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Abstract
Background: Evidences that support the use of targeted temperature management (TTM) for in-hospital cardiac arrest (IHCA) are 
lacking. We aimed to investigate the hypothesis that TTM benefits for patients with IHCA are similar to those with out-of-hospital 
cardiac arrest (OHCA) and to determine the independent predictors of resuscitation outcomes in patients with cardiac arrest 
receiving subsequent TTM.
Methods: This is a retrospective, matched, case-control study (ratio 1:1) including 93 patients with IHCA treated with TTM 
after the return of spontaneous circulation, who were admitted to Partners HealthCare system in Boston from January 2011 to 
December 2018. Controls were defined as the same number of patients with OHCA, matched for age, Charlson score, and sex. 
Survival and neurological outcomes upon discharge were the primary outcome measures.
Results: Patients with IHCA were more likely to have experienced a witnessed arrest and receive bystander cardiopulmonary 
resuscitation, a larger total dosage of epinephrine, and extracorporeal membrane oxygenation. The time duration for ROSC was 
shorter in patients with IHCA than in those with OHCA. The IHCA group was more likely associated with mild thrombocytopenia 
during TTM than the OHCA group. Survival after discharge and favorable neurological outcomes did not differ between the two 
groups. Among all patients who had cardiac arrest treated with TTM, the initial shockable rhythm, time to ROSC, and medical 
history of heart failure were independent outcome predictors for survival to hospital discharge. The only factor to predict favorable 
neurological outcomes at discharge was initial shockable rhythm.
Conclusion: The beneficial effects of TTM in eligible patients with IHCA were similar with those with OHCA. Initial shockable 
rhythm was the only independent predictor of both survival and favorable neurological outcomes at discharge in all cardiac arrest 
survivors receiving TTM.
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1. INTRODUCTION
Owing to the increasing growth of the population contribut-
ing to increased cardiovascular deaths worldwide, sudden car-
diac arrest has become an increasing event and a global health 
issue.1,2 Many patients who survive from the cardiac arrest event 
have postcardiac arrest syndrome, a condition characterized by 

ischemia-reperfusion injury leading to oxidative stress, neuro-
logical injury, myocardial dysfunction, and systemic inflamma-
tory response.3 Targeted temperature management (TTM) has 
been associated with decreasing mortality and improving neu-
rological function in patients with out-of-hospital cardiac arrest 
(OHCA) since the two original landmark studies in 2002.4,5 
Advances in postcardiac arrest care incorporating TTM have 
emerged as the standard of care for OHCA in comatose adults 
to improve functional outcomes.4–7

As TTM benefits for patients with OHCA have been well 
described, those for patients with in-hospital cardiac arrest 
(IHCA) have been rarely reported. The varieties of physiology, 
comorbidities, and polypharmacy in patients with IHCA make 
intensive care substantially complex.8 However, majority of pre-
vious studies that focused on TTM paid paltry attention on the 
outcomes in patients with IHCA. Evidences that support the 
use of TTM for patients with IHCA are lacking, and evidences 
also showed that it might not improve the outcomes in this 
population.9,10 Therefore, clinicians should possess a thorough 
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understanding of the factors affecting the outcomes of in-patient 
resuscitation and the disparate features between patients with 
IHCA and OHCA who received TTM.

The benefits of TTM remain increasingly debatable as recent 
studies have shown attenuated improvement in favorable neu-
rological survival as TTM carried risks of bleeding, arrhythmias, 
and electrolyte derangements.11,12 This leads to the question of 
whether therapeutic hypothermia is appropriate as a “one-size-
fits-all” therapy in the postresuscitation care for all patients with 
cardiac arrest. At present, which patients with cardiac arrest 
may benefit the most from TTM remains uncertain. Patients 
who experienced IHCA may be different from those who experi-
enced OHCA13,14 Therefore, this study was conducted to exam-
ine the hypothesis that TTM benefits for patients with IHCA 
are similar to those for patients with OHCA and to determine 
the independent predictors of resuscitation outcomes in patients 
with cardiac arrest receiving subsequent TTM.

2. METHODS

2.1. Study design and setting
The electronic health record data from two large U.S. academic 
provider networks were linked with Medicare claims data.15 
The first network consisted of 1 tertiary hospital (Massachusetts 
General Hospital), 2 community hospitals, and 17 primary 
care centers. The second network included 1 tertiary hospital 
(Brigham and Women’s Hospital), 1 community hospital, and 
16 primary care centers. This retrospective matched case-con-
trol study (ratio 1:1) assessed all adult patients (aged ≥18 years) 
who were admitted from January 2011 to December 2018 and 
experienced a cardiac arrest event. Cardiac arrest was defined 
as the absence of a palpable central pulse, apnea, and unre-
sponsiveness. Patients who survived the initial cardiac arrest 
and underwent therapeutic hypothermia were selected and clas-
sified into two groups: the case group including patients who 
experienced IHCA and the control group including those who 
experienced OHCA, with 1:1 ratio matched for age (within 3 
years), Charlson score (within 3 points), and sex manually. The 
exclusion criteria included early mortality before the TTM was 
completed, missing data, or patients with “do not resuscitate” 
orders. Clinical, epidemiological, and resuscitation character-
istics; possible TTM-related complications; and outcomes in 
cases and controls were compared. The local Ethical Committee 
of Partners HealthCare Institutional Review Board (Protocol 
Number: 2019P000111) approved the study and waived the 
requirement for informed consent.

2.2. TTM protocols
TTM protocols may vary from hospital to hospital but are 
accepted by the national academic societies and adhere to inter-
national guidelines. TTM refers to strict temperature control to 
target the core body temperature between 33°C and 36°C fol-
lowing the cardiac arrest. Patients who fulfilled the following 
criteria were eligible for the initiation of TTM: 1) time within 
6–12 h following the return of spontaneous circulation (ROSC) 
after the cardiac arrest regardless of initial rhythm; 2) ability to 
maintain a mean arterial pressure (MAP) of ≥65 mmHg with 
or without inotropes, or circulatory support devices; 3) coma-
tose state, defined as lack of a meaningful response to verbal 
commands. No absolute contraindications to TTM existed. The 
ultimate decision to begin TTM was based on an assessment 
of potential risks and benefits of hypothermia in each indi-
vidual patient considering the complete clinical situation and 
possible comorbidities. Patients highly at risk of adverse events 
with hypothermia due to recent head trauma, active bleeding, 
major surgery within the last 14 days, severe sepsis, pregnancy, 

or refractory hypotension received TTM targeted specifically 
toward reaching 36°C rather than the range of 33–36°C.

The cooling treatment was immediately initiated, and the pro-
tocol allowed up to 4 h to reach the target temperature. Patients 
were then maintained at the designated target temperature of 
24 h and subsequently rewarmed to 37°C at a rate of 0.25°C per 
hour (not >0.5°C per hour) during a period of 12–16 h. Sedation 
and low-dose analgesia were mandatory throughout the cooling 
and rewarming phases to attain a Bedside Shivering Assessment 
Scale score of 0.16 A neuromuscular blockade agent was admin-
istered as necessary. Due to the pragmatic study design, no fixed 
standardized treatment regimens were applied. After TTM, 
active intervention to prevent fever was recommended for 
another 48 h.

2.3. Data collection and outcomes
Routine patient demographic data, event date, and time, medical 
history as recorded by the International Statistical Classification 
of Diseases and Related Health Problems (ICD-10) diagnostic 
code, physiologic measures, blood analysis data, and patient 
outcomes were retrospectively extracted and collected from 
the registry database and hospital records. These data were 
subsequently verified by two different attending physicians. 
In patients with multiple ensuing IHCAs in the same patient 
within 48 h, only data from the first episode were included to 
prevent confounding effects between events. The time to ROSC 
was defined as the time from collapse or alarm call until ROSC 
was established. The sequential organ failure assessment (SOFA) 
score within the first 24 h after admission was used to evaluate 
the severity of multiple organ dysfunction.17 Neurological out-
come and survival at hospital discharge were the primary out-
come measures. Subsequent hospital length of stay (LOS) after 
the cardiac arrest event was the secondary outcome. The neu-
rological outcome was assessed using the Glasgow–Pittsburgh 
Cerebral Performance Categories (CPC) scale at discharge and 
recorded as CPC 1 (good performance), CPC 2 (moderate dis-
ability), CPC 3 (severe disability), CPC 4 (vegetative state), or 
CPC 5 (brain death or death).18 The neurological outcome at 
discharge was dichotomized by the CPC to good (1–2) or poor 
(3–5).

2.4. Statistical analysis
Results are expressed as n (%) for categorical variables. 
Descriptive statistics were reported as mean ± SD or median 
interquartile range for continuous variables. The groups were 
compared using the Student’s t-test for numerical data and 
Pearson’s chi-squared test or Fisher’s exact test for categorical 
data, as appropriate. Logistic regression models were used to 
explore independent risk factors for in-hospital mortality and 
patients’ neurological outcomes. Univariate analyses were per-
formed separately for each risk factor to ascertain the odds ratio 
and 95% CI. All biologically plausible variables with p value of 
<0.10 in the univariate analysis were considered for inclusion 
in the logistic regression model during the multivariate analysis. 
A backward selection process was used. All analyses were pro-
cessed using the 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.

3. RESULTS

During the study period, 400 eligible patients received TTM after 
the cardiac arrest (Fig. 1). Among them, 93 patients with IHCA 
were selected as the case group. The control group was identified 
by obtaining the same number of patients with OHCA, matched 
for age, Charlson score, and sex. Demographic data, underlying 
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diseases, and resuscitation variables are displayed in Tables 1 and 2.  
No significant differences were detected in the body mass index, 
ethnicity, smoking status, coexisting conditions, initial rhythm, 
presumed cardiac cause, and coronary reperfusion with percu-
taneous coronary intervention. Patients with IHCA were more 
likely to have experienced a witnessed arrest (93.5% vs. 36.6%; 
p < 0.001), receive by-stander cardiopulmonary resuscitation 
(CPR) (93.5% vs. 36.6%; p < 0.001), larger total dosage of 
epinephrine (3.4 mg vs. 2.4 mg; p < 0.045), and extracorporeal 
membrane oxygenation (6.5% vs. 0%; p = 0.013). The time 
duration for ROSC was shorter in patents with IHCA (mean 
difference, 19.5–16.6 minutes = 174 seconds) than that in those 
with OHCA.

Patient characteristics after ROSC, TTM effects on coagula-
tion and electrolyte parameters, and resuscitation outcomes at 
discharge are shown in Table 3. Overall, after ROSC, patients 
with IHCA had higher SOFA scores (9.5 vs. 8.4; p = 0.004), 
lower blood glucose levels (119.1 mg/dL vs. 259.6 mg/dL;  
p = 0.002), lower MAP (73.1 mmHg vs. 85.5 mmHg; p < 0.001), 
and longer subsequent LOS (19.7 days vs. 12.7 days; p = 0.025) 
than that in those with OHCA. The IHCA group was more 
likely to be associated with mild thrombocytopenia (platelet 
count, <150 K/μL) during TTM; however, neither the standard 
coagulation nor the electrolyte parameters showed any differ-
ences between the two groups. Finally, survival to discharge 
and favorable neurological outcomes did not differ between the 
IHCA and OHCA groups.

The univariate analysis showed that initial shockable rhythm, 
time to ROSC, total epinephrine dosage, presumed cardiac 
cause, coronary artery disease, heart failure, and SOFA within 
24 hours after the event are predictors of survival at discharge 
among patients receiving TTM (Table  4). In the multivariate 
regression analysis, the initial shockable rhythm, time to ROSC, 
and past medical history of heart failure were independent out-
come predictors for survival to hospital discharge. Factors that 

significantly predicted the favorable neurological outcome at 
discharge in the logistic regression analysis are shown in Table 5. 
The univariate analysis of predictors was an initial shockable 
rhythm, total epinephrine dosage, presumed cardiac cause, and 
SOFA within 24 hours after the event. Multivariate analysis 
revealed that the only factor to predict favorable neurological 
outcomes at discharge was the initial shockable rhythm. IHCA 
was not a pivotal factor affecting the resuscitation outcomes of 
patients after the cardiac arrest who received TTM.

4. DISCUSSION
Despite substantial improvements in resuscitation efforts 
over the last few decades, outcomes of OHCA and IHCA 
remain poor.19–22 In clinical scenarios, significant disparity 
was observed in the utilization of TTM. In contrast to OHCA 
patients with ROSC of whom at least 50% qualify for TTM,23,24 
<7% of patients with IHCA qualify for therapeutic hypother-
mia.9,25 However, differences in TTM influence between IHCA 
and OHCA should be investigated because cardiac arrest still 
affects approximately 200,000 hospitalized individuals annu-
ally in the USA.26

Fig. 1. A schematic diagram showing the selection process of patients for 
analysis (from 2011 to 2018). CA = cardiac arrest; TTM = targeted temperature 
management; DNR = do not resuscitate.

Table 1.

Demographic data of patients with IHCA and OHCA receiving TTM

IHCA (N = 93) OHCA (N = 93) p

Sex
 Male, N (%) 61 (65.6) 61 (65.6) 1.000
 Female, N (%) 32 (34.4) 32 (34.4)  
Age, mean (SD) 65.5 (13.7) 65.5 (13.8) 0.977
BMI, mean (SD) 28.1 (5.7) 28.9 (6.7) 0.982
Ethnicity, N (%)   0.693
 White 63 (67.6) 68 (73.0)  
 Black 17 (18.3) 11 (11.8)  
 Hispanic 8 (8.6) 6 (6.5)  
 Asian 1 (1.1) 1 (1.1)  
 Mixed 2 (2.2) 2 (2.2)  
 Not recorded 2 (2.2) 5 (5.4)  
Smoking status, N (%)
 Former smoker 27 (29.0) 27 (29.0) 1.000
 Current smoker 17 (18.3) 24 (25.8) 0.216
 Nonsomker 31 (33.3) 22 (23.7) 0.131
 Unknown 18 (19.4) 20 (21.5) 0.716
Coexisting conditions, N (%)
 Hypertension 57 (61.3) 57 (61.3) 1.000
 Diabetes mellitus 47 (50.5) 36 (38.7) 0.105
 Chronic lung disease 27 (29.0) 26 (28.0) 0.871
 Coronary artery disease 39 (41.9) 46 (49.5) 0.303
 Heart failure 34 (36.6) 25 (26.9) 0.156
 Arrhythmia 33 (35.5) 43 (46.2) 0.136
 Peptic ulcer disease 19 (20.4) 18 (19.4) 0.854
 Hepatic insufficiency 7 (7.5) 6 (6.5) 0.774
 Renal insufficiency 39 (41.9) 35 (37.6) 0.549
 Uremia under regular hemodialysis 13 (14.0) 6 (6.5) 0.090
 Cerebrovascular disease 13 (14.0) 17 (18.3) 0.425
 Dementia 1 (1.1) 4 (4.3) 0.368
 Connective tissue disease 6 (6.5) 3 (3.2) 0.305
 Solid tumor 18 (19.4) 23 (24.7) 0.376
 Leukemia/lymphoma 7 (7.5) 1 (1.1) 0.064
Charlson score, mean (SD) 6.0 (2.9) 5.5 (2.5) 0.192
 0–2 12 (12.9) 11 (11.8) 0.643
 3 or 4 15 (16.1) 20 (21.5)  
 ≥5 66 (71.0) 62 (66.7)  

IHCA = in-hospital cardiac arrest; OHCA = out-of-hospital cardiac arrest; TTM = targeted tempera-
ture management; Age (in years); BMI = body mass index.
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The use of TTM remains controversial in patients with IHCA, 
and the International Liaison Committee on Resuscitation 
makes a much weaker recommendation for TTM utilization in 
patients with IHCA than those with OHCA.27 Contradictory to 
previous findings,9,10,14,28 the beneficial effects of TTM in IHCA 
regarding survival and neuroprotection were found to be similar 
to those in OHCA. The majority of patients with IHCA expe-
rienced a witnessed cardiac arrest and received bystander CPR. 
However, the IHCA group had higher SOFA scores and lower 
initial MAPs, which are associated with early in-hospital mor-
tality.29 The detrimental effect might be compensated by signifi-
cantly shorter time duration to ROSC in the IHCA group. Time 
to ROSC possibly acts as a mortality marker and brain injury 
severity among cardiac arrest survivors and is inversely asso-
ciated with the likelihood of neurological recovery.30–32 Effects 
of TTM may not be consistent over the full spectrum of the 
time to ROSC. Theoretically, time to ROSC may be further 
dichotomized into “no-flow time” and “low-flow time.” In 1987, 
Bulkley postulated a bimodal model of injury after a prolonged 
ischemia followed by reperfusion.33,34 Postresuscitation hypo-
thermia treatment imparts beneficial effects by diminishing early 
excitotoxic and intermediate inflammatory reactions and later 
apoptotic cell death.35–37 The duration of resuscitation efforts, 
corresponding to the “low-flow time,” influences the TTM effec-
tiveness.38 A prolonged period of “low-flow time” with subphys-
iological perfusion worsens the reperfusion injury and therefore 
treating these processes, even with the TTM application, may no 
longer be possible. In this study, the exact “no-flow time” and 
“low-flow time” of each patient were not measured because of 
insufficient medical records. It should be pointed out that some 

heterogeneity on the actual exposure to “no-flow time” must 
be expected, and thus, the time correlation to ROSC and the 
actual magnitude of the reperfusion injury may not be perfect. 
Nevertheless, a significantly shorter time to ROSC did play a 
major role in advantageously influencing the outcomes.

Aside from describing the comparisons of IHCA and OHCA, 
we sought to assess the prognostic implication of pertinent fac-
tors for patients with cardiac arrest who received TTM. With 
regard to outcome analysis, significant predictors of survival 
at discharge were the initial shockable rhythm and shorter 
time to ROSC. Interestingly, another significant predictor was 
a past medical history of heart failure. We assumed that these 
patients may have a certain degree of protective effect conferred 
upon them from the routine use of heart failure medications. 
The actual mechanism of this effect requires further holistic 
investigation.

Hypothermia itself can inhibit the cellular immune response; 
cause cardiac arrhythmias, decrease cardiac, renal, gastrointesti-
nal, and cerebral function; and induce coagulopathy.39 With the 
paucity of complete documentation, only platelet counts, pro-
thrombin time, and activated partial thromboplastin time were 
presented, instead of actual bleeding or thrombosis complica-
tions, such as bleeding in critical organs or in-stent thrombosis 
after the percutaneous coronary intervention. The probability of 
hypothermia-related complications such as severe coagulopathy 
and renal dysfunction was not significantly different between 
the IHCA and OHCA groups.

In our study, detailed information regarding the targeted 
temperature and cooling method for each patient is shown. 
However, a previous trial published in 2013 showed that hypo-
thermia at a target temperature of 33°C was not beneficial 

Table 2.

Event-associated parameters of IHCA and OHCA patients 
receiving TTM

IHCA (N = 93) OHCA (N = 93) p

Initial rhythm, N (%)
 Shockable 24 (25.8) 36 (38.7) 0.060
 Nonshockable 69 (74.2) 57 (61.3)  
Witnessed, N (%) 87 (93.5) 34 (36.6) <0.001*
Bystander CPR, N (%) 87 (93.5) 34 (36.6) <0.001*
Being transferred, N (%) 34 (36.6) 33 (35.5) 0.879
Presumed cardiac cause, N (%) 30 (32.3) 32 (34.4) 0.756
PCI, N (%) 27 (29.0) 31 (33.3) 0.527
Time to return for spontaneous circulation (min)
 Mean (SD) 16.6 (16.3) 19.5 (15.5) 0.034*
 Median (IQR) 12 (7–23) 15 (10–25)  
 <10 35 (37.6) 16 (17.2) 0.018*
 10~19 29 (31.2) 40 (43.0)  
 20~29 10 (10.8) 18 (19.4)  
 30~59 17 (18.3) 15 (16.1)  
 >60 2 (2.2) 4 (4.3)  
Cumulative dosage of epinephrine, N (%)
 0 15 (16.1) 29 (31.0)  
 1 10 (10.8) 11 (11.8)  
 2 27 (28.9) 14 (15.1)  
 3 12 (12.9) 17 (18.3)  
 4–6 12 (12.9) 17 (18.3)  
 7–9 11 (11.9) 3 (3.3)  
 ≥10 6 (6.5) 2 (2.2)  
Total dosage of epinephrine, mean (SD) 3.4 (3.7) 2.4 (2.7) 0.046*
ECMO use, N (%) 6 (6.5) 0 (0.0) 0.013*

IHCA = in-hospital cardiac arrest; OHCA = out-of-hospital cardiac arrest; TTM = targeted tempera-
ture management; CPR = cardiopulmonary resuscitation; PCI = percutaneous coronary intervention 
IQR = interquartile range; ECMO = extracorporeal membrane oxygenation.
*p < 0.05.

Table 3.

Characteristics after return of spontaneous circulation and 
outcome of patients receiving TTM

IHCA (N = 93) OHCA (N = 93) p

SOFA within 24 hours after event
 Mean (SD) 9.5 (2.4) 8.4 (2.7) 0.004*
 Median (IQR) 9 (8-11) 8 (7-11)  
Glucose (mg/dL), mean (SD) 199.1 (101.9) 259.6 (193.1) 0.002*
MAP (mmHg), mean (SD) 73.1 (16.1) 85.5 (24.0) <0.001*
pH, mean (SD) 7.28 (0.17) 7.27 (0.16) 0.896
Lactate (mmol/L), mean (SD) 5.6 (5.3) 5.8 (3.9) 0.226
Creatinine (mg/dL), mean (SD) 2.3 (2.2) 1.8 (1.3) 0.413
Coagulopathy after TTM, N (%)
 Thrombocytopenia <150 K/μL 48 (51.6) 29 (31.2) 0.004*
 Thrombocytopenia <50 K/μL 7 (7.5) 1 (1.1) 0.064
 Thrombocytopenia <20 K/μL 0 (0.0) 0 (0.0) …
 Prolonged PT >14.4 s 62 (66.7) 57 (61.3) 0.276
 Prolonged aPTT >36,6 s 36 (38.7) 31 (33.3) 0.549
Electrolyte imbalance after TTM, N (%)
 Hypernatremia, sodium >145mmol/L 7 (7.5) 2 (2.2) 0.090
 Hyponatremia, sodium <136 mmol/L 26 (28.0) 24 (25.8) 0.774
 Hyperkalemia, potassium >5.0 mmol/L 9 (9.7) 13 (14.0) 0.344
 Hypokalemia, potassium <3.4 mmol/L 4 (4.3) 6 (6.5) 0.502
Outcome
 Subsequent LOS, mean (SD) 19.7 (28.4) 12.7 (11.7) 0.025*
 Acute kidney injury, N (%) 28 (30.1) 27 (29.0) 0.830
 Survival to discharge, N (%) 50 (53.8) 42 (45.2) 0.241
 Favorable CPC scale at discharge, N (%) 24 (25.8) 26 (28.0) 0.182

TTM = targeted temperature management; IHCA = in-hospital cardiac arrest; OHCA = out-of-
hospital cardiac arrest; SOFA = sequential organ failure assessment; IQR= interquartile range; 
MAP = mean arterial pressure; PT = prothrombin time; aPTT = activated partial thromboplastin 
time; LOS = length of hospital stay; CPC scale = cerebral performance category scale.
*p < 0.05.
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compared with a target temperature of 36°C.12 In addition, a 
nationwide multicenter analysis revealed no significant differ-
ence in the neurological recovery regarding the cooling meth-
ods for TTM.40 Thus, we recruited all patients receiving TTM 
instead of categorizing with regard to the targeted temperature 
or cooling methods. TTM is largely attributed to intracellu-
lar shifts and increased potassium excretion from cold diure-
sis,41,42 although no tendency was observed toward developing 

hypokalemia among the study population. Previous studies 
have demonstrated that extracorporeal cardiopulmonary resus-
citation has favorable outcomes for the treatment of cardiac 
arrest, particularly with IHCA.43–45 However, pertinent data in 
our study were too limited to exhaustively assess its efficacy on 
patients receiving TTM.

Our study has the unique advantage by involving a large 
cohort of diverse population that included patients with IHCA 

Table 4.

Logistic regression analysis of predictors of survival at discharge among patients receiving TTM in this cohort

Univariable analysis Multivariable analysis

Odds ratio (95% CI) p Odds ratio (95% CI) p

IHCA 1.412 (0.793–2.514) 0.241   
Age 0.998 (0.978–1.020) 0.877   
Sex, male 1.419 (0.772–2.607) 0.260   
Charlson score 1.075 (0.966–1.196) 0.185   
Initial shockable rhythm 3.173 (1.657–6.078) <0.001 3.876 (1.876–8.008) <0.001*
Time to ROSC 0.966 (0.943–0.989) 0.004 0.966 (0.940–0.992) 0.011*
Witnessed cardiac arrest 1.687 (0.874–3.260) 0.119   
Bystander CPR 1.348 (0.736–2.470) 0.333   
Total dosage of epinephrine 0.855 (0.764–0.957) 0.006   
Presumed cardiac cause 1.857 (1.000–3.448) 0.050   
Coronary artery disease 2.195 (1.219–3.953) 0.009   
Arrhythmia 1.134 (0.632–2.035) 0.674   
Heart failure 2.202 (1.168–4.149) 0.015 2.589 (1.269–5.283) 0.009*
Cerebrovascular disease 1.203 (0.550–2.632) 0.644   
Thrombocytopenia (PLT < 150,000) 1.073 (0.584–1.972) 0.821   
Hypokalemia 0.413 (0.103–1.653) 0.211   
Glucose level after ROSC 0.998 (0.995–1.000) 0.114   
SOFA within 24 hours after event 0.901 (0.801–1.014) 0.083   
Mean arterial pressure 1.003 (0.989–1.017) 0.665   

TTM = targeted temperature management; IHCA = in-hospital cardiac arrest; ROSC = return of spontaneous circulation; CPR = cardiopulmonary resuscitation; PLT = platelet; SOFA = sequential organ failure 
assessment.
*p < 0.05

Table 5.

Logistic regression analysis of predictors of favorable neurological outcome among survivors after TTM

Univariable analysis Multivariable analysis

Odds ratio (95% CI) p Odds ratio (95% CI) p

IHCA 0.568 (0.247–1.308) 0.184   
Age 1.015 (0.983–1.049) 0.364   
Sex, male 1.581 (0.647–3.863) 0.315   
Charlson score 1.027 (0.879–1.201) 0.734   
Initial shockable rhythm 5.221 (2.099–12.986) <0.001 6.570 (2.435–17.728) <0.001*
Time to ROSC 0971 (0.933–1.010) 0.145   
Witnessed cardiac arrest 1.616 (0.597–4.380) 0.345   
Bystander CPR 0.631 (0.257–1.549) 0.315   
Total dosage of epinephrine 0.749 (0.600–0.934) 0.010   
Presumed cardiac cause 3.757 (1.524–9.257) 0.004   
Coronary artery disease 1.795 (0.781–4.126) 0.168   
Arrhythmia 1.155 (0.503–2.654) 0.733   
Heart failure 0.681 (0.294–1.575) 0.369   
Cerebrovascular disease 0.810 (0.275–2.382) 0.701   
Thrombocytopenia (PLT < 150,000) 1.182 (0.497–2.810) 0.706   
Hypokalemia 0.409 (0.036–4.696) 0.473   
Glucose level after ROSC 0.999 (0.995–1.003) 0.709   
SOFA within 24 hours after event 0.821 (0.686–0.982) 0.031   
Mean arterial pressure 1.017 (0.995–1.039) 0.130   

TTM = targeted temperature management; IHCA = in-hospital cardiac arrest; ROSC = return of spontaneous circulation; CPR = cardiopulmonary resuscitation; PLT = platelet; SOFA = sequential organ failure 
assessment.
*p < 0.05.
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and OHCA from multiple centers, making our findings fairly 
generalizable. However, our study has limitations that should be 
addressed. First, this study was conducted using the registry data 
and was thus subject to limitations of any retrospective analy-
sis, given that the causal relationship between variables could 
not be established although several associations were demon-
strated. Second, a selection bias might have occurred, because 
the final decision to manage a patient was left by the clinical 
physician’s discretion. Therefore, a higher proportion of patients 
with expected favorable outcomes would possibly receive TTM 
to optimize the prognosis. In addition, we do not have data on 
why patients did not receive TTM or the quality of TTM itself. 
Third, our study measured end points only at the time of hospi-
tal discharge, despite the knowledge that the neurological func-
tion can ameliorate for at least 6 months after resuscitation from 
cardiac arrest. Namely, long-term functional outcomes may be 
a more robust measurement of any treatment effect on patients 
recovering from cardiac arrest.46 Good neurological outcome 
was defined as a CPC score of 1 or 2, which may be consid-
ered a rather crude measurement of neurological outcome. 
However, subtle differences in cognitive outcomes might not be 
recognized via CPC score, and a more detailed, thorough assess-
ment of milder cognitive impairment is necessary in evaluating 
the potentially subtle treatment effects. Fourth, information 
regarding the usage and selection of sedation regimens was not 
collected, which are also considered to have an impact on out-
comes in the postcardiac arrest care.47 Furthermore, no record 
regarding the vasopressor use was observed among our study 
population; however, relevant complications, such as arrhyth-
mia and decreased peripheral perfusion, could potentially have 
been unavoidably precipitated by a high dosage of vasopres-
sors.48 Rapid rewarming and longer preinduction time (the time 
from ROSC to TTM initiation) have been reported to have an 
adverse effect on outcomes;49,50 however, no pertinent data were 
found for that assessment. Fifth, clinical outcomes were only 
compared, not for medical costs or hospital resource utilization 
such as the workload and LOS in the intensive care unit. Finally, 
our observational period is 8 years and the intensive care treat-
ment, especially the postresuscitation care standards, might have 
changed over the period.

In conclusion, similar beneficial effects of TTM were found in 
eligible patients with IHCA compared with those with OHCA 
in this matched cohort study. Initial shockable rhythm was the 
only predictor of both survival and favorable neurological out-
comes at discharge in all cardiac arrest survivors receiving sub-
sequent TTM.
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