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Background: Out-of hospital cardiac arrest (OHCA) is associated with signiﬁcant mortality. Therapeutic hypothermia is one of the few interventions that have been shown to increase post-arrest survival as well as enhance neurologic recovery. Despite clinical guidelines recommending the use of therapeutic hypothermia (TH) following cardiac arrest, utilization rates by physicians remain low. We hypothesized that the development of a multi-disciplinary emergency cardiac arrest response team (eCART) would enhance therapeutic hypothermia utilization in the emergency department for OHCA. Methods and results: An eCART (emergency department cardiac arrest response team) was created at a single site academic urban emergency department. The eCART team consisted of a physician hypothermia consultant, a cardiologist, a clinical pharmacist, a respiratory therapist and a chaplain. These providers were notiﬁed by page prior to the arrival of an OHCA patient and responded to the ED in person or by phone to support the resuscitation. Analysis of pre- and post-intervention data demonstrated a signiﬁcant increase in the rate of TH utilization (64% to 96%). There was a non-signiﬁcant decrease in the time to target temperature. Conclusions: The creation of a coordinated, multi-disciplinary care team, providing real-time support for OHCA patients increased TH utilization in an emergency department. © 2014 Published by Elsevier Ireland Ltd.



Sudden cardiac arrest is a leading cause of death in the United States, estimated to affect over 630,000 people each year.1 Mortality for out-of-hospital cardiac arrest (OHCA) remains high with roughly 6.4% surviving to hospital discharge and a signiﬁcant number of these survivors experiencing neurologic deﬁcits as a result.2 Therapeutic hypothermia (TH) remains one of the few therapies available for patients who achieve return of spontaneous circulation (ROSC) with demonstrated beneﬁts in survival to discharge as well as neurologic outcomes.3,4 Despite clinical guidelines recommending the incorporation of TH for the treatment of OHCA



夽 A Spanish translated version of the summary of this article appears as Appendix in the ﬁnal online version at http://dx.doi.org/10.1016/j.resuscitation.2014.10.006. ∗ Corresponding author. E-mail address: [email protected] (N.S. Deal).



comatose patients with ROSC,5 utilization of TH remains low among providers.6,7 Important barriers to TH utilization include unfamiliarity with hypothermia protocols and the lack of a standardized approach. Acute care teams for the treatment of time-sensitive complex diseases such as trauma,8 acute ST-segment Elevation Myocardial Infarction (STEMI),9 and acute stroke10 have been developed to overcome these barriers and have been demonstrated to improve survival and decrease mortality. Acute care teams facilitate rapid clinical decision-making, standardize care, and reduce the time to life-saving interventions. To date, only limited development of acute care teams for OHCA have been described and data supporting their potential to improve care remains limited.11,12 We hypothesized that the creation of an emergency department cardiac arrest response team (eCART) would improve utilization of therapeutic hypothermia by overcoming identiﬁed barriers to its use and improve outcomes for OHCA patients.



http://dx.doi.org/10.1016/j.resuscitation.2014.10.006 0300-9572/© 2014 Published by Elsevier Ireland Ltd.
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2. Methods This study was a retrospective pre- and post-intervention analysis of all consecutive OHCA patients that presented to a single urban, academic, tertiary emergency department between January 1st, 2010 and December 31st, 2012. The institutional review board at the University of Chicago Medical Center (Chicago, IL) approved of the study protocol. An emergency department cardiac arrest response team (eCART) was created to provide a tiered, rapid, response to patients presenting to the emergency department for OHCA. The eCART response was triggered manually by emergency department providers, who upon radio notiﬁcation by EMS agencies of an OHCA patient en route to the facility, would activate the eCART team through an operator-facilitated group paging system. Following activation, the initial response team comprised of a clinical pharmacist, a respiratory therapist and a chaplain, would respond immediately to the emergency department resuscitation bay. These care providers would support the primary team in the emergency department with dosing of peri-arrest medications, ventilatory support and family counseling. After a delay of 10 min, designed to allow for patient arrival and transfer of care from EMS to ED providers, the on-call cardiology fellow would either arrive at bedside or call the attending ED physician to discuss the need for emergent percutaneous transluminal coronary catheterization (PTCA) or invasive hemodynamic support. After 15 min, an oncall hypothermia consulting physician would respond by phone to determine patient eligibility for TH and provide just-in-time instruction to the treating team on the induction and maintenance of TH. Patients were deemed eligible for TH if they achieved return of spontaneous circulation (ROSC) with persistent coma, deﬁned as inability to open eyes to pain and inability to follow commands, regardless of initial rhythm (asystole, PEA, VT, VF). Patients were excluded from TH if they were less than 18 years of age, pregnant, SBP < 90 mmHg despite ﬂuids and vasopressors, refractory ventricular arrhythmias (VF, VT), other more likely causes of coma, asymmetry in neurologic exam, signiﬁcant pre-existing neurologic impairment, uncontrollable bleeding or terminal illness. Therapeutic hypothermia was initiated as soon as possible following initial eligibility screening. Cooling protocols allowed for the use of either an intravenous cooling catheter or surface cooling apparatus. Cooling induction was generally aided by the application of ice packs to the neck, axilla and groin and infusion of chilled



saline intravenously or per gastric lavage. Patients were cooled as quickly as possible to a target temperature between 32◦ C and 34◦ C. Hypothermia was maintained for 24 h before rewarming at a rate of roughly 0.5◦ C per hour. Following rewarming to 36.5◦ C, temperature control devices were continued to prevent rebound hyperthermia. For analysis, OHCA patients were identiﬁed by a retrospective chart review of the electronic medical record (EMR). Multiple EMR search modalities were used to capture all eligible patient encounters including a search of cardiac arrest related diagnostic codes and chief complaint key word searches. Also, all cases triaged with an emergency severity index (ESI) level 1 and emergency department deaths, and pharmacy code sheets were reviewed for the study time period. Post hoc determination of eligibility for TH was determined by physician evaluators using the previously mentioned criteria. Induction success was deﬁned as the ability of a TH-eligible patient to have a single documented core temperature between 32 and 34 degrees Celsius, measured by either indwelling bladder or esophageal temperature probe. Twenty one months of data were collected in the pre-intervention phase and 15 months in the post-intervention phase. Continuous variables, such as time-to-target temperature, were reported by means with inter-quartile ranges, compared using unpaired t-test, and expressed in p-values. Differences between observed outcome rates of ROSC, survival to discharge and cardiac catheterization were compared with Chi-squared analysis and expressed in p-values.
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3.1. Characteristics of the patients
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A total of 191 consecutive OHCA patients presented to the emergency department in the 3 years of the study. The preinterventional cohort included 86 patients with 105 patients in the post-interventional cohort. The cohorts demonstrated similar characteristics in age, gender, and initial rhythm as shown in Table 1. 3.2. Therapeutic hypothermia utilization and time to target temperature



Pre-intervention



Post-intervention 15 Months 22 Sept 2011–31 Dec 2012 (N = 105)



Age (yrs) Median IQR



63 20.5



64.5 22.5



Male sex (%) Witnessed arrest (%)



54 (63%) 47 (55%)



57 (54%) 70 (67%)



0.24 0.10



Initial Rhythm (%) Asystole PEA VF/VT Unknown



36 (42%) 29 (34%) 19 (22%) 2 (2%)



35 (33%) 48 (46%) 21 (20%) 1 (1%)



0.23 0.10 0.73 0.59



124 125 126 127 128



129 130



Hypothermia induction success was signiﬁcantly higher following the intervention. In the post-intervention group, 23 of 24 (96%) eligible patients successfully achieved goal temperature (32–34◦ C).



21 Months 1 Jan 2010–21 Sept 2011 (N = 86)



p-Value



Table 2 Therapeutic hypothermia induction success.



TH eligible TH performed (%) Avg time to target (min)



96



3. Results



Table 1 Clinical characteristics of the 191 consecutive OHCA patients. Characteristic



95



Pre-intervention (N = 86)



Post-intervention (N = 105)



p-Value



14 9 (64%) 289



24 23 (96%) 216



0.01 0.2
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Table 3 ROSC and survival to discharge.



ROSC > 20 min (%) Survival to discharge (%)



Pre-intervention (N = 86)



Post-intervention (N = 105)



p-Value



22 (26%) 4/22 (18%)



33 (31%) 8/33 (24%)



0.37 0.59



Table 4 Emergent cardiac catheterization rates.



Emergent Cath (%)



Pre-intervention (N = 22)



Post-intervention (N = 32)



p-Value



10 (45%)



14 (44%)



0.90



By comparison, only 9 of 14 (64%) eligible patients were successfully cooled (p-value is 0.01). Time to target temperature, deﬁned 136 from time of ROSC to ﬁrst documentation of a temperature less than 137 or equal to 34◦ C, demonstrated a trend to improved times in the 138 post- (216, IQR = 203) vs. pre-intervention (289, IQR = 347) group 139 Q2 (p = 0.2) (Tables 2–4). 134 135
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3.3. ROSC and survival
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Rates of ROSC and survival to discharge data were collected for patients in both cohorts. In the pre-intervention cohort, 26% of patients presenting with OHCA achieved ROSC for at least 20 min with 18% surviving to discharge. In the post-intervention group, 31% of patients achieved ROSC with a survival rate of 24%.
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3.4. Catheterization lab utilization
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Rates of emergent cardiac catheterization were also tracked for those patients achieving ROSC in both cohorts. Of the 55 patients who achieved ROSC, catheterization data was available for 54 patients. No signiﬁcant difference was noted in the rates of emergent catheterization of the pre- and post-interventional cohorts; 44% vs. 45%, respectively.
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4. Discussion
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Specialized teams to provide acute critical care in the emergency department have been developed for time sensitive diseases as trauma, stroke, and STEMI in order to overcome systemic barriers that delay rapid deployment of necessary medical therapies. The rapid treatment of OHCA with TH is also a time sensitive process, which has identiﬁed barriers to its utilization. To overcome these barriers, we describe for the ﬁrst time, the development of a specialized response team for OHCA we termed eCART (emergency department cardiac arrest response team). As expected, development of an eCART team was associated with a signiﬁcant increase in the number of eligible patients receiving TH and reduced the time to target temperature. Multiple barriers to the use of therapeutic hypothermia have been reported previously, including lack of provider knowledge of protocols, inclusion criteria, and cooling equipment may have limited the use of this modality in the past.13,14 Providing care teams with prompt access to hypothermia experts who can address these concerns in real-time, allows for a greater number of patients to have access to these life-saving treatments. Previous work15,16 has attempted to address these barriers by providing order sets, supply kits, targeted educational sessions, on-call physicians trained in TH, etc., in an effort to improve utilization. Our work builds on this by describing for the ﬁrst time, a multi-disciplinary real-time response, paired with pre-hospital activation, to provide these patients with the resources needed. Our study was not designed to differentiate which elements of our eCART were responsible for the improved outcomes.



A central concern in the creation of this multi-disciplinary response is implementation cost. The academic system upon which this eCART response was built has a clinical pharmacist, respiratory therapist, and chaplain in-house and an interventional cardiology on-call, requiring no additional resource outlay to implement. The ability to involve the pharmacists in peri-arrest resuscitation and the chaplains in family counseling represented further training opportunities for these care providers. Our study was performed at a tertiary academic center with salaried physicians who were willing to provide additional on-call coverage without additional compensation. Despite this uncompensated on-call coverage and the reallocation of pharmacy, chaplaincy and RT resources to the care of these cardiac arrest patients, these services welcomed the opportunity to participate in the eCART because of the educational beneﬁts and the positive impact on patient care. In systems without these resources already in place, the implementation of this model of care may represent additional ﬁnancial cost. Therapeutic hypothermia utilization rates improved signiﬁcantly during the study, ultimately achieving a 96% utilization rate with an average decrease in the time to target temperature of 73 min. Analysis of human17 and animal18 data has suggested that delays in therapeutic hypothermia have limited or abolished the potential beneﬁts of this therapy. The eCART response successfully limited these delays in therapy. Rates of ROSC and survival to discharge were also tracked in this study. Although there was a trend toward improvement in both of these metrics, the results were not statistically signiﬁcant. However, previous work has demonstrated the survival advantage and neurological advantage to this therapy, and it may be that the number of patients included in this study was insufﬁcient to demonstrate a statistically signiﬁcant difference in these metrics. Rates of cardiac catheterization were tracked without any signiﬁcant difference in the pre- and post-interventional cohorts. Previously published literature has demonstrated the correlation between signiﬁcant coronary artery disease and cardiac arrest,19,20 as well as the survival advantage associated with emergent PCI following cardiac arrest.21 We expected that the addition of cardiologist to the eCART would result in improvements in these catheterization rates, although this effect was not observed. There are inherent challenges to the interpretation of a preand post-interventional study. Ongoing education regarding therapeutic hypothermia and growing provider comfort with the intervention continued to occur during the post-intervention timeframe which may have improved the rates of utilization as well as the time to target temperature. Future work will include the development of eCART teams at other healthcare institutions in an attempt to reproduce the success demonstrated here. Pooling of data from multiple care sites may be able to demonstrate survival advantages that require greater numbers to elucidate. Additional collaboration with cardiology colleagues can investigate techniques to increase emergent catheterization rates in the potential effect on survival following cardiac arrest.
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