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Objective: The long-term survival of in-hospital cardiac arrest (IHCA) patients treated with
targeted temperature management (TTM) is poorly described. The aim of this study was to
compare the outcomes of consecutive IHCA with out-of-hospital cardiac arrest (OHCA) patients
treated with TTM.

Design, setting, and patients: Retrospectively collected data on all consecutive adult patients
treated with TTM at a university tertiary heart center between 2005 and 2011 were analyzed.
Measurements: Primary endpoints were survival to hospital discharge and long-term sur-
vival. Secondary endpoint was neurological outcome assessed using the Pittsburgh cerebral
performance category (CPC).

Results: A total of 282 patients were included in this study; 233 (83%) OHCA and 49 (17%)
IHCA. The IHCA group presented more often with asystole, received bystander cardiopulmo-
nary resuscitation (CPR) in all cases, and had shorter time to return of spontaneous circulation
(ROSC). Survival to hospital discharge was 54% for OHCA and 53% for IHCA (adjusted
odds ratio 0.98 [95% confidence interval {CI}; 0.43-2.24]). Age <60 years, bystander CPR,
time to ROSC <10 min, and shockable rhythm at presentation were associated with survival
to hospital discharge. Good neurologic outcome among survivors was achieved by 86% of
OHCA and 92% of IHCA (P=0.83). After a median follow-up time of >5 years, 83% of OHCA
and 77% of IHCA were alive (adjusted hazard ratio [HR] 1.51 [95% CI; 0.59-3.91]). Age
<60 years was the only factor associated with long-term survival (adjusted HR 2.73 [95%
CI; 1.36-5.52]).

Conclusion: There was no difference in short- and long-term survival and no difference in
neurologic outcome to hospital discharge between IHCA and OHCA patients treated with TTM
despite higher frequency of asystole in IHCA.

Keywords: retrospective observational study, in-hospital survival, neurological outcome,
advanced life support, post-resuscitation care

Introduction

In the past decade, the survival after out-of-hospital cardiac arrest (OHCA) has
increased from a few percent to ~10% in many countries.! The increased survival has
been attributed to improvements in all four links in the “chain-of-survival” guidelines
with a large increase in bystander cardiopulmonary resuscitation (CPR), improved
prehospital care, improved advanced life support guidelines, and focus on post-
resuscitation care.? The use of targeted temperature management (TTM) is believed to
reduce global ischemia and reperfusion injury processes present in all cardiac arrest
patients.? In 2002, two randomized controlled trials showed that treatment with TTM
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with a target temperature of 32°C—34°C during 1224 h for
comatose patients after cardiac arrest improved survival and
neurological outcome; however, these trials included only
patients after OHCA and mostly with ventricular fibrilla-
tion (VF).*A more recent controlled, randomized study
that included only OHCA patients with both shockable and
non-shockable initial rhythm showed no difference in the
outcomes of patients treated with 33°C compared to 36°C.6
Consequently, recently updated international guidelines now
recommend a target temperature between 32°C and 36°C
for 24 h after OHCA and they still strongly recommend the
same therapy for patients with non-VF OHCA or in-hospital
cardiac arrest (IHCA) patients as well.” Nevertheless, the
only existing evidence that supports this practice comes
from cohort studies that have shown variable results.®!!
Furthermore, results from the few existing studies on the
IHCA population treated with TTM usually do not include
survival beyond hospital discharge. The aim of this study
was to compare survival to discharge, long-term survival,
and neurologic outcome between consecutive OHCA and
THCA patients treated with TTM.

Materials and methods

Study population and setting

This retrospective observational study included all consecu-
tive adult patients admitted to the intensive care unit (ICU)
in a single tertiary heart center (Copenhagen University
Hospital, Gentofte, Denmark) treated with TTM after OHCA
or IHCA from April 1, 2005 to March 31, 2011. Patients
with cardiac arrest as the diagnosis on admission and TTM
as procedure code were identified from the ICU critical
information system database, and all data were obtained by
reviewing the medical records.

At the institution, a TTM protocol was implemented in
2004 based on international recommendations for patients
who remained comatose after cardiac arrest.’? According to
the local TTM protocol, indications for TTM were: age 218
years, suffered cardiac arrest (OHCA or IHCA), Glasgow
Coma Scale <8 on arrival at the hospital (or the ICU for
IHCA), and <60 min from collapse to return of spontane-
ous circulation (ROSC). Contraindications for TTM were:
terminal illness before the arrest, core temperature <30°C,
pregnancy, intracranial hemorrhage, arterial oxygen satura-
tion <85% for >15 min after ROSC, and refractory cardio-
genic shock (median arterial pressure <60 mmHg for >30 min
after ROSC despite the use of vasoactive drugs or intra-aortic
balloon pump [IABP]).

Post-resuscitation care

Patients presenting with ST-elevation in the initial electrocar-
diogram underwent acute coronary arteriography (CAG) and
percutaneous coronary intervention (PCI) when feasible. If
cardiogenic shock was present, an [TABP was placed, accord-
ing to the recommended guidelines at that time.> When factors
other than cardiac etiology of the arrest were suspected to be
present at admission, a cerebral computed tomography scan
was performed to exclude intracranial hemorrhage. Once
this was confirmed, the patient was transferred to another
center for neurosurgical treatment when indicated, and these
patients were excluded from the study.

Cooling methods
Active cooling was initiated at the place of cardiac arrest if
possible, else it was initiated immediately after admission to the
emergency room (or the ICU in IHCA patients) with ice bags
on the torso and infusion of 30 mL/kg of 4°C isotonic saline
solution. Surface cooling was continued in the ICU using a
surface cooling system (Arctic Sun®; Medivance Corp, Lou-
isville, Co., or Allon 2001®; MTRE Advanced Technologies
Ltd, Or-Akiva Industrial Park, Israel). Patients were sedated
with propofol and remifentanil to a Sedation Agitation Scale
(SAS) 1. Muscle shivering was treated with increased sedation
and if necessary with cisatracurium (0.05 mg/kg IV). Seizures
and myoclonus during TTM were treated according to local
guidelines. Continuous infusion of vasoactive drugs (norepi-
nephrine, dopamine, epinephrine, or dobutamine) was admin-
istered to maintain mean arterial blood pressure >60 mmHg.
When a target temperature of 33°C was achieved, attempts
were made to maintain it for 24 h, followed by rewarming
at a maximum rate of 0.5°C/h according to the guidelines.
When patients were normothermic, sedation was discon-
tinued. Recommendations from the American Academy of
Neurology were followed and neurologic prognostication was
performed on patients who remained comatose >72 h after
cardiac arrest or 24 h after normothermia and at least 12 h
after sedation was discontinued.

Data collection

Four investigators collected data from the ICU database,
medical charts from the department of cardiology, and the
emergency medical service (EMS). Data included age, sex,
body mass index (BMI), date of admission and discharge
from the ICU and the hospital, presence of prehospital
comorbidities (diabetes, hypertension, hypercholesterolemia,
and ischemic heart disease), initial rhythm, site of arrest
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(in- or out-of-hospital), CPR by bystander, time from arrest
to ROSC, presumed etiology of cardiac arrest (ST-elevation
myocardial infarction [STEMI], non-STEMI, primary
arrhythmia, and noncardiac cause), whether acute CAG, pri-
mary PCI, placement of an IABP, or placement of a temporary
pacemaker was performed. Additionally, we collected data
on the use of vasoactive drugs as continuous infusion in the
ICU (epinephrine, norepinephrine, dobutamine, dopamine,
milrinone, or levosimendan) and duration of TTM in hours.
Neurological status at discharge from the ICU and hospital
was retrieved from patient files and ICU database. The sta-
tus details were categorized using the Pittsburgh cerebral
performance categories (CPC) scale.'*!* A good neurologic
outcome was defined as CPC =1 or 2 (corresponding to no or
minor incapacity). A poor neurologic outcome was defined
as CPC =3 (severe disability, dependent), CPC =4 (coma or
vegetative state), or CPC =5 (death).

The study was approved by the Danish Patient Safety
Authority and the Danish Data Protection Agency. Due to
the retrospective nature of the study and high mortality in
the study population, written informed consent could not be
obtained from all patients and was therefore waived by the
Danish Patient Safety Authority.

Statistical methods

This study was divided into two parts: 1) survival to hospital
discharge comparing OHCA and IHCA and 2) long-term sur-
vival after hospital discharge comparing OHCA and IHCA.

The first part compared short-term survival during initial
admission after OHCA and IHCA by using logistic regression
and identified factors associated with survival. In a subanaly-
sis of short-term survival, patients with known initial rhythm
were classified into four subgroups: OHCA and IHCA with
shockable initial rhythm and OHCA and IHCA with non-
shockable initial rhythm.

The final part compared long-term survival after OHCA
and IHCA using Cox logistic regression and identified prog-
nostic factors for survival. Observation time was calculated
from date of discharge to date of death, lost to follow-up,
emigration, or October 1, 2011, whichever came first.

Differences in baseline characteristics, survival, and
neurologic outcome between OHCA and IHCA groups were
estimated using chi-square test and Kruskal-Wallis test as
appropriate. All estimates <0.05 were considered statistically
significant.

Kaplan—Meier curves were used to illustrate cumulative
long-term survival. Multivariate logistic regression analysis

and Cox regression analysis were performed to determine
the association of clinical variables with survival to hospital
discharge and with long-term survival, respectively. Fac-
tors associated with long-term survival were calculated as
the reciprocal of the hazard ratio (HR). As the time from
collapse to ROSC was not found to be a linear variable, it
was entered as a categorical variable in the model. For the
purpose of the analysis, the median time from collapse to
ROSC of the total cohort was selected and dichotomized
as <10 min or =10 min or >10 min. Age was divided into
10-year categories, and a significant difference was found
between >60 and <60 years. The following covariables were
used to identify the predictors of survival, in both Parts 1
and 2: site of cardiac arrest (OHCA vs IHCA), gender (male
vs female), age (<60 vs >60 years), CPR by bystander (yes
vs no), time to ROSC (<10 vs >10 min), initial rhythm
(shockable vs non-shockable vs unknown), and etiology of
cardiac arrest (STEMI vs etiology other than STEMI). All
statistical analyses were carried out in SPSS version 11.5
software (SPSS, Chicago, IL, USA).

Results

Patient characteristics

A total of 282 consecutive patients (233 with OHCA and 49
with IHCA) were included in the study. Table 1 shows the
baseline demographics of OHCA and IHCA patients with
comparison between groups. The IHCA patients presented
more often with asystole and less with VE, received CPR by
bystander in all cases, and had shorter median time from
arrest to ROSC. Other differences were the more frequent
performance of acute CAG in the OHCA group and the
more frequent placement of a temporary pacemaker in the
IHCA group.

TTM was interrupted before 12 hin 3% of OHCA (7/233)
and 2% of IHCA patients (1/49), due to refractory circulatory
shock, lactate acidosis, or intestinal ischemia. In the rest of
the patients, duration of TTM was maintained between 12
and 24 h as international guidelines dictate.

Outcomes

In Part 1 (short-term survival), there was no difference in
survival to hospital discharge between the groups: 54%
(125/233) for OHCA and 53% (26/49) for IHCA (adjusted
OR [95% CI], 0.98 [0.43-2.24]) (Table 2). Factors associ-
ated with survival to hospital discharge were age <60 years
(adjusted OR [95% CI], 3.33 [1.86-5.95]), CPR by bystander
(adjusted OR [95% CI], 2.42 [1.28-4.55]), time to ROSC
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Table | Baseline characteristics of OHCA and IHCA patients
treated with targeted temperature management

Characteristics OHCA IHCA P-value
n=233 (83%) n=49 (17%)
Male, n (%) 182 (78) 37 (76) 0.691
Age, years, median (IQR) 64 (55-73) 64 (57-74) 0.761
BMI, median (IQR) 25 (23-28) 26 (24-29) 0.135
Initial rhythm, n (%)
VF 168 (72) 19 (39) <0.001
pVT 13 (6) 24
Asystole 23 (10) 16 (33)
PEA 22 (9) 7(14)
Unknown 7(3) 5(10)
Pre-arrest cardiovascular
comorbidity, n (%)
Diabetes 29 (12) 5(10) 0.661
Hypertension 70 (30) 21 (43) 0.081
Hypercholesterolemia 32 (14) 7 (14) 0.919
Ischemic heart disease 51 (22) 11 (22) 0.931
CPR by bystander, n (%) 145 (62) 49 (100) <0.001
Time to ROSC (min), 15 (10-23) 10 (6-15) <0.001
median (IQR)
Etiology of cardiac arrest
STEMI, n (%) 122 (52) 17 (35) 0.054
NSTEMI, n (%) 24 (10) 5(10)
Primary arrhythmia, 44 (19) 10 (20)
n (%)
Noncardiac, n (%) 43 (18) 17 (35)
Acute CAG, n (%) 156 (67) 25 (51) 0.034
Primary PCI, n (%) 102 (44) 18 (37) 0.516
IABP, n (%) 21 (9) 7(14) 0.262
Temporary pacemaker, 34 (15) 13 (27) 0.042
n (%)
Vasoactive drugs, n (%)
Epinephrine* 35 (15) 13 (27) 0.051
Other vasoactive drugs 182 (78) 32 (65) 0.057
No vasoactive drugs 16 (7) 4 (8) 0.748
Length of admission,
median days (IQR)
AtICU 4 (3-7) 4 (2-8) 0.534
In total 8 (5-12) 8 (3-12) 0.440
Survival to hospital 125 (54) 26 (53) 0.940
discharge, n (%)
CPC 1-2 at hospital 107 (86) 24 (92) 0.829

discharge

Note: *Epinephrine given along with other vasoactive drugs.

Abbreviations: BMI, body mass index; CAG, coronary arteriography; CPC,
cerebral performance categories; CPR, cardiopulmonary resuscitation; IABP, intra-
aortic balloon pump; ICU, intensive care unit; IHCA, in-hospital cardiac arrest;
IQR, interquartile range; OHCA, out-of-hospital cardiac arrest; PCl, percutaneous
coronary intervention; PEA, pulseless electrical activity; pVT, pulseless ventricular
tachycardia; ROSC, return of spontaneous circulation; STEMI, ST segment elevation
myocardial infarction; NSTEMI, non-segment elevation myocardial infarction; VF,
ventricular fibrillation.

<10 min (adjusted OR [95% CI], 3.63 [1.94-6.76]), and
shockable rhythm at presentation (adjusted OR [95% CI],
6.14 [2.88-13.09]) (Table 2). In the subanalysis including
only those with a known initial rhythm (226 OHCA patients

Table 2 Logistic regression analysis of variables associated with
survival to hospital discharge in OHCA and IHCA patients treated
with targeted temperature management

Characteristics Survivors Unadjusted OR Adjusted OR**

N=I51 (%) (95% CI) (95% CI)

Cardiac arrest site

IHCA 26 (17) 0.98 (0.53-1.81)  0.98 (0.43-2.24)
OHCA 125 (83) | (ref) | (ref)

Gender
Male 123 (81) 1.60 (0.91-2.82)  1.24 (0.64-2.37)
Female 28 (19) I (ref) I (ref)

Age
<60 years 73 (48) 320 (1.91-5.35)  3.33 (1.86-5.95)
>60 years 78 (52) | (ref) I (ref)

CPR by bystander
CPR by 111 (74) 1.97 (1.15-3.38)  2.42 (1.28-4.55)
bystander
No bystander 40 (26) I (ref) I (ref)

Time to ROSC
ROSC <I0 min 66 (44) 2.58 (1.53-4.36) 3.63 (1.94-6.76)
ROSC >10 min 85 (56) I (ref) | (ref)

Initial rhythm
Shockable 129 (85) 5.59 (3.01-10.40) 6.14 (2.88-13.09)
Non-shockable 16 (11) I (ref) | (ref)
Unknown*#* 64 0.87 (0.27-2.78)  1.98 (0.49-7.98)

Etiology of cardiac

arrest
STEMI 86 (57) 1.97 (1.22-3.18)  1.28 (0.73-2.26)
Other 65 (43) I (ref) I (ref)

etiology**¥*

Notes: **Adjusted for site of cardiac arrest (IHCA vs OHCA), gender (male vs
female), age (<60 years vs >60 years), CPR by bystander (yes vs no), time to ROSC
(<10 vs >10 min), initial rhythm (shockable vs non-shockable vs unknown), and
etiology of cardiac arrest (STEMI vs etiology other than STEMI). ***Unknown initial
rhythm. ¥**Qther etiology: non-STEMI, primary arrhythmia, and noncardiac causes.
Abbreviations: CI, confidence interval; CPR, cardiopulmonary resuscitation;
IHCA, in-hospital cardiac arrest; OHCA, out-of-hospital cardiac arrest; OR, odds
ratio; ref, reference; ROSC, return of spontaneous circulation; STEMI, ST segment
elevation myocardial infarction.

and 44 THCA patients), the crude ORs for survival to hos-
pital discharge for shockable OHCA and IHCA were 7.90
(95% CI, 3.50-17.90) and 11.60 (95% CI, 3.42-39.03),
respectively, compared with non-shockable OHCA (reference
group), whereas the crude OR for non-shockable IHCA was
2.50 (95% CI, 0.78-7.80).

Part 2 (long-term survival) included a total of 125 OHCA
and 26 IHCA patients who survived to hospital discharge with
amedian of 5.0 years (interquartile range [IQR], 3.7—6.3) and
5.8 years (IQR, 4.2-8.6) of observation, respectively. The two
groups consisted mainly of male patients (81% vs 82%) with
a median age of 61 years (Table 3). There was no difference
in time to ROSC between the groups. The main differences
were a higher number of IHCA patients with non-shockable
rhythm at presentation (IHCA, 30% vs OHCA, 6%), a higher
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Table 3 Baseline characteristics of OHCA and IHCA patients
treated with targeted temperature management who survived to
hospital discharge

Characteristics OHCA IHCA P-value
n=125 n= 26
Male, n (%) 102 (82) 21 (81) 0.921
Age, years, median (IQR) 61 (53-69) 61 (54-73) 0.536
Initial rhythm, n (%)
VF 105 (84) 14 (54) 0.001
pvT 9(7) 1 (4)
Asystole 43) 4 (15)
PEA 4 (3) 4 (15)
Unknown 3(2) 2 (8)
Pre-arrest comorbidity, n (%)
Diabetes 9(7) 0(0) 0.158
Hypertension 38 (30) 11 (42) 0.238
Hypercholesterolemia 13 (10) 3(12) 0.864
Ischemic heart disease 24 (19) 3(12) 0.354
CPR by bystander, n (%) 87 (70) 26 (100) 0.001
Time to ROSC (min), median 14 (8-20) 10.5 (6-17) 0.186
(IQR)
Etiology of cardiac arrest
STEMI, n (%) 72 (58) 14 (54) 0.725
NSTEMI, n (%) 14 (1) 2(8)
Primary arrhythmia, n (%) 24 (19) 7 (27)
Noncardiac, n (%) 15 (12) 3(12)
Acute CAG, n (%) 90 (72) 18 (69) 0.776
Primary PCI, n (%) 61 (49) 13 (50) 0911
Vasoactive drugs, n (%)
Epinephrine* 8 (6) 5(19) 0.034
Other vasoactive drugs 105 (84) 19 (73) 0.186
No vasoactive drugs 12 (10) 2(8) 0.760
IABP, n (%) 19 4 (I5) 0.307
Temporary pacemaker, n (%) 14 (1) 7(27) 0.035
Length of hospital stay, Il (6-16) 9 (5-15) 0.189
median days (IQR)
CPC 1-2 at hospital discharge 106 (85) 24 (92) 0.642

Note: *Epinephrine given along with other vasoactive drugs

Abbreviations: CAG, coronary arteriography; CPC, cerebral performance
categories; CPR, cardiopulmonary resuscitation; IABP, intra-aortic balloon pump;
IHCA, in-hospital cardiac arrest; IQR, interquartile range; OHCA, out-of-hospital
cardiac arrest; PCIl, percutaneous coronary intervention; PEA, pulseless electrical
activity; pVT, pulseless ventricular tachycardia; ROSC, return of spontaneous
circulation; STEMI, ST segment elevation myocardial infarction; NSTEMI, non-
segment elevation myocardial infarction; VF, ventricular fibrillation.

rate of CPR by bystander (IHCA, 100% vs OHCA, 70%),
and a higher rate of placement of a temporary pacemaker in
the IHCA group (IHCA, 27% vs OHCA, 11%). About 92%
of OHCA and 92% of IHCA patients were alive after 1 year,
and 83% of OHCA and 77% of IHCA were alive at the end
of observation. Long-term survival did not differ significantly
(Figure 1) (adjusted HR [95% CI], 1.51 [0.59-3.91]).

Age <60 years (adjusted HR [95% CI], 2.73 [1.36-5.52])
was the only independent factor associated with long-term
survival (Table 4). Good neurologic outcome (CPC 1 or 2)
prior to hospital discharge among survivors was seen in 86%

(107/125) of OHCA and 92% (24/26) of IHCA patients
(Table 1).

Discussion

The present study shows no difference in short- and long-
term survival and no difference in neurologic outcome prior
to hospital discharge between consecutive OHCA and IHCA
patients treated with TTM despite increased rate of asystole
as initial thythm in the [HCA group.

Only one study has previously compared IHCA with
OHCA, and their findings are in concordance with this study
as they found no difference in survival.'> Unfortunately, data
on TTM were not available in that study. In general, [HCA
has not received the same level of focused research as OHCA,
and there are no controlled randomized studies regarding the
use of TTM after IHCA. Results from cohort studies show
that TTM did not improve the outcomes in this population,
although the results might have been influenced by the poor
implementation of TTM and the low achievement of target
temperature after IHCA. '8

In terms of age, gender, and preexisting comorbidities,
the two populations in our study were comparable. One of
the main differences between the two populations is the larger
fraction of patients with asystole or pulseless electrical activ-
ity as initial rhythm in the IHCA group. The proportions of
shockable and non-shockable rhythms in IHCA patients vary
substantially in other reports due to differences in patient
populations and settings.®!15:161920 St{]] the proportions of
VF and asystole in IHCA patients are comparable to that
reported in a recent study conducted in a setting similar to
the present analysis.”! Time to ROSC was short not only for
THCA patients but also for OHCA patients due to the highly
effective EMS covering the Copenhagen area.?

Even though THCA patients are typically described as
being in poorer condition with a significantly higher degree
of comorbidity than OHCA patients and therefore at a higher
risk of death per se, no significant differences were found
regarding pre-arrest cardiovascular comorbidity between
the groups.?>?* Not surprisingly, the strongest predictor of
survival in this study was the presence of a shockable initial
rhythm, a prognostic factor that is thoroughly demonstrated
in several other studies.?>*>?7 A subanalysis in our study also
demonstrated that the prognosis of both shockable and non-
shockable initial rthythm in IHCA patients was better than
that for OHCA patients. This finding was not surprising, since
no difference was found in pre-arrest comorbidity and the
ITHCA patients had a higher frequency of CPR by bystander
and shorter time to ROSC, which were also identified as
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Survival probability (%)
0

1 I I
4 6 8

Observation time (years)

Patients at risk

IHCA; 26 24 24 23 23
---- OHCA; 125 115 114 107 103

20 18 13 8 8 7
84 65 46 29 15 7

Figure | Kaplan—Meier curves illustrating cumulative long-term survival in OHCA and IHCA patients treated with targeted temperature management.
Abbreviations: IHCA, in-hospital cardiac arrest; OHCA, out-of-hospital cardiac arrest.

factors strongly associated with survival. Besides this, it is
presumed that cardiac arrest is recognized earlier, that time to
initiation of advanced life support is shorter, that potentially
reversible causes are treated more swiftly, and that the quality
of acute resuscitation, ventilation, and chest compressions
is higher in the in-hospital setting, thereby contributing to
increased survival. Furthermore, the study was conducted at
a hospital with invasive cardiological expertise available day
and night, thereby shortening the time to acute CAG, primary
percutaneous intervention, insertion of temporary pacemaker,
and IABP among IHCA patients, leading to improved odds
for IHCA patients.

The long-term survival in the two populations did not
differ, and age was identified as the sole prognostic factor
for survival. Thus, in this study survival to hospital discharge
after cardiac arrest eliminated any differences in prognosis
related to initial rhythm, CPR by bystander, and time to
ROSC.

The main advantage of this study is that it includes con-
secutive cardiac arrest patients with complete follow-up on
survival. Besides this, the study achieved target temperature
in all patients, and the duration of treatment was between 12
and 24 h, as dictated by the guidelines, in 98% and 97% of
the patients, thus making the comparison of the two groups
more reliable. Finally, this is the only study that has compared
consecutive OHCA and THCA patients and described their
long-term survival.

The main limitation of the present study is the limited
number of IHCA patients, which decreased the strength of
the results and did not allow for propensity-matched analysis.
Furthermore, the present study did not have detailed informa-
tion on noncardiac causes of cardiac arrest which could have
explained the lack of difference in survival between the two
populations. Another limitation is that in order to be treated
with TTM, the IHCA patients must fulfill strict inclusion
criteria, thereby introducing a selection bias making them a
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Table 4 Univariate and multivariate Cox regression analysis of
factors associated with long-term survival after hospital discharge
in OHCA and IHCA patients treated with targeted temperature

management

Disclosure
The first and the last author are related by marriage. The
authors report no conflicts of interest in this work.

Characteristics  Survivors  Unadjusted Adjusted HR**
N=151 (%) HR (95% CI) (95% CI)
Cardiac arrest site
IHCA 26 (17) 0.81 (0.37-1.76)  1.51 (0.59-3.91)
OHCA 125 (83) I (ref) | (ref)
Gender
Male 123 (81) 1.33 (0.61-2.90) 1.24 (0.5-2.77)
Female 28 (19) I (ref) I (ref)
Age
<60 years 73 (48) 242 (1.22-4.76) 2.73 (1.36-5.52)
>60 years 78 (52) I (ref) | (ref)
CPR by bystander
CPR by 11 (74) 1.00 (0.46-2.16)  0.92 (0.41-2.06)
bystander
No bystander 40 (26) I (ref) I (ref)
Time to ROSC
ROSC <I0 min 66 (44) 0.83 (0.44-1.56) 1.06 (0.54-2.10)
ROSC >10 min 85 (56) I (ref) | (ref)
Initial rhythm
Shockable 129 (85) 1.85(0.72-4.72)  1.89 (0.68-5.24)
Non-shockable 16 (11) | (ref) | (ref)
Unknown*¥* 6(4) 0.61 (0.15-2.44)  0.42 (0.10-1.75)
Etiology of cardiac
arrest
STEMI 86 (57) 1.66 (0.88-3.12)  1.25 (0.63-2.45)
Other 65 (43) I (ref) I (ref)

etiology *##*

Notes: **Adjusted for site of cardiac arrest (IHCA vs OHCA), gender (male vs
female), age (<60 years vs >60 years), CPR by bystander (yes vs no), time to ROSC
(<10 vs >10 min), initial rhythm (shockable vs non-shockable vs unknown), and
etiology of cardiac arrest (STEMI vs etiology other than STEMI). ***Unknown initial
rhythm. ¥***Qther etiology: non-STEMI, primary arrhythmia, and noncardiac causes.
Abbreviations: Cl, confidence interval; CPR, cardiopulmonary resuscitation;
HR, hazard ratio; IHCA, in-hospital cardiac arrest; OHCA, out-of-hospital cardiac
arrest; ref, reference; ROSC, return of spontaneous circulation; STEMI, ST segment
elevation myocardial infarction.

highly selected group with improved prognosis. As a conse-
quence, the results cannot be transferred to IHCA patients in
general. In addition, data on long-term follow-up of neuro-
logic function were not collected, and therefore, inferences
on the long-term neurologic outcome cannot be drawn.

Conclusion

This study shows no difference in survival and neurologic
outcome at hospital discharge between consecutive OHCA
and IHCA patients treated with TTM at a Danish tertiary
university heart center despite higher frequency of asystole in
the IHCA group. Even though asystole is usually associated
with poor outcome, it may have been counteracted by a high
rate of bystander CPR and short time to ROSC.
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