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Abstract
Objectives: This study aimed to investigate the effect of the code blue activation system
and factors affecting patients’ survival to discharge and neurologic outcomes after inhospital cardiac arrest.
Methods: We retrospectively reviewed the data of patients aged ≥ 18 years who
experienced in-hospital cardiac arrest between July 2014 and September 2019 at a
tertiary hospital. The outcomes included survival to hospital discharge and neurologic
outcomes (cerebral performance category score).
Results: In total, 605 patients were included. The rate of survival to discharge was 21.8%
(n = 132), and the rate of sustained return of spontaneous circulation was 69.7% (n = 422).
Predisposing conditions, such as sepsis, cancer, pneumonia, and use of vasopressors,
were associated with poor prognosis, and the survival rate was low (P = 0.01). The
rate of survival to discharge was higher in patients who underwent defibrillation (odds
ratio: 2.48, 95% confidence interval: 1.36-4.53) than in those who did not. The
median cardiopulmonary resuscitation (CPR) duration time was 11.0 and 26.5 min in
the survival and non-survival groups, respectively (P < 0.01). Code blue activation
to CPR team arrival time (advanced cardiovascular life support activation time) was
not significantly different within 1 minute in both groups (P = 0.95). Similarly, no
differences in basic life support activation time and first time to defibrillation were
observed between the survival and non-survival groups. Among survivors, factors
affecting favorable neurologic outcomes were young age, cerebral performance before
CPR, whether witnessed, admission days, and CPR duration.
Conclusions: The compulsory availability of a systematic code blue activation is not
sufficient. Further, appropriate monitoring and continuous observation are crucial for
improving survival to discharge and neurologic outcomes and preventing cardiac arrest
in high-risk patients.
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1. Introduction
The American College of Cardiology/American Heart Association (ACC/AHA) 2020 revised guidelines separated the
chain of survival for in-hospital cardiac arrest (IHCA) and
out-of-hospital cardiac arrest (OHCA) [1]. This separation
was necessary because the circumstances surrounding IHCA
and OHCA are extremely different [2]. OHCA survival depends on early recognition of the event, early initiation of
high-quality cardiopulmonary resuscitation (CPR) by the bystander, appropriate early defibrillation, effective advanced
cardiovascular resuscitation procedures, such as drug administration and advanced airway maintenance, and integrated postcardiac arrest care [3–5]. For IHCA, the chain of survival
is supposedly well established; hence, a high survival rate

and good prognosis can be expected. However, survival-todischarge rates and prognosis of IHCA are different from those
of OHCA. The survival-to-discharge rate for OHCA and IHCA
are estimated to be about 10% and 12-25%, respectively [6–
9]. Many IHCA cases involve patients suffering from severe
underlying diseases with a low resuscitation potential; 80% of
the patients are usually physiologically and clinically unstable
[10, 11].
In Korea, the Korea Centers for Disease Control and Prevention research has piloted studies to improve the survival rate
of patients with acute cardiac arrest since 2008, and there is
a report on survival analysis and prognosis after acute cardiac
arrest [12]. However, most of the studies are limited to the
analysis of OHCA and cardiac arrest at emergency medical
center levels [13].
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TA B L E 1. Comparison with survival to discharge and in-hospital death group
Patient variables
Survival to discharge (n = 132) In-hospital death (n = 473) Total (n = 605)
Age (median, IQR)
70.5 (54.2-80.7)
66.0 (58.0-73.7)
67 (57.0-76.0)
Male, n (%)
77 (20.6)
296 (79.4)
373 (61.6)
Predisposing factor, n (%)
DM
51 (38.6)
154 (32.6)
205 (33.9)
Sepsis
13 (9.8)
126 (26.6)
139 (23.0)
ACS, this admission
26 (19.7)
58 (12.3)
84 (13.9)
ACS, prior admission
15 (11.4)
47 (9.9)
62 (10.2)
Malignancy
24 (18.2)
160 (33.8)
184 (30.4)
Pneumonia
17 (12.9)
126 (26.6)
143 (23.6)
Renal disease
38 (28.8)
122 (25.8)
160 (26.4)
Hepatic disease
10 (7.6)
50 (10.6)
60 (9.9)
Stroke
23 (19.2)
68 (14.4)
91 (15.0)
Causes, n (%)
Cardiac
38 (28.8)
90 (19)
128 (21.2)
Respiratory
47 (35.6)
150 (31.7)
197 (32.6)
Septic
10 (7.6)
86 (18.2)
96 (15.9)
Hypovolemic
13 (9.8)
48 (10.1)
61 (10.1)
Other
18 (13.6)
67 (14.2)
85 (14.0)
Unknown
6 (4.5)
32 (6.8)
38 (6.3)
DM, Diabetes mellitus; ACS, Acute coronary syndrome.

At each general tertiary hospital, for the safety and quality
management of patients and the evaluation of certification by
medical institutions, the medical staff’s ability to perform CPR
and response systems are monitored. CPR start time after
cardiac arrest, time to CPR team activation, communication
system in case of cardiac arrest, defibrillator management,
CPR survival rate, and cerebral performance categories (CPC)
score are reported as performance indicators. However, information sharing and reporting of results at the academic level
are completely absent.
Therefore, our study aimed to assess the prognosis of patients by analyzing the CPR team activation time and CPR
time after cardiac arrest in IHCA to determine factors affecting
survival to discharge, which reflect the neurological prognosis.

2. Methods
This study protocol was reviewed and approved by the Institutional Review Board of our hospital (approval no. 05-2020163).

2.1 Study settings and population
This was a retrospective study of patients aged ≥ 18 years
who had IHCA in a tertiary medical hospital from July 2014
to September 2019. The study excluded cardiac arrest in
children aged < 18 years, cardiac arrest during surgeries and
procedures, patients with written Do Not Resuscitate (DNR)
orders, and recurrent cardiac arrest within 24 hours.
The primary and secondary outcomes were survival to discharge rate and CPC score on discharge. CPC scores of 1 and
2 were classified as good neurological status, and CPC scores
of 3, 4, and 5 were classified as poor neurological status [14].
Our hospital has a CPR team trained in Korean advanced
life support (KALS) or AHA advanced cardiovascular life
support (ACLS) course. The CPR team consists of professors

P value
0.39
0.37
0.19
< 0.01*
0.02*
0.63
< 0.01*
< 0.01*
0.49
0.30
0.38

< 0.01*

of emergency medicine, pediatrics, cardiology, respiratory
medicine, thoracic surgery, anesthesiology, and nurses. When
a patient experiences cardiac arrest, the code blue activation
system is activated, and the team is subsequently notified of
the location of the arrest by hospital broadcasting. For CPR
quality management, arrest recognition to CPR start time,
code blue activation to the arrival time of the CPR team,
defibrillator management, return of spontaneous circulation
(ROSC), survival-to-discharge rate, and CPC score, among
others, are reported in real-time and reviewed by the CPR
committee.

2.2 Data collection
This study was conducted by retrospectively reviewing CPR
reports and medical records.
Medical records and CPR reports related to cardiac arrest
were first reviewed primarily by the CPR Committee and
subsequently by two emergency physicians following the AHA
guidelines and the in-hospital utstein-style report template revised in 2020.

2.3 Variables
Variables were classified into three categories: patient-related
factors, pre-cardiac arrest factors, and CPR-related factors.
Patient-related factors included age, sex, predisposing factors,
requirement of vasopressor/mechanical ventilator during hospitalization, and causes of cardiac arrest. Pre-cardiac arrest
factors included the medical department category at hospitalization, length of hospital stay, location of cardiac arrest, and
presence or absence of monitoring before cardiac arrest. CPRrelated factors included time of event, location of arrest, initial
witness, initial rhythm, defibrillation time, basic life support
(BLS) activation time (first CPR time), ACLS activation time
(CPR team arrival time), time to first epinephrine infusion,
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TA B L E 2. Features and interventions of cardiac arrest event by survival to discharge
Variables
Survival to discharge (n = 132) In-hospital death (n = 473) Total (n = 605)
P value
Pre-arrest factors
Illness category, n (%)
Medical, cardiac
25 (18.9)
54 (11.4)
79 (13.0)
Medical, non-cardiac
61 (46.2)
294 (62.2)
355 (58.7)
< 0.01*
Surgical, cardiac
9 (34.1)
11 (2.3)
20 (3.3)
Surgical, non-cardiac
37 (28.0)
114 (24.1)
151 (25.0)
Trauma
2 (1.5)
27 (0.4)
29 (4.8)
Length of hospital stay
3.0 (3.0-10.5)
9.0 (3.0-21.5)
8.0 (3.0-21.0)
0.04*
(median, IQR)
Yes, n (%)
104 (78.8)
323 (68.3)
427 (70.6)
ECG monitoring
0.01*
No, n (%)
28 (21.2)
150 (31.7)
178 (29.4)
Yes, n (%)
29 (22.0)
169 (35.7)
198 (32.7)
Use of vasopressors
< 0.01*
No, n (%)
103 (78.0)
304 (64.3)
407 (67.3)
Yes, n (%)
43 (32.6)
144 (30.4)
187 (30.9)
Mechanical ventilation
0.63
No, n (%)
89 (67.4)
329 (69.6)
418 (69.1)
CPR related factors and process
time of event
Day (7 am to 7 pm)
49 (37.1)
170 (35.9)
219 (36.2)
0.80
Night or holiday
83 (62.9)
303 (64.1)
386 (63.8)
Location, n (%)
ICU
63 (47.7)
184 (38.9)
247 (40.8)
0.16
Telemetry unit
24(18.2)
110 (23.3)
134 (22.1)
Non-telemetry unit
45 (34.1)
179 (37.8)
224 (37.1)
Bystander, n (%)
Doctor
68 (51.5)
223 (47.2)
291 (48.1)
Nurse
43 (32.6)
178 (37.6)
221 (36.5)
0.33
Healthcare worker
0 (0)
7 (1.5)
7 (1.2)
Other
21 (15.9)
65 (13.7)
86 (14.2)
Yes, n (%)
123 (93.2)
399 (84.4)
522 (86.3)
Witnessed
< 0.01*
No, n (%)
9 (6.8)
74 (15.6)
83 (13.7)
Initial rhythm, n (%)
VF/pVT
26 (19.7)
52 (11.0)
78 (12.9)
PEA
72 (54.5)
233 (49.3)
305 (50.4)
< 0.01*
Asystole
15 (11.4)
74 (15.6)
87 (14.4)
Unknown
19 (14.4)
114 (24.1)
133 (22.0)
Yes, n (%)
32 (24.2)
67 (14.2)
99 (16.4)
Defibrillation
< 0.01*
No, n (%)
100 (75.8)
406 (85.8)
506 (83.6)
Defibrillation time, min
0.0 (0.0-0.0)
0.0 (0.0-2.7)
0.0 (0.0-2.0)
0.66
(median, IQR, n = 99) a
BLS activation time, min
0.0 (0.0-1.0)
0.0 (0.0-1.0)
0.0 (0.0-1.0)
0.76
(median, IQR) b
ACLS activation time, min
0.5 (0.0-2.0)
0.5 (0.0-1.75)
0.0 (0.0-2.0)
0.95
(median, IQR) c
Time to first epinephrine, min
2.0 (0.0-5.0)
3.0 (1.0-5.0)
2.0 (0.0-5.0)
0.43
(median, IQR) d
CPR duration time, min
11.0 (6.5-17.7)
26.5 (12.0-38.0)
13.0 (6.0-28.0)
< 0.01*
(median, IQR)
Yes, n (%)
13 (9.8)
23 (4.9)
36 (6.0)
ECPR
0.03*
No, n (%)
119 (90.2)
450 (95.1)
569 (94.0)
VF, Ventricular fibrillation; pVT, pulseless ventricular tachycardia; PEA, Pulseless Electrical Activity; a Defibrillation time, First
recognized shockable rhythm time to defibrillation time; b BLS activation time, First seen time to CPR start; c ACLS activation
time, First seen time to CPR team activation time or doctor arrival; d Time to epinephrine: First seen time to first epinephrine
injection time.

average CPR time, and presence or absence of extracorporeal
CPR.
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TA B L E 3. Logistic regression model with survival to discharge
Univariate
Multivariate

Predisposing factors

OR (95% Cl)

P value

OR (95% Cl)

P value

Sepsis

0.30 (0.16-0.55)

< 0.01*

0.37 (0.20-0.66)

< 0.01**

ACS, this admission

1.75 (1.05-2.92)

0.03*

1.77 (0.89-3.54)

0.10

Malignancy

0.43 (0.26-0.70)

< 0.01*

0.37 (0.20-0.66)

< 0.01**

Pneumonia

0.40 (0.23-0.70)

< 0.01*

0.44 (0.23-0.83)

0.01**

0.02
Cardiac
Causes

0.69
Reference

Respiratory

0.74 (0.45-1.22)

0.24

1.21 (0.61-2.42)

0.57

Septic

0.27 (0.12-0.58)

< 0.01*

0.56 (0.20-1.53)

0.26

Hypovolemic

0.64 (0.31-1.31)

0.22

0.87 (0.36-2.10)

0.76

Other

0.44 (0.17-1.14)

0.09

1.21 (0.37-3.98)

0.74

Unknown

0.63 (0.33-1.21)

0.16

0.94 (0.41-2.15)

0.89

0.99 (0.99-1.00)

0.52

0.99 (0.98-1.00)

0.33

Length of hospital stay

< 0.01*
Medical, non-cardiac
Illness category

0.01**

Reference

Medical, cardiac

2.23 (1.28-3.86)

< 0.01*

0.90 (0.44-1.86)

0.79

Surgical, non-cardiac

1.93 (1.20-3.13)

< 0.01*

1.91 (1.08-3.37)

0.02**

Surgical, cardiac

3.94 (1.56-9.92)

< 0.01*

2.23 (0.73-6.80)

0.15

Trauma

0.35 (0.08-1.54)

0.16

0.23 (0.05-1.07)

0.06

ECG monitoring

1.72 (1.08-2.73)

0.02*

1.16 (0.63-2.13)

0.62

Use of vasopressors, yes

0.50 (0.32-0.79)

< 0.01*

0.28 (0.16-0.50)

< 0.01**

Witnessed

2.53 (1.23-5.21)

0.01*

1.46 (0.63-3.35)

0.37

< 0.01*
VF/pVT
Initial rhythm

0.86

Reference

PEA

0.61 (0.36-1.06)

0.08

1.54 (0.54-4.36)

0.41

Asystole

0.40 (0.19-0.83)

0.01*

1.44 (0.43-4.86)

0.54

Unknown

0.33 (0.16-0.65)

< 0.01*

1.34 (0.40-4.44)

0.62

Defibrillation, yes

1.93 (1.20-3.11)

< 0.01*

2.48 (1.36-4.53)

< 0.01**

ECPR, yes

2.13 (1.05-4.34)

0.03*

5.10 (2.01-12.96)

< 0.01**

CPR duration time

0.92 (0.90-0.94)

< 0.01*

0.91 (0.88-0.93)

< 0.01**

Nagelkerke’s R2 = 0.363, Hosmer & Lemeshow: P = 0.19, x2 = 11.15
ACS: Acute coronary syndrome, VF: Ventricular fibrillation, pVT: pulseless ventricular tachycardia, PEA:
Pulseless Electrical Activity, ECPR: Extracorporeal cardiopulmonary resuscitation.

2.4 Statistics
The collected data were analyzed using SPSS Statistics ver.
26.0 (IBM Corp., Armonk, NY, USA). Categorical variables
(independent and dependent variables) were evaluated using
the chi-square test. Continuous variables were tested for
normality, and groups were compared using Student’s ttest for parametric data and the Mann-Whitney U test for
non-parametric data. Values of P < 0.05 were considered
statistically significant, with a 95% confidence interval (CI).
Additionally, for survival to discharge rate, multivariate
logistic regression analysis was conducted to compare and
check the odds ratio (OR) and 95% CI.

3. Results
3.1 Baseline characteristics
In total, there were 209,955 (average of 39,990 per year)
hospitalized patients during the period, and 4,227 patients died
during hospitalization, with an average of 805 deaths per year.
During the study period, a total of 767 patients aged ≥ 18
years received CPR for cardiac arrest during hospitalization.
Of these, 14 patients developed cardiac arrest in the operating
room, while 20 patients developed cardiac arrest during other
procedures, including coronary angiography. There were 9
cases of cardiopulmonary resuscitation in situations where a
DNR order had been previously written, and 51 cases were
discontinued after the creation of a DNR order at the request
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TA B L E 4. Factors affecting CPC score in survival to discharge
CPC score
Total
1 + 2 (n = 85)
3 + 4 (n = 47)
(n = 132)

P value

Patient factors
Age, year (median, IQR)

< 0.01*

62.0 (53.0-74.0)

73.0 (66.0-81.0)

67.0 (57.0-76.0)

Causes of arrest, n (%)
Cardiac
Respiratory
Septic
Hypovolemic
Others

28 (21.2)
25 (18.9)
6 (4.5)
11 (8.3)
15 (11.4)

10 (7.6)
22 (16.6)
4 (3.1)
2 (1.5)
9 (6.8)

38 (28.8)
47 (35.6)
10 (7.6)
13 (9.8)
24 (18.1)

Predisposing factor, yes, n (%)
Sepsis
ACS, this admission
Malignancy
Renal insufficiency
Hepatic insufficiency
Stroke

9 (6.8)
19 (14.4)
18 (13.6)
24 (18.2)
6 (4.5)
9 (6.8)

4 (3.0)
7 (5.3)
6 (4.5)
14 (10.6)
2(1.5)
14 (10.6)

13 (9.8)
26 (19.7)
24 (18.2)
38 (28.8)
8 (6.1)
23 (17.4)

0.70
0.30
0.23
0.85
0.28
< 0.01*

CPC score, before 24 hours
CPC 1
CPC 2
CPC 3
CPC 4

40 (30.3)
22 (16.7)
22 (16.7)
1 (0.8)

7 (5.3)
11 (8.3)
22 (16.7)
7 (5.3)

47 (35.6)
33 (25.0)
44 (33.3)
8 (6.1)

< 0.01*

21 (15.9)
34 (25.8)
5 (3.8)
23 (17.4)
2 (1.5)

4 (3.0)
27 (20.4)
4 (3.0)
12 (9.1)
0 (0.0)

25 (18.9)
61 (46.2)
9 (6.8)
35 (26.5)
2 (1.5)

0.10

3.0 (2.0-5.0)

12.0 (4.0-27.0)

8.0 (3.0-21.0)

< 0.01*

0.22

Pre-arrest factors
Illness category, n (%)
Medical, cardiac
Medical, non-cardiac
Surgical, cardiac
Surgical, non-cardiac
Trauma
Length of hospital stay (median, IQR)
ECG monitoring, n (%)

Yes
No

70 (53.0)
15 (11.4)

34 (25.7)
13 (9.8)

104 (78.8)
28 (21.2)

0.39

Use of vasopressor, n (%)

Yes
No

23 (17.4)
62 (47.0)

6 (4.5)
41 (31.1)

29 (22.0)
103 (78.0)

0.10

40 (30.3)
21 (15.9)
24 (18.2)

23 (17.5)
3 (2.3)
21 (15.9)

63 (47.7)
24 (18.2)
45 (34.1)

0.16

81 (61.4)
4 (3.0)

42 (31.8)
5 (3.8)

123 (93.2)
9 (6.8)

0.19

21 (15.9)
42 (31.8)
10 (7.6)
12 (9.1)

5 (3.8)
30 (22.8)
5 (3.8)
7 (5.3)

26 (19.7)
72 (54.5)
15 (11.4)
19 (14.4)

0.17

24 (18.2)
61 (46.2)

8 (6.1)
39 (29.5)

32 (24.2)
100 (75.8)

0.33

0.0 (0.0-3.0)

0.0 (0.0-0.0)

0.0 (0.0-2.0)

0.06

0.0 (0.0-0.0)

0.0 (0.0-1.0)

0.0 (0.0-1.0)

0.16

0.0 (0.0-1.0)

1.0 (0.0-2.0)

0.0 (0.0-2.0)

0.05

2.0 (0.0-5.0)

2.0 (0.2-5.0)

2.0 (0.0-5.0)

0.11

5.0 (3.0-9.5)

9.0 (4.0-13.0)

13.0 (6.0-28.0)

0.01*

CPR related factors and process
Location, n (%)
ICU
Telemetry unit
Non telemetry unit
Witnessed, n (%)

Yes
No

Initial rhythm, n (%)
VF/pVT
PEA
Asystole
Unknown
Defibrillation, n (%)

Yes
No

Defibrillation time, min median, IQR, n = 99) a
BLS activation time, min median, IQR)

b

ACLS activation time, min (median, IQR)

c

Time to first epinephrine, min (median, IQR)
CPR duration time, min (median, IQR)
ECPR, n (%)

d

Yes
9 (6.8)
4 (3.0)
13 (9.8)
0.62
No
76 (57.6)
43 (32.6)
119 (90.2)
ACS: Acute coronary syndrome, VF: Ventricular fibrillation, pVT: pulseless ventricular tachycardia, PEA: Pulseless
Electrical Activity, ECPR: Extracorporeal cardiopulmonary resuscitation.
a
Defibrillation time: First recognized shockable rhythm time to defibrillation time, b BLS activation time: First seen time
to CPR start, c ACLS activation time: First seen time to CPR team activation time or doctor arrival, d Time to epinephrine:
First seen time to first epinephrine injection time.
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F I G U R E 1. Patients’ flow diagram. ROSC*: Return of Spontaneous Circulation.
of a guardian within 20 minutes during CPR. Further, 68 cases
of cardiac arrest occurred within 24 hours. The study was
conducted on a total of 605 patients, excluding these 162 cases
(Fig. 1).
Of the 605 patients, 69.7% (n = 422) had their spontaneous
circulation maintained for 20 minutes or more, and 36 of
them maintained circulation with extracorporeal membrane
oxygenation (ECMO).
The 24-hour, survival-to-discharge, and 1-month survival
rates were 69.7% (422/605), 21.8% (132/605), and 20.3%
(120/590), respectively. Good neurological prognoses (CPC
1, 2) were achieved in 14% (85/605) of all patients with
ROSC and 64.4% (85/132) of survivors who were eventually
discharged.

3.2 Comparison of the survival to discharge
and in-hospital death groups
The median age of the patients was 67 years; 61.6% (n = 373)
of the patients were men, and no statistical differences were
observed between the survival to discharge and in-hospital
death groups (P = 0.39, P = 0.37). The causes of cardiac

arrest and the presence or absence of certain comorbidities
were included as patient factors affecting survival to discharge.
The survival rate from cardiac arrest was better in cases with
a cardiac cause (acute coronary syndrome, heart failure, arrhythmia, cardiac tamponade, etc.) than in those with a noncardiac cause (P < 0.01). Similarly, the survival rate was
higher for patients hospitalized with acute coronary syndrome
than for patients with other comorbidities (P = 0.03) (Table
3). The in-hospital death group significantly differed from the
survival-to-discharge group with regard to presence of sepsis
(9.4% vs. 90.6%, P < 0.01), presence of ACS during the
current admission (31.0% vs. 69.0%, P = 0.02), presence of
malignancy (13.0% vs. 87.0%, P < 0.01), and presence of
pneumonia (11.9% vs. 88.1%, P < 0.01) (Table 1).
The classification of medical departments at the time of
admission was a significant pre-cardiac arrest factor related to
survival to discharge. When hospitalized for cardiac causes,
both medical and surgical survival rates were high (P < 0.01)
(Table 2).
Pre-cardiac arrest factors associated with survival to discharge included the use of vasopressors before cardiac arrest
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(P < 0.01), shorter length of hospital stay (P = 0.04), witnessed
cardiac arrest, and electrocardiogram (ECG) monitoring at the
time of discovery (P = 0.01 and P = 0.02, respectively). When
the initial rhythm was ventricular fibrillation or ventricular
tachycardia, the survival to discharge rate was 33.3% (26/78),
which was statistically significant (P < 0.01). In addition,
the survival to discharge rate was higher when defibrillation
was performed, irrespective of the initial rhythm, than when
defibrillation was not performed (P < 0.01). Extracorporeal
cardiopulmonary resuscitation (E-CPR) was performed in 36
patients, of which 36.1% (13/36) were discharged alive (P
= 0.03) (Table 2). The location of cardiac arrest and the
first witness were not associated with survival to discharge.
However, the intensive care unit tended to have a higher survival to discharge rate of 25.5% (63/247) than other locations;
however, no statistical significance was observed.
The time from initial witness to CPR (referred to as BLS
activation time) and CPR team activation time (referred to as
ACLS activation time) were not significantly different within
1 minute in both groups (P = 0.76, P = 0.95).

3.3 Factors affecting survival to discharge
Survival-to-discharge rate significantly decreased when hospitalization was accompanied by sepsis, pneumonia, or a history
of malignancy (P < 0.01, P = 0.01, P < 0.01, respectively). On
the chi-square test, the survival-to-discharge rate was observed
to be higher in cases accompanied by acute coronary syndrome
than in cases with other comorbidities; however, this was not
significant in the multivariate analysis (OR 1.77, 95% CI 0.893.54, P = 0.10).
Multivariate analysis showed that the medical department
at the time of cardiac arrest was significantly associated with
the survival rate for non-cardiac surgery (OR: 1.91; 95% CI:
1.08-3.37). The survival-to-discharge rate of patients with cardiac arrest in whom at least one defibrillation was performed
during CPR, regardless of the initial rhythm, was 2.48 times
higher (OR: 2.48; 95% CI: 1.36-4.53). However, in the case
of ventricular fibrillation or pulseless ventricular tachycardia,
which is the initial rhythm requiring defibrillation, it was
not significant when performing multivariate analysis with or
without defibrillation. The survival rate was 5.1 times higher
(OR: 5.1; 95% CI: 2.01-12.96) in E-CPR than in standard CPR.
A shorter CPR time corresponded with a higher survival rate
(OR: 0.91, 95% CI: 0.88-0.93).
In summary, factors directly related to the survival-todischarge rate included medical department at the time of
admission; accompanying diseases, such as sepsis, malignant
tumor, and pneumonia; use of vasopressors; defibrillation;
E-CPR; and CPR duration time (Table 3).

3.4 Factors affecting cerebral performance
status and neurological prognosis
The predictors of neurological outcomes are shown in Table 4.
Young age, short length of hospital stay, and better neurological condition 24 hours before cardiac arrest were associated
with better neurological outcomes (CPC ≤ 2) (each P < 0.01).
Similarly, the presence of neurological disease at hospitalization was associated with a poorer neurological outcome (P

< 0.01).
For CPR-related factors, shorter CPR duration was associated with a better neurological outcome (each P < 0.01). However, no difference in BLS activation time, ACLS activation
time, and defibrillation time was observed between CPC scores
1 and 2 and CPC scores 3 and 4 groups (Table 4).

4. Discussion
Despite active management and advanced resuscitation, IHCA
is considered to have a poor survival rate and neurological
outcome. The incidence of IHCA varies among countries and
regions, ranging from 0-45%; however, it is estimated to be
approximately 20%. In the United States, the quality of CPR
has improved; indicators are continuously monitored, and CPR
training is continuously conducted owing to the revision of
CPR guidelines every 5 years based on scientific evidence [15].
According to the Get With The Guidelines-Resuscitation
(GWTG-R) registry, the incidence of IHCA in the United
States is estimated to be 292,000 cases per year, approximately
9-10 cases per 1000 people. Survival-to-discharge rates vary
widely from 0 to 42%; however, it is roughly 20%, and it
was estimated as 25% in 2017 [16, 17]. Of these, 85% were
discharged with good neurological outcomes. Since the introduction of the GWTG-R system and the In-hospital Utstein
style, the United States has been continuously managing the
quality of IHCA patients, and the survival rate has improved
over the past 20 years [15, 18, 19].
In this study, patient-related factors significantly associated
with survival to discharge included cause of cardiac arrest,
underlying disease, and medical department at the time of
admission. Survival rates were higher when the underlying
cause of hospitalization was cardiac, especially for myocardial
infarction or heart failure. This association may be due to the
rapid action of ECMO insertion and defibrillation in cardiac arrest since patients with heart disease require close observation,
including ECG monitoring. In the United States, according
to Lars W. et al. and the GWTG-R registry in 2019, about 5060% of cardiac arrest cases were due to cardiac causes [15, 16].
In Korea, GR Chon et al. reported that non-cardiogenic causes
were responsible for 66% of IHCA cases [20]. The 21% of
IHCA cases caused by cardiac-related factors reported in this
study is lower than that in other studies, which may be due
to the exclusion of cardiac arrest cases that occurred during
surgery or procedures, such as coronary angiography.
Although many patients suffer from internal diseases, and
surgery is often required, cardiac causes are the most important
factor causing cardiac arrest; however, other diseases often
simultaneously induce cardiac arrest. Supposedly, most patients admitted to the hospital have various complex medical
conditions, and IHCA may not be due to one disease. Therefore, in IHCA, classification and application of reversible
causes of cardiac arrest [(5H-hypoxia, hypovolemia, hydrogen
ion, hypo/hyperkalemia, hypothermia) and (5T-toxins, tension
pneumothorax, cardiac tamponade, coronary or pulmonary
thrombosis, trauma)], as in OHCA, may help restore spontaneous circulation and improve survival and neurological outcomes [21].
The survival-to-discharge rate was significantly lower in
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patients with underlying diseases such as sepsis, pneumonia,
and malignant tumors and when vasopressors were required.
Several studies have reported that malignant tumors, sepsis,
brain function status, pneumonia, hypotension, and underlying
diseases, such as kidney and liver disease, can predict poor
prognosis [6, 22, 23]. Another study reported that factors such
as increasing age, male sex, active malignancy, and chronic
kidney disease were associated with reduced survival rates [7].
Therefore, patients with these conditions should be identified
as having a higher risk of cardiac arrest and closely observed.
In this study, approximately 60% of cardiac arrest cases
occurred in the general wards. Although not statistically significant, the survival-to-discharge rate was high when cardiac
arrest occurred in the intensive care unit. This finding is
different from that observed for the GWTG-R system and
others, where large-scale multicenter research was conducted.
In these studies, cardiac arrest occurred more frequently in the
intensive care unit in about 40% of total cases. In one study,
the survival rate was highest in the telemetry unit in the general
ward, followed by the intensive care unit and the non-telemetry
unit in the general ward [24]. When a patient is hospitalized
for severe disease or the disease condition is expected to
worsen, patients are closely monitored. About 70% of patients
with cardiac arrest in the hospital were monitored for the
abovementioned reasons. The survival-to-discharge rate was
higher with continuous ECG monitoring. This implies that
there is a high survival-to-discharge rate even if cardiac arrest
occurs when the patient’s condition and disease progression
are predicted in advance, and measures are taken to prevent
cardiac arrest.
IHCA is expected in many cases because of existing diseases. Approximately 80% of patients reported that their
condition had worsened 6 to 8 hours before cardiac arrest, and
70% of patients experienced worsening of symptoms because
of respiratory problems 8 hours before cardiac arrest [25, 26].
Approximately 10% of high-risk patients who could not be
detected in the ward were reported to experience an unexpected
cardiac arrest, accounting for 4% of all hospitalized patients
[27]. It is possible to prevent more than 30% of unpredictable
cardiac arrests by identifying high-risk patients in advance and
continuously monitoring them [28].
Early recognition of cardiac arrest and activation of the
CPR team, high-quality CPR, rapid defibrillation, appropriate
advanced resuscitation, and post-cardiac arrest care are linked
to the chain of survival and are currently considered essential
elements of CPR. Several studies have reported “witnessed
cardiac arrest” and cardiac arrest in about 80-85% and 5070% of patients already on an ECG monitor, respectively
[15, 20, 29, 30]. These measures are directly related to the
patient’s survival to discharge and prognosis. In this study,
no statistical difference in CPR activation time was observed
between the surviving and non-surviving groups. As described
earlier, to improve the quality of CPR in the hospital where
this study was conducted, our policy is to regulate and manage
BLS and ACLS activation time within 3 minutes from the
initial recognition of cardiac arrest. In addition, we intend
to regularly monitor these indicators and conduct continuous
quality control through CPR training. Since our code blue activation system is well managed within an average of 1 minute,

there seems to be no difference between the surviving and nonsurviving groups, and the response time to code blue activation
in general wards and intensive care units is considered to be
similar.
According to some studies, only about 20% of the initial
rhythms in cardiac arrest were shockable rhythm and required
defibrillation; rapid defibrillation could lead to a 2-5 times
or more increase in the survival rate [6, 31]. In our study,
the survival-to-discharge rate was 2.48 times higher (95% CI:
1.36-4.53, P < 0.01) when defibrillation was performed at least
once, regardless of the initial rhythm, than when it was not
performed. This highlights the importance of quickly identifying ventricular fibrillation or pulseless ventricular tachycardia,
which are shockable rhythms, and providing defibrillation as
soon as possible. Similar to the findings of an OHCA study
[32], the survival rate increased in cases of witnessed arrest
and initial shockable rhythm in our IHCA study.
In this study, the 64.4% of patients discharged with good
neurological outcomes was significantly lower than the 85%
reported in the US GWTG-R in 2017, which implies that the
effects of integrated treatment, including targeted temperature
management, cannot be overlooked [33, 34]. Younger age,
shorter length of stay, witnessed cardiac arrest, and brain
performance status with CPC scores of 1 and 2 were associated with good neurological prognosis. In another study,
the survival-to-discharge rate increased when cardiac arrest
occurred during daytime hours [6]; however, no statistical
difference was observed in our study.
This study had several limitations. First, the study focused
on a university hospital, which may not represent cardiac
arrests in a general hospital and may introduce bias. Second, owing to its retrospective nature, missing and inaccurate
records may have prevented the evaluation of other variables
of interest. For example, the initial ECG records were often
missing. In addition, the presence and monitoring of certain
diseases were related to survival and prognosis. However,
objective indicators (SOFA score, APACHE2 score) of disease
severity at the time of hospitalization and cardiac arrest were
not separately mentioned; thus, further investigation is necessary.
Finally, the 2020 AHA guidelines highlight the role of the
rapid response team or the medical emergency team in cardiac
arrest. In this study, the area of emphasis on survival to
discharge and good neurological prognosis in patients with
cardiac arrest was “continuous monitoring”. However, in
this study, the rapid response team mentioned earlier did not
screen patients separately for early prevention and treatment
of cardiac arrest; thus, a difference in the survival rate may
be witnessed in other hospitals. In the future, multi-center
research is required through sharing data and experiences between hospitals.

5. Conclusions
The compulsory availability of the code blue activation system
is not sufficient. Patients at high risk of cardiac arrest should
be identified, and a monitoring system should be established to
identify abnormal signs and symptoms that can predict cardiac
arrest.
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