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Objective: To describe the incidences, outcomes and determine the risk factor(s) of cardiac arrest in surgical intensive care
unit (SICU).
Material and Method: We collected data between April 2011 and January 2013. The case record form (CRF) included the
CRF 1 (admission, daily screening and discharge data) and the CRF 2 for cardiac arrest events. The patients were followed-
up until discharge from SICU or for up to 28 days after admission in SICU.
Results: The incidence of cardiac arrest in SICU was 226 in 4,652 patients (4.9%). The APACHE II score at the day with
cardiac arrest were 24.1. Initial monitor rhythm during cardiac was asystole (35.4%), bradycardia (22.6%) and pulseless
electrical activity (14.6%). The main cause was poor patient condition before admission (51.3%). Most of the cardiac arrest
patients (73.9%) had antecedents within 24 hour and the most common antecedents were hypotension, metabolic distur-
bances and sepsis and/or septic shock. The overall return of spontaneous circulation rate was 23.5%. At hospital discharge,
the mortality rate (91.6%) was statistically different between the cardiac arrest and non-cardiac arrest group (p<0.001). The
Acute Physiologic and Chronic Health Evaluation II score (APACHE II score) (Odds ratio, (OR 1.15, 95% CI 1.11-1.19,
p<0.001), Sequential Organ Failure Assessment score (SOFA score) (OR 1.12, 95% CI 1.03-1.20, p = 0.005) and American
Society of Anesthesiologists physical status physical status (ASA PS) >3 (OR 2.32, 95% CI 1.33-4.04, p = 0.003) were
significantly risk factors for cardiac arrest.
Conclusion: Cardiac arrest in the SICU was uncommon. Initial non-shockable rhythms were common and mostly had
antecedents before cardiac arrest. The APACHE II score, SOFA score and ASA PS >3 were independent risk factors for
cardiac arrest in SICU.
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A surgical intensive care unit (SICU) patient
has an acute, life-threatening or potentially life-
threatening surgical and medical condition(s). Despite
high quality of care and the best monitoring technology,
cardiac arrest (CA) frequently occurs in SICU. For
planning effective management and good outcomes, it
is important to know about cardiac arrest. Studies
regarding resuscitation outcomes in the ICU have been
erratic and discrepantly-defined, resulting in wide

ranging survival-to-discharge rates (between 0% and
47.3%)(1-4).

The Thai Anesthesia Incident Monitoring
Study (THAI-AIMS)(5), a large, multicenter,
observational study, reported that the incidence of
cardiac arrest within 24 hour after anesthesia was 14%.
In the THAI-SICU study(6) was a multi-center,
prospective, cohort observational registry of SICU
patients was conducted and the main objectives were
to describe the overall outcomes and incidence of
adverse events in university-based SICUs in Thailand.
Our objective was to determine the incidence of
cardiac arrest in SICU, its characteristics, main causes,
outcomes and was to ascertain the risk factor(s) for
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cardiac arrest in SICU.

Material and Method
Design and setting

Data were collected between April 1, 2011 and
January 31, 2013 on SICU patients from nine university-
affiliated, tertiary-care hospitals. The participant centers
of University Ethics Committee and the Thailand Joint
Research Ethics Committees (JREC) approved the
study. Our Clinical Trials.gov identification number was
NCT01354197.

Data collection
The case record form (CRF) in this study

was developed by the principle investigators (PI)
from each of the nine university-affiliated, tertiary-care
hospitals(7). Patient data were categorized into pre-
event, event, and post-event variables (CRF 1:
admission, daily screening and discharge data).

During the SICU stay, the daily screening CRF
was completed. If a cardiac arrest occurred, the CRF 2
(adverse event form) was completed. The definition of
cardiac arrest included all sudden cardiac arrests in the
ICU. At discharge from SICU, the discharge CRF was
used. Patients were followed-up for up to 28 days after
being admitted to ICU.

Core data elements included: demographics,
characteristics, causes, rate of return of spontaneous
circulation (ROSC), survived events and survival-to-
discharge. ROSC was defined as the presence of
spontaneous pulsation for more than 30 seconds after
resuscitation. Survived event indicated sustained
ROSC maintained for more than 20 minutes. Survival-
to-hospital discharge meant discharged alive(7).

The presumed causes of cardiac arrest defined
into 4 groups: (1) medical cause (2) surgical cause (3)
anesthetic cause and (4) poor patient diseases or
conditions (patients with severe systemic diseases/
several conditions/inadequate preparation to operating
room and SICU/emergency situation)(8).

In order to determine the post resuscitation,
neurological status, the cerebral performance score
(CPC) score was used to assess the neurological
outcomes(4). CPC I indicated good cerebral performance,
while CPC II indicated moderate cerebral disability,
CPC III indicated severe cerebral disability, CPC IV
indicated a vegetative state, and CPC V indicated death.
Since overall survival in our cohort was low, we
simplified the grouping by categorizing CPC I and II as
good neurological outcomes and III, IV and V as poor
outcomes.

Well-trained residents or critical care nurses-
who worked in SICU during the study period-collected
all data. The principle investigator from each study site
audited and re-checked the data using the online
medical research tool program, OMERET. All online
data were clarified using the Central Data Monitoring
Unit; at both Chulalongkorn University and at Med
Res Net. External surveyors performed quality control
and data monitoring.

All patients (>18 years) admitted in the SICU
during the study period are included, if patients having
experienced cardiac arrest during admission-were
eligible for inclusion for these study. The exclusion
criteria should follow the main paper already published.

Outcome measures
The primary outcome measure was incidence

of cardiac arrest in SICU; its characteristics, causes
and outcomes. The secondary outcome measure was
the risk factor(s) for cardiac arrest in SICU.

Statistical analysis
Descriptive numerical and categorical

statistics were performed for continuous data with
parametric or non-parametric distribution, by calculating
the respective mean + SD or median and the interquartile
range (IQR). An univariate analysis or independent
t-test was used to compare numerical variables, while a
χ2 or Fisher exact test was used to compare categorical
variables. The OR and 95% CI are reported for the risk
factor(s) for new cardiac arrest events. All the tests
were 2-tailed. The p<0.05 was considered significant.
Data were analyzed and exported using the STATA
software for Windows (Version 11.0; STATA Inc,
College Station, TX).

Results
A total of 4,652 patients were enrolled

over period of 19.7 months. The overall incidence of
cardiac arrest was 4.9% (226 of 4,652 patients). Baseline
characteristics are presented in Table 1. Patients with
cardiac arrest were significantly higher percentage of
male (68.6% versus 58.2%, p = 0.002), had higher
American Society of Anesthesiologists physical status
(ASA PS) >3 (57.1% versus 11.6%, p<0.001) and
higher incidence of sepsis (43% versus 18.3%, p<0.01)
compared to those without cardiac arrest. Cardiac arrest
patients had significantly higher Acute Physiologic and
Chronic Health Evaluation II score (APACHE II score)
on the day with cardiac arrest (APACHE II score was
24.1+9.3 for cardiac arrest patients versus 11.2 + 6.4 for
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Variable Cardiac arrest Non-cardiac arrest p-value
(n = 226) (n = 4,426

Sex, n (%)
Male 155 (68.6) 2,574 (58.2)   0.002
Female   71 (31.4) 1,852 (41.8)

Age; mean + SD   60.1+18.9      61.8+17.2   0.148
Age <65 years 128 (56.6) 2,306 (52.0)
Age >65 years   98 (43.3) 2,120 (48.0)

ASA classification, n (%) <0.001
I     0 (0.0)    235 (6.9)
II   16 (13.5) 1,115 (31.7)
III   35 (29.4) 1,713 (49.8)
IV   47 (39.4)    351 (10.5)
V   21 (17.7)      27 (1.0)
VI     0 (0.0)        3 (0.1)
Emergency   89 (74.2) 1,059 (31.7) <0.001

Coexisting disease, n (%)
Hypertension   84 (37.2) 2,184 (49.3) <0.001
Malignancy   43 (19.03)    684 (15.4)   0.149
Diabetes mellitus   36 (15.9)    982 (22.2)   0.026
Chronic renal failure   22 (9.7)    420 (9.5)   0.902
Previous stroke   21 (9.3)    255 (5.8)   0.028
Vascular disease   19 (8.4)    249 (5.6)   0.080
Other cardiovascular disease   18 (7.9)    353 (8.0)   0.995
Chronic obstructive pulmonary disease   13 (5.7)    199 (4.5)   0.377
Coronary artery disease   12 (5.3)    448 (10.1)   0.018
Congestive heart failure     5 (2.2)    102 (2.3)   0.928
Organ transplantation     4 (1.8)      21 (0.5)   0.009
Asthma     3 (1.3)      72 (1.6)   0.727
HIV positive or AIDS     3 (1.3)      15 (0.3)   0.020
Immune disease     3 (1.3)      53 (1.2)   0.861
Other respiratory disease     1 (0.4)    133 (3.0)   0.025
None of these conditions   52 (23.0) 1,124 (25.4)   0.421

Site of operation
Upper abdomen   61 (27.0) 1,240 (28.0)   0.738
Lower abdomen   48 (21.2) 1,234 (277.9)   0.029
Extremities   15 (6.6)    370 (8.4)   0.359
Thoracic   14 (6.2)    174 (3.9)   0.092

Sepsis, n (%)   97 (43)    810 (18.3) <0.001
APACHE II score [median (IQR)]   24.11+9.30      11.2+6.4 <0.001
SOFA score [median (IQR)]     8 (5-12)        2 (1-5) <0.010
Duration of surgery, minutes [median (IQR)] 145 (105-260)    240 (150-350) <0.001
Sites of ICU (n, %) <0.001

A   40 (17.7)    937 (21.2)
B   11 (4.8)    408 (9.2)
C     8 (3.5)    584 (13.2)
D     4 (1.8)    415 (9.4)
E   49 (21.7)    349 (7.9)
F     4 (1.8)    141 (3.2)
G   23 (10.2)    778 (17.6)
H   15 (6.6)    386 (8.7)
I   72 (31.9)    428 (9.6)

ICU mortality, n (%) 206 (91.1)    240 (5.4) <0.001
Hospital discharge mortality, n (%) 207 (91.6)    344 (8.2) <0.001
28-days mortality, n (%) 209 (92.5)    433 (9.8) <0.001

Table 1. Patient demographics of cardiac arrest and non-cardiac arrest groups in the THAI-SICU study

ASA = American Society of Anesthesiologists; SICU = Surgical intensive care unit; APACHE = Acute physiology and chronic
health evaluation; SOFA = Sequential organ failure assessment; IQR = Interquartile range
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Time event Number (%)

Event location
During transfer from operating room     5 (2.2)
During procedure in SICU     5 (2.2)
At rest in SICU 182 (80.5)
Not define   34 (15.0)

Witness of event
Nurse 154 (68.1)
Surgeon   30 (13.3)
Resident   29 (12.8)
Anesthesiologist     9 (4.0)
Other (intensivist)     4 (1.8)

Suspected sign*
No pulse 114 (50.4)
Monitor display alarm 161 (71.2)
Not define   34 (15.0)

Initial rhythm documented cardiac arrest
Asystole   80 (35.4)
Bradycardia   51 (22.6)
Pulseless electrical activity   33 (14.6)
Ventricular tachycardia   10 (4.4)
Ventricular fibrillation     3 (1.3)
Other     8 (3.5)
Not define   41 (18.1)

Previous cardiac arrest within 24 hour   28 (12.4)
Main cause*

Poor patient conditions 116 (51.3)
Medical cause 101 (44.7)
Surgical cause   35 (15.5)
Anesthetic cause     0 (0)

Cardiac arrest with antecedents 167 (73.9)
Antecedents present prior cardiac arrest*

Hypotension 124 (54.9)
Metabolic disturbances 102 (45.1)
Sepsis and/or septic shock   97 (42.9)
Alteration of conscious   89 (39.4)
Hypoxemia   66 (29.2)
Pulse rate >140 bpm   51 (22.6)
Hypovolemic shock with   48 (21.2)
uncontrolled bleeding
Respiratory rate >36 bpm   39 (17.3)
New cardiac arrhythmias   23 (10.2)
Pulse rate <40 bpm   21 (9.3)
Cardiogenic shock   10 (4.4)
Other   10 (4.4)
Myocardial ischemia     8 (3.5)
Threatened airway     1 (0.4)
Respiratory rate <5 bpm     0 (0)

Table 2. Characteristics of cardiac arrest in SICU (n = 226)

* Can should more than 1choice; SICU: Surgical intensive
care unit; Hypotension: systolic blood pressure < 90 mmHg;
hypoxemia: a partial pressure of oxygen in arterial blood
(PaO

2
) of less than 80 mmHg; bpm: beats or breaths per

minute

non-cardiac arrest patients, p<0.001) and higher
Sequential Organ Failure Assessment score (SOFA
score). SOFA score was 8 (5-12) for cardiac arrest
patients versus 2 (1-5) for non-cardiac arrest patients,
p<0.010). Cardiac arrest patients also had significantly
higher ICU mortality (91.1% versus 5.4%, p<0.001)
and higher 28-day hospital mortality (92.5% versus
9.8%, p<0.001). Cardiac arrest was commonly found at
the first 24 hours (30.5%) and 76.5% of cardiac arrest
occurred within 5 days after ICU admission.

Characteristics of cardiac arrest patients in
SICU were presented in Table 2. Most of cardiac arrest
was diagnosed by a monitor display alarm (71.2%) and
non-palpable pulse (50.4%). The most common initial
rhythms of cardiac arrest were asystole (35.4%),
bradycardia (22.6%) and pulseless electrical activity
(PEA) (14.6%). The main cause of cardiac arrest was
poor patient conditions before ICU admission (51.3%).
The majority (73.9%) of cardiac arrest patients had
evidence of antecedents including hypotension,
metabolic disturbances, sepsis and/or septic shock or
alteration of consciousness within 24 hour prior to the
event.

Results and outcomes of cardiac arrest were
showed in Table 3. The rate of overall return of ROSC
(sustained and unsustained ROSC) after cardiac arrest
was 23.5% (53 of 226). The respective rate of sustained
ROSC, survival-to-ICU discharge and survival-to-
hospital discharge was 17.7%, 8.9% and 8.4%. The
average duration of resuscitation was 24.3 min (0-146
min). The respective mortality rate of cardiac arrest at
immediately period and 24 hour after cardiopulmonary
resuscitation (CPR) was 76.5% and 87.6% (Table 3).

At the time of ICU discharge, 18 of the 20
survivors had a CPC score of I-II (90%), while 2 of 20
survivors had a CPC score of IV (10%) (Table 3).

The univariable and multivariable regression
analysis of the risk factors for cardiac arrest were
presented in Table 4. APACHE II score, SOFA score,
ASA PS >3, sepsis, post-operative emergency surgery
and AKI were significant risk factors for univariable
logistic regression. However, APACHE II score (OR
1.15, 95% CI 1.11-1.19, p<0.001), SOFA score (OR 1.12,
95% CI 1.03-1.20, p = 0.005) and ASA PS >3 (OR 2.32,
95% CI 1.33-4.04, p = 0.003) were independent risk
factors of cardiac arrest in SICU in multivariable logistic
regression analysis.

Discussion
The overall incidence of cardiac arrest in this

study was 4.9% (485: 10,000 ICU admissions), which
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Variables Number (%)

Reason for stop CPR, (n = 226)
ROSC   42 (18.6)
Death   69 (30.5)
DNAR 115 (50.9)

Results of CPR, (n = 226)
Sustained ROSC   40 (17.7)
Unsustained ROSC   13 (5.8)
Never achieved ROSC 173 (76.5)

Immediate outcomes
(within 24 hours) (n = 226)

Good cerebral recovery     8 (3.5)
Disable     9 (4.0)
Remained unconscious   11 (4.9)
Death 198 (87.6)

Final outcomes (ICU discharge) (n = 226)
Complete recovery     6 (2.7)
Disable     9 (4.0)
Remained unconscious     5 (2.2)
Death 206 (91.1)

CPC of survived patients (n = 20)
CPC I     8 (40.0)
CPC II   10 (50.0)
CPC III     0 (0.0)
CPC IV     2 (10.0)
CPC V     0 (0.0)

CPC = Cerebral performance score; ROSC = Return of
spontaneous circulation; DNAR = Do not attempt resuscitate
orders; SICU = Surgical intensive care unit

Table 3. Results and outcomes after cardiac arrest

Variable             Univariable analysis           Multivariable analysis

   OR   95% CI p-value  OR   95% CI p-value

APACHE II score   1.20 1.18-1.22 <0.001 1.15 1.11-1.19 <0.001
SOFA score   1.33 1.29-1.37 <0.001 1.12 1.03-1.20   0.005
Male   1.57 1.18-2.09   0.002 1.04 0.65-1.66   0.860
ASA physical status >III 10.71 7.34-15.64 <0.001 2.32 1.33-4.04   0.003
Sepsis   3.36 2.55-4.41 <0.001 1.35 0.78-2.35   0.286
Post-operative emergency surgery   5.75 4.44-7.45 <0.001 1.34 0.73-2.44   0.344
AKI   4.50 3.42-5.92 <0.001 0.95 0.54-1.69   0.875

SICU = Surgical intensive care unit; ASA = American Society of Anesthesiologists; APACHE = Acute physiology and chronic
health evaluation; AKI = Acute kidney injury; OR = odds ratio; CI = confidence interval

Table 4. The univariable and multivariable regression analysis for risk factors of cardiac arrest in SICU

was significantly higher than the incidence of
perioperative cardiac arrest in THAI-AIM study (30.8:
10,000). This finding corresponded to a previous study

that the incidence of cardiac arrest in ICU was higher
than general ward(5). In addition, the incidence of cardiac
arrest in Thai SICU was higher than those of previous
studies (range, 0.5-2.9%)(8-13). However, this incident
was lower than other studies (22.1-27.9%)(14,15). This
showed that the incidence of cardiac arrest varies
widely, depending on differences in the population,
definitions used, characteristics studied, patient co-
morbidity and the types of medical personnel working
in the SICU.

This study found that independent risk factors
of cardiac arrest were ASA PS >3, higher APACHE II
score, and higher SOFA score. Higher ASA PS increased
risk of cardiac arrest in previous studies(16-18) because
higher ASA PS could be related to severe disease
and multiple co-morbidities. Most of cardiac arrest
patients were ASA PS III-V and most of this incident
occurred postoperatively. An ASA PS V was commonly
associated with the highest mortality rate(16,17). Generally,
APACHE II and SOFA scoring system have been often
used to predict risk of ICU mortality(19-21). Apart from
that, this study showed the higher APACHE II score,
the higher SOFA score and increased risk of cardiac
arrest in ICU. Higher APACHE II and higher SOFA score
correlated with severe illness, organ dysfunction and
poor outcome(21). These results can provide additional
prognostic information among ICU patients. An
increase in one point of APACHE II score was
associated with an increase in the possibility of death
after cardiac arrest about 9%(21). APACHE II score is a
good predictor of illness severity as well as outcome of
cardiac arrest.

The present study found that there was higher
ICU and hospital mortality after cardiac arrest. This
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finding was higher than those in previous
studies(10,14,22,23). In addition, the survival-to-hospital
discharge rate in this study was 8.4%, which was lower
than other ICU settings in previous studies, varying
between 15.3% and 83.9%(10,14,22,23). A few possible
reasons could explain why there was a high mortality
rate in this study. Firstly, most of cardiac arrest patients
had poor medical conditions before admission and more
than half of patients had DNAR order. Secondly, most
of initial rhythms during cardiac arrest were non-
shockable rhythms including asystole, bradycardia
and PEA, which was associated with higher mortality
in previous studies(24). A retrospective study reported
that non-shockable rhythms increased the risk of death
within 24 hours after cardiac arrest by 5.7 times. This
result was consistent with previous studies that
patients with shockable rhythms had more favorable
outcomes than those with non-shockable rhythms(14).
This study also found that patients who died after
cardiac arrest had significantly higher ASA PS >3,
higher APACHE II score, higher SOFA score, higher
incidence of AKI, and undergoing higher percentage
of emergency surgery than survivors (not presented in
the table).

A majority of patients in this study (73.9%)
had physiological antecedents prior to the cardiac
arrest within 24 hour. This finding was corresponded
to results of several studies(10,14,15,25). These common
antecedents were abnormal physiological changes
including hypotension, tachycardia, tachypnea and
abnormal conditions or co-morbidity such as various
types of shock, hypoxemia or abnormality of serum
electrolytes(14,15,25). Frequent assessment and early
recognition of patient deterioration particularly in
high risk patients may help to identify patients with
impending cardiac arrest and allow for providing
treatment to prevent cardiac arrest(10).

This study was a large multi-center study
for determining incidence and risk factors of cardiac
arrest in SICU in Thailand. However, there were some
limitations in this study. Firstly, there was high
proportion of DNAR patients, which accounted for
50% of cardiac arrest patients. This can result in
overestimation of mortality rates. Secondly, this study
did not include some information such as duration of
resuscitation, time of cardiac arrest, the amount of
therapeutic hypothermia that helped to explain rates
of ROSC and survival rate. Finally, the incidence of
cardiac arrest varied among sites of SICU. This may
reflect variations in the severity of disease, the quality
of team resuscitation and training programs of medical

personnel at the different sites.

Conclusion
The incidence of cardiac arrest in Thai-SICU

was 4.9% and significant risk factors of cardiac arrest
were ASA PS >3, higher APACHE II score, and higher
SOFA score. Knowledge of risk factors of cardiac arrest
and common physiological antecedents before cardiac
arrest help medical personnel identify high risk patients
and provide for intensive medical surveillance in order
to prevent cardiac arrest and improve patient outcomes.

What is already known on this topic?
In Thailand, the data on cardiac arrest in SICUs

in Thailand are not available. Most recent studies in
other countries were done in MICU and perioperative
period.

What this study adds?
The study showed the incidence, main

causes, outcomes and the significant risk factor(s) of
cardiac arrest in SICU in Thailand. The data should be
useful in the prevention and sound management by
multi-disciplinary care team.
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