Emergency Medical Services Authority
1930 9th Street, Suite 100

Sacramento, CA 95814-7043

(916) 322-4336

FAX (916) 324-2875

REQUEST FOR APPROVAL
TRIAL STUDY

v

EMS MEDICAL DIRECTOR: Angelo Salvucci, MD DATE: 8/29/2008
LOCAL EMS AGENCY: Santa Barbara County & Ventura County

NAME OF PROPOSED PROCEDURE OR MEDICATION: See attached study proposal. The
King Airway and ResQpod will be used by BLS & ALS providers,

1. DESCRIPTION OF THE PROCEDURE OR MEDICATION REQUESTED:
See attached study proposal.

2. DESCRIPTION OF THE MEDICAL CONDITIONS FOR WHICH THEY WILL BE
UTILIZED:
Adult patients in cardiac arrest.

3. ALTERNATIVES(Please describe any alternate therapies considered for the same conditions
and any advantages and disadvantages): Standard 30;2 CPR without an ITD.

4. AN ESTIMATE OF FREQUENCY OF UTILIZATION:
350/year

5. OTHER FACTORS OR EXCEPTIONAL CIRCUMSTANCES:
none

PLEASE ATTACH:

6. ANY SUPPORTING DATA, INCLUDING RELEVANT STUDIES AND MEDICAL
LITERATURE.
See Attached

7. RECOMMENDED POLICIES/PROCEDURES TO BE INSTITUTED REGARDING USE,
MEDICAL CONTROL, TREATMENT PROTOCOLS, AND QUALITY ASSURANCE OF THE
PROCEDURE OR MEDICATION.

See Attached. All cardiac arrest cases are and will be reviewed.

8. DESCRIPTION OF THE TRAINING AND COMPETENCY TESTING REQUIRED TO
IMPLEMENT THE PROCEDUREOR MEDICATION.
BLS and ALS personnel will be trained in device use in a hands on environment.




COUNTY WIDE PROTOCOLS: POLICY NO: 705

CARDIAC ARREST, ADULT
Patient pulseless and apneic or with agonal respirations,

CPR (see note 6), BLS airway management, Monitor, document rhythm stri , Determine Cardiac Rhythm -2

s

. .. PRIOR TO BASE HOSPITAL CONTACT :
VFIB/V-TACH" (Persistent) ASYSTOLE BRADYCARDIC PEA*** NON BRADYCARDIC PEA***
WHILE ON SCENE 1. IV access 1. ASSESS/TREAT CAUSE 1. ASSESS/TREAT CAUSE:
1. DEFIBRILLATE**** 2. EPINEPHRINE 2. IV access Medical vs. Trauma.
Monophasic - 360 J* May repeat q 3-5 min 3. EPINEPHRINE Treat Hypovolemia if present
2. 5 cycles (2 minutes) CPR® IVP: 1:10,000 1.0 mg May repeat q 3-5 min 2. IF TRAUMA OR
3. IV access during CPR IfNO 1V, give IVP: 1:10,000 1.0 mg HYPOVOLEMIA, STAT
4. Reassess cardiac rhythm, If ET: 1:10,000 2.0 mg** If no IV, give TRANSPORT AS SOON AS
VFib/Vtach® remain: IL: 1:1,000 1.0mg ET: 1:10,000 2.0 mg** AIRWAY S SECURED
DEFIBRILLATE - 360 J * & 3. Reassess Cardiac Rhythm, If any IL: 1:1,000 1.0mg 3. IV access
resume CPR. question in thythm, confirm in 2 4. Reassess cardiac rhythm. If (Wide Open if hypovolemic)
5. EPINEPHRINE: leads. still BRADYCARDIC PEA, give 4. EPINEPHRINE
May repeat q 3-5 min 4. If still ASYSTOLE, give ATROPINE: May repeat q 3-5 min
IVP: 1:10,000 1.0 mg ATROPINE: IVP: 1.0 mg IVP: 1:10,000 1.0 mg
If NO IV, give IVP: 1.0 mg IVP ET: 2.0 mg** If No IV,
ET: 1:10,000 2.0 mg** ET: 2.0mg* IL: 1.0 mg (1 mg/ml) ET. 1:10,000 2.0 mg**
IL: 1:1,000 1.0mg IL: 1.0 mg (1 mg/ml) 5. ALS airway management.* IL: 1:1000 1.0mg
6. Reassess cardiac rhythm. If 5. ALS Airway management.* 6. Repeat Epi q 3-5 minutes 5. ALS Airway Managament.*
VFib/Vtach® remain: 6. Repeat Epi q 3-5 minutes 7. Repeat Atropine q 3-5 minutes 6. Reassess Cardiac Rhythm. If
DEFIBRILLATE - 360 J * & 7. Repeat Atropine q 3-5 minutes to to a total dose of 0.04 mg/kg (3 Non-Bradycardic PEA remains,
resume CPR. a total dose of 0.04 mg/kg (3 mg mg in a 75 kg patient) continue treatment of likely
7. ***Lidocaine IVP: 1.5 mg/kg or in a 75 kg patient) cause.
ET. 3 mg/kg**
8. Defibrillate - 360 J * 7. Repeat Epi g 3-5 minutes
9. ALS airway management.*
10. Repeat Epi q 3-5 minutes
11. Defibrillate - 360 J*
12. Repeat Lidocaine 1.5 mgikg
in 3-6 minutes (o total dose of
3 mg/kg)
13. Defibrillate - 360 J *
*  Or biphasic waveform defibrillation at energy level approved by service LIKELY CAUSES OF PEA
provider medical director.
** For ET administration, dilute in 5-10 mi NS, Acidosis Pulm Embolism Drug OD
*** |f defibrillation — narrow complex rhythm > 50, not in 2nd or 3rd degree Hyperkalemia Massive M| Tricyclics
block, and Lidocaine not already given, give Lidocaine 1.5 mg/kg IVP or ET Tamponade Digitalis Beta Blockers
3 mg/kg (if no V). ) Hypovolemia Tension Pneumo Profound Hypothermia
“*** If collapse before dispatch, § cycles CPR before defibrillation, Hypoxemia Ca Channel Blockers
Base Hospital Contact (if unable, initiate transport and continue efforts to contact)
. Consider Na Bicarb 1 mEq/kg 8. Consider Na Bicarb 8. Consider Na Bicarb 8. Consider Na Bicarb 1 mEq/kg
VP 1 mEg/kg IVP 1 mEqg/kg (VP VP
13. Defibrillate - 360 J ***PEA: Pulseless Electrical
14, Consider MgSQ4 1-2 GM IVP Activity
15. Defibrillate - 360 J or biphasic
waveform defibrillation at
anergy level approved by
service provider medical
director.

NOTES:
1. Early BH contact is recommended in unusual situations, e.g., renal failure, Calcium channel blocker 0D, tricyclic OD, Beta blocker OD and Torsade. BH to consider:
CaCl; and Bicarb in renal failure,
early Bicarb in Tricyclic OD,
early CaCl, in Ca channel blocker OD,
Glucagon in bata blocker OD and calcium channel blocker OD, and
MgSOy4in Torsade.
Dosages
. Calcium Chloride: 10 ml of 10% solution, may repeat X1 in 10 minutes
. Glucagon: 1-5 mg IVP as available
. Magnesium: 2 g slow IVP over 2 minutes
. Sodium Bicarbonate: 1 mEq/kg followed by 0.5 mEqg/kg q 10 minutes
2. In cases of normothermic adult patients with unmonitored cardiac arrest with adequate ventilation, vascular access, and persistent asystole or PEA despite 20 minutes
of standard advanced cardiac life support; the base hospital should consider termination of resuscitation in the field. If transported, the patient may be transported
Code Il If unable to contact base hospital, resuscitative efforts may be discontinued and palient determined to be dead.
3. V-Tach = Ventricular Tachycardia with rate > 150/min.
4. If unable to adequately ventilate with BLS measures, insert advanced airway earlior.
5.
<]

. If organized narrow complex rhythm > 50, not in 2nd or 3rd degree block after 2 minutes post-shock CPR, IV access, lidocaine 1.5 mg/kg IVP.

.__For all thvihms. in patients 18 vio and above, start compressions at 100/min Jnsert King Airwa as soon as practical. Place ITD in aitway circuil,_Onge King Airwa
inserted. conlinue chest compressions at 100imin without interruption and ventilate with 1 breath every 10 compressions. If unable to place King Aiway use slandard 30/2
CPR with the ITD placed on the mask. if ROSC the ITD will be taken aut of the airway circuit,

Effective Date: June 1, 2007
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DRAFT 8/13/08

Study Proposal: Comparison of Cardiac Arrest Outcomes with Early Advanced Airway
and Impedance Threshold Device to Standard 2005 AHA CPR in the Out-of-Hospital
Setting

Hypothesis: The combination of uninterrupted compressions and early use of an
impedance threshold device will increase survival to hospital discharge neurologically
intact in the adult out-of-hospital cardiac arrest patient’>**,

Study Design: Current standard 2005 guideline CPR will be modified. Rather than 30/2
compression/ventilation ratio with pauses for ventilations, compressions will be started
continuously at 100 per minute upon recognizing cardiac arrest. The airway will be
managed with a King LTS-D Airway and a ResQPOD will immediately be placed in the
airway circuit. When the King Airway is placed asynchronous ventilations will be started
at 10 per minute °. Data will be recorded using an Utstein template for 15 months and
compared to the prior 15 months data when “standard AHA CPR guidelines “ were used.
The primary endpoint will be hospital discharge with a Cerebral Performance Category of
one ot two. The study population will be all adult cardiac arrest patients for which
resuscitation was/is attempted by EMS personnel in Ventura and Santa Barbara Counties
working for agencies that have accurate retrospective outcome data.

Study Power: To achieve a significance level of 0.05 it is estimated that 424 subjects per
arm of the study will be required.

Consent: Due to the nature of the study waiver of consent is required. California State
EMS Authority approves the King Airway. The ResQPOD is a category 2A
recommendation of the AHA. Compression rates and ventilation rates are consistent with
AHA 2005 guidelines. The study uses a historical control group. There is no sham or
placebo arm of the study. All subjects will be treated actively per current perceived “Best
Practice” standards.

References:

1. JAMA. 2008 Mar 12;299(10): 1158-65. Minimally interrupted cardiac
resuscitation by emergency medical services for out-of-hospital cardiac arrest.
Bobrow, et al. '

2. AHA 2007 Scientific Session. A Tale of Seven EMS Systems: An
Impedance Threshold Device and Improved CPR Techniques Double Survival
Rates After Out-of-Hospital Cardiac Arrest. Aufderheide, et al.

3. Ann Emerg Med 2008;51(4):475. Implementation of the 2005
Cardiopulmonary Resuscitation Guidelines and Use of an Impedance
Threshold Device Improve Survival from Inhospital Cardiac Arrest. Thigpen,
et al. .

4. Europace (2007) 9, 2-9. Acute Management of Sudden Cardiac Death in
Adults Based Upon the New CPR Guidelines. Yannopoulos, et al.




5. J. Respiratory Care (In press 2008) Comparison of a 10-Breaths-Per-Minute
Versus 2-Breaths-Per-Minute Strategy During CPR in a Porcine Model of
Cardiac Arrest. Lurie, et al.
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UT-OF-HOSPITAL CARDIAC
arrest is a major public
health problem and a lead-
ing cause of death.’* Un-
fortunately, in large metropolitan cit-
ies, the outcomes are poor for patients
with out-of-hospital cardiac arrest.>” Al-
though early defibrillation with auto-
mated external defibrillators im-
proves survival, early defibrillation is
rare and few patients with out-of-
hospital cardiac arrest survive.”® In
2004, the average survival of patients
with out-of-hospital cardiac arrest was
3% in the state of Arizona.’
Minimally interrupted cardiac resus-
citation (MICR), also referred to as car-
diocerebral resuscitation, is a new ap-
proach to out-of-hospital cardiac arrest
for emergency medical services (EMS)
personnel developed at the University of
Arizona Sarver Heart Center, and first in-
stituted in Tucson, Arizona, in late
2003.'%'* Minimally interrupted car-
diac resuscitation focuses on maximiz-
ing myocardial and cerebral perfusion
through a series of coordinated inter-
ventions. This aproach is intended to
minimize interruption of chest compres-

For editorial comment see p 1188.

1158 JAMA, March 12, 2008—Vol 299, No. 10

Context Out-of-hospital cardiac arrest is a major public health problem.

Objective To investigate whether the survival of patients with out-of-hospital car-
diac arrest would improve with minimally interrupted cardiac resuscitation (MICR), an
alternate emergency medical services (EMS) protocol.

Design, Setting, and Patients A prospective study of survival-to-hospital dis-
charge between January 1, 2005, and November 22, 2007. Patients with out-of-
hospital cardiac arrests in 2 metropolitan cities in Arizona before and after MICR train-
ing of fire department emergency medical personnel were assessed. In a second analysis
of protocol compliance, patients from the 2 metropolitan cities and 60 additional fire
departments in Arizona who actually received MICR were compared with patients who
did not receive MICR but received standard advanced life support.

Intervention Instruction for EMS personnel in MICR, an approach that includes an
initial series of 200 uninterrupted chest compressions, thythm analysis with a single
shock, 200 immediate postshock chest compressions before pulse check or rhythm
reanalysis, early administration of epinephrine, and delayed endotracheal intubation.

Main Outcome Measure Survival-to-hospital discharge.

Results Among the 886 patients in the 2 metropolitan cities, survival-to-hospital dis-
charge increased from 1.8% (4/218) before MICR training to 5.4% (36/668) after
MICR training (odds ratio [OR], 3.0; 95% confidence interval [Cl}, 1.1-8.9). In the
subgroup of 174 patients with witnessed cardiac arrest and ventricular fibrillation, sur-
vival increased from 4.7 % (2/43) before MICR training to 17.6% (23/131) after MICR
training (OR, 8.6; 95% Cl, 1.8-42.0). In the analysis of MICR protocol compliance
involving 2460 patients with cardiac arrest, survival was significantly better among
patients who received MICR than those who did not (9.1% [60/661] vs 3.8% [69/
1799]; OR, 2.7, 95% Cl, 1.9-4.1), as well as patients with withessed ventricular fi-
brillation (28.4% [40/141] vs 11.9% [46/387); OR, 3.4; 95% Ci, 2.0-5.8).

Conclusions Survival-to-hospital discharge of patients with out-of-hospital cardiac
arrest increased after implementation of MICR as an alternate EMS protocol. These
results need to be confirmed in a randomized trial.

JAMA. 2008;299(10):1158-1165

www.jama.com

sions, provide immediate preshack chest
compressions for prolonged ventricu-
lar fibrillation (VF), delay or eliminate
endotracheal intubation, minimize posi-
tive pressure ventilations, and decrease

the time interval to intravenous epineph-
rine administration, !>
Implementation of MICR was asso-
ciated with substantially improved sur-
vival for patients with out-of-hospital
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Sanders, Berg, and Kern, and Ms Clark); and

Departments of Medicine (Drs Ewy and Kern),
Emergency Medicine (Dr Sanders), and Pediatrics
(Dr Berg), University of Arizona College of Medi-
cine, Tucson, Arizona,

Corresponding Author: Bentley J. Bobrow, MD, De-
partment of Emergency Medicine, Mayo Clinic, 13400
E Shea Blvd, Scottsdale, AZ 85259 (bobrow.bentley
@mayo.edu).
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cardiac arrest in rural settings.'* We in-
vestigated whether MICR would im-
prove survival from out-of-hospital car-
diac arrestin a large urban setting. First,
we report an analysis of before and af-
ter training of EMS personnel in 2 met-
ropolitan fire departments in Arizona.
Second, we investigated whether sur-
vival would be different in patients who
actually received MICR (as defined by
4 compliance criteria) compared with
patients who did not receive MICR in
the 2 metropolitan and 60 additional
fire departments throughout the state.

METHODS

The Save Hearts in Arizona Registry and
Education (SHARE) program of the Bu-
reau of Emergency Medical Services and
Trauma System was established as part
of the Arizona Department of Health
Services to address the public health
problem of sudden out-of-hospital car-
diac arrest. This statewide program col-
lects data from multiple EMS systems
in rural, suburban, and urban set-
tings. Because cardiac arrest has been
identified as a public health issue in Ari-
zona, these incidents are exempt from
the Health Insurance Portability and Ac-
countability Act of 1996. Approval was
obtained from the Arizona Depart-
ment of Health Services Human Sub-
Jjects Review Committee and permis-
sion to publish deidentified data was
obtained through the University of Ari-
zona Institutional Review Board.

Arizona has approximately 6.3 mil-
lion citizens living in 15 counties.'® Our
study includes data for out-of-hospital
cardiac arrest from 62 EMS agencies, rep-
resenting approximately 75% of the
state’s population. Prehospital triage,
treatment, and transport protocols vary
by local jurisdiction and region.

Data Collection and Definitions

An Utstein-style database for out-of-
hospital cardiac arrests was initiated for
all 62 participating fire departments."’
The Utstein-style EMS incident re-
ports collect information on patient de-
mographics, event circumstances, re-
sponse intervals, presenting rhythm,
treatment and procedures, and initial

outcomes." Final outcomes were ob-
tained through local hospitals and the
Bureau of Public Health Statistics in the
Arizona Department of Health Services.

Cardiac arrest was defined as the ab-
sence of cardiac mechanical activity de-
termined by the absence of a pulse and
thelack of normal breathing, Patients in-
cluded all patients with out-of-hospital
cardiac arrest on whom resuscitation was
initiated. Cardiac arrestrhythms included
asystole, pulseless electrical activity, and
VF/pulseless ventricular tachycardia. In-
dividuals with obvious signs of death (eg,
rigor mortis, lividity) or with do not re-
suscitate doctmentation on EMS arrival
were excluded because resuscitation ef-
forts were notinitiated per standard pro-
tocol. Other exclusion criteria were age
(<18years), cardiac arrest in adults wit-
nessed by EMS personnel, and cardiac ar-
rest secondary to trauma, drowning, or
other noncardiac causes.

Intervention

Before and After Analysis. Minimally
interrupted cardiac resuscitation was
presented as an alternate treatment
strategy for out-of-hospital cardiac ar-
rest by 3 authors (B.J.B., L.L.C., and
G.A.E.) to the EMS [ire chiefs and medi-
cal directors. We provided MICR train-
ing with verbal and visual (slide pre-
sentation) instructions, psychomotor
skill training for trainers (by B.J.B. and
L.1.C.), and written supporting mate-
rial (developed by the University of Ari-
zona Sarver Heart Center Cardiopul-
monary Resuscitation Research Group).
A train-the-trainer model was used to
disseminate the MICR protocol to fire
department EMS personnel, and ap-
proximately 2000 EMS firefighters were
trained in the new approach.

The MICR protocol for prehospital
personnel includes an initial 200 un-
interrupted chest compressions at 100
compressions per minute, rhythm
analysis with a single shock when in-
dicated, immediately followed by 200
postshock chest compressions before
any pulse check or rhythm reanalysis.
Endotracheal intubation is delayed un-
til after 3 cycles of chest compressions
and rhythm analysis. Intravenous epi-

OUT-OF-HOSPITAL CARDIAC ARREST

nephrine (1 mg) is administered as soon
as possible during the protocol and
again with each cycle of chest compres-
sions and rhythm analysis,}21415.18

Minimally interrupted cardiac resus-
citation discourages early and exces-
sive ventilation by advocating passive
oxygen insufflation with the place-
ment of an oral-pharyngeal airway, a
nonrebreather face mask, and high-
flow oxygen rather than positive pres-
sure ventilation.”* However, because this
approach to ventilation was such a dra-
matic change for the EMS personnel,
bag-valve-mask ventilation was still per-
mitted by paramedics and firefighters
at an encouraged rate of 8 ventilations
per minute. No patient received post-
resuscitation hypothermia.

For the before and after analysis, we
report data collected between January 1,
2005, and June 30, 2007. Six months of
baseline data, referred to as “before
MICR” (January 1,2005-June 30, 2005),
were collected from the fire depart-
ments in the 2 largest metropolitan cit-
ies in Arizona. During the before MICR
period, these departments followed the
EMS protocol set forth in the 2000
American Heart Association (AHA) and
the International Liaison Committee on
Resuscitation Guidelines.'

Data collection for the “after MICR”
training period began on the date that
MICR training was first implemented.
In the first fire department (site 1),
MICR training was implemented on
July 21, 2005. In the second fire de-
partment (site 2), MICR training was
implemented on January 1, 2006. For
the before and after analysis, data col-
lection concluded in both fire depart-
ments on June 30, 2007. The before and
after analysis was based on the prin-
ciples of intention to treat and the analy-
sis included all patients in the 2 time
periods, regardless of whether they re-
ceived MICR or not.

Protocol Compliance Analysis. In
the protocol compliance analysis, we
compared outcomes from patients who
actually received MICR (all 4 compli-
ance criteria present) with those who did
not receive MICR bhetween January 1,
2005, and November 22, 2007, The pro-

JAMA, March 12, 2008—Vol 299, No. 10 1159
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tocol compliance analysis included pa-
tients from the initial 2 fire depart-
ments plus an additional 60 fire
departments in Arizona. Twelve of the
total 62 fire departments were trained in
MICR; the other 50 had no MICR train-
ing. In the protocol compliance analy-
sis, the MICR training described in the
before and after analysis was provided in
asimilar manner for the 10 other fire de-
partments between 2005 and 2007.
The MICR protocol compliance was
assessed by the presence of all 4 of the

Figure 1. Flow Diagram of Patient Enrollment

following criteria: (1) 200 preshock chest
compressions, (2) 200 postshock chest
compressions, (3) delayed endotra-
cheal intubation for 3 cycles of 200 com-
pressions and rhythm analysis, and (4)
patients who received intravenous epi-
nephrine in the first or second cycle of
chest compressions.

Main Outcome Measures

The primary outcome measure in both
the before and after analysis and the
Pprotocol compliance analysis was sur-

in the Before and After Analysis

l 1243 Total cardiac arrests (2 sites) l

—- 77 Excluded (age <18vy) ]

l 1166 Adult ¢

ardiac arrests l

280 Excluded

237 Trauma, drowning, or

respiratory cases
41 Cardiac arrest witnessed
by EMS
2 Outcorne unknown

1 Before MICR training
1 After MICR training

886 individuals with cardiac
arrest evaluated

I 218 Occurred before MICR training l l 668 Occurred after MICR training
T R
| asuwed | [ 214 Dec | | 36 Sunived | XS

EMS indicates emergency medical services; MICR, minimally interrupted cardiac resuscitation. The before and
after analysis consisted of before and after MICR training of EMS personnel in 2 metropolitan fire departments
in Arizona, with data collection between January 1, 2005, and June 30, 2007. For cardiac arrests occurring
before MICR training at both sites, data were collected between January 1 and June 30, 2005. For cardiac
arrests occurring after MICR training, data were collected at site 1 between July 21, 2005, and June 30, 2007,
and at site 2 between January 1, 2006, and June 30, 2007.

Table 1. Patient Demographics and Event Characteristics in the Before and After Analysis3

Before MICR Training After MICR Training P

Characteristics (h=218) (n = 668) Value
Age, mean (SD), y 65.0 (14.9) 66.0 (15.3) .37
Men 143 (65.6) 459 (68.7) .39
Home location 154 (70.6) 495 (74.1) 32
Bystander CPR performed 75 (34.4) 262 (39.2) .20
Witnessed 89 (40.8) 302 (45.2) .26
Ventricular fibrillation 69 (31.7) 200 (29.9) .63
EMS dispatch-to-arrival time, 5.6 (2.6) 52 (2.0 12

mean (SD), min

Endotracheal intubation 90 (41.3) 437 (65.4) <.001

Abbreviations: CPR, cardiopulmonary resuscitation; EMS, emergency medical services; MICR, minimally interrupted car-
diac resuscitation.
AData are presented as No. (%) unless otherwise specified.

1160 JAMA, March 12, 2008—Vol 299, No. 10

vival-to-hospital discharge for all pa-
tients with cardiac arrest and for the
subgroup of patients with witnessed
collapse and a shockable rhythm, Sec-
ondary outcome measures were favor-
able neurological outcome among
survivors, return of spontaneous cir-
culation, and survival-to-hospital
admission.

To assess neurological outcome, sur-
vivors were contacted by mail and asked
if they were willing to participate in a
telephone interview or complete a ques-
tionnaire. The survivors also had the op-
tion of refusing to participate. A tele-
phone interview was conducted or a
questionnaire was sent to those pa-
tients consenting to assess their neuro-
logical status with the Cerebral Perfor-
mance Categories (CPC) score on
discharge from the hospital.'” A CPC
score of 1 indicates good cerebral per-
formance (conscious, alert, able to work,
might have mild neurological or psy-
chological deficit); score 2, moderate ce-
rebral disability (conscious, sufficient ce-
rebral function for independent activities
of daily life; able to work in sheltered en-
vironment); score 3, severe cerebral dis-
ability (conscious, dependent on oth-
ers for daily support because of impaired
brain function; ranges from ambula-
tory state to severe dementia or paraly-
sis); score 4, coma or vegetative state
(any degree of coma without the pres-
ence of all brain death criteria; unaware-
ness, even if appears awake [vegetative
state] without interaction with environ-
ment; may have spontaneous eye open-
ing and sleep/wake cycles; cerebral un-
responsiveness); and score 5, brain death
(apnea, areflexia, electroencephalo-
graphic silence). For our analysis, CPC
scores of 1 or 2 were considered favor-
able neurological outcome with suffi-
cient cerebral function for indepen-
dent activities.

Statistical Analyses

Data were entered into Microsoft Ac-
cess (Microsoft Corp, Redmond, Wash-
ington) and transported into SPSS ver-
sion 15.0 for statistical analysis (SPSS Inc,
Chicago, Illinois). Continuous vari-
ables were presented as mean (SD) and
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analyzed by ¢ test or Mann-Whitney U
test. For the before and after analysis, the
propottion of patients who survived to
hospital discharge in the before MICR
training and the after MICR training
groups was compared with x? or Fisher
exact tests. A step-wise logistic regres-
sion analysis was used to determine the
survival association of patients in the af-
ter MICR training group compared with
those in the before MICR training group,
adjusted for potential confounders. A
base model was adjusted for age, sex, lo-
cation of cardiac arrest, witnessed ar-
rest, bystander cardiopulmonary resus-
citation, VF, endotracheal intubation,
and entire EMS dispatch-to-arrival time.
A dummy variable was created to ad-
just for site differences and was in-
cluded in the base model. The final

model included only statistically signifi-
cant covariates (P<C.05). Odds ratios
(ORs) for survival and 95% confidence
intervals (Cls) were determined. The
sample size was not planned. For the pro-
tocol compliance analysis, similar sta-
tistical tests were conducted comparing
survival-to-hospital discharge for those
patients who did and did not receive
MICR. Neurological outcomes were cal-
culated by using the CPC scale.”

RESULTS
Before and After Analysis

Of 1243 cardiac arrests during the data
collection period, 886 met the inclu-
sion criteria (218 occurred before MICR
training and 668 occurred after MICR
training) and underwent further evalu-
ation (FIGURE 1). There were no sig-

Table 2. Comparison of Major Qutcomes in the Before and After Analysis

OUT-OF-HOSPITAL CARDIAC ARREST

nificant differences between patients in
the before MICR training group and the
after MICR training group, regarding
age, sex, location of cardiac arrest, pres-
ence of an initial shockable rhythm
(VE), or EMS dispatch-to-arrival time.
During the after MICR training pe-
riod, more patients received endotra-
cheal intubation (P <.001) (TABLE 1).

Among the 886 patients with cardiac
arrest, survival-to-hospital discharge was
found in 4 0f 218 patients (1.8%) in the
before MICR training group and in 36
of 668 patients (5.4%) in the after MICR
training group (adjusted OR, 3.0; 95%
CI, 1.1-8.9) (TABLE 2). In the subgroup
of 174 patients with a witnessed car-
diac arrest and a shockable rhythm, suzr-
vival was found in 2 0f 43 patients (4.7%)
in the before MICR training group and

No./Total No. (%) of Patients

I
Before MICR

Odds Ratio (95% Cl)

1
After MICR

I 1 Significant Covariates
Outcomes Training Training Unadjusted Adjusted in Final Modei?

Primary outcomes

Survival-to-hospital discharge 4/218 (1.8) 36/668 (5.4) 3.0(1.1-8.6) 3.0(1.1-8.9) Witnessed aest and VF

Survival with witnessed VF 2/43 (4.7) 23/131 (17.6) 4.4 (1.0-19.1) 8.6 (1.8-42.0) Endotracheal intubation
Secondary outcomes

Return of spontaneous circulation 34/218 (15.6) 154/668 (23.1) 1.6 {1.1-2.4) 1.3 (0.8-2.0) Witnessed arrest, VF, endotracheal

intubation, and site
Survival-to-hospital admission 35/218 (16.1) 113/668 (16.9) 1.1(0.7-1.6) 08(0.5-1.2) Bystander CPR performed,

witnessed arrest, VF,
endotracheal intubation, entire
EMS dispatch-to-arrival time

Abbreviations: Cl, confidenceinterval, CPR, cardiopulmonary resuscitation; EMS, emergency medical services; MICR, minimally interrupted cardiac resuscitation; VF, ventricular fibrillation.
Ajnitial model included age, sex, location of cardiac arrest, bystander GPR performed, witnessed arrest, VF, endotracheal intubation, entire EMS dispatch-to-arrival time, and site. The final

model included only significant covariates, as indicated.

Table 3. Compliance and Outcomes in the Before and After Analysis by Site and 6-Month Time Intervals?

6-Month Intervals After MICR Training

Before MICR After MICR [ ]
Training Training 1 2 3 4
Site 1 (n = 393)
Compliance, % 70.4 60.3 81.1 69.2 65.2
Overall survival 3/119 (2.5) 18/274 (6.6) 3/58 (6.2) 11/95 (11.6) 1/52 (1.9) 3/69 (4.3)
Witnessed VF survival 2/23 (8.7) 11/52 (21.2) 2/11(18.2) 717 (41.2) 1/6 (16.7) 1/18 (5.6)
Return of spontaneous circulation 16/119 (13.4) 77/274 (28.1) 17/68 (29.3) 29/95 (30.5) 13/62 (25.0) 18/69 (26.1)
Survival-to-hospital admission 15/119 (12.6) 50/274 (18.2) 10/68 (17.2) 20/95 (21.1) 9/52 (17.3) 11/69 (15.9)
Site 2 (n = 493)
Compliance, % 54,6 57.6 54.3 50.0
Overall survival 1/99 (1.0) 18/394 (4.6) 11/172 (6.4) 5/116 (4.3) 2/106 (1.9)
Witnessed VF survival 0/20 (0) 12/79 (15.2) 7/32 (21.9) 4/26 (15.4) 1/21 (4.8)
Return of spontaneous circulation 18/99 (18.2) 77/394 (19.5) 37/172 (21.5) 25/116 (21.6) 156/106 (14.2)
Survival-to-hospital admission 20/99 (20.2) 63/394 (16.0) 24/172 (14.0) 21/116 (18.1) 18/106 (17.0)

Abbreviations: MIGR, minimally interrupted cardiac resuscitation; VF, ventricular fibrillation.

3Data are presented as No./total No. (%), unless otherwise specified. There was no compliance in the before MICR training at both sites because MICR was not performed. At site
2, there was no after MICR training interval 4, For site 1, the after MICR training interval 1 was between July 21, 2008, and December 31, 2005; interval 2: between January 1,
20086, and June 30, 2006; interval 3: between July 1, 2006, and December 31, 2006; and interval 4; between January 1, 2007, and June 30, 2007. For site 2, the after MICR
training interval 1 was between January 1, 2006, and June 30, 2006; inferval 2: betwsen July 1, 2006, and December 31, 2006; and interval 3; between January 1, 2007, and
June 30, 2007.
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in 23 of 131 patients (17.6%) in the af-
ter MICR training group (adjusted OR,
8.6; 95% CI, 1.8-42.0). Overall, 61.1%
(408/668) of cardiac arrests treated af-
ter MICR training met the 4 MICR com-
pliance criteria.

In TABLE 3, the primary outcome mea-
sures and compliance are reported in the
before and after analysis by site and
6-month time intervals. At site 1, over-
all survival-to-hospital discharge in-
creased from 2.5% before MICR train-
ing to 6.6% after MICR training, with a
compliance of 70.4% after MICR train-

Figure 2. Flow Diagram of Patient Enroliment

ing. In addition, survival among pa-
tients with witnessed cardiac arrest and
VF increased from 8.79% to 21.2%. At site
2, overall survival-to-hospital dis-
charge increased from 1.0% before MICR
training to 4.6% after MICR training,
with a compliance of 54.6% after MICR
training. Furthermore, survival among
patients with witnessed VF at site 2 in-
creased from 0% to 15.2%.

Protocol Compliance Analysis

FIGURE 2 shows the enrollment data for
the protocol compliance analysis, an as-

in the Protocol Compliance Analysis

l 3508 Total cardiac arrests (62 sites) I

> 178 Excluded (age <18 y) —’

L 3330 Adult ¢

ardiac arrests I

870 Excluded

721 Trauma, drowning, or
respiratory causes

142 Cardiac arest witnessed
by EMS

7 Quicome unknown

6 Did not receive MICR
1 Received MICR

2460 Individuals with cardiac
arrest evaluated

{ 1
I 1799 Did not receive MICR j ‘ 661 Received MICR —'
L L
| R i 1
Iig Sun/ived—l ’ 1730 Died ] [ 60 Survived ] I 601 Died ’

EMS indicates emergency medical services; MICR, minimally interrupted cardiac resuscitation. The protocol
compliance analysis included patients from the initial 2 metropolitan fire departments plus an additional 60 fire
departments in Arizona (total 62 fire departments: 12 trained in MICR and 50 not trained in MICR), with data
collection between january 1, 2005, and November 22, 2007.

Table 4. Patient Demographics and Event Characteristics in the Protocol Compliance Analysis?

Did Not

Receive MICR Received MICR P

Characteristics (n=1799) {n =661) Value

Age, mean (SD), y 67.8(15.0) 65.7 (15.4) .002
Men 1169 (65.0) 462 (69.9) 02
Home location 1276 (70.9) 494 (74.7) .06
Witnessed 797 (44.3) 298 (45.1) 73
Bystander CPR performed 707 (39.3) 267 (40.4) 62
Ventricutar fibrillation 561 (31.2) 211 (31.9) .73
EMS dispatch-to-arrival time, mean (SD), min 5.6(3.2) 52(2.3) 32
Endotracheal intubation 1032 (57.4) 414 (62.6) .01

Abbreviations: CPR, cardiopulmonary resuscitation; EMS, emergency medical services; MICR, minimally interrupted car-
diac resuscitation,
3Data are presented as No. (%) unless otherwise specified.
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sessment of outcomes for patients who
actually received MICR vs those who
did not receive MICR in the 2 metro-
politan cities and in the 60 additional
Arizona fire departments. Overall, 3508
patients in cardiac arrest were as-
sessed from January 1, 2005, to No-
vember 22, 2007, with 2460 included
in the analysis. A total of 1799 pa-
tients did not receive MICR and 661 pa-
tients received MICR. Baseline charac-
teristics of each group are shown in
TABLE 4. In the group that received
MICR, there were more men, endotra-
cheal intubation was more frequent, and
the patients were slightly younger.

TABLE 5 shows the major outcomes
for the protocol compliance analysis.
Overall survival-to-hospital discharge
was found in 69 of 1799 patients
(3.8%) who did not receive MICR and
in 60 of 661 (9.1%) who received
MICR (adjusted OR, 2.7; 95% CI, 1.9-
4.1). Survival with witnessed VF car-
diac arrest was found in 46 of 387
patients (11.9%) who did not receive
MICR and in 40 of 141 patients
(28.4%) who received MICR (adjusted
OR, 3.4; 95% CI, 2.0-5.8). Neurologi-
cal outcome data was available for 84
of 129 survivors (65.1%). Favorable
neurological outcomes with CPC
scores of 1 or 2 were noted among
81.6% of patients who did not receive
MICR and 80.0% of patients who
received MICR (TABLE 6).

COMMENT

The before and after analysis demon-
strated that survival-to-hospital dis-
charge after out-of-hospital cardiac ar-
rest in a metropolitan setting improved
from 1.8% to 5.4% alter 2 fire depart-
ments delivering EMS were taught the
MICR protocol. The greatest improve-
ment in survival occurred in the sub-
group of patients most likely to sur-
vive: those with documented witnessed
cardiac arrest and a shockable rhythm.
Those patients had a 4.7% survival rate
before MICR training vs 17.6% after
MICR training.

The study by Kellum et al'* reported
a tripling (from 15% to 48%) in neuro-
logically intact survival for patients in a
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Table 5. Comparison of Major Outcomes in the Protocol Compliance Analysis

OUT-OF-HOSPITAL CARDIAC ARREST

No./Total No. (%) of Patients

] Odds Ratio (95% CI)
Did Not I 1 Significant Covariates
Outcomes Receive MICR Received MICR Unadjusted Adjusted in Final Model?
Primary outcomes
Survival-to-hospital discharge 69/1799 (3.8) 60/661 (9.1) 25(1.7-3.6) 2.7 (1.9-41)  Age, bystander GPR performed,
witnessed arrest, VF, endotracheal
intubation, and entire EMS
dispatch-to-arrival time
Survival with witnessed VF 46/387 (11.9) 40/141 (28.4) 2.9(1.8-47) 3.4 (2.0-5.8) Age, bystander CPR performed,
endotracheal intubation, and entire
EMS dispatch-to-arrival time
Secondary outcomes
Return of spontaneous circulation 312/1799 (17.3) 185/661 (28.0) 1.8(1.5-2.9) 1.9(1.56-23)  Sex, witnessed arrest, VF,
endotracheal intubation, and entire
EMS dispatch-to-arrival time
Survivai-to-hospital admission 271/1799 (15.1) 145/661 (21.9) 1.6 (1.3-2.0) 1.5(1.2-20)  Age, sex, bystander CPR performed,

witnessed arrest, VF, endotracheal
intubation, and entire EMS
dispatch-to-arrival time

Abbreviations: Cl, confidence interval; CPR, cardiopulmonary resuscitation; EMS, emergency mediical services; MICR, minimally interrupted cardiac resuscitation; VF, ventricular fibrilation.
8nitial model included age, sex, location of cardiac arrest, bystander CPR performed, witnessed arrest, VF, endotracheal intubation, and entire EMS dispatch-to-arrival time. The final model

included only significant covatiates, as indicated.

rural setting who had witnessed out-of-
hospital cardiac arrest and a shockable
rhythm after EMS implementation of car-
diocerebral resuscitation. We found a
similar magnitude of improvement in
survival in a metropolitan setting.

In the before and after analysis, 61.1%
of the resuscitations after MICR train-
ing met all 4 compliance criteria. EMS
personnel received only 1 training ses-
sion in MICR. Perhaps survival rates
would have been even better with more
training, retraining, and feedback, re-
sulting in higher MICR compliance rates.
In the protocol compliance analysis, we
analyzed data from 2 fire departments in
metropolitan cities and 60 additional Ari-
zona fire departments and compared out-
comes of patients who actually re-
ceived MICR with those who did not
receive MICR. In this latter analysis, over-
all survival was 3.8% in patients not re-
ceiving MICR vs 9.1% in patients receiv-
ing MICR, with approximately 80% of
survivors in both groups having favor-
able neurological outcomes.

Why should MICR be associated with
improved outcomes after out-of-
hospital cardiac arrest? One major con-
tributor to the poor survival rates of pa-
tients with out-of-hospital cardiac arrest
is prolonged inadequate myocardial and
cerebral perfusion. During resuscita-
tion efforts, the forward blood flow pro-
duced by chest compressions is so mar-

ginal that any interruption of chest
compressions is extremely deleterious,
especially {or favorable neurological out-

comes.”®? Excessive interruptions of

chest compressions by prehospital per-
sonnel are common.”?* Therefore, MICR
emphasizes uninterrupted chest com-
pressions. !}

A second contributor to suboptimal
survival of adults with out-of-hospital
cardiac arrest is that defibrillation is typi-
cally provided after 5 or more minutes
of VF cardiac arrest, the “circulatory”
phase of VF arrest”> when preshock
and/or postshock myocardial perfu-
sion are necessary for attaining return
of spontaneous circulation.?®?” Pro-
longed VF (the circulatory phase) is dif-
ferent from short-duration VF in re-
gard to myocardial bioenergetics, cellular
electrophysiology, whole-organ myo-
cardial electrophysiology, and re-
sponse to therapy.!*151819.2228 Syhgian-
tial, progressive depletion of myocardial
high-energy phosphates occur during
prolonged VE.1*2 Moreover, character-
istic changes occur in the VF wave-
form during prolonged VF from a coarse
waveform initially to a fine waveform
over time. As the duration of VF in-
creases and the waveform becomes fine,
defibrillation into a perfusing thythm is
less likely. Experimental and clinical
studies indicate that preshock chest
compressions for prolonged VF can

L ]
Table 6. Cerebral Performance Category
(CPC) Scores Among Survivors?

Did Not

CPC Receive MICR Received MICR
Score {n = 69) (h=60)

1 20 (40.8) 18 (51.4)

2 20 (40.8) 10 (28.6)

3 7(14.3) 7 (20.0)

4 2{4.1) 0

5 0 0

Abbreviation: MICR, minimally interrupted cardiac resusci-
tation.

a3ee "Methods” section for explanation of CPC scores 1
through 5. Some participants were missing a CPC score
{20 who did not receive MICR and 25 who recsived MICR),

“coarsen” the VF waveform and im-
prove the rate of successful resuscita-
tion.}3162021 Furthermore, a recent clini-
cal investigation demonstrated that even
10- to 20-second pauses in preshock
compressions decrease defibrillation suc-
cess.” Preshock and postshock imme-
diate uninterrupted chest compres-
sions are emphasized with MICR 111214

A third potential contributor is that
stacked or 3 sequential shocks! with an
automated external defibrillator in-
crease the “hands-off” time due to re-
peated automated rhythm analyses and
shock advisories, thereby leading to in-
adequate myocardial and cerebral per-
fusion during this circulatory phase of
VF cardiac arrest. Therefore, single
shocks are used in MICR 11214

A fourth potential contributor to the
poor survival of patients with out-of-
hospital cardiac arrest who are treated

JAMA, March 12, 2008—Vol 299, No. 10 1163
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with standard cardiopulmonary resus-
citation and advanced cardiac life sup-
port is that positive pressure ventila-
tions during cardiac arrest may be
harmful because they increase intra-
thoracic pressure, thereby decreasing
venous return and subsequent myocar-
dial and cerebral blood flow.?* Prob-
ably due to the excitement and stress
of resuscitation efforts, excessive ven-
tilations by both physicians and EMS
personnel are common.?** Positive
pressure ventilations are discouraged
with MICR in the crucial early resus-
citation period. 183!

Although endotracheal intubation
was discouraged in the after MICR
training group until after 3 cycles of
shocks in the before and after analysis
and was not permitted before comple-
tion of 3 cycles of shocks for inclusion
as MICR in the protocol compliance
analysis, more patients overall in the af-
ter MICR training group in the before
and after analysis and in the MICR
group in the protocol compliance analy-
sis received endotracheal intubation.
This apparent anomaly presumably oc-
curred because the EMS protocol ini-
tiated with MICR training specifically
included endotracheal intubation for all
unresponsive patients before arrival at
an emergency department,

The MICR approach may seem to
downplay the importance of oxygen
uptake from the lungs and delivery to the
tissues. In fact, adequate tissue oxygen
delivery is critically important for sur-
vival from a cardiac arrest, and chest com-
pressions without rescue breaths can pro-
vide adequate oxygen delivery.?3%33
Immediately after a sudden VF cardiac
arrest, aortic oxygen and carbon diox-
ide concentrations do not vary from the
prearrest state because there is no blood
flow and oxygen consumption is mini-
mal. Therefore, when chest compres-
sions are initiated, the blood flowing from
the aorta to the coronary and cerebral cir-
culations provides adequate oxygen-
ation at an acceptable pH. At that time,
myocardial oxygen delivery is limited
more by blood flow than oxygen con-
tent. Adequate oxygenation and venti-
lation can continue without rescue

1164 JAMA, March 12, 2008—Vol 299, No. 10

breathing because the lungs serve asares-
ervoir of oxygen that allows adequate
oxygen exchange with the limited pul-
monary blood flow during cardiopul-
monary resuscitation (only approxi-
mately 10%-15% of pulmonary blood
flow during normal sinus rhythm). In
addition, substantial ventilation occurs
from chest compression-induced gas
exchange (ie, small volumes exhaled with
each compression and inhaled with chest
recoil) and spontaneous gasping by the
patient in cardiac arrest during cardio-
pulmonary resuscitation, %

Despite increases in survival-to-
hospital discharge, there was no demon-
strable difference in rates of return of
spontaneous circulation or survival-to-
hospital admission between the before
MICR training and after MICR training
periods. This observation is important
because it is not uncommon for studies
of out-of-hospital cardiac arrest to use the
intermediate outcome of return of spon-
taneous circulation or hospital admis-
sion as an end point.

In our before and after analysis, 16%
of both groups survived to hospital ad-
mission, and yet survival to discharge
was significantly greater in the after
MICR training group. This finding sug-
gests that initial cardiac resuscitation
occurs in an equal percentage ol pa-
tients receiving and not receiving MICR.
However, our data also suggest that
MICR provides perfusion sufficient for
longer-term survival. Similar findings
were observed in the protocol compli-
ance analysis assessment of outcomes
for patients who actually received MICR
vs those who did not receive MICR,

The limitations of our observa-
tional study include the fact that the
MICR intervention was not tested in a
randomized controlled trial. We en-
courage others to conduct random-
ized controlled trials to confirm these
results. However, an observational ap-
proach has been used effectively dur-
ing the past few decades to advance re-
suscitation science, and this method will
probably continue to be a major con-
tributor to future advances in resusci-
tation.* The before and after observa-
tional design was intended to minimize

selection bias by assessing the same
population in the same 2 cities treated
by the same fire departments and with
the same hospitals before and after
implementing MICR instruction. Also,
our patient populations were similar in
the before MICR and after MICR train-
ing periods. It is possible that other fac-
tors, such as postresuscitation care,
changed during the study period. How-
ever, none of the patients in the before
and after analysis or the protocol com-
pliance analysis received in-hospital
therapeutic hypothermia. Further-
more, the protocol compliance analy-
sis was consistent with the before and
after analysis despite the ongoing in-
clusion of many patients who did not
have MICR in the last year of the pro-
tocol compliance analysis study (2007).

We canmot exclude the possibility that
the MICR training in the 12 fire depart-
ments motivated EMS personnel to pro-
vide better care independent of the spe-
citic MICR protocol (ie, the Hawthorne
effect). However, none of the periodic
changes in EMS protocols associated with
new cardiopulmonary resuscitation and
advanced cardiac life support guide-
lines during the past few decades hasre-
sulted in such a dramatic improvement
in survival ol patients with witnessed out-
of-hospital cardiac arrest.

Another limitation of our study is that
we compared MICR with the approach
used by fire departments in our com-
munity during a time period when the
AHA Guidelines were updated. There-
fore, some of the non-MICR fire depart-
ments were following the 2000 AHA
Guidelines while others were follow-
ing the 2005 AHA Guidelines. The study
by Rea et al** demonstrated that insti-
tuting some of the major changes of the
2005 guidelines for advanced cardiac life
support (single shock and 200 chest
compressions immediately after the
shock rather than stacked shocks) was
associated with increased survival-ro-
hospital discharge. A single shock fol-
lowed by 200 uninterrupted chest com-
pressions rather than stacked shocks is
an important component of MICR.*?

Outcome data are unknown for 2
patients in the before and after analysis
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(1in the before MICR training group and
Lin the after MICR training group) and
for 7 patients in the protocol compli-
ance analysis (6 in the did not receive
MICR group and 1 in the received MICR
group). Neurological outcomes are un-
known in 35% of the survivors in the
protocol compliance analysis. Never-
theless, the missing data are evenly dis-
tributed among the study groups, and
we have no reason to believe that this
represents a systematic bias.

In the protocol compliance analysis,
we compared outcomes between pa-
tients who actually received MICR and
those who had not to extend our obser-
vations to a larger population. We can-
not exclude ascertainment biases in this
analysis. Perhaps the most enthusiastic
and skilled EMS personnel provided
MICR and the least enthusiastic or least
skilled EMS personnel did not. Further-
more, EMS personnel may have prefer-
entially provided MICR to the patients
most likely to survive. Nevertheless, our
findings in the protocol compliance
analysis were consistent with the data
in the before and after analysis.

CONCLUSION

In this study, survival-to-hospital dis-
charge of patients with an out-of-
hospital cardiac arrest improved sig-
nificantly after implementation of MICR
as an alternate EMS protocol. These
findings require confirmation in ran-
domized trials.
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A TALE OF SEVEN EMS SYSTEMS:
AN IMPEDANCE THRESHOLD DEVICE AND IMPROVED CPR TECHNIQUES DOUBLE SURVIVAL
RATES AFTER OUT-OF-HOSPITAL CARDIAC ARREST

Tom P Aufderheide, Medical Coll of Wisconsin, Milwaukee, WI: Marvin
Birnbaum, Madison Fire Dept, Madison, WI; Charles Lick, Allina Medical
Transportation, Anoka County, MN; Brent Myers, Wake County EMS, Raleigh,
NC; Laurie Romig, Pinellas County EMS, Largo, FL; Joseph Stothert, Omaha
Fire Dept, Omaha, NE; Levon Vartanian, Cypress Creek and Harris County
EMS, Cypress Creek, TX

Introduction: Maximizing outcomes after cardiac arrest depends on optimizing a sequence
of interventions from collapse to hospital discharge. The 2005 American Heart Association
(AHA) Guidelines recommended many new interventions during CPR ('New CPR') including
use of an Impedance Threshold Device (ITD).

Hypothesis: The combination of the ITD and 'New CPR' will increase return of spontaneous
circulation (ROSC) and hospital discharge (HD) rates in patients with an out-of-hospital
cardiac arrest.

Methods: Quality assurance data were pooled from 7 emergency medical services (EMS)
systems (Anoka Co., MN; Harris Co., TX; Madison, WI; Milwaukee, WI; Omaha, NE; Pinellas
Co., FL; and Wake Co., NC) where the ITD (ResQPOD®, Advanced Circulatory Systems;
Minneapolis, MN) was deployed for >3 months. Historical or concurrent control data were
used for comparison. The EMS systems simultaneously implemented 'New CPR! including
compression/ventilation strategies to provide more compressions/min and continuous
compressions during Advanced Life Support. All sites stressed the importance of full chest
wall recoil. The sites have a combined population of ~ 3.2 M. ROSC data were available from
all sites; HD data were available as of June 2007 from 5 sites (MN, TX, Milwaukee, NE, NC).

Results: A total of 893 patients treated with ‘New CPR' + ITD were compared with 1424
control patients. The average age of both study populations was 64 years; 65% were male.
Comparison of the ITD vs controls (all patients) for ROSC and HD [Odds ratios (OR), (95%
confidence intervals), and Fisher's Exact Test] were: 37.9% vs 33.8% [1.2, (1.02, 1.40),
p=0.022] and 15.7% vs 7.9% [2.2, (1.53, 3.07), p<0.001], respectively. Patients with
ventricular fibrillation had the best outcomes in both groups. Neurological outcome data are
pending. Therapeutic hypothermia was used in some patients (MN, NC) after ROSC.

Conclusion: Adoption of the ITD + 'New CPR' resulted in only a >10% increase in ROSC rates
but a doubling of hospital discharge rates, from 7.9% to 15.7%, (p<0.001). These data
represent a currently optimized sequence of therapeutic interventions during the
performance of CPR for patients in cardiac arrest and support the widespread use of the
2005 AHA CPR Guidelines including use of the ITD.

Session Info: Resuscitation Science Symposium: Best of the Best (Oral Abstract
Presentations Part Il) - Presented: Sunday, November 04, 2007 @ 08:00 AM in Room
W230ab

Circulation 2007;Suppl 11;116(16):11-936.
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IMPLEMENTATION OF THE 2005 CARDIOPULMONARY RESUSCITATION GUIDELINES AND USE OF
AN IMPEDANCE THRESHOLD DEVICE IMPROVE SURVIVAL FROM INHOSPITAL CARDIAC ARREST

Ken Thigpen, BS, RRT; Laura Simmons, RRT: Karl Hatten, MD

Study Objective: The 2005 American Heart Association guidelines recommended many new
interventions during cardiopulmonary resuscitation (CPR), including a Level lla
recommendation for an impedance threshold device (ITD), which is intended to further
optimize circulation during CPR. To date, all data published supporting use of an ITD have
been following prehospital cardiac arrest. This study’s objective was to determine the effect
that implementing new CPR guidelines, which included use of an ITD, would have on survival
to hospital discharge following inhospital cardiac arrest.

Methods: Quality assurance data from adult patients (= 18 years) experiencing an inhospital
cardiac arrest at a 571-bed, acute care hospital were analyzed. Survival rates from a
historical (control) period (01/2006 - 09/2006) were compared to matched patients in a
prospective period (10/2006 - 08/2007) during which the new CPR guidelines and use of
an ITD (ResQPOD®, Advanced Circulatory Systems; Minneapolis, Minnesota) were
implemented. Per hospital protocol, the ITD was used on both a facemask and/or
endotracheal tube in patients regardless of cardiac arrest etiology, uniess specifically
overridden by physician.

Results: In both study populations, patients, on average, were 67 years and 49% were male.
The results were as follows:

Returnof

gl 52/157 79/136

SPORMANEOUS ag e (58.1%) 2.80 169,464  p<0.001
Circulation :

Conclusion: Adoption of the new CPR guidelines and an ITD resulted in a 75% increase in
initial arrest survival rates and a 62% increase in survival to hospital discharge rates. This
first known reporting of data demonstrating the impact of new CPR plus and an ITD following
inhospital cardiac arrest represent a currently optimized sequence of therapeutic
interventions and support widespread adoption of these therapies.
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Introduction

Purpose of the review The aim of this article is to provide a comprehensive description of interventions
that can improve outcomes in adults with sudden cardiac death. The new American Heart Association
2005 Guidelines introduced a number of changes for the initial management of cardiorespiratory
arrest based on new data that accumulated over the last 5 years.

Acute management of sudden cardiac death Appropriate interventions targeting the three phases of
cardiopulmenary resuscitation (CPR) (electrical, circulatory, and metabolic) should be implemented.
Early defibrillation in early witnessed arrest with one shack is very effective and can improve survival
outcomes. When resuscitation efforts are delayed and CPR fs performed by paramedics, 2 min of CPR
before shock is recommended. Emphasis has been placed on fast and forceful continuaus compressions
with minimal interruptions, adequate decompression, and decrease in the rate of ventilations to 8-10/
min for intubated patients with two rescuers and a universal increase in compression to ventilation ratio
to 30:2 for lone rescuers. Mechanical adjuncts to improve circulation have been adapted in the rec-
ommendations. The inspiratory impedance threshold device that enhances negative intrathoracic
pressure and improves venous preload has been recommended for application in intubated and
bag-mask ventilated patients. Owing to the difficulty of endotracheal intubation, airway management
devices {Combitube and Laryngeal Mask Afrway) can be used as alternatives with minimal extra training.
Conclusion The new guidelines for CPR have focused on early defibrillation, uninterrupted
compressions, complete decompression, fewer ventilations, and simplification and uniformity of the
process.

simple ways to improve circulation and vital organ perfusion
pressures in an effort to improve the grave prognosis of

Approximately 1 000 000 sudden cardiac deaths occur yearly
in the USA and Europe, '+ Despite a dramatic improvement
in many aspects of treatment strategies for emergency clini-
cal situations, the survival from both out-of-hospital and
in-hospital cardiac arrest remains poor. Even in the most
advanced emergency medical systems in  Western
societies,”? neurologically intact survival rates remain
<20%. On the basis of the large body of scientific advances
in the arena of cardiopulmonary resuscitation (CPR}, the
American Heart Association and European Resuscitation
Council have developed new guidelines for CPR and emer-
gency management of sudden cardiac death.*

This article is focused on the major and critical interven-
tions that have been proposed for the initial management of
cardiac arrest. Special emphasis will be given to the basic

* Corresponding author. Tel: +1 612 616 7575; fax: +1 651 636 0271,
E-mall address: yanno00i@umn.edu

sudden cardiac death. Most of this article is focused on rela-
tively simple ways to increase the blood flow to the heart
and brain during CPR to improve the overall chances of
meaningful survival.

The complexity of cardiac arrest has led to the generation
of a theory for its study, which divides cardiac arrest into
three phases, Although the existence of those three
phases is not scientifically proved, they are widely used as
a basis for research. Specific treatments targeting the
pathophysiology of each phase increase the chances of a
meaningful recovery.® The first phase, the electrical,
where most patients have ventricular fibrillation, lasts
~4 min after the initial collapse and is characterized by a
high degree of responsiveness to early defibrillation. The
second phase, the circulatory, lasts from min 4 to 10,
depending on the surrounding temperature and conditions.
Good quality CPR, with emphasis given to improve delivery
of oxygenated biood to brain and the heart before

© The European Society of Cardiology 2007. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org
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defibrillation, is of paramount importance and techniques
that increase circulation have been shown to improve out-

comes. The third phase, the metabolic, usually starts after .

10 min, Current treatments are poor, These late efforts gen-
erally target the metabotic effects of prolonged ischaemia.
Survival is inversely related to the time of untreated
cardiac arrest. Most of the victims of cardiac arrest get pro-
fessional assistance during the second phase of cardiac
arrest, namely, the circulatory phase. This is one of the
reasons that the new guidelines have placed extra emphasis
on ways to improve circulation and to simplify the delivery
of compressions and ventilations.

Immediate resuscitation

The earlier the intervention after the cardiac collapse, the
higher the chances of survival, On the basis of the idea that
most of the victims of cardiac arrest are initially approached
by laypersons, a specific emphasis has been placed, increas-
ing the rate of bystander CPR. Specifically, the new guidelines
recommend that radio dispatchers should encourage chest-
compressions-only CPR when there is unwillingness to
provide rescue breathing in order to facititate rapid initiation
of chest compression. Fear of disease transmission from
mouth-to-mouth ventilation and the challenges of trying to
teach mouth-to-mouth by telephone dispatch have shifted
the emphasis of pre-emergency medical service (EMS)
arrival phone instructions to focus rescuers on chest
compressions only. For lay rescuers interested in learning tra-
ditional CPR, a new and effective home-instruction self-
learning programme was developed to teach basic life
support (BLS) and automatic external defibrillator (AED) tech-
niques in 30 min rather than the traditional 4 h course.

In the new guidelines, early defibrillation is
re-emphasized as an essential therapy for the electrical
phase of cardiac arrest. Direct current defibrillation can
restore a perfusing rhythm in 80% of patients within
1-2 min. However, after 10 min, the success rate falls to
< 5% without CPR. That is the reason that broad deployment
of public access defibrillators for layperson use has been
encouraged. In a study that tested early defibrillation in
US casinos, the survival of patients suffering from ventricu-
lar fibrillation was 50% overall, Patients who received defi-
brillation within 3 min of collapse had a 75% hospital
discharge rate.® The new 2005 guidelines give a Class | rec-
ommendation for early defibrillation in a witnessed arrest,
reinforcing the previous 2000 guidelines.” "2 A Class | or lla
recommendation is given to techniques and devices that
have been shown in clinical trials to be effective and
considered acceptable and useful.

The type of waveform recommended for defibrillation has
also been changed. Biphasic electrical counter-shocks have
been shown to decrease defibrillation thresholds when com-
pared with monophasic shock. Although there are no clinical
data demonstrating improved short- {1h) or long-term
survival rates between the monophasic and biphasic wave-
forms for the treatment of ventricular fibrillation during
the electrical phase of cardiac arrest, a single high energy
{150-200 J) biphasic defibrillation shock was recommended,
Class lla, for the treatment of both in-hospital and out-of-
hospital ventricular fibrillation,' Class lla recommendations
are given in the guidelines when the level of evidence or the
consensus of expert opinfon (when evidence is absent)

suggests a benefit without harm from any particular
recommendation. Nearly, all new external defibrillators
are currently manufactured to deliver biphasic shocks, but
the AEDs need to be reprogrammed to minimize the time
when there is no CPR or circulation to the heart and brain, '

improving circulation

Most of the pre-hospital cardiac arrests cannot be treated
within 4 min of the electrical phase. During this phase,
there is a need for immediate compressions to generate
blood flow and partially replete the membrane’s energy
required for generation of an organized rhythm. It has
been recently shown that when the time between the emer-
gency call and the paramedic arrival s longer than 4-5 min,
CPR first, before shack, improves survival rates,'* 16 If the
time to defibrillation was <5 min, there were no differences
in survival. When the time from the emergency call to the
arrival of the ambulance was >5 min, CPR first improved
survival and hospital discharge rates five-fold (4-22%).'°
The new guidelines focus on more compressions and fewer
ventitations. They call for immediate chest compressions
and, once an advanced airway has been established,
continuous chest compressions without interruption for ven-
tilations. For BLS, the compression to ventilation ratio was
increased from 15:2 to 30:2 in order to provide fewer inter-
ruptions of compressions for ventilation. During CPR, even in
the best of circumstances, the generated cardiac output is
<20% of normal.'” Each positive pressure ventilation
immediately decreases the blood flow to the heart and
brain,'® Moreover, respiratory exchange is adequate with
less than normal minute ventilation, in part, because gas
exchange is limited by the severely reduced pulmonary flow.
This change in the guidelines was based upon a consensus
of experts in CPR. However, it has been recently shown in
pigs that with the shift from a 15:2 to 30:2 compression:ven-
tilation ratio, there is doubling of the common carotid blood
flow and a 25% increase in cardiac output without any com-
promise in oxygenation and acid-base batance’® (Figure 1).
During advanced life support (ALS), uninterrupted
compressions with a rate of 100/min are recommended.
The rescuers who are responsible for the ventilation
should deliver 8-10 breaths/min with special care not to
hyperventilate, Rescuers should rotate frequently (every
2-3min) to avoid excessive fatigue, which is known to
diminish the quality of CPR (discussed subsequently).

Ventilations

Periodic ventilation during CPR is important to provide
oxygen to the blood and tissues. However, a fundamental
shift in the new guidelines is to prevent excessive venti-
lation rates, which have been shown to be life-threatening,
if not deadly.?® As in the prior recommendation, obtaining
an open airway is of paramount importance, which for endo-
tracheal intubation is recommended as Class | intervention,
For the same reason, the use of a Combitube, that is placed
in the oropharyngeal cavity and allows for non-selective
airway isolation for the purpose of ventilation, and the
Laryngeal Mask Airway (LMA), are recommended as a Class
Ila intervention in the new guidelines. Neither has been
shown to alter outcomes after cardiac arrest, but both
provide a means to maintain airway patency. More
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Figure 1 After 6 min of untreated ventricular fibrillation, 6 min of
either 15:2 or 30:2 compression to ventitation ratio CPR was per-
formed. At the end, the inspiratory {TD was added for another
4 min, There was a significant increase in cardiac output, common
carotid artery flow, end tidal CO; in the animals that received
30:2 C/V ratio. There was a further increase with the addition of
an ITD, although it was applied late. PaCQ,-EtCO, is a marker of
putmonary ventitation/perfusion matching. Asterisk means statisti-
cal significant difference compared with the ratio of 15:2
(P < 0.05).

importantly, however, the guidelines stress the importance
of reducing the frequency of ventilation during CPR, along
with the importance of delivering a breath rapidly to mini-
mize the duration of positive airway pressures. Each time
intrathoracic pressure is increased with a positive pressure
ventilation, venous return to the heart is inhibited and intra-
cranial pressure is increased.?' As such, the benefits of posi-
tive pressure ventilation must be weighed against the harm
associated with too much ventilation (Figure 2).

Hyperventilation increases intrathoracic and intracranial
pressures and concomitantly decreases coronary perfusion
and mean arterial pressures and survival rates in
animals." Intracranial pressures are regulated, in part, by
intrathoracic pressures: each time ventilation is delivered,
there is a rise in the pressure inside the thorax and the
brain, which reduces cardiac and cerebral perfusion
pressures'®?! (Figure 3), A simple change in the compression
to ventilation ratio from 15:2 to 15:1 resulted in an increase
in diastolic aortic pressure and higher cerebral perfusion
pressure in pigs. '8:2?

Based in part upon this rediscovered physiology, the new
guidelines recommend a reduced ventilation rate during
BLS of two breaths after 30 continuous compressions and
of only 8-10 breaths/min for ALS. Moreover, each BLS and
ALS breath should be delivered with a tidal volume of only
~500 cc and over a period of only 15.2*%° These subtle,
but fundamental, changes in ventilation technique assure
optimal circulation during conventional manual closed
chest CPR.

Compressions

Generation of blood flow during compression results from an
increase in intrathoracic pressure (thoracic pump theory),
the mechanical effect of compressing the heart between

Mean invathoracic pressura Coronary perfusion pressure
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Figure 2 When after 6 min of untreated ventricular fibrillation pigs
received CPR with either 12 or 30 breaths/min (as observed fre-
quently in a clinical trial}, the mean intrathoracic pressure was
inversely related to coronary perfusion pressure and 1 h suryival
rates (P < 0.05).

Figure 3 Representative real-time tracings from a single animal
during 15:1 and 15:2 compression to ventilation ratios, Aortic
pressure and intracranial pressure are shown as well as intrathoracic
pressure at the level of the carina. Filled with black is the cerebral
perfusion pressure area. Notice the significant decrease in the area
when two breaths instead of one are delivered. There is an increase
in intracranial pressure with positive pressure ventilation and it
more pronounced with the 15:2 ratio. ICP, intracranial pressure;
AoP, aortic pressure; CerPP, cerebral perfusion pressure; (TP,
intrathoracic pressure. Arrow heads show when the positive
pressure ventilation is delivered.

the sternum and the spine (cardiac pump theory), and the
cardiac valvular system that allows mainly unidirectional
flow. The new guidelines, recognizing the importance of
compressions during CPR, recommend pushing ‘hard and
fast’. A depth of 1.5~2in. (5cm) is considered adequate
compression depth, 172

The rate should be 100 compressions/min as lower rates
decrease forward blood flow.2”-?® Interruptions should be
minimized, because every time compressions are stopped,
it takes a significant amount of time to re-establish
adequate aortic and coronary perfusion pressures.?® For
example, pulse checks should not last more than 10s. In
observational studies, the average time without
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compressions during resuscitation varies from 25 to 50%,2%26
This can be extremely detrimental as no compressions
means no perfusion. Studies, in animals and humans,¢-32
have shown that for the initial few minutes of CPR, uninter-
rupted chest compressions only are an alternative to
standard CPR that has the advantage to be performed by
any layperson who is not willing to perform mouth to
mouth ventilation.

An important change in the new guidelines is that uninter-
rupted chest compressions should be delivered both before
and immediately after the delivery of a shock. Chest com-
pressions for 90s to 3min before defibrillation help to
prime the pump, making successful return of spontaneous
circulation most likely after defibrillation. Chest com-
pressions for 60's to Z min immediately after defibrillation
are thought to help prevent the hypotension and asystole
often observed when a defibrillation shock is delivered. As
a result, rather than check for a pulse after a defibrillatory
shock in a patient who has been in ventricular fibrillation for
>4 min, the guidelines recommend the rescuers immedi-
ately resume CPR to maintain circulation, even if the
heart is spontaneously beating, It is important to note that
this recommendation was based upon a consensus of
experts rather than a clinical trial demonstrating increased
short- or long-term survival rates with this new approach.
Despite the theoretical risk of re-inducing fibrillation with
chest compression, there are no human data to support a
significant risk in performing a 2-3 min of CPR before
checking for rhythm and pulses after defibrillation,

Decompressions

Newly emphasized in the guidelines is the importance of the
decompression phase. With each chest wall recoil, the nega-
tive intrathoracic pressure naturally generated by the
elastic recoil properties of the chest wall acts to promote
venous return to the heart, thereby increasing preload for
the next compression cycle. Incomplete decompression,
such as hyperventilation, is a common mistake that also
decreases blood flow to the heart and brain during CPR,
Fatigue and ineffective technique, as well as inappropriate
hand positioning, can result in incomplete chest wall
recoil. From a recent randomized trial, it was shown that
many rescuers fail to decompress completely, This results
in a sustained end-diastolic increase in intrathoracic
pressure, This phenomenon, when examined in a porcine
model of cardiac arrest, revealed two fundamental
effects. First, incomplete chest wall recoil caused a signifi-
cant decrease in mean arterial pressure, an increase in
right atrial pressure, and thus decreased coronary perfusion
pressures. Secondly, incomplete chest wall recoil caused an
increase in intracranial pressure leading to a significant
decrease in cerebral and systemic perfusion pressures,?+33
Strikingly, when incomplete decompression and positive
pressure ventilation occurred simultaneously, cerebral per-
fusion ceased: the cerebral perfusion gradient was
essentially zero for at least three to four compression-
decompression cycles (Figure 4). Thus, the guidelines
re-emphasize the importance of full chest wall recoil after
each compression to avoid the deleterious effects of incom-
plete chest wall recoil and the combined and dangerous
effects of hyperventilation and incomplete decompression.

Alternative hand positioning has been described in order
to eliminate incomplete decompression.*

Devices
Inspiratory impedance threshold device

The dynamic energy of the expanding chest wall during the
decompression phase can be harnessed in order to increase
venous return, lower intracranial pressure, and increase
circulation to the heart and brain, The inspiratory impe-
dance threshold device (ITD) regulates the entry of air
through the airways into the chest during the decompression
phase of CPR. It causes a decrease in intrathoracic pressure
to -5 to —10 mmHg and thereby helps to generate a greater
intrathoracic vacuum to draw blood back to the heart during
the recoil phase of CPR.3*> Although this device is
attached to an airway, it is used during CPR to enhance
circulation. The ITD has been shown repeatedly to improve
blood flow to vital organs and survival in animal and
human studies.’®?%34-384C 5 clinical studies, the ITD
doubles the systolic blood pressure during CPR and increases
the chances of short-term survival. This is the only CPR
device with a Class lia level of recommendation in the new
guidelines, and it is recommended as a way to enhance cir-
culation during CPR and to increase the chances of success-
ful resuscitation and a return of spontaneous circulation.
The ITD needs to be apptlied early and it can be used both
with intubated patients connected to the endotracheal
tube and with a facemask and a good seal (Figure 5).

Oesophageal-tracheal Combitube, laryngeal mask
airway, and facemask ventilation

Owing to the practical issues of adequate training for endo-
tracheal intubation, the Combitube has been recognized as
a reasonable alternative when endotracheal intubation is
not possible or feasible. This device isolates the oesophagus
and allows for airway isolation for ventilation and avoidance
of gastric inflation. One of the maost important issues for
prevention of potentially fatal complications is the correct
identification of the distal port,3%4'42

Laryngeal mask airway has been shown in many clinical
non-cardiac arrest sltuations to be simple to use and to
provide a safe alternative to intubation. The new guidelines
recommend its use in a manner simitar to the Combitube,
when endotracheal intubation is not possible or feasible.
The only disadvantage is that a small percentage of patients
cannot be adequately ventilated and an alternative airway
management technique should be available. Both these
ajrway adjuncts have been recommended as a Class lla
interventions by the new AHA 2005 guidelines, -

As in earlier guidelines, two-person technique is rec-
ommended when using a facemask for ventilation. One
person should maintain the correct head position, the
complete seal, and a jaw thrust to maintain airway
patency and the second person should squeeze the resusci-
tator bag. This approach can be used for more prolonged
period of time when sufficient personnel is available as it
enables rescuers to perform high quality CPR without stop-
ping compressions and interrupting circulation to place an
advanced airway device, One of the hallmarks of the new
guidelines is to maintain continuous chest compressions
without interruptions. Delaying intubation by praviding a
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Figure 4 The effect of positive pressure ventilation and incomplete decompression on CerPP is shown. The first tracing shows real-time
aortic and ICP waveforms from a pig with full chest wall recoil after a ventilation cycle, whereas the second tracing shows the aortic and
ICP waveforms with incomplete chest wall recoil after a ventilation cycle. Positive pressure gradient (Ao-ICP) is shawn in biack. Note the
marked difference in total area during each compression-decompression cycle with and without a positive pressure breath, The bar graph
shows the mean four beat area of all animals during and after a ventilation cycle. The mean + SEM values during 100 and 75% decompression
are illustrated. Arrows show when the positive pressure ventilations are delivered. ITP, intrathoracic pressure.

Impedance threshold device (ITD)

« Concept. Lower intrathoracic pressure in the chest during the
decompression phase of CPR enhances venous return to the
thorax,

« Design. Each titne the chest wall
recoils following u compression,
the ITD transiently blocks
air/oxygen from entering the
lungs, creating a smafl vacoum in
the chest, resulting in improved
pre-load.

Figure 5 Concept and design of the inspiratory ITD. ITD can be
placed on an endotracheal tube or on a specially designed facemask
for bag-mask ventilation provided that a good air seal is apptied.
Timing lights flash at a rate of 10/min to guide ventilations and
compressions (10 compressions between 2 flashes).

good facemask ventilation technique is an important way to
maximize chest compression time.

Compression devices

Several chest compression devices were again evaluated in
the new guidelines. The Autopulse, an automated band-
compression device, has shown significant improvement in
vital organ perfusion and systemic pressures in animals and
humans,*5-47

This device was given a Class Iib level of recommendation,
suggesting that it is probably of benefit, However, a recent
randomized trial (ASPIRE) showed that the use of the
Autopulse increased mortality rates.*® As such, this trial
was prematurely stopped. There are concerns about the
device, including weight and delays associated with place-
ment. At the time of writing, it is not clear whether the
increased death rate associated with the use of the
Autopulse is caused by the way the device performs CPR or
whether it is due to a device implementation issue, or both.

Active compression-decompression (ACD) CPR devices
were recommended with a Class ilb for in-hospital use and
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Class indeterminate (more data needed) for pre-hospital
use. Two in-hospital studies with this device have shown
an increase in short-term survival rates.*” Multiple
out-of-hospital survival studies have been performed with
ACD CPR.5'-% Some have shown significant improvements
in up to 1-year survival, whereas others have shown no sig-
nificant benefit with the device.

Another ACD device is the Lund University Compression
Assist Device or LUCAS device, There are no randomized
controlled trials with this device. Thus, it too was given a
Class indeterminate level of recommendation,

Therapeutic hypothermia

During the metabolic phase of cardiac arrest, decreasing
core body temperature has been shown to have protective
effect on the myocardium from reperfusion injury (deep
hypothermia 25°C)**® Hypothermia also protects the
brain, possibly by lowering intracranial pressures®%® and
by protecting the brain from ischaemic injury.5"-** In two
large randomized human trials, mild-to-moderate hypother-
mia (32-34°C}, post-resuscitation, resulted in an fmprove-
ment (16-23% absolute risk reduction) for poor
neurological ocutcomes in patients who had a witnessed
ventricular fibrillation arrest. There was a significant
improvement in 6-month survival rates in the hypothermic
groups.®®® [n resuscitated victims of cardiac arrest,
especially after prolonged resuscitation efforts, hypother-
mia should be considered and implemented when possible,
The new guidelines have given hypothermia a Class lla
level of recommendation for comatose patients with
ventricular fibrillation arrest.

For all other presenting rhythms of cardiac arrest,
hypothermia was given a Ilb recommendation. Recent
studies have shown that it is possible to cool during CPR
before reperfusion is achieved to minimize tissue damage
before it occurs. Cooling during CPR in animals with veno-
venous access systems or with cold IV saline and use of
ACD CPR plus the ITD may eventually offer a means of
rapidly decreasing cerebral temperatures during CPR and
impraving neurological outcomes,®”® On the basis of the
data in support of therapeutic hypothermia, the guidelines
recommend cooling of comatose patients after successful
resuscitation when possible, as long as there is a protocol
in place to assure careful monitoring of core temperatures
and haemodynamics, prevention of shivering, and mainten-
ance of adequate perfusion pressures during the rec-
ommended 24 h period of cooling. Further study is needed
to evaluate the therapeutic potential of very early cooling
and to investigate the best way of achieving cerebral
hypothermia in a timely and practical manner.

Pharmacological management

There were very few major changes in the pharmacological
management of patients in cardiac arrest.

Yasoactive medications

Evidence for the broad use of vasoactive medication during
CPR comes primarily from animal studies. There are no
placebo-controlled trials that have demonstrated long-term
benefit of either adrenaline or vasopressin, As such, the new

guidelines recommend the use of either of these agents as
Class [Ib,

Adrenaline is the most commonly used vasopressor during
CPR. The beneficial haemodynamic effects of adrenaline
during CPR are due to its potent alpha-adrenergic
effects. The significant increase in central aortic pressures
results in significant increase in coronary and cerebral per-
fusion pressures and possibly rates of successful
resuscitation, %70

However, on the basis of the multiple clinical trials, the
use of high dose adrenaline is contraindicated and harmful
in patlents in cardiac arrest (Class lll). The guidelines
continue to recommend 1 mg of adrenatine every 3-5 min
(Class llb) for adults in cardiac arrest. If no venous
access has been obtained, endotracheal or intra-osseous
administration can be also effective,

Vasopressin is recommended as an alternative vasopressor
during CPR, It too has potent vasoconstricting properties. No
study has shown that vasopressin use will result in an
increase in hospital discharge rates when used in patients
in cardiac arrest. A recent study showed that the combi-
nation of adrenaline plus vasopressin resulted in higher
rates of resuscitation, no increase in long-term suryival
rates, but a strong trend towards worsening of neurological
outcomes, except in those with an initial rhythm of asystole
arrest.”""”* On the basis of these findings, 40 U of vasopres-
sin can be used instead of the first or second dose of adrena-
line during CPR (guidelines recommendation; Class
indeterminate). The authors of this article recommend
that one to two doses of adrenaline are used prior to
vasopressin given the lack of definitive data and levels of
recommendation in the new guidelines,

There is no good treatment for asystole. Atropine, a
vagolytic medication, has no known untoward effects in
patients with asystole and can be given for severe bradycar-
dia and asystole with doses of 1 mg IV every minute to a total
dose of 3 mg. (Class indeterminate). There is no randomized
animal or human study to support the administration of
atropine for the improvement of outcomes,

Anti-arrhythmic agents

As with the other intravenous medications, there were
insufficient data or consensus among the experts regarding
the use of anti-arrhythmic agents during CPR. Amiodarone
is now considered the drug of choice and as an intravenous
bolus of 150-300 mg for ventricular fibrillation or pulseless
ventricular tachycardias that are unresponsive to the
initial sequences of CPR-shock-CPR-vasoconstrictors, The
recommendation is based on limited clinical trials’>7
showing improvement in hospital admission, but no defini-
tive increase in hospital discharge rates when compared
with placebo or lignocaine. Given the lack of definitive
data, lignocaine (initial dose of 1-1.5mg/kg V) can
also be used in patients in cardiac arrest (Class
indeterminate),

Summary

In the new 2005 AHA CPR guidelines, significant emphasis
has been placed on early defibritlation, quality and continu-
ity of compressions, less frequent ventilations, and ade-
quate decompression. In order to simplify CPR
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performance, a unifying 30:2 compression to ventilation
ratio has been introduced for all single rescuers. Adjuncts
to improve circulation during CPR, such as the inspiratory
ITD, have also been recommended, although the evidence
for their effectiveness has still to be determined.
Comatose patients with ventricular fibrillation arrest could
be treated with mild therapeutic hypothermia as long as
the infrastructure needed to support the patients is
promptly avaitable.
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BACKGROUN?M H perventilation during; card%mpul/’

.

on;ary resusc1tat10n“(CPR) is harmful,

METHODS: We tested the hypotlig ses tgat during. ‘CPR, 2 breaths/x m?‘«would result in higher
cerebral perfusion pressurééa rag‘i-tlssge oxygen tension thai’ ;lO bre s/n%m, and an impedance
threshold dev1ce (l%%lowﬁ»»to mcf*ease circulation) Wou]d fui}ther eilhdn&e “cerebral perfusion and
bram—tlssilé?ﬁ zen tensjon; e§pecmlly with- 2 ﬁ ‘athé/mm. RESﬁLI‘S Female pigs (304 = 1.3 kg)
anestl;@ttzed4 w1t pi%pofol were sub‘;;gcted ﬁo 6 ylﬁ of. untredted ventricylar] fibl‘ll]dtl()n, followed by
5 mm%;j;‘ £€PR (100 Lom%fesﬁfwns/mmg CoI pressnon depth of 25% of tige dliterlor-posterlor chest
dlameter), and %entlla thh e;thex@lO breaths/mm 101 2 f ‘eat] hs/r%m, while‘receiving 100% oxygen
and a tidal volgm /kg Brain-tiss t (rxﬁe teﬁsuﬁ WS- n”’i‘geasured with a probe in the
parietal lobe. ’Ehe pedance threshold” dev g Ehﬂuse during an 5 additional min of CPR.
During CPR the mean = SD). c%cglate% cﬁwpdnar and cerebral perfusion pressures with 10 breaths/
min versus 2 breaths/mﬁf% res cnvely were 17.6 = 9.3 mm Hg versus 14.3 = 6.5 mm Hg (p = 0.20)
and 16.0 = 9.5 mm Hg Wersggs F12.5 mm Hg (p = 0.25). Carotid artery blood flow, which was
prospectively designated as the primary end point, was 65.0 + 49.6 mL/min in the 10-breaths/min
group, versus 34.0 = 17.1 mL/min in the 2-breaths/min group (p = 0.037). Brain-tissue oxygen
tension was 3.0 = 3.3 mm Hg in the 10-breaths/min group, versus 0.5 = 0.5 mm Hg in the

2-breaths/min group (p = 0.036). After 5 min of CPR there were no significant differences in
arterial pH, Py , or P¢(, between the groups. During CPR with the impedance threshold device, the
mean carotid blood ﬂow and brain-tissue oxygen tension in the 10-breaths/min group and the
2-breaths/min group, respectively, were 102.5 + 67,9 mm Hg versus 38.8 + 23.7 mm Hg (p = 0.0006)
and 4.5 * 6.0 mm Hg versus 0.7 = 0.7 mm Hg (p = 0.032). CONCLUSIONS: Contrary to our initial
hypothesis, during the first 5 min of CPR, 2 breaths/min resulted in significantly lower carotid blood
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flow and brain-tissue oxygen tension than did 10 breaths/min. Subsequent addition of an impedance
threshold device significantly enhanced carotid flow and brain-tissue oxygen tension, especially in
the 10-breaths/min group. Key words: respiration, cardiac arrest, cardiopulmonary resuscitation, CPR,
impedance threshold device, circulation, hyperventilation, cerebral perfusion pressure, brain-tissue ox-
ygenation. [Respir Care 2008;53(7):1-+. © 2008 Daedalus Enterprises]

Introduction

Recent research indicates that an excessive ventilation
rate during cardiopulmonary resuscitation (CPR) can be
harmful, if not deadly.! Though this has result lied i1 eV
dence that supports less frequent dehvexy of stLMc«prei%

sure ventilation during CPR, wk%t Temai nq un%nown%%m -the

optimal number of breathsiper nnui ‘needet 1o provide
adequate gas exchangé uLgnOL »md%ce c1r<,ulat10n !

cerebral perfu¢10n pressure,> i,

By contrast, little is knowﬁ aboul 11%3 petumal injurious
effects of a very low ;%nt tien Yatte during CPR: The
recent 2005 American

fx

advanced cardiac life support, b%"y t ssible that a
lower ventilation rate would b@ adequate and further im-
prove circulation to the heart and brain. To begin to ad-
dress the basic question of what is the minimum ventila-
tion rate needed to optimize circulation and tissue oxygen
supply to the vital organs during CPR, we tested 3 hy-
potheses:

1. Reducing the CPR ventilation rate from 10 breaths/
min to 2 breaths/min would increase the coronary and
cerebral perfusion pressures, because of fewer interrup-
tions in venous return to the heart during the chest-decom-
pression phase,>¢ but would not alter arterial oxygen con-
tent or carbon dioxide removal.

2. The lower ventilation rate would increase the end-
tidal carbon dioxide concentration (Pypcq ) and the brain
oxygen tension. )

3. Adding an impedance threshold device (ITD) would
increase the coronary and cerebral perfusion pressures dur-
ing ventilation with either 2 breaths/min or 10 breaths/min.

The ITD we studied lowers intrathoracic pressure dur-
ing the chest-wall-recoil phase of CPR and thereby en-
hances cardiac preload and lowers intracranial pressure.37
Our results support the unexpected conclusion that reduc-
ing the CPR ventilation rate from 10 breaths/min to
2 breaths/min markedly reduces blood flow through the
lungs, thereby reducing the coronary and cerebral perfu-

tilation also in¢ cases 1nLracrama] plgssure, Whﬁc rquuce
Sgrgﬁéal gl’reparallon
. 0 -

art Association Gmdeg nés Tee- |
ommended a ventilation rate of-8= 1(}b’ eaths/min dunﬁg :

sion pressures and the brain oxygen tension. These find-
ings provide}ngwé insight into the fundamental mechanism
of blood-flo during CPR and the optimal way to use this

Mefhods

&

F%le; stu&y Wa%ap:i%ed by the Institutional Animal
Care- Coxgmzttee of the Minneapolis Medical Research

%undatﬁon of Hennep%? Ceunty Medical Center, and all

ammals recelve‘g treatment, in compliance with the Na-
tionalRi eqﬁch@Couﬁcﬂ s 1996 Guide for the Care and

“Use.of Lﬁbor%tow Animals. All studies were performed by
@ qdallhed expeuenc d research team, with female farm

'plgs »

j . . . .
he anesthesia, surgical, preparation, and data monitor-

ing and recording procedures were previously described.$

All surgical procedures were performed under aseptic con-
ditions. The initial sedation was achieved with intramus-
cular ketamine (7 mL of 100 mg/mL, Ketaset, Fort Dodge
Animal Health, Fort Dodge, Towa) followed by intrave-
nous propofol anesthesia (2.3 mg/kg bolus and then 160 ug/
kg/min, PropoFlo, Abbott Laboratories, North Chicago,
Illinois). While spontaneously breathing but sedated, each
pigs was intubated with a size 7.0 endotracheal tube, then
additional propofol (1 mg/kg) was administered, followed
by a propofol infusion of 160 pg/kg/min. At that point the
pig became completely apneic and required positive-pres-
sure ventilation for the remainder of the study. While se-
dated and mechanically ventilated, a burr hole was made
half way between the left eyebrow and the posterior bony
prominence of the skull. Through the burr hole we placed
an intracranial pressure transducer (Camino, IntraLife Sci-
ences, Plainsboro, New Jersey), a temperature probe, and
an oxygen tension sensor (Licox, IntraLife Sciences, Plains-
boro, New Jersey). The systolic, diastolic, and mean in-
tracranial pressures were recorded every minute. Using a
similar approach on the contralateral side, a micromanom-
eter-tipped (Mikro-Tip Transducer, Millar Instruments,
Houston, Texas) catheter was placed to enable real-time
recording of intracranial pressure. The left common ca-
rotid artery was then surgically exposed and a Doppler
flow probe (Transonic 420 series multichannel, Transonic
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Systems, Ithaca, New York) was placed to quantify com-
mon carotid blood flow. The animal’s temperature was
carefully maintained at 37 * 0.5°C, with a warming blan-
ket (Bair Hugger, Augustine Medical, Eden Prairie, Min-
nesota).

The animals were placed supine, and unilateral femoral
artery cannulation was performed. Central aortic blood
pressure was recorded continuously with a micromanom-
eter-tipped (Mikro-Tip Transducer, Millar Instruments,
Houston, Texas) catheter. A similar central venous cathe-
ter was placed in the right external jugular vein, and all
animals received an intravenous heparin bolus (100 units/
kg). The animals were then ventilated with room, au%*’wnh
a volume-control ventilator (Ncukomed 2A, Dri
ical, Telford, Pennsylvania),wi T

‘3@

12 mL/kg and a respi; ﬁa;ten? 1ate adjustedito” contmually
(blood oxygen satur: auoﬁw@ 95%) as measurg

maintain a P, of 40 mm Hsg %.nd

Airway pressure.was;, médqt ed ¢
cromanometer: 1pped é,f etg pomloned 2 cm.-4 hov% ﬂlé
carina. Surface el%:tﬁoc dloglaphlu I;e(.,OI“dHl o
made contmuo%’“’[y All data wete recordex wil
recording system (Supe%icope
struments, Somerville, Mass h’Setts ‘and a Power Maéin
tosh G3 computer, Appigé gompuler Cupertmo Cﬁhfﬁr-
nia). Pgreo,, tidal volume, minute, vmuhlgpn and ]:)loéd
oxygen saturation were conlmut)u@]y %asured with a re-
spiratory monitor (CO,SMO I?ﬁus Novametrix Medical
Systems, Wallingford, Connecticut).

mgton Maqsachusette) lo ad‘%‘tf@lk'

Measurements and Recording

All the variables (aortic, right atrial, airway, intracra-
nial, coronary perfusion, and cerebral perfusion pressures,
and common carotid blood flow) were analyzed with the
data from the 4th, 5th, 9th, and 10th minutes of CPR.
Coronary perfusion pressure during CPR was calculated
during the decompression phase of CPR, based on the
nadir of right-atrial pressure and coincident aortic pres-
sure. Three consecutive decompression measurements be-
fore the delivery of a positive-pressure ventilation were
averaged. These measurements were repeated 3 times
within each minute studied, and the average of the 3 mean
values is reported as the mean coronary perfusion pressure
during each minute. Cerebral perfusion pressure was cal-
culated as the difference between the mean values of aortic
pressure and intracranial pressure, using the mean value of
the digitized aortic and intracranial pressure tracings at
minutes 5 and 8. Common carotid blood flow, for minutes
5 and 8, was calculated by numerically integrating values
for the forward minus the retrograde flow recorded over
1 minute. Brain oxygen tissue content was measured every
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Py, of > 80 mm Hg f‘;'Ltucu r lgbrljlat10n closed -chest standard CPR was per-

TThe! con}pre
5‘50% duty cycle and a compression depth of 25% of the

1lal
e?‘%i:lonml 295 GW In-

30 seconds. Arterial and mixed venous blood gas samples
were collected at baseline and at minutes 4.5 and 9.5 of
CPR.

Experimental Protocol

Upon completion of the surgical preparation and when
oxygen saturation was > 90% and Py, was stable be-
tween 35-42 mm Hg for 5 min, ventricular fibrillation was
induced by delivering direct current via a temporary pac-
1ng wn‘g (Dalg“‘Dlvmon, SL Tude Medlcal anetonka

rlﬁed with a neumg c?lly driven automatic p]qton

sugilp, Deﬂmalk), as prev10usly described.”
%IOH rate was 100 compressions/min, with a

anterior- posteti “:;cfl st diametur The anterior chest wall
was_allow ved t Jécori p klvely but completely; the piston
%CU ely pulledﬁ“ﬁpward to 1 mm off the chest after
Compressmn During CPR positive-pressure ventila-

%tlbm were delivered asynchronously, to simulate Advanced

Life Support with a manual resuscitator bag (Smart Bag,
O, Systems, Toronto, Ontario, Canada). The fraction of
inspired oxygen was 1.0, the tidal volume was approxi-
mately 400 mL, the peak airway pressure was 20 mm Hg,
and the respiratory rate was either 2 breaths/min or
10 breaths/min, depending on the randomized sequence.
During 2-breaths/min ventilation the objective was to main-
tain Ppre, at approximately 40 mm Hg. If Py in-
creased to > 40 mm Hg we increased the ventilation rate
by 2 breaths/min every 1 min until Pgr was <40 mm Hg.

Following 5 min of CPR with the randomized ventila-
tion rate, the ITD (ResQPod, Advanced Circulatory Sys-
tems, Eden Prairie, Minnesota) was added, and 5 more
minutes of CPR was performed with the same ventilation
rate. Then CPR was terminated. Similar to during the
2-breaths/min ventilation period without the ITD, once the
ITD was added the ventilation rate was increased if nec-
essary 1o keep Pprco, = 40 mm Hg.

Statistical Analysis

All values are expressed as mean * SD. The primary
end point, determined a priori, was carotid artery blood
flow. Based on pilot studies, it was estimated that to dem-
onstrate a 50% difference in carotid blood flow, approxi-
mately 11 animals per group would be needed to detect a
significant difference between the 2-breaths/min group and
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Table 1. Baseline Hemodynamic Values*®

CPR Respiration Rate

Hemodynamic Variable 2 breaths/min 10 breaths/min

Systolic blood pressure (mm Hg) 105.6 = 133 110.8 £ 20.0

Diastolic blood pressure (nm Hg) 82.7 + 13.1 844+ 154
Right atrial systolic pressure (mm Hg) 02+21 17+24
Right atrial diastolic pressure (mm Hg) 02+23 -02*x39
Mean airway pressure (mm Hg) 0.1*+04 =03 07
Intracranial systolic pressure (mm Hg)  21.5 + 4.5 21.8x5.8
Intracranial diastolic pressure (mm Hg) 18,9 + 3.4 203 %54

Carotid flow (mL/min) 113.0 £ 479 1237 362

setween theigroup;
i 0 :
. -

(

*Values are mean * SD. There are no statistically significant dlftelences'
CPR = cardiopulmonary resuscitation

A paued ! tesl was %hsed o ¢ valuate Jh@ d1fTérences in.,
given animal o
was considere

stailgucally s1gmf1cagl @

There were 11 pigs pé 'gxoup All_the plgﬁ" weig d :

between 28 and 32 kg The baselmg ﬁ?empdgmdm 8y
oxygen content, and blood ga§.valu -@%\)\/el@m@imllar be—
tween the 2 groups (Table 1). Ppre, during CPR was
similar between the 2- bleaths/mm group and
10-breaths/min group.

At baseline the carotid blood flow was similar between
the groups: 115.0 £ 46.9 mL/min in the 2-breaths/min
group, and 1237 = 36.2 mL/min in the 10-breaths/min
group (p = 0.35). Figure 1 shows the differences in carotid
blood flow between the 2-breaths/min group and the
10-breaths/min group. In the 2-breaths/min group, during
CPR the carotid blood flow was 34.0 = 17.1 mL/min,
versus 65.0 = 49.6 mL/min in the 10-breaths/min group
(p = 0.037). In the 2-breaths/min group the ITD nonsig-
nificantly increased carotid blood flow, from
34.0 = 17.1 mL/min to 38.8 * 23.7 mL/min (p = 0.20 for
ITD vs no ITD). In the 10-breaths/min group the ITD
increased flow from 65.0 * 49.6 mL/min to
102.5 = 67.9 mL/min (p < 0.02 for ITD vs no ITD).
Expressed as a percentage of baseline carotid flow, ven-
tilation at 2 breaths/min with the ITD was approximately
34% of the pre-cardiac-arrest flow, whereas at 10 breaths/
min with the ITD it was approximately 82% of the pre-
cardiac-arrest flow,

To determine if the carotid flow was physiologically
significant, tissue brain oxygen content was measured with
a recently developed tissue oxygen tension sensor placed

. "Flg ‘“1 Mean + sD caerld“

igl@ ‘and ¥githoutt the TTD. A P v%lue <10.05

180

p =0.006

1604 T

—_

.

Q
i

-

R

=]
i

p=0.037

-
o (=
o o
L 3

Carotid Blood Flow (mL/min})
3
|
|

B
(=)
I

]
kel

2 bimin 10 bitnin
Baseline

2 bimin 10 b/min 2 b/min 10 bimin
CPR CPR +ITD

atn flow during cardiopulmonary re-
susmtapon {CER) w1th “entlldtjon rates of 2 breaths/min (b/min)

_.and4 0”b/ n. '%heag valyes represent the comparison of the 2-b/min

group toithe 11& b/mird group. Carotid brain flow was also signifi-

Acant]?y higher with the addition of the impedance threshold device

(ITDf in both the 2-b/mingteup (p = 0.036 for 2 b/min CPR-plus-
ITD subgroup: }'mpar d to the 2 b/min CPR-without-ITD sub-
group dhdithe 182b/min greup {p = 0.030 for the 10 b/min CPR-

bgrt}fjp cor%pared to the 10 b/min CPR-without-ITD

in the parietal lobe. Figure 2 shows that the baseline brain

oxygen tensions were similar between the groups. When
ventilated at 2 breaths/min the brain oxygen tension was
0.5 £ 0.5 mm Hg, and at 10 breaths/min it was
3.0 = 3.3 mm Hg (p = 0.036). Moreover, the ITD incon-
sequentially increased brain oxygen in the 2-breaths/min
group, (0 0.7 = 0.7 mm Hg, whereas in the 10-breaths/min
group the ITD increased brain oxygen to 4.5 = 6,02 mm Hg
(p = 0.12 for ITD versus no ITD in the 2-breaths/min
group, and p = 0.11 for ITD versus no ITD in the
10-breaths/min group).

Table 2 shows additional hemodynamic data during CPR
with and without the ITD. The right atrial systolic pressure
was statistically lower at 2 breaths/min than at 10 breaths/
min. No gasping was observed in either group during the
study or on review of the intrathoracic pressure tracings,
with the anesthetic regimen we used.

Table 3 shows the blood gas measurements. The mixed
venous saturation values (an indirect measure of circula-
tion) were higher in the 10 breaths/min (36 = 14%) than
in the 2-breaths/min group (19 * 8%) (p = 0.002). These
differences are internally consistent with the hemodynamic
measurement differences between the groups.

The ITD significantly changed the arterial pH, Paco,
P,o,, base excess, oxygen saturation, and Pirco, in the
10-breaths/min group, and significantly changed arterial
pH and P, in the 2-breaths/min group. Consistent with
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e
pasl
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p=0032

Brain O, Tension (mm Hg)
S

L]
i

2 bfmin 10 blmin 2 b/min 10 b/min 2 b/min- 10 b/min
Baseline _— ‘CPR CPR+ITD

L
Fig. 2. Mean + 8D bram oxygen tension dun carlé”ﬁ““ Imb ?ry

and 10 b/min. The p values represen‘ét com rlson ,the2 /m|n
group to the 10-b/min grouﬁ" There wf o st t|st|ca[|y significant,
change in brain: ”gen content@/v:th ‘fhe addltlon of the |mped
ance threshold é@wce iTD) In either group

R

other measurements, artenalﬁﬂ-; was, %lgmﬂcdntly higher+

with the ITD: pH was 7.17:4 0.10 at 2 bre}ths/mlﬁ with
the ITD, and 7.26 = 0.11 at 10 bred ?gs/mlgg w1tl’1§§
(p = 0.035). ! .

Addition of the ITD, though dtggyely late in the se-
quence of events, resulted in statistically significant changes
in key physiologic variables, but only when comparing the
2 breaths/min with or without ITD subgroups or the
10 breaths/min with or without ITD subgroups (see Ta-
ble 2 and Figs. 1 and 2). Airway pressure was significantly
lower during the decompression phase with the ITD in
both groups. The lowest intrathoracic pressure during the
decompression phase was measured on a beat-to-beat ba-
sis: though the difference is not statistically significant, the
vacuum created in the airway during the decompression
phase at 2 breaths/min was —3.1 * 1.1 mm Hg versus
—4.8 * 3.2 mm Hg at 10 breaths/min (p = 0.058).

The ITD increased Pyreo, immediately in the
2-breaths/min group. Within 1 min—PETCO2 was > 40mm Hg
in the 2-breaths/min group. By contrast, Pgrco, never ex-
ceeded 40 mm Hg in the 10-breaths/min group. When
Perco, rose above 40 mm Hg we increased the ventilation
rate b); 2 breaths/min each minute, per the protocol, to try
to maintain Pgrco, at = 40 mm Hg. Thus, the ventilation
rate in the 2-breaths/min group was adjusted upward after
the addition of the ITD, and at the end of the 5-min period
of CPR with the ITD the average ventilation rate in the
2-breaths/min group was 2.9 * 1.1 breaths/min (range
2-5 breaths/min). The ITD also slightly decreased the di-

¥z
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<

TTD |

astolic intracranial pressure in both the 2-breaths/min group
and 10-breaths/min group.

Discussion

Cardiopulmonary interactions play a fundamental role
in the delivery of circulation to the heart and brain during
CPR. The current study was designed to test the hypoth-
esis that a low ventilation rate (2 breaths/min) would pro-
vide greater c?ebral circulation than a higher ventilation

(1 realh%’mm) because (1) venous blood flow back
e heart w@u,ld be less frequently interrupted by posi-
jesSkute ventilations, whl(;h increase intrathoracic
7 ousgfeturn and (2) the higher Pe,
%%:r v‘“&;gtllauf‘)n rate would increase
gsecondaly to cerebral autoregulatory
%ﬁtmec chiat lsnljﬁOur 2-breaths/min strategy was selected to
gsﬁhls hypothesis, | bu:g%ol neceqsauly as an optimal min-

“'imal clinicalsventilatio rite.

. 'This %udy demonstrates that cardiopulmonary interac-
tions pl&y afh m&%memal role in the delivery of blood flow
and oxygen to the brain. Reducing the ventilation rate
from 10 brcaths/mn to Zbreaths/min had a profound and
polcmmllgy haf”nful effcct on carotid blood flow, brain-
“tigsug O,, and ¢z rdiag oulpul Our data reveal, for the first
: m«ge thes i‘xajmful physiologic effects of a low ventilation
dle during the initial minutes of CPR. The lower ventila-
tion rate provided adequate arterial blood oxygen and pH
levels but was associated with a potentially dangerous tho-
raco-cercbral interaction that should be avoided. In other
words, even though the arterial blood gas values were
similar between the groups, the lower ventilation rate al-
tered cerebral circulation. The animals ventilated at
2 breaths/min in the initial minutes of CPR had signifi-
cantly lower carotid-artery blood flow and brain-tissue ox-
ygen than did those ventilated at 10 breaths/min. When
combined with recent data that showed the harmful, if not
deadly, effects of hyperventilation during CPR, the present
results support the conclusion that there is an ideal range
of ventilation rate during CPR, and both too many and too
few breaths per minute are dangerous. Markedly higher
and lower rates result in physiologically detrimental car-
diopulmonary and thoraco-cerebral interactions that sub-
stantially reduce the effectiveness of CPR. Importantly,
our results also indicate that the ITD is more effective as
a circulatory enhancer at 10 breaths/min than at 2 breaths/
min.

Contrary to our original hypothesis, the lower ventila-
tion rate did not enhance venous return of blood flow to
the right heart, coronary or cerebral perfusion pressure,
carotid blood flow, or cerebral oxygenation. Instead, our
results suggest that there is another important but often
overlooked regulator of cardiac output during cardiac ar-
rest and CPR, that is, blood flow through the lungs. At

5
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Table 2. Hemodynamic Values During CPR

Pressure (mean *+ SD mm Hg)*

Hemodynamic Variable At 2 breaths/min At 2 breaths/min + ITD At 10 breaths/min At 10 breaths/min + ITD

Systolic blood pressure 44.3 £ 184 453 + 13.2% 56.8 % 23.0° 59.7 + 2924

Diastolic blood pressure 19.7 £ 7.1°8 17.2 = 6,0°" 20.9 + 9.3 17.8 + 10.9%"
Right atrial systolic pressure 35.8 + 12,97 45.2 + 18.9% 54.6 = 18.94k 63.0 = 22,14
Right atrial diastolic pressure 5.4 x52m° 43 x51™ 4.4 £29™ L7 x28"
Mean airway pressure —1.1+0.8%¢ —3.1 * L.19% =09 x 1.7 —4.8 32"
Intracranial systolic pressure 27.9 + 4,38¥ 27.9 = 3.80% g 7906 + 2.4 31.3 £ 11.3%%
Intracranial diastolic pressure 17.5 + 3,0V i ff%‘»zg).o * 7.4%0 19.5 + 9,]%bb

14.3 + 6.5
9.3 + 12 5l

16.8 + 9,gud.t
183 = t1.5hii

Mean airway pressure
Cerebral perfusion pressure

i 17,6 + 9,3ddec
16.0 + 9 5hnii

i

i
th A rqw carrespongs tgithe comparison of the first data

* Each superscripted Jetter (or double-letter comhiuntinp)ﬁcorrespx:“‘élgs to ahe e in the Tist below. The first supemcriptedxl,éne :
column and the second data column in that row (c‘g’?jh lhvg{?:fhst o S lg%rc%fs the c&nparis(m of 44.3 to 4 he'ii”é”ﬁ (in alpiﬁlbc@tal otder) Qshﬁperscﬁptcd fetter in the row corresponds to the
comparison of the third data column qqd’fﬁégf‘burth a}‘uﬂ co 'ﬁx (e, Gh.the TSt row, “b” represents the compyl L 56:8 to 59.7). 'ffhe li{ird (iﬂialphahclicul order) superscripted letter in the row
corresponds to the comparison of thegfift dafa cglumn mu;;iitﬁe,ﬁhirdmdata column (eg, in the first.row ;l'e})kesggys the cotii] ﬂrison\}f«fwﬂﬂ 'to 56.8). The fourth (in alphabetical order) superscripted
letter in the row corresponds to the campazis ﬁof ;Q‘@@Y‘éi’:%nd data column and the fg@dp@a of ¢ (

, in the fir represents the compagison of 45.3 1o 59.7).
ap =0318,bp = 0.274, ¢ p = 0.093 =" 0,086, ¢ p = 0.113, f p =»§éﬁsﬁg piz 1

Wos
OIS, jp = 0.130, k p =007, 1 p = 0.031, m p = 0.013, n p = 0.025,

40,0 iz
op=0309pp = 0098, qp <0001, rp<000l,sp= 0.390tsp. = 0,05 210, w p=0157.xp =0, 1817'3?‘}'% = 0.304, aa p = 0.072, bb p = 0.142,
cep = 0.320,dd p = 0428, ce p = 0.197, ff p = 0. 16328p ;p4 : h 0 .

v 0.254, jj p = 0.042.
ITD = impedance threshold device & o T

- M’% ;3 L wﬁ"
N ]
Table 3. Blood %ﬁ:‘vas Values and Pgyp

t?ﬁgalﬁfé;m@ v

Variable ] At 10 breaths/min+ITD
Arterial 'A

pH

P.co, (mm Hg)

P,o, (mm Hg)
HCO; (nEg/L)
Base excess (nEq/L)
0O, saturation (%)

Perco, (mm Hg)

Venous

pH

Pgo, (mm Hg)

Pg, (mm Hg)

HCO, (mEq/L)
Base excess (mEqg/L)
0, saturation (%)

*Each superscripted letter {or double-fetter combination) corresponds to one of the p values in the list below. The first sy
column and the second data column in that row (cg, in the first row, “a”

169 % 814
21.5 + 2.7
—4.4 x 3,99
98 & 3u

29 & gv

7.19 % 0.09%
73 % 25881
21 & glmm

294 * 3,009

~2.0 = 3.9mw
19 £ g™y

56 + 13%"

155 + g2*
202 + 1.8
—8.2 +3,0%

94 * g

39 = 11¥bb

7.11 = 0,07
86 + 12884
24 & 17k

26.5 + 3,000

—3.9 £ 3.6
23 i 12W\V.ZZ

7.41 * 0,155¢
35 & 155
149 + 51k

20.9 * 4.1™°

—3.2 + 4.0
99 + Vv

26 + 3%

7.22 * .09ddee
79 + 2phndi
25 + 6Il,mm

31.5 = 2.6PPua

—(.7 & 2,9tw
36 £ 143y

7.26 = 01104
49 x 18
126 + 58

20.1 + 3.2

—6.9 = 3.7
95 = 7V

33 + loz,bh

7.15 + 0,079
79 + 13Mhdi
28 + qlhon

26.9 + 3.4PP

—4.3 & 30w
36 = 152

perscripted letter in a row carresponds to the comparison of the first data

represents the comparison of 7.33 to 7.17), The second (in alphabetical order) superscripted letter in the row corresponds to
the comparison of the third data column and the fourth data column (eg, in the first vow, “b” represents the compavison of 7.41 to 7.26). The third (in alph:
row corresponds to the comparison of the first data column and the third data column (eg,
superscripted letfer in the row corresponds to the comparison of the second data column and the fourth data column (cg. in the first row, “d”

abetical order) superscripted letter in the
in the first row, “c” represents the comparison of 7.33 to 7.41). The fourth (in alphabetical order)
represents the comparison of 7.17 to 7.26).

ap <000, bp <000, cp= 0107, dp = 0035¢p = 0007, f p = 0.004 gp=0153hp=0152,ip=10271jp = 0017 kp= 0262 1p =018, m p = 0075, n p = (.080,

ap =0356,pp=0.183,gp < 000, rp < 0.001, s p= 0248, tp = 0193, up = 0.111, v p = 0029, wp = 0L.183, x p = 0.463,y p < 0.001, z p = 0027, aa p = 0.288, bb p = 0.041,
ce p < 0.001, dd p < 0.001, ee p = 0.211, ff p = 0.074, gg p = 0.044, hh p = 0.420, ii p =027, jjp = 0.115, kk p = 0.13L, i p = 0.016, mm p = 0.034, un p = 0.084, oo p < 0.001,
ppp < 0001, qqp = 0.077, rr p = 0.87, s p < 0.001,¢¢ p < 0.001, un p = 0079, vvp = 0.124, ww p = 0,142, xx p = 0.485, yy p = 0.002, 2z p = 0.021.

I'TD = impedance threshold device

Prrco, = end-tidal carbon dioxide pressure

2 breaths/min the lungs functioned as though transpulmo-
nary circulation was reduced. Also, at 2 breaths/min the

vacuum generated during the chest-recoil phase of CPR
was less, which suggests a reduction in the transmission of
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the energy from the elastic chest-wall recoil during CPR,
probably due to greater atelectasis. This interpretation is
consistent with the work of Markstaller et al, who found
with computed tomography that there is a marked increase
in atelectasis in the absence of ventilation during CPR.?
We further speculate that infrequent ventilation decreases
lung volume, which increases pulmonary vascular resis-
tance, consistent with the classic U-shaped relationship
between pulmonary vascular resistance and low lung vol-
umes: during hypoventilation the lungs become more at-
electatic, pulmonary vascular resistance increases, and
transpulmonary blood flow decreases. In addition, these
unanticipated findings in the 2-breaths/min_greujp “wel e

further unmasked with the use of the g%&TD ig{:’s“].‘houg“h thé

difference in airway pressure-at lﬁf‘i Fina (dn Jindifect
measure of intrathoracig¢ ipressurg ) wa not- étatlstxcally s1g—
nificant between the grcﬁxps Ahe-4ir way pressure u%nded
more negative with the ITD. These small dlffer ¢ esﬁ?jnﬁst
be viewed in the contex( of the nojpmal d;w&tolmgY i ghlﬁ,(atrlal
pressure, whichunder norma@hysmlbgl : conditions ranges
from zero to *Yhm I:Ig%. These ﬁ”ﬁbtle but importang.difs
ferences in de mpr&’ssffm pﬁ?ﬁ”Se 1ntrdthorac,,1§c1)re§surel

-

sulted in Iowe&gn@am anial pressure: andﬁihlgt%ér ergbral*“‘”

perfusion pressure with- «;t@e ”“lle&:es%cmHy *in the
10-breaths/min group.
Part of our initial hylmﬁhema tas that higher-R 5
sumed to be associated with a lower v%ptﬂatf
result jn greater cerebral blood’ ﬂd\?ﬁﬁ, bec%ps of g ekiiown
effects of P,q, on cerebral va lar aut iegulatlon 10 We
therefore ant101pated that we weuld observe higher Pgrco,
and P,cq, in the 2-breaths/min group. In the protocol we
attempted to maintain Prreo, at approximately 40 mm Hg
by increasing the ventilation rate (though the rate was
always at Jeast 2 breaths/min), and when Py, rose above
40 mm Hg we increased the ventilation rate by 2 breaths/
min each minute. At 2 breaths/min the P ., was higher
than at 10 breaths/min, yet this did not result in greater
blood flow to the brain or higher brain oxygen level. How-
ever, these data are consistent with other investigations,
which found that it is likely that with such low blood flow
the cerebral autoregulatory effects of P, are either ab-
sent or diminished, because carotid blood flow and brain
oxygen tension was clearly dissociated from P.co, and
Pprco,'" These data further suggest that fluid mechanics,
mcludmg the relative pressures and resistances of the vas-
cular beds in the thorax and brain, are more important than
we expected in cerebral blood flow, The mixed venous
oxygen saturation levels provide further support for the
lower circulation rate in the 2-breaths/min group. More
specifically, the markedly higher mixed venous saturation
(an indicator of circulation) and the higher carotid flow in
the 10-breaths/min group support the conclusion that cir-
culation is substantially impaired at 2 breaths/min.
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Other investigators have suggested3.568.12-16 that a lower
ventilation rate improves hemodynamics, so why were our
findings different? Perhaps the biggest difference between
the current study and previous animal studies is related
to the hypothesis and the choice of anesthetic. In our study
the pigs were fully anesthetized and did not gasp during
CPR. Though gasping does occur in humans and is asso-
ciated with a favorable outcome, it typically only occurs
during the first couple of minutes of CPR.!7-20 In the cur-
rent study 10;“01’501 was administered intravenously, and
with the “dos e wezused, there was gasping. This is similar

to ther replt% from our laboratory.27:8.16.17 By contrast,

e in ﬁhaled agent isofluorane«can be difficult to deliver in
Jategulated manner dwmﬁ @PR unless the ventilation rate
is constant-or the pig agiloyvcd to gasp and simulta-

qeously spontdneousl(ym ale the anesthetic. Pigs will gasp

for long)pqg,rxods with cxtcmal chest-wall stimulation in the
a@sen(,é” of adequat(, angsthésld (personal observations by
"KGL) during: CPR anda lhcieby provide auto-respiration,
Mor(,ovcar : )‘ng lowem intrathoracic pressure, thus si-
@“multam,ous € nhanung venous return, lowering intracra-
g 1aL pressure, and mgreasmg cerebral perfusion pres-
sure, 17,18 Thug we sﬁ)ecui ate that prior animal studies that
mdlcawdﬁbenehélal (,ffefcts from hypoventilation in the

% i‘ﬁma{é severdl %‘gunuteg% of CPR may have not controlled for

gasping. This” important difference in experimental design

uniderlies the difference between our results and those from

other experimental laboratories, and this theory should be
investigated by eliminating spontaneous gasping with a
pharmacologic intervention.

We also recognize that much of the impetus for studies
on no-ventilation CPR had to do with unwillingness of
bystanders to perform mouth-to-mouth ventilation, which
is considered objectionable by many and thus a roadblock
to bystander CPR. Therefore we agree that chest compres-
sions alone are preferred to no CPR at all, when CPR is
performed by lay untrained or unwilling rescuers. The
purpose of the present study was not to find fault with
studies that have supported chest-compression-only CPR
when trained CPR providers are not available, but rather to
examine the physiology associated with hypoventilation
during CPR.

Itis well known that CPR with approximately 10 breaths/
min results in only about 15% of normal blood flow to the
heart and approximately 20% of normal blood flow to the
brain.” Thus, part of the rationale for the current study was
to find ways to enhance cardio-cerebral blood flow during
CPR. However, at present, the mechanisms underlying the
striking differences in carotid-artery blood flow and cere-
bral oxygen content at 2 breaths/min versus 10 breaths/
min, with and without the ITD, remain unknown. Based on
the present results we speculate that with only 2 breaths/
min the normal architecture of the lungs fails to support
adequate transpulmonary blood flow and reduces the trans-
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fer of kinetic energy generated by the elastic recoil of the
chest wall during the decompression phase of CPR. The
vacuum created during the decompression phase is trans-
ferred nearly instantaneously throughout the various in-
trathoracic chambers and the brain, presumably via the
paravertebral sinuses.?! The present data further suggest
that with infrequent positive-pressure ventilations the lungs
simply collapse, yet the blood in the lungs is adequately
oxygenated and carbon dioxide is sufficiently exchanged
because of the slower transit time through the lungs, even
though overall flow is reduced. In addition, the data sug-
gest that the effectiveness of the ITD is muted because the
pressures cannot be transmitted as effectwely fromi ot

self-enclosed intrathoracic chamber (eg heagi chal) ber;

5

vena cavae, lung parenchyma, byofiehioles hear( and lung

@netau%ﬁ and trans-

vasculature) to the next,dneltid ding th
mission of the intrathol ’

tains the Qtruclural mtegl 11y of lhe an’

] aﬁd ikxwerg pul-

» i is. ﬂalqo Ilkely that the. pu%
lungé hel s 10 plOle Qlood§ '

nisms assocxated with nampﬁlmonary blood ﬂow%m 1he”§

setting of severe hypoveﬁ’lllallon A beller de l
of these mechanisms may lead ) 1;
overall effectiveness of CPR. Fgl exat ﬁlc mmay be pos-
sible to use the physiologic changes ssociated with dif-
ferent ventilation rates to alter’ ‘ﬁ(ey physiologic variables,
such as intrathoracic pressure, to optimize blood flow to
the heart and brain during CPR.

This study has 3 important limitations. First, only 2
initial ventilation rates were studied. It is possible that the
optimal CPR ventilation rate is somewhere between
2 breaths/min and 10 breaths/min. However, our intent in
the current study was to examine the relationship between
different ventilation rate strategies and blood flow to the
brain. The effects of 2 breaths/min are not unlike the harm-
ful effects of an excessive ventilation rate during CPR;
that is, there is also a lower limit to the ventilation rate,
and when that limit is crossed there are negative conse-
quences of hypoventilation. Though ventilation rates be-
tween 2 breaths/min and 10 breaths/min should be evalu-
ated, it is clear that low or no ventilation during CPR can
be dangerous and should not be recommended except in
circumstances where untrained CPR providers are not will-
ing to perform mouth-to-mouth.

Second, vital-organ blood flow, pulmonary vascular re-
sistance, and survival were not measured. These measure-
ments are needed to fully understand the impact of a low
ventilation rate on the effectiveness of CPR, and such
studies are planned. However, this study links together, for

tum to the brain. In QIJ;ICI
words, the data suggesf’”that eriodic lung mﬂjgtmn ain- -

the first time, the carotid blood flow and brain oxygen
tension, and the impact of hypoventilation on these im-
portant physiologic variables. The results suggest that there
is a nonlinear, but direct, relationship between the amount
of blood delivered to the brain via the carotid arteries and
the amount of tissue oxygen available for metabolism. The
mixed venous oxygen saturation data further support a
nonlinear relationship between cardiac output or circula-
tion and oxygen delivery to the brain in the setting of a
very low vgnulaﬁion rate. Moreover, despite more than
adequage Pio, “the delivery of oxygen to the brain was
cl‘;ally felat d*J.Q carotid flow and dehvery of blood to the

entilatio rate’ wzy aquCIaled w11h lower blood flow to
;am%bwex bain-tissue P,,, and lower mixed venous

‘0‘ gen %atmatwn Considered along with the results of
“§tudies that indicated harmful effects from hyperventila-

tion during CPR, it is clear that the ideal CPR ventilation
rate is one that allows for adequate venous return during
the chest-wall-recoil phase but also optimizes blood flow
through the lungs. The data support the conclusion that a
low ventilation rate decreases lung volume, increases pul-
monary vascular resistance, and decreases transpulmonary
blood flow and pressure transfer within the thorax. These
effects decrease blood flow to the left heart and the brain.
Though the ITD worked with both 2 breaths/min and
10 breaths/min, 10 breaths/min with the ITD resulted in
markedly higher carotid blood flow and brain-tissue oxy-
genation than 10 breaths/min without the ITD. Finally, this
study sheds new light on the importance of both cardio-
pulmonary and thoraco-cerebral interactions and the need
for future research to optimize the balance between ven-
tilation and circulation during the initial phase of CPR.
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