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Abstract
BACKGROUND
A low survival rate in patients with cardiac arrest is associated with failure to recognize the condition in its initial stage. Therefore, recognizing the warning symptoms of cardiac arrest in the early stage may play an important role in survival.

AIM
To investigate the warning symptoms of cardiac arrest and to determine the correlation between the symptoms and outcomes.

METHODS
We included all adult patients with all-cause cardiac arrest who visited Peking University Third Hospital or Beijing Friendship Hospital between January 2012 and December 2014. Data on population, symptoms, resuscitation parameters, and outcomes were analysed.

RESULTS
Of the 1021 patients in the study, 65.9% had symptoms that presented before cardiac arrest, 25.2% achieved restoration of spontaneous circulation (ROSC), and 7.2% survived to discharge. The patients with symptoms had higher rates of an initial shockable rhythm (12.2% vs 7.5%, P = 0.020), ROSC (29.1% vs 17.5%, P = 0.001) and survival (9.2% vs 2.6%, P = 0.001) than patients without symptoms. Compared with the out-of-hospital cardiac arrest (OHCA) without symptoms subgroup, the OHCA with symptoms subgroup had a higher rate of calls before arrest (81.6% vs 0.0%, P < 0.001), health care provider-witnessed arrest (13.0% vs 1.4%, P = 0.001) and bystander cardiopulmonary resuscitation (15.5% vs 4.9%, P = 0.002); a shorter no flow time (11.7% vs 2.8%, P = 0.002); and a higher ROSC rate (23.8% vs 13.2%, P = 0.011). Compared to the in-hospital cardiac arrest (IHCA) without symptoms subgroup, the IHCA with symptoms subgroup had a higher mean age (66.2 ± 15.2 vs 62.5 ± 16.3 years, P = 0.005), ROSC (32.0% vs 20.6%, P = 0.003), and survival rates (10.6% vs 2.5%, P < 0.001). The top five warning symptoms were dyspnea (48.7%), chest pain (18.3%), unconsciousness (15.2%), paralysis (4.3%), and vomiting (4.0%). Chest pain (20.9% vs 12.7%, P = 0.011), cardiac etiology (44.3% vs 1.5%, P < 0.001) and survival (33.9% vs 16.7%, P = 0.001) were more common in males, whereas dyspnea (54.9% vs 45.9%, P = 0.029) and a non-cardiac etiology (53.3% vs 41.7%, P = 0.003) were more common in females.

CONCLUSION
Most patients had warning symptoms before cardiac arrest. Dyspnea, chest pain, and unconsciousness were the most common symptoms. Immediately recognizing these symptoms and activating the emergency medical system prevents resuscitation delay and improves the survival rate of OHCA patients in China.
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Core Tip: This was a retrospective study to investigate the correlation between the symptoms and the outcomes in cardiac arrest patients. A total of 65.9% of patients had symptoms before arrest. Dyspnea, chest pain, and unconsciousness were the most common symptoms. The patients with symptoms had a higher rate of initial shockable rhythm, restoration of spontaneous circulation (ROSC) and survival than patients without symptoms. The out-of-hospital cardiac arrest symptoms subgroup had a higher rate of bystander cardiopulmonary resuscitation, a shorter no flow time, and a higher ROSC rate. The in-hospital cardiac arrest symptoms subgroup had higher ROSC and survival rates. Immediate recognition of symptoms and activation of the emergency medical system could prevent resuscitation delay and improve the survival rate.



INTRODUCTION
Sudden cardiac arrest (SCA) is commonly defined as an unexpected loss of pulse, which causes the patient to rapidly collapse. SCA has become a major issue in the field of emergency medicine over the past decades[1]. SCA patients may survive with timely cardiopulmonary resuscitation (CPR). Patients in the end-stage of cardiac arrest and those with pre-existing illnesses, such as terminal cancer, nonresponding pneumonia, end-stage cirrhosis, or massive cerebral hemorrhage, are generally untreatable, so cardiac arrest is predictable and death is inevitable[2]. However, if a patient is not in the end stage, regardless of the etiology and location of the cardiac arrest, high-quality basic life support and advanced cardiovascular life support could save the patient’s life[3].
Important progress has been made in resuscitation science over the last two decades. Smartphone applications can be used to activate the emergency response system[4,5]. There are more specific recommendations for high-quality chest compression, including an adequate compression rate and depth, full chest recoil, and the minimization of interruptions. Extracorporeal CPR may be considered for select cardiac arrest patients[6]. However, despite major progress in public-access defibrillation and resuscitation techniques, survival after SCA remains very low, at approximately 10% in developed countries and less than 1% in China and other developing countries[7,8]. The unpredictability of SCA is a primary problem that increases the difficulty of treatment and reduces the survival rate[7].
Over 60% of SCA events occur under in hospitalized patients under monitoring[7,9]. In a hospital, health care providers can arrive at the site within a few minutes, and the rapid response team can begin treatment immediately, which may contribute to the higher survival rate of in-hospital cardiac arrest (IHCA) patients[10]. In contrast, many SCA events occur outside the hospital and is known as out-of-hospital cardiac arrest (OHCA). In these situations, bystanders are usually not trained in CPR[11]. An immediately activated emergency response system is the first part of the “chain of survival” for OHCA patients, as emphasized by CPR guidelines in recent years[12]. However, most patients who experience cardiac arrest in public do not receive adequate treatment in China. The most common public response is “wait and see”, and treatment initiation by emergency medical services (EMS) can also be influenced by factors such as traffic jams and response time, that is, the time from answering the call to EMS arrival on site, which is largely determined by the availability of dispatching resources[8]. All the above can result in missing the ideal time to rescue a cardiac arrest patient. Thus, the rate of survival to discharge in OHCA patients in China has remained low for many years.
Regardless of OHCA or IHCA, clinicians need to develop methods to identify high-risk patients who suffer cardiac arrest. Warning symptoms are defined as signs that appear before SCA and have a causal relationship, including chest pain, dyspnea, palpitation, unconsciousness, and paralysis[13].
We hypothesized that different etiologies of SCA correlate with certain symptoms and that the immediate and correct recognition of symptoms and etiology can improve patient survival. We sought to investigate the characteristics of the warning symptoms of cardiac arrest, and to determine the correlation between cardiac arrest symptoms and patient prognosis.

MATERIALS AND METHODS
Setting
Two medical centers participated in this study: Perking University Third Hospital and Beijing Friendship Hospital. Both are general hospitals, and the number of emergency visits exceeds 10000 per year in each of the two hospitals, which is the highest in Beijing.

Study design and data collection
We included all adult patients with all-cause cardiac arrest who visited Perking University Third Hospital or Beijing Friendship Hospital between January 2012 and December 2014. The exclusion criteria were as follows: Younger than 18 years old, showing obvious signs of irreversible disease (e.g., terminal cancer) and have a Do Not Resuscitate (DNR) declaration. Using the personal identification number provided to all emergency patients, electronic medical records in the hospital information systems were reviewed.
Data on patient characteristics, including pre-existing illnesses, warning symptoms within 24 h before SCA, call for EMS, the presence of a witness at the scene, time from cardiac arrest to contact with a health care provider, time from cardiac arrest to effective CPR (as defined by trained public rescuer or health care provider), initial rhythm, administration of defibrillation, restoration of spontaneous circulation (ROSC) (defined as a brief ROSC that provides evidence of more than an occasional gasp), and survival to discharge, were obtained. This study was approved by the Peking University Third Hospital Medical Science Research Ethics Committee.

Statistical analysis
Continuous variables are presented as the mean ± SD and were compared using a t-test. Categorical variables are presented as numbers (%) and were compared using the chi-square test or Fisher’s exact test as appropriate. A P value < 0.05 was considered statistically significant. All data were analysed using the statistical software package SPSS (IBM Corp. IBM SPSS Statistics for Windows, Version 25.0. Armonk, New York, United States).

RESULTS
Study population
During the 36-mo study period, a total of 32743 patients visited the emergency departments. Of these patients, 2556 suffered cardiac arrest. One hundred eighteen patients were excluded because of incomplete information, and an additional 1417 were excluded for end-stage disease or DNR requests. A total of 1021 patients were ultimately included in this study. Among the included patients, 673 (65.9%) had warning symptoms, and 348 (34.1%) patients had no symptoms (Figure 1).
The included patients had a mean age of 64.1 ± 16.7 years; 68.4% were male, 37.8% had a cardiac etiology, 10.6% had an initial shockable rhythm, 25.2% achieved ROSC, and 7.0% survived to discharge. Of the 1021 patients, 770 (75.4%) had pre-existing illnesses. The top five pre-existing illnesses were hypertension (33.6%), coronary heart disease (23.3%), diabetes (20.0%), cerebral vascular disease (13.7%), and malignancy (8.8%). Other pre-existing illnesses included chronic kidney disease, chronic obstructive pulmonary disease, asthma, interstitial lung disease, valvular heart disease, cardiomyopathy, and cirrhosis.

Characteristics and outcomes of the patients with and those without symptoms
The patients with symptoms had a higher mean age (65.2 ± 16.2 vs 61.8 ± 17.4 years, P = 0.002) and had higher rates of initial shockable rhythm (12.2% vs 7.5%, P = 0.020), ROSC (29.1% vs 17.5%, P = 0.001) and survival (9.2% vs. 2.6%, P = 0.001) than the patients without symptoms. Regarding other factors, such as sex, pre-existing illnesses, arrest location and etiology, there were no significant differences between the two groups (Table 1).
Patients were divided into OHCA or IHCA groups according to the cardiac arrest location, and then each group was divided into subgroups according to the presence or absence of symptoms (Table 2). The OHCA with symptoms subgroup had higher proportions of calls before arrest (81.6% vs 0.0%, P < 0.001), health care provider-witnessed arrest (13.0% vs 1.4%, P = 0.001), bystander CPR administration (15.5% vs 4.9%, P = 0.002), no flow time for 1 to 4 min (11.7% vs 2.8%, P = 0.002), and ROSC (23.8% vs 13.2%, P = 0.011) than the OHCA without symptoms subgroup. In comparison to the IHCA without symptoms subgroup, the IHCA with symptoms group had a higher mean age (66.2 ± 15.2 vs 62.5 ± 16.3 years, P = 0.005) and higher proportions of ROSC (32.0% vs 20.6%, P = 0.003) and survival to discharge (10.6% vs 2.5%, P < 0.001); there were no significant differences in any resuscitation parameters.

Warning symptoms among cardiac arrest patients
Six hundred seventy-three patients (65.9%) had warning symptoms before SCA. The top five symptoms were dyspnea (48.7%), chest pain (18.3%), unconsciousness (15.2%), paralysis (4.3%), and vomiting (4.0%). Other symptoms included abdominal pain, seizure, dysphonia, palpitation, dizziness, syncope, and headache (Figure 2).
Four hundred sixty male patients had warning symptoms. The top three symptoms were dyspnea (45.9%), chest pain (20.9%) and unconsciousness (14.6%). Two hundred thirteen female patients had warning symptoms. The top three symptoms were dyspnea (54.9%), unconsciousness (16.4%) and chest pain (12.7%). Chest pain was more common in males (20.9% vs 12.7%, P = 0.011), whereas dyspnea was more common in females (54.9% vs 45.9%, P = 0.029). There was no significant difference in the other symptoms between the two groups (Table 3).
Among the patients who were younger than 60 years old, 225 patients had warning symptoms. The top three symptoms were dyspnea (44.9%), chest pain (22.2%) and unconsciousness (16.9%). Among the patients who were aged 60 years and older, 448 patients had warning symptoms. The top three symptoms were dyspnea (50.7%), chest pain (16.3%) and unconsciousness (14.3%). No significant difference was observed in these age groups (Table 3).
Two hundred sixty-four patients with a cardiac etiology had warning symptoms. The top three symptoms were chest pain (44.3%), dyspnea (41.7%) and unconsciousness (7.2%). Four hundred nine patients with a noncardiac etiology had warning symptoms. The top three symptoms were dyspnea (53.3%), unconsciousness (20.3%) and paralysis (6.4%). Symptoms of dyspnea (53.3% vs 41.7%, P = 0.003), unconsciousness (20.3% vs 7.2%, P < 0.001), paralysis (6.4% vs 1.1%, P = 0.001), vomiting (5.4% vs 1.9%, P = 0.025), abdominal pain (3.9% vs 0.8%, P = 0.013) and dysphonia (2.9% vs 0.4%, P = 0.019) were more common in the noncardiac etiology group. In contrast, chest pain was more common in the cardiac etiology group (44.3% vs 1.5%, P < 0.001). There were no significant differences in other symptoms between the two groups (Table 3).
Sixty-two surviving patients had warning symptoms. The top three symptoms were (43.5%), chest pain (33.9%) and unconsciousness (12.9%). Among the 621 patients who did not survive, the top three symptoms were dyspnea (49.3%), chest pain (16.7%) and unconsciousness (15.4%). Chest pain was more common in the surviving patients (33.9% vs 16.7%, P = 0.001). There were no significant differences in the other symptoms between the two groups (Table 3).

DISCUSSION
Most patients had warning symptoms before SCA. Warning symptoms frequently occurred before SCA, and most symptoms recurred during the 24-hour period before SCA[13]. Unfortunately, more than two-thirds of patients and their families ignore the symptoms until cardiac arrest occurs[14]. In our study, it was remarkable that 65.9% of the patients had warning symptoms. Once warning symptoms appear, immediate activation of EMS could help patients receive treatment as early as possible. Emergency calls before patient collapse was associated with an increase in the proportions of EMS-witnessed cases and survival[4]. In our study, it was remarkable that the patients with symptoms had a better prognosis. The rate of bystander CPR in China is less than 20%. Most victims received appropriate treatment only when EMS personnel arrived at the scene[15]. In the large cities of China, the average time from the emergency call to EMS arrival was 10 minutes[8]. Due to the low rate of bystander CPR and lack of CPR knowledge, improving the public’s immediate recognition of cardiac arrest and activation of emergency response are the most important components of OHCA survival in China. In our study, we found that the OHCA patients with symptoms subgroup had higher proportions of emergency calls before arrest, health care provider-witnessed arrest and no flow time for 1 to 4 minutes. This means that if people could promptly recognize the warning symptoms of cardiac arrest and call EMS immediately, most patients could be treated as early as possible, which may improve the prognosis of cardiac arrest.
Pre-existing illnesses are generally associated with unfavorable outcomes[16]. However, the correlation between pre-existing illnesses and warning symptoms is not clear[13]. In our study, more than 50% of the patients had pre-existing illnesses, regardless of the presence of symptoms. Hypertension and coronary heart disease were the most common pre-existing illnesses. This discovery indicated that patients with cardiovascular illnesses had a high risk of cardiac arrest and thus should be the focus in hospitals. It should be noted that there was no relationship between pre-existing illnesses and warning symptoms, nor were there significant differences between patients with and without warning symptoms.
In our study, dyspnea, chest pain and unconsciousness were the top three warning symptoms, which accounted for 82.2% of symptoms, and dyspnea, at 48.7%, was the most common. Other studies also reported that these three symptoms were the most common complaints of all the patients who experienced cardiac arrest[13,17]. Therefore, health care providers should focus on patients with these symptoms, do their best to recognize critically ill patients in the triage area, and treat them in the appropriate medical units.
In males and females, dyspnea, chest pain, and unconsciousness were the top three most common warning symptoms, but the presence of a pre-existing illness may induce different clinical manifestations; for example, acute myocardial infarction usually presents as chest pain in males but not in females[18-20]. Our results were typical in that chest pain was more common in male patients. Based on these results, more information about other clinical manifestations should be collected, including electrocardiogram findings and myocardial injury markers, to make a correct diagnosis, especially in female patients with suspected acute myocardial infarction but without typical ischemic chest pain.
Younger patients (younger than 60 years of age) and elderly patients (older than 60 years of age) are known to have different disease spectra[7,21,22]. In our study, there were no differences in the warning symptoms that presented in the younger patients compared to the elderly patients; however, because of more comorbidities and longer disease durations, elderly patients usually received more attention from health care providers when they visit emergency departments. In contrast, younger patients received less attention because of their health histories and lack of regular health check-ups. As this may result in misdiagnosis, which can have serious consequences, more attention should be given to younger SCA patients in emergency departments.
The etiology of cardiac arrest was categorized as cardiac or noncardiac. The most common cardiac etiologies were acute myocardial infarction and heart failure, both of which include chest pain and dyspnea[7,23,24]. In our study, chest pain and dyspnea were the most important warning symptoms in patients with a cardiogenic etiology, accounting for 86.0% of all symptoms. In contrast, noncardiac etiologies include several diseases that include a variety of clinical manifestations, such as dyspnea, unconsciousness, paralysis, vomiting, and abdominal pain[17,25]. During CPR, the health care provider should give special treatment for the specific etiology if it is known[22,26-28]. That is, analyzing a patient’s symptoms to make an initial diagnosis and initiating appropriate treatment measures may be helpful in improving the ROSC rate. It is worth noting, however, that dyspnea was common in SCA due to both cardiac and noncardiac etiologies (41.7% vs 53.3%), with a variety of mechanisms contributing to the dyspnea in different situations, such as shock or poisoning. Therefore, when managing patients with dyspnea as a warning symptom, additional clinical information should be collected for the differential diagnosis.
In this study, chest pain was the most common warning symptom of SCA with a cardiac etiology, and patients with chest pain had a higher rate of survival. Considering that acute myocardial infarction is the most common cardiac cause of cardiac arrest, which is the primary cause of malignant arrhythmia, including ventricular fibrillation and pulseless ventricular tachycardia, early defibrillation can terminate arrhythmia, and ROSC can be achieved[29-31]. Consequently, when treating cardiac arrest patients with chest pain, a warning symptom, evaluating their initial rhythm and administering defibrillation to restore rhythm as soon as possible during CPR is an important method of improving the survival rate.

CONCLUSION
In this study, most patients had warning symptoms before cardiac arrest. Dyspnea, chest pain and unconsciousness were the most common symptoms, and patterns of symptoms differed by etiology and sex. The characteristics of the warning symptoms may be helpful in identifying the etiology and allowing the initiation of targeted treatment during CPR. Early warning signs of cardiac arrest were similar in patients of different ages, and clinicians should focus on younger patients as well as elderly patients. Finally, because of the low rate of bystander CPR and their lack of CPR knowledge, immediate recognition of cardiac arrest and activation of EMS should prevent CPR delay and increase the survival rate of OHCA patients.

ARTICLE HIGHLIGHTS
Research background
The characteristics of early warning symptoms need further research. Especially the point of time, frequency and severity of warning symptoms before cardiac arrest occur.

Research motivation
Most patients had warning symptoms before cardiac arrest. Dyspnea, chest pain, and unconsciousness were the most common symptoms. The characteristics of the warning symptoms may be helpful in identifying the etiology and allowing the initiation of targeted treatment during cardiopulmonary resuscitation.

Research objectives
A total of 65.9% of patients had symptoms before arrest. Dyspnea, chest pain, and unconsciousness were the most common symptoms. The patients with symptoms had a higher rate of initial shockable rhythm, restoration of spontaneous circulation (ROSC) and survival than patients without symptoms. The out-of-hospital cardiac arrest symptoms subgroup had a higher rate of bystander cardiopulmonary resuscitation, a shorter no flow time, and a higher ROSC rate. The in-hospital cardiac arrest symptoms subgroup had higher ROSC and survival rates.

Research methods
This was a retrospective study. We included all adult patients with all-cause cardiac arrest who visited Peking University Third Hospital or Beijing Friendship Hospital between January 2012 and December 2014. Data on population, symptoms, resuscitation parameters, and outcomes were analysed and compared between cardiac arrest patients with warning symptoms and those without warning symptoms.

Research results
We sought to investigate the characteristics of the warning symptoms of cardiac arrest, and to determine the correlation between cardiac arrest symptoms and patient prognosis.

Research conclusions
We found that different etiologies of sudden cardiac arrest correlate with certain symptoms and that the immediate and correct recognition of symptoms and etiology can improve patient survival.

Research perspectives
In the future, we should carry out more research on the characteristics of symptoms, such as the point of time, frequency and severity of warning symptoms.
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Figure 1 Flowchart of the included patients. DNR: Do not resuscitation; CPR: Cardiopulmonary resuscitation; OHCA: Out-of-hospital cardiac arrest; IHCA: In-hospital cardiac arrest.
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Figure 2 Warning symptoms in patients with sudden cardiac arrest.

Table 1 Characteristics of the patients with and without symptoms 
	
	All (n = 1021)
	No symptoms (n = 348)
	Symptoms (n = 673)
	P value

	Age, mean ± SD
	64.1 ± 16.7
	61.8 ± 17.4
	65.2 ± 16.2
	0.002a

	Male, n (%)
	698 (68.4)
	238 (68.4)
	460 (68.4)
	0.990

	Pre-existing illness, n (%)
	
	
	
	

	Hypertension
	343 (33.6)
	120 (31.3)
	223 (33.1)
	0.666

	Coronary heart disease
	238 (23.3)
	72 (18.8)
	166 (24.7)
	0.154

	Diabetes
	204 (20.0)
	67 (17.4)
	137 (20.4)
	0.676

	Cerebral vascular disease
	140 (13.7)
	40 (10.4)
	100 (14.9)
	0.139

	Malignancy
	90 (8.8)
	27 (7.0)
	63 (9.4)
	0.392

	1 pre-existing illness
	341 (33.4)
	105 (24.7)
	236 (35.1)
	0.116

	2 pre-existing illnesses
	209 (20.5)
	74 (19.3)
	135 (20.1)
	0.651

	≥ 3 pre-existing illnesses
	83 (8.1)
	24 (6.3)
	59 (8.8)
	0.300

	Location of SCA, n (%)
	
	
	
	0.066

	Out of hospital
	383 (37.5)
	144 (41.4)
	239 (35.5)
	

	In hospital
	638 (62.5)
	204 (58.6)
	434 (64.5)
	

	Initial shockable rhythm, n (%)
	108 (10.6)
	26 (7.5)
	82 (12.2)
	0.020a

	Cardiac etiology, n (%)
	386 (37.8)
	122 (35.1)
	264 (39.2)
	0.193

	ROSC, n (%)
	257 (25.2)
	61 (17.5)
	196 (29.1)
	< 0.001a

	Survival to discharge, n (%)
	71 (7.0)
	9 (2.6)
	62 (9.2)
	< 0.001a


aP < 0.05.
SCA: Sudden cardiac arrest; ROSC: Restoration of spontaneous circulation.

Table 2 Resuscitation parameters and prognosis in patients with and without symptoms
	
	OHCA
	IHCA

	
	No symptoms (n = 144)
	Symptoms (n = 239)
	P value
	No symptoms (n = 204)
	Symptoms (n = 434)
	P value

	Age, (mean ± SD)
	60.8 ± 18.8
	63.4 ± 17.7
	0.174
	62.5 ± 16.3
	66.2 ± 15.2
	0.005a

	Male, n (%)
	106 (73.6)
	175 (73.2)
	0.933
	132 (64.7)
	285 (65.7)
	0.812

	Call before arrest, n (%)
	0 (0.0)
	195 (81.6)
	< 0.001a
	—
	—
	—

	Witness of cardiac arrest, n (%)
	
	
	< 0.001a
	
	
	0.299

	None
	14 (9.7)
	22 (9.2)
	0.867
	0 (0.0)
	0 (0.0)
	

	Family member
	128 (88.9)
	186 (77.8)
	0.006a
	10 (4.9)
	14 (3.2)
	

	Health care provider
	2 (1.4)
	31 (13.0)
	< 0.001a
	194 (95.1)
	420 (96.8)
	

	Bystander CPR, n (%)
	7 (4.9)
	37 (15.5)
	0.002a
	194 (95.1)
	420 (96.8)
	0.299

	No flow time, n (%)
	
	
	0.002a
	
	
	0.189

	1 to 4 min
	4 (2.8)
	28 (11.7)
	0.002a
	204 (100.0)
	427 (98.4)
	

	5 to 10 min
	4 (2.8)
	16 (6.7)
	0.095
	0 (0.0)
	3 (0.7)
	

	> 10 min
	136 (94.4)
	195 (81.6)
	< 0.001a
	0 (0.0)
	4 (0.9)
	

	Initial shockable rhythm, n (%)
	7 (4.9)
	19 (7.9)
	0.244
	19 (9.3)
	63 (14.5)
	0.067

	Cardiac etiology, n (%)
	77 (53.5)
	140 (58.6)
	0.329
	45 (22.1)
	124 (28.6)
	0.082

	ROSC, n (%)
	19 (13.2)
	57 (23.8)
	0.011a
	42 (20.6)
	139 (32.0)
	0.003a

	Survival to discharge, n (%)
	49 (2.8)
	16 (6.7)
	0.095
	5 (2.5)
	46 (10.6)
	< 0.001a


aP < 0.05.
OHCA: Out-of-hospital cardiac arrest; IHCA: In-hospital cardiac arrest; CPR: Cardiopulmonary resuscitation; ROSC: Restoration of spontaneous circulation.


[bookmark: _Hlk90934125]Table 3 Warning symptoms in patients with sudden cardiac arrest
	Symptom, n (%)
	Sex
	Age
	Etiology
	Outcome

	
	Male (n = 460)
	Female (n = 213)
	P value
	< 60 yr (n = 225)
	≥ 60 yr (n = 448)
	P value
	Cardiac (n = 264)
	Noncardiac (n = 409)
	P value
	Survival to discharge (n = 62)
	Death to discharge (n = 611)
	P value

	Dyspnea
	211 (45.9)
	117 (54.9)
	0.029a
	101 (44.9)
	227 (50.7)
	0.157
	110 (41.7)
	218 (53.3)
	0.003a
	27 (43.5)
	301 (49.3)
	0.391

	Chest pain
	96 (20.9)
	27 (12.7)
	0.011a
	50 (22.2)
	73 (16.3)
	0.061
	117 (44.3)
	6 (1.5)
	< 0.001a
	21 (33.9)
	102 (16.7)
	0.001a

	Unconsciousness
	67 (14.6)
	35 (16.4)
	0.530
	38 (16.9)
	64 (14.3)
	0.374
	19 (7.2)
	83 (20.3)
	< 0.001a
	8 (12.9)
	94 (15.4)
	0.604

	Paralysis
	23 (5.0)
	6 (2.8)
	0.195
	9 (4.0)
	20 (4.5)
	0.780
	3 (1.1)
	26 (6.4)
	0.001a
	3 (4.8)
	26 (4.3)
	0.829

	Vomiting
	20 (4.3)
	7 (3.3)
	0.514
	7 (3.1)
	20 (4.5)
	0.399
	5 (1.9)
	22 (5.4)
	0.025a
	1 (1.6)
	26 (4.3)
	0.312

	Abdominal pain
	10 (2.2)
	8 (3.8)
	0.237
	4 (1.8)
	14 (3.1)
	0.307
	2 (0.8)
	16 (3.9)
	0.013a
	0 (0.0)
	18 (2.9)
	0.171

	Seizure
	13 (2.8)
	2 (0.9)
	0.123
	6 (2.7)
	9 (2.0)
	0.586
	3 (1.1)
	12 (2.9)
	0.123
	2 (3.2)
	13 (2.1)
	0.577

	Dysphonia
	6 (1.3)
	7 (3.3)
	0.082
	4 (1.8)
	9 (2.0)
	0.837
	1 (0.4)
	12 (2.9)
	0.019a
	0 (0.0)
	13 (2.1)
	0.246

	Palpitation
	8 (1.7)
	2 (0.9)
	0.425
	3 (1.3)
	7 (1.6)
	0.817
	4 (1.5)
	6 (1.5)
	0.960
	0 (0.0)
	10 (1.6)
	0.310

	Dizziness
	4 (0.9)
	1 (0.5)
	0.574
	2 (0.9)
	3 (0.7)
	0.755
	0 (0.0)
	5 (1.2)
	0.071
	0 (0.0)
	5 (0.8)
	0.475

	Syncope
	1 (0.2)
	1 (0.5)
	0.576
	0 (0.0)
	2 (0.4)
	0.316
	0 (0.0)
	2 (0.5)
	0.255
	0 (0.0)
	2 (0.3)
	0.652

	Headache
	1 (0.2)
	0 (0.0)
	0.496
	1 (0.4)
	0 (0.0)
	0.158
	0 (0.0)
	1 (0.2)
	0.421
	0 (0.0)
	1 (0.2)
	0.750


aP < 0.05.
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