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Summary

Sudden cardiac arrest is one of the leading causes of mortality in the hospital as well as in the community setting.
Poor quality cardiopulmonary resuscitation (CPR) is believed to be a significant factor in the observed low survival rates,
since multiple studies have documented a several-fold survival benefit of well-performed CPR. A number of studies have
shown the importance of starting CPR as soon as possible after the onset of sudden cardiac arrest, given that survival
falls 10-15% for every minute in which cardiac arrest care is not initiated. An important approach for immediate CPR
education is the use of emergency telephone dispatchers to provide instructions to lay witnesses at the scene of a sudden
cardiac arrest. A Japanese investigative group performed a prospective, multicenter, observational study of 4068 adult
out-of-hospital cardiac arrests. The group showed that 10.8% of patients received compression-only resuscitation, 17.5%
received conventional CPR, and 71.7% received no bystander CPR. Another real-time method to improve resuscitation
quality is the provision of audiovisual feedback of any deviations from resuscitation guidelines, either via a freestanding
CPR-sensing device or a defibrillator outfitted with CPR-sensing technology. The Inspiratory Impedance Threshold Valve
is a small device placed at the end of the endotracheal tube or face mask during CPR delivery. It is used to prevent inflow
of respiratory gases during active decompression (when the chest wall recoils) while the patient is not being actively
ventilated to augment the negative intrathoracic pressure and, therefore, amplify venous blood return to the right heart.
More recent small human trials demonstrated improved systolic blood pressures during a sudden cardiac arrest and
improved short-term survival rates. A number of mechanical CPR devices have been developed in an attempt to overcome
suboptimal chest compressions and CPR interruptions during manual delivery. One of the newer of these devices is a
battery-powered compression band that is applied across the anterior chest wall and affixed via a backboard (Autopulse,
Zoll Medical Corporation, Chelmsford, MA). LUCAS is a gas-driven sternal compression device that incorporates a
suction cup for active decompression. The report of the first 100 consecutive cases treated with LUCAS during out-of-
hospital sudden cardiac arrest documented that the 30-day survival was 25% in the setting of ventricular fibrillation and
5% in asystole if the CPR was started within the first 15 minutes from cardiac arrest [34] - these survival characteristics
are similar to when conventional CPR is performed in the study locale. An important area that may yield improvements
in CPR quality is that of improvements in human factors and resuscitation skills. In the medical domain, simulation
methodology has historically focused on resuscitation, and many different tools are now being employed and developed,
ranging from on-line simulation to integrated clinical simulators that use high-fidelity whole body manikins. Various
different CPR techniques have received attention over the past few years. For example, one research group recently
investigated whether CPR quality could be augmented by providing sustained abdominal pressure using an inflatable
contoured cuff device on pigs during CPR after inducing ventricular fibrillation.
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Rezumat. imbunititirea calititii a resuscitirii

Calitatea nesatisfacatoare a resuscitarii cardiopulmonare este considerata a fi factorul principal al numarului
mic de supravietuitori in studiile observationale. Majoritatea studiilor ne argumenteaza importanta aplicérii prompte a
resuscitarii cardiopulmonare dupa stopul cardiac, supravietuirea micgorandu-se cu 10-15% cu fiecare minuta de Intarziere
a initierii masurilor de resuscitare. Un studiu prospectiv, multicentric efectuat de un grup de cercetatori japonezi au
analizat 4068 cazuri de stop cardiac In afara spitalului. Grupul a constatat cd 10,8% au primit resuscitare primard numai
prin compresiuni toracice, 17,5% au primit resuscitare cardiopulmonara deplina si, 71,7% au primit primele masuri de
resuscitare cardiopulmonara de la persoane din afara sistemului de medicind urgentd. Un mijloc important de educatie
pentru aplicarea imediata a resuscitarii de persoane din afara sistemului de urgenta este utilizarea telefonului dispeceratului
pentru instruire a persoanelor pana la sosirea echipajelor de urgenta. O altd metoda de ameliorare a calitatii resuscitarii
este asigurarea cu echipamente audiovizuale de informare in caz de deviere de la standarde si ghiduri care sunt integrate
in defibrilatoare. In ultimii ani au fost elaborate si testate mai multe tehnici si dispozitive de resuscitare cardiopulmonara.
Valva cu prag de impedantd (impedance threshold device; ITD) este un dispozitiv mic plasat la capatul tubului endotraheal
sau la masa faciald in timpul resuscitarii cardiopulmonare. Dispozitivul limiteaza intrarea aerului in plamani in timpul
fazei de decompresie toracicd, acest proces scade presiunea intratoracica si creste intoarcerea venoasa a sangelui cétre
inima. O recentd meta-analiza a ardtat un efect pozitiv asupra restabilirii circulatiei spontane si supravietuirii. in ultimii
ani au fost elaborate mai multe dispozitive de resuscitare cardiovasculara mecanice in scopul asigurarii compresiunilor
eficiente si minimalizarii pauzelor in compresiunile toracice. Unul din aceste dispozitive este Autopulsul. Este un dispozitiv
circumferential de compresie toracica, care include o banda constructiva actionatd pneumatic si o placa regida. LUCAS
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RCP (Lund University cardiac arrest system). Este un dispozitiv de compresie sternala, actionat cu gaz, care incorporeaza
si o cupa de suctiune pentru decompresie activa. Primele 100 de cazuri de moarte subita tratate cu LUCAS 1in prespital au
raportat o supravietuire de 25% la cei cu fibrilatie ventriculara si 5% la cei cu asistolie la 30 de zile, la care s-a intervenit
in primele 15 minute de la stopul cardiac. Factorul uman si nivelul profesional al tehnicilor de resuscitare sunt factori
importanti de imbunitatire a calitatii resuscitarii cardiopulmonare. in domeniul medical metodele de simulare istoriceste
s-au focusat pe resuscitare si astazi sunt elaborate multiple modalitati si dezvoltate practici incepand cu simulérile on-line
pana la simularile clinice integrate cu utilizarea manichinelor sofisticate.
Cuvinte-cheie: imbunatatirea calitatii, resuscitarea cardiopulmonara

Pesiome. IloBbilIeHHE Ka4eCTBA peaHMMALMOHHbBIX MEPONIPUSTHIA

HeynoBneTBopuTenbHOE KaueCTBO CEPACYHO-JITOYHOM peaHMMAallMd CYUTAETCS OCHOBHBIM  (haKTOpOM
OTIPEIEIISIFONIMM HEOOJIBIIIOE YHCIIO BEIKHUBILIHX, COIIACHO MPOBEJICHHBIX HCCIIEJOBaHNH. B O0IbIIMHCTBE HAyYHBIX paboT
YTBEPKAACTCS BAXKHOCTD ONEPATHBHON CEPACYHO-JIETOYHON pEaHUMAIINH IT0CIIE OCTAHOBKH CEPALA, T. K. BBKHBAEMOCTh
cHmwkaeTrcst Ha 10-15% c xaxaoi MHHYTOH 3aJepXKKH Hadala peaHMMalMOHHBIX Mepomnpusatuil. IIpocrmexTuBHOE
MHOTOLIEHTPOBOE HCCIIEIOBaHKE, IMPOBEJECHHOE TIPYINION SITOHCKUX HCCllenoBaTenell, npoaHanu3uposaBmux 4068
CIlyyaeB OCTaHOBKH CEp/la 3a IIPeAeIaMi MEAUIIMHCKUX yUPeXICHUH, BEIIBIIIO (akT, 4to B 10,8% peaHnmarioHHbIe
MepONpUATHsL OBIIH OrpaHHYCHBI JIUIIH KOMIIPECCHEH TPYIHON KISTKH, 17,5% Momydmin MOJHYIO CEepAeIHO-ICTOYHYIO
peanumanyio, a y 71,7% mnepBudHas cepleYHO-JIEroYHas peaHHMalMs IIPOBOMMIIACH JIMIAMH HE OTHOCSIIUMHUCS K
CHCTEME HEOTIIOKHOM MeTMIIMHCKON ToMOoII. OIMH N3 BasKHBIX CPEIICTB 00ydeHHS AJIsl HEMOCPEICTBEHHOTO MPUMEHEHHUS
peaHUMAaIMOHHBIX MEPONPHUATHH JIMI[AMU HE OTHOCSIIIMMUCS K CHCTEME HEOTIIOKHON MEIMIIMHCKON TOMOIIH SIBIISIETCS
UCIIONIb30BaHHKE TeNe(hOHHBIX KOHCYIIBTAINH C TUCIETYEPOM J0 MPUOBITHS IKUNaKeH SKCTPEHHOM MEUIIMHCKOHN ITOMOIIIH.
Jpyrum crioco60M MOBBIIICHNS KaU€CTBA PEaHNMAIIMOHHBIX MEPOTIPHATHH SIBISIETCS IPEIOCTABICHHUE ayAHOBH3yaTbHON
nH(OpPMALIMK UHTETPUPOBAHHON B 1e(DUOPUILISTOPHI, B CITydae OTKIOHEHHS OT CTaHAapTOB U aJlrOpUTMOB. B mocnenxue
rofs! ObUIM pa3padoTaHbl M UCIIBITAHBI MHOTOYHCIICHHBIE METO/IBI ¥ YCTPOMCTBA JJIS IIPOBEICHUS CEPAECUHO-JIETOYHON
peanmmarmu. Impedance threshold device, ITD mpencraenser co®oif HeOONBIIOE yCTPOHCTBO MOMEINAIOIIEECS B
KOHIIC DHJ0TpaxeajibHOW TPYOKH WIIM MOBEPXHOCTh JIMIIA BO BPEMs CEp/CYHO-JIErOuHON peaHumMaruu. OrpaHuyuBas
MOCTYIUICHHE BO3[IyXa B JIETKME BO BpeMs (a3bl JIEKOMIIPECCHH TIpPYIHOM KIETKH, 3TOT IPOIEecC yMEHbIIaeT
BHYTPUTPYJHOE JaBJICHHE W yBEIMYMBACT BEHO3HBIH BO3BpAT KPOBM K cepiiy. HemaBHO MpoBeneHHBINH MeTa-aHaIN3
MOKa3aJ MOJIOKUTEIbHOE BIUSHUE TaHHOTO d(eKTa Ha BOCCTAHOBJICHHE CIIOHTAHHOTO KPOBOOOPAIIEHNUS U BEKHBAHHS.
B nocnennue rogpl HECKOIBKO YCTPOWCTB OBUTM pa3paboTaHbl Il MEXaHUYECKOH CepAeYHO-COCYIUCTON peaHuMaIin
B memsax obecnedeHust 3PpHEeKTUBHOTO CKaThs M yMEHbIIAs Iay3bl B KOMIPECCHUAX IpyaHON kieTku. OIHO M3 Takux
yCTpOCTB sBisieTcst Autopuls. DTo ycTpoiicTBO, 0OecrieunBaeT pUTMHYHBIE COKATHS IPYIHOM KJIETKU U TPECTABISET U3
ce0st THEBMaTHYeCKH CoKUMaeMyto upkyisipayto koHcTpykuuio. LUCAS RCP (Lund University cardiac arrest system),
YCTPOICTBO OKa3bIBAIOIIEE KOMIIPECCHIO Ha TPYAMHY C BaKyyM KYIIOJIOM Ul akTHBHOW Jexomnpeccuu. [locne mepBbix
100 crmyyaeB BHE3alTHOW CMEPTH Ha JOTOCTIHMTAIBLHOM 3Tare, nmocie npumeHeHus ycrpoiictBa, LUCAS coobmunm o
25% BBDKMBAEMOCTH y TIAIIMEHTOB ¢ (GUOpMIIILNEH >KelynoukoB U 5% c acucronueidt B Tedyenue 30 mHeH, MOMOIIb
KOTOPBIM OBIIIO OKa3aHa B IEpBbIe 15 MHHYT 1ociie OCTaHOBKH cepana. YemoBeueckui Gpakrop U npodeccrHoHambHbINH
YPOBEHb TMOATOTOBKH SIBJISIFOTCSl BaXXHBIMU (DaKTOPaMH JUIS YJIyUIIEHHS KauecTBa CEpIeYHO-JETOYHOI peaHuMAaIlHH.
B MemunumHCKol oOnmacTé pa3paboTaHbl HECKOJIBKO CIIOCOOOB M METOJOB NPO(ECCHOHANBHON IOITOTOBKU JIMI LIS
MIPOBEICHUS CEPACYHO-JICTOYHON peaHNMAaliH, B TOM YHCIe, OH-TaifH MOIEINPOBAaHNE, HHTETPUPOBAHHOE KIIMHUIECKOE
MOJICJIMPOBAHUE, CIIOIb30BAHUEM CIICI[HATbHBIX MAHUKEHOB.

Ki1ioueBble cjI0Ba: TOBBIIICHHE KAY€CTBA, CEPCYHO-JICTOYHAsI pEaHUMAILIHsI

Introduction
Sudden cardiac arrest is defined as the cessation
of mechanical cardiac activity as confirmed by the

fact, the survival rate from out-of-hospital sudden
cardiac arrest has been reported to vary between 5
to 18%, depending on the original arrest rhythm and

absence of signs of circulation [1]. Sudden cardiac
arrest is one of the leading causes of mortality in the
hospital as well as in the community setting. There
are similar rates of sudden cardiac arrest in North
America and Europe, leading to over 700,000 deaths
in both regions combined annually [2-4] and, although
overall cardiovascular mortality is decreasing, the
proportion of deaths from sudden cardiac arrest has
remained constant with a high mortality rate [5]. In

other factors [6].

Poor quality cardiopulmonary resuscitation (CPR)
isbelieved to be a significant factor in the observed low
survival rates, since multiple studies have documented
a several-fold survival benefit of well-performed CPR
[7-10]. Several studies have shown that the quality of
CPR parameters - chest compression rate and depth,
ventilation rate and fraction of time without chest
compressions, for instance - often did not meet CPR
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consensus guideline recommendations [11]; this has
been demonstrated during both in-hospital and out-
of-hospital cardiac arrest.

The identification of deficiencies in CPR
performancehasledtorecentchangesintheinternational
consensus CPR guidelines as promulgated by the
International Liaison Committee on Resuscitation
(ILCOR) [13]. Some of the more important of these
recommendations focus on improving the quality of
CPR by simplifying CPR instruction, increasing the
number of chest compressions delivered per minute
(by changing the compression-to-ventilation ratio
from 15:2 to 30:2), and reducing interruptions in
chest compressions during CPR. The guidelines also
recommended continued emphasis on CPR education
and quality improvement efforts to attempt to increase
the survival of sudden cardiac arrest victims. These
changes highlight the large potential to improve
CPR quality. This chapter will review a variety of
methods and new technologies that may play a role
in achieving high quality CPR performance, and
recent investigations using these methods will be
discussed.

International

\ 4
National

Rescuer

\ 4

PATIENT

Improving outcomes from cardiac arrest requires
high-quality care. Studies of both in- and out-of-
hospital cardiac arrest show that there is a gap between
what the guidelines say what actually happens in
clinical practice. The aims of high-quality care are that
care has to be safe, effective, patient-centred, timely,
efficient and equitable. To achieve these aims, cardiac
arrest care requires interventions at an international,
national, local, team and individual rescuer level
(figure 1).

A number of studies have shown the importance
of starting CPR as soon as possible after the onset
of sudden cardiac arrest, given that survival falls 10-
15% for every minute in which cardiac arrest care is
not initiated [14, 15]. Since professionals trained in
Basic Life Support (BLS) or Advanced Cardiac Life
Support (ACLS) are rarely the first responders at a
sudden cardiac arrest, bystander CPR is an important
determinant in providing prompt high quality CPR
during out-of-hospital cardiac arrest.

The importance of high-quality
pulmonary resuscitation

The performance of high-quality, uninterrupted

cardio-

Guidelines
Media campaigns
Journals
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Opinion leaders
National standards
Legislation
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Mock codes
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SURVIVAL
With good quality of life

Figure 1. Examples of quality improvement interventions
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chest compressions is an important determinant of
outcome from cardiac arrest (table 1, 2).

Table 1
Characteristics of high-quality CPR
e Compression depth 5-6 cm

e Compression rate 100-120 min!
*  Minimise interruptions in compressions
e Ensure full chest re-coil between compressions

¢ Avoid hyperventilation

Observational studies have shown that chest
compression depth influences shock success,
return of spontaneous circulation rates (ROSC) and
survival. Higher chest compression rates are linked
to improved ROSC. Similary, hyperventilation raises
mean intrathoracic pressure, which reduces coronary
perfusion and worsens outcome. CPR fraction (the
proportion of resuscitation time spent performing
chest compressions) is also a strong predictor of
survival. Despite the prominence of CPR technique
on outcome, observational studies provide consistent
evidence of poor-quality CPR in clinical practice.

Table 2
Aims of high-quality care
Avoiding harm

Safe
Effective

Evidence based

Patient centred | Respectful care based on patient

preferences, needs and values

Timely Avoiding delays
Efficient Avoiding waste
Equitable Care quality does not vary according to

issues such as race or socioeconomic
status

Cardiopulmonary resuscitation feedback and
prompt devices

Cardiopulmonary resuscitation feedback and
prompt devices aim to improve the performance
of resuscitation skills by CPR providers.
Cardiopulmonary resuscitation feedback devices
give information on the quality of CPR as it is
performed, either through a visual display or audio
instructions. Cardiopulmonary resuscitation prompt
devices provide guidance to perform specific actions
(e.g. sequence of CPR, audible beep for compression
rate). The devices range in complexity from a simple
metronome to an advanced defibrillator providing
audio and visual feedback and prompts (figure 2).

Figure 2. Simple CPR feedback/prompt device

The more sophisticated devices assess CPR
performance by measuring transthoracic impedance
through defibrillation electrodes or through the use
of an accelerometer (a small device placed on the
sternum) or a combination of both. Measurement of
transthoracic impedance enables chest compression
rate, compression fraction and ventilation rate to be
calculated. The addition of an accelerometer enables
compression depth and completeness of release
between compressions to be quantified (figure 3).
Further methods to improve bystander instructions as
well as novel mechanisms to improve lay public CPR,
such as, for example, the use of automated external
defibrillators (AEDs) with feedback capability for
CPR performance, are being investigated.

Figure 3. Sophisticated CPR feedback/prompt de-
vices integrated with defibrillators
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A systematic review of the evidence for CPR
feedback and prompt devices conducted as part of the
International Liaison Committee for Resuscitation
(ILCOR) review of resuscitation science in 2010,
concluded that there is good evidence supporting
the use of CPR feedback-prompt devices during
CPR training to improve CPR skill acquisition
and retention. Their use in clinical practice as part
of an overall strategy may also be beneficial. The
review highlights that accelerometers underestimate
chest compression depth when CPR is performed
on a soft surface such as a mattress as the do not
differentiate between chest compression and mattress
compression.

A large cluster randomized study in the US
examined the use of CPR feedback technology in out
of hospital cardiac arrest. Although CPR feedback
technology improved CPR quality, there was no
difference in ROSC rates or survival to discharge.
However, baseline CPR performance and survival
was higher than that observed in many communities,
thus leaving limited opportunity for CPR process
improvement to affect outcome. The time taken
for rhythm analysis with an automated external
defibrillator may have negated the effect of CPR
quality improvement. Finally, the study investigated a
single CPR feedback system. Whether other systems
or the addition of post-event debriefing of emergency
medical services (EMS) staff would influence
outcomes remains to be determined. Further trials
of CPR feedback technology during in- and out-of-
hospital cardiac arrest are in progress.

Audiovisual Feedback Defibrillators

Another real-time method to improve
resuscitation quality is the provision of audiovisual
feedback of any deviations from resuscitation
guidelines, either via a freestanding CPR-sensing
device or a defibrillator outfitted with CPR-
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sensing technology. New defibrillators are capable
of identifying and recording deficiencies in CPR
quality and provide automated feedback to result
in real time adjustment in CPR performance.
These technologies had previously been studied
in manikin simulations with encouraging results
[26, 27], and recent investigations have compared
resuscitation events using real time CPR detection
and audiovisual feedback incorporated into a clinical
monitor/defibrillator to those without feedback. The
variability of multiple CPR parameters including
chest compression rate and ventilation rate was
decreased by providing real time feedback [28].

Telephone-directed Instructions

An important approach for immediate CPR
educationistheuse ofemergencytelephonedispatchers
to provide instructions to lay witnesses at the scene of
a sudden cardiac arrest. However, the performance
of bystander CPR even when being instructed over
the telephone has been poor [16]. Examination of
the deficiencies in bystander CPR led one group of
investigators to modify telephone instructions used
by a British dispatch service to emphasize key CPR
parameters such as chest compression rate. The rate
of chest compressions was improved but still below
the recommended 100 per minute as recommended
by ILCOR and the depth of chest compressions
decreased to 2.0 cm [17]. This study highlights the
complexity of telephone CPR instructions and their
limitations to improve care.

Mobile phones

The now almost universal carriage of mobile
smart phones positions them as a potentially useful
adjunct for CPR practice. Applications that support
initial training, feedback-prompts during resuscitation
and audit of outcomes have been developed (table 3
and figure 4).
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Figure 4. The i-resus application contains the Resuscitation



Stiinte Medicale

255

Table 3
Mobile phone technology can support each link of
the chain of survival

Post-
Early Early resuscitation
access Early CPR defibrillation | care and
audit
Call EMS |[Adjunctto |Locate Checklists
dispatcher  |nearest AED
CPR

Mobile CPR Dispatch Audit:
phone feedback/ community |transmit CPR
tracking prompt AED quality data
to locate  |instructions |response for review
patient
Mobile Monitor ECG | Audit:
phone collate and
tracking submit code
to detect summaries
nearest
response
SMS to
activate
community
responders

Mechanical chest compression devices

Mechanical chest compression devices automate
the process of chest compression. Advantages
of mechanical CPR devices are the provision of
consistent quality, non-fatiguing chest compressions
and freeing up a member of the resuscitation team.
Potential disadvantages are interruption during CPR
to deploy the device, which may increase no flow
time (the time without chest compressions) and the
potential for chest/visceral injuries; however, these
need to be considered in the context of overall survival
(table 4).

Table 4
Potential advantages and disadvantages of
mechanical CPR

e Potential advantages

- Consistent quality of CPR

- CPR quality does not fatigue

- Releases a member of the resuscitation team
from manual compressions

- Shock delivery during chest compression

- Can be deployed in confined spaces

e Potential disadvantages

- Interruptions to CPR during deployment

- Risk of chest wall and visceral injuries

A number of mechanical CPR devices have been
developed in an attempt to overcome suboptimal chest
compressions and CPR interruptions during manual

delivery. Although these devices can reliably produce
consistent compressions and eliminate the factor of
human error, data regarding their clinical utility are
conflicting at this point. Further investigation into
mechanical CPR devices is needed to assess the
appropriate use of these devices in resuscitation.

Active compression — decompression CPR

Active compression — decompression CPR
(ACD-CPR) is achieved with a hand-held device that
incorporates a suction cup that enables the chest to
be lifted actively during decompression (figure 5 and
6).

Figure 5. Active compression — decompression
device

Figure 6. Combined used of active compression-
decompression device and impedance threshold
device

The active decompression reduces intrathoracic
pressure, which increases venous return to the heart,
increases cardiac output and increases coronary and
cerebral perfusion pressures during the compression
phase. In some clinical studies ACD-CPR improved
haemodynamics compared with standard CPR.
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Autopulse

One of the newer of these devices is a battery-
powered compression band that is applied across
the anterior chest wall and affixed via a backboard
(Autopulse, Zoll Medical Corporation, Chelmsford,
MA). The Autopulse device consists of a load
distributing band (LDB) that is placed around the chest
and backboard. The LDB tightens around the chest
and then loosens to allow passive decompression;
this cycle occurs at 80 per minute. The device adjusts
the LDB to the size of the patient and distributes the
compressive load over the anterior chest. Animal
and human studies show improved physiological
parameters compared with manual CPR (figure 7).

@

Puregapy
LifeBand

Figure 7. Autopulse mechanical chest compression
device

The Autopulse has been examined in two large-
scale randomized controlled trials. The ASPIRE trial
showed worse neurological outcomes and a trend
toward worse survival in the Autopulse arm compared
to the manual CPR group. The follow-up trial (CIRC
trial) compared Autopulse with manual CPR in
CPR-optimized EMS systems. Early results indicate
treatment with Autopulse led to similar outcomes to
the manual CPR group. Further investigations into the
appropriate use of Autopulse are needed to resolve
these conflicting data.

Lund University Cardiac Arrest
(LUCAS)

LUCAS is a gas-driven sternal compression
device that incorporates a suction cup for active
decompression. LUCAS provides both chest
compressions and active decompression. It consists of
a silicon rubber suction cup that is applied to the chest
and an electric motor mounted on two legs which are
connected to a stiff back plate (figure 8).

System

Figure 8. LUCAS-2 mechanical chest compression
device

The original LUCAS device was gas driven
(oxygen/air) but has been superseded by a battery
driven device (LUCAS-2). This development
has overcome the logistical requirement to carry
compressed gas to power the device and initial
concerns about the development of high oxygen
concentrations in confined spaces. The device
compresses the chest between 4 and 5 cm at a rate of
100 compressions per minute with an equal amount of
time being spent in compression and decompression.
Animal and human studies have shown improved
physiological parameters compared with manual
CPR. Studies focusing on clinical outcomes have
produced mixed-inconclusive results. While currently
not approved by the Food and Drug Administration
(FDA) for clinical use in the United States, LUCAS is
currently approved and being used in Europe during
clinical resuscitation. The report of the first 100
consecutive cases treated with LUCAS during out-
of-hospital sudden cardiac arrest documented that the
30-day survival was 25% in the setting of ventricular
fibrillation and 5% in asystole if the CPR was started
within the first 15 minutes from cardiac arrest [34]
- these survival characteristics are similar to when
conventional CPR is performed in the study locale.

Compression-only Resuscitation

A major obstacle to effective resuscitation care is
the lack of bystander participation - less than 25% of
sudden cardiac arrest victims receive bystander CPR,
which may be due to lack of training or unwillingness
of trained individuals to perform CPR. Previous
investigations have shown that some of the resistance
of bystanders to performing CPR relates to the fear
of mouth-to-mouth contact [18]. This has led to an
interest in whether providing chest compressions
only (without rescue ventilations) would be equally
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beneficial when compared with performing standard
CPR with ventilations included [19-23]. A Japanese
investigative group performed a prospective,
multicenter, observational study of 4,068 adult out-
of-hospital cardiac arrests where paramedics assessed
bystander CPR on arrival at the scene. The technique
of bystander CPR was compared to the primary
endpoint of favorable neurological outcomes 30 days
after cardiac arrest. The group showed that 10.8%
of patients received compression-only resuscitation,
17.5% received conventional CPR, and 71.7%
received no bystander CPR. Not only did any attempt
at resuscitation result in more favorable neurological
outcomes, but the compression-only resuscitation
also resulted in a significantly higher proportion of
patients with a favorable neurological outcome when
compared to conventional CPR [24], Future studies
will be required to determine whether compression-
only CPR should be recommended for all bystander
resuscitation care.

Device Adjuncts to Manual Cardiopulmonary
Resuscitation

Given concerns regarding inadequate CPR
performed by bystanders and trained first-responders,
one simulation study aimed at improving layperson
CPR quality by providing audio prompts incorporated
into an AED. Twenty-four laypersons were asked
to provide CPR on a manikin with and without
audio prompts. The investigators demonstrated that
performance levels met guideline criteria for CPR

when an audio prompt was given to an untrained
layperson and subjects felt more confident about the
CPR they were providing [25].

Inspiratory Impedance Threshold Valve (ITV)

The ITV is a small device placed at the end of the
endotracheal tube or face mask during CPR delivery.
It is used to prevent inflow of respiratory gases during
active decompression (when the chest wall recoils)
while the patient is not being actively ventilated to
augment the negative intrathoracic pressure and,
therefore, amplify venous blood return to the right
heart (figure 9).

Figure 9. Impedance threshold device

Early animal investigations showed improved 24
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was compared to a sham valve [29]. More recent
small human trials demonstrated improved systolic
blood pressures during a sudden cardiac arrest and
improved short-term survival rates [30, 311].

Training and Education

An important area that may yield improvements
in CPR quality is that of improvements in human
factors and resuscitation skills. The lack of adequate
resuscitation training and education for health care
professionals was recently highlighted by a cross-
sectional survey study. Of 289 Canadian medical
residents who responded to a questionnaire on
resuscitation skills confidence, almost half (49.3%)
felt inadequately trained to lead cardiac arrest teams
and over half (55.3%) expressed fear that that they may
have made errors during past resuscitation care [35].
Only 5.9% reported having had received debriefing
of any kind following a cardiac arrest and only 1.3%
reported having obtained any feedback fromcolleagues
or instructors. This survey highlights the need for
further education in resuscitation - incorporating
different techniques, including simulation, feedback,
and debriefing. These tools can serve as an important
component of resuscitation quality improvement,
especially when coupled with robust data collection
that can then feed into educational programs (figure
10).

Simulation

Given the trend towards reduction in exposure of
physicians-in-training to critically ill patients in the
United States, simulation and “mock codes” are being
used more commonly to provide necessary instruction.
In the medical domain, simulation methodology
has historically focused on resuscitation, and many
different tools are now being employed and developed,
ranging from on-line simulation to integrated clinical
simulators that use high-fidelity whole body manikins
[36]. The Resuscitation Council in the United Kingdom
and the European Resuscitation Council Advanced
Life Support Provider course has now integrated
simulation training [37], Incorporating simulation into
advanced life-support training combines repetitive
practice opportunities with multiple learning
strategies while also providing feedback. One study
measured the impact of medical simulator sessions
on adherence to resuscitation guidelines by internal
medicine residents. Those that had simulator training
showed significantly better performance even after
adjusting for clinical experience, which, by itself, had
no impact on performance of advanced cardiac life
support [38].

Simulation can also address and teach other skills
that are necessary for a successful resuscitation,
skills that are difficult to teach by mechanisms

other than modeling or simulation. For example,
a simulation study of 16 teams comprised of three
health-care workers assessed whether the teams
could successfully convert ventricular fibrillation to
sinus rthythm by providing two shocks within the first
two minutes or by two shocks during the first five
minutes if uninterrupted basic life support was started
within 60 seconds [39], Only six of the teams were
successful. Several variables between the successful
and the unsuccessful teams were compared including
leadership, task distribution, information transfer,
and conflicts. Although all teams demonstrated the
necessary theoretical knowledge, the successful
teams had significantly higher ratings of leadership
and task distribution.

Debriefing

Following a sudden cardiac arrest, an important
opportunity for learning exists among the participating
health care providers. During the time immediately
following a sudden cardiac arrest event, participants
are primed to discuss and learn from the recent event.
This provides a key moment to provide real-time and
relevant verbal feedback to a provider of CPR. Studies
have demonstrated that providing verbal debriefing
can impact the quality of subsequent simulated
cardiac events. In fact, even when combining real
time audiovisual feedback as described earlier with
debriefing using the data obtained from the CPR
detection device, not only was CPR quality improved,
but return of spontaneous circulation was significantly
increased [40].

Other Cardiopulmonary Resuscitation Tech-
niques

Various different CPR techniques have received
attention over the past few years. For example, one
research group recently investigated whether CPR
quality could be augmented by providing sustained
abdominal pressure using an inflatable contoured cuff
device on pigs during CPR after inducing ventricular
fibrillation. This resulted in a significant increase in
coronary perfusion pressure throughout the duration
of abdominal pressure and was immediately reversible
upon deflating the device. The increase in coronary
perfusion pressure was similar to that seen with
vasopressor drugs [41]. Given this animal study and
new information about the potential consequences of
vasopressors, such as post-resuscitation myocardial
depression, further investigation into sustained
abdominal compression to enhance CPR may be
warranted.

Conclusion

Sudden cardiac arrest is a major cause of mortality
worldwide resulting in over 700,000 deaths each
year in Europe and in the United States combined.
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Studies have demonstrated improved outcomes
when resuscitation care, and especially CPR, is well-
performed. Therefore, given the presently dismal
survival rate, further investigations to improve
the quality of resuscitation are necessary. So far,
methods to improve the training of bystanders as
well as medical professions by providing real time
audiovisual feedback during CPR performance have
been most promising with a potential to increase the
rate of return of spontaneous circulation. Innovative
methods to teach CPR, such as integrating simulation
into training classes or incorporating real-time
audiovisual feedback, may enable better instruction
to be given to health care providers. Several new
mechanical devices have been developed in an
attempt to eliminate human error from resuscitation
events and allow the health care providers to focus
on other aspects of the resuscitation. Through
further investigation of such devices and methods of
instruction, CPR quality during actual delivery may
be improved in coming years, and this, in turn, will
hopefully lead to improvements in saving lives from
this enormous clinical problem of sudden cardiac
arrest.
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