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Background: This study aimed to compare outcomes of targeted temperature management (TTM) for patients with in-hos-
pital and out-of-hospital cardiac arrest using the national database of Talwan network of targeted tempera-
ture ManagEment for CARDiac arrest (TIMECARD) registry.

Material/Methods: A retrospective, matched, case-control study was conducted. Patients with in-hospital cardiac arrest (IHCA)
treated with TTM after the return of spontaneous circulation (ROSC) were selected as the case group and con-
trols were defined as the same number of patients with out-of-hospital cardiac arrest (OHCA), matched for
sex, age, Charlson comorbidity index, and cerebral performance category. Neurological outcome and survival
at hospital discharge were the primary outcome measures.

Results: Data of 103 patients with IHCA and matched controls with OHCA were analyzed. Patients with IHCA were more
likely to experience witnessed arrest and bystander cardiopulmonary resuscitation (CPR). The duration from
collapse to the beginning of CPR, CPR time, and the duration from ROSC to initiation of TTM were shorter in
the IHCA group but their initial arterial blood pressure after ROSC was lower. Overall, 88% of patients survived
to completion of TTM and 43% survived to hospital discharge. Hospital survival (42.7% vs 42.7%, P=1.00) and
favorable neurological outcome at discharge (19.4% vs 12.7%, P=0.25) did not differ between the 2 groups.

Conclusions: The findings from the national TIMECARD registry showed that clinical outcomes following TTM for patients
with IHCA were not significantly different from OHCA when baseline factors were matched.
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Background

In-hospital cardiac arrest (IHCA) is a highly morbid event with
an incidence of 1.51 to 3.25 events per 1000 admissions report-
ed in the literature [1,2]. Less than 20% of patients who were
successfully resuscitated after IHCA survived to discharge [1-3]
and half of the survivors died within 1 year [4]. Unlike patients
who experienced out-of-hospital cardiac arrest (OHCA), IHCA
patients tend to present with more pre-existing comorbidities
and higher disease severity at the time of cardiac arrest [5,6].
Around 80% of them had a non-shockable initial rhythm [7,8].
They are also more likely to experience witnessed collapse, by-
stander cardiopulmonary resuscitation (CPR), and have medical
professionals as first responders who have access to tools and
medications not readily available to OHCA responders [5,9].
Compared with OHCA, the rate of regain spontaneous circula-
tion (ROSC) among IHCA patients was higher, ranging between
42% and 66% [1-3], and their duration of resuscitation was
shorter [10]. Given the aforementioned differences, whether
treatments proved to improve outcomes of OHCA would be
equally effective in IHCA patients requires more investigation.

Targeted temperature management (TTM) is a complex thera-
peutic intervention designed to induce and maintain body tem-
perature at mild hypothermia for a certain period of time [11].
TTM exerts its neuroprotective effects through multiple mech-
anisms, including reduction of brain metabolism, attenuation
of reactive oxygen species formation, attenuation of immune
response during reperfusion, and blockage of apoptosis. It has
been used in critically ill patients, such as post-cardiac arrest
survivors, patients with traumatic brain injury, and hypox-
ic encephalopathy in newborns [11,12], but it has also been
linked to complications such as secondary infections, venti-
lator-associated pneumonia, sepsis, coagulopathy, and elec-
trolytes imbalance, especially in those with pre-existing con-
ditions [13,14]. TTM gradually has become standard of care
for post-cardiac arrest patients after 2 landmark studies were
published in 2002. Researchers found that when survivors of
OHCA whose initial rhythm was shockable (ventricular fibrilla-
tion or pulseless ventricular tachycardia) were treated with a
targeted temperature of 32-34°C, the active temperature con-
trol reduced mortality and increased the rate of favorable neu-
rological outcomes [15,16]. Similar benefits were also demon-
strated in subsequent studies focusing on OHCA patients who
had non-shockable initial rhythm [7,17,18]. In terms of what
temperature should be targeted at, Nielsen et al found that
for OHCA survivors who remained unconscious, the clinical
outcomes of hypothermia at 33°C was not superior to a tar-
get at 36°C [19], while a recent trial published in 2019 includ-
ing 581 comatose cardiac arrest survivors with non-shockable
initial rhythm (27.4% of the patients had IHCA) showed that a
moderate hypothermia at 33°C led to a better neurologic out-
come at 90 days compared with a normothermia group [20].
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Based on currently available evidence, the International
Liaison Committee on Resuscitation and the American Heart
Association [21,22] suggested considering use of TTM, target-
ing a constant temperature between 32°C and 36°C, in patients
who remain comatose after resuscitation from either OHCA or
IHCA with any initial rhythm.

The recommendation remains weak for IHCA survivors due to lack
of good-quality evidence. So far, no randomized controlled trial
has been published that investigated the effects of TTM on IHCA
survivors. A few retrospective observational analyses showed only
2-13% of IHCA patients received TTM after regaining spontaneous
circulation (ROSC) [23-25], and of those, only about 40% of them
had achieved the targeted temperature [6,23]. Of the 5 studies
comparing clinical outcomes of IHCA patients treated with TTM ver-
sus usual care, 2 were inconclusive (no benefits identified) [26,27],
1 showed that TTM was associated with a favorable neurologic
outcome [25], and the other 2 showed that TTM was associat-
ed with a lower likelihood of hospital discharge and a worsened
neurologic survival [24,28]. Among them, the largest retrospective
study focusing on IHCA patients was published in 2013 [28], us-
ing data from the Get With The Guideline-Resuscitation Registry.
The results indicated potentially harmful effects of therapeutic
hypothermia in INCA survivors. However, only 6% of the 26 183
IHCA patients were treated with TTM, which raised the concern
of selection bias, and over 75% of the data regarding body tem-
perature in both groups were missing. The results of this study
were not considered powerful enough to change the recommen-
dation in guidelines [29]. On the other hand, when comparing
IHCA and OHCA patients treated with TTM, 2 retrospective stud-
ies published in 2016 showed no differences in short- and long-
term survival rates or neurologic outcomes, indicating the bene-
fits of TTM for both groups might be similar [6,30].

Th e present study was conducted to test the hypothesis that
benefits of targeted temperature control for patients with IHCA
would be similar to those with OHCA when baseline character-
istics and comorbidities are controlled, using the national data-
base of Talwan network of targeted temperature ManagEment
for CARDiac arrest (TIMECARD) registry [31].

Material and Methods

This study was approved by the Institutional Review Board
(IRB) of Taipei Mackay Memorial Hospital (IRB number:
18MMHIS047), and the requirement for informed consent
was waived.

Study Design and Patient Enrollment

This multicenter, retrospective, case-controlled study was
conducted in Taiwan using data collected from the Talwan
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network of targeted temperature ManagEment for CARDiac
arrest (TIMECARD) registry. Ten tertiary medical centers par-
ticipated in this program. Patients over 20 years of age who
experienced cardiac arrest and received TTM after successful
resuscitation between January 2014 and August 2019 were
enrolled. TTM referred to strict temperature control using dif-
ferent cooling devices to target the core body temperature to
between 33°C and 36°C following the return of spontaneous
circulation (ROSC) after a cardiac arrest, regardless of initial
rhythm. TTM protocols and sedation/analgesics/muscle-re-
laxant protocols varied from hospital to hospital but were ac-
cepted by the national academic societies and adhere to in-
ternational guidelines. Individual patient-level data, delinked
with private information, including baseline features, pre-ex-
isting comorbidities, location of cardiac arrest, resuscitation
characteristics, TTM settings, and possible related complica-
tions, clinical course, and outcomes, were recorded using an
online case report system [31]. Neurological outcomes were
recorded using Glasgow-Pittsburgh cerebral performance cat-
egory (CPC) scores. A CPC score of 1 or 2 was considered to
indicate a favorable neurological outcome, and a CPC score
of 3 to 5 was considered to be a poor neurological outcome
[16]. Data from electrophysiology studies, including somat-
ic sensory evoked potential and electroencephalogram, and
biomarkers of blood or CSF were not available in this registry.
The Charlson comorbidity index (CCI) was used to categorize
the burden of comorbidities for each patient [32,33]; the in-
dex assigns a weight for each comorbid disease, and the score
is the total of assigned weights.

All adult cardiac arrest survivors (aged >20 years) treated with
TTM in the registry were eligible for the present study. Traumatic
cardiac arrest was excluded. Study patients were then select-
ed and classified into 2 groups: the case group included pa-
tients who experienced IHCA and the control group included
those who experienced OHCA, with a 1: 1 ratio matched for
age (within 5 years), sex, Charlson comorbidity index (within
2 points), and pre-arrest CPC score (in the same group of per-
formance; good performance defined as 1 or 2 and bad per-
formance defined as a score >3) manually. Clinical course, re-
suscitation, and TTM-related characteristics and outcomes in
cases and controls were compared. A shockable rhythm was
defined as pulseless ventricular tachycardia or ventricular fi-
brillation at the beginning of resuscitation. Neurological out-
come and survival at hospital discharge were the primary out-
come measures.

Statistical Analysis

Results are expressed as n (%) for categorical variables.
Descriptive statistics were reported as mean+standard de-
viation (SD) or median and interquartile range for continu-
ous variables. The groups were compared using the t test for
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numerical data and Pearson’s chi-squared test or Fisher’s ex-
act test for categorical data, as appropriate.

Logistic regression models were used to explore independent
risk factors for in-hospital mortality and patients’ neurologi-
cal outcomes. Univariate analyses were performed separately
for each risk factor to ascertain the odds ratio and 95% con-
fidence interval. All biologically plausible variables with P val-
ue of <0.10 in the univariate analysis were considered for in-
clusion in the logistic regression model during the multivariate
analysis. A backward selection process was used. All data were
processed using IBM SPSS Statistics software (version 20.0;
IBM Corp., Armonk, NY, USA). Differences were considered to
have reached the significance level with a two-tailed P<0.05.

Results

During the study period, a total of 580 adult cardiac arrest
survivors treated with TTM were registered in the TIMECARD
database and 67 of them with traumatic cardiac arrest were
excluded. Data from the remaining 513 cases were retrospec-
tively extracted from the registry. Among them, 103 of the 110
patients with IHCA were selected as the case group and the
same number of patients with OHCA, matched for age, sex,
pre-arrest CCl, and pre-arrest CPC, were selected as the control
group. Seven IHCA survivors were not included due to lack of
matched controls. Sixty percent of the IHCA patients were re-
suscitated in either the emergency department (ED) or inten-
sive care unit (ICU) and 34.0% in the ordinary ward. Other lo-
cations where IHCA occurred included the hemodialysis room,
cardiac catheterization lab, and out-patient clinic.

Baseline characteristics and pre-existing conditions of patients
are shown in Table 1. Half of the patients in both groups had a
CCl >5 (49.5% vs 50.5%, P=1.000). Despite the matching pro-
cess, patients with IHCA were more likely to have chronic kid-
ney disease (36.9% vs 24.3%, P=0.049) and less likely to have
cerebrovascular accident (8.7% vs 21.4%, P=0.018).

Resuscitation-associated parameters and characteristics af-
ter ROSC are displayed in Table 2. Patients with IHCA were
more likely to experience witnessed collapse (95.2% vs 73.8%,
P=0.000), bystander CPR (85.4% vs 58.3%, P=0.000), and a
shorter duration from collapse to initiation of CPR (1.5+5.6 vs
10+12 min, P=0.000). No significant differences were found
between groups in initial rhythm, presumed cardiac collapse,
use of medications, and use of extracorporeal membrane oxy-
genation during resuscitation. Patients with IHCA had a short-
er CPR duration (16.6+16.8 vs 25.8+17.4 min, P=0.000), but
their arterial blood pressure was lower (mean: 88.3+32.1 vs
101.1434.0 mmHg, P=0.006) and body temperature was high-
er (36.4+1.3 vs 35.9+1.6°C, P=0.008) at ROSC. They were also
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Table 1. Baseline characteristics and pre-existing comorbidities of patients with IHCA and OHCA receiving targeted temperature.

IHCA
Male, N (%) 67

 Age,median QR 715
 Pre-arrest CPC, median (IQR) - 1
 Pre-amrest comorbidies
" Diabetes melltus, N %) 53
 Hypertension,N (%) 61
 Coronary artery disease, N %)) 25
' Heartfailue,NG) 31
 ArhythmiaN©® 18
 Chronic lung disease, N %) 13
 Chronic kidney disease, N (%) 38
© End-stage renal disease, N %) 7
 lvercimhosis, N 3
 Cerebrovascular disease, N%) 9
 Hyperlipidemia NG&) 23
 Activemalignaney, NG9 24
 Pre-arrest Charlson comorbidity index, median (IQR) 4
Cooe2N® 7
CozaN® 35
CossNe) 51

N=103 OHCA N=103 P value
65.0% 67 65.0% 1.000
22.9 70.1 23.0 0.874
1 1 1 0.580
51.5% 46 44.7% 0.329
59.2% 63 61.2% 0.776
24.3% 33 32.0% 0.215
30.1% 27 26.2% 0.535
17.5% 10 9.7% 0.154
12.6% 17 16.5% 0.429
36.9% 25 24.3% 0.049
16.5% 12 11.7% 0.317
2.9% 3 2.9% 1.000
8.7% 22 21.4% 0.018
22.3% 20 19.4% 0.607
23.3% 18 17.5% 0.299
3 5 3 0.830
16.5% 17 16.5% 1.000
34.0% 34 33.0% 1.000
49.5% 52 50.5% 1.000

IHCA — in-hospital cardiac arrest; OHCA — out-of-hospital cardiac arrest; CPC — cerebral performance category; IQR — interquartile

range.

less likely to receive a brain computed tomography examina-
tion (68.0% vs 86.4%, P=0.002).

Table 3 shows the comparison of TTM-related variables and
clinical outcomes between patients experiencing IHCA vs those
experiencing OHCA. Both groups started temperature con-
trol 5 hours after ROSC (4.99+4.38 vs 5.35+3.73, P=0.526).
Most patients in both groups were treated with non-inva-
sive surface cooling devices, including Arctic Sun™ (48.5% vs
44.7%, P=0.576) and a traditional ice blanket (37.9% vs 46.6%,
P=0.204). Four patients in the IHCA group did not reach the tar-
geted temperature. The incidence of possible TTM-related com-
plications was similar in patients experiencing IHCA and those
experiencing OHCA. Hypokalemia (51.5% vs 60.2%, P=0.822),
new infection (49.5% vs 44.5%, P=0.485), and new arrhythmia
(40.8% vs 44.7%, P=0.573) were the 3 most common compli-
cations in both groups. Overall, 88% of patients had survived
to completion of TTM. Survival to discharge (42.7% vs 42.7%,
P=1.000) and favorable neurologic outcome (19.4% vs 12.7%,
P=0.246) at hospital discharge did not differ between the

case and control groups, but survivors among patients with
IHCA had longer ICU length of stay than patients with OHCA
(25.8+18.4 vs 19.5+14.2 days, P=0.048).

The results of univariate analysis for predictors of survival
to discharge are shown in Table 4A. Pre-arrest CPC, pre-ar-
rest CCl, initial shockable rhythm, CPR duration >20 minutes,
heart rate and systolic blood pressure at ROSC, and new ar-
rhythmia during TTM were significant in a multivariate logis-
tic regression analysis and the data were well fitted by the
model (P=0.972 by the Hosmer-Lemeshow test). Predictors of
good neurologic outcome at hospital discharge are listed in
Table 4B. New seizure occurring during TTM, best motor func-
tion at ROSC >3, and use of epinephrine during resuscitation
remained significant in multivariate analysis (P=0.923 by the
Hosmer-Lemeshow test). No single variable could indepen-
dently predict both survival and good neurologic outcome at
hospital discharge.
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Table 2. Resuscitation-associated parameters and characteristics after return of spontaneous circulation of IHCA and OHCA patients

receiving targeted temperature management.

IHCA N=103 OHCA N=103 P value
During resuscitation
~ Time to initiation of CPR (min), mean (D) 5 s6 100 120 0000
"""" Witnessed collapse,N (%) 98  952% 76 738% 0000
"""" Bystander PRN(®$) 8 84% 60  583% 0000
"""" Initial shockable thythm, N (%) 28 272% 31 301% 0644
"""" Presumed cardiac collapse, N (%) 46 447% 53 515% 0329
"""" Use of epinephrine, N(%) 97 942% 8  864% 0098
"""" Dose of epinephrine, mg, mean (D) 45 48 35 31 0076
"""" Use of anti-arrhythmia, N (%) 17 165% 15 146% 0700
"""" Use of NaHCO,N (%) 33 3% 33 3% 1000
"""" Use of calcium,N (%) 14 136% 8  78% 025
"""" Useof ECMON(%) 12 117% 8  78% 0481
CROSC
"""" CPRduration (min), mean (D) 166 168 258 174 0000
"""" Heart rate (bpm), mean (D) 1072 279 1060 303 075
"""" SBP (MmHg), mean (D) 1241 279 1407 447 0011
"""" DBP (nmHg), mean(D) 704 269 814 322 0009
"""" MAP (mmHg), mean(sD) 83 321 101 340 0006
"""" BT (), mean(®) 364 13 359 16 0008
"""" Bestmotor, mean(D) 14 09 14 10 0667
"""" BanCLN(®) 70  680% 8  864% 0002
"""" Coronary angiography, N (%) 22 214% 33 320% 0083

IHCA — in-hospital cardiac arrest; OHCA — out-of-hospital cardiac arrest; SD — standard deviation; ECMO — extracorporeal membrane
oxygenation; ROSC — return of spontaneous circulation; CPR — cardiopulmonary resuscitation; SBP — systolic blood pressure;
DBP — diastolic blood pressure; MAP — mean arterial pressure; BT — body temperature; CT — computed tomography.

Discussion

In this case-control study, we used data from the national
TIMECARD registry to compare the clinical outcomes of TTM
following in-hospital and out-of-hospital cardiac arrest. After
matching baseline characteristics, pre-existing comorbidities,
and pre-arrest neurologic performance, we found no signifi-
cant differences in in-hospital survival and neurologic perfor-
mance at discharge between IHCA and OHCA survivors, indi-
cating that the benefits of TTM are similar in these 2 groups.

Since current guidelines of post-cardiac arrest care for patients
experiencing IHCA are mostly based on study results derived
from the OHCA population [22], our findings, in line with 2
similar previous studies [6,10], could be used to support the
recommendations that suggest use of TTM following in-hos-
pital cardiac arrest [21,22].

However, there are still notable differences in resuscitation-
related variables between our case group and control group
despite matching (Table 2). IHCA survivors had a shorter time
from collapse to initiation of CPR (no-flow time), more wit-
nessed collapse, more bystander CPR, a shorter CPR duration
(low-flow time), and a lower blood pressure immediately after
resuscitation. Some of these factors were associated with a
better clinical outcome after cardiac arrest, and a recent met-
analysis showed that bystander CPR contributed to higher sur-
vival following OHCA [34]. Duration of resuscitation in patients
with IHCA was associated with 30-day survival among those
who had ROSC in a Swedish cohort [35]. In another retrospec-
tive survey, CPR duration of <20 minutes was found to be an
independent predictor for hospital discharge [1]. In contrast,
a lower mean arterial blood pressure and a higher heart rate
after ROSC were associated with increased in-hospital mor-
tality and worse neurologic performance at discharge [36].
The detrimental effect of lower initial blood pressure might
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Table 3. Comparison of targeted temperature management related variables and clinical outcomes between patients with IHCA and

OHCA.

Time from ROSC to TTM (hours), mean (SD)

Hospital stay among survivors (days), mean (SD)

IHCA (N=103) OHCA (N=103) LA

4.99 4.38 5.35 3.73 0.526

3312 o 048 3318 051 0402
S99 9% 103 00% 0840
50 4ss4% 62 60.19% 0093
50 4ssa% 46 4466% 0576
""" 4 38% 3 291% 0700
30 37ee% 48 4660% 0204
2 3% 30 2013% 0199
a s078% 46 4466% 0573
st 4951% 46 4466% 0485
28 o7as% 4 3301% 0362
53 siae% 62 60.19% 0207
10 071% 2 1165% 0822
e 8738% 2 8932% 0664
s s24% 55 53.4% 0889
29 2 30 12 0682
258 184 195 42 0048
7 21% s 47% 1000
s 3 27 12 0593
20 104% 19 185% 0605
20 194% o 27% 0246
462 307 483 0 0770

IHCA — in-hospital cardiac arrest; OHCA — out-of-hospital cardiac arrest; TTM — targeted temperature management; GCS — Glasgow

Coma Scale; CPC — cerebral performance category.

be compensated for by a better resuscitation profile in IHCA
patients, but this correlation needs further research to verify.

A survey in 2016 showed 59% of IHCA occurred in ICUs and
those who arrested in the ICU were more likely to have pre-
existing hypoperfusion, renal and hepatic insufficiency, meta-
bolic abnormalities, and sepsis [37]. Because hypothermia it-
self can inhibit the cellular immune response, cause cardiac
arrhythmia, decrease cardiac output, and suppress renal and
cerebral function, it is reasonable to assume that IHCA survi-
vors might be more susceptible to TTM-related complications
and therefore have worse clinical outcomes. Our study showed
that the incidence of major complications related to TTM were
similar in patients experiencing IHCA and those experiencing
OHCA if their baseline conditions were matched (Table 3), but
we were unable to determine whether the severity and fre-
quency of each documented complication contributed to pa-
tients’ survival or neurologic performance.
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Our study has some limitations. First, since this study was
conducted using data from the national TIMECARD registry, it
was subject to the limitations of any retrospective analysis.
Associations between variables could be identified but caus-
al relationship could not be established. Second, a selection
bias might have occurred. Patients with expected favorable
outcomes were more likely to be treated with TTM to optimize
the prognosis. In addition, we do not have data on patients
who did not receive TTM. Third, our study measured end-points
only at the time of hospital discharge, although long-term func-
tional outcomes may be a more robust measurement of any
treatment effect on patients recovering from cardiac arrest.
Finally, during the 5-year study period, the intensive care for
post-cardiac arrest syndrome might have evolved.
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Table 4A. Predictors of survival to hospital discharge among patients receiving targeted temperature control in this cohort.

Single-variate analysis Multivariate analysis
95% Cl

Pre-arrest CPC 0.776 0.643 0.936 0.008 0.546 0.342 0.871 0.011
Prearestccl 0933 0882 0987 0016 0503 0267 0945 | 0033
Initial shockable rhythm 1626 1166 2268 0004 3145 1484 6667 0003

LCJ;; of epinephrine during (o) 0516 0.926 0.013
Use of NaHCO, during CPR ~ 0.500 0300 0834 0008
Use of calcium during CPR ~ 0.375 0147 0958 0040
|CPR duration >20 minutes ~ 0.536 0344 0835 0006 0495 0260 0943 0033
HRatROSC 2100 bpm 0671 0467 0964 0031 0512 0267 0981 0044
'SBPatROSC<120 mmHg 0400 0254 0630 0000 0424 0231 0777 0.006
BTatROSC<36°C 0621 0410 0941 0025
Targeted temperature, °C 0991 0983 0999 003%
Timeto normothermia

during rewarm phase of 0.989 0.978 1.000 0.049

TTM, hours

New arrhythmia during 0.492 0315 0.767 0.002 0.503 0.267 0.945 0.033

TTM

OR - odds ratio; CPC — cerebral performance category; CCl — Charlson comorbidity index; CPR — cardiopulmonary resuscitation;
HR — heart rate; SBP — systolic blood pressure; BT — body temperature; TTM — targeted temperature management.

Table 4B. Predictors of good neurological outcome at hospital discharge among patients receiving targeted temperature control.

Single-variate analysis Multivariate analysis

Pre-arrest CPC 0.705 0.511 0.972 0.033 0.270 0.070 1.043 0.058
Use of epinephrine during
- 0.604 0.381 0.958 0.032 0.032 0.002 0.435 0.010
resuscitation
ggsstcmtor function at 12.000 1.560 92.287 0.017 11.765 2203 62.500 0.004
Time from ROSC to
initiation of TTM, hours 0.917 0.845 g ER)
Time from ROSC to
initiation of TTM >6 hours by Ui SUER R
Time to normothermia
during rewarm phase of 0.975 0.954 0.996 0.022
TTM, hours
Time to return 0.308 0.100 0.944 0.039 0.231 0.049 1.087 0.064
normothermia >25 hours
New seizure during TTM 0.148 0.052 0.423 0.000 0.086 0.020 0.370 0.001

CPC — cerebral performance category; ROSC — return of spontaneous circulation.
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DATABASE ANALYSIS

Conclusions

The findings from the national TIMECARD registry showed that
clinical outcomes of TTM for patients with in-hospital cardiac
arrest were not significantly different from those with out-of-
hospital cardiac arrest when baseline factors were matched.
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