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Introducao

Introduc@o: O objectivo deste estudo clinico piloto foi determinar se um novo dispositivo
de compress@o tordcica poderia melhorar o hemodindmica quando comparado com a
compressdo foracica manual durante ressuscitacdo cardio-pulmonar (RCP) em humanos.
O dispositivo é um compressor torécico electromecanico automdtico ajustavel baseado na
tecnologia AutoPulse™ (Zol Medical Corpotation) que utiliza uma banda de compressao
distribuidora de carga [RCP-A) para comprimir o parede tordcica anterior.

Métodos

Foram avaliados, com aprovacdo do corpo de revisores da instituicdo, um total de 31
doentes sequenciais com parada cardiaca stbita intra-hospitalar. Todos os doentes rece-
beram fratamento prévio para doenca cardioca e a maioria tinha co-morbilidades. Os
doentes foram incluidos apés 10 min de protocolo de suporte avancado de vida (SAV)
standard sem sucesso. Foram infroduzidos cateteres preenchidos com fluido na aorta
torécica e na auricula direita e confrmada a sua localizacdo pelas ondas de pressao e
radiografio tordcica. A press@o de perfusdo corondria (PPC) foi medida como a diferenca
enfre as pressdes adrtica e auricular direita durante a fose de descompress@o torécicas.
Apds 10 minutos de SAV sem sucesso e colocac@o dos cateteres, os doentes receberam
compressdes tordcicas manuais e RCP-A alternadas durante 90s cada. As compressdes
torécicas foram administradas sem pausa para ventilacgo a 100 compressdes/minuto e
60 compressdes/minuto, respectivamente para RCP manual e RCP-A. Todos os doentes
receberam intubacdo endotraqueal e foram ventilados por méscara com insuflador a 12
ventilacdes/min enfre as compressdes. Foi dada adrenalina (1mg bélus iv) conforme so-
licitado pelo médico responsavel a intervalos de 3—5 min. Estiveram presentes registos
de pressdes utilizdveis em 16 doentes (68 + 6 anos, 5 mulheres), e s6 se apresentam os
dados desses doentes. As compressdes torécicas RCP-A aumentaram a pressdo adrtica
mdxima em comparacdo com as compressdes tordcicas manuais (153 £ 28mmHg con-
fra 115 = 42 mmHg, P < 0.0001, média = S.D.]. Da mesma forma a RCP-A aumentou
a pressdo méxima na auricula direita em relacdo & compressdo toracica manual (20 +
12mmHg contra 15+ 11 mmHg, P <0.015). As compressdes toracicas foram de elevada
qualidade, consistente [51£20 Kg) e emtodos os casos atingiram ou excederam as reco-
mendacdes da American Heart Association para a profundidade das compressées.
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Conclusao

Em investigacdo prévia demonstrou-se que o aumento da PPC se correlaciona com maior
fluxo sanguineo corondrio e melhores taxas de retorno de circulacéo na paragem cardiaca
stbita. O sistema RCP-A utilizando tecnologia AutoPulse demonstrou ser capaz de
aumentar a pressdo de perfusdo corondria quando comparado com compresséo forécica
manual durante RCP nesta populacdo de doentes graves.

Na proximas paginas segue cdpia do artigo original.

©2009 Zoll Medical Corporation
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Abstract

Introduction: The purpose of this pilot clinical study was to determine if a novel chest compression device would improve hemodynamics
when compared to manual chest compression during cardiopulmonary resuscitation (CPR) in humans. The device is an automated self-adjusting
electromechanical chest compressor based on AutoPulsehnology (Revivant Corporation) that uses a load distributing compression band
(A-CPR) to compress the anterior chédethods: A total of 31 sequential subjects with in-hospital sudden cardiac arrest were screened with
institutional review board approval. All subjects had received prior treatment for cardiac disease and most had co-morbidities. Subjects were
included following 10 min of failed standard advanced life support (ALS) protocol. Fluid-filled catheters were advanced into the thoracic aorta
and the right atrium and placement was confirmed by pressure waveforms and chest radiograph. The coronary perfusion pressure (CPP) was
measured as the difference between the aortic and right atrial pressure during the chest compression’s decompressed state. Following 10 mir
of failed ALS and catheter placement, subjects received alternating manual and A-CPR chest compressions for 90 s each. Chest compression:
were administered without ventilation pauses at 100 compressions/min for manual CPR and 60 compressions/min for A-CPR. All subjects
were intubated and ventilated by bag-valve at 12 breaths/min between compressions. Epinephrine (adrenaline) (1 mg i.v. bolus) was given
at the request of the attending physician at 3—5 min intervals. Usable pressure signals were present in 16 patiénye#68 5 female),
and data are reported from those patients only. A-CPR chest compressions increased peak aortic pressure when compared to manual che:
compression (153 28 mmHg versus 11% 42 mmHg,P < 0.0001, meant S.D.). Similarly, A-CPR increased peak right atrial pressure
when compared to manual chest compression @32 mmHg versus 83 40 mmHg,P < 0.0001). Furthermore, A-CPR increased CPP
over manual chest compression 22 mmHg versus 1% 11 mmHg, P < 0.015). Manual chest compressions were of consistent high
quality (51+ 20 kg) and in all cases met or exceeded American Heart Association guidelines for depth of comptesslagon: Previous
research has shown that increased CPP is correlated to increased coronary blood flow and increased rates of restored native circulation fron
sudden cardiac arrest. The A-CPR system using AutoPulse technology demonstrated increased coronary perfusion pressure over manual che:
compression during CPR in this terminally ill patient population.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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Resumo

Introducdo: O objectivo deste estudoiolco piloto foi determinar se um novo dispositivo de compresséo toracica poderia melhorar a
hemodiramica quando comparado com a compressao toracica manual durante reanimacéo cardio-pulmonar (CPR) em humanos. O dispositive
€ um compressor toracico electroraaizo automatico ajustavel baseado na tecnologia AutoPu{&evivant Corporation) que utiliza uma
banda de compressao distribuidora de presséo (A-CPR) para comprimir a parede toracicaMéisgdas.Foram avaliados, com aprovacao
do corpo de revisores da instituicdo, um total de 31 doentes sequenciais com paradaoa ctoita intra-hospitalar. Todos os doentes
receberam tratamento prévio para doencaiaaede a maioria tinha co-morbilidades. Os doentes foramidwduapos 10 min de protocolo
de suporte avancado de vida (ALS) standard sem sucesso. Foram introduzidos cateteres preenchitibs wamadita toracica e na saula
direita e confirmada a sua localizagdo pelas ondas de presséo e radiografia toracica. A presséo de perfusédo coronaria (CPP) foi medida com
a diferencga entre as pressOes aortica e auricular direita durante a fase de descompresséo toracicas. Apds 10 minutos de ALS sem suces
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e colocacdo dos cateteres, os doentes receberam compressdes toracicas manuais e A-CPR alternadas durante 90s cada. As compre
toracicas foram administradas sem pausa para ventilagdo a 100 compressdes/minuto e 60 compressdes/minuto, respectivamente para (
manual e A-CPR. Todos os doentes receberam intubagéo endotraqueal e foram ventilados por mascara com insuflador a 12 ventilagées/r
entre as compressdes. Foi dada adrenalina (1mg bélus iv) conforme solicitado pelo médico responséavel a intervalos de 3-5 min. Estivera
presentes registos de pressdes utilizaveis em 16 doent&sg880s, 5 mulheres), e s6 se apresentam os dados desses doentes. As compressdes
toracicas A-CPR aumentaram a pressao adrtica maxima em comparagdo com as compressoes toracicas man2@us 3§ versus

115 + 42mmHg, P < 0.0001, nedia = S.D.). Da mesma forma a A-CPR aumentou a pressdo maxima fakudireita em relagdo a
compressao toracica manual (2012 mmHg versus 15 11 mmHg,P < 0.015). As compressdes toracicas foram de elevada qualidade,
consistente (5% 20 Kg) e emtodos os casos atingiram ou excederam as recomendagdes da American Heart Association paraa profundidade d
compressoe€£onclusdo: Em investigacéo prévia demonstrou-se que o aumento da CPP se correlaciona com maior flimeseognario e
melhores taxas de retorno de circulagdo na parageracarsiibita. O sistema A-CPR utilizando tecnologia AutoPulse demonstrou ser capaz de
aumentar a pressao de perfusdo corondaria quando comparado com compresséo toracica manual durante CPR nesta populagao de doentes g
© 2004 Elsevier Ireland Ltd. All rights reserved.

Palavras chave: Reanimacéo cardio-pulmonar; Pressao de Perfusdo Coronéria; Paragerwac&dmpressao toracica

Resumen

Introduccién: El propésito de este estudidmico piloto fue determinar si un nuevo dispositivo para compresiones toracicaa peajorar
la hemodinamia si se compara con compresiones toracicas manuales durante la reanimacién cardiopulmonar (CPR) en humanos. El d
positivo es un compresor toracico electromecénico auto ajustable basado en fechotoguls&” (Revivant Corporation) que utiliza una
banda de distribucion de carga de compresion (A-CPR) para comprimir el térax ali&tiados: Se estudiaron un total de 31 pacientes
secuenciales con paro cado subito intra hospitalario con la aprobacién de un comité de revision institucional. Todos los sujetos recibieron
tratamientos previos para enfermedad @wd y la mayda teria comorbilidades. Los sujetos fueron incluidos después de 10 minutos de
protocolo de soporte vital avanzado (ALS) estandar . Se avanzaron catéteres llenados con fluidos hasta la aorta toracica yicwdata la aur
derecha, y su localizacion fue confirmada por ondas de presién y radasgdaftorax. La presion de perfusion coronaria (CPP) fue medida
como la diferencia entre la presion aodrtica y la dd@ua derecha durante la fase de descompresion de la compresion toracica. Después
de 10 minutos de ALS no exitoso y de la ubicacion de los catéteres, los sujetos recibieron alternadamente compresiones toracicas manua
y A-CPR por 90s cada uno. Las compresiones fueron administradas sin pausas de ventilacién a 100 compresiones/min para CPR manua
60 compresiones/min por A-CPR. Todos los sujetos recibieron intubacion endotraqueal y fueron ventilados con bolsa mascara a 12 ventile
ciones por minuto entre compresiones. Se aplicé Epinefrina (bolo de 1mg i.v.) a la solicitud del médico tratante a intervalos de 3—-5 min. Se
encontraron signos de presion utilizables en 16 pacientes-(6&fos, 5 mujeres), y los datos son reportados solo para esos pacientes. Las
compresiones con A-CPR aumentaron la presiéon maxima adrtica cuando se compara con compresiones toracicas mahzdesr(it5@
versus 115-42 mmHg,P < 0.0001, promediat D.S.). Similarmente, la A-CPR aumenté la presion méxima efcala derecha cuando se
la compara con compresiones toracicas manuales 132 mm Hg versus 83 40 mm Hg,P < 0.0001). Mas aun, la A-CPR aumenté la
CPP sobre las compresiones toracicas manuales (22 mmHg versus 15 11 mmHg,P < 0.015). Las compresiones manuales fueron de
calidad (514 20kg) y en todos los casos alcanzaban o superabaniks dgila AHA para profundidad de compresior@sclusiones. La
investigacion previa ha mostrado que CPP aumentada estéa correlacionada con flujo coronario elevado y tasas elevadas de retorno a circulac
después de un paro céado. El sistema A-CPR usando la tecndéogutoPulse demostré CPP elevada por encima de las presiones obtenidas
con compresiones manuales durante CPR manual en esta poblacion con enfermedades terminales.
© 2004 Elsevier Ireland Ltd. All rights reserved.

Palabras clave: Reanimacion cardiopulmonar; Presién de perfusién coronaria; Paiacar@€ompresion toracica.

1. Introduction prior to defibrillation attempts resulting in an improvement
in survival from 24 to 309%45]. A later randomized clin-
There are over 400,000 victims of cardiac arrest each yearical trial evaluated a similar group of patients with 3 min
in the United States, and resuscitation attempts are generof manual CPR prior to defibrillation and demonstrated an
ally unsuccessfull]. When defibrillation fails or is not in-  improvement in survival from 15 to 22%6]. These stud-
dicated, both laboratory studig 3] and clinical studie$4] ies show that circulation can be an effective component of
have shown that restoration of cardiac function after cardiac resuscitation even in cardiac arrest victims with VF. In pa-
arrest is related to the level of vascular pressures generatedients with rhythms of asystole or pulseless electrical activ-
during resuscitation, especially the coronary perfusion pres-ity, CPR is the only treatment available.
sure. Coronary perfusion pressures above 15 mmHg are typ- The overall objective of the present study was to evaluate
ically needed for successful resuscitat[dh the ability of a novel non-invasive chest compression de-
More recent clinical reports have shown that circulation vice using AutoPulsE” technology (Revivant Corporation,
can improve the success of resuscitation even when defib-Sunnyvale, CA) to generate circulation (A-CPR). A-CPR is
rillation is indicated. Manual CPR was applied to arrest vic- based on the concept that distributing force over the ante-
tims with out-of-hospital ventricular fibrillation (VF) for90s  rior chest improves the effectiveness of chest compressions.
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protocol. This approach was designed to assess the vas-
cular pressures produced by manual and A-CPR in the
same patient without denying standard resuscitative mea-
sures initially. Terminally ill patients were enrolled from
the intensive care units. Informed consent was not possible,
which is ethically accepted for cardiopulmonary resuscita-
tion research10].

After 10min of failed ALS, fluid-filled catheters were
advanced into the thoracic aorta and the right atrium and
placement was confirmed by pressure waveforms and chest
radiograph. Following catheter placement, subjects received
alternating periods of manual CPR and A-CPR for 90 s each.
Manual and A-CPR chest compressions (treatment pairs)
Fig. 1. Load distributing band compression system (AutoPulse technology) were cycled in each patient for as many repetitions as time
for cardiopulmopary resuscitation. Defibr?lla_tion can be performed during would allow (1-6 pairs were recorded with a mean of three
chest compression through the flat defibrillator electrodes (not shown) . . . . .
under the band. The electrocardiogram can be measured through the samPalrs per patient). AI! subjects _Were intubated and venti-
electrodes. lated by bag-valve with room air. Manual chest compres-
sions were administered without pauses for ventilation at
100 compressions/min. During manual CPR, ventilation was
. S . at a rate of 12 breaths/min between compressions. A-CPR
lizes a load-distributing band to compress the anterior chestWaS administered with five chest compressions to one ven-

(Fig. 1). ManuaI. CPR applies fprce to a small area over tilation at 60 compressions/min. The rate with A-CPR was
the s_ternum while A'CP_R applles_for_ce over most of _the limited to 60 mir? to reduce power consumption, without
anterior chest wall. Additionally, distributing compressive - .\ omising hemodynamics. Prior studies have shown that
force over the anterior chefs] may help Fo mitigate the . with compression for 40-50% of each cycle as occurs with
severe chest wall trauma, abdominal injury and thoracic 5 ~pg hemodynamics are not dependent on rates from 60
visceral injury that occur frequently during manual CPR to 120 mir? [11]. Epinephrine (1 mg i.v. bolus) was given

[7-9] Sﬁecifigally, we SOUQT to Qeterr:;ine i A-CPRfim_— at the request of the attending physician at 3-5 min intervals.
proves hemodynamics (peak aortic and coronary per USIONpbefiprillation was performed as indicated. Spontaneous cir-

pressures) when compared to conventional CPR. culation was defined as being present if the systolic blood
pressure was greater than 90 mmHg, and no CPR was being

The automated self-adjusting electromechanical device uti-

performed.
2. Methods When death was officially declared, compressions were
discontinued and a chest radiograph was taken to confirm
2.1. A-CPR chest compression device catheter placement. The chest was palpated for evidence

of flail chest or broken and dislocated ribs. In addition to

The A-CPR device automatically adjusts to the size and catheter placement, the chest radiograph was examined for
shape of each patient. The device is constructed around avidence of rib fractures.

backboard that contains a motorized rotating shaft under

microprocessor controFg. 1). The load distributing band 2.3 Measurements

is connected to the rotating shaft so that the band is tightened

or loosened around the chest as the device operates. An vascular pressures were measured using the fluid filled

anti-friction surface is incorporated to allow the band to catheters connected to Gould Statham pressure transducers.

slide erEIy around the SUbjeCt. The microprocessor adeStSThe force of Compression was measured in a subset of pa-

the band to the size of the subject being resuscitated and igjents. A load cell was placed under the back of the patient

programmed to provide a consistent 20% reduction in the sg that loads from manual and A-CPR compressions could

anterior—posterior dimension of the subject's chest during phe measured. The load cell was deformed by the static load

the compression phase. The band distributes the compressivgf the patient's torso as well as the cyclic loading of chest

load over a large surface of the chest to reduce local stressesgompression. Pressure and force signals were digitized and
stored by a microcomputer-based data acquisition system

2.2. Protocol (National Instruments).

The protocol compared the vascular pressures produced?.4. Statistical analysis
by A-CPR with those of manual CPR. With institutional
review board approval, subjects were included following  The objective of this crossover study was to compare
10min of failed standard advanced life support (ALS) A-CPR to manual CPR in generating vascular pressure rises
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among cardiac arrest patients who failed to respond to atTable 1
least 10 min of conventional resuscitative measures. ThePemographicsi(= 16)

coronary perfusion pressure (CPP) was defined as the av- Value Min Max
erage dl_ﬁereqce between the aortic anq right atrial Pres- e (years) 8L 6 61 78
sure during mid to late chest decompression. HemodynamiCgender (% F) 31 - -
variables (peak and diastolic aortic, peak and diastolic right Height (cm) 165+ 10 150 185
atrium, and coronary perfusion pressures) were evaluated foWeight (kg) 73+ 13 50 100
each treatment pair using the following method: each 90 s Chest depth (cm) 243 20 31
treatment period was divided into nine windows with 10s Crest breadth (cm) 35 30 a6

P Chest circumference (cm) 9F¥ 11 86 121

duration. Blood pressure values were recorded in each suc-
cessive 10 s window. Mean values were calculated from the
nine windows giving the hemodynamic variables from that
treatment period. The parameters reported are averages foage was 68t 6 years, there were 11 males and the average
all treatments in an individual subject. weight was 73t 13kg.

Pairedt-tests were used to determine whether A-CPR  The pre-arrest clinical status of each patient is shown
raised vascular pressures significantly higher than manualin Table 2 These patients were terminally ill from heart
CPR. All statistical analyses were performed at the 5% sig- disease and had additional co-morbidities. The average time
nificance level (two-sided) and were generated using SAS, between arrest and the start of the experimental protocol
version 6.1412]. Repeated measures of ANOVA were used was 304+ 18 min, ranging from 8 min (a second arrest) to
to determine whether repeated treatment pairs in individual 69 min. Only two patients required defibrillation, and the
patients produced similar results, which allowed the repro- predominant rhythm noted at the onset of cardiac arrest was
ducibility and stability of measurements to be assessed. Dataasystole.
were tested for normal distribution with the Shapiro—Wilk When compared to manual CPR, one of the largest
test. Data are presented as mea8.D. changes in pressures produced by A-CPR is shown in

Fig. 2A. A-CPR markedly increased the peak and re-

laxation phase aortic pressure in this patient. During the
3. Results compression-phase, the aortic and right atrial pressures are

similar, therefore their difference is small. During the re-

A total of 31 sequential subjects with in-hospital sud- laxation phase, however, the difference between the aortic
den cardiac arrest were screened between May 2000 to Junand right atrial pressures (coronary perfusion pressure) gen-
2001. Sixteen patients had useable aortic and right atrialerated by A-CPR is markedly higher than that generated
pressure signals during manual and A-CPR, and hemody-by manual CPR. In contrast teig. 2A, Fig. 2B shows a
namic data were reported and analyzed from those patientgpatient where the change in relaxation pressures was near
only. Demographic data are shownTable 1 The average  the mean value for all patients.

Table 2

Baseline clinical characteristics for each patient enrolled

ID Time (min) Arresting rhythm Defibrillation attempt? Clinical history

1 48 Asystole Y Chronic renal failure, hyperkalemia

2 11 Asystole N Unstable angina, AV block, pacemaker

3 8 Asystole N CAD, angioplasty, stent, CABG, unstable angina, pacemaker,
renal failure

4 44 Asystole N CAD, diabetic

5 17 Bradycardia N CAD, valve disease

6 69 V. Fib. Y CAD, heart failure, emphysema

7 57 Bradycardia N Heart failure (R and L), CABG, external pacemaker

8 30 Asystole N CAD, stent, angioplasty, renal failure

9 11 Asystole N Stroke, SAH, endocarditis, mitral valve stenosis, atrial fibrillation

10 33 Asystole N CAD, aortic stenosis, pneumonia

11 47 Asystole N CAD, angioplasty

12 17 Asystole N CAD, acute renal failure, chronic hepatitis C

13 27 Asystole N ICD, ventricular arrhythmia, Chagas’ disease

14 14 Bradycardia N Mitral regurgitation, ventricular cardiomyopathy, pulmonary
infection, acute renal failure

15 20 Asystole N CAD, coma, chronic ventilator

16 38 Asystole N CAD, coma, chronic ventilator

Time is the duration of arrest prior to initiation of the experimental evaluation of A-CPR and manual CPR. Coronary artery disease (CAD), coronary
artery bypass graft (CABG), sub-arachnoid hemorrhage (SAH), implantable cardioverter defibrillator (ICD).
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Fig. 2. Phasic vascular pressure traces during manual and A-CPR in two patients (A, B) reproduced from digital recordings. Record A shows one of the
largest changes observed in aortic pressure and the diastolic aortic and right atrial pressure difference (coronary perfusion pressurey pr@RRed b
when compared to manual CPR. Record B shows a patient where the diastolic aortic and right atrium differences are near the mean values observed in

this study.

Peak aortic pressures produced by manual CPR and

A-CPR for individual patients are shown iRig. 3, and
coronary perfusion pressures for individual patients are
shown in Fig. 4 For the group as a wholeTdble 3,
A-CPR increased peak aortic pressure (#528 mmHg
versus 115+ 42 mmHg, P < 0.0001), mean aortic pres-
sure (70+ 16 mmHg versus 56 15 mmHg, P < 0.0001),
and coronary perfusion pressure (2012 mmHg versus
15+ 11 mmHg; P < 0.015; 95% CI: 8.7, 1.2). The results
with pairedt-tests can be considered valid since the data
were normally distributed. In addition, the effects of A-CPR

0 mmHg

<

©
(O]
o

on the vascular pressures were not different when order
was analyzed (i.e. A-CPR first or second). These pressures
may not be representative of the 15 patients where useable

pressure signals were not obtained.

The force of compression was measured in a sulaset (
10) of patients Table 3. Peak force with manual compres-
sions was 51 20kg and with A-CPR compressions peak
force was 125+ 18kg (P < 0.0001). The pressure ap-
plied to the chest was calculated to be 2030 mmHg with

240 ]
220
200
180 4
160 -
140
120
100 4
80
60
40 ]
20

Manual

AutoPulse

Fig. 3. Peak aortic pressure during manual and A-CPR. Each connected
pair of squares are data from one patient. Symbols to the left and right
of the pressures are meah$S.E. There is a significant increase in aortic

pressures with A-CPR* < 0.0001).
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manual CPR. Subject #5 received two cycles of chest com-
pression, A-CPR initially in the first treatment pair and
manual chest compressions initially in the second treatment
pair. The first pair showed lower CPP (6 mmHg with A-CPR
versus 26 mmHg with manual CPR) and peak aortic pressure
(121 mmHg with A-CPR versus 183 mmHg with manual

50

40

£ 30+ CPR). The second pair showed the same pattern with lower
o CPP (6 mmHg with A-CPR versus 19 mmHg with manual
o CPR) and lower aortic pressure (118 mmHg with A-CPR

207 versus 151 mmHg with manual CPR). Epinephrine (1 mg

i.v.) was administered simultaneously with the initiation of
both manual chest compression periods. The force delivered
to the patient’s chest was higher than average with manual
chest compression (82kg for patient #5 versus an average
of 51+ 16 kg) while the A-CPR device delivered force was
lower than average (100 kg for patient #5 versus an average
Fig. 4. Coronary perfusion pressure during manual and A-CPR. Each of 1254 12 kg). Further data collection was not attempted
connected pair of squares are data from one patient. Symbols to the Ieftas it was observed that the A-CPR device’s motor current
and right of the pressures are meatSE. There is a significant increase . . .
in vascular pressures with A-CPRK < 0.015). was excegdln_gly high (compar.ed to normal operation) and
may have indicated a motor failure.
One patient evaluated for the present study but not in-

A-CPR while the pressure with manual CPR was estimated ¢|yded in the 16 reported with hemodynamics above had
as 1381 432 mmHg. The increased pressure with manual spontaneous return of circulation while receiving A-CPR.
CPR is due to the much smaller area of application of force The patient had been treated with 11 min of failed ALS
with manual CPR compared with A-CPR. for an asystolic arrest following myocardial infarction. Dur-

Only 1 subject of the 16 analyzed showed a substan-jng that time, femoral catheters were placed for the study,
tial decrease in pressures with A-CPR when compared to epinephrine was given four times (1 mg i.v.) and atropine
was given twice (1 mg i.v.). All of these efforts failed to

Manual AutoPulse

Table 3 restart circulation and the patient was randomized to receive
Hemodynamics and force from A-CPR and manual CPR A-CPR first. The pressures generated by manual compres-
Average Min Max P (vs. manual) sions during the |n|t!al ALS period were pot recorded in this
. subject. The CPP immediately preceding the start of Au-
Aortic peak toPulse function was 4 mmHg. Within 30's of the device’s
A-CPR 153+ 28 78 255 <0.0001

180 activation, spontaneous circulation was noted. Pressures im-
Aortic diastoli mediately before the spontaneous cardioversion were-£PP
ortic diastolic
A-CPR 294 12 8 58 0.3660 28 mml—!g, peak A_o: 200 mmHg, peak RA= 180 mm!—ig.
Manual CPR 27+ 10 8 49 The patient stabilized to a heart rate of 120 beats/min and a
blood pressure of 170/60 mmHg. The patient survived over

Manual CPR 115+ 42 45

Aortic mean K .
A-CPR 704 15 5 106 ~0.0001 1 h until he succumbed to a second cardiac arrest.
Manual CPR 56+ 16 31 90
Right atrial peak . .
A-CPR 129+ 32 82 184  <0.0001 4. Discussion
Manual CPR 83t 40 23 172

Right atrial diastolic A number of studies have shown that a major factor affect-

A-CPR 11+ 7 0 22 0.6571 ing survival from cardiac arrest is the level of vascular pres-
Manual CPR 12+ 6 3 24 sures, especially the coronary perfusion pressure, generated
Right atrial mean during resuscitatiof2—4]. This is probably most applicable
A-CPR 50+ 12 35 74 <0.0001 after failure of initial defibrillation or when defibrillation is
Manual CPR 36+ 13 14 68 not indicated. Recent evidence suggests that circulation may
CPP be an important component of resuscitation for patients with
A-CPR 20+ 12 7 51 0.0150 ventricular fibrillation as well5,6]. Invasive techniques such
Manual CPR 15+ 11 3 38 as open-chest cardiac massfg and cardiopulmonary by-
Compressive force (kg) pasg14] increase vascular pressures compared with manual
A-CPR 125+ 18 <0.0001 CPR, but have not as yet come into widespread pre-hospital
Manual CPR 51 20 use in part because they must be performed by physicians.

Pressures are in mmHg. A-CPR is AutoPulse CPR. Non-invasive techniques could have more general use, but
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methods such as chest compression with simultaneous veneulation is restored early in cardiac arrest before irreversible

tilation [15,16], and manual chest compression at increased organ damage has occurred, then long-term survival may be

rates[17,18], have generated pressures only marginally dif- possible. Additional human studies are indicated.

ferent from those produced by manual CPR. Newer promis-

ing techniques, which require skilled users, include manual
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