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Abstract: Previous studies suggest worse outcomes after out-of-

hospital cardiac arrest (OHCA) at night. We analyzed whether patients

admitted after nontraumatic OHCA to a resuscitation center received the

same quality post arrest care at day and night and whether quality of care

affected clinical outcomes.

We analyzed data of OHCA patients with return of spontaneous

circulation admitted to the Vienna general hospital emergency depart-

ment between January 2006 and May 2013. Data reported include

admission time (day defined from 8 AM to 4 PM based on staffing), time

to initiation of hypothermia, and door-to-balloon time in patients with

ST-elevation myocardial infarction. Survival and cognitive perform-

ance at 12 months were assessed.

In this retrospective observational study, 1059 patients (74% males,

n¼ 784) with a mean age of 58� 16 years were analyzed. The vast

majority was treated with induced hypothermia (77% of day vs. 79% of

night admissions, P¼ 0.32) within 1 hour of admission (median time

admission to cooling 27 (confidence interval [CI]: 10–60) vs. 23 (CI:

11–59) minutes day vs. night, P¼ 0.99). In 298 patients with ST-elevation

myocardial infarction, median door-to-balloon time did not differ between

day and night admissions (82 minutes, CI: 60 to 142 for day vs. 86 minutes,

CI: 50 to 135 for night, P¼ 0.36).

At 12 months, survival was recorded in 238 of 490 day and 275 of 569
toph Weiser, MD, reiber, MD,
r Stratil, MD, and Florian B. Mayr, MD, MPH

Patients admitted to our department after OHCA were equally likely

to receive timely high-quality postresuscitation care irrespective of time

of day. Survival and good neurologic outcome at 12 months did not differ

between day and night admissions. Our results may support the concept

of specialized post arrest care centers.

(Medicine 94(14):e664)

Abbreviations: BLS = basic life support, CI = confidence interval,

CPC = cerebral performance category, CPR = cardiopulmonary

resuscitation, ECG = electrocardiogram, EMS = emergency

medical services, IH = induced hypothermia, IHCA = in-hospital

cardiac arrest, IQR = interquartile range, OHCA = out-of-hospital

cardiac arrest, OR = odds ratio, PCI = percutaneous coronary

intervention, ROSC = return of spontaneous circulation, STEMI =

ST-elevation myocardial infarction.

INTRODUCTION

C ardiac arrest is a major health problem worldwide account-
ing for more than 675 000 cases per year in Europe and the

UnitedStates together.1–3Theoverallsurvivalrateremainspoorat
approximately 10%.4 The odds of survival are increased by
immediate activation of the emergency medical services, early
cardiopulmonary resuscitation (CPR), rapid defibrillation, effec-
tive advanced life support, and integrated postcardiac arrest
care.5–9 Several recent retrospectivestudies reportedsignificantly
lower survival rates for out-of-hospital cardiac arrest (OHCA)
patients at night vs. day.10–13 These studies adjusted for some
prehospitalcomponentsofcaresuchasearlydefibrillation,bystan-
derCPRandtime toemergencymedical servicesarrival, aswell as
patient characteristics including age and initial rhythm, but had no
information on the quality of in-hospital post arrest care. Previous
studies have identified hospitals with a higher volume of cardiac
arrest patients, percutaneous coronary intervention (PCI) capa-
bility, and teaching status to have better OHCA outcomes.1,14–17

In particular, early PCI and induced hypothermia (IH) are associ-
ated with improved survival and functional recovery after
OHCA.2,17,18 However, these interventions may not be as readily
available during nighttime because of reduced staffing.

We, therefore, aimed to understand whether previously
reported worse outcomes after OHCA arrest at nighttime are, in
part, due to differences in post arrest care. We analyzed the
quality of in-hospital post arrest care by time of day in a cohort
of OHCA survivors admitted to our institution, a center special-
ized in post arrest care and further explored effects on survival
and neurologic outcome at 12 months.

METHODS
Setting
etrospective observational analysis of a
egistry, which was approved by the
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institutional ethical review board. This trial qualified for excep-
tion from informed consent requirements for emergency
research, as outlined in the applicable national laws of Austria.
This trial complies with the Declaration of Helsinki.

The registry includes information on all cardiac arrest
patients admitted to the Department of Emergency Medicine,
Vienna General Hospital, a 2200-bed quaternary care facility
with integrated intensive care unit (ie, resuscitation center)
affiliated with the Medical University of Vienna, Vienna,
Austria. This emergency department handles around 88 000
adult nontraumatic patients every year, including 1300 critically
ill patients and 250 cardiac arrest patients. At our institution PCI
is available 24/7, with a 30-minute call-in-time at night, and a
hospital-based team around the clock on weekends.

The city of Vienna with its 1.8 million inhabitants is
covered by a physician-based emergency medical service with
18 ambulances and 1 emergency helicopter. Of these, 7 ambu-
lances and the helicopter are staffed with emergency physicians
who treat approximately 700 OHCA annually.19

All patients 18 years or older who suffered a nontraumatic
OHCA and regained restoration of spontaneous circulation
(ROSC) between January 1, 2006 and May 31, 2013 were
included in our analysis. Data were collected according to
the Utstein guidelines.20 Patient data included sex, age, location
of cardiac arrest (home or public place), witnessed or non-
witnessed cardiac arrest, performance of basic life support
(BLS) by bystanders, first documented electrocardiogram
rhythm, time interval from collapse to ROSC (if witnessed),
as well as patient comorbidities and home medications.

In-hospital data reported included admission time (day
defined as 8 AM to 4 PM based on staffing and probable cause of
cardiac arrest [cardiac vs. non-cardiac]). Our department is
staffed by 3 attending and 7 resident physicians, as well as 8
nurses (patient:nurse ratio 2:1) from 8 AM to 4 PM, and 1
attending and 3 residents (4 on weekends and holidays) from
4 PM to 8 AM. Recognizing potential limitations of arbitrary
definitions of day and night, we conducted a sensitivity analysis
to assess the robustness of our findings by using an alternative
definition of day admission, defined as admission between 8 AM

and 7:59 PM on the basis of prior publications,10 as well as using
a more stringent definition of nighttime from 11 PM to 7 AM.

We provided postresuscitative care according to estab-
lished guidelines and local standardized protocols.5,21 To assess
the quality of post arrest care, we calculated the proportion of
patients who received IH at day vs. night, as well as time from
hospital admission to initiation of hypothermia. We also calcu-
lated the proportion of patients undergoing revascularization
(PCI), as well as the time from admission to PCI. Physiologic
variables, including body temperature, pH, lactate level, glucose
level, and Troponin T, were recorded at admission, 6 and
12 hours after ROSC, respectively.

Survival and neurologic outcome were assessed 12 months
after ROSC using the Cerebral Performance Category (CPC)
scale.22 Good neurologic outcome was defined as CPC 1 (good
neurologic function) or 2 (moderate disability) on the 5-point
CPC scale. Patients in CPC categories 3 to 5 (severe disability,
vegetative state, or death) and patients who never regained
consciousness because of necessary analgosedation during the
study period or before death were classified as poor neurologic
outcome.

Uray et al
Statistical Analysis
Continuous data are presented as means and standard

deviations or medians and interquartile ranges (interquartile
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range [IQR], 25%–75%) as appropriate. Categorical data are
presented as counts and relative frequencies. Student t test,
Mann–Whitney U test, or x2 tests were used for comparisons
between day and night admissions. We constructed a logistic
regression model to assess the odds of survival at 12 months,
adjusting for age, sex, initial rhythm, comorbidity, arrest
location, cause of arrest, and daytime admission. A P value
of <0.05 was considered statistically significant. Statistical
analyses were performed using STATA software (Statacorp,
College Station, Texas, USA).

RESULTS

Patient Characteristics
Table 1 compares characteristics of patients hospitalized

after OHCA with ROSC. Of 1720 patients admitted during the
study period, we identified 1059 patients equal to or older than
18 years of age who regained ROSC after an OHCA (Figure 1).
Of those patients, 490 (46%) were admitted between 8 AM and
4 PM (day) and 569 (54%) were admitted during night (4:01 PM to
7:59 AM) (Figure 2). Patients admitted at night were slightly
younger compared with those admitted during daytime (56 vs.
60 years, P< 0.001). The proportion of males was similar in
both groups (74% vs. 74%, P¼ 0.96). Mean body mass index
(BMI) was similar in both groups (27 for daytime vs. 27 for
nighttime admissions, P> 0.05), as was the proportion of
current smokers (30% for daytime vs. 30% for nighttime
admissions, P> 0.05). The overall burden and distribution of
comorbid conditions were similar among patients admitted
during daytime vs. nighttime (53% of daytime admissions vs.
54% of nighttime admissions had at least 1 documented comor-
bid condition, P¼ 0.62). Most prevalent were hypertension,
coronary artery disease, diabetes, and previous history of
myocardial infarction (Table 1). Overall, 28% of patients had
documented home medications, and the proportion of patients
who were noted to take antiplatelet drugs or antilipid drugs did
not differ by day vs. night (8% vs. 7% for antiplatelet therapy
and 6% vs. 5% for antilipid therapy, respectively; both
P> 0.05).

Prehospitalization Arrest Characteristics
The vast majority (83%) of arrests were witnessed, with no

difference between day and night admissions (Table 2). Patients
admitted at night were more likely to have had arrested at home
(53% vs. 37%, P< 0.001), whereas patients admitted during the
day were more likely to have had arrested in public places (49%
vs. 38%, P< 0.01). Approximately 10% of patients arrested
during transport to hospital (11% during day vs. 8% at night).
Cardiac and pulmonary etiologies accounted for nearly 80% of
all arrests, and there was a trend toward more cardiac etiology in
patients admitted during the day (69% day vs. 62% night,
P¼ 0.09), and more pulmonary etiology in patients admitted
during nighttime (15% night vs. 11% day; P¼ 0.09). This was
reflected by a higher proportion of ST elevation myocardial
infarctions (STEMI) among daytime admissions (31% day vs.
26% night, P¼ 0.05). Bystander CPR was performed in
approximately a third of cases, with similar proportions between
day and nighttime admissions (39% day vs. 37% night,
P¼ 0.49). Overall, the majority of patients (57%) initially
had a shockable rhythm (ie, ventricular fibrillation or pulseless

Medicine � Volume 94, Number 14, April 2015
ventricular tachycardia). We observed a trend toward more
shockable initial rhythms in patients admitted during daytime
(61% day vs. 54% night) and more nonshockable rhythms

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



OCHA + IHCA patients admitted
01/2006–05/2013

 n = 1,720

OCHA patients
 n = 1,281

IHCA arrest patients
 n = 439

OCHA patients with 
no ROSC
 n = 222

OCHA patients with 
no ROSC
 n = 1,059

FIGURE 1. Overview of analysis cohort. IHCA¼ in-hospital cardiac
arrest, OHCA¼out-of-hospital cardiac arrest, ROSC¼ return of
spontaneous circulation.

TABLE 1. Patient Baseline Characteristics

�
Daytime N¼ 490 Nighttime N¼ 569 P Value

Demographics
Age (mean, SD) 60.4 (15.8) 56.4 (16.6) <0.001
Male gender (n, %) 362 (73.9) 422 (74.2) 0.96
Body mass index (mean, SD) 27.2 (9.2) 27.0 (4.9) 0.13

Chronic health conditions (n, %)
Hypertension 120 (24.5) 146 (25.7) 0.57
Coronary artery disease 113 (23.1) 141 (24.8) 0.30
Myocardial infarction 71 (14.5) 81 (14.2) 0.92
Congestive heart failure 60 (12.2) 74 (13.0) 0.94
CVI 20 (4.1) 26 (4.6) 0.28
COPD 45 (9.2) 55 (9.7) 0.87
Diabetes 71 (14.5) 83 (14.6) 0.83
Current smoker 145 (29.6) 168 (29.5) 0.99

Medications (n, %) 146 (29.8) 154 (27.1) 0.33
Antiplatelet therapy 37 (7.6) 40 (7.0) 0.75
Statin therapy 31 (6.3) 28 (4.9) 0.32

COPD¼ chronic obstructive pulmonary disease, CVI¼ chronic venous i�
Daytime admissions occurred between 8:00 AM and 4:00 PM, night adm
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(asystole and pulseless electrical activity) during nighttime
admissions (41% night vs. 33% day, P¼ 0.07). The number
of shocks applied, cumulative dose of epinephrine administered
before ROSC, and proportion of patients on vasopressor therapy
immediately after admission did not differ between daytime and
nighttime admissions (Table 2). Among those who had a
witnessed cardiac arrest, mean time from arrest to ROSC
was similar in patients admitted during day and night
(20� 14 min at day vs. 20� 14 min at night, P¼ 0.58).
Similarly, the time from ROSC to hospital admission did not
differ between day and night admissions (29� 19 min vs.
31� 19 min, P¼ 0.31). In addition, physiologic variables at
admission, including core body temperature, pH, lactate level,
blood glucose level, and potassium level, did not differ between
day and night admissions (Table 3).

Posthospitalization Arrest Characteristics

nsufficiency, SD¼ standard deviation.
issions between 4:01 PM and 7:59 AM.
The vast majority of patients (827, 78%) were treated with
IH (77% day vs. 79% night, P¼ 0.32). For the subset of 825
patients with documented ROSC and cooling start times,
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FIGURE 2. Volume of admissions by hour of day.
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TABLE 2. Prehospitalization Arrest Characteristics

�
Daytime N¼ 490 Nighttime N¼ 569 P Value

Witnessed (n, %) 409 (83.5) 465 (81.7) 0.46
Cardiac arrest location <0.001

Home (n, %) 182 (37.2) 302 (53.1)
Public location (n, %) 238 (48.6) 214 (37.6)
En route (n, %) 55 (11.2) 48 (8.4)
Other (n, %) 15 (3.1) 5 (0.9)
Bystander bCPR (n, %) 190 (38.8) 209 (36.7) 0.49
EMS time to arrival (min, SD) (subset of 207) 7.8 (4.1) 7.0 (4.0) 0.15

Initial rhythm (no, %) 0.07
VT/VF 298 (60.8) 307 (54.0)
Asystole 63 (12.9) 99 (17.4)
PEA 100 (20.4) 134 (23.6)
Other 29 (5.9) 29 (5.1)

Number of shocks applied (n, SD) 4 (3) 4 (3) 0.74
Total dose of epinephrine (mg, SD) 4 (3) 4 (3) 0.73
On vasopressors immediately after admission (n, %) 206 (42.0) 220 (38.7) 0.26
Time from arrest to bROSC (min, SD) 20 (14) 20 (14) 0.58
Time from ROSC to hospital admission (min, SD) 29 (19) 31 (19) 0.31
Cause of cardiac arrest (n, %) 0.09

Cardiac 340 (69.4) 350 (61.5)
Pulmonary 55 (11.2) 84 (14.8)
Intoxication 11 (2.2) 19 (3.3)
Drowning 7 (1.4) 12 (2.1)
Other 77 (15.7) 104 (18.3)

CPR¼ cardiopulmonary resuscitation, PEA¼ pulseless electrical activity, ROSC¼ return of spontaneous circulation, VF/VT¼ ventricular

adm
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median time from ROSC to initiation of hypothermia was 45,
confidence interval (CI): 15–79 minutes during daytime and 46,
CI: 15–83 minutes at night (P¼ 0.51). Similarly, for the subset
of 544 patients whose cooling was initiated after admission to
our facility (ie, did not receive any prehospital cooling) and had
a recorded cooling start time, median time from admission to
cooling did not differ between day and night admissions (27, CI:
10–60 minutes during day vs. 23, CI: 11–59 minutes at night,
P¼ 0.99). Similar bladder temperatures in both groups 12 hours
after admission suggest equally effective hypothermia in both
groups (33.4� 1.18C for patients admitted during daytime vs.
33.6� 1.28C for patients admitted during night).

Among the 298 patients with STEMI, 239 (80%) received
PCI (80% of day admissions vs. 81% of night admissions,
P¼ 0.74). Median door-to-balloon time was similar in both
groups (82 minutes, IQR: 60–142 during daytime and 86
minutes, IQR: 50–135 during nighttime, respectively,
P¼ 0.36). Physiologic variables 6 and 12 hours after admission,
including body temperature, pH, lactate level, blood glucose
level, and myocardial enzymes, did not differ significantly
between daytime and nighttime admissions (Table 3).

These results remained unchanged using an alternative
definition of daytime from 8 AM to 7:59 PM based on prior
publications,10 as well as using a more stringent definition of
nighttime from 11 PM to 7 AM.

fibrillation/pulseless ventricular tachycardia.�
Daytime admissions occurred between 8:00 AM and 4:00 PM, night
Outcomes
Survival after 12 months was similar in patients admitted

during day and nighttime (49% and 48%, respectively,
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P¼ 0.94; Table 3 and Figure 3). The probability of survival
at 12 months remained unchanged after adjusting for age, sex,
initial rhythm, arrest location, and comorbid conditions (OR,
1.01; 95% CI, 0.76–1.31, P¼ 0.96 for daytime vs. nighttime
admissions). Of all patients admitted, 441 (42%) had a favorable
neurologic outcome at 12 months (43% for daytime admissions
vs. 41% for nighttime admissions, P¼ 0.46). No patients were
lost to follow up.

DISCUSSION
In contrast to previous studies,10–12 we did not observe any

differences in survival or functional outcomes between patients
admitted at daytime and nighttime (defined as 4 PM to 7:59 AM),
respectively. In addition to accounting for prehospital com-
ponents of care and patient characteristics, we investigated
quality of in-hospital post arrest care between patients admitted
at daytime and nighttime.

Overall, baseline patient and prehospitalization character-
istics were similar between daytime and nighttime admissions
with the exception that patients admitted at night were slightly
younger than patients admitted during the day, and nighttime
arrests more commonly occurred at home. These differences are
consistent with prior studies.10–12,23 The first blood gas after
admission, analyzed within 15 minutes after admission,
reflected the overall equality of prehospital care between day-
time and nighttime admissions (Table 3).

issions between 4:01 PM and 7:59 AM.
Several studies reported poorer quality of time-sensitive
treatments during off hours as compared with routine hours. For
instance, Campbell et al24 reported delays in receiving a CT

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Posthospitalization Arrest Characteristics

�
Daytime N¼ 490 Nighttime N¼ 569 P Value

Physiologic variables at admission
Temperature at admission (8C, SD) 35.3 (1.4) 36.3 (21.9) 0.31
pH (SD) 7.14 (0.18) 7.12 (0.20) 0.20
Lactate level (mmol/L, SD) 8.4 (6.4) 8.7 (5.0) 0.41
Glucose level (mg/dL, SD) 256 (131) 263 (112) 0.35
Potassium level (mmol/L, SD) 4.1 (1.0) 4.0 (0.9) 0.34

Induced hypothermia (n, %) 376 (76.7) 451 (79.3) 0.32
yTime from ROSC to cooling start (min, median, IQR) 45 (15–79) 46 (15–83) 0.74
zTime from admission to cooling (min, median, IQR) 27 (10–60) 23 (11–59) 0.99
Bladder temperature at 12 hours after ROSC (8C, SD) 33.4 (1.1) 33.6 (1.2) 0.08

ST elevation myocardial infarction (n, %) 152 (31.0) 146 (25.7) 0.05
Percutaneous coronary intervention (PCI, %) 121 (79.6) 118 (80.8) 0.74
Door-to-balloon time (min, median, IQR) 82 (60–142) 86 (50–135) 0.36

Physiologic variables 6 hours after ROSC
pH (SD) 7.33 (0.11) 7.32 (0.11) 0.33
Lactate level (mmol/L, SD) 3.5 (8.8) 3.8 (11.3) 0.73
Glucose level (mg/dL, SD) 164 (89) 169 (69) 0.32
Troponin T level (ng/mL, SD) 2.3 (5.5) 1.7 (2.7) 0.11

Physiologic variables 12 hours after ROSC
pH 7.36 (0.09) 7.35 (0.10) 0.37
Lactate level (mmol/L, SD) 2.6 (2.6) 2.6 (2.7) 0.83
Glucose level (mg/dL) 141 (62) 140 (44) 0.66
Troponin T level (ng/mL, SD) 2.9 (4.3) 2.2 (3.7) 0.06
On vasopressors (n, %) 292 (59.6) 317 (55.7) 0.20

Outcomes
Survival 12 months after admission (n, %) 238 (48.6) 275 (48.3) 0.94
§Good neurologic outcome at 12 months 210 (42.9) 231 (40.6) 0.46

ROSC¼ return of spontaneous circulation.�
Daytime admissions occurred between 8:00 AM and 4:00 PM, night admissions between 4:01 PM and 7:59 AM.
yCalculated for the subset of 825 patients with recorded ROSC and cooling start times.
zCalculated for the subset of 544 patients cooled after admission; 515 patients were excluded from this analysis because of prehospital cooling or

missing cooling start time.
§ Good neurologic outcome defined as cerebral performance category 1
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FIGURE 3. Kaplan–Meier curve for comparison of 12-month
survival between daytime and nighttime admissions after out-
of-hospital cardiac arrest. ROSC¼ return of spontaneous circula-
tion.
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scan, admission to a dedicated stroke unit, and reduced odds for
thrombolytic therapy in a British stroke cohort presenting off
hours vs. regular hours. Similarly, a Dutch study reported nearly
2-fold higher angioplasty failure and mortality rates in patients
with acute myocardial infarction treated during off-hours.25

Current guidelines for post arrest care recommend mild IH
for 12 to 24 hours after ROSC.26 Both groups received cooling
within guideline definitions and without difference between
groups. In our cohort, median time from admission to cooling
start was 25 minutes and did not differ between day and night.

Consistently, mean core body temperature 12 hours after
ROSC did not differ between both groups, implying the same
quality care during all times of the day. Other indicators of
quality of care, such as glucose levels and lactate levels (as
indicator of adequate resuscitation), did not differ between both
groups 12 hours after ROSC. In addition, median door-to-
balloon time in the subset of patients treated with PCI was
close to 90 minutes and did not differ between day and night
admissions. These time intervals comply with the definition of
‘‘early PCI’’ after cardiac arrest17 and current guidelines for
timely PCI in STEMI patients (door-to-balloon time less than

or 2.
90–120 minutes).26

Our results differ from previous studies that reported worse
outcomes for OHCA patients admitted at night.10–12 These

www.md-journal.com | 5



differences may be explained by variations in the quality of post
arrest care. For example, our institution meets the American
Heart Association criteria of a cardiac center of excellence27

and includes an integrated intensive care unit, in which patients
are treated up to 24 hours after admission. It is staffed with
highly trained critical care nurses and emergency physicians
with additional training in critical care medicine. Previous
studies have shown a positive volume–outcome relationship
for centers treating at least 40 cardiac arrest patients per
year.14,28,29 In perspective, our center treats approximately
250 cardiac arrests annually. Furthermore, 24-hour PCI avail-
ability is associated with improved survival after cardiac
arrest.30 Hence, our data support concentration of post arrest
care in highly specialized cardiac arrest centers that have the
infrastructure to treat cardiac arrest patients proficiently around
the clock.

Limitations
There are several limitations in this study. First, it is an

observational retrospective single-center study. Although base-
line characteristics and prehospital characteristics were similar
to those of prior multicenter studies,10–12 our outcomes may not
be applicable to other institutions with less proficient post arrest
care. Nonetheless, our department treats around two-thirds of all
hospitalized cardiac arrest patients in the 2 million metropolitan
area of Vienna.19 Second, we excluded patients whose resusci-
tation efforts were futile and who deceased before hospital
arrival. However, we expect that any introduced bias would
equally affect day and night time admissions.

CONCLUSION
Patients admitted to our specialized resuscitation center

after OHCA were equally likely to receive timely high-quality
postresuscitation care irrespective of time of day. Similarly,
survival and good neurologic outcomes at 12 months did not
differ between day and night admissions. Previously reported
circadian differences in OHCA outcomes may be because of
variation in the quality of postresuscitation care provided at
nonspecialized centers. Our results may support the concept of
specialized post arrest care centers.
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