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ARTICLE INFO ABSTRACT

Keywords: Background: Although pulmonary embolism (PE) and sarcopenia are common diseases, only a few studies have
Pulm‘malfy embolism assessed the impact of sarcopenia in PE on usage of reperfusion treatments in PE.

Sarcopenia Methods: All hospitalizations of PE patients aged >75 years 2005-2020 in Germany were included in this study
Clinical outcome . . . . .

Enidemiolo and stratified for sarcopenia. Impact of sarcopenia on treatment procedures and adverse in-hospital events were
Ffailty &y investigated.

Skeletal muscle impairment Results: Overall, 576,364 hospitalizations of PE patients aged >75 years (median age 81.0 [78.0-85.0] years;
Geriatric patients 63.3 % females) were diagnosed in Germany during the observational period 2005-2020. Among these, 2357

(0.4 %) were coded with sarcopenia. PE patients with sarcopenia were in median 2 years older (83.0 [79.0-87.0]
vs. 81.0 [78.0-85.0] years, P<0.001) and showed an aggravated comorbidity-profile (Charlson Comorbidity
Index 7.00 [5.00-9.00] vs. 6.00 [4.00-7.00], P<0.001). Although signs of hemodynamic compromise such as
shock (5.2 % vs. 4.1 %, P=0.005) and tachycardia (4.1 % vs. 2.8 %, P<0.001) were more prevalent in sarcopenic
PE patients, systemic thrombolysis (1.9 % vs. 3.5 %, P<0.001) was less often used in these patients. Sarcopenia
was independently related to an underuse of systemic thrombolysis (OR 0.537 [95 %CI 0.398-0.725], P<0.001).
This underuse might driven by higher rates of bleeding events (gastro-intestinal bleeding: 3.1 % vs. 1.9 %,
P<0.001, necessity of transfusion of blood constituents: 18.9 % vs. 11.3 %, P<0.001), but also stroke (5.6 % vs.
3.3 %, P<0.001).

Conclusions: Sarcopenia represents a widely overlooked condition in PE patients. Although sarcopenic PE patients
were more often afflicted by hemodynamic compromise, systemic thrombolysis was less often administered. This
underuse might be caused by contraindications like bleeding events and stroke.

1. Introduction haemodynamic compromise and especially instability and also on age as
well as comorbidities [2,3]. The primary aim of the treatment for PE is to

Pulmonary embolism (PE) is an important cause of morbidity and restore blood flow to the affected areas of the lungs, resolve/remove
mortality worldwide.[1-3] PE occurs when venous thrombi embolize to embolus, reduce cardiac overload, and prevent further clot formation
the pulmonary circulation resulting vascular occlusion with impaired [2,3]. Since acute right ventricular failure (with the result of a low
circulation and gas exchange [2-4]. Initial risk stratification of PE is systemic output) is the leading cause of death in patients with high-risk
based on clinical symptoms, cardiac adaptations, signs of PE (haemodynamic instability according to the ESC algorithm) and also

* Corresponding author at: 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.ijcha.2024.101470

Received 21 May 2024; Received in revised form 12 July 2024; Accepted 15 July 2024

2352-9067/© 2024 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-
nc/4.0/).


mailto:Karsten.Keller@unimedizin-mainz.de
www.sciencedirect.com/science/journal/23529067
https://www.sciencedirect.com/journal/ijc-heart-and-vasculature
https://doi.org/10.1016/j.ijcha.2024.101470
https://doi.org/10.1016/j.ijcha.2024.101470
https://doi.org/10.1016/j.ijcha.2024.101470
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcha.2024.101470&domain=pdf
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

K. Keller et al.

in selected patients with threatening hemodynamic compromise (in-
termediate high-risk), immediate reperfusion is recommended in this
crucial patient group [2]. Systemic thrombolysis as well as surgical
embolectomy are established treatment options and catheter-directed
therapies is a new emergent approach to encounter hemodynamic
compromise in PE [2]. The usage of these treatments, but especially the
usage of thrombolysis, is influenced and hampered by contra-
indications, but also by physicians’ and patients’ fear for bleeding
events, physicians’ knowledge as well as the implementation of PE
response teams (PERT) in the hospitals.[3,5-7] In this context, it is of
outstanding importance that the incidence of PE increases substantially
with age.[3,8] With the aging of the Western populations and the de-
mographic change, incidence of PE will rise and will increase the health
burden on the different health care systems in combination and/or in
interaction with other comorbidities and conditions triggered by older
age.[9,10]

Besides increasing prevalence of PE and atherosclerotic diseases with
advanced age [11-13], also other conditions like sarcopenia are more
common in the aging population.[14-16] Sarcopenia is a frequently
overlooked disease and consecutively, an undertreated syndrome
comprising pronounced muscle mass as well as strength/performance
loss. [14,17-19] The estimated prevalence of sarcopenia in the general
population ranges between 5 and 40 % and is accompanied by an
exponential increase with increasing age.[14,18,20] Hormonal changes,
nutritional deficiencies, chronic inflammation, and decreased physical
activity are the main causes of sarcopenia.[14,21] Although PE as well
as sarcopenia are common diseases, only a few studies have assessed the
impact of sarcopenia in PE and data regarding the impact of sarcopenia
on the usage of reperfusion treatments in patients with PE are missing.
[22,23] Therefore, the aim of the present study was to close this gap of
knowledge.

2. Methods
2.1. Data source

We analysed all hospitalization cases of patients aged >75 years with
PE in Germany during the timeframe of the years 2005-2020 (source:
RDC of the Federal Statistical Office and the Statistical Offices of the
federal states, DRG Statistics 2005-2020, and own calculations). Thus,
for this present study, we included all hospitalized patient-cases of pa-
tients aged >75 years with a diagnosis of PE (ICD-code 126) [3,24].

In Germany, patients’ diagnoses have to be coded according to the
established coding guidelines ICD-10-GM (International Classification of
Diseases, 10th Revision with German Modification) and diagnostical,
surgical as well as interventional procedures have to be assessed with
OPS codes (surgery, diagnostic and procedures codes [Operationen- und
Prozedurenschliissel]) for reimbursement reasons.[3,25] In addition,
the Federal Statistical Office of Germany (Statistisches Bundesamt,
Wiesbaden, Germany) gathers all data from all inpatient cases in Ger-
many, which are coded and processed according to the diagnosis related
groups [DRG] system for research purposes.

In this context, the statistical analyses of this present study were
computed on our behalf by the Research Data Center (RDC) of the
Federal Bureau of Statistics (Wiesbaden, Germany). The RDC provides
aggregated statistics of the gathered data for research purpose on the
basis of our previously generated and sent SPSS codes (IBM Corp.
Released 2011. IBM SPSS Statistics for Windows, Version 20.0. IBM
Corp: Armonk, NY, USA).

As aforementioned, we included all hospitalizations of patients with
PE (identified by main or secondary diagnosis: ICD-code 126) during the
observational period in Germany in this study. Among the
hospitalization-cases of PE patients, these patients were stratified for the
presence of sarcopenia (ICD-code M62.5). We compared PE patients
with and without sarcopenia and analysed the impact of sarcopenia on
cardiovascular profile as well as reperfusion treatments and adverse in-
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hospital events. Additionally, temporal trends in these patients
regarding total numbers, adverse in-hospital events and mentioned
treatments were investigated.

2.2. Study outcomes and adverse in-hospital events

The primary study outcome was defined as the usage of the reper-
fusion treatments systemic thrombolysis, surgical embolectomy and
catheter-directed therapies. The secondary outcome comprises the
prevalence of bleeding events such as intracerebral bleeding events
(ICB, ICD-code 161), gastro-intestinal bleeding (GIB, ICD-codes K920-
K922), and bleeding events with necessity of transfusion of blood
components (OPS code 8-800). Furthermore, prolonged in-hospital stay
(>10 days) as well as additional adverse events during in-hospital stay
such as pneumonia (ICD-codes J12-J18), acute kidney injury (AKI, ICD-
code N17) and stroke (ischemic and hemorrhagic stroke, ICD-codes 161-
64) were assessed.

2.3. Definitions of covariates and outcomes

Obesity was defined according to the recommendations of the WHO
(World Health Organization) as a body mass index >30 kg/m? [26].
Severe PE was defined as presence of tachycardia (ICD-10 codes 147 and
R00.0), RV dysfunction (126.0), shock (R57) and/or cardio-pulmonary
resuscitation (OPS code 8-77). Shock as well as cardio-pulmonary
resuscitation were defined according to current European guidelines
[7,27-29]. As aforementioned, prolonged in-hospital stay was defined
as a long in-hospital stay longer than 10 days.

2.4. Ethical aspects

In accordance with the German law, an approval by an ethical
committee as well as informed consent of the patients were both not
required, since the present study did not involve a direct access of us as
the study investigators to individual patient-level data, but only on
summarized/aggregated data provided by the RDC.

2.5. Statistical methods

Descriptive statistical comparisons of hospitalizations of PE patients
aged >75 years with and without sarcopenia were calculated as median
and interquartile range (IQR) or as absolute numbers and corresponding
percentages. Continuous variables were compared by the help of the
Mann-Whitney-U test and for the comparisons of categorical variables
the Fisher’s exact or the chi? test were used, as appropriate.

Temporal trends of hospitalizations of PE patients and PE patients
with sarcopenia as well as usage of performed reperfusion were calcu-
lated on an annual and age-dependent (age-decade) basis. Linear re-
gressions were used to assess trends over time and the results are shown
as beta () with corresponding 95 % confidence intervals (CI).

The investigation of the impact of sarcopenia on usage of reperfusion
treatments, prolonged in-hospital stay, bleeding events and other
adverse in-hospital events in PE patients, which might be treatment
complications, was performed with the use of univariable and multi-
variable logistic regression models. Results are given as odds ratio (OR)
and 95 % CI. The multivariable regression models were adjusted for age,
sex, obesity, hyperlipidemia, cancer, coronary artery disease, heart
failure, chronic obstructive pulmonary disease, essential arterial hy-
pertension, acute and/or chronic kidney failure, diabetes mellitus and
atrial fibrillation/flutter. Notably, we selected this epidemiological
approach for the adjustment with age, sex and all mentioned comor-
bidities to test the widespread independence of the results regarding
sarcopenia as an independent predictor on the different outcomes/
endpoints.

Statistical significance was given in cases of a P-value <0.05 (two-
sided). Statistical analyses were performed with the software SPSS®
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(version 20.0; SPSS Inc., Chicago, Illinois, USA).
3. Results

Overall, 576,364 hospitalizations of PE patients aged >75 years
(median age 81.0 [78.0-85.0] years; 63.3 % females) were diagnosed in
Germany during the observational period 2005-2020. The median
length of in-hospital stay was 10.0 (IQR 6.0-17.0) days. In-hospital
mortality of all hospitalized PE patients aged > 75 years was 20.3 %.

Table 1

Patients’ characteristics, medical history, presentation and adverse in-hospital
events of the 576,364 hospitalizations of patients with PE aged >75 years in
Germany in the years 2005-2020 stratified for presence of sarcopenia.

Parameters PE patients PE patients P-
without sarcopenia ~ with value
(n = 574,007; 99.6 sarcopenia
%) (n = 2357; 0.4
%)
Age 81.00 (78.00-85.00) 83.00 <0.001
(79.00-87.00)
Female sex 363,464 (63.3 %) 1579 (67.0 %) <0.001
In-hospital stay (days) 10.00 (6.00-17.00) 20.00 <0.001
(14.00-28.00)
In-hospital stay >10 days 274,443 (47.8 %) 1943 (82.4 %) <0.001
Cardiovascular risk factors
Obesity 36,706 (6.4 %) 214 (9.1 %) <0.001
Essential arterial 299,515 (52.2 %) 1275 (54.1 %) 0.063
hypertension
Diabetes mellitus 131,329 (22.9 %) 609 (25.8 %) 0.001
Hyperlipidaemia 86,782 (15.1 %) 389 (1.5 %) 0.061
VTE risk factors
Cancer 91,391 (15.9 %) 405 (17.2 %) 0.095
Any surgery 286,677 (49.9 %) 1992 (84.5 %) <0.001
Thrombophilia 2379 (0.4 %) 9 (0.4 %) 1.000
Comorbidities
Heart failure 178,083 (31.0 %) 1041 (44.2 %) <0.001
Coronary artery disease 109,916 (19.1 %) 486 (20.6 %) 0.070
Peripheral artery disease 20,836 (3.6 %) 126 (5.3 %) <0.001
Atrial fibrillation/flutter 134,772 (23.5 %) 732 (31.1 %) <0.001
Chronic obstructive 65,326 (11.4 %) 295 (12.5 %) 0.083
pulmonary disease
Acute or chronic kidney 181,258 (31.6 %) 1088 (46.2 %) <0.001
failure
Chronic anaemia 51,770 (9.0 %) 423 (17.9 %) <0.001
Charlson comorbidity 6.00 (4.00-7.00) 7.00 <0.001
index (5.00-9.00)
Treatment escalation and reperfusion treatments
Systemic thrombolysis 19,886 (3.5 %) 44 (1.9 %) <0.001
Intensive care unit 89,786 (15.6 %) 440 (18.7 %) <0.001

Risk stratification markers and deep venous thrombosis/thrombophlebitis

Deep venous thrombosis/
thrombophlebitis

Tachycardia

Syncope

RV dysfunction

Shock

185,482 (32.3 %)

15,911 (2.8 %)
18,765 (3.3 %)
177,560 (30.9 %)
23,389 (4.1 %)

Adverse events during hospitalization

Acute kidney failure

Pneumonia

Stroke (ischaemic or
haemorrhagic)

Intracerebral bleeding

Gastro-intestinal bleeding

Transfusion of blood
constituents

45,370 (7.9 %)
132,839 (23.1 %)
18,742 (3.3 %)

3013 (0.5 %)
10,675 (1.9 %)
64,680 (11.3 %)

608 (25.8 %) <0.001
97 (4.1 %) <0.001
78 (3.3 %) 0.913

629 (26.7 %) <0.001
123 (5.2 %) 0.005

320 (13.6 %) <0.001
732 (31.1 %) <0.001
131 (5.6 %) <0.001
18 (0.8 %) 0.110

73 (3.1 %) <0.001
446 (18.9 %) <0.001
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Among the hospitalizations, 2357 (0.4 %) were coded with sarcopenia
(Table 1).

Notably, annual total numbers of sarcopenic PE patients increased
from 19 (0.07 %) in the year 2005 to 342 (0.84 %) in 2020 (p 2.818 [95
%CI 2.635 to 3.000], P<0.001) (Fig. 1).

3.1. Patient characteristics

PE patients with sarcopenia were in median 2 years older (83.0
[79.0-87.0] vs. 81.0 [78.0-85.0] years, P<0.001), more often female
(67.0 % vs. 63.3 %, P<0.001), obese (9.1 % vs. 6.4 %, P<0.001) and had
more often comorbidities such as diabetes mellitus (25.8 % vs. 22.9 %,
P<0.001), heart failure (44.2 % vs. 31.0 %, P<0.001), peripheral artery
disease (5.3 % vs. 3.6 %, P<0.001), atrial fibrillation/flutter (31.1 % vs.
23.5 %, P<0.001), acute or chronic kidney failure (46.2 % vs. 31.6 %,
P<0.001) and chronic anaemia (17.9 % vs. 9.0 %, P<0.001), mirrored in
a higher Charlson Comorbidity Index (CCI) Score of PE patients with
sarcopenia (7.00 [5.00-9.00] vs. 6.00 [4.00-7.00] points, P<0.001)
(Table 1). Regarding classical risk factors for venous thromboembolism
(VTE), prevalence of cancer (P=0.095) and thrombophilia (P=1.000)
was similar in both groups, while surgery as strong VTE risk factor was
more frequently seen in sarcopenic PE patients (84.5 % vs. 49.9 %,
P<0.001) (Table 1). Sarcopenia was associated with increased CCI
identifying an aggravated comorbidity burden in PE patients with sar-
copenia (OR 1.185 [95 %CI 1.168-1.203], P<0.001).

3.2. Signs of hemodynamic compromise and reperfusion treatments

Since signs of hemodynamic compromise such as shock (5.2 % vs.
4.1 %, P=0.005) and tachycardia (4.1 % vs. 2.8 %, P<0.001) are more
prevalent in PE patients with sarcopenia, sarcopenic PE patients were
more often admitted to an ICU (18.7 % vs. 15.6 %, P<0.001) (Table 1).
In contrast, RV dysfunction (26.7 % vs. 30.9 %, P<0.001) was less often
detected in PE patients with sarcopenia. Summarizing these results,
severe PE was detected in 700 (31.5 %) of the sarcopenic PE patients.
However, the reperfusion treatment of systemic thrombolysis (1.9 % vs.
3.5 %, P<0.001) was less often used in sarcopenic PE patients compared
to those without sarcopenia. In contrast, the usage of catheter-directed
treatment (P=0.276) as well as surgical embolectomy (P=0.440) does
not differ significantly between both patient groups.

The logistic regression analysis adjusted for age, sex and comorbid-
ities showed that sarcopenia was related to an underuse of systemic
thrombolysis (OR 0.537 [95 %CI 0.398-0.725], P<0.001) especially in
the light of higher rate of hemodynamic compromise as aforementioned
(Table 2), while the use of catheter-directed treatment (P=0.242) and
surgical embolectomy (P=0.552) were not affected. This difference be-
tween the proportion of sarcopenic patients with severe PE and the rate
regarding administration of systemic thrombolysis (as the standard of
care) characterize the underuse of systemic thrombolysis. This differ-
ence/underuse was seen for all investigated 5-year age-categories
(Fig. 2): This discrepancy between the proportions of sarcopenic pa-
tients with severe PE and of the usage of systemic thrombolysis was in
the age group 75-79 years 32.2 %, in the age-group 80-84 years 29.0 %,
in the age-group 85-89 years 28.9 % and in the patients aged 90 years
and older 28.9 %.

3.3. Length of in-hospital stay

Length of in-hospital stay was longer in PE patients with sarcopenia
than without (20.00 [14.00-28.00] vs. 10.00 [6.00-17.00] days,
P<0.001). Consecutively, a prolonged in-hospital stay longer than 10
days (82.4 % vs. 47.8 %, P<0.001) was also more commonly identified
in PE patients with sarcopenia (Table 1). Sarcopenia in PE patients was
independently associated with a prolonged length of in-hospital stay of
> 10 days (OR 4.826 [95 %CI 4.314-5.398], P<0.001) (Table 2).
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Fig. 1. Temporal and regional trends regarding hospitalizations of patients with PE and proportion of additional sarcopenia. Panel A - Total annual
numbers regarding hospitalizations of PE patients with sarcopenia and proportion of PE patients with sarcopenia related to all annual hospitalizations with PE
stratified during the observational period 2005-2020. Panel B — Regional trends regarding hospitalizations of PE patients with sarcopenia.

3.4. Bleeding events

The investigated bleeding events including gastro-intestinal bleeding
(3.1 % vs. 1.9 %, P<0.001) and necessity of transfusion of blood con-
stituents (18.9 % vs. 11.3 %, P<0.001) occurred more often in PE pa-
tients with sarcopenia compared to those without, whereby
intracerebral bleeding (0.8 % vs. 0.5 %, P=0.110) was similarly often
present in both groups (Table 1). Sarcopenia was independently asso-
ciated with all investigated bleeding events including intracerebral
bleeding (OR 1.611 [95 %CI 1.011-2.568], P=0.045), gastro-intestinal
bleeding (OR 1.486 [95 %CI 1.175-1.878], P=0.001) and necessity
regarding transfusion of blood constituents (OR 1.624 [95 %CI
1.455-1.812], P<0.001) (Table 2).

When focusing on the 184,210 PE hospitalizations of PE patients
with severe PE, sarcopenia was independently associated with an
increased need for transfusion of blood constituents (OR 1.765 [95 %CI
1.481-2.105], P<0.001). Among these, 700 sarcopenic PE patients with
severe PE were coded (31.5 % of the PE patients with sarcopenia). In this
crucial patient group, systemic thrombolysis was not independently
afflicted by increased occurrence of bleeding with a need for transfusion
of blood constituents (OR 1.150 [95 %CI 0.464-2.850], P=0.763).

3.5. Further investigated adverse in-hospital events

Pneumonia (31.1 % vs. 23.1 %, P<0.001), stroke (5.6 % vs. 3.3 %,
P<0.001) and acute kidney failure (13.6 % vs. 7.9 %, P<0.001) were
more prevalent in patients with sarcopenia in comparison to those
without (Table 1). The logistic regression analyses also showed an in-
dependent association between sarcopenia with increased risk for
pneumonia (OR 1.402 [95 %CI 1.283-1.532], P<0.001), stroke (OR
1.734 [95 %CI 1.451-2.072], P<0.001) and acute renal failure (OR
1.245 [95 %CI 1.091-1.421], P=0.001) (Table 2).

4. Discussion

Sarcopenia is a geriatric condition characterized by a progressive loss
of muscle mass and function, which is associated with various adverse

health outcomes.[14,19,30,31] The prevalence of sarcopenia varies
widely between the investigating studies and especially depending on
the used definition of sarcopenia. [14,30,31] It was estimated, that
sarcopenia impacts approximately between 5 and 17 % of the aging
population worldwide. [30,32] Notably, the prevalence of sarcopenia
among patients with chronic diseases was higher than in the general
population.[30] For example, the reported prevalence of sarcopenia in
patients with diabetes mellitus was with 18 % and the prevalence of
sarcopenia in patients with unresectable esophageal cancer was with 66
% substantially higher than the reported prevalence of sarcopenia in the
general population.[30] Sarcopenia (as a skeletal muscle disorder) was
in studies associated with increased likelihood of adverse outcomes
including falls, fractures, physical disability, but also mortality.
[14,30-39] Although we did not expect a high prevalence of sarcopenia
in our study investigating patients with an acute PE as an emergency
case, the rate of sarcopenia in these PE patients was very low in com-
parison to the reported prevalence of sarcopenia in the aforementioned
chronic diseases.[1-3,30] In this context, the prevalence of 0.4 % PE
patients who were coded with sarcopenia is considerably lower than
expected and indicates for a low awareness regarding sarcopenia of
German health care physicians during emergency situations.[40] Our
study results indicate for a small increase regarding the awareness of
sarcopenia during the observational period 2005-2020 elucidated in the
increasing numbers of coded PE cases with sarcopenia. This finding is in
accordance with the literature demonstrating that healthcare pro-
fessionals had low awareness as well as limited knowledge of sarcope-
nia, which might influence and hinder the diagnosis and treatment of
sarcopenia in health care practice.[41,42] While the median length of
in-hospital stay was 10 days in the PE patients aged >75 years, sarco-
penia was significantly and independently associated with a longer
length of in-hospital stay >10 days, which is in line with the literature.
[43].

Besides these expected results, the main focus of this study was to
detect the impact of sarcopenia on the usage of reperfusion treatments in
patients with PE since data in this field are widely missing. [22,23].

It is important that our study results demonstrated an aggravated
comorbid burden in PE patients with sarcopenia, which is in accordance
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Table 2
Impact of sarcopenia on adverse events during in-hospital stay in patients aged
>75 years with PE (univariate and multivariate logistic regression model).

Univariate regression
model

Multivariate regression
model*

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

Adverse events during in-hospital stay

In-hospital stay 5.167 <0.001 4.826 <0.001
>10 days (4.626-5.771) (4.314-5.398)
Pneumonia 1.496 <0.001 1.402 <0.001
(1.371-1.633) (1.283-1.532)
Tachycardia 1.505 <0.001 1.359 0.003
(1.228-1.846) (1.108-1.668)
Syncope 1.013 0.913 0.985 0.894
(0.808-1.270) (0.785-1.235)
RV dysfunction 0.813 <0.001 0.736 <0.001
(0.742-0.891) (0.671-0.808)
Shock 1.284 0.010 1.624 <0.001
(1.062-1.553) (1.455-1.812)
Acute renal failure 1.830 <0.001  1.245 0.001
(1.626-2.060) (1.091-1.421)
Stroke (ischaemic 1.744 <0.001 1.734 <0.001
or haemorrhagic) (1.461-2.081) (1.451-2.072)
Intracerebral 1.458 0.112 1.611 0.045
bleeding (0.916-2.322) (1.011-2.568)
Gastro-intestinal 1.687 <0.001 1.486 0.001
bleeding (1.335-2.131) (1.175-1.878)
Transfusion of 2.123 <0.001 1.624 <0.001
blood (1.784-2.528) (1.455-1.812)
constituents
Treatments
Systemic 0.530 <0.001 0.537 <0.001
thrombolysis (0.393-0.715) (0.398-0.725)
Catheter-directed 0.287 0.212 0.310 0.242
treatment (0.040-2.041) (0.044-2.207)
Surgical 1.592 0.512 1.526 0.552
embolectomy (0.396-6.399) (0.379-6.143)
Intensive care unit 1.233 <0.001 1.135 0.019

(1.107-1.373) (1.021-1.262)

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

40%
OSevere PE
@ Shock
35% . .
@ Systemic thrombolysis
W Transfusion of blood constituents

30% 7 ]
25%
20%

15%

Proportion (%)

10%

5%
o N Hﬂ N mm
75- 79 years 80 - 84 years

85-89years 290 years

Fig. 2. Age-dependent trends regarding severe PE, shock, systemic thrombol-
ysis and transfusion of blood constituents in sarcopenic PE patients stratified for
5-year age-categories.

with previously published studies.[44] In addition, the signs of hemo-
dynamic compromise such as shock were more prevalent in PE patients
with sarcopenia. According these markers of initial risk stratification of
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PE primarily based on signs of haemodynamic compromise/instability,
cardiac adaptations as well as comorbid burden [2,3], sarcopenic PE
patients have to be categorized more often as high-risk PE (haemody-
namic instability according to the ESC algorithm). In those patients with
high-risk PE, but also in selected patients with threatening hemody-
namic compromise (intermediate high-risk), an immediate reperfusion
is recommended by the European and American guidelines. [2,45] Thus,
according to guideline recommendations, a higher rate of reperfusion
strategies has to be expected in sarcopenic PE patients.[2,3,45] In
contrast to this expectation, we detected a lower reperfusion rate and
therefore an underuse of reperfusion treatments in this crucial patient
group. In particular, the standard approach of reperfusion treat-
ment—systemic thrombolysis—was used less than half as often in PE
patients with sarcopenia in comparison to non-sarcopenic patients.
However, the usage of catheter-directed treatment as well as surgical
embolectomy did not differ significantly between both patient groups,
but the total numbers of these additionally reperfusion treatments were
very low. Systemic thrombolysis is a well-established treatment strategy
to oppose hemodynamic compromise in PE to save the life of patients
with acute right heart failure and shock/hemodynamic instability. [2]
Nevertheless, in accordance with our present study, various studies
detected an underuse of these treatment options in PE patients with
hemodynamic compromise. [3,46,47] In our present study, it has to be
suggested that the decision regarding usage of systemic thrombolysis
was influenced by contra-indications such as bleeding events, but also
renal impairment and stroke, which were in our present investigation all
more prevalent in sarcopenic PE patients. The results of our study
revealed an underuse of systemic thrombolysis in all investigated age-
groups of sarcopenic PE patients aged 75 years and older. In this
context, our results demonstrated that sarcopenia is afflicted by
increased bleeding risk in PE patients. These findings are in accordance
with literature. [3,46,47] Nevertheless, physicians’ and patients’ fear
for bleeding events as the most decisive and crucial factors to decide
against the recommended reperfusion strategies might be more pro-
nounced in presence of sarcopenia. Consequently, these contraindica-
tions might at least in part the reason for lower rates regarding the
administration of systemic thrombolysis in sarcopenic PE patients. The
implementation of PERTSs in hospitals might help to overcome uncer-
tainty and solve the problem of hesitant decision making in some of
these patients in the future.[3,5-7,48] In addition, the awareness
regarding sarcopenia has to be broadened to identify affected patients
and focus on the additional needs of this crucial patient group.[41,42]
Since sarcopenia was found to be associated with both decreased
cognitive and mobility domains, a tailored and multi-dimensional
training intervention and rehabilitation should be pursued after the
acute course of PE aiming to improve patients’ functional recovery and
increase quality of life.[49-51].

5. Conclusions

Sarcopenia represents a widely overlooked and underestimated
condition in patients with PE. However, the awareness increases on a
low level. Although sarcopenic PE patients are more often afflicted by
hemodynamic compromise and aggravated comorbidity profile, in those
sarcopenic patients with high-risk or intermediate high-risk PE the
recommended and life-saving reperfusion treatments are not adminis-
tered. This underuse might be caused in part by the presence of con-
traindications like bleeding events and stroke.

6. Limitations

In the present study some key limitations should be considered: Due
to the nature of an ICD- and OPS-code-based study-analysis for hospi-
talized patients, under-reporting and under-coding might be possible
and may be a biasing factor. The low detected prevalence of sarcopenia
in our study indicates for a low awareness regarding sarcopenia of the



K. Keller et al.

health care physicians and related to that, an under-coding of sarcopenia
in the PE cases can be assumed.[30,32,41] Thus, we could not be aware
that the low awareness regarding sarcopenia might influence our results.
However, since undetected and therefore not-coded sarcopenia cases
should be also associated with aggravated patient-profile and an
underuse of reperfusion treatments, the negative effect of sarcopenia on
the use of reperfusion treatments in PE should even be mitigated,
disguised and reduced. In addition, data on concomitant medi-
cation—especially on anticoagulant treatment—or laboratory markers
are not available in the German nationwide inpatient sample. Further-
more, no follow-up data evaluation is possible since data for post-
hospitalization period are not assessed and therefore limited to the
time-frame of the in-hospital course.
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