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Abstract

According to the 2018 ESC guidelines, emergency physicians shall primarily aim to identify syncopal episodes associated
with an underlying acute principal disease. Therefore, in this study, we aimed to assess the incidence of syncope associated
with acute principal diseases (APDs) and to identify predictive factors reflecting the presence of these underlying conditions.
We retrospectively evaluated all patients presenting with syncope during a 6-month period to the local emergency depart-
ment, collecting incidence of syncopal cases associated with APDs, personal information, clinical features, and laboratory
abnormalities, which were compared between syncopal patients with or without APDs. A syncope-associated APD could
be diagnosed in 346/1279 patients (27.1%). In the majority of cases, the cause was a non-cardiovascular acute condition
(67%), mostly non-life-threatening such as infectious diseases (34.4%) and acute diseases with pain, fluid loss or hypoten-
sion (23.7%). Severe acute cardiovascular conditions were less frequent (4.2%). Cardiogenic syncope, no previous history of
syncopal episodes, not full agreement with typical clinical features of syncope, alterations of vital parameters, and laboratory
abnormalities were also found to be independently associated with syncope-associated APDs. Syncope may be frequently
associated with APDs of varying severity, though mostly non-clinically threatening, thus confirming that this condition
shall be considered a symptom and not a disease. Emergency physicians should hence be first engaged in troubleshooting an
underlying pathology when facing patients with syncope, for timely identifying patients at higher risk of short-term adverse
events and reducing inappropriate admissions and diagnostic investigations, especially in the presence of hypotensive syncope
elicited by non-severe concurrent conditions.
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Introduction

According to the 2018 European Society of Cardiology
(ESC) Guidelines for diagnosis and management of syn-
cope [1], emergency physicians (EPs) shall primarily aim
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to identify syncopal episodes which may be a consequence
or even exacerbate an underlying acute principal disease
(APD), especially those associated with risk of rapid deterio-
ration, since these will most frequently determine short-term
adverse events rather than the syncope itself [2]. Moreover,
as all forms of syncope (especially reflex and orthostatic)
are more likely to occur or may be associated with higher
severity, in the presence of various factors such as volume
depletion (e.g., haemorrhage, low fluid intake, diarrhoea,
vomiting) or pulmonary diseases causing brain oxygen sup-
ply reduction [1], EPs shall equally quickly identify all these
possible predisposing factors, because they would occasion-
ally already justify the onset of a syncopal episode, which
have a benign and non-cardiac nature in many of such cases.

Blood tests abnormalities are frequent in patients with
syncope [3], though the ESC guidelines conclude that they
have limited role in risk stratification [1]. However, we
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hypothesize that the role of laboratory investigations should
be revaluated, since most adverse outcomes are already pre-
sent at Emergency Department (ED) admission [4-6]. Fur-
thermore, clinical experience also suggests that most TLOC
cases associated with APDs do not fully meet the typical
clinical features of syncope (i.e., rapid onset, short duration,
and spontaneous complete recovery), so that it is conceiva-
ble that a not full agreement with these typical features could
also be used for identifying the possible presence of seri-
ous underlying illnesses. Notably, no published studies have
recently addressed the framework of syncope secondary to
underlying acute disease or the role of clinical features and
laboratory investigations for identifying patients in whom
syncope may only be an epiphenomenon or a symptom of
an APD, to the best of our knowledge. Therefore, the main
purposes of this study were: (i) assessing the incidence of
syncope associated with APDs; (ii) identifying predictive
factors reflecting the presence of APDs, by exploring the
clinical characteristics and laboratory abnormalities of these
cases in comparison with those found in syncopal patients
without underlying acute conditions.

Methods
Study design and setting

This is a retrospective, observational, single-center study
of patients evaluated for syncope during a 6-month period
(between January and June 2019) at the ED of University
Hospital of Parma, a large urban ED with over 80,000
annual visits.

Selection of participants

Patients evaluated for TLOC of suspected syncopal origin
during the study period were anonymously identified from
the hospital database, by searching ED charts, containing
(1) the following triage symptoms or final diagnostic cat-
egories: loss of consciousness, syncope, fainting, collapse,
light-headedness, dizziness, and unexplained falls, OR (ii)
the following specific International Classification of Dis-
eases-9 (ICD-9) codes: 780.2 Syncope and collapse; 780.02
Transient alteration of awareness; 780.09 Other alteration
of consciousness; 992.1 Heat syncope. Two expert phy-
sicians carefully reviewed these preliminarily identified
medical records, applying the following exclusion crite-
ria (i) age < 18 years, (ii) syncope occurring >24 h before
ED presentation, (iii), no syncope, in case of inappropriate
or inaccurate ED charts selection, (iv) other non-specific
complaints, such as pre-syncope, vertigo, dizziness, light-
headedness, or lack of information necessary for patient
enrolment and diagnosis of any APD, (v) definite or highly
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suspected diagnosis of non-syncopal TLOC (e.g., epilepsy,
psychogenic pseudo-syncope, hypoglycaemia, unintentional
falls in the elderly), and (vi) TLOC due to head injury or
associated with major trauma. A third opinion was asked to
resolve possible disagreement in data interpretation. Due to
the retrospective process of selecting patients, pre-syncope
could not be always considered as surrogate for syncope.
Conversely, we preferred to evaluate cases individually, so
that only patients displaying an aborted syncope could be
enrolled, thus excluding those with non-specific, self-resolv-
ing (i.e., without any interventions, not even with sitting or
lying down) symptoms.

Measures

The following data were collected by consultation of hos-
pital medical records: (i) personal data (gender; age), (ii)
history of heart diseases (coronary heart diseases or heart
failure with reduced ejection fraction), (iii), history of previ-
ous episodes of syncope (iv), presence of witnesses during
the syncopal event, (v) presence of APDs underlying the
syncopal episode, (vi) ED classification of syncope, accord-
ing to ESC guidelines [1] as cardiogenic, reflex, orthostatic
hypotension or unexplained, (vii) presence of all typical
features of syncope, namely rapid onset, short duration and
spontaneous complete recovery, and (viii) disposition, clas-
sified as discharge from ED, hospital admission or death.

The presence of one or more of the following abnor-
malities of vital parameters was also recorded: systolic
blood pressure < 100 mmHg; heart rate < 50 or> 100 (at
rest) bpm; respiratory rate > 30/min; pulse oximeter value
(spO,) <95% (excluding patients with chronic respiratory
failure); body temperature > 38 °C. The following labo-
ratory abnormalities were considered, according to pre-
existing evidence garnered from syncope literature [7]
and standard reference ranges used in the local laboratory:
anaemia (i.e., haemoglobin < 100 g/L, excluding patients
with already known chronic anaemia); high leukocyto-
sis (i.e., white blood cell count> 10x 10?/L); ion imbal-
ances (i.e., serum potassium < 3.5 or> 5.5 mmol/L; serum
sodium < 135 or> 148 mmol/L); abnormal blood urea
nitrogen (i.e.,> 50 mg/dL, excluding patients with already
known chronic kidney disease), as well as increased values
of D-dimer (i.e.,> 250 ng/mL) and high-sensitivity cardiac
troponin I (i.e., hs-cTnl> 17.8 ng/L in men and > 10.5 ng/L
in women, respectively).

The type of APD was then classified as follows: (a) acute
coronary syndrome; (b) major arrhythmias (such as sus-
tained ventricular tachycardia, supraventricular tachycardia
with hemodynamic instability, complete heart block or other
critical bradyarrhythmias); (c) other acute cardiovascular
events (such as acute heart failure, pulmonary embolism,
aortic syndrome); (d) haemorrhage or anaemia requiring
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blood transfusion; (e) acute neurological disorders; (f) inter-
nal acute diseases with pain, fluid loss or hypotension; and
(g) infectious diseases. Notably, we considered as APD any
acute medical condition with symptoms or signs already
present upon ED admission, even when non-life-threaten-
ing, when a plausible pathophysiological relationship with
syncope could be established, either as a direct cause or as
a triggering factor. Finally, the most serious APD requir-
ing therapeutic management in the ED was considered in
our analysis when two or more of these conditions could
be diagnosed. The identification of APDs underlying the
syncopal episode was carried out by two expert physicians,
whilst a third opinion was asked only for disagreement in
data interpretation.

Statistical analysis

Since it was a retrospective study, the sample size was deter-
mined by local feasibility, as number of patients evaluated
for syncope in the ED. All data were entered into an SPSS
statistical file (V 21.0), analyzed with descriptive statistics
(mean and standard deviation for the age, 95% proportion
confidence interval for other variables), to summarize the
various aspects of patients with APDs, and with chi-squared
test (for categorical variables) and Student’s ¢ test (for con-
tinuous variables), for comparison with patients without
underlying APDs. A further binary logistic regression was
conducted, for identifying which variables could indepen-
dently predict the presence of a syncope-associated APD.

The study was carried out in agreement with the Decla-
ration of Helsinki and under the terms of all relevant local
legislation. The study also received regulatory approval from
the local ethical committee (Reference Number 0000749,
2/7/19) and was carried out according to local legislation [8],
with considerable organizational restrictions due to current
pandemic.

Results

Figure 1 shows the flow diagram of screened and enrolled
population. From an initial number of 2679 ED medical
charts assessed throughout the study period, 1279 patients
(47.7% of initial cohort) were finally included in our anal-
ysis, 602 of whom were men (47.1%) and 677 women
(52.9%), with a mean age 60.4 +£22.4 years (18-104 years).
Most of these patients had reflex or orthostatic syncope,
and 73% could be discharged after ED evaluation (see Sup-
plemental Table 1 for details). In this cohort of patients,
346 cases of syncope-associated APDs could be identified
(27.1% of all patients enrolled), most of which were diag-
nosed in ED (e.g., in 81.1% of cases).

The clinical characteristics of patients with and with-
out syncope-associated APD are summarized in Table 1.
Compared to those without underlying conditions, those
with syncope-associated APDs appeared to be older
(mean age: 68.6 +19.8 vs. 57.2+22.4 years; p<0.001;
patients > 70 years old: 59% vs. 35%; p <0.001), though
with equal gender distribution.

As concern medical history, heart diseases were more fre-
quent in patients with APDs than in those without (21.4% vs.
12.0%; p<0.001), whilst previous syncopal episodes were
more frequent in patients with syncopal episodes which were
not associated with APDs (27.2% vs. 43.8%; p <0.001). No
differences were found regarding the presence of witnesses
during the syncopal episode. In patients with APDs, syn-
cope was found to be more frequently cardiogenic (16.8%
vs. 4.1%; p<0.001), orthostatic (32.4 vs. 21%, p <0.001)
or undetermined (32.1% vs 20.8%, p <0.0001); in these
patients, we more frequently found a not full agreement with
typical clinical features (25.7% vs. 5.0%; p <0.001). Reflex
syncope was instead more frequent in patients without APDs
(54.1% vs. 18.8%, p <0.001). Patients with syncope-asso-
ciated APDs more frequently had vital parameters (59.0%
vs. 15.2%; p<0.001) and laboratory (77.5% vs. 31.5%;
p <0.001) abnormalities. Patients with APDs were more
frequently admitted compared to those without (62.1% vs.
12.4%; p <0.001).

The range of APDs that could be diagnosed in our
study population are summarized in Table 2. The more
frequent ADPs were infectious diseases (34.4% overall,
mostly encompassing pneumonia, acute viral illnesses with
fever and sepsis), APDs with pain, fluid loss or hypoten-
sion (23.7% overall, mostly entailing gastroenteritis, pain-
ful acute abdominal diseases, fluid loss due to metabolic
or renal disease or heat-related), along with other cardio-
vascular events (12.1% overall, mostly encompassing heart
failure with reduced ejection fraction and pulmonary embo-
lism). Further details are provided in Supplemental Table 2,
whilst laboratory abnormalities are detailed in Supplemental
Table 3. Importantly, the test with the highest negative pre-
dictive value was D-dimer (84%), followed by hs-cTnl (81%)
and BUN (80%), whilst hemoglobin had the highest positive
predictive value (72%).

Table 3 shows the result of binary logistic regression,
where the presence of APD was entered as dependent vari-
able, whilst age (both as continuous variable or proportion
of patients aged > 70 years), cardiac aetiology of syncope,
undetermined syncope, presence of heart diseases, no his-
tory of previous syncopal episodes, not full agreement with
typical features of syncope along with vital and laboratory
abnormalities were entered as covariates. Cardiogenic syn-
cope, no history of previous syncopal episodes, not full
agreement with typical features of syncope, abnormali-
ties of vital and laboratory parameters were found to be
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2679 patients with suspected syncope (1285 M
and 1394 F, mean age 51,7) were initially screened
among 37953 patients visited in the ED

1400 were excluded:

659 for absence of TLOC (wrong automatic selection)
290 for nonspecific complaint of vertigo, dizziness,
lipotimia or lack of information to define TLOC and APDs
198 for age < 18 years old

145 for other causes of TLOC

95 for TLOC due to head injury or associated with a
major trauma

10 for syncope occurred > 24 hours before ED visit

1279 patients were enrolled (3,3% of total ED
visits), 602 males (47,1%) and 677 females
(52,9%), mean age 60,43 (18-104)

® 346 (27%) patients had syncope associated to an
acute principal disease

* 933 (73%) patients without any acute principal
disease

Comparative evaluation of personal data, heart
diseases and previous syncopal episodes in the
history, presence of witnesses, ED diagnosis on
syncope, agreement with all typical features
defining syncope, vital parameters alterations,
laboratory changes

APDs resulted significantly associated with absence
of previous syncopal episodes, not full agreement
with typical clinical features of syncope, changes in
ED routine laboratory examinations, diagnosis of
cardiogenic syncope and vital parameters
alterations

Fig. 1 Flow diagram of the study
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Tab]e 1 Char acteris.tics of Variable Patients with APDs Patients without APDs p value

patients .w1t.h anq without an (n=346) (n=933)

acute principal disease (APD)

n 95% CI N 95% CI

Age 68.6 (19.8) 66.5-70.7 57.2(22.4) 55.8-58.6 <0.0001
Age>T70 204 (59) 53.7-64 331 (35.5) 32.5-38.7 <0.0001
Male gender 173 (50) 44.8-55.2 431 (46.2) 43494 0,226
Heart diseases 74 (21.4) 17.4-26 112 (12) 10.1-14.2  <0.0001
Previous episodes 94 (27.2) 22.7-32.1 409 (43.8)  40.7-47 <0.0001
Witnesses 175 (50.6)  45.3-55.8 511(54.8) 51.6-57.9 0,181
Cardiogenic syncope 58 (16.8) 13.2-21.1 38 (4.1) 3-5.5 <0.0001
Reflex syncope 65 (18.8) 14.8-23.3 505 (54.1) 50.9-574 <0.0001
Orthostatic syncope 112 (32.4) 274-37.6 196 (21) 18.4-23.8  <0.0001
Undetermined syncope 111(32.1) 27.4-37.2 194(20.8) 18.3-23.5 <0.0001
Not full agreement with typical features 89 (25.7) 21.4-30.6 47 (5) 3.8-6.6 <0.0001
Vital parameters alterations 204 (59) 53.7-64 142 (15.2) 13.1-17.7  <0.0001
Laboratory changes 268 (78.6)  73.9-82.6 294 (342) 31.1-37.5 <0.0001
Admission 215(62.1) 56.9-67.1 116(12.4) 10.5-14.7 <0.0001

Age is presented as mean and standard deviation and as number and percentage of patients over 70 years;
other categorical variables are presented as counts and percentages of patients

Table 2 Acute principal diseases detected

APD (n = 346) n %

Acute coronary syndrome 17 4.9
Other CV events 42 12.1
Acute neurological disorders 34 9.8
Haemorrhage or severe anemia 30 8.7
Other APD with pain, fluid loss or hypoten- 82 23.7

sion

Infectious disease 119 344
Major arrhythmias 22 6.4

Table 3 Binary logistic regression analysis of relationship between
APDs and potential predictive factors

Variables OR  95%CI p value
Age 0.996 0.982-1.009  0.532
Age> 70 years 0983 0.55-1.754  0.952
Cardiogenic syncope 2.882 1.619-5.131 <0.001
Undetermined syncope 1.453  0.994-2.123 0.054
Heart diseases 0.931 0.592-1.464  0.757
Absence of previous episodes 0.481 0.344-0.673 <0.001
Not full agreement with typical 4.384 2.732-7.037 <0.001
features
Vital parameters alterations 6.293 4.542-8.719 <0.001
Laboratory abnormalities 4447 3.142-6.292 <0.001

R?>=0.440 (Nagelkerke)

independently associated with the presence of APDs, whilst
no significant associations could be observed with others
factors.

Discussion

The main finding of this retrospective investigation is that
syncope may be associated with APD in over a quarter of
all patients (i.e., 27.1%). In the vast majority of cases these
accounted for non-cardiovascular acute conditions (67%),
mostly non-life-threatening, whilst severe acute cardiovas-
cular conditions (e.g., acute coronary syndrome, pulmonary
embolism, acute aortic syndrome, critical bradyarrhythmia,
and ventricular tachycardia) were relatively less frequent
(altogether accounting for ~ 15% of total APDs, correspond-
ing to 4.2% of all patients enrolled), as previously reported
in the literature [9].

Infectious diseases were the most frequently identified
APDs in our population, and the actual association between
these conditions and TLOC might encompass multiple
factors such as hypotension due to dehydration, fever and
hypoxia, or cough in case of pneumonia.

As concerns the leading factors reflecting the pres-
ence of syncope-associated APDs, our study confirms
the important role of cardiogenic syncope. As already
endorsed by the ESC guidelines [4], cardiac syncope is
associated with high morbidity and mortality. Therefore,
our data hence demonstrate that this increased risk may
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be sometimes related to the presence of an APD, which is
already identifiable at ED admission. In fact, more than
half of our patients with cardiogenic syncope (58/96,
i.e., 60.4%) were found to have an APD, being repre-
sented by acute coronary syndrome, major arrhythmias or
other acute cardiovascular events (the most frequent were
bradyarrhythmia and heart failure) in the vast majority
of cases (i.e., up to 93%). Vital parameters abnormalities
were also associated with APDs in our study population,
and this is not surprising since these shall be regarded as
clear signs of acute underlying conditions.

A medical history without previous syncopal episodes
was found to be an additional predictive factor of APDs,
a finding that shall be interpreted according to the evi-
dence that recurrent syncope does not predict the risk of
adverse outcomes [10], and is neither associated with the
presence of structural heart disease [4]. A second peak of
first-time incidence of syncope has been observed in the
elderly, most likely attributable to age-related alterations
of cardiovascular system and to other comorbidities, with
high rate of underlying cardiac cause (of up to 34% of all
cases) [4, 11]. A first episode of syncope in older patients
shall hence be considered a sign of possible presence of
APD. A syncope-associated APD could be identified in
nearly half of all patients aged 70 years or older and with-
out history of previous syncopal episodes in our cohort.

The fact that not the full agreement with typical fea-
tures of syncope was associated with the presence of
APDs is an intriguing evidence. In the case of acute neu-
rological disorders, the frequent absence of these features
could be due to the fact that TLOC could not have been
always a real syncope. As concerns other APDs, atypi-
cal presentation could be explained by assuming that the
mechanism causing the syncope is still active at the time
of ED evaluation. This would suggest that while EPs are
facing patients with TLOC after discriminating between
syncopal TLOCs and different forms (as for the ESC
guidelines), they shall also be able to promptly identify
those with an atypical presentation of syncope, who do
not fulfil typical clinical features (i.e., rapid onset, short
duration, and spontaneous complete recovery). Prior-
ity shall thus be given to the identification of APD in
the latter case, even before focusing on the underlying
mechanism(s) of the syncope.

We finally found that some laboratory abnormalities
were significantly associated with APD, and these notably
displayed an excellent negative predictive value (NPV),
as high as 88%. This confirms that patient management
driven by results of some appropriate laboratory inves-
tigations may be clinically useful and safe, especially in
patients with ambiguous or non-witnessed episodes [6, 7].
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Limitation

Main limitations of this study are related to the monocen-
tric and retrospective design; as concerns the second aspect,
we disclose that retrospectively assessing an acute principal
disease underlying a syncopal episode might be considered
a subjective task.

Conclusion

This study shows that syncope is frequently associated with
the presence of underlying APDs of varying severity, but
mostly non-clinically threatening. This simple but straight-
forward finding has important relevance, since confirms that
syncope is often to be considered as only a symptom of
an underlying condition, not as a primary disease. In some
cases, in fact, syncope is a direct expression of an active
cardiovascular disease, through a reduction in the cardiac
output (due to an arrhythmia, a structural heart or cardio-
pulmonary disease), or of a major haemorrhage, while,
more frequently, is only an accompanying clinical feature
during a different non-severe medical condition, character-
ized by pain, fluid loss or hypotension. In the absence of an
acute disease, syncope should be attributed to a functional
or structural impairment of the autonomic nervous system,
causing orthostatic hypotension, or to a reflex mechanism.
This observation confirms the appropriateness of the method
suggested by the ESC guidelines, according to which EPs
facing syncopal patients should first be engaged in the search
for underlying diseases, especially those at risk of a rapid
clinical deterioration; this first aim in the ED path will allow
the timely identification of patients at highest risk of short-
term adverse events and could reduce inappropriate hospi-
talizations and investigations, especially for hypotensive
syncope caused by non-serious concomitant conditions. At
this phase of patient management in the ED, accurate history
taking (aimed at identifying previous syncopal episodes),
detection of typical clinical features characterizing the syn-
cope, along with abnormalities of routine laboratory inves-
tigations may have substantial relevance along with other
prognostic factors, such a diagnosis of cardiogenic syncope
and the presence of alterations of vital parameters. Further
prospective studies would now be warranted to confirm the
findings of our preliminary investigation.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11739-021-02678-z.
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