Therapeutic hypothermia application vs standard support care in post resuscitated out-of-hospital cardiac arrest patients
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Abstract
Survival after cardiac arrest remains poor, especially when it occurs outside of hospital. In recent years, therapeutic hypothermiahas been used to improve outcomes in patients who have experienced cardiac arrest, however, application to out-of-hospitalcardiac arrest (OHCA) patients remains controversial.
A total of 175 OHCA patients underwent therapeutic hypothermia (TH), which was performed using large volume ice crystalloid fluid (LVICF) infusions after ICU admission. Ice packs and conventional cooling blankets were used to maintain a core body temperature of33°C, according to standard protocol for 36 hours. Patients in the control group received standard supportive care without TH. Hospital survival and neurologic outcomes were compared.
There was no significant difference between the groups with regards to patient characteristics, underlying etiologies, and length ofhospital stays. The duration of cardiac pulmonary resuscitation (CPR) was also similar. In the 51 patients that received TH, 14 were alive at hospital discharge. In the 124 patients belonging to the supportive care group, only 15 were alive at hospital discharge (27.5% vs. 12.1%, p = 0.013). Approximately 7.9% of patients in the TH group had good neurologic outcomes (4 of 51) compared with the 1.7% (2 of 124) of patients in the supportive group (p = 0.04). There were no specific treatment-related complications.
Therapeutic hypothermia can be safely applied to OHCA patients and can improve their outcome. Further large scale studies are needed to verify our results.
	TH (n = 51)
	NON-TH (n = 124)
	P

	APACHE II, mean
	31.89
	32.73
	.390

	Age, mean±SD
	66.76±16.73
	69.75±16.21
	.808

	Sex
	
	
	

	male, n (%)
	29 (56)
	65 (52)
	.592

	female, n (%)
	22 (44)
	59 (48)
	

	Initial rhythm
	
	
	

	PEA/asystole, n (%)
	46 (90)
	116 (93)
	.442

	VT/VF, n (%)
	5 (10)
	8 (7)
	

	Hospital days, mean±SD
	16.77±22.01
	14.85±33.78
	.291

	Previous disease status
	
	
	

	CHF, n (%)
	4 (7)
	24 (19)
	.059

	Old CVA, n (%)
	17 (33)
	25 (20)
	.064

	DM, n (%)
	18 (35)
	50 (40)
	.535

	CAD, n (%)
	10 (19)
	23 (18)
	.871

	HTN, n (%)
	30 (58)
	52 (41)
	.042

	COPD/asthma, n (%)
	5 (9)
	12 (9)
	.980

	Cancer, n (%)
	5 (9)
	22 (17)
	.186

	ESRD on H/D, n (%)
	5 (9)
	17 (13)
	.479

	CPR time (minutes) mean±SD
	14.17±12.44
	18.34±13.59
	.062


Table 1 - Baseline patient characteristics
Data are shown as means and SD or as numbers and percentages.
VT, ventricular tachycardia; CHF, chronic heart failure; CVA, cerebral vascular accident; DM, diabetes mellitus; CAD. coronary artery disease; HTN, hypertension; COPD, chronic obstructive lung disease; ESRD, end-stage renal disease; H/D, hemodialysis.
1
Introduction
Out-of-hospital cardiac arrest (OHCA) is one of the most serious challenges medical practice faces today. Over the last three decades, the median survival rate from OHCA has not improved. The pooled survival rate at hospital admission was 23.8%, which had decreased to 7.6% by hospital discharge [1]. Hospital survival was even lower for patients presenting with pulseless electrical activity (PEA) or asystole [2,3].
After cardiac arrest, permanent neurologic injury occurs after only 5 to 10 minutes of complete cessation of cerebral blood flow and such delay is very common among OHCA patients. If fever develops, the patient's condition could worsen [4]. At present, only therapeutic hypothermia (TH) has proven effective in both laboratory and clinical studies.
Therapeutic hypothermia, defined as the controlled reduction of core body temperature to a range between 32°C and 34°C [5], has been reported to have a beneficial effect on survival and neurologic outcome [6,7]. Based on these results, the advanced life supporttask force of the International Liaison Committee on Resuscitation recommended cooling to between 32°C and 34°C for 12 to 24 hours in unconscious patients who have been resuscitated from OHCA when the presenting rhythm was ventricular fibrillation (VF) [8]. However, this recommendation was seldom incorporated for a variety of reasons such as "not enough dataâ[euro] and "too technically difficult to useâ[euro] [9].
Don et al [10] reported that TH application was associated with a significant improvement in neurologic outcomes in patients whose initial rhythm was VF, but not in patients with other rhythms. Whether TH should be applied to all causes of cardiac arrest, especially non-VF patients, deserves further investigation.
In January 2007, one campus of our hospital (Tamsui branch, New Taipei) implemented a TH protocol that used ice packs and cooling blankets for all patients admitted to the medical intensive care unit (MICU) post resuscitation from OHCA. Because ofhuman/equipment resource availability, the other campus (Taipei main campus, Taipei) did not start TH at the same time. It provided a unique opportunity to compare the outcome of OHCA patients who received the same treatment (except TH) at the same hospital. Patient information, hospital survival, and neurologic outcome data were collected separately by the same administrative group.
2
Materials and methods
Our hospital is a 2100-bed tertiary medical center located in the metro-Taipei area and comprises 2 campuses (one in Tamsui and one in Taipei). The Taipei main campus consists of 1002 beds and 98 intensive care unit (ICU) beds. The Tamsui campus consists of941 beds and 59 ICU beds. Post-resuscitated OHCA patients were primarily treated in the medical and cardiac ICUs; therefore, only patients treated in these units were included in our study (39 beds in Taipei, 29 beds in Tamsui). Our study was approved by the Mackay Memorial Hospital Institutional Review Board (IRB number: 11MMHIS167).
The 2 campuses shared the same administrative organization and a similar environmental setup. A full-time intensivist was in charge of each ICU during the daytime and the ICU was covered by a medical fellow at night with an intensivist on call, as needed. General care was provided by fixed residents during daytime and rotation residents after hours. The ICU nurse-to-bed ratio was 2.5:1. All staff were certified Advanced cardiac life support (ACLS) providers and received the same type of training.
The admission criteria was determined by the intensivist-in-charge or the on-duty medical fellow. In January 2007, the TH protocol was first implemented in two MICUs at the Tamsui campus but not in the Taipei campus until the very late phase owing to lack ofequipment availability and intensivist policy. This situation provided us with an opportunity to conduct a non-randomized observational study regarding the clinical outcomes of all resuscitated OHCA patients, with and without TH.
Using our medical record data base, all adult patients (>18 years old) presenting with OHCA status between January 2007 and September 2010 who were resuscitated in the emergency department (ED) and remained alive to the ICU admission were enrolled as potential candidates. Patients who had surgical, neurological or gynecologic/obstetric diagnosis were excluded. A total of 175 patients were included for analysis.
After ICU admission, each patient received individualized evaluation and treatment under the direction of the intensivists. All patientswere treated in accordance with standard supportive care, except for the addition of TH in the TH patient group. Patients in the TH group received a screening test (Fig. 1) as soon as they were admitted. The protocol was initiated if the patient's Glasgow coma scale was less than 8 and TH was not contraindicated. Contraindications to TH were the following [1]: patient awoke spontaneously before TH start, [2] patient was pregnant, [3] patient's initial core body temperature was < 30°C, [4] patient met oxygenation criteria for acute lung injury (Pao2/Fio2 [<, double =]300), [5] sepsis was suspected as the underlying etiology, [6] terminal illness, [7] coagulopathy (international normalized ratio >3.0), and [8] patient sustained a primary intracranial event. Patients in the non-TH group received standard supportive care but no active measures were taken to cool the patients.
Our TH protocol used cold crystalloid intravenous infusion for induction, followed by application of cooling blankets (or ice packs when cooling blankets were unavailable). After enrollment in the study, a temperature probe was inserted into the patient's anus or bladder for core body temperature monitoring, and then cold (4°C) Ringers lactate solution was infused rapidly through a peripheral or central vein at a dose of 30 mL/kg of body weight [11]. A cooling blanket was placed below the patient and was connected to a cooling machine (CSZ Blanketrol II Soma, Bloomfield, CT). The initial machine setting was turned to "manual modeâ[euro] and "targeted to 5°Câ[euro] until core temperature reached 33°C. Then the machine was switched to "auto modeâ[euro] and kept at 33°C for 24 hours.
Antipyretics, extra cold fluid, and vasopressors maintained hemodynamic stability and core body temperature at 33°C. If the temperature dropped to <32°C, the cooling machine was temporarily turned off, and the patient was closely monitored regarding any change of temperature until the temperature rose above 33°C (re-start the machine) or was below 30°C (active rearm). Magnesium sulfate [12] (10%, 20 mL) at a rate of 1 amp intravenous infusion every 12 hours, merperdine (25 mg loading then every 4 hours as needed), and propofol infusion (starting from 5 μ g/kg per minute, with adjustment as needed) were used to maintain sedation and control shivering. Muscle relaxants (pancuronium 0.1 mg/kg loading, then atracurium 0.2 mg/kg per hour, adjusted as needed) were administered if the temperature could not be maintained at <34.5°C or if persistent shivering was noted. After 24 hours from the start of treatment, the temperature goal was set to 34°C for 6 hours, and then adjusted to 35°C for 6 hours for fear of too rapid rewarming. After 36 hours from the start of TH, the cooling blanket was removed, and each patient was allowed to rewarm passively. The protocol was aborted if the patient awoke spontaneously. Otherwise, the protocol was continued and no attempts were made to wean the patient off sedatives and muscle relaxants until the protocol was complete or the patient passed away.
All patients were mechanically ventilated via endotracheal tube and received standard supportive care after admission.
For comparison purposes, patients in the non-TH group who met the exclusion criteria were not recruited into the study. Patient data were abstracted from medical records and compared between groups. These data included disease severity (Acute Physiology and Chronic Health Evaluation [APACHE] II score), age, sex, underlying etiology, duration of cardiopulmonary resuscitation (CPR), length ofhospital stay, survival rate on discharge, and neurologic outcome. The neurologic outcome was evaluated before hospital discharge. A "goodâ[euro] neurologic outcome was defined as 1 to 2 points out of a 5-point Glasgow-Pittsburgh cerebral performance category (GP-CPCs) [13], with 3 to 5 points defined as "poor outcome.â[euro]
Statistical analysis was performed with the IBM PASW statistics 18.0 software. Continuous data were presented as mean +/- SD and analyzed by independent-sample t test, as appropriate. Categorical data were presented using absolute frequencies. Between-group comparisons of categorical variables and outcome variables were performed using the χ 2 test. P < .05 was considered statistically significant.
3
Results
During the 4-year period, 175 OHCA patients were eligible for analysis. Fifty-one patients received TH, and the other 124 patientsreceived standard supportive care. There was no significant difference in APACHE II score, age, sex distribution, length of hospitalstay, underlying disease, or CPR duration between the groups (Table 1). Most patients were found in PEA status (92.6%), and only a minority of patients were in VF. The distribution of initial rhythm was not different between the groups. Among the patients who received TH, the average delay from door to cool time was 219 minutes. Most patients received TH treatment between 2 to 4 hours after their hospital arrival (40/51, 78%).
The hospital survival rate was 14 out of 51 in the TH group (27.5%), compared to 15 out of 124 (12.1%) in the non-TH group (P = .013; Fig. 2). The TH group patients also had better neurologic outcomes compared to the non-TH group (7.9% vs. 1.7%, P = .04; Fig. 3). There was no difference in patient hospital survival (Fig. 4) or neurologic outcomes (Fig. 5) among patients with early (<2 hours), intermediate (2-4 hours), or delayed (>6 hours) start of TH. There were no life-threatening complications observed during any of the TH sessions.
4
Discussion
Our results suggest that therapeutic hypothermia can be successfully applied to all causes OHCA patients to improve their outcomes. Even though our cooling method was relatively simplistic and was started late after admission, success was still noted in a significant number of patients. As compared with patients from the supportive care group, more OHCA patients who received TH after resuscitation survived to reach hospital discharge. Although the number of patients with good neurologic outcome was low, the difference reached statistical significance when compared to the patients in the standard supportive treatment group.
Whether all OHCA patients should receive TH remains debatable. The overall survival after TH ranged between 38% and 60% [6,7,10,14-16], and good neurologic outcomes ranged from 47% to 55%. In studies by Bernard et al [6] and the Hypothermia after Cardiac ArrestStudy Group [7], only patients who had been resuscitated after cardiac arrest due to ventricular fibrillation were enrolled. In the 2005 American Heart Association guidelines for post resuscitation support, the committee gave TH a Class 2A recommendation for the use of out-of-hospital VF, but only Class 2B for non-VF [17]. In a nonrandomized observation study, Don et al [10] reported that TH can significantly improve the neurologic outcomes in patients whose initial rhythm was VF, but not in patients who present with other rhythms. Both Nielsen et al [14] and Tømte et al [15] reported a high survival rate for all-cause OHCA post-resuscitated patientsreceiving TH, but in most of their patients (50%-80%), OHCA was due to cardiac causes. Hay et al [18] found that only 27% of 139 OHCA patients receiving TH had favorable outcomes. Of those patients, 41% presented with VF, but only 7% of the non-VF patientshad favorable outcomes. Although most of our patients had PEA/asystole status, TH still improved patient outcome as compared with supportive care. Our low favorable neurologic outcome rate (7.9%) was compatible with the results from other studies [18,19].
Since the development of fever has been shown to be detrimental to resuscitation after cardiac arrest [4], patient outcome may be improved if cooling is initiated as soon as possible after resuscitation, or even during resuscitation [19]. However, in the study by Bernard [6] and the Hypothermia after Cardiac Arrest Study Group [7], cooling was started after ICU admission. Their results were not inferior to the other studies where TH was started in the ED [10,16].
In order to facilitate more rapid temperature reduction, intravascular infusion of large volume ice crystalloid fluid (LVICF) was tested in the ED [20] and pre-hospital setting [21-23]. Such treatment successfully reduced patient temperature and also cardiac function [21], but no survival benefit was demonstrated. Supportive data has also shown that LVICF can provide successful cooling during CPR in an animal model [24,25] and facilitate successful defibrillation [25]. A human pilot study was also performed involving 17 cardiacarrest patients that were given a rapid infusion of LVICF, but only one patient survived to hospital discharge [26].
The reason underlying failure of early TH to improve patient outcomes remains unknown. Bernard et al [23] speculated that it may be related to a suboptimal amount of cold fluid given before hospital arrival and shortened TH duration due to early mortality. The lack of available cooling technology in the receiving hospital is also of concern. Another consideration may relate to the optimum therapeutic window for administration of TH. Once TH was induced within an adequate therapeutic window after restoration ofspontaneous circulation (ROSC), the outcomes improved.
This notion is supported by an animal study by Che et al [27]. They suggested that TH started within 4 hours after ROSC resulted inimprovement in survival with good neurologic outcome. In our study, TH was induced by rapid LVICF infusion following surface cooling only when patients were admitted to MICU, with an average delay of over 3 hours. However, a significant delay in the start ofTH did not appear to reduce the effect of TH, as seen in the animal study [27]. Further studies are required to determine the optimum timing of TH induction.
Our study had several limitations. The retrospective nature of it resulted in limited analysis of patient characteristics due to missing data. Although the study was performed in the same hospital, both patient selection and treatment selection bias between the groups might have influenced the outcomes. However, post-cardiac arrest supportive care was essentially the same between groups. The imbalance in patient numbers between the groups was questionable, but in this observational study, we were unable to adjust for the effect of selection bias. In addition, TH was started in our study only after ICU admission, with an average time delay from ROSC to TH start of over 3 hours, which may have been too long of a time delay. However, the results of pre-hospital cooling did not show any survival benefit [23]. The survival rate in our group was higher compared to both our controls and to the results ofprevious studies [2,3]. This suggests that the timing of the start of TH may not be a significant factor. Finally, we found it difficult to control the rewarming rate because of certain technical barriers. Maxwell et al [28] reported that rapid rewarming from hypothermiacould induce secondary axonal pathology. To avoid any sudden temperature rise, we designed a 2-stage rewarming scheme, with an extra 12 hours for temperature control until 35°C. However, the effectiveness of this intervention is unknown.
5
Conclusions
The purpose of our study was to describe our experience using TH and to inspire care givers to use TH in patients with OHCA, regardless of its cause. Our results suggest that therapeutic hypothermia can be safely utilized in daily practice utilizing protocol-driven management. TH provided a small but significant improvement in hospital survival and favorable neurologic outcome in all causes post-resuscitation OHCA patients. Future studies are needed to confirm our findings.
Appendix A Supplementary data
The following is the Supplementary data to this article.
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