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Recent Advances in Cardiopulmonary Resuscitation
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Recent Advances in CPR. Mechanical and pharmacologic measures Intended to increase
blood flow 1o vital organs are the mainstay of therapy for patients in cardiac arrest. Several
new cardiopulmonary resuscitation (CPR) technlques as well as novel devices and pharmaco-
logic agents have been developed and tested since the first report of manual closed chested
CFR over three decades ago. These recent mechanical and pharmacologic advances In the
treatment of cardlac arrest are described. Some of these new techniques, devices, and drug
theraples are presently undergoing clinical evaluation ln patients in cardiac arrest. While
many of these new methods and technlques have shown promise In small clinlcal trials in hu-
mans, none have yet to be found to be conclusively superior to manual ¢losed chested CPR and
treatment with standard pharmacologie agents. (J Cardiovase Electrophyvsiol, Vel 8. pp. 584.

600, May 1997)
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Introductlon

Despite the practice of standard manual car-
diopulmonary resuscitation {CPR) for more than
35 years. the vast majority of patients who suffer
from an out-of-hospital cardiac arrest die prior 10
arrival to the hospital.'™* Even in regions with highly
efficient emergency medical services and well-
trained paramedical personnel, survival to hospi-
tal discharge from an out-of-hospital cardiac ar-
rest is < 205%. In the United States, the national
average for survival at hospital discharpe after an
out-of-hospital cardiac arrest is < 5%.'

Multiple factors contribute to the currently poor
survival statistics for patients with out-of-hospital
cardiac amrest. The time between arrest and initi-
ation of CPR remains the most imponant factor.*
Lack of widespread use of bystander CPR as well
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as delays in arrival berween the call for help and
arrival to the patient’s side by trained health pro-
fessionals contribute significantly to the high maor-
tality rates. However, in addition 1o time to initi-
ation of CPR, another critically imporiant factor
is the inefficiency associated with the practice of
standard CPR itself. Studies in animals as well as
in humans reveal that standard CPR provides only
15% 1o 20% of normal myocardial perfusion and
only 25% to 30% of physiologically normal cere-
bral perfusion®® Thus. in the best of circumstances,
standard CPR. can be viewed only as a bridge to
more definitive therapy. Although epinephrine ad-
ministration has also been used for decades to the-
oretically enhance overall CPR efficacy. recent
studies have led to the conclusion that high-dose
epinephrine appears to be no berter than low-dose
cpinephrine.’* Moreover. a recent study from Aus-
tralia suggests that hospital survival is as good
with placebo as it is with either high- or low-dose
epinephrine.* Thus. the inherent inadequacy of
standard CPR. even when coupled with presantly
accepted pharmacotherapy, appears to be a ma-
Jjor factor that contributes o the high monality as-
sociated with current CPR technigues.

A third vital factor associated with survival af-
ter cardiac arrest reletes 10 the cause of the arrest
iself. Malignant tachy- and bradyarrhythmia, se-
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vere left ventricular dysfunction, and acute isch-
emid leud the list of cuuses of out-of-hospital car-
diac wrest, Although considerable success has been
witnessed in the reatment of patients who present
with an initiai rhythm of venatricular fibrillation, in
large part becuuse of the rapid accessibility of early
defibrillation, it has been more difficult to effec-
tively treat significant left ventricular dysfunction
and weute ischemia in patients with out-of-hospi-
tal cardiac arrest,

Recent advances in postresuscitation care, par-
ticularly with the development of small implantable
cardioverter defibrillators, ' have helped to rekin-
dle interest in improving the presently dismal out-
come for paticnts with out-of-hospital cardiac ar-
rest. This review article summarizes many of the
new advances in mechanical and pharmucologic
therapies that are intended to increase the overall
efficacy of CPR. The newer mechunical therapies
include: vest CPR.!i* active compression-decom-
pression (ACD) CPR,'™'" an intra-aortic perfusion
balloon pump.™*'¥ an inspiratory impedance thresh-
old valve (ITV).""™ interposed abdominal coun-
terpulsation (IAC) CPR.*-* and phased thoracic-
abdominal compression and decompression. 3
The newer pharmacotherapies include: vaso-
pressin,* angiotensin 1. endothelin,®*' a com-
bination of epinephrine plus S-adrenergic block-
ade.’ vasopressors plus vasodilator (e.g.. epi-
nephrine plus nitroglycerin) therapy.”’*' and the
use of antiarrhythmic agents during CPR,-*
This article will not discuss new advances in air-
way management during CPR or new defibrilla-
tion techniques.

Background

Mechanical Technigues

To better appreciate the rationale underlying the
development of newer mechanical techniques, it
is important to understand some of the basic mech-
anisms underlying standard CPR. The rwo essen-
tial mechanisms thought to promote forward blood
flow during standard CPR include: (1) an increase
in intrathoracic pressure during the compression
phase, which promates blood flow out of the chest
to the brain and other extrathoracic vital organs;
and (2) a significant degree of myocardial com-
pression during the compression phase of CPR in
some patients, which further promotss forward
blood flow out of the chest cavity. Myocardial per-
fusion occurs predominantly during the decom-
pression phase of CPR secondary to a transient
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difference between aortic and right atrdal pres-
sures. ™" All of these mechanisms are depen-
dent, in lurge part. on the unidirectional cardiac
valves. As shown in Figure 1, the "bellows-like™
action of standard CPR depends upon active com-
pression and passive relaxation of the chest wall.
Intrathoracic pressure trocings during this process
reveal that compression during standard CPR in-
creases intruthoracic pressure, und passive relax.-
ation results in a small decrease in intrathoracic
pressure relative to atmosphernic pressure (Fig, 2).
The difference between the diastolic aortic and
right atrial pressures, termed the coronary perfu-
sion pressure, is generally considered to be the crit-
ical determinant of myocardial perfusion during
CPR. All of the newer mechanical means to ¢n-
hance CPR efficacy have been developed with the
goal to either: (a) increase intrathoragic pressure
during the compression phase (vest CPR); (b) in-
crease negative intrathoracic pressure during the
decompression phase (ACD CFR. the [TV, phased
thoracic-abdominal compression and decompres-
sion); (c) enhance venous return during the de-
compression phase (ACD CPR. IAC CFPR. the [TV,
phased thoracic-abdominal compression and de-
compression); or (d) enhance myocardial perfu-
sion and brain perfusion during the decompression
phase (intra-aortic balloon pump).

Pharmacologic Therapies

The principal drug that has been used to en-
hance CPR efficacy is the adrenergic agonist epi-

Flgure 1. The chent funcrions as a bellows during CPRL
Both standard and active compreision-decompression
{ACD} CPR sternal compression lead to an increase In in-
trathoracie pressure. During the decompression phase, the
chesr wall recoily during standard CPR due ro the natural
elasticity of the chest wall musculoskeletal architecture.
When the chesr is actively lifted upward with the ACD CPR
suction device, this results in a lower and prolonged period
af negative intrathoracic pressure. The grearer the negative
inrrathoracic pressure during the decompression phase re-
sults In greater venous blood return, the greater the myvo-
cardial perfusion and Increased minure vensilation.



586 Journsl of Cardiovascular Electrophysiology Vol § Mo 5, May 1997

Flgure 1. These represenrarive tracheal pressure iracings were obtained during the perfarmance of standard | STD) and ac-
tive comprestion-decompression (ACD) CPR in the presence (+) and absence of an inspiratory impedance threshold valoe
1TV} in a pig model of venrricular fibrillarion, STD or ACD CPR was performed with an automated preumaric suction device
al @ rare of 80 timesdmin, with the compression depth ser to 25% of the anlerior-posterior diameter as previowsly described. ™
Active decompresslon wus performed during ACD CPR such that the chest wall war exrended bevond the resting end-expira-
tiewn pasition by abowr [0%, The positive pressures generated with all four rechniques were relanively similar. However. the
negative intrathoracic pressures during the decompression phase varied depending upon the methed of CPR. Addition of the
TV iset in apen at =40 cm H,0) 1o either STD ar ACD CPR resuits in a marked decrease in intrathoracic pressure. The lower
the negative intratheracic pressure during the decomprestion phase. the greater the myocardial perfusion.

nephrine. The a-adrenergic effects of epinephrine
increase arterial 1one and help to maintain increassd
aortic pressure. The 3 -adrenergic activity of epi-
nephrine results in both an increase in cardiac in-
owopy and chronotropy. The G.-adrenergic effects
may cause some peripheral vasodilatation as well
as some increase in cardiac inotropy. Although use
of epinephrine in animal models as well as in pa-
tients in prolonged cardiac arrest resuls in im-
proved hemodynamic parameters, the use of this
potent pharmacologic agent in patients with out-
of-hospital cardiac arrest has undergone consider-
able reassessment in recent years.”%" Based
upon animal studies demonstrating improved effi-
cacy of a “high dose™ of epinephrine. there have
been a number of randomized clinical tnals com-
paring the potential value of higher versus lower
dose epinephrine.™ In general, these studies have
dernonstruted that there was no benefit of the high-
dose epinephrine in patients with cardiac arrest.
This may be secondary to the side effects of epi-
nephrine. which include intense coronary arnery
vasoconstriction. increased myocardial oxygen con-
sumption. and an increased tendency for cerebral
edema secondary to profound cerebral anery vaso-
constriction. *

More recently. a study by Woodhouse et al.¥ has
brought into the question whether epinephrine is
of vulue at all when compared with placebo in pa-
uents in cardiac arrest. The study was originally
designed to compared epinephrine (10-mg IV bo-

lus) with placebo. However. given the unease of
a placebo arm of the study by a number of med-
ical staff personnel. a large number of patients re-
ceived the standard 1-mg bolus of epinephrine
rather than the blinded therapy with high-dose ep-
inephrine or placebo. As a result, 145 patients re-
ceived | mg of epinephrine. 84 patients received
10 mg of epinephrine. and 100 patents received
& placebo. The data were analyzed for each group.
and no significant differences were observed in
immediate survival (<< 10%) or hospital discharge
rates (< 2%). regardless of whether the patients
received placebo or drug, If there was a small ben-
efit from cither low- or high-dose epinephrine. it
could not be detected in that study. Thus. although
the role of epinephrine is presently controversial,
it is clear from this and other studies that if pa-
tients require epinephrine. they are de facto in a
worse prognostic category and epinephrine ad-
ministration may not have any impact at all on
overall outcome, '

Given the multiple potential receptor-mediated
effects of epinephrine. & number of other phar-
macologic agemts have been studied in experimental
models, either alone or as combination therupies.
These include the use of vasopressin.*>* endothe-
lin,“* angiotensin [~ methoxamine 24" and phen-
ylephrine.~ Combination therapies studied more
recently include epinephrine plus G-adrenergic
blockade."** vasopressors such as epinephrine or
vasopressin together with vasodilators such as ni-
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troglycerin. and vasopressin plus epinephrine
in combination."* While many of these agents ei-
ther alone or in combination appeur to provide su-
perior vitul organ blood flow than “optimal” doses
uf epinephrine. none have presently undergone suf-
ficient widespread clinical ussessment o recom-
mend them as an alternative first-line therapy,

New Mechanlcal Techniques

As seen in Table 1. there are a number of new
ond promising mechanical means to enhance vi-
tal orgun blood flow during the performance of
CPR. Some of these technigues involve the use of
additional personnel while others involve the use
of new mechanical devices, The basic underlying
mechanical principles of cach one of these ad-
vances as well as current data wo suppont their
utilization are reviewed below.

Vest CPR

Based on the principle that increases in in-
trathoracic pressure will result in increased vital
argan blood flow. investigutors ot Johns Hopkins
University have been srudying the potential value
of a circumferential vest as an adjunct to therapy
for CPR. for over a decade,"'? Studies in both
animals as well as humans demonstrate that ap-
plication of circumferential pressure, rather than
unidirectional mid-sternal pressure alone. results
in a greater increase in intrathoracic pressure and
hemodynamic parameters associated with the per-
formance of CPR. As shown in Figure 3, this de-
vice (Cardiologic Systems Inc.., Hanover, MD,
USA) is a bladder-like cuff that can be placed
around the arrested patient’s chest Anached w0 a
pneumatically driven motor and pneumatic pump.

TABLE 1

Interposed abdominal counterpuisarion ([AC) CPR

Vest CPR

Active compression-decompeession (ACD) CPR
[ntra-acrie balloon sion pump

Impedance thres valve (ITV)

Phased thoracic-abdominal comprestion and decompression
Since the first descriptioa of manual cloved chest CPR in
1990, several new CPR techniques and devices have been
developed. Application of these new approsches in animal
modely results in improvernent in vital organ perfusion and
hemodynamic variables wssociated with an improved prog-
nosis. While esch new approach shows promise in humans
in cardiac wrest, none of the new techniques and davicea
has yet (o be shown w be conclusively superior 1o standard
manual CPR. Al are presently undergoing clinical evalu-
ation in patients in cardisc armest.
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intlation of the vest at a frequency of 60 w 80
times per minute results in higher arenal systolic
pressures in humans as well as greater vital organ
blood flow in animal models of CPR. Swdies wre
currently under way to determnine whether resus-
citation rates can be increased with this technique.

One of the potential benefits of the circumfer-
ential vest i1s the ability to defibrillate the patient
using clectrodes placed in vuarious locations on the
vest itself. Recent data suggest that delivery of
high-encrgy shocks using multiple different vec-
tor configurations may be superior to the delivery
of o single vector transthoracic shock.® As such,
the circumferential vest is well suited for multi-
vectonal shock delivery. It is anticipated that within
the next 2 to 3 years, smaller pneumatic pumps
will be available and that clinical trials will have
been completed as part of the assessment of this
new technique, The potential role of this device in
the prehospital sedting remains undefined.

IAC CPR

In an effort 10 enhance venous retum and thereby
augment cardiac output, the use of LAC CPR (Fig.
4) has been tested in animal models as well as in
humans in cardiac armest, ¥ 274 While it is clear
that this technique improves systolic arteral pres-
sures during the performance of CPR, its value in
terms of enhancing overall resuscitation rates re-
mains unclear. One large out-of-hospital study
demonstrazed no benefit of this technique when
compared with standard CPR.® However. another
smaller inhospital study demonstrated a significant
improvement in resuscitation rates when compared
with standard CPR.E In this mial by Sack et al..=
103 patients with inhospital cardiac arrest were
randomized o received either standard closed chest
CPR or IAC CPR. Nearly twice as many patients
had a return of spontancous circulation in the LAC
group (P < 0.007), and at hospital discharge, more
patients were alive in the LAC group (25%) com-
pared with controls (7%, P = 0.02).

As with many of these new potential advances
in CPE. clinical trials evaluating LAC CPR are dif-
ficult 1o control. Thus, it is not clear whether the
prehospital evaluation of IAC CPR was a fair as-
sessment of the potential value of this CPR tech-
nique.” It can be quite difficult to control the qual-
ity of CPR performance during that kind of
study. Similarly. the inhospital study has been crit-
icized for the potential for overenthusizsm of the
rescue personnel. In particular. compression force
was not conuolled and. due o multiple reasons in-
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Figare 3. Vest CPR it based upun the concept that increases in intrathoracic pressure during the compression phare of CPR
result in an enhancement uf vital organ pecfition. A schematic diagram af the device 1AL and representalive pretsure Iricings
from patients receiving stundard manual CPR and vest CPR (B are illustrated, The corury perfusion pressuret during both
methads of CPR. calvwluted by the difference berween the aortle and right atrial pressures. are also illustrared. | Reprinted by
permissican of The New England Journal of Medicine, freon Halperin HR, Tsitlik JE. Gelfand M, e al: A prellminar studv of
cardinpalmmiary resuscitarion by circimferential compression of the chese with use of a pneumatic vest. N Engl J Med
11329 762768, Coprright (993, Massachusents Medical Sociervy., )

cluding a lack of adequate rescue personnel at some tion appears 10 be indicated to determine more de-
wests. a number of patients who should have re- finitively the potential role of LAC CPR during re-
ceived IAC CPR only received standard CPR. suscitation efforts. IAC CPR requires the assis-
However. given the relative ease with which LAC tance of an additional rescuer. Although 1AC CPR
CPR can be performed. further clinical evalua- can be performed with the use of an automated

Figure 4. Pecformance of laterposed ubdominal counterpulsation (JTAC) CPR is illusrrated. During the chest compression
plise, ne abdeminal compression is performed. During the chest wall relaxarion phase. abdominal compression resuirs in an
iterease in veneues blood low m the thorat. In ammal models, this counterpulsarion technigue increases everall cordiar ours
Pt wnd mvovardial pefusion. | Reprodueed with permission from Sack JB, Kesselbrenner MB. Bregman D: Swrvival frem in-
Meespitaf cardice arrest with interposed whdominal connterpultation during cardiopulinenary resuscitarion. JAMA
PR3 267379285 Copvright 1992, Americun Medical Association, |
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mechanical chest compression device,* such as the
Thumper from Michigun Instruments Ine, {Grand
Rapids, ML USA\), this approach has some inher-
ent deticiencies, Thumper CPR is nut us etfective
as manuual standard CPR.Y secondary to the Foct
that chest devampression is impeded by the weight
of the compression piston itself. It is possible that
a mudification of this device. in combination with
[AC CPR. may prove w be of benafit in certain
clinical semings.

ACD CPR

ACD CPR is a recent modification of standard
CPR.'"" This technique was developed after a re-
port of ¢ muan who used a common household
plunger on muitiple different occasions to resus-
citate his father, who had a history of coronary
artery disense.® By actively pulling up on the chest
with a suction device, ACD CPR serves to incrense
negative intrathoracic prassure during the decom-
pression phase of CPR. As seen in Figure 1. the
active decompression phase results in o greater
negative intrathoracic pressure, which enhances
both venous return and minute ventilation. In-
trathoracic pressures are lower during the decom-
pression phase (Fig. 2) with ACD CPR com-
pared with standard CPR, while positive intratho-
racic pressures are similar. As such. ACD CPR is
a means to “prime the pump™ during resuscita-
tion efforts,

Studies in animal models as well as in humana
in prolonged cardiac arrest have demonstrated that
vital organ blood flow is significantly increased
using ACD CPR when compared with standard
CPR.\™17531 For example, as shown in Figure 7,
vital organ blood flow is higher when ACD CPR
is performed in a porcine model of ventricular fi-
brillation when compared with standard CPR. In
those studies, the compression depth was set at
25% of the anterior-posterior diameter. Although
mathematical models suggest that positive in-
trathoracic pressures during CPR are more im-
portant thun increases in negative inoathoracic pres-
sures,™ experimental evidence has demonstrated
that the combination of chest wall compression
followed by active decomnpression provides a sig-
nificant increase in vital organ pressure when com-
pared with the same degree of chest compression
alone, 1AM

The clinical assessment of patients in cardiac
arrest with this technique using a small, hand-held
suction device {Ambu, Inc.. Glostrup, Denmark:
Fig. 5) to provide ACD CPR has. however, been
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less clear cut. Although hemodynumic improve-
ments have been observed consistently when ACD
CPR has been studied in humaons, in some clini-
cal seaings there hos been o significunt incregse in
resuscitton rates with ACD CPR when compured
with standard CPR.'"™" und in other centers no ben-
efit has been observed. The most positive results
have been observed in prehospical studies in St
Paul (Minnesow. USA) and Paris (France). [n St
Paul. 77 patients received standard CPR and 53
received ACD CPR in a randomized prospective
study. This and other siudies were erminated pre-
maturely by the United States Food and Drug Ad-
ministration due o concerns related to swudy de-
sign and lack of informed patient consent. How-
ever, at the time the study in St. Paul was stopped.
the mean [-hour survival rote in the ACD CPR
group was 0% versus 16% with standard CPR. (P

Figure 5. Acrive compression decompression (ACD) CPR
cun be performed with a hand-held sucrion device.™ The
handle includer a gauge to assist the operator in obaining
the proper deprh for active compression and decompression.
The sificone suction cup ir placed mid-stemum. and ACD
CPR is performed ar the same rare (80 100 rimesiming
and compression depth (2.5 ro 3.0 inches) as standard man-
ual CPR. Decampression is performed bv acrively pulling
up on the handle until just before suction is last or until a
Jorce of =10 10 -30 pounds (as shown on the pressure
gauge) it achieved. ACD CPR reswits in improved vital ar-
gan blood fluw when compared with standard manual CPR.
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< 0.1, 95% confidence interval —2% o 30%:). With
< 10 minutes berween collapse and arrival of the
first professional rescue team, |-hour survival was
59% (19/32) with ACD CPR versus 33% (| 6/49)
with standard CPR (P < (.02). Similar kinds of
results were observed in Pans in an out-of-hospi-
tal swdy with 254 patients in the ACD CFR group
and 258 patients in the standard CPR group® In
Paris, both ACD CPR and standard CPR were used
by the first response team., and randomization for
the study occurred at the time the mobile intensive
care unit arrived to the scene some 17 minutes af-
ter receipt of the call for help and approximarely
10 minutes after initiation of CPR by the first re-
sponse team, One-hour survival after cardiac ar-
rest was 37% with ACD CPR versus 25% with
standard CPR (P < 0.003). Unlike the St. Paul
study where hospital discharge rates only trended
toward improvement with the ACD CFR technique
(23%) when compared with standard CPR (17%),
in Paris there was a significant increase in hospi-
tal discharge rates with ACD CPR (3.5%) versus
1.9% with standard CPR (P < 0.03). A mwofold
survival benefit was also observed | month after
hospital discharge,®

Counterbalancing these positive results with ACD
CPR have been the studies from Ontario (Canada)
and California (USA).*Y In those studies there was
no significant improvement in the primary endpoints
with the ACD CPR. In Ontario. 91 (18.2%) patients
survived for 1 hour with ACD CFR versus 84.2
(16.5%) with standard CPR (P = 0.48), and 23 pa-
tients (4.6%) were discharged from the hospital
after ACD CPR. versus 19 patients (3.7%) with stan-
dard CFR.* In the combined Fresno and San Fran-
cisco California study, 59 patients (14.3%) survived
to the intensive care unit with ACD CFR versus 72
patients (16.1%) with standard CFR (P > 0.5), and
20 patients (4.5%) were discharged from the hos-
pital after ACD CPR versus 27 patients (6,1%) with
standard CPR. (P > 0.6 ).

The reasons for the differences between study
results are complex and not fully undersiood, Some
of the differences are related o differences in study
design. raining, differences in response intervals
after receiving a call for help. and differences in the
overall efficiency and management of emergency
medical service systems. In some cities. such as Ox-
tawa (Canada), advanced cardiac life support was
not available in the field™ In that study. standard
CPR was initiated a mean time of 5§ minutes after
receipt by the rescue team of a call for help, whemneas
ACD CPR was initiated 9.5 minutes after receipt
of a call for help. In addirtion. in the absence of

advanced cardiac life support in the field, both meth-
ods of CPR were often performed in 2 moving am-
bulance as the patient was rushed to the hospital,
Even in the best of circumstances, performance of
CPR during transport is challenging.

Other factors that influence the potential bene-
fits of ACD CPR relate to training and the per-
formance of ACD CPR itself, which requires ap-
proximately 25% more effort than standard CPR.™
Proper performance of active decompression of the
hand-held device requires significant training and
retraining rolated to the “lifting-up™ or decom-
pression phase, and rescuers must know how ro
use the force gauge. [n the California studies. rain-
ing was performed but without emphasis on how
to use the force gauge.™ One potentially imporant
difference berween the studies was that ACD CFR
wis introduced to the rescue personnel in Cansda
just prior to initiation of that study, Training was
performed at that time. In Paris. ACD CPR had
been available and used for more than 2 years prior
1o iniriating the srudy. As such. the rescue per-
sonnel were more familiar with the new technique
prior to the Paris study. In addition to training is-
sues, performance of ACD CPR requires more en-
ergy and results in more fatigue, at least for some
rescuers, compared with standard CPR.%

Perhaps the most important difference be-
tween the studies in Paris, where ACD CPR was
more effective than standard CPR. and other stud-
ies involves the concurrent use of an automated
ventilator with the performance of both types of
CPR. The mechanical ventilators all prevent in-
flow of respiratory gases except during the deliv-
ery of a breath, and consequently the benefit of
ACD CPR in Paris may be due wo the combina-
tion of ACD CPR plus the ITV concept described
below. Finally, there are still unknown factors, per-
haps similar to those that account for the dramatic
differences in outcome after cardiac arrest with
standard CPR between different metropolitan ar-
eas in the United States.*” For example. in
some cities, survival 1o hospital discharge is 2%
and in others < 2%.'~* Similar kinds of muld-
factorial variables may play a role in the dispar-
ity of the results with ACD CPR in different cities.

Ultimately. ACD CPR may benefit only a sub-
set of patients in candiac arrest. Similar to standard
CPR. a comprehensive training program is neces-
sary for it to be effectively applied® Though no
study has shown a significant drawback from the
use of ACD CPR in terms of complication rates
or & decrease in survival compared with standard
CPR. it is clear from these studics that, despite the
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acute hemodynamic benefits that have been con-
sistently observed with this new technigue. ACD
CPR will not be of benefit in sume emergency
medical services systems, af lessl 2t this point in
time.

Clinical trials are still ongoing with rhis new
technique. Bused upon the several thousund cusas
recorded to dute, there we no significunt negative
effects of ACD CPR when compared with wan-
dard CPR. However. most of the published siud-
ies on ACD CPR have lacked sufficient statisti-
cal power to detect small differences., i.e.. 105 to
20% improvement in longer-ierm endpoints such
as hospital discharge rates. due to the very low per-
ventige of patients who survive in the contol group.
For exuample, in Ottawa, demonstration of a sig-
nificant improvement from 3.5% survival in the
control group w0 4.5% survival in the ACD CPR
groups would require tens of thousands of patients
to achieve an adequate statistical power. Conse-
quently. the potential advantages of ACD CPR
when compared with standard CPR remain under
further investigation. Due 1o federal regulatory con-
straints, it was not possible 1o complete the initial
clinical srudies evaluating ACD CPR in the United
States."™" These same regulations had prohibited
testing of all of the new CPR techniques and phar-
macologic solutions described in this report.” How-
ever, on October 2. 1996, a new federal regulation
was signed allowing for resumption of all rypes of
resuscitation research in the United States. even in
the absence of informed consent, This will fi-
nally enable investigators to procesd with clinical
evaluation of all of these new CPR techniques in
the clinical sewing,

Intra-Aorric Balloon Pump

Based upon the hypothesis that enhancement of
coronary pertusion should result in overall im-
provement of CPR efficacy, some investigators
have developed an intra-zormic balloon perfusion
pump that serves to provide both pressure suppoct
during CPR as well as an access port for the de-
livery of blood and pharmacologic agents di-
rectly into the aortic root' ™ Animal studies us-
ing this technique have demonstrated significant
improvemnent in overall resuscitation rates and vi-
tal organ blood flow when compared with stan-
dard CPR."* As with the other mechanical advances
described abave, clinical trals are under way to
determnine whether or not the theoretical benefits
achieved with this technique will be observed in
the clinical setting. Although insertion time may
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be a potential problem with this new technigue.
standard CPR can be performed while the device
is being placed. Moreover, the intra-wartic balloon
pump can provide additional hemodynamic sup-
port for patients who are resuscitated. It is clear
that the myocardium is significantly stunned for
many hours after successful resuscitation and may
therefore benefit from a balloon pump ofter suc-
cesstul resuscitation.”® This technique. like vest
CPR. is o more “high-tech™ upprouch to the re-
suscitation efforts than LAC CPR or ACD CPR.
Efforts are under way to try to reduce the size of
the intra-gortic balloon pump drive system as well
as the catheter itself o facilitate easier and more
widespread use of this new technique.

TV

The ITY (CPRx Inc., Minneapolis. MN, USA)
was developed based upon research related to the
mechanisms of ACD CPR.'7-3.32 Recopnizing
that intrathoracic pressures could be lowersd fur-
ther during the decompression phase of ACD CPR
with intermiment total occlusion of the airway, this
new threshold valve (Fig. 6) can be used with stan-
dard CPR, ACD CPR. and vest CPR. By inter-
mittently occluding the airway when ventilation is
not performed by the rescuer, negative intratho-
racic pressures are enhanced during both stan-
dard CPR. (Fig. 2) and during the performance of
ACD CFPR (Fig. 2). When using this valve, ven-
tilation is performed, as with standard CPR, with
a 1:5 ratio with chest compressions. During active
ventilation, there is no resistance to inhalation or
expiration. However, during chest wall decom-
pression in the apneic patient, the impedance valve
selectively prevents inspiratory respiratory gas ex-
change. Its application results in a greater negative
intrathoracic pressure, which subsequently enhances
venous rerurn and overall cardiac output. In ani-
mal models, intermittent inspiratory impedance has
been demonstrated to significanty enhance vital
organ blood flow when with both stan-
dard and ACD CFPR (Fig. 7). [n addidon. when
the [TV was used with ACD CPR. animals were
more effectively defibrillated with significantly less
energy when compared with ACD CPR alone.®

The potential value of enhancing negative in-
trathoracic pressure during the performance of
CPR has been underemphasized until recently.
The introduction of ACD CPR has resulted in a
renewed appreciation of the imporance of neg-
ative intrathoracic pressure, both to enhance ven-
tilation and to enhance venous return. Use of
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Figure 6. The inspiratory impedance threthold valve (ITV)
is shown inserted berweren the veniilation bag and the endo-
tracheal rube. In the apnelc patient during a cardiac arrest.
ventilation ix performed every five compressions according
io the American Heart Association guidelines as with stan-
dard CPR. However, during the decompression phase, the
vulve closes when the imfrathoracic pressure 5 lower than
atmaospheric pressure. Closure of the ITV inspiratory
threshald valve i set 1o epen ar =35 em H.0) prevents respl-
ratnry gas exchange during the decompression phase and
therebv enhances venous blood return to the thorax as in-
trathoracic pressures egualize with extrathoracic pres-
sures. [ animal models. the enhancement in venous retum
result in increased vital organ perfusion.

the [TV removes the potential benefits of increased
pulmonary ventilation with ACD CPR by pre-
venling respiratory gases from entering the lungs
during the decompression phase of CPR, when
the patient is not being actively ventilated. How-
ever. the prevention of respiratery gas exchange
when the patient is not actively ventilated results
in enhanced venous return and increased cardiac
output, which may be more important than the
increasing ventilation in the cardiac arrest seming.
As such, the ITV enhances overall myocardial
ond cerebral perfusion. Preliminary evaluation of
the ITV in patients in cardiac arrest has demon-
strated an increase in end-tidal CO. when com-

pared with standard CFR (Dr. Colin Robenison,
personal communication). Further clinical stud-
ies are under way to evaluate this potential new
technique.

Perhaps the best support for the importance of
the inspriatory impedance of respiratory gases to
enhance CPR efficacy concept stems from the ret-
rospective recognition of the use of the [TV con-
cept in two studies originally designed w compare
standard and ACD CPR. In the first study de-
scribing the benefits of ACD CPR in a porcine
model of venmricular fibrillation, we utilized a me-
chanical ventilator that we recognized, only after
publication of the manuscript, actually resulted in
a comparison of standard CPR plus the [TV ver-
sus ACD CFPR plus the ITV." By prevention of all
inspiration, except when deliverad by the automnatic
vendlator, the complete occlusion of the respira-
tory circuit by the ventilator resulted in the un-
recognized comparison of two methods of CPR,
which utilized the impedance threshold concept.
This recent observation may help to explain the
differences between the results from the ACD CFR
study in Paris, Ottawa. and California. In Paris. pa-
tients were treated with ACD CPR plus an auto-
matc ventilator, The ventilator prevented all in-
spiration and. as such, the comparisoan in Paris was,
as in the animal study, an unrecognized compari-
son between ACD CPR plus inspiratory imped-
ance and standard CPR with inspiratory imped-
ance. In Onawa and California, the trials compared
standard CPR with ACD CFR alone, as bag-valve
ventilation was used in most of the cases. It is clear
that future studies will need to recognize these fun-
damental differences in methods of ventilation to
truly evaluare the potential benefit of any new CPR
technique.

Phased Thoracic-Abdominal Compression and
Decompression

The most recent mechanical means to enhance
CPR atternpts to combine the beneficial features
of both ACD CPR and IAC CPR.2=4142 When
simultaneous sternal compression and abdominal
decompression are alternated with simultaneous
sternal decompression and abdominal compres-
sion, venous blood flow to the thorax is enhanced
during the chest decompression phase and arte-
rial blood flow to the exmathoracic vital organs
is enhanced during the chest compression phase.
A manually powered cardiac assist device (Data-
scope Corp.. Fairfield. NJ, USA) has been de-
veloped 10 perform this procedure®#'= (Fig. 8).
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Flgure 7. The graph illuserates the myocardial blood flow achieved during the perfonnunce af CPR in u porvine medel af
venirtcufar fbriflaton, This approach i3 deseribed briefly in Figure 2 and more fully elsewhere, ™ After 3 minutes of venrrici-
lar fibrillation and 2 minuies of CPR. rudinlubeled mivenspheres were injecied ino the left ventricle. Vital nrgun bl flow
increased wirth the addition of an impedance threshold valve (TTV) with etther stundard 15TD) or active comprestion-decom-
pression tACD] CPR. Mvacardial perfitsion war as low as [5% to 20% of baseline bloosd flows with STD CPR and > 30% of
Buscline blood Tow with ACD CPR vombined with the {TV, The tuccessive invreates in myocardial hlood flow carrelated
with the difference benveen the diastollc aortic and left ventricular end-dlastolic pressures,

It is constructed with a single rigid frame to which
rwo disposable adhesive-backed pads wre anoched:
one pad attaches to the stemum and the other to
the abdomen. The rescuer applies alternating
downward forces to the handles located on the
siemal and abdominal portions of the device. Stud-
ies using this device were recently described in
a porcine model of CPR.* The results demon-
strate a significant improvement in resuscitation

rates and 48-hour survivel compared with con-
ventional CPR. Similar benefits were observed in
the presence of concurrent epinephrine therapy.
The initial results in humans demonstrate a sig-
nificant hemodynamic improvement in hemody-
narnics in patients in cardiac arrest.*'! However,
as with the other new techniques described above,
clinical trials have been initiated but results are
not yet known.

Flgure 8. The “Lifestick™ ™ was recently introduced ro perform “phased thoracic-abdeminal compression and decompres-
tion.” This mechanical device amempts 10 combine the beneficlal features of both ACD CFPR and IAC CPRAM MM CPR iy
performed by first compressing the chest and then the abdomen. [ Photography courtesy of Rager D. Salls.)
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New Theoretical Advances In Mechanical
CPR Techniques

One of the new lessons from ongoing studies
on the mechanisms of CPR is the importance of
left ventricular end-diastolic pressure in deter-
mining overall CPR. efficacy. Although the dia-
stolic aortic minus right atrial pressure has been
typically used to calculate the coronary perfusion
pressure during CPR. the left ventricular end-dia-
stolic pressure appears to be a more important de-
terminant of myocardial, and especially endomy-
ocardial. blood flow.® With the introduction of the
[TV and simultaneous measurement of aortic, right
amrial, and left ventricular pressures, it has become
clearer that, at least in animal models, the diastolic
aortic minus left ventricular pressure difference ap-
pears 1o be a critical determinant of myocardial
blood flow and probably more important than the
more traditional aorto—right atrial difference. Re-
cent unpublished data from our lzborutones com-
paring standard and ACD CPR, with and without
the use of an impedance valve in a porcine
model of CPR. confirm the earlier work of Livesay
et al.* Using a stepwise logistical regression analy-
sis of multiple variables to further analyze the
experiments shown in Figure 7, we observed that
the most important hemodynamic variables that in-
fluenced the variances in myocardial blood flow
were first diastolic aortic pressure. and second left
ventricular diastolic pressure. Diastolic right
arrial pressures contributed minimally in this analy-
sis. Though somewhat controversial, techniques
und pharmacologic agents used to optimize en-
domyocardial blood flow during CPR may be sim-
ilar to those that optimize myocardial blood flow
in patients with heart failure.® As such, we believe
more emphasis should be placed in the future upon
developing both mechanical and pharmacologic
means to enhance the sortic minus left ventricu-
lar diastolic differences during CPR.

Pharmacologic Advances in CPR

Given the potential deleterious effects of epi-
nephrine administration during the treatment of
cardiac arrest, a number of alternative single or
combination therapies have been assessed both in
patients and in animal models. These include al-
lernative catecholaminergic agents such as methox-
amine. phenylephrine. and norepinephrine. as well
as trestment with the vasopressor hormones in-
cluding arginine vasopressin. angiotensin Il and
endothelin. In addition. there is increasing phar-
macologic rationale and suppon for developing a

CPR “cocktail.” which incorporates the potential
benefits of combinations of agents that appear, at
least on thecretical grounds. to be superior 1o sin-
gle agent therapy. These newer approaches are re-
viewed below,

Catecholamine Therapiss

Based upon the premise that the beneficial ef-
fects of epinephrine are secondary to the are-
rial vasoconstrictor a,-mediated activity of ep-
inephrine, methoxamine, phenylephrine. and nor-
epinephrine have been assessed in both animals
and humans. #4383 In animal models. each of
these three agents appears to be as good if not
berer than equipotent doses of epinephrine. and
there may be a decrease in postresuscitation
tachvarrhythmias. Each of these three cate-
cholamines has also been studied in humans.
Despite the potential advantages observed in an-
imal medels, clinical trials evaluating resuscita-
tion rates and long-term efficacy have not shown
significant benefit, Several recent studies have
observed no benefit of methoxamine when com-
pared with epinephrine.*!#¥ Thys, aithough dele-
terious side effects of epinephrine such as the
[ ,-adrenergic-mediated tachyarrhythmias as well
as enhanced myocardial oxygen consumption
may be decrcased with other catecholamines
lacking §,-adrenoceptor agonist properties. a de-
finitive benefit of the alternative agents has not
been demonstrated.

Difficulty with the comparative efficacy trials
may be due, in part. to the fact that by the time
these agents are delivered, the patients have an ex-
tremely low chance of survival. For example, in
one large Canadian trial. the survival in the con-
trol “low-dose™ epinephrine group was < 1%
Timing of drug administration may be the reason
why there was no difference observed in the clin-
ical trials comparing high- and low-dose epi-
nephrine. It is noteworthy that in a large trial com-
paring “low”-dose versus “high”-dose epinephrine.
Brown et al.” identified a subset of patients, those
who received epinephrine within 10 minutes of the
call for help. which appeared to benefit from the
“high”-dose regimen. However, there were not
enough patients in this group o achieve statisti-
cal significance. Thus. as with the mechanical
devices described above. tens of thousands of pa-
tients would be needed to demonstrate any po-
tential statistically significant therapeutic benefit
or increased harm with any of these catechol-
aminergic agents.
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Vasopressin

. In consideration of potential alternatives 1o ep-
inephrine. vasopressin appeurs to hold the most
promise,*™™ The initiul interest in the potential
value of vasopressin during curdiac arrest stems
frowm the analysis of studies designed 10 assess the
concentrations of different endogenous stress
hormones in putients after cardiac arrest. Vaso-
pressin levels were observed to be markedly higher
than under normal physiologic conditions.™ More-
over, the higher the level of vasopressin after a car-
diac arrest. the greater the chances of survival.™
The opposite relationship was observed with epi-
nephrine: higher circulating endogenous epineph-
rine levels were associated with a poorer progno-
sis and decreased chance for long-term survival.
Based upon these observations, we have smad-
ied the potential value of exogenous vasopressin
administration in animals and. more recently, in pa-
tients in cardiac arrest** In both open chested as
well as closed chesied models of CPR. adminis-
tration of vasopressin leads to higher levels of myo-
cardial perfusion for greater periods of time than
administration of “optimal™ doses of epinephrine,
Moreover, cerebral blood flow is significandy greater
with vasopressin when compared with epinephrine
alone. These results may be due, in part. to prior
observations that vasopressin is more effective than
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Flgure 9. Exogenous administration of arginine vaso-
pressin during CPR results in more myocardial perfusion
when compared with optimal doses of epinephrine, The
data demanstrace the beneficial effects of three doses of ep-
inaphring compared wirh an “optimal® dose of epinephrine
in a porcine model of randard CPR. The beneficial effects
of vasapressin on enhancement of vital organ blood flow
are more prongunced and last loager, in part duse to rhe
greater effecriveness of vasopressin under acidoric and hy-
Poxle condinions when compared with epinephrine,
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epinephrine under conditions of low pH and hy-
poxia.™ [n additon, although the onset of action of
intravenous epinephnine is fuster than that of ve-
sopressin, the duration of vasopressin action is sig-
nificantly longer than that of epinephrine.® The ef-
fects of “optimal™ epinephrine udministration are
shown in comparison o three different concentra-
tions of vasopressin in Figure 9.* In addition to
providing superior vital organ biood flow, we ob-
served fewer wrhythmias with vasopressin after
cardioversion, and more animals could be suc-
cessfully resuscitated with vasopressin when com-
pared with optimal doses of epinephrine.®

The mechanism of vasopressin action during car-
diac arrest is poorly understood. Hemodynamic
measurements suggest that vasopressin causes a
profound shunting of blood 1o the heart and brain
and away from the splanchnic region. This may be
mediated, in part. by nitric oxide.*™ Cerebral blood
flow during cardiac arrest and after administration
of vasopressin is significantly higher than cerebral
blood flow under normal physiologic conditions.™
Although vasopressin may cause an increase in car-
diac oxygen delivery. it may not increase myocar-
dial oxygen consumption as observed with epi-
nephrine therapy. It is likely that the predominant
beneficial effects from vasopressin during cardiac
arrest are mediated via both V, and V. receptors.

Based upon the promising animal data, vaso-
pressin has been studied in patients in refractory
cardiac arrest and. more recently, in patients with
out-of-hospiml cardiac arrest in a randomized com-
parison with epinephrine.®7 The first clinical ex-
perience in the inhospital canrdiac arrest patient pop-
ulation consisted of a series of case repors. Eight
patients who developed cardiac arrest refractory to
all medical management, including epinephrine ad-
ministration and direct current (DC) cardioversion,
were empirically treated with 40 U of inravenous
vasopressin. All eight patients had a retum of spon-
taneous circuladon, with the vast majority requir-
ing DC shock for meatment of ventricular fibril-
lation. Three of the 8 patients were discharged from
the hospital in a stable medical condition.

Given the potential promise of vasopressin in
patients in cardiac arrest, & small randomized
prospective trial was performed comparing epi-
nephrine administration, delivered according to
ministration of 40 U of vasopressin as first-line

" drug therapy for patients in ventricular fibrillation,™

Preliminary resulis suggests that, compared with
epinephrine, vasopressin administration results in
a doubling of acute resuscitation. 24-hour survival,
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Figure 10, Administration of vatopressin (40 U and epi-
nephrine {1 mgi at firsr-line therapy were compared in a
randomized blinded praspective tral in parients with out-
of-hwspital cardiar arrest and ventricular fibrillation who
had failed DC shock therapy, Resulis of this preliminary
study demonsirated a significant improvement in 14-hour
survival in the vasopressin group.™

and hospital discharge rates (Fig. 10). Although
larger studics will be needed prior to being abie to
recommend vasopressin as an altemative to epi-
nephrine in patients with cardiac arrest, the en-
couraging results of these preliminary studies have
led the initiation of larger clinical trials of this
potent vasoconstrictor,

Angiotensin 1]

Angiotensin 11 is another nonadrenergic vaso-
pressor that has been evaluated in animals and in
patients in cardiac arrest™ Angiotensin Il admin-
istration results in a significant increase in systolic
anerial pressures and vital organ blood flow in an-
imal models of cardiac arrest. This appears to be
both a direct effect of angiotensin Il on periph-
eral arteriolar vasoconstriction and also secondary
to a massive catecholamine release with adrener-
gic periphernl vasoconstriction.® The clinical ex-
perience with angiotensin [ is limited at this point
in time. [t is posasible that angiotensin IL when it
is in combination with either lower doses of epi-
nephrine, other vasopressor agents, or even low
doses of vasodilator therupy. may provide some
unigue benefit However. its potenrial role as 4 sin-
gle agent or as part of a CPR “cocktail™ is cur-
rently quite speculative.

Endathelin

Another nonadrenergic peptide that may have
u potential therapeutic role during CPR is the po-
lent vawoconstrictor. endothelin 051 7= Similar to

vasopressin, we and others have previously ob-
served that endothelin levels are increased in pa-
tients in cardiac arrest.’™ Endothelin has been
studied in animal models of CPR. where it has
besn observed to increase coronary perfusion pres-
sures and provide higher coronary perfusion
pressures during prolonged CPR when compared
with epinephrine alone. ™' As with many of these
new approaches, administration of endothelin has
not yet been assessed in patients in candiac arrest.

Combiration Pharmacologic Therapies

In an effort to anenuate the potential detrimen-
tal effects of epinephrine on the myocardium, stud-
ies have been performed using the combination of
epinephrine plus the beta blocker. propranolol.’
Results of these animal studies demonstrate a
significant increase in coronary perfusion pressure
and resuscitation rates in animals treated with the
combination therapy compared with epinephrine
alone. This potentially promising approach has yet
to be evaluated clinically.

Another potential approach involves the com-
bination of vasopressors such as epinephrine or
vasopressin alone or with vasodilator therapy such
as nitroglycerin.!™ %47 We recently assessed the
potential benefit of combining moderate doses of
vasopressin with epinephrine and compared those
results 1o either agent alone.™ We observed that,
while the vasopressin effect by itself was de-
layed compared with epinephrine. the epinephrine
effect on the coronary perfusion pressure was
shorter in duration. In combination, the coronary
perfusion pressure was higher for a longer period
of time than with either agent alone.** The poten-
tial clinical relevance of this approach remains un-
der investigation.

The studies combining vasopressor and va-
sodilator therapies are also promising., The goal
of this approach is to increase endomyocardial
blood flow by counteracting some of the potent
voronary arteriolar vasoconstriction associated with
these agents. This approach had been assessed in
a pig model of standard CPR using nitroglycerin
with either epinephrine or vasopressin.” The com-
bination results in a significant enhancement of
endocardial blood flow compared with vasopres-
sor therapy alone. In a canine mode] of ACD CPR.
the combination of epinephrine plus nitroglycerin
resulted in both an increase in endomyocardial
blood flow as well as an increase in total myocar-
dial blood flow compared with epinephrine alone'
(Fig. 11
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Figure 11. (Al The svaergistic effects of combining arierial
vusevonstrictor therapy with nitroglveerin, a venodilator
and caronary artery vasodilatar, are iflustrated during
berth standard CPR and with ACD CPR. When vasopresrin
{VP. 0.4 L/kg) was vombined with nitroglvcerin (NTG., §
wpkgl there was a shift in blaod flow from the epicardium
ter the endncurdium with no change in toral myvovardial
bliwsd flow during performance of standard CPR in a pig
model of curdiac arrest. 18) [n a canine model of cardiac
arrest wnd ACD CPR. addition of nitroglveerin (INTG. 10
a/kg) o concierent epinephrine therapy (Epi, 1 mg) re-
sulted im an increase in roral myocardial perfusion (p <
.08 us well ux an increase in endocurdial blioed flow
when cnmpured with epinephrine alone,

The potential imponiance of enhancing endo-
cardial blood flow during CPR cannot be under-
estimated.*' Both epinephrine and vasopressin alone
predominandy increase epicardial blood flow, As
with acute ischemia and severe heart failure. in-
terventions that increase endocardial blood flow
may be fundamental o an effective pharmacologic
resuscitation scheme. Although it may be consid-
ered an anathema to administer nitroglycerin to a
patient in cardioc arrest, 2 combination of vaso-
pressor and vasodilator trearment is frequently used
in patients in severe heart fallure or when vaso-
pressin is used to treat variceal bleeding *'** We
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believe that u similar kind of pharmaucologic mech-
unistic benefit may be possible when nitoglycenin
or other predominantly coronary artery vasodilu-
tors and venodilotors are used in combination with
potent vasoconstrictor agents such as vasopressin
und epinephrine. This combination has not yet been
pssessed in humans in cardioe wrrest.

Antigrrhythmic Agents

Antiarrhythmic agents are typicaily reserved for
administration after successful resuscitation. How-
ever. administration of antifibrillatory therapy may
be impornant in patients with refractory ventricu-
lar fibrillation und ventricular achycardia &~ Al-
though not a standard part of the advanced cardiuc
life support system algorithm. administration of
cerain antiarrhythmic agents may be of benefit.
Clearly, these agents may play a critical role in sta-
bilizing the electrical activity of the recently re-
suscirated state. Some of these agents have sig-
nificant negative inotropic properties and. for that -
reason. are not typically given during CPR.
However. intravenous lidocaine. procainamide.
bretyllium. and amiodarone may have value dur-
ing the performance of CPR.

Intravenous lidocaine, procainamide. and bretyl-
lium have been used for decades in this sefting.
Although they all demonstrate potential benefit
in animal models, it has been difficult w prove the
efficacy of each of these agents in the setting of
cardiopulmonary resuscitation. Perhaps the most
promising is intravenous amiodarone therapy. "%
Based upon a small study that showed a benefit in
patients in refractory cardiac arrest.) larger clini-
cal mials arc under way outside of the United States,

The ideal CPR “Cocktail”

It is unlikely that a single pharmacologic agent
will be sufficient 10 maximize all of the necessary
cardiovascular activities needed to optimize the
chances for successful resuscitation after cardiac
arrest. Early animal data suggest that blunting of
some of the S-adrenergic activity of epinephrine
would be of benefit during administration of epi-
nephrine. Here the potential beneficial effects of
the a-adrenergic activity of epinephrine are coun-
terbalanced by the deleterious effects of the S-adren-
ergic activity. Although considerable animal re-
search will be necessary prior o testing the con-
cept of a CPR cockiail in humans, preliminary data
also suggest that @ combination of epinephrine plus
vasopressin may be superior to epinephrine alone”
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Moreover, the addition of a coronary anery va-
sodilator like nioroglycenn to a vasopressor cock-
tail may have further distinct advantages.”* Fur-
thermore, agents that appear to be protective of
cerebral function, such as mannitol, as well as cor-
tcosteroids may eventually be found o be impar-
tant in such a cockail soluton. Though difficult to
assess because of the multiple potental permuta-
tions of different drug concentrations whenever
combination therapy is used, this approach is the-
oretically sound and we believe should be promoted.

Acknowledgments; The authore thank Kate Mulligan, Scont
McKnite, and By Detloff for their technical sssistunce, and
Gal Roserbaum and Wendy Markeson for helping 1o prepare
this mansucript

References

I, Niemane IT: Cardicpulmonary resuscitation, N Engl J
Med 1992:327:1075-1090.

. Becker LB, Smith DW, Rhodex RY: Incidence of car-
diac arrest: A neglected factor in evaluating survival
rates. Ann Emerg Med 1993:22:86-91.

3. Eisenberg MS, Horwood BT, Cummins RO, et al: Car-

diac mrrest and resuscitation: A tale of 29 cities. Ann
© Emerg Med 1990;19:179-186.

4. Eisenberg MS, Hallstrom AP, Bergner L: Long-term
survival after out-of-hospital cardiac arrest. N Engl
JMed 1982:306:1340-1343,

5. Dichey RV. Winkler JV, Rhodes CA: Relative lack of
coronary blood flow duering closed-chest resuscitation
in dogs, Circulation 1982:66:297-302,

6. Rudikoff MT. Maughan WL. Effron M. et al: Mecha-
nisms of blood flow during cardiopulmonary resuscita-
tion. Circulation 1980:61:345-352.

7. Stell 1G, Hebert PC, Weitzman BN, et al: High-dose
epinephrine in adult cardiae arrest. N Engl J Med
1992:327:1045- 1050

& Brown CG. Martin DR, Pepe PE. &t al: A comparison
of suandard-dose and high-dose epinephrine in cardiac
arrest outside the hospital. The Multicenter High-Dose
epinephrine study group. N Engl ] Med 1992:327:
1051-1055,

9. Woodhouse SP, Cox 5. Boyd P. et al: High dose and
standard dose adrenaline do nod alter survival, com-
pared with placebo. in cardinc arrest. Resuscitation
1995:30:243-249,

10, Bardy GH, Hofer B. Johnson G, et al: Implantable
transvenous cardioverter-defibrillators. Circulation
1993:87:1152-1168.

I1. Halperin HR. Guerci AD, Chandra N. et al: Vest infla-
tion without simultaneous ventilatlon during cardiac
urest in dogs: Improved survival from prolonged car-
dinpulmonary resusciation. Clreulation 1986:74:1407-
1415,

12, Halperin HR. Tuitlik JE. Gelfand M, et al: A prelimi-
nary siudy of cardiopulmonary resuscltation by cir-

(=]

20.

il
A

cumferential compression of the chest with use of a
preumatic vest. N Engl ] Med |993.339:762-768,

. Lindner K. Plenninger E, Lurie KG. et al: Effects of

active compression-decompression resuscitation on
myccardisl and cerebral blood flow in pigs. Circulation
1593:88: 1254-1263.

. Chang MW, Coffeen P, Lurie KG. et al: Augmentation

of late diastolic coronary flow velocity: The mecha-
nism of improved myocardial perfusion during active
compreition-decompression cardiopulmonary resusci-
uton? Chest 1994:106:1250-1259.

. Cohen TJ. Tucker KL. Lune KG, et al: Active com-

prestion-decompression: A new method of cardicpul-
monary resuscitation. JAMA 1992:267:2916-2923.

. Lurie KG, Shuliz JI. Callaham ML. et al: Evaluation of

active compression-decompression CPR in victims of
out-of-hospital cardiac arrest, JAMA 1994:271:1405-
1411,

. Lurie KG: Active compression-decompression CPR: A

progress report. Resuscitation 1994:28:115-122.

. Tang W, Weil MH. Noc M, et al: Augmented efficacy

of external CFR by intermittent occlusion of the es-
cending aora. Circulation 1993:88:1916-1921.

. Manning JE. Murphy CA. Hertz CM. et al; Selective aor-

tic arch perfusicn during cardiac armest: A new resuscita-
tion technigue. Ann Emerg Med 1992:21:1058- 1065,
Lurie KG, Coffeen PR. Shultz ). et al: Improving ac-
tive compression-decompreasion cardicpuimonary re-
suscitation with an inspiralory impedance valve. Circu-
lation 1995:91:1629- 1632,

. Babbs CF: Abdominal counterpulsation in cardicpul-

monary resuscitation: Animal models and theoretical
considerations. Am J Emerg Med 1985:3:165-170.
Sack JB, Kesselbrenner MB, Bregman D: Survival
from in-hospital curdiac arrest with interposed abdomi-
nal counterpulsation during cardiopulmonary resuscita-
tion. JAMA 1992.267:379-385.

. Mateer JR. Smueven HA. Thompson BM. et al: Prehas-

pital [AC CPR versus standard CPR: Paramedic resus-
ciution of cardiac arrest. Am J Emerg Med 15853
143-146,

. Tang W. Weil MH. Sato Y, et al: Phased chest and ab-

dominal compression-decompression: A new cption
for cardiopulmonary resuscitation (CPR). (Abstract)
Crit Care Med 1996:24:A43. :

. Lin C-K. Levenson H. Tamashiro SM: Optimization of

coronary blood flow during cardiopulmonary resuscita-
tien (CPR). IEEE Trans Biomed Eng |1987:BME-
3473481

. Lindner KH. Prengel AW, Pfenninger EC. et al: Vaso-

pressin improves vital organ blood flow during closed-
chest CPR in pigs. Circulation 1994:91:215.221,

. Lindner K. Brickmann A. Pfenninger E- et al: Effect of

varopressin ont hemodynamic parameters, organ blood
flow wnd acid-base starus in & pig model of cardiopul-
monary resuscitation. Anesth Analg 1993:77:427-435.

. Lindner KH, Prengel AW, Brinkmann A. et al! Vaso-

pressin administration in refractory cardiac arrest. Ann
Intern Med 1996:124:1061-1044,

-



4. Lindner KH. Prengel AW, Plenninger EG. et ul: Ap-
Fiotensin Il augments reflex activity of the sympathetic
nerviss system during cardiopulmenary resuscitation
in pigs. Circulation 1995:92:1020- 1025,

[DeBennie OJ, Sprang D, Wickman LL. e1 al: The ef-

fects of endothelin-1 on resuscitation hemodynamics

Jduring vardiae arrest. Acad Emerg Med 19952148,

3 Ishikawa T. Yanagisawa M, Kimura 5. et ol: Positive in-
atmpic action of novel vasoconstrictor peptide endathe-
lin on guines pig atria. Am J Physiol 1988:159:14-18,

12, Dichey RV, Rubio-Perez ANA, Slinker BK: Beta-
adrenergic Blovkade reduces myocardial injury during
experimental cardiopulmonary resuscitation, ] Am Coll
Cardial 1994:24:803-812,

33 Lurie KG, Shuliz JJ, Mulligan K. et ul: New ap-
prouches o resuscimtion. {Abstract) Eur JCPE 1996:6;
14

M. American Heart Associstion standards and guidelines
for cardiopulmenary resuscitation {CPR) and emergency
cardiae care (ECCY. JAMA, 1986.255:2008-2932,

35, Williams ML. Woelfel A, Cascio WE. et al: [ntravenous
amicdarone during prolonged resuscitation from cardiac
arrest, Ann Intern Med |989:1 [0:839-842,

36. Paradis NA. Manin GB. Goetting MG, et al: Simulta-
neous aortic. jugular bulb, and right atrial pressures
dunng cardiopulmenary resuscitation in humans. Cir-
culotion [989:80:361-368,

37. Halperin HR. Tsitlik JE. Guerci AD, et al: Determi-

nanis of blood flow to vital organs during cardiopul-

monary, resuscitation in dogs. Circulation 1986:73;

539-350.

Deshmukh HG. Weil MH. Rackow EC, et al: Echocar-

diographic obsarvations during cardiopulmonary resus-

citation: A preliminary report. Crit Care Med 1985:13:

S04-906,

39, Brown CG, Werman HA, Davis EA, et al: The sffects
of graded deses of epinephrine on regional myocardial
blood flow during CPR in swine. Circulation 1987.75:
491497,

40. Lindner KH. Ahnefeld FW, Bowdler IM: Comparison
of different doses of epinephirine on myocardial perfu-
sion and resuscitation in & pig model. Am J Emerg
Med 1991:9:27.31.

+l. Michael JR. Guerci AD. Koehler RC. et al: Mecha-
nisms by which epinephrine augments cerebral and

- myocardial perfusion during cardiopulmonary resusci-
tation in dogs. Clrocularion |984:69:822-835.

42. Olson DW, Thakur R, Stueven H, et al: Randomized
study of cpinephrine versus methoxamine in prehospi-
tal ventricular fibrillation. Ann Emerg Med
1989:18:250-253.

43. Patrick WD, Freedman J, McEwen T. ¢t al: A random-
ized. double-blind comparison of methoxamine and ep-
inephrine in human cardiopulmonary wrrest. Am J
Respir Crit Care Mad 1995:152:519-523,

44. Ditchey RV, Slinker BK: Phenylephrine plus propra-
nolel improves the balance between myocardial oxy-
Ben supply and demand during experimental cardiopul-
monary resuscitation. Am Hear J 1994;127:324-330,

RN

kk}

45,

14,

A7,

48.

49,

=118

il.

32,

53,

54,

35,

5.

38

Lirte and Lindner Recent Advances ln CPR 599

Lurie KG. Mulligan K. McKnite 5. et al: Svaergistic
etfeves of vuropressin plus epinephrine during cur-
divpulmanary resuscitution, {Abstract) Circulation
[ 9 94: - 156

Kerber RE. Spenver KT. Kallek €. et al: Overlapping
sequencial pulses, A new waveform for transthoroeiv
defibrillation. Circulution 1994:89:2369-2179,

Lindner KH, Ahnefeld FW, Bowdler [M: Cardiopul-
manary resuscitation with inerpesed ubdominal com-
pression affer asphyxial fibrillatory cordiae arrest in
pigy. Anesth Analg |99 72:4675-481.

Howard M. Carrubba C, Foss F. et al: Inmerposed ob-
dominal compression-CPR: (15 effects on parameterns of
coronary perfusion in humaen subjects. Ann Emerg
Med |1987:16:253-259,

Lurie KG. Chin I, Lindo L: CPR. the P Stands for
Plumbers Helper. JAMA, |990:264: 1661,

Guly UM. Robertson CE: Active decompression im-
proves the haemodynamic state during cardiopul-
monary resuscitation. Br Heart J 1995:73:372-376,
Halperin HR. Chandra NC, Blair OM. et al: The hemo-
dynamics of negative and positive intrathoracic pres-
sure during cardiopulmonary resuscitation are different
depending on peripheral resistance. Cirgulation
1996:92:[-760.

Shulz 1, Coffeen P, Sweeney M, et al: Evaluation of
sandard and active compression-decompression CPR
in an acute human model of ventricular fibrillation.
Circulation 1994:89:684-693,

Plaisance P, Adnet F, Vicaur E. et al: Benefit of sctive
compression-decompression as a prehospital sdvanced
cardiac life suppont. Circulstion 1997:55:955-961,
Schwab TM. Callaham ML. Madsen CD, et al: A
randemized clinical trial of active compression-de-
compression CPR vs standard CPR in out-of-haspital
cordia arrest in two cities. JAMA 1995:273:1261-
1268.

Stiell 1G. Hebert PC, Wells GA. et al: The Ontario trial
of active compression-decompression cardiopulmonary
resuscitation for in-hospital and prehospital cardiae ar-
rest JAMA 1996:275:1417-1423,

. Shulez JI, Mianulli M, Gisch TM, et al: Comparison

of exertion required to perform standard and active
compression-decompression CPR. Resuscitation
1995.29:23-31.

Lurie KG. Bendint D. Regulated to death: The matter
of informed consent for human experimentation in
cmergency resuscitation research. PACE 1995:18:
1443- 447,

Killien SY, Geyman JP, Gossom LB. et al: Out-of-hos-
pital cardiac arrest in a rural area: A 16-year experi-
ence with lessons learned and national compaerisons.
Ann Emerg Med 1996:28:294-300. '
Kem KB, Rhee KH, Raya TE. et al: Global myocrdial
stnning following successful resuscitation from car-
diac arrest. (Abstract) Clreulation 1994:90:1-5.

. Lurie KG, Shuliz J, Coffeen P, et al: Optimizing car-

diopulmonary resuscittion with an inspirutory thresh-
old valve. {Absmact) Circulaton 1995:92:1-760.



600 Journal of Cardlovescular Flectrophyulslogy Vol 8 No. 5. May 1997

&1,

62,

65,

67.

&8,

0.

71,

T

13

Sterz F, Behringer W, Berzlanovich A, a1 al; Active
cempreszion-decompressioa of thoraz and abdomen
{Lifestick TM-CPR) in patients with cardiac arrest.
(Absuract) Circulstion 1996;:94:1.9,

Tang W, Weil MH, Schock RB, et al: Cardiopul-
monary resuscitation by phased chest and abdominal
compression-decompression afier prolonged cardiac
arrest. (Abatract) Circulation |996;94:1-356,

. Livesay 11, Follette DM, Fey KH. et al: Optlmizing

myocardial supply/demand balance with a-adrepergic
drugs during cardiopulmonary resuscitation. ] Thorac
Cardiovase Surg |978;76:244-251.

. Gross GJ, Warltier DC: Endocardial viability rato on

effect of nitroglycerin and propranclol on regional
myocardial blood flow in intact canine hearts, [ Phar-
macol Exp Ther 1977:203:664-674.

Lindner KH, Ahnefeld FW: Comparison of epineph-
rine and norepinephring in the treatment of asphysial or
fibrillatory cardiac arrest in a porcine model. Crit Care
Med 1989:17:427-441,

Lindner KH. Ahnefeld FW, Grinert A: Epinephrine
versus norepinephrine in prehospital venticular fbril-
lsten, Am J Cardiel 1991:67:427-428,

Silfvant T. Sammivaara L. Kinnunen A, ot al: Compari-
son of sdrenaline and phenylephrine in out-of-hospital
cardiopulmonary resusitation: A double-blind study,
Acta Ansesthesio]l Scand 1985:21:610-613,

Brown CG, Katz 5E, Werman HA, et al: The effect of
epincphring versus methoxamine on regional myocar-
dial blood flow and defibrillation rates following a pro-
longed cardiorespirutory arrest in 8 swine model, Am J
Emerg Med 1947:5:362-269.

Tumer LM, Pariona M, Luctkemayer RC, et al: A
comparison of epinephrine and methoxamine for resus-
citation from electromechanical disscciation in hurman
beings. Ann Emerg Med 1988;17:443-449,

Briliman J. Sanders A, Oto CW, et al: Comparison of
epincphrine and phenylephrine for resuscitation and
neurologic outcome of cardiac arrest in dogs. Ann
Emerg Mad |987:16:11-17.

Lindner KH, Strohmenger HU. Ensinger H. et al; Soess
hormone response during and after cardiopulmonary re-
suscitation. Anesthesiology 1992:77:661-668,

Lindner KH, Haak T, Keller A, et al: Release of en-
dogenous vasopressors during and after cardiopul-
monary resuscitation. Heart 1996;73:145-1350,
Eichinger MR, Walker ER: Enhanced pulmonary arte-
rial dilarion to arginine vasopressin in chronically hy-

74,

18,

76,

L.

18.

79.

g2,

83,

£

as.

poxic rat. Am J Physiol Hearnt 15994,267(Circ Phys-
ial):H2413-H2429.

Russ RD, Walker BR: Role of nitric axide in vaso-
pressinergic pulmonary vasodilatation. Am J Physial
1992:262:HT43-HT47.

Evora PR. Pearson PJ, Schaff HY: Arginine vaso-
predsin induces endothelium-dependeat vasodilatation
on the pulmonary arery: V,-receptor-madiatad produc-
dan of nitic oxide. Chewt 1995:103:1241-1245,

Suzuld Y, Sawh 5, Cyama H. et al: Regional differences
in the vasodilawoe response 1o vasopressin in canine cere-
bral arteries in vivo. Stroke 1993:24:1049-1053.

Lindner KH, Dirks B, Strohmenger HU, et al: Com-

parison of epinephrine and vasopressin in patients in
out-of-hospital cardisc arrest. Lancet 1597,349:535-
537,

Haynes WG, Hamer DW, Roberuon CE., et al: Plasma
endathelin following cardiac arrest: Diffcrences be-
tween survivors and non-gurvivors. Resuscitation
1994:27:117-122,

Ishlkaws T, Yanagisaws M. Kimura 5, et al: Positive
chronotropic effects of endothelin, & novel endothe-
lium-derived vasoconstrictor peptide. Eur J Physiol .
|988:413:108-110. '

. Yanagisawa M, Xurihara H, Kimura 5, et al: A novel

potent vasoconstrictor peptide produced by vascular
endothelial cells, Namure 1988:332:4 114135,

. D'Amico G, Traina M, Vizzini G, et al: Terlipressin or

vasopressin plus transdermal nitroglyceria in a treats
ment strategy for digestive bleeding {n cirrhosis. ] He-
patol 1994:20:206-212,

Abrams I: Hemodynamie effects of nitrolygerin and
long-acting nitrates. Am Heart J 1985:110:216.
Sibbald W1, Calvin JE, Holliday RL. et al: Concepts in
the pharmecologic support of cardiovascular function
in critically ill surgical patients. Surg Clin North Am
1983:63:435-482,

Schmidt A, Konig W, Binner L. et al: Efficacy and
safety of intravenous amiodarone in acute refractory
arhythmias. Clin Cardiol 19881 1:481-445,

Helmy 1, Herre JM, Gee G, et al: Use of intravenous
amiodarone for emergency treatmem of life-threaten-
ing ventricular arthythmias. ] Am Coll Cardiol
1988:12:1015-1022.

. Schneider T, Wik L, Baubin B, et al; Active tompres-

stion-decompression cardiepulmonary resuscitation: [n-
structor and swdent manual for teaching and training.
part 1. Resuscitation 1596:32:203-212.



