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Introduction / background
Unfortunately, patients that experience out-of-hospital cardiac arrest, even if witnessed, have a very poor survival rate. Approximately 160,0001-2 out-of-hospital cardiac arrests occur annually in the United States and out of those survival is only 6.4%.3 The current standard of care for managing the attempted resuscitation of a cardiac arrest patient with presumed cardiac etiology was recommended in late 2005 by the International Liaison Committee on Resuscitation (ILCOR). These recommendations were based on scientific consensus by comprehensive scientific research review.  The 2005 resuscitation guidelines were adopted and are currently being disseminated worldwide by organizations like the American Heart Association (AHA). 
The ongoing challenge with conventional manual CPR is that of human fatigue resulting in the rescuers inability to maintain appropriate rate, depth and recoil for optimal blood flow. Mechanical chest compression devices have been used for over 35 years to perform CPR in place of a rescuer, with the intention of ensuring consistent blood flow, especially when human resources are limited.  Unfortunately, even with the most modern designs, the concerns and challenges regarding these mechanical devices remain: effectiveness safety, cost and user friendliness. The ResQPOD is placed between the bag valve and mask of a BVM, between a bag valve and a tracheal tube, or between a bag valve and another rescue airway such as a Combitube or King tube. The device is intended to be used when performing CPR. The Res-Q-POD has a timing light that blinks when ventilation should occur, every 10 seconds, with placement of an advanced airway

The ResQPOD utilizes the impedance of the body’s respiratory and circulatory systems to create a vacuum (negative pressure) in the chest during the recoil phase of CPR, which follows each chest compression. The ResQPOD prevents the influx of respiratory gases into the chest during the chest wall recoil (relaxation or decompression phase), which lowers the intrathoracic pressure and draws more venous blood back to the heart. Improved blood  return to the right side of the heart (preload) results in improved blood flow to the lungs, and out of the left side of the heart (cardiac output) during subsequent compressions. 
In recent reports the ITD has been used during conventional CPR7,8 with an endotracheal tube or face mask. Studies suggest that when the ITD is used with a face mask, it may create the same negative intratracheal pressure as use of the ITD with an endotracheal tube if rescuers can maintain a tight face mask seal.5,7,8
In 2 randomized studies (LOE 1)6,9  of 610 adults in cardiac arrest in the out-of-hospital setting, use of ACD-CPR plus the ITD was associated with improved return of spontaneous circulation (ROSC) and 24-hour survival rates when compared with use of standard CPR alone. A randomized study of 230 adults documented increased admission to the intensive care unit and 24-hour survival (LOE 2)7 when an ITD was used during standard CPR in patients in cardiac arrest (pulseless electrical activity only) in the out-of-hospital setting. The addition of the ITD was associated with improved hemodynamics during standard CPR in 1 clinical study (LOE 2).8 Although increased long-term survival rates have not been documented, when the ITD is used by trained personnel as an adjunct to CPR in intubated adult cardiac arrest patients, it can improve hemodynamic parameters and ROSC.
The ITD (ResQPOD) is approved by The U.S. Food and Drug Administration (FDA) and was assigned a Class IIa recommendation (Reasonable to perform procedure/treatment or diagnostic test/assessment, with Benefit>>Risk rating) in the current 2005 resuscitation guidelines conceived by ILCOR and then adopted by the AHA.
The objective of Alameda County Emergency Medical Services (ALCO EMS) evaluation of the ResQPOD was for the effectiveness and safety of the device in their system. Investigators used the ResQPOD® in conjunction with conventional manual CPR and compared survival to hospital discharge or transfer for out-of-hospital cardiac arrest patients that received conventional manual CPR only in the same time period. The survival outcomes of only those patients that presented with an initial ECG rhythm of ventricular fibrillation or ventricular tachycardia were compared. Due to the limited subject enrollment in this demonstration and the lack of scientific randomization; this project was only intended to evaluate the effectiveness and safety of a new device in an existing EMS system.  
Methodology
Design
This trial study was a prospective interventional demonstration that compared conventional manual CPR in conjunction with the ResQPOD (ITD) to conventional manual CPR only. This was achieved by comparing patients treated with the ResQPOD to patients treated with conventional CPR by the same participating agencies within the same time frame.

The trial study was presented to the Alameda County Medical Centers/Department of Public Health Human Subjects Protection Committee (ACMC IRB) and was approved. ACMC IRB also approved the continuation of the trial on request for renewal at one year. Federal guidelines regarding implied consent for arrested patients were followed. 

Provider selection
Two Alameda County first responder advanced life support provider agencies were selected: Alameda County Fire Department (ACFD) and Hayward Fire Department (HFD) ACFD attempts resuscitation on approximately 200+ medical cardiopulmonary arrests per year. HFD attempts resuscitation on approximately 100+ non-traumatic cardiopulmonary arrests per year.
Duration
May 2007 – November 2008 
Patient selection/Inclusion 

The ResQPOD was used on all patients who are presumed to be 12 years or older in age and sustain a non-traumatic cardiac arrest or had sustained a non-traumatic cardiac arrest upon arrival of providers. In all patients, CPR was performed as usual: according to the current 2005 American Heart Association guidelines and met Alameda County criteria for resuscitation efforts. 
Patient exclusion
Patients <12 years of age, traumatic cardiac arrest and patients that had return of spontaneous circulation (ROSC).

Training 

All EMT-Paramedics and EMT-Basics in both participating fire agencies attended an in-service training regarding the use of the ResQPOD. Training materials and personnel were provided by Alameda County EMS and the device manufacturer (Advanced Circulatory Systems, ACS, Minneapolis, MN). The two hour training session taught field providers the indications, contraindications, use and trouble shooting of the ResQPOD. Also included in the training was a review of the current 2005 American Heart Association Guidelines for CPR as well as reinforcement of a team approach and how to work together when using the device. The training also included a written exam and skills competency test.
Equipment/device distribution/restock

ALCO EMS supplied 50 devices to HFD and 100 devices to ACFD. EMS Coordinators from ACFD and HFD initially dispensed 2 devices to every engine and truck based on past numbers of cardiac arrests.. When a ResQPOD was used it was restocked by the coordinator until they were depleted. Coordinators located devices from other units if an engine or truck ran out.
Procedure
All patients met Alameda County criteria for resuscitation efforts. No mechanical chest compression devices or other CPR adjuncts were used on any of the study patients. Providers performed conventional manual CPR, used the ResQPOD with the bag valve mask, bag valve and tracheal tube, and bag valve with Combitube and King tube. The device was removed from those patients that experienced return of spontaneous circulation (ROSC).  
Hospital care
The ResQPODs remained in place until the patient’s care was transferred to hospital personnel. All hospital respiratory therapy departments and emergency department physicians and nurses received information regarding the ResQPOD and the pilot study. 
Data Collection/Outcome Measures
The following data was collected on ResQPOD patients: 

· Name (for hospital follow-up)
· Sex

· age 

· run # 

· date

· time of arrest

· time of first CPR

· time of defibrillation (if applicable)

· initial rhythm

· subsequent rhythms (list)

· initial colorimetric capnometry or waveform capnography / ETCO2 in mmHg values 

· subsequent changes in ETCO2 values (list)

· return of spontaneous circulation (ROSC) (Y,N) at hospital arrival

· Timing light use
· admission to hospital

· survival (lived, transferred to another acute care facility or died)

Patient care report forms with a data summary spreadsheet were submitted by both fire departments on a monthly, basis to the EMS agency. Alameda County EMS secured all data received from hospitals regarding survival outcomes of study patients. All records regarding this trial have been maintained in a locked file and or secured electronic data base which can be accessed by the EMS medical directors and EMS quality managers involved in the study. 
Results
A total of 111 patients were enrolled in the study using the ResQPOD, 31 of whom were female (27.9%). Of the ResQPOD patients 29 (female=5) presented in VF/VT, and of the non ResQPOD patients 36 (female=11) presented in VF/VT.

Of the patients who were treated using the ResQPOD, 52.3% had an initial rhythm of asystole, 20.7% were found in pulseless electrical activity, 26.1% in ventricular fibrillation or pulseless ventricular tachycardia, and 0.90% in and unknown or unidentified rhythm. 

Overall, 16.2% of patients experienced a return of spontaneous circulation (ROSC) prior to hospital arrival: VF/VT 24.3% (7/29), asystole 13.8% (8/58), PEA 13.0% (3/23) and unknown 0% (0/1).
For all ResQPOD patients, paramedics used the timing light 68.5% of the time, and documented ETCO2 readings on 63.1% of patients. 
Investigators were able to get hospital follow up for 96.6% of all ResQPOD patients and 91.7% of non ResQPOD patients. There was no significant difference in survival for VF/VT patients in either the ResQPOD or non ResQPOD group (see Table A).
	Table A.                               Survival for ResQPOD and Non ResQPOD patients

	
	Non ResQPOD 
(n=36)
	ResQPOD (n=29)
	Statistical Significance

	Survival to Hospital Discharge
	3 (8.33%)
	5 (17.2%)
	p>.05


Discussion

This study aimed to describe clinical characteristics of cardiac arrest patients treated with the ResQPOD, and assess efficacy and safety of the device. Survival rates reported in this study are consistent with current survival rates reported in Alameda County. While the survival rate for VF/VT patients treated with the ResQPOD is higher than the non ResQPOD group, this difference was not found to be significant. To find any significant increase in survival, a greater sample size is needed. 
HFD, about one half the size of ACFD was able to train all field personnel and implement the ResQPOD May I, 2007. ACFD trained all field providers and started using the device August 1, 2007. Due to lower than expected enrollment at the larger fire department, investigators retrained all fire fighters at this department on CPR as well as the study protocol. Because of this, the study interval was also extended until November 30, 2008.
As expected, VF/VT patients achieved ROSC more often than patients presenting in other rhythms. Interestingly, investigators found that ROSC achieved by asystole and PEA patients was almost equal. The fairly high rate of ROSC in the asystole and PEA patients highlights an area worthy of further research. 
Historically, ALCO EMS has only collected survival data from receiving hospitals regarding VF/VT patients. Survival to hospital discharge or transfer to another facility was the primary endpoint evaluated. There are only two previous out-of-hospital studies using an ITD in conjunction with conventional manual CPR. Both studies analyzed short term survival in cardiac arrest patients on whom the ResQPOD was used, one to admission to the emergency department, and one to 24 hours post arrest. Neither study found a significant difference in short term survival in patients that presented with VF/VT7,10.

Limitations 
Investigators experienced a number of challenges throughout the 19 month trial/demonstration. The first issue was the lack of protocol compliance by one of the participating agencies. One contributing factor was a gap in provider knowledge regarding the importance of high quality chest compressions during CPR and the difference it makes in cardiac arrest survival, as well as how the quality of compressions affects the performance of the ResQPOD. This issue was addressed with retraining and further education. Another contributing factor was an ETCO2 connector incompatibility with the ResQPOD, this was addressed with a new redesigned connector. 
The next issue which never achieved complete resolution even after it was addressed was that of incomplete documentation of all required data points. The data point with the least compliance throughout the trial was ETCO2. Even with retraining, compliance never reached 100%. Also, a lack in comprehensiveness in some PCRs made it difficult to obtain accurate intervention times; this seems to be an ongoing problem with EMS documentation in general, regardless of retraining. Another issue that quickly surfaced early in the trial was uninformed hospital staff having to be educated on the device by field providers during the transfer of patient care. Even though all hospital respiratory therapy departments and emergency department physicians and nurses have received information regarding the ResQPOD and the pilot study before it started, there were some personnel that had not been in-serviced; this issue was resolved quickly with exposure.  
Patient safety 

There were no adverse events or complications reported with use of the ResQPOD. In fact, the timing light feature on the ResQPOD provides an opportunity to improve paramedic ability to properly ventilate. The timing light blinks every 10 seconds prompting paramedics to ventilate at an appropriate rate and avoid hyperventilation.

Conclusion/Recommendations
ILCOR and the AHA have amassed a solid body of research showing the efficacy of the ResQPOD used in cardiac arrest patients. While the present study did not find an increase in survival, further efforts should assess survival rates from a larger sample size. The ResQPOD is FDA approved, has been adopted by the California EMS optional scope of practice, and was shown in the present study to have no complications associated with the device suggesting the ResQPOD is safe for implementation in EMS systems in California.
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