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Abstract

Introduction—Retrospective studies have shown conflicting benefit of utilizing targeted 

temperature management (TTM) in cardiac arrest (CA) patients with a non-shockable rhythm and 

presently there is only one randomized trial in this realm. We sought to determine trends and 

outcomes of TTM utilization in these patients from a large nationally representative United States 

population database.

Methods and Results—Data were derived from National Inpatient Sample (NIS) from January 

2006 to December 2013. All patients were identified using the International Classification of 
Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes. Patients with evidence of 

shockable rhythm (ventricular tachycardia, ventricular flutter and ventricular fibrillation) were 

excluded. Trends in TTM utilization and mortality were assessed over our study period. Various 

outcomes were measured in patients receiving TTM and no TTM in unmatched and propensity 

matched cohorts. Logistic regression analysis was done to determine predictors of mortality. A 

total of 1,185,479 CA patients were identified in whom cause of arrest was a non-shockable 

rhythm. Overall, there was a steady increase in TTM utilization over our study period. In 

propensity-matched groups, mortality was higher in patients in whom TTM was utilized compared 

to non-TTM group (72.9% vs 68.7%, P < .01). In adjusted analysis, TTM remains an independent 

predictor of increased mortality in our group. Mortality remained high with TTM utilization 

regardless of location of CA.

Conclusions—TTM utilization was associated with increased mortality in CA patients with a 

non-shockable rhythm. These findings merit further confirmation in a large randomized trial 

before application into clinical practice.

Reprint requests: Muhammad Bilal Munir, MD, West Virginia University Heart & Vascular Institute and University of California San 
Diego Sulpizio Cardiovascular Center, 1 Medical Drive, Morgantown, West Virginia 26505. muhamad.munir@hsc.wvu.edu. 
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Targeted temperature management (TTM) or hypothermia protocol is one of the established 

lifesaving modality utilized in management of comatose cardiac arrest patients in post-

resuscitation phase. The landmark randomized trials done in early 2000 showed significant 

improvement in neurologically intact survival if prompt application of TTM was undertaken 

after resuscitation.1,2 These trials enrolled patients with sudden cardiac arrest (SCA) in 

whom the initial presenting rhythm was either pulseless ventricular tachycardia or 

ventricular fibrillation (shockable rhythms). The only randomized data in SCA patients due 

to a non-shockable rhythm came from the recent HYPERION trial.3 In this study, 584 

patients were subjected to either normothermia or hypothermia after SCA due to a non-

shockable rhythm. Although benefit was witnessed in hypothermia group in terms of 

favorable neurological survival at 90-days, overall mortality was not different in each group. 

The prevalence of pulseless electrical activity (PEA) and asystole (non-shockable rhythm) is 

high among patients with SCA and ranges anywhere from 60% to 80%.4–6 Few 

observational studies assessing outcomes of TTM utilization in patients with initial non-

shockable rhythm have shown conflicting results with a trend towards both benefit and 

potential harm.7–11 American Heart Association (AHA) guidelines recommend class I (level 

of evidence C) indication for utilization of TTM in patients with non-shockable rhythm.12 

Since the proportion of SCA patients with initial presentation of non-shockable rhythm is 

relatively high compared to patients with shockable rhythm, it is imperative that further 

evidence be sought with respect to TTM utilization from real world settings. We, therefore, 

studied trends and outcomes of TTM utilization in SCA patients with non-shockable rhythm 

from a large nationally represented United States (US) population.

Methods

Data were derived from National Inpatient Sample (NIS). NIS is part of 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 (AHRQ).13 The 

NIS is derived from all States participating in HCUP, representing more than 97 percent of 

the US population. NIS allows national estimates of healthcare utilization, costs, and 

outcomes. Institutional review board approval and informed consents were not required for 

this study given the de-identified nature of the NIS database.

We analyzed NIS data from January 2006 to December 2013 using the International 

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

≥18 years of age were included. SCA patients were initially identified by search for ICD-9 
codes of 427.5 in all diagnosis and by ICD-9 codes of 99.60 (cardiopulmonary resuscitation, 

not otherwise specified) and 99.63 (closed chest cardiac massage) in all procedure fields. 

This initial selection gave us all SCA patients with shockable and non-shockable rhythms 

regardless of in-hospital or out-of-hospital arrest. Patients with codes of 427.1 (ventricular 

tachycardia), 427.41 (ventricular fibrillation) and 427.42 (ventricular flutter) in any 

diagnosis field were then excluded. After excluding these ICD-9 codes, the codes 427.5, 

99.60 and 99.63 represented patients in whom SCA was due to a non-shockable rhythm 

(PEA or asystole). These ICD-9 codes are well studied in administrative datasets previously.
14–17 The ICD-9 procedure code of 99.81 was used in all procedures fields to identify 

patients undergoing TTM. Please see Figure 1 describing patient selection for our study. 

Khan et al. Page 2

Am Heart J. Author manuscript; available in PMC 2021 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Selected AHRQ comorbidities were generated as binary variables for analysis. Baseline 

characteristics and hospital outcomes for patients undergoing TTM and not undergoing 

TTM were assessed. We further analyzed the patient characteristics and outcomes based on 

whether the location of SCA was in-hospital or out-of-hospital. Since AHA guidelines were 

updated in 2010,18 we also did another sensitivity analysis to assess baseline characteristics 

and outcomes of study population from years 2006 to 2010 and 2011 to 2013. Trend weights 

were utilized till 2011 and discharge weights were applied to data 2012 onwards to generate 

national estimates. All analyses were done on weighted sample.

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. To account for potential 

confounding factors and selection bias, a propensity score-matching model was developed 

using logistic regression to derive two matched groups for comparative outcomes analysis. A 

nearest neighbor 1:1 fixed ratio, parallel, balanced propensity-matching model was made 

using a caliper width of 0.2. To avoid loss of data before propensity matching, missing 

values were calculated with Markov Chain Monte Carlo (MCMC) multiple imputation. To 

most extent, data was evenly matched after propensity matching (please see Table I). 

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

intervals (CIs) to determine predictors of mortality and TTM utilization in our cohort. 

Initially, binomial logistic regression model was used to identify variables from 

demographic data (Table I) that were significantly associated with mortality and TTM 

utilization (P < .10). These variables were then subsequently utilized in a multiple logistic 

regression model to identify factors predicting mortality and TTM utilization. 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.

The authors are solely responsible for the design and conduct of this study, all study 

analyses, the drafting and editing of the paper, and its final contents. No extramural funding 

was used to support this work.

Results

A total of 1,185,479 (unweighted = 248,640) patients with non-shockable SCA were 

identified from January 2006 to December 2013. Out of these, 11,657 patients underwent 

TTM treatment. Patients who underwent TTM were younger when compared to patients not 

undergoing TTM (60.9 vs 67.4 years, P < .01). 559,535 (47.1%) patients were women and 

they have low proportion of undergoing TTM (44.6% vs 47.2%, P < .01). TTM utilization 

was high among White Americans and low in Black and Hispanic population (Table I). A 

total of 818,466 (69%) patients died at discharge in crude analysis. Mortality was higher in 

patients undergoing TTM (73.5%) when compared to patients not undergoing TTM (69%). 

Propensity matched analysis is shown in Table II. Mortality continues to be higher in TTM 

group compared to non-TTM group (72.9% vs 68.7%, P < .01). Over our study years there 

has been an increased trend of patients undergoing TTM (Figure 2). Males had slightly 

higher percentage of undergoing TTM as compared to females. Overall, mortality seemed to 
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be on the downward trend in SCA patients with a non-shockable rhythm (Figure 3). Baseline 

characteristics and outcomes stratified based on in-hospital and out-of-hospital non-

shockable SCA are shown in supplementary table 1 and 2. TTM utilization was significantly 

associated with worsened mortality in out-of-hospital non-shockable SCA (72.4% vs 62.6%, 

P < .01) while no difference in mortality was noted with TTM utilization based on in-

hospital SCA (75.3% vs 75.3%, P = .97). Mortality continued to be higher when TTM was 

utilized before and after year 2010 (73.4% vs 70.2%, P < .01 and 73.6% vs 67.3%, P < .01). 

Please see supplementary table 3 and 4 for detailed results.

Predictors of mortality in our cohort are shown in Figure 4. It should be noted that TTM 

utilization was found to independently predict mortality in SCA patients in which initial 

rhythm was non-shockable (OR 1.554, 95% C.I. 1.486–1.625). Black race (OR 1.205, 95% 

C.I. 1.19–1.22), Hispanics (OR 1.155, 95% C.I. 1.136–1.173) and key co-morbidities such 

as liver disease (OR 1.712, 95% C.I. 1.672–1.752), peripheral vascular disease (OR 1.017, 

95% C.I. 1.002–1.031) and renal failure (OR 1.027, 95% C.I. 1.016–1.038) were 

independently associated with increased mortality in our cohort. Compared to rural location 

of the hospital, both urban non-teaching (OR 0.89, 95% C.I. 0.876–0.905) and urban 

teaching (OR 0.861, 95% C.I. 0.847–0.875) hospitals were associated with improved 

survival after non-shockable SCA.

Predictors of TTM utilization in patients with non-shockable SCA are shown in 

supplementary table 5. Female gender (OR 0.95, 95% C.I. 0.942–0.959), Blacks (OR 0.817, 

95% C.I. 0.77–0.866), Hispanics (OR 0.689, 95% C.I. 0.638–0.744) and patients with key 

comorbidities such as congestive heart failure (OR 0.804, 95% C.I. 0.761–0.849), liver 

disease (OR 0.572, 95% C.I. 0.514–0.637), metastatic cancer (OR 0.449, 95% C.I. 0.388–

0.5419) and renal failure (OR 0.82, 95% C.I. 0.816–0.865) have lower odds of TTM 

utilization.

Discussion

In this large and nationally representative sample of US population, we have shown that 

patients in whom SCA was due to non-shockable rhythm, the mortality was higher when 

TTM was utilized in post resuscitation phase in both matched and un-matched cohorts. In 

adjusted multi-variate regression analysis, TTM is an independent predictor of mortality in 

these patients.

To the best of our knowledge, this is the largest cohort of SCA patients assembled to-date to 

study outcomes after SCA event when rhythm was non-shockable. Current AHA guidelines 

confer class I indication for utilization of hypothermia protocol in patients in whom SCA 

was caused by non-shockable rhythm although the level of evidence is primarily based on 

observational studies (level of evidence: C).12 HYPERION is the only recently conducted 

randomized trial that purely enrolled SCA patients with a non-shockable rhythm.3 The study 

showed a significantly improved neurologically intact survival in hypothermia group when 

compared to normothermia group (HR 4.5, 95% C.I. 0.1–8.9). No significant differences 

were noted in overall mortality that remained high in both groups (81.3% vs 83.2%). It 

should be noted that in HYPERION trial, active rewarming was done in normothermia group 
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if their body temperature at randomization was less than 36.5 C. Our data, however, do not 

inform on core body temperature of patients after they sustained SCA in contrast to 

HYPERION trial. The observational studies done in this realm largely confer conflicting 

results. Perman et al9 studied approximately 519 SCA patients using data from Penn 

Alliance for Therapeutic Hypothermia (PATH) registry. All of these patients were 

documented to have a non-shockable rhythm at initial presentation. After balancing for 

confounding variables, they found that utilization of TTM was associated with increased 

survival at discharge (28.9% vs 17.6%, P < .01). In a multi-variate model, they also reported 

TTM to be an independent predictor of survival (OR 2.8, 95% C.I. 1.6–4.7) as well as 

neurological recovery (OR 3.5, 95% C.I. 1.8–6.6). On the contrary, a pilot study conducted 

by Kim et al7 on the effectiveness of in-field cooling showed increased mortality (albeit non-

statistically significant) in sub-group of SCA patients in whom the initial rhythm was non-

shockable after utilization of cooling protocol. They also found increased survival among 

SCA patients with a non-shockable rhythm if cooling was not utilized. Similarly, in a study 

on 1145 consecutive SCA patients, Dumas et al8 have found that TTM was not associated 

with improved neurological outcomes if initial rhythm was non-shockable (OR 0.71, 95% 

C.I. 0.37–1.16). In a cohort study from Get With the Guidelines-Resuscitation Registry, 

SCA patients with non-shockable rhythm were found to have lower in-hospital survival if 

TTM was utilized (RR 0.87, 95% C.I. 0.76–0.99).10 Similarly, another registry data of 6000 

patients showed that utilization of TTM was associated with worse neurological outcomes at 

discharge in patients in whom SCA was attributable to a non-shockable rhythm (OR 1.44, 

95% C.I. 1.03–2.00).11 Similarly, a sub study of TTM trial comparing hypothermia strategy 

of 33 C versus 36 C in patients with non-shockable SCA showed no significant difference in 

improved neurological outcomes in either arm (OR 0.67, 95% CI 0.08–4.73).19 Our real-

world data from national cohort of more than 1.18 million patients with SCA due to non-

shockable rhythm showed that utilization of TTM was in fact associated with increased 

mortality at discharge and that difference was statistically significant (72.9% vs 68.7%, P 
< .01). These findings need to be studied further in a large randomized trial before clinical 

applicability to SCA patients with a non-shockable rhythm.

Our study also showed TTM to be an independent predictor of mortality in SCA patients in 

which cause of arrest was deemed a non-shockable rhythm. The association between SCA 

cause and first documented rhythm has been studied before with shockable rhythms likely 

related to cardiac etiology.8 On the other hand, anoxia largely contributes to PEA and 

asystole (non-shockable rhythms). It has been speculated that combination of both anoxia 

and ischemia as witnessed in non-shockable SCA results in far greater cerebral damage 

when compared to SCA due to shockable rhythm.20,21 In the setting of this deranged and 

unique pathophysiology, the risk-benefit ratio of TTM utilization that clearly favors SCA 

patients with shockable rhythm may not be applicable to SCA patients in whom the cause of 

arrest was due to non-shockable rhythm. More studies are needed to further explore this 

potential correlation especially in light of the fact that the incidence of SCA due to non-

shockable is on the rise in general population.

Our study also showed that TTM was underutilized in female patients after they sustained 

SCA due to a non-shockable rhythm (Figure 2 and supplementary table 5). Previous studies 

have shown prevalence of disparate care in female patients in context of SCA. In a study 
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utilizing NIS database, Kim et al have shown that from years 2003–2012, increase in TTM 

utilization was less pronounced in females (0–1.8%) when compared to males (0–2.1%) 

after they sustained SCA due to a non-shockable rhythm.22 Even though our study did not 

show benefit of utilizing therapeutic strategy of TTM in patients with non-shockable SCA, 

these data do provide an opportunity to identify etiologies behind such disproportionate care 

which could narrow sex-based disparities in caring for patients post-SCA.

Our analysis also showed nearly similar incidence of in-hospital and out-of-hospital SCA 

over our study period. Earlier studies evaluating epidemiology of in-hospital SCA showed 

reduced incidence of this entity when compared to out-of-hospital SCA. It should be noted 

that these studies reported data from either single institution or from small group of hospitals 

in a similar geographic location.23–25 No standard methodology of assessing in-hospital 

SCA incidence currently exists. For example, one method of evaluating incidence of in-

hospital SCA is to count the number of times a hospital’s emergency response team is 

activated, however, this can result in overcounting (erroneous activation of emergency 

response team) or undercounting (in-hospital SCA occurring in emergency department or 

operative rooms) of such events.26 Additionally, hospitals that frequently implement do-not-

resuscitate (DNR) order before a SCA event are shown to report lower incidence of in-

hospital SCA when compared to hospitals with infrequent implementation of DNR order.27 

In a most recent study evaluating incidence of in-hospital SCA from 2008–2017 using data 

from Get With the Guidelines-Resuscitation Registry, Holmberg et al have reported that true 

incidence of in-hospital SCA may be underestimated by 38% in comparison to earlier 

studies.28 They predicted annual incidence of in-hospital SCA to be approximately 292,000 

which is similar to annual incidence of out-of-hospital SCA. Our study has also reported 

nearly similar incidence of in-hospital and out-of-hospital SCA which is concomitant with 

Holmberg et al data. This further reinforces the fact that efforts should be directed equally to 

prevention and management of both in-hospital and out-of-hospital SCA as they contribute 

to a similar burden on health care resources.

Limitations

NIS is an administrative claim-based database that uses ICD-9-CM codes, which are subject 

to error. Our study, however, have used hard clinical points such as SCA and mortality which 

are less prone to diagnostic errors. SCA due to non-shockable rhythm (PEA and asystole) 

was identified using ICD-9 codes of 427.5, 99.60 and 99.63 while excluding all patients who 

have concomitant codes for ventricular tachycardia, ventricular flutter and ventricular 

fibrillation. Similar methodology was applied in earlier studies to extract patients with PEA 

and asystole from NIS.15,22 We believe this would have resulted in a very specific SCA 

cohort in which cause of arrest was due to PEA and asystole but residual mixing of some 

patients with shockable rhythm could not be ruled out entirely with certainty. NIS collects 

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

patients are not followed longitudinally. Therefore, long-term outcomes could not be 

ascertained from the present dataset. Also patients’ neurological status which is an important 

marker of morbidity after SCA could not be assessed from the current database. Several 

important factors that affect patient’s prognosis after SCA and may inform need for TTM 

utilization such as by stander cardiopulmonary resuscitation, time to return of spontaneous 
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circulation, severity status of the patient and witnessed arrest could not be examined from 

present data set. Although we have employed propensity score matching to mitigate risk of 

selection bias in our study, residual confounding due to unmeasured variables cannot be 

excluded. Additionally, NIS does not inform on technical details of TTM protocol such as 

target temperature used and methods used to rewarm the patient once duration of 

hypothermia is achieved.

Conclusion

In this large nationally representative sample of US population, we found that utilization of 

TTM was associated with increased mortality in SCA patients with non-shockable rhythm. 

Additionally, TTM was found to be an independent predictor of mortality in this specific 

patient population group. These findings if confirmed in a large randomized trial could have 

important clinical implications.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow sheet of patient selection.
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Figure 2. 
Utilization of targeted temperature management.
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Figure 3. 
Mortality trends in our study population.
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Figure 4. 
Predictors of mortality in our study cohort.
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