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ARTICLE INFO ABSTRACT

Keywords: Aims: Syncope is a common phenomenon in the general population. Although most of the causes are of benign
Syncope origin, some comorbidities are accompanied by high mortality.
Mortality We aimed to compare the in-hospital mortality of patients with syncope related to different comorbities and

Myocardial infarction
Pulmonary embolism
Atrial fibrillation

investigate the impact of syncope in patients with atrial fibrillation/flutter (AF).

Methods: The nationwide inpatient sample of Germany of the years 2011-2014 was used for this analysis.
Patients with syncope (ICD-code R55) were stratified by presence of selected comorbidities. Additionally, AF
patients with and without syncope were compared. Incidence of syncope and in-hospital mortality were cal-
culated. Syncope as a predictor of adverse outcome in AF patients was investigated.

Results: In total, 1,628,859 hospitalizations of patients with syncope were identified; incidence was 504.6/
100,000 citizens/year with case-fatality rate of 1.6%. Patients with syncope revealed frequently comorbidities as
AF, heart failure and pneumonia. In-hospital mortality was high in syncope patients with pulmonary embolism
(PE, 13.0%), pneumonia (12.8%), myocardial infarction (MI, 9.7%) and stroke (8.5%).

We analysed 1,106,019 hospitalizations (52.9% females, 54.9% aged > 70years) of patients with AF
(2011-2014). Among these, 23,694 (2.1%) were coded with syncope and 0.7% died. Syncope had no significant
impact on in-hospital mortality (OR 1.04, 95%CI 0.92-1.17, P = .503) independently of age, sex and co-
morbidities, but was associated with PE (OR 1.83, 95%CI 1.42-2.36, P < .001), MI (OR 1.68, 95%CI 1.48-1.90,
P < .001), stroke (OR 1.66, 95%CI 1.42-1.94, P < .001) and pneumonia (OR 1.26, 95%CI 1.16-1.37,
P < .001).

Conclusions: Syncope is a frequent cause for referrals in hospitals. While the overall in-hospital mortality rate is
low (< 2%), syncope in coprevalence with PE, pneumonia, MI and stroke showed a mortality rate > 8%.
Syncope in AF patients had no independent impact on in-hospital mortality.

1. Introduction

Syncope is a common phenomenon during life-time in the general
population and is a frequent cause for patients' referral at emergency
departments [1-6]. Syncope is defined as a transient loss of con-
sciousness caused by transient global cerebral hypoperfusion [2,7,8]. A
syncope is characterized by a rapid onset, a short duration, and is fol-
lowed by a spontaneous complete recovery [2,7,8]. It occurs often
without warning and an exact duration of unconsciousness could only

rarely estimated [2,7,8]. It has to be differentiated from transient loss of
consciousness due to other disorders for example epileptic seizures,
trauma, psychiatric causes or provoked unconsciousness by noxes like
alcohol or other drugs [2,7-11].

According to the current classification recommended by the ESC
guidelines [2], syncope can be neurally caused (i.e., vasovagal, situa-
tional, orcarotid-sinus syndrome, non-classical forms), mediated by
orthostatic hypotension (i.e., drug-induced, due to primary or sec-
ondary autonomic failure or due to volume depletion), or could have a

* Corresponding author at: Center for Thrombosis and Hemostasis (CTH), University Medical Center Mainz (Johannes Gutenberg-University Mainz),

Langenbeckstrassel, 55131 Mainz, Germany
E-mail address: Karsten.Keller@unimedizin-mainz.de (K. Keller).

TK.K. und L.H. contributed equally and should both be considered as co-shared first authors.

https://doi.org/10.1016/j.ejim.2019.02.005

Received 26 August 2018; Received in revised form 14 January 2019; Accepted 10 February 2019

Available online 13 February 2019

0953-6205/ © 2019 European Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/09536205
https://www.elsevier.com/locate/ejim
https://doi.org/10.1016/j.ejim.2019.02.005
https://doi.org/10.1016/j.ejim.2019.02.005
mailto:Karsten.Keller@unimedizin-mainz.de
https://doi.org/10.1016/j.ejim.2019.02.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejim.2019.02.005&domain=pdf

K. Keller, et al.

cardiovascular origin (including arrhythmias, structural cardiovascular
diseases, or pulmonary embolism (PE)) [2,7,8,12,13].

While most potential causes of syncope are of benign origin and
often self-limited, other etiologies are related to significant morbidity
and mortality [5,8,12,13]. Only in approximately 2/3 of the patients
the reason underlying the syncope could be identified [14]. The most
prevalent causes for syncope are vasovagal in 21.2%, cardio-vascular in
9.5%, and orthostatic in 9.4% reasons [14]. Life-threatening causes are
predominantly based on cardio-vascular diseases and bleeding events
[5].

Thus, we aimed (1st) to investigate the incidence of syncope in
hospitalized patients in Germany, (2nd) to compare the incidences of
syncope stratified for sex and specific comorbidities, (3rd) to explore
the relative in-hospital mortality of syncope in generall as well as with
and without these specific comorbidities and (4th) to investigate the
impact of syncope on outcomes in patients with atrial fibriallation/
flutter (AF).

2. Methods and patients

For this analysis, the nationwide German inpatient sample (diag-
nosis related groups (DRG) statistic) was used. The nationwide in-
patient sample consists of treatment, diagnostic and procedural/sur-
gical data from all hospitalized patients in Germany and all cases are
coded according to the DRG system. In Germany, diagnoses of in-
patients are coded according to ICD-10-GM (International Classification
of Diseases, 10th Revision with German Modification) and diagnostic,
surgical or interventional procedures with OPS codes (Operationen-
und Prozedurenschliissel). All DRG diagnoses of inpatients are collected
and evaluated by the Federal Statistical Office of Germany (Statistisches
Bundesamt).

Firstly, we requested the total numbers of hospitalizations of pa-
tients diagnosed with syncope (ICD code R55) of the years 2011-2014
from the Federal Statistical Office of Germany (Statistisches Bundesamt,
DEStatis, source: DRG-Statistik, Sonderauswertung des Statistischen
Bundesamtes).

Patients with syncope were stratified for the presence of important
comorbidities, which might be related to the development of syncope,
such as AF (ICD code 148), heart failure (HF; ICD code I50), pneumonia,
iron deficiency anaemia (ICD code D50), sick-sinus-syndrome (ICD code
149.5), myocardial infarction (MI; ICD code 121 (not including recurrent
MI events during the first months (ICD code 122))), stroke (ICD codes
161-164), vestibular impairment/failure (ICD code H81), deep venous
thrombosis or thrombophlebitis (DVT; ICD code 180), PE (ICD code
126), pacemaker or implantable cardioverter defibrillator malfunction
(ICD code T82.1), meningioma (ICD code D32), carotid sinus syndrome
(ICD code G90.00), and ventricular tachycardia caused by re-entry ta-
chycardia (ICD code 147.0). In addition, the number of in-hospital
deaths in these syncope patients with the mentioned comorbidities was
requested.

Secondly, for further analysis (included in the second part of the
study), we focused on patients with AF and compared AF patients with
and without syncope in the German nationwide inpatient sample be-
tween 2011 and 2014. The analyses were performed on our behalf by
the Research Data Center of the Federal Statistical Office and the
Statistical Offices of the federal states in Wiesbaden, Germany (source:
RDC of the Federal Statistical Office and the Statistical Offices of the
federal states, DRG Statistics 2005-2015, own calculations). The ag-
gregated statistical results were analysed with the help of SPSS codes
(SPSS® software, version 20.0, SPSS Inc., Chicago, Illinois), which were
sent by us to the Research Data Center. Regarding this analysis, we
selected all inpatients who were coded with a main diagnosis of AF
between 2011 and 2014. Patients' main diagnosis is defined as the di-
agnosis, which is mainly responsible for patients' hospitalization [15].
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2.1. Definitions

Syncope was defined as transient loss of consciousness due to
transient global cerebral hypoperfusion according to the ESC guidelines
as the current guidelines used in clinical practice in Europe [2,8].
Pneumonia (ICD codes J12-J18) comprised both virus as well as bac-
terial pneumoniae. Stroke diagnosis included ischemic as well as hae-
morrhagic stroke.

2.2. Study outcome

The primary outcome of this study was death of all-causes during in-
hospital stay (in-hospital death). In addition, for the second part of this
study, adverse in-hospital event was defined as a composite of all-cause
in-hospital death, mechanical ventilation (MV, OPS codes 8-70 and
8-71), or cardio-pulmonary resuscitation (CPR, OPS code 8-77).

2.3. Ethical aspects

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

2.4. Statistical analysis

The descriptive statistical data comprise the total numbers of in-
patients diagnosed with syncope singularly and with the additional
mentioned comorbidities, as well as the in-hospital deaths. We calcu-
lated the incidence of syncope and of syncope with the mentioned co-
morbidities in Germany and the relative in-hospital mortality rates. The
annual incidence was calculated as the total number of syncopes per
100,000 citizens of the German population. In addition, we stratified
the numbers of hospitalizations of patients with syncope according to
different age-groups.

For further analysis in the second part of the study focussing on
patients with AF, we compared AF patients with and without syncope.
Descriptive statistics for baseline comparisons were provided as median
and interquartile range (IQR), or as absolute numbers and corre-
sponding percentages. We tested the continuous variables using the
Mann-Whitney-U test and categorical variables with Fisher's exact or
chi-square test, as appropriate.

Univariate and multivariate logistic regression models were ana-
lysed to investigate the impact of syncope on in-hospital events (DVT,
PE, pneumonia, stroke and MI) as well as on the in-hospital mortality.
Additionally, the impact of DVT, PE, pneumonia, stroke and MI on in-
hospital death in AF patients with syncope was analysed in univariate
and multivariate regression models. Results were presented as Odds
Ratios (OR) and corresponding 95% CI. Multivariate logistic regression
models, testing the independence of predictors for in-hospital events
and mortality, were adjusted either I) for age and sex or II) for age, sex,
obesity (ICD code E66), cancer (ICD codes C00-C97), HF, essential ar-
terial hypertension (ICD-code 110), renal insufficiency (comprised di-
agnosis of chronic renal insufficiency stages three to five with glo-
merular filtration rate < 60 ml/min/1,73 m?, ICD codes N18.3, N18.4
and N18.5), diabetes mellitus (ICD-codes E10-E14), peripheral artery
disease (ICD code 170.2), coronary artery disease (ICD code I125),
chronic obstructive pulmonary disease (COPD, ICD code J44).

The software SPSS® (version 20.0; SPSS Inc., Chicago, Illinois) was
used for computerised analysis. P values of < 0.05 (two-sided) were
considered to be statistically significant.

3. Results

Overall, 1,628,859 hospitalizations of patients were diagnosed with



K. Keller, et al.

#drial fibrilation and airial flutiee

European Journal of Internal Medicine 62 (2019) 29-36

A

Heart failure

L

Sick sinus syndrome
Myocardial infarction

Siroke

Vestibular impainment or failure

Deep venous thrombosis

Pulmonary esnbolism

Pacernaker and implaniable cardioverier defibeillaioe malfunciion
Meningioma

Carotid sinus syndrome

Verricular tachy i by reesiry tachy

dia

Aarial fibrilation and airial fluties

Heart failure

Preurmonia

Iron deficiency anaesmia

Sick sinus syndrome

Myocardial infarction

Siroke

Vestibular impainment or failure
Deep venous thrombosis
Pulrmonary esnbolism
Pacernakes and implaniable cardioverier defibrillaioe malfunciion
Meningicma

Carotid sinus syndrome

Vemiricular Iachycardia caused by reesiry iachycardia

i)

20

30 4n 50 &n 70

Fig. 1. Absolute numbers of hospitalized patients with syncope (A) and incidence of syncope in Germany per year in hospitalized patients (B).

syncope in Germany between the years 2011 and 2014. The incidence
of syncope was 504.6 hospitalized cases per 100,000 citizens in
Germany per year.

The absolute numbers of hospitalizations of patients with syncope
revealed frequently comorbidities as AF, HF, pneumonia, iron defi-
ciency aneamia, sick-sinus-syndrome, MI and stroke. The incidence of
syncope in coprevalence with the mentioned comorbidirties was
highest in AF with 71.0, HF 49.3 and pneumonia 12.1 hospitalized
patients per 100,000 citizens in Germany per year (Fig. 1).

In contrast, lowest incidence of hospitalized syncope patients in
coprevalence with the investigated comorbidities was detected in syn-
cope patients with ventricular tachycardia caused by reentry tachy-
cardia 0.1, carotid sinus syndrome 0.3, meningioma 0.8, pacemaker
and implantable cardioverter defibrillator malfunction 1.2, PE 2.6 and
DVT 2.7 hospitalized cases per 100,000 citizens in Germany per year
(Fig. 1).

The absolute numbers and the incidence of hospitalizations for
syncopes increased markedly with growing age (Fig. 2).

The case-fatality rate of all syncope patients in Germany was low
(1.6%). While the slight majority of the patients with syncope event
were of female gender (54.5%), the in-hospital mortality was higher in
males (1.9% vs. 1.4%).

The in-hospital mortality rate was high in syncope patients with PE
(13.0%), pneumonia (12.8%), MI (9.7%), stroke (8.5%), and DVT
(3.9%). In contrast, syncope patients with additional diagnoses of
ventricular tachycardia caused by reentry tachycardia, carotid sinus
syndrome, and vestibular impairment/failure revealed a low in-hospital
mortality of < 1% (Fig. 3).

AF was the most prevalent comorbidity of hospitalized patients with
syncope in our investigation. Thus, for further analysis, we focused on
patients with AF and compared AF patients with and without syncope.
Overall, 1,106,019 patients (49.0% females, 77.3% aged > 70 years)
were admitted to German hospitals for AF between 2011 and 2014.
Among these 23,694 (2.1%) were coded with syncope. AF patients re-
vealed the following rates of AF subtypes: 34.2% had a paroxysmal,
61.3% a persisting and 4.5% a long-standing persisting (formaly known
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as permanent) AF.

In total, 7872 (0.7%) inpatients died, 25,690 (2.3%) revealed an
adverse in-hospital event, 6051 (0.5%) had a myocardial infarction and
3473 (0.3%) had to undergo CPR during in-hospital course.

AF patients with syncope were older (77 (70-83) vs. 72 (63-78)
years, P < .001) and particularly long-standing persisting AF was more
prevalent in AF patients with syncope than in those without (7.7% vs.
4.0%, P < .001); both other AF sybtypes were more often found in AF
patients without syncope (Table 1). AF patients with syncope revealed
more often cardiovascular diseases as well as cancer (2.7% vs. 1.6%,
P < .001) and renal insufficiency was distinctly more frequently coded
in AF patients with syncope in comparison to those without (23.2% vs.
14.9%, P < .001). In contrast, patients without syncope were more
often obese (8.1% vs. 5.5%, P < .001) and had more frequently es-
sential arterial hypertension (56.5% vs. 54.6%, P < .001) (Table 1).

The outcomes all-cause in-hospital death (1.2% vs. 0.7%, P < .001)
and adverse in-hospital events (3.0% vs. 2.3%, P < .001) as well as
CPR (0.8% vs. 0.3%, P < .001) were more frequent in AF patients with
syncope. Consistently, the comorbidities/conditions pneumonia (2.8%
vs. 1.7%, P < .001), venous thromboembolism (0.7% vs. 0.4%,
P < .001) with the entity PE (0.3% vs. 0.1%, P < .001) and high-risk
PE (defined as PE event with haemodynamically instability [comprising
shock, MV and/or CPR], 0.04% vs. 0.01%, P = .001), and MI (1.1% vs.
0.5%, P < .001) showed higher prevalence in AF patients with than
without syncope (Table 1). Also bleeding events such as intracerebral
bleeding (0.06% vs. 0.03%, P = .006), subarachnoid bleeding (0.03%
vs. 0.01%, P < .001) as well as gastrointestinal bleeding (0.6% vs.
0.2%, P < .001 and the need for transfusion of blood constituents
(2.4% vs. 0.9%, P < .001) were more often in AF patients with syn-
cope (Table 1).

While syncope had no significant impact on in-hospital mortality
(OR 1.04, 95%CI 0.92-1.17, P = .503) independently of age, sex and
comorbidities, presence of syncope in AF patients was associated with
an elevated risk for the occurrence of PE (OR 1.83, 95%CI 1.42-2.36,
P < .001), MI (OR 1.68, 95%CI 1.48-1.90, P < .001), stroke (OR
1.66, 95%CI 1.42-1.94, P < .001) and pneumonia (OR 1.26, 95%CI
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Fig. 2. Absolute numbers (A) and incidence (B) of hospitalizations of patients with syncope stratified for age groups.

1.16-1.37, P < .001) (Table 2).

PE, MI, pneumonia and stroke had a strong impact on the in-hos-
pital mortality of AF patients with syncope independently of age, sex
and comorbidities (Table 3).

4. Discussion

Syncope is a common symptom in patients presenting at emergency
rooms and the presence of syncope is challenging for initial medical
evaluation due to the complexity of the disorder and the wide spectrum
from benign to acute life-threatening underlying causes [2,14,16,17].

The key results of our study analyzing the nationwide German in-
patients comprise the following points:

Atrial fibrilation and atrial flutter
Heart failure
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i) The incidence of syncope in hospitalized patients was high with
504.6 cases per 100,000 citizens in Germany per year.
ii) Syncopes were more prevalent in older age.
iii) AF, HF and pneumonia are common comorbidities in syncope
patients.
iv) In-hospital case-fatality rate of all syncope patients in Germany
was low with 1.6%.
v) The in-hospital mortality rate was high in syncope patients with
PE (13.0%), pneumonia (12.8%), MI (9.7%) and stroke (8.5%).
vi) Syncope patients with coprevalence carotid sinus syndrome and
vestibular impairment/failure showed a low in-hospital mortality
(< 1%).
vii) AF patients with syncope had a significant higher in-hospital
mortality rate than those AF patients without (1.2% vs. 0.7%).

A% 6% 8% 10% 12% 14%

Fig. 3. Case-fatality rate during in-hospital stay in patients with coded syncope stratified for important comorbidities that might be related to the development of

syncope.
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Table 1
Patient characteristics and comorbid conditions of the 1,106,019 AF patients
with and without syncope.

viii) Syncope had no significant impact on the risk to die during in-
hospital stay independently of age, sex and comorbidities.
ix) Syncope in AF patients was an independent predictor for occur-

Parameters AF patients AF patients without ~ P-value rence of PE, MI, pneumonia and stroke.
with syncope syncope x) PE, MI, pneumonia and stroke were independent predictors of in-
hospital death in AF patients with syncope
n = 23,694 n = 1,082,325
(2.1%) (97.9%) . . .
Syncope is a common phenomenon in the general population [1,2].
Age (years) 77 (70-83) 72 (63-78) <.001 Up to 1/3 of the general population develop at least one syncope during
Age > 70years 17,624 (74.4%) 589,993 (54.5%) <.001 life-time [1,3,4] and between 1% and 3% of referrals at the emergency
fe[;‘ale ie;‘ ay (days) ;2(’52160552'9%) 21(‘;’1;)4 (47.5%) z 'ggi departments are due to syncopes [2,4-6,17]. Studies reported an annual
n-hospital stay (days — ~ K .. s . s
Obesity 1310 (5.5%) 87,998 (8.1%) < 001 incidence of 6200 to 39,700 per 100,(?09 citizens with a mgnlﬁca}nt age-
dependent increase of the syncope incidence after the 70th life-year
Atrial fibrillation [14,18]. The incidence of syncope in the hospitalized cohort of our
Paroxysmal AF 7196 (30.4%) 340,916 (31.5%) <.001 »rel. lhel yncop pitallz T
Persisting AF 13,158 (55.5%) 609,971 (56.4%) .011 study was distinctly lower compared to the mentioned numbers above
Long standing persisting 1820 (7.7%) 43,720 (4.0%) <.001 driven by our focus on hospitalized patients in the present study in
(permanent) AF contrary to the other studies evaluating syncope incidence in the gen-
Comorbidities eral population. However, the incidence of 504.6 cases in hospitalized
Cancer 648 (2.7%) 17,687 (1.6%) <.001 patients per 100,000 citizens in Germany (of our study) was only
Coronary artery disease 5574 (23.5%) 249,517 (23.1%) 089 slightly lower than the reported 800 to 930 syncope events in hospi-
Chronic (left) heart failure 5295 (22.3%) 226,803 (21.0%) <.001 talized patient 100.000 citi in the United States of Ameri
Peripheral artery disease 653 (2.8%) 20,353 (1.9%) <.001 allzed patients per 190,000 citizens 1n the Lnited States of America per
Chronic obstructive 1521 (6.4%) 63,595 (5.9%) < .001 year reported by Alshekhlee et al. [19]. As expected, incidence of
pulmonary disease syncope increased substantially with age.
Essential arterial hypertension 12,932 (54.6%) 611,464 (56.5%) < .001 The in-hospital case-fatality rate of all syncope patients in Germany
i ici 0, 0,
R.enal msumc_lency 5487 (23.2%) 161,433 (14.9%) <.001 was 1.6% and therefore higher than the reported rate of 0.3% in the
Diabetes mellitus 5102 (21.5%) 200,223 (18.5%) < .001 .
Coagulation abnormalities 1217 (5.1%) 28,694 (2.7%) < .001 study of Alshekhlee et al. [19]. In accordance with the the study of

Thrombophilia

22 (0.09%)

884 (0.08%)

.552 Alshekhlee et al. [19] the overall mortality in our study was slightly

Potential life-threatening conditions higher in male patients with syncope in comparison to females, whereas

Pneumonia 660 (2.8%) 18,312 (1.7%) < .001 Soteriades et al. [14] found an equal incidence of the incidence of
Venous thromboemebolism 166 (0.7%) 4840 (0.4%) <.001 syncope in male and female individuals. While the overall in-hospital
Deep vein thrombosis or 117 (0.5%) 3846 (0.4%) <.001 mortality rate of syncope patients without cardiovascular comorbidites
thrombophlebitis was low in our study, syncope patients with cardiovascular comorbid-
Pulmonary embolism 63 (0.3%) 1240 (0.1%) <.001 . R yf Y P P i
Pulmonary embolism — High 9 (0.04%) 114 (0.01%) 001 ities revealed a high in-hospital mortality rate.
risk status The most prevalent comorbidities in combination with syncope in
Fatal pulmonary embolism 4 (0.02%) 87 (0.01%) 132 our study were AF, HF or pneumonia. AF and syncope are both common
Shock L 123 (0.5%) 2773 (0.3%) <001 diseases in the general population with multifactorial etiology. Our
Mechanical ventilation 388 (1.6%) 18,410 (1.7%) .455 dv sh d high 14.1%) of . f d
Cardio-pulmonary 190 (0.8%) 3283 (0.3%) < 001 study showed higher percentage (14.1%) of syncope patients affecte
resuscitation by AF than other studies (2.7% arrhythmia in syncope patients) [19].
Myocardial infarction 259 (1.1%) 5792 (0.5%) <.001 AF seems to be a trigger for syncope [20,21]. Syncope in AF patients as
Intracerebral bleeding 14 (0.06%) 271 (0.03%) -006 a result of an interruption of cerebral blood flow can be induced by
Subarachnoid bleeding 7 (0.03%) 52 (0.01%) <001 rapid ventricular or bradycardia episodes as well as an abnormal car-
Gastro-intestinal bleeding 140 (0.6%) 2838 (0.2%) <.001 Apld ver yeardia €p
Transfusion of blood 568 (2.4%) 10,053 (0.9%) < .001 dioinhibitory response resulting in a vasovagal syncope [20-23]. In our
constituents study 1.4% of the syncope patients had a sick sinus syndrome, whereas
Primary and secondary study outcome 0.01% of these patients were diagnosed with ventricular tachycardia
Adverse in-hospital events 710 (3.0%) 24,980 (2.3%) <.001 caused by reentry tachycardia. AF associated with the Wolf-Parkinson-
All cause in-hospital death 295 (1.2%) 7577 (0.7%) <.001 White (WPW) syndrome can lead to rapid ventricular rates, causing

syncope [22]. More than half of the patients with sick sinus syndrome
have a bradycardia-tachycardia syndrome, usually manifesting as sinus
bradycardia alternating with paroxysmal atrial tachycardia or AF.

@ Data available for 1,105,993 patients.

Table 2
Univariate and adjusted multivariate logistic regression models for syncope predicting different potential life-threatening conditions and in-hospital mortality in AF
patients.

Syncope predicting Univariate logistic regression analysis® Multivariate logistic regression analysis” Multivariate logistic regression analysis®

In-hospital death OR 1.79, 95%CI 1.59-2.01, P < .001 OR 1.07, 95%CI 0.95-1.20, P = .275 OR 1.04, 95%CI 0.92-1.17, P = .503
DVT OR 1.39, 95%CI 1.16-1.67, P < .001 OR 1.20, 95%CI 1.00-1.44, P = .054 OR 1.19, 95%CI 0.99-1.44, P = .060
PE OR 2.32, 95%CI 1.80-3.00, P < .001 OR 1.88, 95%CI 1.46-2.43, P < .001 OR 1.83, 95%CI 1.42-2.36, P < .001
Pneumonia OR 1.66, 95%CI 1.53-1.79, P < .001 OR 1.25, 95%CI 1.15-1.35, P < .001 OR 1.25, 95%CI 1.16-1.36, P < .001
Myocardial infarction OR 2.05, 95%CI 1.81-2.33, P < .001 OR 1.61, 95%CI 1.42-1.82, P < .001 OR 1.68, 95%CI 1.48-1.90, P < .001
Stroke OR 2.11, 95%CI 1.81-2.46, P < .001 OR 1.68, 95%CI 1.44-1.96, P < .001 OR 1.66, 95%CI 1.42-1.94, P < .001

Abbreviations: OR, indicates for odds ratio; CI, confidence interval; PE, pulmonary embolism; DVT, deep venous thrombosis.

2 Not adjusted.

> Adjusted for age and sex.

¢ Adjusted for age, sex, obesity, cancer, heart failure, essential arterial hypertension, renal insufficiency, diabetes mellitus, peripheral artery disease, coronary
artery disease, chronic obstructive pulmonary disease.
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Table 3
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Univariate and adjusted multivariate logistic regression models for potential life-threatening conditions predicting in-hospital death in AF patients with syncope.

Univariate logistic regression analysis®

Multivariate logistic regression analysis”

Multivariate logistic regression analysis®

DVT OR 1.38, 95%CI 0.34-5.62, P = .651 OR 1.26, 95%CI 0.31-5.14, P = .751 OR 0.94, 95%CI 0.23-3.86, P = .930
PE OR 8.50, 95%CI 3.64-19.88, P < .001 OR 7.95, 95%CI 3.34-18.90, P < .001 OR 6.83, 95%CI 2.81-16.62, P < .001
Pneumonia OR 11.78, 95%CI 8.89-15.62, P < .001 OR 9.26, 95%CI 6.95-12.34, P < .001 OR 6.43, 95%CI 4.76-8.68, P < .001
Myocardial infarction OR 8.73, 95%CI 5.64-13.51, P < .001 OR 6.80, 95%CI 4.37-10.60, P < .001 OR 5.35, 95%CI 3.36-8.51, P < .001
Stroke OR 6.28, 95%CI 3.45-11.42, P < .001 OR 6.40, 95%CI 3.48-11.75, P < .001 OR 6.16, 95%CI 3.28-11.54, P < .001

Abbreviations: OR, indicates for odds ratio; CI, confidence interval; PE, pulmonary embolism; DVT, deep venous thrombosis.

2 Not adjusted.
> Adjusted for age and sex.

¢ Adjusted for age, sex, obesity, cancer, heart failure, essential arterial hypertension, renal insufficiency, diabetes mellitus, peripheral artery disease, coronary

artery disease, chronic obstructive pulmonary disease.

These patients may experience syncope from sinus arrest or following
spontaneous conversion from a supraventricular tachycardia to sinus
rhythm with a long sinus node pause [22]. Interruption of cerebral
blood flow for 8-10s usually produces a loss of consciousness [23].
Although, it is well-established that ventricular tachycardia in con-
nection with reentry substrates are commonly based on structural heart
disease and associated with an increased risk of sudden death [24-26],
our study showed unexpectingly a low in-hospital mortality rate in
these patients with syncope and ventricular tachycardia caused by re-
entry tachycardia. This low in-hospital mortality might be based on an
underreporting/undercoding of such an arrhythmia in context of
structural heart diseases (MI and HF), an underdetection of this ar-
rhythmia as the primary cause of sudden in-hospital death or the
sudden death occurred already outside the hospital and the patient did
not reached the hospital alive.

The present study demonstrated in accordance with the literature
that AF and syncope both are common disease entities with a significant
coprevalence [20,27]. Our results revealed a higher in-hospital mor-
tality rate in AF patients with syncope compared to those without
syncope (1.2% vs. 0.7%, P < .001). Consistingly, the risk for adverse
in-hospital events was higher in AF patients with syncope compared to
those without independently of age, sex and comorbidities. These
findings are in line with the literature showing that cardiovascular
syncope (including arrhythmias) is well known to be associated with an
increased short-term mortality [5]. However, some studies reported
that AF is an unusual and rare cause of syncope [20,27]. Although the
univariate logistic regression model confirmed that syncope was a
predictor of in-hospital death, the multivariate regression models de-
monstrated that syncope had no significant impact on the risk to die
during in-hospital stay, if the multivariate model was adjusted for age,
sex and comorbidities. Therefore, syncope was not an independent
predictor for in-hospital mortality in AF patients. In contrast, syncope
was associated with occurrence of PE, myocardial infarction, pneu-
monia and stroke in AF patients. The risk of these important triggers of
in-hospital mortality were independently elevated by presence of syn-
cope in AF patients and PE, myocardial infarction, pneumonia and
stroke were independent predictors of in-hospital death in AF patients
with syncope. Regarding stroke, syncope might be the result or first sign
of the stroke event itself especially if stroke or precursory transient is-
chemic attack were not directly or adequately diagnosed. Another ex-
planation might be that paroxysmal AF patients experience syncope
from spontaneous conversion from a supraventricular tachycardia to
sinus rhythm with a long sinus node pause or sinus arrest in AF patient
with sick sinus syndrome [22,23]. Beside the syncope due to inter-
ruption of cerebral blood flow, in parallel thrombi in the left atrial
appendage might break loose and travel to the brain resulting in stroke
[28-30].

Of note, the analysed data of the nationwide sample could not
provide information about pathomechanisms, but only about copreva-
lences, nevertheless the high coprevalence of AF and syncope seems
noticeable.
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Syncope patients with additional diagnoses of carotid sinus syn-
drome and vestibular impairment/failure showed a low in-hospital
mortality rate of < 1% in our analysis. This is partly in accordance with
the literature showing a favourable outcome for both of the most
common pathomechanism (vasovagal syncope and not-cardiovascular
syncopes) [14,17].

Overall, 9.8% of the syncope patients in the present study had a
comorbidity of HF and 1.3% of MI. Although comparative data in this
context are sparse, in the literature 12% of the patients with severe HF
had a syncope [31]. Syncope patients with advanced heart failure are at
high risk for sudden death regardless of the etiology of syncope; how-
ever, the risk for sudden death is primarily elevated by ventricular ar-
rhythmias [31,32]. The most frequent causes for syncope in patients
with HF and MI are arrhythmias due to decreased cardiac output,
haemodynamic impairment and subsequent decrease in cerebral blood
flow [23]; approximately % of these patients had ventricular tachyar-
rhythmias, supraventricular tachycardia or orthostatic hypotension
leading to syncope events [31]. In particular, MI patients are prone to
develop cardio-neuromediated reactions with sympathetic withdrawal
[33]. Remarkably, presence of syncope during an episode in acute
coronary syndrome and in MI is commonly caused by severe myo-
cardial ischemia due to an acute vascular occlusion [34]. Syncope in MI
patients revealed high in-hospital mortality (9.7%) in the German na-
tionwide inpatient sample.

Inpatients with other cardiovascular causes such as stroke, PE and
DVT, showed frequencies of 0.9%, 0.5% and 0.5% in the syncope pa-
tients, respectively. All of these frequencies in syncope patients were
slightly higher than in the study of Alshekhlee et al. [19]. Syncope in
DVT might be predominantly driven by undiagnosed/overlooked PE.
Syncope in patients with PE (13.0%) and stroke (8.5%), demonstrated
high in-hospital mortality in the German nationwide inpatient sample.
It was hypothesized that syncope in acute PE might be primarily caused
by large pulmonary artery embolus with extensive occlusions in the
pulmonary vascular tree accompanied by right ventricular dysfunction
(RVD) or triggered by vasovagal reflex (Bezold-Jarisch reflex). Both
pathomechanisms are leading to a sudden impaired left ventricular
filling followed by a reduction in cardiac output with arterial hypo-
tension, reduced cerebral blood flow and result in syncope/collapse
[13,35-42]. Additionally, RVD and hyoxemia may increase the risk for
arrhythmias with concomitant syncope [13,35,37,38,40,43,44]. Our
study did not differentiate between hemodynamically stable and un-
stable PE patients regarding the in-hospital mortality in all syncope
patients with PE; syncope in unstable PE patients might be attended by
distinctly higher mortality than in hemodynamically stable PE patients
[45]. Remarkably, syncope was in our study also an independent pre-
dictor for occurrence of PE in AF patients in the fully adjusted multi-
variate model.

Thus, syncope events caused by cardiovascular diseases or occurring
in coprevalence with cardiovascular diseases revealed a high in-hospital
motrtality and syncope events in these patients should increase the
awareness and trigger a special attention of the physicians on these
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high-risk patients in the emergency departments. Cardiovascular syn-
cope should result in better monitoring and these patients might be a
target group for more aggressive treatments [14,34,46,47]. Particularly
in AF patients, syncope should rise the awareness for impending or
already occurred cardiovascular events such as PE, MI and stroke, but
also pneumonia. Especially patients with cerebrovascular syncope, re-
present a high-risk population and had in accordance with the literature
a limited prognosis [14,17].

Syncope in pneumonia was observed in 2.4% of our patients. In
accordance, Chen et al. [48] reported that syncope and falls are pre-
valent in > 3% of the old patients with pneumonia [48]. Syncope in
patients with pneumonia revealed high in-hospital mortality (12.8%) in
the German nationwide inpatients sample. Pathomechanism of syncope
in pneumonia patients comprise on the one hand progressive confusion
culminating in loss of consciousness and hypotension due to infection
and on the other hand cough syncopes [2,49]. In some of the patients,
pneumonia is the consequence of PE after hypoperfusion and pul-
monary infarction.

4.1. Limitations

There are some limitations that require consideration: Our study
results are based on ICD and OPS discharge codes of hospitalized pa-
tients. This could lead to incomplete data due to under-reporting/
under-coding. In order to encounter this linitations, the focus of our
study was on clear endpoints/clinical conditions, such as in-hospital
mortality and PE, MI stroke, CPR and pneumonia, which are very un-
likely to be miscoded or not coded. This study includes in-hospital re-
sults only and cannot address long-term outcomes.

5. Conclusions

Syncope is a frequent cause for referrals in the hospitals. The in-
cidence of syncope in hospitalized patients was high with 504.6 cases
per 100,000 citizens in Germany per year. While the overall in-hospital
mortality was low with 1.6%, syncope in coprevalence with PE, pneu-
monia, MI and stroke showed a mortality rate > 8%. Syncopes were
more prevalent in older age and particularly, AF is a common co-
morbidity in patients with syncope. AF patients with syncope had a
significant higher in-hospital mortality rate than those without (1.2%
vs. 0.7%), but syncope had no significant impact on the risk to die
during in-hospital stay independently of age, sex and comorbidities.
Syncope in AF patients was an independent predictor for the occurrence
of PE, MI, pneumonia and stroke.

Thus, patients with syncope events caused by cardiovascular dis-
eases or occurring in coprevalence with cardiovascular diseases should
be monitored more closely and these patients might be a target group
for more aggressive treatments.
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