
warfarin, phenprocoumon) others than reperfusion strategies used
during hospitalization are not part of the dataset of the German
nationwide inpatient sample. Third, due to the administrative nature of
the data, valid information regarding patients’ prior stroke history is not
available in this data set. In addition, we were not able to provide data
for the long-term follow-up, since only data for hospitalizations were
included.

In conclusion, overall incidence of ICH in PE patients treated in
Germany largely depended on patients’ comorbidity burden. Identifying
patients with a high ICH risk will allow better patient selection for
different reperfusion treatments in acute PE.
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