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Abstract

Background: Targeted Temperature Management (TTM) is a class I recommendation for the 

management of sudden cardiac arrest (SCA) patients with presumed brain injury. We aimed to 

study trends, predictors and outcomes in SCA patients from a nationally represented US 

population sample.

Methods: We utilized the National Inpatient Sample from years 2005 to 2014 for the purpose of 

our study. Patients with SCA and anoxic brain injury were selected using relevant ICD-9 codes. 

Data were analyzed for trends over the years and key outcomes were assessed. Logistic regression 

analysis was done to determine predictors of TTM utilization in our study population.

Results: A total of 78,465 patients with SCA and anoxic brain injury were identified from 

January 2005 to December 2014. Out of these, approximately 4,481 (5.7%) patients underwent 

TTM. Patients that underwent TTM were younger compared to patients without TTM utilization 

(60.67 vs. 63.27 years, P < 0.01). African Americans, Hispanics and women were less likely to 

undergo TTM. Myocardial infarction, electrolyte disorders and cardiogenic shock were associated 

with higher odds of TTM utilization. Sepsis, renal failure and diabetes were associated with 

underutilization of TTM. Inpatient mortality was higher in patients who did not undergo TTM 

when compared to patients who underwent TTM (67.30% vs. 65.10%, P < 0.01).

Conclusions: Although TTM utilization increased over our study period, the overall application 

of TTM was still dismal. Factors that circumvent TTM utilization need to be addressed in future 

studies so more eligible patients could benefit from this life saving therapy.
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INTRODUCTION

Nearly 500,000 episodes of sudden cardiac arrest (SCA) occur annually in the United States 

in both inpatient and outpatient settings. SCA carries very high mortality and neurocognitive 

disability.1 Interventions such as high-quality chest compressions and immediate application 

of defibrillation therapy in cases of shockable rhythm have been found to increase the 

likelihood of achieving return of spontaneous circulation (ROSC) with resultant better 

survival and neurological recovery.2,3 However, few therapeutic modalities have been shown 

to improve outcomes in the post-ROSC phase. Targeted Temperature Management (TTM) 

has been established as a standard of care in treatment of SCA patients who are presumed to 

have concomitant neurological injury. Several studies done in the past 2 decades have shown 

improved outcomes in post-SCA comatose patients in whom TTM was applied in the post-

ROSC phase.4–7 To highlight the importance of TTM in the management of SCA patients 

with brain injury, the American Heart Association (AHA) has given a Class I indication to 

the utilization of this therapeutic modality.8

Despite these strong recommendations, there is no national data on utilization of TTM in 

post SCA comatose patients. Additionally, there is limited real life data on the outcomes 

after use of TTM in eligible SCA patients, as most of our insight into the matter comes from 

controlled clinical studies. We, therefore, aimed to study these parameters using a nationally 

representative US population.

METHODS

Data were derived from National Inpatient Sample (NIS). NIS is part of the Healthcare Cost 

and Utilization Project (HCUP) databases and is made possible by a Federal-State-Industry 

partnership sponsored by the Agency for Healthcare Research and Quality. The NIS is 

derived from all states and represents more than 97% of the US population.9 NIS allows 

national estimates of healthcare utilization, costs and outcomes. Since NIS is compiled 

annually, the data can be used for analysis of disease trends over time. Institutional Review 

Board approval and informed consents were not required for this study given the de-

identified nature of the NIS database and public availability.

We analyzed NIS data from January 2005 to December 2014 using the International 

Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes. Patients 

≥ 18 years were included. Patients with SCA were identified by ICD-9 codes of 427.41, 

427.42 and 427.5 in all diagnosis fields. Patient with missing age or other missing 

demographics were excluded. A total of 369,835 patients were identified in this way. ICD-9 

code for anoxic brain injury (348.1) was used to further specify our study population. The 

ICD-9 procedure code 99.81 was used in all procedures fields to identify patients 

undergoing TTM. Selected Agency for Healthcare Research and Quality comorbidities were 

generated as binary variables for analysis. ICD-9 diagnosis and procedural codes were used 
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to identify patients undergoing left heart catheterization, need for percutaneous coronary 

intervention, thrombolysis therapy and other procedures (Tables 1 and 2). Baseline 

characteristics and hospital outcomes for patients were derived and compared among TTM 

and non-TTM groups. Patient population was further stratified based on shockable or 

nonshockable etiology of SCA. Key hospital outcomes and resource utilization were again 

assessed based on the underlying rhythm for SCA. For the purpose of our current study, we 

did not analyze outcomes based on location of SCA (in-hospital vs. out of hospital). Please 

see Figure 1 for flow chart.

To account for potential confounding factors and selection bias, a propensity score-matching 

model was developed using logistic regression to derive 2 matched groups for comparative 

outcomes analysis. A nearest neighbor 1:1 variable ratio, parallel, balanced propensity-

matching model was made using a caliper width of 0.2. Descriptive statistics were presented 

as frequencies with percentages for categorical variables and as means with standard 

deviations for continuous variables. Baseline characteristics were compared using a Pearson 

χ2 test and Fisher’s exact test for categorical variables and independent samples t test for 

continuous variables.

Logistic regression was performed to estimate odds ratios (ORs) with 95% confidence 

intervals (CIs) to determine predictors for patient undergoing TTM after SCA. Initially, 

binomial logistic regression model was used to identify variables from demographic data 

(Table 1) that were significantly associated with patients undergoing TTM (P value < 0.10). 

These variables were then subsequently utilized in a multiple logistic regression model to 

identify predictors of TTM application (forward conditional stepwise probabilities selection 

model for multiple logistic regression; P value <0.10). A type I error rate of <0.05 was 

considered statistically significant. All statistical analyses were performed using statistical 

package for social science (SPSS) version 24 (IBM Corp) and R 3.6.

RESULTS

A total of 78,465 patients with SCA and anoxic brain injury were identified from January 

2005 to December 2014. Of these, 4,481 (5.7%) patients underwent TTM treatment. 

Baseline characteristics of the study population are shown in Table 1. Mean age was 63.12 

years (SD, 16.08 years). 42.8% patients were women. 65.7% were Caucasian, 18.3% were 

African American and 8.9% were Hispanics. Crude mortality was 67.2% (52,697). Mortality 

was higher in patients not undergoing TTM (67.3%) as compared to patients undergoing 

TTM (65.1%) (Table 2). Of patients undergoing TTM, 28.3% underwent left heart 

catheterization as compared to 14.3% for patient not undergoing TTM. Of patients 

undergoing TTM, 12.2% had PCI as compared to 6.8% not undergoing TTM (Table 2). 

Baseline characteristics after propensity score matching are shown in supplementary Table 

2. Over the years there has been increased trend in TTM utilization (Figure 2). This 

increased trend is more or less same across the gender, though TTM was utilized more in 

males when compared to females over our study period. Hospital outcomes and resource 

utilization based on underlying rhythm for SCA are shown in Table 3. There was increased 

utilization of TTM in patients in whom SCA was due to shockable rhythm (8.6%) when 

compared to patients in which the cause of SCA was deemed to be a non-shockable rhythm 
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(4.2%). Significant improvement in mortality was noted in patients who have evidence of 

alternating shockable and nonshockable rhythm during SCA, provided TTM was utilized in 

that cohort (53.4% vs. 55.4%, P < 0.01). Mortality was worse in SCA patients with a 

nonshockable rhythm with utilization of TTM (75.2% vs. 72.1%, P < 0.01).

Predictors for TTM utilization are shown in Figure 3. Patients with advanced age and female 

gender were less likely to receive TTM. African American and Hispanic patients had lower 

utilization of TTM. Higher income group, urban and large hospitals were associated with 

higher odds of undergoing TTM. Patients with septic shock, congestive heart failure, renal 

failure, paralyses, solid and metastatic cancer were less likely to undergo TTM, while 

patients with myocardial infarction, cardiogenic shock, obesity and electrolyte abnormalities 

had higher odds of undergoing TTM.

Asian and Caucasian patients had higher utilization of TTM over the years. The mean cost 

of stay was higher for patients undergoing TTM. Over the years the mean cost of stay 

increased for both patients undergoing TTM and not undergoing TTM (Figure 4).

DISCUSSION

The main findings of our current investigation are: (1) TTM is still underutilized in SCA 

patients with concomitant neurological injury, as only 5.7% of patients in our study cohort 

benefitted from this potentially lifesaving therapy. (2) There has been an increased trend of 

TTM utilization over our study period although its adoption rate was still significantly low 

over the years. (3) Mortality continues to be higher in patients in whom TTM was not 

utilized after an SCA event when compared to patients who underwent TTM. Moreover, 

patients in which TTM was utilized tend to have better discharge outcomes and shorter 

length of stay when compared to patients without TTM application. (4) Disparities were 

noted with respect to demographics in utilization of TTM after SCA with brain injury. 

Female gender and certain ethnic minorities (African Americans and Hispanics) were less 

likely to receive TTM. On the other hand certain co-morbidities such as myocardial 

infarction (MI), electrolyte abnormalities and cardiogenic shock were associated with 

increased incidence of TTM utilization.

The primary determinant of immediate and long-term neurological outcomes after SCA 

seems to be hypoxic ischemic brain injury.10 The clinical presentations of these patients are 

highly variable, ranging from mild cognitive impairment to persistent vegetative state11 and 

largely depends on how effectively and promptly post SCA resuscitation measures are 

established.2,3 TTM is the only proven post ROSC modality that has shown to improve 

outcomes in SCA patients who have minimal neurological response after a SCA event.4–7 

Our study has shown marked under-utilization of this potentially lifesaving therapy in SCA 

patients who have presumed brain injury. Although over our study period, there has been a 

gradual increase in application of TTM to this patient population, the overall percentage of 

potentially eligible patients who could derive greatest benefit from TTM therapy continued 

to be low (Figure 1). Several factors could be responsible for such low utility of TTM seen 

in our national cohort. The studies depicting strong clinical benefit from TTM in SCA 

survivors were done in early 2000 with the first national guideline on the subject issued in 
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201012 with subsequent update in 2015.8 It is speculated that health care systems may not 

have established protocols such as postarrest care team or cooling practices until these 

guidelines came into effect. Our study did show gradual increase in utilization of TTM after 

year 2010; however, the increased trend is still dismal compared to previous years. The 

current finding necessitates holistic establishment of protocols by health care systems such 

as establishment of postarrest teams that have experience in management of these patients, 

which would increase TTM utilization in eligible patients. Indeed, such interventions have 

been shown to improve outcomes in these patients after an indexed SCA event.13

Our study has shown female gender and certain ethnic minorities such as African Americans 

and Hispanics to be associated with reduced incidence of TTM utilization. The disparate 

care with respect to these specific demographics has been studied before, both specifically in 

the context of SCA and generally with respect to other health care delivery. In a study by 

Groeneveld et al.14 on approximately 5,948 Medicare patients who survived SCA, the 

utilization of secondary prevention implantable cardioverter defibrillator (ICD) implantation 

was significantly lower in the African American population compared to the white 

population. Additionally, this trend of low ICD implantation translated into worse long-term 

survival in African American patients in their cohort. Similarly, a study by Hernandez et al.
15 on more than 13,000 advanced heart failure patients with indication for primary 

prevention ICD showed reduced incidence of such implants in African American and female 

patients. Our own study of a nationally represented US population sample of more than 

170,000 patients showed that African Americans are at a disadvantage when it comes to 

secondary prevention ICD implantation after SCA episode.16 Studies have shown that these 

disparities exist with respect to health care delivery even when certain confounding variables 

such as income and insurance status and severity of condition are balanced.17 Our dataset, 

unfortunately, is not designed to delve into potential mechanisms responsible for this 

disparate care and should be a subject of future investigations in this realm.

In our study cohort, MI, electrolyte disorders and cardiogenic shock were associated with 

higher odds of TTM utilization. SCA associated with these modalities usually results in 

initial shockable rhythm such as ventricular tachycardia and/or ventricular fibrillation. 

Earlier studies have shown improved outcomes with utilization of TTM protocol if initial 

rhythm was shockable4,5 and that explains increased utilization of this therapeutic modality 

in these subgroups. Moreover, patients with renal disease and sepsis tend to have low 

utilization of TTM in our cohort likely related to induction of coagulopathy with TTM 

utilization with resulting poor outcomes.18 These associations are mere speculations on our 

part and needs further investigation in future studies.

The present study has limitations to be considered. NIS is an administrative claim-based 

database that uses ICD-9-CM codes for diagnosis that may be subject to error. The hard 

clinical points such as SCA and TTM utilization are, however, less prone to error. NIS 

collects data on in-patient discharges and each admission is registered as an independent 

event. It is therefore possible that 1 patient may have more than 1 admission in the same or 

subsequent years. NIS samples are not designed to follow patients longitudinally so long-

term outcomes could not be assessed in the present study. Additionally the circumstances of 

pre-ROSC phase that affect outcomes such as bystander cardiopulmonary resuscitation, 
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emergency personal contact with the patient, time to administer vasoactive drugs and 

downtime before the start of cardiopulmonary resuscitation could not be examined from 

present dataset. Additionally, for the purpose of this study, we have sampled all SCA 

patients regardless of in-hospital or out-of-hospital arrest. It could be speculated that in-

hospital SCA may have better TTM utilization and clumping all patients into 1 category may 

have skewed the results. However, a study from Get With the Guidelines-Resuscitation 

registry showed a similar low rate of TTM utilization in patients who suffered in-hospital 

SCA.19 We, therefore, believe that such stratification may not have affected our results and 

in fact given a more inclusive overview of TTM utilization in post-ROSC SCA patients.

CONCLUSIONS

We found low utilization of TTM in SCA patients with anoxic brain injury. We also found a 

steady but slow upward trend of TTM application over our study years. Gender and racial 

disparities were also noted with respect to TTM utilization. Mortality continues to be high if 

TTM was not applied in SCA patients post-ROSC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Flow chart of case selection.
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FIGURE 2. 
Trends of hypothermia protocol utilization over our study period, the trend is further 

characterized based on gender.
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FIGURE 3. 
Predictors of hypothermia protocol utilization.
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FIGURE 4. 
Mean cost of hospitalization over our study period.
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