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ABSTRACT
Cardiopulmonary resuscitation (CPR) skills vary among health care professionals. A previous
study revealed that chest compressions were only performed half the time in out-of-hospital
cardiac arrest (OHCA). Field conditions and fatigue could be possible explanations. The aim of
this thesis was to study the impact of the introduction of mechanical chest compression in OHCA
according to survival and its usability and b) passive leg raising (PLR), to augment the artificial
circulation, during CPR.
Methods: This thesis is based on a pilot study conducted in the Gothenburg/Mölndal and
Södertälje Emergency Medical Service systems in 2003-2005. Witnessed OHCA (adult >18
years) received either mechanical (n=159) or manual (n=169) chest compressions. The pressure of
end-tidal carbon dioxide (PETCO2) has been shown to correlate with cardiac output (CO) during
CPR. To compare the effect of the different strategies, the PETCO2 was measured, during CPR,
with standardised ventilation.
Result: PLR during CPR increased the PETCO2 value within 30 seconds. Mechanical active
compression-decompression (ACD) CPR, compared with manual compressions, produced the
highest mean of initial, minimum and average values of PETCO2. However, mechanical chest
compressions did not appear to result in improved survival. Clinical circumstances such as
unidentified cardiac arrests (CAs) resulted in a large drop-out in the intervention group or a late
start to the intervention in relation to CA. The late start meant that the intervention targeted a
high-risk population with a low chance of survival.
The majority of identified CAs were coded by the Rescue Co-ordination Centre (RCC) according
to symptoms (usually unconsciousness), while the minority were coded according to the diagnosis
of CA. Patients coded according to the diagnosis of CA had an earlier start of CPR, a higher rate
of bystander CPR and a tendency toward higher survival rates.
Conclusion: Since PLR during CPR appears to improve circulation after OHCA, larger studies
are needed to evaluate its potential effects on survival. Compared with manual compressions,
mechanical ACD CPR produces probably the most effective CPR. However, different clinical
circumstances make the device difficult to study outside hospital. Coding a CA according to
diagnosis rather than symptoms appears to improve the out-of-hospital care.
Key words: out-of-hospital cardiac arrest, mechanical chest compression, randomised clinical
trial, dispatch code, end tidal carbon dioxide, passive leg raising
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1.0 Introduction
The Gothenburg/Mölndal EMS responds to about 26,000 priority-one cases a year, of which
250-300 are cardiac arrest (CA) cases. On average, each ambulance crew responds, as the first
unit, to a maximum of two CA cases a year. Two heads with two pairs of hands have to think,
act and do exactly the right things during the first important minutes after arrival. In addition,
insecurity in dispatch [1] often makes it impossible to predict a CA patient until the team
arrives at the patient‟s side.

Recent emergency medical service (EMS) studies have shown poor cardiopulmonary
resuscitation (CPR) quality with long pauses in chest compressions [2-4] and it has been
suggested that CPR guidelines are too complex and result in patients not receiving known
benefits such as chest compressions [5]. Furthermore, regardless of the etiology of CA and
due to the difficulty in performing CPR during ambulance transport [6], most out-of-hospital
cardiac arrest (OHCA) patients are traditionally treated at the scene until the return of
spontaneous circulation (ROSC) or the termination of resuscitation. Since the introduction of
early defibrillation, during the 1980s, survival rates in Gothenburg have remained unchanged
[7]. To further improve survival in OHCA, the EMS link has to be strengthened by new
strategies and methods.

2.0 Background
2.1 The Swedish national registry of out-of-hospital cardiac arrest (OHCA)
More than 4,000 resuscitations/year are attempted outside hospital in Sweden by either a
bystander (helper on site) or the EMS personnel. During the last two decades, about 70% of
all resuscitations attempted were registered by the EMS personnel at the Swedish registry for
OHCA [8], which was started in 1990 by Stig Holmberg. Of all reported OHCAs, from 1991
to 2008, about 70% had a presumed cardiac aetiology, the median age was 72 years, one third
were women and 55% were witnessed (seen or heard by a bystander). Further, 15% were
witnessed by EMS personnel, so-called crew-witnessed cases. Crew witnessed cases have
increased during the last two decades [8].
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2.2 The chain of survival
In order to successfully resuscitate a person with an OHCA, various efforts, which are
described as the four links in the chain of survival (early call, early CPR, early defibrillation
and early advanced life support (ALS)), must be optimal [9]. According to the latest report
from the national registry, people call the dispatch centre two minutes earlier today (three vs.
five min in 1992) and initiate bystander CPR more often (56% vs. 33% in 1992) among
witnessed CA. However, the time from calling for an ambulance to defibrillation (the third
link) has increased by three minutes from eight to 11 minutes since 2004. We have also found
an increase in ambulance delay from six to eight minutes during the last decade [8]. These
changes are worrying, but the new guidelines introduced in 2005 [10], to initiate CPR for two
minutes before defibrillation, could probably explain the increasing delay to defibrillation to
some extent. During the last ten years, the use of epinephrine and tracheal intubation has been
unchanged [8].

2.3 Survival rates in Sweden
The Swedish OHCA registry reports an increase in 30-day survival from 4.2 to 7.9% since
2000. Long-term survival from Sweden is less well reported, but a study from Gothenburg
comparing two periods (1980-2002 and 2003-2006) shows an increase in one-year survival
among patients found in VF from 37% to 57% [11]. However, the Swedish OHCA registry
reports a reduction in the percentage of ventricular fibrillation (VF) from 47% to 39% since
1992. Possible explanations for the improvement in short-term survival could be the
increasing number of educated rescuers trained to call earlier and start CPR more frequently.
Today, between two and two and a half million lay persons in Sweden are educated in CPR
[12, 13]. The increase in crew-witnessed cases might also indicate awareness in society of the
need to call for an ambulance as soon as symptoms portending a CA are observed. That time
is a critical component is clear when comparing survival rates from the national registry for
in-hospital cardiac arrest (IHCA) [14], where survival to hospital discharge has been reported
to be 30%. Among IHCA cases, 83% were witnessed. Of those, > 80% received CPR within
two minutes from CA. Among all IHCA patients, 41% were found in VF and 81% of them
were defibrillated within three minutes from CA. The IHCA population differs from OHCA
according to structure, fewer trauma CA and more cases in which CPR (do not attempt
resuscitation, DNAR) is not initiated. This produces a population with higher survival rates
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than outside hospital, but a survival rate of 15% is probably a reasonable goal to reach in
OHCA.

2.4 The EMS link
Berdowski et al. [15] found that not recognising a CA during an emergency call reduces
survival. Compared with recognised calls (71%), the ambulance was dispatched later (0.94
minutes) and had a longer response time (1.4 minutes) among non-recognised calls. One
reason for better survival among recognised calls could be the opportunity for the emergency
medical dispatchers (EMDs) to offer instructions in CPR (telephone-initiated CPR, T-CPR).
T-CPR appears to increase survival but is dependent on the accuracy of the EMDs in
identifying patients with CA [16, 17]. A previous study from Gothenburg revealed that 47%
of the CAs were recognised by the EMDs [1].

2.5 The importance of chest compressions in CPR
2.5.1 Chest compression before defibrillation
Most OHCAs have a presumed cardiac aetiology [18] and, according to the first recorded
rhythm, patients with initial VF have the highest survival rates [7]. However, the time window
for successfully defibrillating a VF is narrow and survival rates decrease dramatically during
the first few minutes [19]. Studies have shown that this time window seems to be possible to
expand. In 1999, Cobb et al. [20] published a report based on historical data in which they
claimed that approximately 90 seconds of CPR prior to defibrillation was associated with
increased survival when the EMS response intervals were four minutes or longer. Four years
later a randomised, controlled trial from Norway [21] supporting Cobb et al. was published.
Two hundred patients with out-of-hospital VF were randomised to early defibrillation
according to guidelines (2000) or defibrillation subsequent to CPR for 180 seconds.
Compared with early defibrillation, CPR prior to defibrillation did not improve outcome when
all patients were included in the analysis. However, in a subgroup (81 patients) where the
EMS response was longer than five minutes, survival to hospital discharge decreased among
patients receiving early defibrillation but remained unchanged among patients receiving CPR
prior to defibrillation [21]. Those findings lead to the initiation of CPR for two minutes before
defibrillation in the guidelines introduced in 2005 [10]. Further, in an observational study,
Bradley et al. [22] compared < 45 seconds of CPR and CPR between 46-195 seconds prior to
9

defibrillation among OHCA patients with VF/VT. They found increased odds for survival in
the latter group if the EMS delay was > 5 minutes.

2.5.2 The three-phase, time-sensitive model
A treatment model that describes when chest compressions before defibrillation should be
applied was published by Weisfeldt et al. [23] in 2002. In a review report they suggested a
three-phase model for CPR. This model reflected the time-sensitive progression of the
pathophysiology during a CA, which in turn required time-sensitive interventions. They stated
that the uniform treatment of VF (immediate defibrillation, according to guidelines) may be
contraindicated in some patients, especially when the time from CA increases and with the
simultaneous progress of myocardial ischemia.

The first phase in their model is the electrical phase and comprises the first four minutes after
cardiac arrest. The treatment during this phase is rapid defibrillation. The circulatory phase
comes second and lasts approximately from minute four to minute ten. The most important
thing during this phase is to provide oxygen delivery and chest compressions in combination
with defibrillation. The physiological mechanism behind this observation was not clear, but it
was consistent with the notion that defibrillation of the ischemic heart beyond four minutes
may be detrimental. The metabolic phase begins after approximately 10 minutes. During this
phase, tissue injury from global ischemic events can result in circulating metabolic factors
that cause additional injury beyond the effects of local or focal ischemia [23]. Resuscitation
started during this phase is related to low survival rates [19]. Cooling before, or simultaneous
to the start of chest compressions is discussed [23], but today there are still no practical
solutions for performing this kind of intervention in the pre-hospital setting.

2.5.3 The pathophysiology behind the model
In 2003, Steen et al. [24] presented a possible explanation of the physiological mechanism
behind the electrical and the circulatory phase. They found in animal studies that, during VF,
the coronary perfusion pressure (CPP) decreased from 60 to 15 mmHg within 15 seconds and
then gradually decreased to reach zero after four minutes. They explained the quick fall in
CPP by the transport of arterial blood to the venous circulation, with the result that the left
ventricle emptied and the right ventricle became more and more distended. The CPP fell to
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zero when the pressure was equal on the venous and arterial side. This explanation was
challenged by Sorrell et al. [25], who found that the quick fall in CPP was dependent on the
fact that both the right and left ventricle increased in volume during the first five minutes of
VF.
After 6.5 minutes of untreated VF, Steen et al. [24] found that chest compression for 3.5
minutes, before defibrillation, was necessary to achieve ROSC. Their result was explained by
chest compression restoring the size and shape of the ventricles [26], priming the ischemic
myocardium before defibrillation and, further, the restoration of the CPP to a level at which
ROSC is possible. They found that 90 seconds of chest compression was enough to reach a
CPP of at least 15 mmHg [24]. Moreover, in 1990, Paradis et al. [27] noted a correlation
between the CPP and ROSC. Among 100 patients with CA, only patients with a CPP above
15 mmHg had ROSC.

2.5.4 Hands-off time, wave forms and CPP
Steen at al. [24] also found that the ROSC rate deteriorated dramatically during the “handsoff” interval, before the shock. The shock had to be performed immediately because the CPP
level decreases to zero within 10 seconds. Efterstol et al. [28] found that ROSC could be
predicted by a complex analysis of the electrocardiogram (ECG) wave forms during VF.
When they studied “hands-off” time, before defibrillation and according to the ECG wave
forms, they found that the success rate for ROSC rapidly decreased during the first 20 seconds
[29]. Both fibrillatory wave forms and the CPP appear to be important predictors of ROSC,
both can be maintained by chest compressions and both decrease rapidly during the “handsoff” time. Techniques to minimise the “hands-off” time before defibrillation are requested in
the next European resuscitation council (ERC) guidelines [26].

2.6 The importance of chest compressions with high quality
2.6.1 Haemodynamics during CPR
In patients with OHCA, survival with good neurological outcome is dependent upon the
generation of continuous blood flow, by chest compression, to the heart and brain during
resuscitation [30]. The brain receives perfusion during the compression phase and the heart
during the relaxation (decompression) phase. Incomplete chest wall recoil, as a result of
leaning, during the relaxation phase is a common error during manual CPR and results in
decreased venous return (preload), coronary blood flow and cardiac index [31].
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2.6.2 The cardiac and the thorax pump theory
Fifty years after the introduction of CPR by Kouwenhoven et al. [32], the mechanism behind
forward (antegrade) blood flow, during CPR, in humans, is mostly unknown. Kouwenhoven`s
original hypothesis was that external compression squeezed the heart between the sternum
and vertebrae. During the compression (systole), the atrioventricular valves would close,
preventing retrograde blood flow, while the aortic and pulmonary valves opened, allowing
antegrade flow. When the compression force was removed (diastole), the artrioventricular
valves would open and allow ventricular filling. This theory, known as the “cardiac pump
theory”, was challenged by many investigators [33, 34] who observed that increased
intrathoracic pressure alone can generate blood flow, the thorax pump theory. According to
this theory, an increase in the intrathoracic pressure during chest compression generates a
pressure gradient between the intrathoracic vascular compartment and the extrathoracic
vascular compartment that causes blood to flow in the antegrade direction. According to this
theory, the heart is presumed to be a passive conduit of blood flow during CPR.
In 1991, Kuhn et al. [35] performed transesophageal echocardiography during resuscitation,
on one man with a CA, and found motion in valves and changes in ventricular size during
CPR. The investigators attributed this observation to favour the cardiac pump theory as the
predominant principle of blood flow during CPR. In a later published report, Kim et al. [36]
found similar results using the same method. The direction of contrast flow was studied
during CPR among ten non-traumatic CAs. Retrograde flow to the left atrium and forward
blood flow to the aorta was found during the compression phase. These findings made the
authors suggest that the left ventricle acts as a pump in generating blood flow during standard
CPR in humans. However, they found an individual variation in retrograde flow suggesting
that, in addition to the cardiac pump, another mechanism, such as the thoracic pump or the left
atrium pump, might supplement the forward blood flow, although in this study the cardiac
pump was found to be predominant. The intrathoracic pressure is a determinant of perfusion
pressure. Low or negative intrathoracic pressure during the “diastolic” phase helps to augment
venous return to the chest [37]. As a result, high intrathoracic pressure during the “diastolic”
phase (e.g. to excessive ventilation) will reduce venous return to the thorax and decrease
survival.
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2.7 Passive leg raising (PLR) during CPR
The early guidelines for CPR [38-40] stated that the “elevation of the lower extremities may
promote venous return and augment artificial circulation during external cardiac
compression”. In the guidelines from 1992 [41], this comment was deleted. Why it was
deleted is not known, but it was probably because of too little clinical evidence. The use of the
Trendelenburg position, head-down tilt, was used during World War One by Walter Cannon
in the treatment of hypotension or shock. Studies of hypertensive patients revealed minor
haemodynamic effects as a result of using the Trendelenburg position. Adverse effects,
including respiratory compromise and increased cranial pressure, were also reported [42-45].
Zadini et al. [46] argue that the lack of clinical benefit among patients with hypotension is due
to the vasoconstriction and increased arteriolar vascular tone which they believe are not
present among patients with CA. They found (in animal studies) an increase of up to 1.4-fold
in carotid blood flow during CPR in the Trendelenburg position. However, it is impossible to
compare pigs in the Trendelenburg position with PLR among humans. Terai and colleagues
[47] found that PLR increased left ventricular filling, stroke volume and cardiac output during
ten minutes in eight healthy adult males. According to Préau et al. [48], the effect of PLR is
reversible but is equivalent to a rapid intravenous volume expander by shifting blood from the
lower extremities towards the intrathoracic compartment. PLR (45 degrees) for four minutes
results in an increase in right and left ventricular preload [49] and, by definition, the stroke
volume, if the heart is preload dependent [48]. This makes PLR predictive of fluid
responsiveness among patients with circulatory failure [48-51] and has been recommended as
a part of haemodynamic monitoring in recent international recommendations [52]. Two
different strategies of PLR, PLRSEMIREC and PLRSUPINE, have been tested by Jabot et al. [50].

PLRSUPINE

PLRSEMIREC

Figure 1. PLRSEMIREC = elevation of legs simultaneously to transferring the trunk to the
horizontal position. PLRSUPINE = elevation of the legs from the horizontal position

13

As a result of the larger increase in cardiac preload, PLRSEMIREC was recommended. Strategies
for improving the venous return during CPR are vital for cardiac output [37]. To our
knowledge, PLR during uninterrupted CPR has not previously been studied in humans.

2.8 End-tidal carbon dioxide, normal production and during CPR
Carbon dioxide (CO2) is a by-product produced during cellular metabolism. At rest, the
human body produces about 3 ml/kg a minute, but this may increase dramatically with heavy
exercise. CO2 is mostly transported, as a bicarbonate ion, by the bloodstream to the lungs,
where it is normally exhaled. Changes in the body PCO2, pH and PO2 result in alterations in
alveolar ventilation designed to return these variables to their normal values. These changes
are detected by the chemoreceptors and they supply the respiratory centre in the central
nervous system with information to make the appropriate adjustment in alveolar ventilation
[53, 54].
During CPR in OHCA, the efficacy of chest compressions, according to blood flow, is
difficult to measure. The direct measurement of blood flow and CPP requires time-consuming
invasive methods that are impossible to perform in the pre-hospital setting. In animal and
human studies, measuring the pressure of end-tidal carbon dioxide (PETCO2) during CPR has
been shown to be a practical non-invasive method for detecting pulmonary blood flow
reflecting cardiac output (CO), as an almost immediate indicator of the return of spontaneous
circulation (ROSC), and for presenting threshold values under which no resuscitation
succeeded [55-68].

2.9 Mechanical chest compression devices, a historical review
In 1858, the Hungarian surgeon Janos Balassa reported a case in which he used the technique
of closed chest compressions on a human being [69]. He was summoned to the home of an
18-year-old woman with asphyxia secondary to tuberculosis laryngitis. She had stopped
breathing and was pulseless when Balassa performed a tracheotomy followed by anterior
chest compressions for six minutes prior to her ultimate recovery. In 1908, “extra-thoracic
massage” was performed on dogs by Pike et al. [70]. They found the method “exceedingly
laborious” and developed a machine to massage the heart both internally and externally.
However, they reported no benefit as compared with manual methods and, applied internally,
it was less effective. During the next 50 years, open cardiac massage was the predominant
14

method that was used inside hospital and most frequently when CA occurred during surgery.
In 1953, a series of 1,200 (1,068 during surgery) patients with IHCAs were reported [71] in
whom resuscitation was attempted with open cardiac massage and the overall survival rate
was 28%. After the introduction of closed chest CPR in 1960 by Kouwenhoven et al. [32],
different manual or mechanical devices were introduced [72-74]. Many of these devices were
used solely for experimental purposes, investigating the various mechanisms involved in CPR
using a pre-programmed compression/ventilation sequence and without interruption or
fatigue. Their use on humans was limited to a few centres and was restricted by cost and the
need for experienced operators [75]. Taylor et al. [76] were one of the first to use a
mechanical device in a randomised comparison with manual chest compressions. They used a
pneumatic device (ThumperTM by Michigan Instruments) and randomised 50 patients to
mechanical or manual CPR. The authors concluded that mechanical compression was
comparable to manual when performed in ideal conditions and suggested that mechanical
compressions should be employed when trained personnel were not available or when manual
compression was difficult to perform. However, they also found an increase in sternal
fractures.

2.9.1 Devices according to the thorax pump theory
During the 1980s and according to the thorax pump theory, a new mechanical device design,
known as the CPR vest, was introduced [34]. This vest was designed to be placed around the
thorax and inflated and deflated rapidly. At the time, this system was thought to be very
promising for improved survival in humans. This principle has been developed into a more
flexible version now known as the Auto-PulseTM CPR load-distributing band [77]. Recently,
two clinical studies compared the Auto-PulseTM with manual CPR [78, 79]. The study
conducted by Ong et al. [78] found increased survival to hospital discharge with the AutoPulseTM compared with manual CPR in an historic control group. However, survival to
hospital discharge was very low (2.9%) in the historic control group. The study by Hallstrom
et al. [79] was terminated early after interim analysis that revealed poorer survival to hospital
discharge using the Auto-PulseTM. Recent measurements made among 29 patients with
OHCA and compared with manual chest compression revealed that the Auto-PulseTM was
associated with increases in systolic and diastolic mean pressure, but there was no significant
increase in the PETCO2 [80].
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2.9.2 Devices based on the cardiac pump theory
Active decompression is a method based on the cardiac pump theory and is used by both
manual and mechanical devices [72, 74]. The method was discovered by coincidence when a
65-year-old man was successfully resuscitated for the second time with a toilet plunger. The
son, who was not trained in CPR, witnessed his father collapse in the living room. He did not
know what to do but remembered what his mother did the first time his father had a CA (in
the bathroom), so he ran for the plunger and started CPR [81]. The son, delighted by his
mother‟s plunger technique, recommended that there should be a toilet plunger next to every
bed at the CCU. This active decompression method resulted in two different manual devices
called the ResQpumpTM and the Cardio PumpTM. This technique, which requires both tapping
and dragging, was found to be more physically demanding for the rescuer than performing
standard CPR [6,82]. Compared with standard CPR, no improvement in survival rates was
found among patients receiving manual active compression decompression (ACD) CPR [83,
84]. The active decompression method was developed in a mechanical device called the
LUCASTM. The LUCASTM is a gas- or battery-driven CPR device providing mechanical
ACD-CPR. In randomised studies of pigs, significantly better CPP and carotid/artery blood
flow was found with mechanical ACD-CPR compared with manual CPR [85, 86].

2.9.3 Possible advantage of mechanical devices
As mentioned previously, the development of mechanical devices began back in the 1960s.
Unfortunately, many of the early devices were not regarded as functional in the clinical
setting. In 2000, automatic CPR devices began to receive approval for clinical use [72]. Lars
Wik [74] advocated equivalence in chest compressions, optimised CPR performance, new
optimised protocols and time for the rescuer to concentrate on the protocol as four main needs
for mechanical chest compression during CPR.

2.10 Rationale for this thesis
Contemporary CPR research focuses on the importance of performing chest compressions of
good quality and with limited interruptions. Outside hospital and subsequent to the arrival of
the EMS, all patients with CA should have the same opportunity for equivalent treatment of
the highest quality; mechanical chest compression could be a solution. However, before the
implementation of different devices and in spite of approval for clinical use, pre-hospital
factors relevant to survival, safety and usability have to be evaluated. This thesis aims to
16

identify some of these factors and, by measuring end-tidal CO2 during CPR, evaluate other
non-complex methods that might improve the artificial circulation after OHCA.

3.0 Aims of the study
The aims of this thesis were to a/ study the impact of mechanical chest compression in OHCA
according to statistical and clinical factors relevant to its usability and the evaluation of
survival and b/ evaluate simple strategies that might improve the artificial circulation during
CPR. The specific aims of the papers were as follows.
I.

To describe the outcome during a limited period in patients with a witnessed OHCA of
presumed cardiac aetiology (>18 years) treated with standard CPR or standard CPR
followed by mechanical ACD-CPR in the Municipalities of Gothenburg and Södertälje,
Sweden

II.

To describe a) the characteristics and outcome among all treated patients suffering from
OHCA in a well-defined area according to the Utstein criteria and, in the same population
of OHCA, describe the percentage who were „„theoretically‟‟ and „„in reality‟‟ available
for early intervention trials and b) the characteristics and the outcome among patients
who, for various reasons, are not available for intervention trials compared with those who
are available

III.

To describe the characteristics and outcome in OHCA in relation to early handling at a
dispatch centre with regard to a) whether the dispatch code was a diagnosis (CA) or a
symptom (mostly unconsciousness) and b) the delay from creating time to alerting the first
ambulance unit

IV.

To compare mechanical ACD-CPR with standard CPR according to PETCO2, among
patients with OHCA, during CPR and with standardised ventilation

V.

To a/ detect whether PLR by 35 centimetres (about 20 degrees) during uninterrupted CPR
would change the PETCO2 value and b/ observe the alteration in PETCO2 during CPR
among patients who experienced a return of spontaneous circulation (ROSC) and those
that did not.
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4.0 Materials and methods
4.1 Organisation
4.1.1 Ambulance organisation
The EMS system in Gothenburg/Mölndal serves about 542,000 inhabitants in an area of 595
km2. During the study period, the Gothenburg/Mölndal EMS ambulance fleet comprised 12
ambulances which were available around the clock, plus two daytime ambulances. In
addition, three advanced life support (ALS) equipped ambulances were available around the
clock. The ambulances were dispatched according to a two-tier system, i.e. the nearest basic
life support (BLS) unit was simultaneously dispatched together with an ALS unit for each call
judged to relate to a life-threatening state of health (priority-one cases). The BLS units were
staffed by at least one nurse and the ALS units by a paramedic and a well-trained anaesthesia
nurse. The city of Södertälje participated in the study for one year. The Södertälje EMS
system serves about 344,000 inhabitants in an area of 580 km2. Södertälje has a similar EMS
system with one ALS-equipped ambulance available every day between 7 am and 7 pm. All
OHCAs were treated according to American heart association (AHA) and ERC guidelines.

4.1.2 Gothenburg Rescue Co-ordination Centre (RCC)
The RCC in Gothenburg serves the whole region of Västra Götaland with a population of 1.5
million inhabitants. The RCC is the first response for calls to the national emergency number
112. During the study period, between four and seven EMDs responded to 1,100-1,200 calls
around the clock. Only emergency calls relevant to ambulances (40%) or fire services (10%)
were processed by the EMDs. Among the remaining emergency calls (50%), some were for
the police or sea rescue and connected by the EMDs to the relevant departments, while the
majority were false or made by mistake, by mobile phones dialing from people‟s pockets, for
example.
When someone dials 112, the mean response time (2004-2005) ranges from eight to ten
seconds. After 20 seconds, an automatic answering machine is activated, telling the caller to
wait for an EMD to answer. When the emergency number 112 is answered, the caller
describes the situation or request. If the receiving EMD identifies the need for an ambulance,
he or she immediately creates a computerised ambulance protocol (creating time). Before
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alerting the EMS system, the appropriate resources have to be defined. This definition is made
according to an existing national medical index which was introduced in 1998. During the
study period, a second edition introduced in 2001 was used. This index is based on 30
categories (symptoms or events) and guides the dispatcher through the call by questions to
ask, medical advice, such as support in initiating T-CPR, to a priority and a categorisation
code (dispatch code). The event or symptoms give priority at three levels.
Priority one = immediate dispatch (+ second tier when indicated)
Priority two = ambulance at patient‟s side within 30 minutes
Priority three = ambulance at patient‟s side within 90 minutes

4.2 Design and patients
This thesis is essentially based on a descriptive, controlled pilot trial studying mechanical
chest compression in OHCA. All the data were collected prospectively according to a
predesigned protocol during a limited period of two years (22/5/2003-25/5/2005) in
Gothenburg/Mölndal and one year (1/10/2003-31/08/2004) in Södertälje. Patients included in
this pilot study were selected by a cluster method to be treated with either mechanical ACDCPR or manual chest compressions performed by the ambulance crew. In practice, this meant
that two devices performing mechanical ACD-CPR were exchanged between four ALS units
for approximate six-month periods.
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All treated OHCA in
Gothenburg/Mölndal
05/2003-05/2005

Included and not excluded
05/2003 – 05/2005

Paper I
n=328

Tracheally intubated

Paper IV
n=126

Paper V
n=126

05/2003 – 05/2005

Paper II
n=508

01/2004 – 05/2005

Paper III
n=250

Included and not excluded
from Södertälje
1/10/2003 - 31/08/2004

Figure 2. Flow diagram for the recruitment of patients to Papers I to V.

Paper I deals with patients, from Gothenburg/Mölndal and Södertälje, who were included in
and not excluded from the present pilot study (Figure 2). Of these, Papers IV and V deal only
with tracheally intubated patients included in Gothenburg/Mölndal, where the mean values of
PETCO2 were measured during CPR. In Paper IV, the mean values of PETCO2 were related to
the treatment with manual or mechanical chest compressions. The mean PETCO2 values were
categorised as the initial (first obtained value), maximum (highest value), minimum (lowest
value) and average value. Paper V compares the mean PETCO2 values, prior to and after the
elevation of the lower extremities, in a small group of patients. This group was stratified by
the study protocol according to differences in treatment (e.g. mechanical or manual chest
compressions). Paper II describes the characteristics and outcome of all OHCA patients
treated by Gothenburg/Mölndal EMS during this two-year period. Paper III describes
characteristics and outcome in relation to dispatch time and dispatch codes among all treated
OHCAs (judged to have had a CA at call) in Gothenburg/Mölndal during a 17-month period
from January 2004. Only the analysis in Paper I deal with patients included by Södertälje
EMS.
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4.3 Inclusion and exclusion criteria
Only patients with a witnessed OHCA were enrolled in the present pilot trial. The exclusion
criteria were age < 18 years, trauma, pregnancy, hypothermia, intoxication, hanging and
drowning, as the judged aetiologies of OHCA, ROSC before the arrival of the second tier, and
other reasons, such as terminal illness.

4.4 Equipment
1. The LUCASTM (Lunds University Cardiac Assist System) is a device performing
mechanical ACD-CPR. It is gas or battery driven and performs 100 uninterrupted
compressions a minute.
2. The AmbumaticTM is a volume-controlled ventilator with a tidal volume that can be set
from 2 to 12 l/minute.
3. The Medtronic “LIFEPAK 12” (LP 12) is a defibrillator with different opportunities to
monitor and record vital signs and events during the treatment period. The LP 12 is
equipped with Microstream®/sidestream capnography measured with infrared
spectroscopy. The PETCO2 is continuously monitored and the configuration curve plus
two values of PETCO2 /minute are automatically recorded.

4.5 Intervention
4.5.1 Education
Before starting the study, 50 EMS personnel (paramedics and anaesthesia nurses) were trained
to perform mechanical ACD-CPR and re-trained in manual chest compressions. The
instructor was an anaesthesia nurse (project manager) educated as a LUCAS instructor by
Jolife AB. Each training session lasted three hours and ended with a practical and a theoretical
test. The practical test was a scenario at which the EMS personnel worked in pairs. On arrival,
the first EMS staff member immediately started manual chest compressions on a manikin,
while the second prepared the LUCASTM for attachment to the manikin. To pass the test, they
had to minimise the hands-off interval between manual and mechanical chest compressions to
< 20 s. During training, they were informed about the importance of minimising hands-off
situations and preparing for fatigue by rotating the rescuers during manual CPR. In the
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intervention group, the EMS staffs were told to attach the LUCAS to the patient as soon as
possible after arrival. Before every half-year period during which the device was used, the
EMS personnel took part in a two-hour retraining session. During the study period, the ALS
personnel were contacted regularly by the project manager and had the opportunity to call a
special phone number to report aspects such as ethical and safety questions to the project
manager.

4.5.2 Passive leg raising (PLR)
We decided to test elevation of the lower extremities above heart level. As PLR was
performed during CPR, the supine method (p. 13) was the only one that was feasible. The
angle was selected for practical reasons and to standardise the elevation. The angle of 20
degrees was measured on a tall (192 cm) and a short (157 cm) person lying flat on the floor.
We found that a 35 cm elevation of the heels from the floor corresponded to a rough
calculation of 20 degrees on a person of medium size (170-175 cm). Since the LP12 was
found to be 35 cm high, it was adjudged to be ideal as the criterion for standardising the
elevation

4.5.3 The study protocol and measurement of PETCO2
PETCO2 was measured during CPR, according to a pre-designed study protocol and after the
patient was tracheally intubated. The study protocol included two different flow charts, one
for treatment during PLR and one for the treatment of patients without PLR. Standardised
ventilation (7 l/min, 100% O2) was used and, if PETCO2 exceeded 6 kPa, the ALS personnel
were instructed by the protocol to increase the ventilation to 8 l/min (this was not necessary in
any case). PETCO2 was continuously measured during 15 min of CPR or until ROSC was
detected. One milligram of epinephrine was given every second minute up to five mg during
the measurement period. If ROSC was detected, or when performing PLR, the ALS personnel
had to note the exact time by pressing the “event button” on the LP 12. Using this button, the
event was saved in the memory of the LP 12, synchronised according to time and the
registration of PETCO2.
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4.6 Data collection
Data relating to the cardiac arrest cohort were obtained from the Södertälje and
Gothenburg/Mölndal EMS medical record and computer printout (PETCO2, ROSC and time of
elevation). Data were also collected from the dispatch centre and National Registry for Outof-Hospital Cardiac Arrest in Sweden. Further medical data relating to patients admitted alive
to hospital were obtained from hospital records. The primary study end-point was ROSC at
any time during the treatment and the secondary end-point was survival at hospital admission
in witnessed cardiac arrest. Additional major clinical study end-points, analysed for all
enrolled patients, were survival to hospital discharge and neurological recovery. Data were
collected according to the Utstein criteria and the Glasgow-Pittsburgh CPC (Cerebral
Performance Classification) [87, 88].

4.6.1 Unit
In previous reports, PETCO2 was specified in either mm Hg (millimetre mercury) or kPa (kilo
Pascal). This thesis deals with kPa; converted, 1 mmHg = 0.133 kPa [89].

4.7 Statistical methods
Descriptive statistics
The distribution of variables is given as means, medians and percentages.

Statistical analysis
Group comparisons were performed using Fisher‟s non-parametric permutation test (Papers I,
II and III) and the Mann-Whitney U test (Papers IV and V) for continuous/ordered variables
and Fisher‟s exact test (all papers) for dichotomous variables.
In Paper IV, Wilcoxon‟s signed rank test was used for paired comparisons.
All tests were two-tailed and p-values below 0.05 were considered statistically significant.
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5.0 Ethical approval and considerations
This pilot study conducted in Gothenburg/Mölndal and Södertälje was approved by the Ethics
Committee at Gothenburg and Stockholm Universities (S-696 02). Prior to the present study,
the Swedish Food and Drug Administration was contacted according to the conformité
européenne (CE) label on the study equipment. According to the patient data act in Sweden, a
register (777) of patient data was established during the study period at Sahlgrenska
University Hospital.

According to the Helsinki convention of informed consent, patients included in the present
intervention and discharged alive were contacted by a study information letter, approved by
the Ethics Committee at Gothenburg and Stockholm Universities, if they were still alive one
year after hospital discharge.

6.0 Result
6.1 The pilot study (Paper I)
About 536 patients who suffered from an OHCA and in whom CPR was started were
available for inclusion in the trial. Some 379 patients fulfilled the inclusion criteria and 51 of
them met various exclusion criteria (Table 1). The most frequent exclusion criterion was a
pulse-giving rhythm on the arrival of the ALS unit. As a result, 328 patients were evaluated in
Paper I (159 in the mechanical chest compression group and 169 in the control group).

24

Table 1. Number of patients who fulfilled the inclusion and exclusion criteria
____________________________________________________________
Inclusion criteria
Bystander witnessed
Crew witnessed

Exclusion criteria

n=379
288
91

n = 51*

Traumatic aetiology

8

Pregnancy

1

Hypothermia

1

Pulse-generating rhythm

10

Intoxication

3

Drowning

0

Hanging

0

Other

32

__________________________________________________________
* Patients could have more than one exclusion criterion

6.1.1 Characteristics, place of cardiac arrest and aetiology
The patients were relatively old (mean age 71 years in both groups) and more than one third
were women. The majority of cardiac arrests (about two thirds) took place in the patient‟s
home and had a cardiac aetiology. A cardiac aetiology was more frequent in the control
group.

6.1.2 Status on the arrival of the BLS and ALS team
A high percentage of patients received bystander CPR (Table 2) prior to the arrival of the
rescue team. Less than one third had ventricular fibrillation on the arrival of the BLS team.
The largest percentage had asystole. On the arrival of the BLS/ALS team, the results appeared
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to be fairly similar between the mechanical and manual chest compression groups, with the
exception of pulseless electrical activity (PEA), which was more frequent in the mechanical
chest compression group on the arrival of the ALS team (two minutes later).
Table 2. Rhythm and treatment prior to and on the arrival of the basic life support unit and
on the arrival of the advanced life support unit

Mechanical chest Manual chest p-value**
compression
compression
n=159

n=169

%

%

45

42

VF/VT

30

32

Asystole and “other”

34

35

PEA

18

12

Pulse-generating rhythm

18

21

18

13

VF/VT

24

30

Asystole and “other”

41

41

PEA

24

15

Pulse-generating rhythm

11

14

Bystander CPR

(0/1)*

Rhythm on arrival of BLS

(2/7)*

Treatment by BLS

(0/1)*

Defibrillation
Rhythm on arrival of ALS

*

0.17

(3/3)*
0.19

0.03

Number of patients with missing information

** p-values denoted if < 0.20

6.1.3 Delay
The median delay from cardiac arrest to the arrival of the ALS unit was 12 minutes, which
was a median of two minutes after the BLS unit (Table 3). Among the patients in the
mechanical chest compression group, the median delay between cardiac arrest until the start
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of mechanical chest compression was 18 minutes (i.e. a delay between the arrival of the ALS
and the start of mechanical chest compression of six minutes).
Table 3. Time intervals

Mechanical chest Manual
chest p-value**
compression
compression
Time from cardiac arrest to:
(median;min)
Call for ambulance

(n = 126/125) 31

21

Start of CPR

(n = 154/160) 3

3

First ECG recording (n = 142/147) 10

9

Arrival of BLS

(n = 125/123)

101

101

Arrival of ALS

(n = 125/126) 121

121

102

112

First defibrillation

(n = 58 / 65)

Start of mechanical chest (n=77/0)

0.051

18

compression
Return of spontaneous circulation

24

22

(n = 71/76)
1

Crew witnessed not included

2

When VF/VT was first rhythm, crew witnessed included

** p-value denoted if < 0.20

6.1.4 ROSC, survival and CPC
As shown in Table 4a, when all the patients (n=159/169) were included in the analyses, there
was no significant difference between the two groups with regard to ROSC or survival to
hospital admission, survival to hospital discharge or CPC score (Fig. 3).
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Among all the patients allocated to the mechanical chest compression group (n=159), the
device was actually used in only 105 cases (66%). The reasons for this are given in Table 5.
When patients in whom the device was used were compared with a matched control
population, in Table 4b, according to age, initial rhythm, bystander-/crew-witnessed status,
aetiology and delay to start of CPR, no difference was found between the two groups in any
of the parameters evaluated. Survival to hospital discharge was 2-4% in this analysis.
Table 4. ROSC and survival

Mechanical
compression
%

%

n=159

n=169

ROSC

51

51

Hospitalised alive

38

37

Discharged alive

8

10

4a, All patients

4b, Patients in whom the device
was used versus a matched
n=105
control

**

chest Manual
chest p-value**
compression

n=105

ROSC

50

49

Hospitalised alive

36

35

Discharged alive

2

4

p-value denoted if < 0.20
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%
90

83

80

NS

76

70
60
50
40
30
20
8

10

12

8

12
0

0

0
1

2
3
MCC

4

1

2
3
SCPR

4

CPC - score

Figure 3. CPC score at hospital discharge among survivors. In all, n = 29; MCC:
mechanical chest compression (ACD-CPR); SCPR: standard cardiopulmonary resuscitation

6.1.5 Safety
Only three technical problems were reported during this trial. Two technical problems were
solved using a longer air pressure hose between the device and the double tubes containing
compressed air and one was solved by replacing the gasket in the regulator with a lowtemperature-resistant gasket. One resuscitative artefact reported in both groups was rib
fractures. In the group receiving both manual and mechanical CPR, one case of suspected flail
chest and several cases of skin injury from the suction cup were reported. The ALS personnel
also noted that, during a long sequence of mechanical chest compressions, the device slid in
an abdominal direction, especially when the patient was lying on a stretcher during the
journey.
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6.1.6 Drop-outs
As shown in Table 5, there were a variety of reasons for not using the device in 34% (n=54)
of the cases. The two most common reasons were that:
a/ The dispatchers had not identified the CA at call (or the CA occurred after the call) and
consequently the device was not brought to the patient
b/ The patients had such a short delay from the arrival of the ALS unit until ROSC that there
was no time to adapt the device.
Table 5. Reasons for not using mechanical chest compression (n=54)
_______________________________________________________
Reasons

n

_______________________________________________________
Patients too small

1

Patients too large

2

Technical errors

3

Lack of experience, forgot device

7

Early ROSC

12

Cardiac arrest close to hospital

3

Cardiac arrest not identified at call
or occurred after call (e.g. crew witnessed)

26

Codes related to breathing problems

9

Chest pain, cardiovascular disease

6

Diabetes, back and abdominal complaints 4
Unconsciousness

4

Missing

3

_______________________________________________________
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6.2 Measuring the PETCO2 during CPR – a sub-analysis from the pilot study
(Papers IV and V)
Of 291 patients (Fig. 4) included in and not excluded from the Gothenburg/Mölndal sample,
PETCO2 was not measured in 149 CA patients. The main reasons for drop-out were patients
who were not tracheally intubated, early ROSC, severe field conditions and unfamiliarity with
measuring PETCO2. One hundred and forty-two patients were tracheally intubated and
included in the sub-analysis to measure the PETCO2 during CPR. In 16 cases, the measurement
was interrupted for various reasons, such as mucus/aspiration (seven), technical errors (two)
and unclear reasons (seven). As a result, 126 patients participated in this sub-analysis. Of
these, Paper IV (Table 6 and Fig. 6) deals with 64 patients in the mechanical chest
compression group versus 62 patients in the control group. Paper V deals with a/ 44 patients
compared during ongoing CPR prior to and after PLR (Fig. 7 and Fig. 8) and compared
according to patient characteristics (6.2.2) with those (n=82) without PLR and b/observations
of the alteration in PETCO2 during CPR in patients who experienced a ROSC (Fig. 9) and
those that did not (Fig. 10).

Included
(witnessed)
N=291

EtCO2
LUCAS CPR
n=64

PLR 35 cm
n=44
(21 standard CPR
and 23 Lucas CPR)

EtCO2
Standard CPR
n=62

Not PLR
N= 82

Paper
IV

Paper
V

EtCO2 measured in
n=142

EtCo2 Interrupted
16
Mucus/aspiration
Technical errors
Unclear reasons

Figure 4. Detailed flow chart of the recruitment of patients to the analysis of the PETCO2 in
Paper IV and Paper V.
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Paper
IV
0

Paper
V

This time interval is
illustrated in figure 7 and 8

10

20

30
Median
minutes

Arrival BLS
Cardiac arrest

Arrival ALS

Tracheal
intubation
(estimated)

Start measuring PETCO2

PLR during uninterrupted
chest compressions, five
minutes from the start of
measuring PETCO2 n=44

Figure 5. Calculated time flow (median minutes) from witnessed CA to the start of measuring
the PETCO2 values (Paper IV) and to PLR during uninterrupted chest compressions (Paper
V).

6.2.1 Mechanical versus manual chest compressions (Paper IV)
The vast majority of the 126 CAs (Table 6) were witnessed and treated with epinephrine (1mg
every second minute up to 5mg). About one third of the patients were found in VF/VT and a
very low percentage of patients were discharged alive. There was a long time interval from
CA to the start of CPR, ROSC and to start measuring the PETCO2 (Fig. 5) in both groups. We
found no differences between the two groups.
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Table 6. Baseline data and mean values of PETCO2 (per cent, median and mean + SD with
95% CI)

Chest compressions

Manual
n=62
70 + 13 (67-74) µ

Lucas
n=64
71 + 14 (68-75) µ

Gender %
Female
Witnessed %

29 (19.1-41.3)
87 (76.3-93.6)

34 (24-46.6)
86 (75.2-92.6)

Bystander CPR %

44 (31.9-55.9)

44 (32.3-55.9

Age, years, mean + SD

Treatment: epinephrine %

100 (93-100)

p-value**

100 (93-100)

VF/VT %

34 (23.3-46.3)

31 (21.2-43.4)

Outcome %
ROSC
Admitted alive
Discharged alive

52 (39.5-63.3)
32 (21.9-44.7)
3 (0.2-11.7)

44 (32.3-55.9)
31 (21.2-43.4)
3 (0.3-11.3)

Time from CA to: median, minutes
Start CPR
54/57*
ROSC
28/25*

6 (2-8)
25 (23-30)

7 (4-10)
30 (23-35)

19 (16-20)

20 (17-22)

2.69 ± 1.41

3.26 ± 1.68

0.04

Initial value

(2.33-3.05)
2.71 ± 1.81

(2.85-3.68)
3.38 ± 1.79

0.01

Maximum value

(2.25-3.17)
4.48 ± 2.39

(2.93-3.82)
4.88 ± 2.16

Minimum value

(3.87-5.08)
1.69 ± 1.32

(4.34-5.41)
2.24 ± 1.73

Start measuring PETCO2
Mean values of PETCO2 + SD
Average

µ = 1 missing

55/59*

(1.35-2.03)
(1.8-2.67)
* Number of patients ** p-value denoted if < 0.20

33

0.18

0.01

According to the average, initial and minimum values of PETCO2, the values among patients
receiving mechanical ACD-CPR were significantly higher. However, there was no significant
difference according to the maximum value of P ETCO2. Since the Lucas device was applied
before intubation, the initial value in the intervention group was recorded during mechanical
chest compression. Mean values of PETCO2, recorded at 30 s intervals for the LUCAS and
standard CPR arms, are shown in Figure 6.

PETCO2

Figure 6. Mean PETCO2 values recorded at 30-second intervals for LUCAS and standard
CPR arms. Note that the LUCAS device was applied prior to the first reading of PETCO2.

6.2.2 PLR during CPR (Paper V)
According to patient characteristics, we found no significant differences between patients
when they were divided up according to PLR (n=44) or not PLR (n=82). However, there was
a tendency towards a higher survival to hospital discharge (7% vs. 1%; p=0.12, NS), earlier
start of CPR (5 vs. 7 minutes, NS) and fewer VF/VT (25% vs. 37%, NS) among the patients
who had PLR.
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Of patients selected by the study protocol to PLR, 21 were treated with manual chest
compressions and 23 with mechanical chest compressions. Among all these patients (n=44),
significant differences in the mean PETCO2 values were found when comparing one, two and
three values prior to and after PLR (Fig. 7). A similar result was found if patients received
manual chest compressions (n=21) (Fig. 8). Among the patients receiving mechanical chest
compressions (n=23) (Figure 8), the difference was only significant when comparing the
mean of three values prior to and after PLR. However, the group who received mechanical
chest compressions had significantly higher PETCO2 immediately before PLR than the group
who received manual chest compressions.

PETCO2

N=44
0.44 + 0.9* p= 0.003, m= 4
0.45 + 0.87** p=0.002, m=8
0.43 + 0.63*** p=0.0001, m=16

Figure 7. Mean PETCO2 values in kilo Pascal (kPa) prior to and after the PLR, during
uninterrupted CPR, in 44 patients. Every spot represents a registered mean value. The range
between the spots represents 30 seconds and all the mean values are synchronised from the
time of elevation. The statistical evaluation for each patient refers to the mean difference in
kPa + SD between the last recorded value* and the mean of the two** and three*** last
recorded values prior to elevation, compared (pairwise) with the same recorded values after
elevation, m = missing. All the values were registered during uninterrupted CPR.
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PETCO2
0.32+0.74*** p= 0.04, m= 9

N=23

N=21

0.64+0.88* p=0.002, m= 1

0.76+0.96 ** p=0.008, m= 3

PLR

PLR

Figure 8. The population described in Figure 7 (n=44) divided according to whether they
received manual (n=21) or mechanical (n=23) chest compressions. The mean difference
(0.78 kPa, p=0.04) between mechanical and manual chest compressions was evaluated in the
last spot prior to elevation, m=missing.

6.2.3 Observations of mean PETCO2 in relation to ROSC
When analysing the last ten observed mean values (+SD) for patients who experienced ROSC
(Figure 9, n=60), we observed a marked increase in PETCO2 one minute before the detection
of a palpable pulse. Among patients with no ROSC (Figure 10, n=66), the mean value tended
to decrease with time. We observed a large spread in PETCO2 between the patients in both
groups.
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PETCO2
+ SD

The last recorded value before the detection of a palpable pulse

Figure 9. The last 10 observed mean PETCO2 (kPa +SD) values during CPR for 60 patients
who experienced ROSC. The values in the figure are synchronised from the last value (from
the end of the line) prior to the detection of a palpable pulse (10 values = 5 minutes).
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PETCO2
+ SD

Figure 10. Thirty mean values (15 minutes) of PETCO2 (kPa +SD) during CPR among 66
patients with no ROSC.
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6.3 Characteristics and outcome among patients suffering from out-ofhospital cardiac arrest with the emphasis on availability for intervention trials
(Paper II)

6.3.1 Utstein template, general results from Gothenburg/Mölndal (Figure 11)
The population in Gothenburg/Mölndal was 542,692 in 2005. During the study period of two
years (2003–2005) 508 resuscitations were attempted. Of these cases, 307 (61%) were of
cardiac aetiology (judged by the ALS crew) and 196 (39%) of non-cardiac aetiology.
Information was missing in five cases.

6.3.1.1 Non-cardiac aetiology (Fig 11, plate 4)
Among the 196 patients with a non-cardiac aetiology, 10 patients (5.1%) were discharged
alive and eight of these patients were still alive one year later. The CPC score for the 10
patients discharged alive was CPC 1 = five patients, CPC 2 = one patient and > CPC 3 = four
patients. The two patients who died during the first year were discharged with CPC 3.

6.3.1.2 Bystander-witnessed cardiac arrest (Fig 11, plate 3.1)
Of the bystander-witnessed cardiac arrests, VF/VT was the most common initial rhythm.
Bystander CPR was reported in 58%. Patients found in VF/VT had received bystander CPR
most frequently. The survival rate at discharge was 12.7% and one year later all the patients
were still alive. The CPC score at discharge was CPC 1 = 20 patients, CPC 2 = three patients
and > CPC 3 = one patient.

6.3.1.3 Crew-witnessed cardiac arrest (Fig 11, plate 3.2)
Of the crew-witnessed cardiac arrests, 45% were defibrillated. Overall survival to discharge
was 16.1%. All eight patients discharged alive had CPC 1 at discharge and, of those, seven
patients were still alive one year later.

6.3.1.4 Non-witnessed cardiac arrest (Fig 11, plate 3.3)
Among the non-witnessed cardiac arrests, asystole was the most common initial rhythm.
Bystander CPR had started in 36%. One patient (1.4%) was discharged alive with CPC 1 and
was still alive one year later.
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Utstein template

3. Cardiac
n =307 (61%)

3.1 Bystander-witnessed
n = 189 (62%)

VF / VT
88 (47%)
Bystander CPR
63 / 88 (72%)

Asystole
63 (33%)
Bystander CPR
25 / 63 (40%)

EMD
31 (16%)
Bystander CPR
14 / 31 (45%)

Other
7 (4%)
Bystander CPR
7 / 7 (100%)

1. Population served by
Gothenburg/Mölndal EMS
System
n = 542 692
2. Resuscitation attempted
n = 508 (missing=5)

Dischrged alive
n = 10

4. Non cardiac
n = 196 (39%)

3.2 Crew-witnessed
n = 49 (16%)

Defibrillation
n = 22 (45%)

No defibrillation
n = 27 (55%)

Alive at one year
n=8

3.3 Not witnessed
n = 69 (22%)

VF/VT
n = 12 (17%)
Bystander CPR
7/12 (64%)

Asystole
n = 40 (58%)
Bystander CPR
12/40 (32%)

EMD
n = 12 (17%)
Bystander CPR
5/12 (42%)

Other
n = 5 (7%)
Bystander CPR
0/5 (0%)

ROSC
n = 102 (54%)

ROSC
n = 24 (49%)

ROSC
n = 17 (25%)

Admitted alive
n = 74 (73%)

Admitted alive
n = 19 (79%)

Admitted alive
n = 12 (71%)

Discharged alive
n = 24 (32%)

Discharged alive
n =8 (42%)

Discharged alive
n=1

Alive at one year
n = 24

Alive at one year
n=7

Alive at one year
n=1

Figure 11. Utstein template of all treated CAs in Gothenburg/Mölndal during May 03-05

6.3.2 Characteristics and outcome in relation to criteria for inclusion in an
interventional trial (Paper II)
Of all 508 patients treated in Gothenburg/Mölndal, 298 (59%) fulfilled the inclusion criteria
and had no exclusion criteria; 49 patients (10%) fulfilled the inclusion criteria but had
exclusion criteria and 161 patients (31%) did not fulfil the inclusion criteria (unwitnessed).
According to Table 7a, b, the patients who were included were older and more frequently
suffered a bystander-witnessed CA. They also had the highest percentage of CA of cardiac
aetiology. Excluded patients more frequently had a previous history of “other disease”, were
more often crew witnessed and had the earliest start of CPR and time to ROSC. According to
rhythm on the arrival of the ALS unit (start of intervention), excluded patients had the highest
percentage of pulse-generating rhythm and the lowest percentage of VF, while patients not
fulfilling the inclusion criteria had the highest percentage of asystole. Survival to hospital
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discharge tended to be highest among excluded patients, while the group of patients not
fulfilling the criteria had the lowest percentage of patients discharged alive.
Table 7 a, b Characteristics and outcome among all treated OHCAs in Gothenburg/Mölndal
with regard to availability for interventional trials. The statistical evaluation in Table 7a, b
refers to a comparison of patients included versus patients excluded and not fulfilling the
inclusion criteria respectively.

7a

Included
(n=298)

Excluded
(n=49)

Age (years), mean
Previous history %
Other disease
(m=161)
Cardiac aetiology %
(m=34)
Bystander witnessed %
Bystander CPR %
(m=19)
Crew witnessed %
Rhythm on arrival of ALS % (m=41)
Pulse-generating rhythm
VF
Asystole
Survival to discharge
(m)= missing

71

61 ##

Not
fulfilling
inclusion criteria
(n=161)
60 ###

38
73
79
55
21

65#
40###
55##
48
45##

55#
44###
0
35##
0

13
27
39
9.7

50###
3#
34
20.4

0
12##
71###
2.5#

7b

Included

Excluded

Not fulfilling

3
23

0
9##

13###
32 ###

Time from CA to (median, min)
Start CPR
ROSC

(n=368)
(n=165)

(n) = number of patients
#

p <0.01, ## p<0.001, ###p=0.0001

6.4 Dispatch codes in OHCA (Paper III)
This study includes only CA cases judged to have had a CA at the time when the RCC was
approached. During the17 study months, starting in January 2004, 349 patients with OHCA
were treated by the Gothenburg/Mölndal EMS (Figure 13). Excluded were 55 CAs (16%) that
were crew witnessed and 33 CAs (9%) that occurred after calling for but before the arrival of
the rescue team (survival to hospital discharge was 13.6% in this excluded group).
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Information on possible exclusion was missing in 11 patients. This study deals with the
remaining 250 cases. Of these 250 cases, the EMDs coded 50 (20%) as a diagnosis (CA). Of
the remaining 200 cases, the EMDs coded the majority according to symptoms such as
unconsciousness or unclear unconsciousness. In Paper III, the 50 patients who were coded as
CA are compared with the 200 who were not.

Included
n=349

Coded as “unconsciousness”
or “unclear unconsciousness”
n=150

Cardiac arrest
at call to the RCC
n=250

Coded as “cardiac arrest”
or “CPR in progress”
n=50

Excluded
n=99

”Other codes”
(intoxication, suicide, trauma
diabetes, severe illness)
n=50

CA after call n=88
and missing n=11
(chest pain, breathing
problems)

Figure 13. Detailed flow chart for the recruitment of patients to the analysis in dispatch
codes (Paper III).

6.4.1 Bystander CPR, rhythm, outcome and delay
Bystander CPR was more than twice as common among patients who were coded according
to diagnosis by the EMDs (86% vs. 42%, OR 8.5 CI (3.6-19.8) p<0.0001). These patients had
a pulse-giving rhythm more frequently at the arrival of the first unit (6% vs. 1%, OR 12.3 CI
(1.3-121.1) p=0.03). The percentage of patients surviving to hospital discharge was more than
twice as high in this group (14% vs. 6.5%, OR 2.3 CI (0.9-6.2) NS). Time delay from creating
time (= time at which the EMD identifies the need for an ambulance and creates the
ambulance protocol) to alerting time (= time at which the EMD sends an alert to the
ambulance unit) was a median of two minutes for the BLS unit and 2.5 minutes for the ALS
unit. The time from creating time to alerting and the arrival of the two units did not differ
between CA coded according to symptoms and diagnosis. However, the delay to alerting the
first unit tended to be longer when the dispatcher coded the case according to diagnosis of
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CA. The median time from CA to bystander CPR was eight minutes shorter (two minutes vs.
10 minutes, p<0.0001) among patients who were coded according to diagnosis by the EMDs.

6.5 Summary of main results
According to the Utstein template, the overall survival to hospital discharge in
Gothenburg/Mölndal was 8.5% during the study period. Among patients that fulfilled the
inclusion criteria for the trial and had no exclusion criteria, 9.7% survived to hospital
discharge. The highest survival (20.4% NS) tended to be among patients fulfilling the
inclusion criteria but who were excluded for various reasons. Of these, ten patients of 49 were
excluded because of ROSC before the arrival of the ALS.

The primary end-point in this pilot study was pre-hospital ROSC and no difference was found
between the groups receiving manual versus mechanical chest compressions.
The group receiving mechanical chest compressions always received manual compressions
during the preparation of the mechanical device. The time to starting mechanical chest
compressions was a median of 18 minutes from CA.

Only two thirds of the patients in the mechanical group (with intention-to-treat analysis) were
actually treated with mechanical chest compressions. The two main reasons for not treating
were early ROSC during the preparation of the mechanical device or that the device was not
brought to the patient because of dispatch codes (CA not identified at call or occurred after
call).

If a CA at the dispatcher centre was coded according to a diagnosis (cardiac arrest), the
patients had an earlier start of CPR, received bystander CPR more frequently and tended to
have higher survival rates compared with those CAs coded according to a symptom
(unconsciousness).
Measurements of PETCO2 during CPR showed higher mean values among patients receiving
mechanical chest compressions compared with those who received manual compressions.
Elevation of the lower extremities during CPR showed higher mean values of PETCO2 directly
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after elevation among 44 patients. These two observations were made subsequent to
intubation and started > 20 minutes from CA in a late stage of resuscitation (Fig. 5).

7.0 Discussion
7.1 Method
7.1.1 Patient selection and limitations
The papers (I to V) are based on a pilot study with a limited sample size. The results can
therefore only be considered as hypothesis generating. Papers II and III were designed during
the study analysis and according to the findings made in the analysis of drop-outs. The study
was conducted by the staff in the second tier (the ALS unit). The ALS units were chosen for
two main reasons; they met all patients with a CA and were a small manageable group to train
and rehearse in the implementation of the study protocol. During the study period, two
devices performing mechanical chest compressions were exchanged between four ALS units
for periods of six months. This exchange was made to create an intervention group and a
control group according to a cluster method. The use of this method resulted in witnessed
CAs being included in the intervention group when the device was included in the ambulance
equipment and was therefore possible to use. The validity of the present study would have
increased, and the large number of drop-outs would have decreased, if we had randomised by
envelope in all cases in which the device was brought to the patient (considering inclusion and
exclusion criteria).
The main reasons for the choice of the cluster selection were as follows.
1. The present study aimed to study when, if and how the device was used in clinical practice
(envelope randomisation will always be an artificial situation).
2. Randomising a non-blinded treatment at the scene and by envelope could delay the
intervention and increase the risk of a selected sample (selection bias among “promising
cases” according to the treatment advocated by the crew) [90].
3. Extra equipment could adversely affect the treatment in the control group, since it had to
be carried back to the ambulance while the personnel were performing manual chest
compressions.
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In Paper III, the study population was divided according to whether or not the call was coded
according to the diagnosis of CA. This resulted in a small number of individuals in the group
coded according to the diagnosis of CA. This distribution reduces the statistical power and
larger studies are needed to confirm the tendencies found in this study.

In the sub-analysis in Paper V, the PETCO2 was studied among 44 (of 126) tracheally
intubated patients when performing PLR. According to dissimilarities in treatment, manual or
mechanical compressions, we stratified the population at the scene and by the study protocol
to PLR. The 44 patients were distributed in an acceptable way between manual and
mechanical chest compressions. Unfortunately, the protocol was not numbered and, as a
result, we are not able to present a proper analysis of drop-outs. However, according to
personal communication with the ALS personnel, the main reasons for dropping out were
either ROSC (about eight patients) before PLR or poor compliance with the protocol by the
ALS crew (in eight to 10 cases).

7.1.2 Patient number and distribution
The limitation of the present pilot study was set by time and not by sample size. The study
period was set at two years in Gothenburg/Mölndal. As a result of participating in another
study, Södertälje EMS only took part for one year. Further, Södertälje EMS only included
patients during the daytime between 7 am and 7 pm. During the study period,
Gothenburg/Mölndal was divided according to three EMS districts. Each district was covered
by one ALS unit and, when occupied, the closest ALS unit was alerted. We believe that the
devices were divided evenly between the patients in the various districts during the two years
in Gothenburg and one year in Södertälje.

7.2 Results
7.2.1 Epidemiology during the study period from Gothenburg/Mölndal
In a consecutive sample of patients suffering an OHCA in the Municipality of
Gothenburg/Mölndal during the study period (May 2003 to May 2005), we found that as
compared with previous experiences from the same district, the number of resuscitation
attempts per 100,000 inhabitants and year had decreased from 61 to 47 [91], the survival rate
was similar [7], except for 1991 and 1992 [92], but there was a higher level of estimated
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cerebral function [7]. This was found despite an increase in ambulance response time [7], a
lower occurrence of ventricular fibrillation [91] and a lower percentage of patients with a CA
of cardiac aetiology (from more than 90% in the early 1980s to 60% today) [91]. Contributory
factors to the unchanged survival, despite increasing ambulance response time and decrease in
VF, could have been an increased percentage of patients receiving bystander CPR [91] and a
higher percentage of patients suffering a crew-witnessed cardiac arrest [7].

7.2.1 Patient characteristics and ambulance delay
In the present study (Paper I) and according to patient characteristics, no differences were
found between the intervention group and the control group. However, a cardiac aetiology
was more frequent in the control group. According to delay and rhythm on arrival there was a
higher percentage of PEA on the arrival of the second tier (the ALS unit) and a tendency
towards a prolonged delay (one minute) from CA to calling for an ambulance in the
intervention group. These findings might affect the results in the intervention group in a
negative way. The ambulance delay, from CA to arrival, did not differ between the
intervention and the control group. However, the ambulance delay, for the first and the second
tier respectively, appeared to increase markedly from five and eight minutes in a previous
report [7] to 10 and 12 minutes in the present one. One possible explanation for this huge
increase in delay is that the previous report is based on delays estimated by the ambulance
crew without knowing the time from call to alert at the RCC. However, in Paper III, it was
shown that the delay from creating time to alerting time (at the RCC) was a median of two
minutes for the BLS unit and 2.5 minutes for the ALS unit. Even when compensating by
adding two and 2.5 minutes respectively to the previous delay, the present increase in
ambulance delay was still more than two minutes during the study period. These findings are
worrying and agree with national figures [8], so the availability of ambulances has to be
evaluated and adapted to current needs.

7.2.2 Outcome
Our hypothesis that mechanical chest compression improves outcome was not confirmed.
However, there are no clinical trials supporting the hypothesis that the widespread use of
mechanical chest compression will increase overall survival in OHCA [78, 79]. When making
a power analysis post hoc we found that, with the actual sample size, the effect in the
intervention group had to exceed 30% (ROSC rate from 50% to 65%) to establish that
mechanical chest compressions could increase the ROSC rate (80% power, p=0.05).
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According to the drop-out analysis in Paper I, we found that only 105 of 159 patients in the
intervention group were actually reached by the intervention and that the intervention started
late (in relation to the collapse) among the 105 patients reached by the intervention. The large
number of drop-outs, in combination with the late start of the intervention, probably makes an
overall effect of 30 % impossible to achieve in the intervention group.

7.2.3 Sample size according to primary end-point
The primary end-point in the present pilot study was pre-hospital ROSC. However, ROSC or
survival to hospital admission is not a good result if it is not followed by corresponding
figures for survival to hospital discharge [93]. The choice of primary end-point has a great
impact on the number of patients that need to be included in a study when the aim is to show a
beneficial effect of an intervention. In the table below, figures from the present pilot study are
used to show the differences in the number of included patients when ROSC, survival to
hospital admission or survival to hospital discharge respectively are used as a primary endpoint. We calculate the required sample size if we expect a positive effect of 30% from the
intervention with a power level of 80% (type I error of 5%) [94].
Table 8. Analysis of sample size according to the selection of primary end-point
Figures based on

30% calculated effect

Specified

power

Number

of

the

of the intervention

level with a type I

patients

needed

error of 5% (p=0.05)

to be included

present

pilot

study
ROSC

50%

65%

80%

180 x 2

Survival to hospital

35%

45.5%

80%

270 x 2

9.7%

12.6%

80%

1950 x 2

admission
Survival to hospital
discharge

As seen, the exponential increase in sample size implies that sizing the studied sample
according to ROSC will most probably fail to show a positive effect on survival to hospital
discharge.
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Calculating with a higher anticipated effect of the intervention reduces the sample size.
However, unreasonable faith in the efficacy of the intervention, especially if it is a late
intervention, once again risks producing a result that is unable to say anything about survival
to hospital discharge [95]. Sample sizes that are too small (based on ROSC as the primary
end-point) or unreasonable faith in the efficacy of the intervention are probably reasons why
most of the OHCA studies fail to show a beneficial effect on survival [95,96].

7.2.4 Sample size according to time from CA to start of intervention
In Paper II we reported that we found the shortest time from collapse to ROSC and a tendency
towards the highest survival rates among the excluded patients. The time from collapse to
ROSC appears to have a great impact on survival to hospital discharge [97]. Further, we
found in the present study that the time from collapse to the start of the intervention appeared
to have a great impact on the survival rate, which we want to influence with the intervention,
and consequently the sample size. The present study started the inclusion of patients at a
median of 12 minutes after collapse (arrival of the ALS unit). Survival to hospital discharge
was 9.7% in the included population and, if the intervention had started immediately, we
would have needed to include 1,950 x 2 patients to ensure an effect of at least 30% on
survival to hospital discharge. However, the clinical reality meant that the device was actually
started six minutes later, a median of 18 minutes from collapse. At that time, survival to
discharge was about 4% (Table 4b) and consequently the present intervention would have
needed to include more than 9,000 patients to show the same effect.

7.2.5 Why did the intervention start so late?
According to the previously mentioned median delay from call to the arrival of the EMS, the
use of the second tier (the ALS unit), instead of the first (the BLS unit), to bring the device to
the patients probably delayed the intervention by a median of two minutes. In the design, we
estimated that, from the arrival of the ALS unit, less than three minutes would be enough for
mechanical compressions to take over from manual compressions, but in reality six minutes
were needed. According to personal communication with the ALS personnel, the reasons for
the prolonged median delay to the start of mechanical compressions were related in several
cases to an unexpected CA and the device was therefore brought to the patient afterwards.
In the present study the intervention started late among two thirds and was not used among
one third of the patients in the intervention group. The analysis of drop-outs revealed early
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ROSC, unfamiliarity with the extra equipment and unspecific dispatch codes as the main
reasons for not using the device. The present pilot study clearly shows the problems
associated with extra equipment that is only needed in a few cases and is too large (10+8
kilos) to be included in the standard equipment (24 kilos). In theory, this intervention could be
started more than five minutes earlier if the device was brought directly and by the BLS unit
to all patients with a suspected CA.

7.2.6 Dispatch codes in CA during the study period
It has previously been stated that survival will decrease if we do not recognise a CA during
the emergency call [15]. The findings we made in the drop-out analysis from Paper I made us
curious to analyse dispatch codes among the patients with a presumed CA at call. This
analysis (Paper III) revealed that only a small percentage of all treated CAs were coded by the
EMDs according to the diagnosis of CA. The majority of the CAs were coded according to
symptoms (most often unconsciousness or unclear unconsciousness with the appropriate
additions). The decision to start coding according to symptoms was made when the national
medical index was introduced at the RCC in 1998. During the study period, a second edition
of the index, introduced in 2001, was used. During the study period, a small group (50
patients) was still coded according to the diagnosis of CA and this could probably be due to
old habits from some EMDs. In Paper III, we wanted to analyse how, and if, the recognition
leading to a diagnosis code (CA) differs from the recognition that ends in a symptom in terms
of early treatment and outcome. We found that a CA coded according to the diagnosis of CA
was associated with an earlier start of CPR, a higher percentage of bystander CPR and a
tendency towards a higher survival rate than if it was coded according to a symptom.
Dispatching according to the diagnosis of CA therefore appeared to be beneficial to the
patient. These results could reflect more optimal communication between the dispatcher and
the caller, as well as the rescue team.

7.2.7 Dispatch codes in CA in 2009
In the above discussion, one of the reasons for the late start of the intervention was an
unexpected CA and, as a result, the device was brought to the patient afterwards. It is possible
to argue that an unconscious patient often has a serious disease and most often needs an
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ambulance. However, the majority of patients who are unconscious do not have a CA. Using
the resources incorrectly (e.g. alerting fire-fighters or the police force to perform early
defibrillation and CPR) for all cases of unconsciousness could have ethical, financial and
organisational implications [15].

According to Paper III, we found that the majority of all treated CA cases during the study
period were found among cases in which the dispatch codes were the symptoms of breathing
problems, chest pain and unconsciousness with the appropriate additions. To further extend
this discussion, we made a new analysis of all treated CAs in Gothenburg/Mölndal in 2009
according to the above-mentioned symptoms index. In 2009, according to the ambulance
journal system (Ambulink), a total of 247 CAs were treated. Of these, 196 (79%) were found
among the symptoms of breathing problems (28), chest pain (17) and unconsciousness (151)
with the appropriate additions. The 196 patients are analysed in the table below. We also
report the distribution of CAs among the fixed additions (index 2) to the most common
dispatch code: unconsciousness.
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Table 9. Dispatch codes among 79% (196/247) of all treated CAs in 2009
RCC data

Estimated
RCC data

Cases*

Number
patients**

Breathing problems

2 609

1305

28

Chest pain/cardiac disease

5 351

3290

17

Unconsciousness – adult

2 775

1389

151

Total

10735

5984

196

164

82

40

Does not respond when
spoken to or shaken –
1 724
breathing

864

24

Does not respond when
spoken to or shaken – not
475
breathing

238

34

Does not respond when
spoken to or shaken – agonal
251
breathing

126

13

Dispatch codes (index 1)

Unconsciousness
***

-–

from
AMBULINK data
of Treated
patients
with a CA (196/247)

adult

(index 2)ex2
CPR in progress

Telephone CPR in progress

157

79

40

Total

2 771

1389#

151

*

= Number of cases depends on number of units alerted (e.g. two tiers to one patient are

two cases)
** = Number of patients estimated according to two-tier alerts. In 2009, the two-tier alerts
were most common among the dispatch codes of unconsciousness and breathing problems
***= Appropriate additions to unconsciousness (e.g. unconsciousness – CPR in progress)
#

= The figure 1,389 probably also contains the lion‟s share of patients judged to be dead at

arrival (DAA)
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To summarise, in 2009, the EMDs identified 151 of 247 CAs (61%) as unconscious with
appropriate additions. However, the 151 identified CAs were identified as unconscious and
were hidden among 1,389 patients also categorised as unconscious.

According to figures from the present pilot study, it can be presumed that mechanical chest
compressions could probably be started five to six minutes earlier if the device was brought
directly by the BLS unit to all patients with a CA. In practice, this means that, in 2009, the
BLS unit had to include the device for 1,389 patients categorised as unconscious to reach 61%
(n=151) of all treated CAs. If, as an alternative and according to Appendix 2, we instruct the
BLS personnel to include the device for all cases categorised as unconscious, except for those
with the appropriate addition “with normal breathing”, the device should be included for 525
(1,389 -864) patients to reach 51% (151 -24=127) of the CAs. In this perspective, dispatching
according to symptoms appears to be a blunt instrument.

In the literature, we found corresponding figures from three cities where dispatching
according to the diagnosis of CA was used. In Amsterdam, during a period of eight months,
the dispatch centre identified 203 of 285 CAs (71% sensitivity) [15]. In a further 64 cases, a
CA was suspected but not present at ambulance arrival (64/203+64 = false CA in 24%).
During the course of one year, the dispatcher centre in Helsinki identified 573 of 679 CAs
(83% sensitivity) [98]. In a further 97 cases, a CA was suspected but not present at ambulance
arrival (false CA in 15%). During a period of three months, the dispatch centre in Melbourne
identified 566/738 CAs (76.6% sensitivity) [99]. In a further 403 cases, a CA was suspected
but not present at ambulance arrival (false CA in 42%).

7.2.8 Mechanical chest compressions in OHCA – is it possible to show improved
overall survival?
The present pilot study clearly shows that there is room for optimising the use of the device.
However, even if we succeed in optimising the use, ambulance delay and clinical
circumstances will probably mean that we do not reach more than 60-70% of the treated CAs,
within 12 to 13 minutes from CA. According to our calculations, more than 3,000 patients
fulfilling these criteria have to be included to power a study with survival to hospital
52

discharge as the primary end-point. These large studies call for co-operation between several
centres and are probably difficult to implement for financial and quality reasons.

7.2.9 CAs occurring after ambulance dispatch
We have previously discussed the “late start of the device” according to dispatch codes and
lack of identification of the CA at call. Ambulance delay is another reason. As previously
mentioned (7.2.1), the ambulance delay among CAs has gradually increased by two to three
minutes in Gothenburg since the 1990s (Paper II). The only way to eliminate the ambulance
delay is to be close to or at the patient‟s side when the CA occurs and this is only possible
among crew-witnessed cases. According to the Swedish national OHCA registry [8], crewwitnessed cases constitute about 15% of all OHCAs. The crew-witnessed cases in Sweden
have increased from 9% to 15% during the last 14 years and have been reported to be strongly
associated with the increase in survival (to one month) in Sweden [100]. During the study
period in Gothenburg, we found, among patients with CA of non-traumatic origin, 16% crewwitnessed cases (Paper II) and a further 9% that occurred after calling for but before the
arrival of the rescue team (Paper III). In Gothenburg, we estimate that these two groups
comprise 35-40 patients each year. Among crew-witnessed cases, 49% experienced ROSC,
39% were admitted alive to hospital and 16% were discharged alive from hospital (Paper II).

7.2.10 Resuscitation during transport
In the present analysis, mechanical chest compressions were studied as a replacement for the
ambulance crew in an existing concept. In Paper IV, we concluded that mechanical chest
compressions, made by the Lucas device, appeared to perform more effective CPR than chest
compressions performed by the ambulance crew (discussed later) also during transport. What
happens if we change the old concept according to the new opportunity to perform
resuscitation during transport? The following two cases (case reports in progress) were
reported from the physician ambulance in Gothenburg in 2010.

1) One male patient, born in 1964, had a witnessed CA in public. High-quality CPR was
started immediately by a bystander. When the ambulance arrived, the patient had asystole,
immediate resuscitation failed, but the man was transported to hospital with mechanical
chest compressions. One hour and five minutes after collapsing, the man experienced
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ROSC in the hospital after repeated doses of epinephrine. He was discharged alive within
14 days, without any neurological deficit.
2) In February, a female born in 1960 had a crew-witnessed CA at work and the initial
rhythm was VF that could not be defibrillated. The patient arrived at hospital 45 minutes
later with ongoing mechanical chest compressions and PCI was performed during
resuscitation. In all, CPR was performed for about two hours. Two months later, her only
problem (according to her relatives) was a decrease in short-time memory.

According to the two ambulance physicians, neither of these two patients could have been
resuscitated without mechanical compressions. Similar cases have been reported, both from
the pre-hospital field and from the cath lab [101-105].

7.2.11 Causal thinking
These two cases in Gothenburg illustrate a new way of thinking. Unsuccessful OHCA
treatment usually starts and ceases outside hospital. Transport during resuscitation has only
been possible if the patient experiences ROSC. The reasons for this have been the difficulty in
performing effective, safe CPR during transport on a stretcher and in a moving ambulance [6].
In these cases, mechanical compressions presents a new option to establish a bridge to
hospital [106], according to a new causal way of thinking [107]. Causal thinking is based on
cause and effect. When immediate resuscitation fails, we must learn to consider the new
option of performing chest compressions during transport. An occluded coronary artery needs
to be opened, even if the patient develops refractory VF in the ambulance [108]. A causal way
of thinking requires good co-operation between the ambulance and the receiving hospital,
quick decisions, new directions and plenty of information, both outside and inside hospital
[109]. Old prejudices have to be changed. Recently noted and documented cases (published
[103,104] and unpublished) show the need to identify OHCA patients who benefit from
prolonged resuscitation with a need for mechanical chest compressions as a bridge to hospital.
This group is probably to be found among non-ROSC patients receiving high-quality CPR
within two minutes of collapsing. As mentioned previously, each year in Gothenburg, about
35-40 patients with OHCAs receive high-quality chest compressions within two minutes
(crew witnessed + CA just before ambulance arrival), only 39% are admitted alive to hospital.
For more than 20 years, the survival rates (overall to one year) outside hospital in
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Gothenburg/Mölndal have remained stable, with few exceptions [92], at around 20 persons a
year [7, 11]. Extending this exclusive group by five to ten more patients (from a group with
no previous survival) would increase the survival rates in Gothenburg/Mölndal by more than
30%.

7.2.12 Injuries during mechanical compression
During the study period the ALS personnel noted that, during a long sequence of mechanical
chest compressions, the device slid in an abdominal direction. Injuries confirming this
observation were also found during autopsy by Englund et al. [110]. Our observation resulted
in a stabilisation strap that is currently included when the device is delivered. This
stabilisation strap was probably not used during the fatal complication, with a sliding device,
reported from Amsterdam [111].

Internal injuries after mechanical compressions were investigated by Smekal et al. [112].
They investigated 85 patients, 47 of whom received manual CPR and 38 mechanical CPR.
They concluded that mechanical compressions, made by the LUCASTM device, were
associated with the same variety and incidence of injuries as manual compressions. The study
made by Smekal et al. was commented on by Xanthos et al. [113] according to the
combination of manual and mechanical chest compressions in the “mechanical group”. Their
position was that the combination may overestimate injuries made by mechanical
compressions and hence limit the interpretation of the result [113]. We found that, according
to field conditions, mechanical compressions always include a short period of manual
compressions in the start-up period and so, to reflect reality, this concept probably has to be
studied and compared with the purely manual concept. Larger studies of injuries during CPR
are warranted, including interacting variables like age, gender and compression time.

7.2.13 The PETCO2 as a predictor of the effect of chest compressions
In the present pilot study, we used the PETCO2 as a predictor of the efficacy of external chest
compressions during CA. For many years, the PETCO2 has been thought to have a near linear
correlation to pulmonary blood flow reflecting cardiac output during CPR [114-116]. In the
present pilot study, we compared the effect between the groups by standardising the
ventilation. Mechanical ACD-CPR resulted in the highest mean values according to the
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initial, minimum and average value of PETCO2, which suggests that mechanical ACD-CPR
performs compressions with higher cardiac output than manual chest compressions performed
by the ambulance crew. Our figures are in accordance with two earlier human studies which
were both conducted in the late stage of resuscitation, one resulting in increased PETCO2 [117]
and the other [118] in higher mean arterial pressure for the benefit of patients treated with
mechanical compressions. However, the present method has [119] been considered by one
author to be a non-valid surrogate variable since the differences in the PETCO2 were not
related to the survival rates. The study that is requested is probably difficult to perform as the
method of analysing the effect on the PETCO2 forced us to start subsequent to intubation (a
median of 19-20 minutes from collapse when survival rates were extremely low, less than
three per cent).

The weakness when measuring the PETCO2 is that we do not know anything about how much
the increase in the PETCO2 reflects the amount of cardiac output or how the time from collapse
to the start of measurements reflects the cellular metabolism producing CO2. However, direct
measurements of blood flow during OHCA require time-consuming invasive procedures,
which are impossible to perform outside hospital.

Further, we found that the PETCO2 was helpful in predicting ROSC [61]. Figure 9 visualises
the PETCO2 graph before the detection of a palpable pulse. This knowledge indicates a way of
improving CPR quality by minimising the pulse checks (hands-off situations). If the graph is
still stable since the last pulse check, continue CPR. This method could be important when it
comes to improving circulation when prolonged CPR is indicated.
It has been claimed by several authors that PETCO2 could also be a tool for predicting nonsurvival during resuscitation [55, 59, 63]. The present result, which is shown in Figures 9 and
10, shows a large spread between the patients in both the ROSC and the non-ROSC group.
Further, several error sources (mucus/aspiration, technical errors and unclear reasons) in
measurements of PETCO2 were reported during the present pilot study. Consequently, we do
not support the claim that measurements of PETCO2 could still be a predictor to cease
resuscitation in the pre-hospital field.
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7.2.14 Passive leg raising during CPR
To our knowledge, the effect of PLR during CPR in humans has not previously been studied.
The Trendelenburg position (head-down tilt) has most frequently shown negative [42] or
minor haemodynamic improvements [120]. However, Zadini et al. [46] suggest that the
Trendelenburg position improves blood flow during CPR. When investigating the benefit of
PLR during chest compressions the flow in our design was planned according to the
haemodynamic explanation given by Steen et al. [24] in the circulatory phase [23]. Steen et al.
[24] performed CPR for 3.5 minutes to restore the fibrillating heart before defibrillation in the
circulatory phase and we could perhaps have performed the elevation after three minutes
instead of five. However, we wanted to see if the elevation could potentially produce a bolus
effect, a possible increase in CPP before defibrillation, and how long it would persist. Fichet
et al. [51] accredit PLR with the transfer of approximately 200-300 ml blood from the limbs
to the central venous compartment. The authors also presume that this transient increase in
preload results in an increase in cardiac output. Jabot et al. [50] found the largest increase in
cardiac preload when using the PLRsemirec method (p. 13). However, the method for
performing PLR during CPR only allows us to elevate the lower extremities from a horizontal
position. The decision to standardise the elevation to 20 degrees was made according to the
height of the standard equipment brought by the ambulance crew to all patients in priority-one
cases.

The intervention with PLR started more than 20 minutes after collapse (Figure 5). According
to patient characteristics described in the results, there were no significant differences
between the patients who had PLR (n=44) versus those who did not (n=82), but, as mentioned
previously in the limitations (7.1.1), the distribution between the groups was skewed and the
results must therefore be interpreted with caution. However, we found some interesting
tendencies. In spite of higher survival rates, the percentage of patients found in VF/VT was
lower among the 44 patients with PLR. Does this indicate a beneficial effect from treatment
even among patients found in PEA and asystole? The mechanism behind a possible effect of
PLR during CA can only be speculated on. However, if PLR increases the venous return
during CPR, it possibly also increases the cardiac preload. This effect might contribute to an
increase in coronary blood flow that is predictive of ROSC [27]. When speculating on the
negative effects, PLR during CPR might result in increased blood pressure in the right side of
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the heart, resulting in a decrease in CPP or causing an additional injury by increasing
circulating metabolic factors recruited from the large vessels in the legs [23].

8.0 Conclusion, future aspects and implications
8.1 Conclusion
In a consecutive sample of patients suffering from an OHCA in the Municipality of
Gothenburg/Mölndal during the study period (May 2003 to May 2005), we found a similar
survival rate but a higher level of estimated cerebral function compared with previous
experience from the same district. This was found despite longer delays, a lower occurrence
of ventricular fibrillation and a lower percentage of patients with OHCA of cardiac aetiology.
Contributory factors could have been an increased percentage of patients receiving bystander
CPR and a higher percentage of patients suffering a crew-witnessed cardiac arrest.

In the present study of patients with OHCA, our hypothesis that mechanical chest
compression improves outcome was not confirmed. Contributory factors were the large
number of drop-outs in combination with the fact that the intervention started late in relation
to collapse. The late start of the intervention resulted in a high percentage of survivors
escaping (being excluded from) the intervention because of an early ROSC. Intervention trials
with either a device or medication therefore target a very high-risk population with a low
chance of survival. The main reason for the large number of drop-outs was the combination
of: 1) the size of the equipment and 2) CA not identified or coded as such by the RCC.

The effect of chest compressions was measured during standardised ventilation according to
PETCO2. Mechanical ACD-CPR resulted in the highest mean of initial, minimum and average
PETCO2 values, which suggests that mechanical ACD-CPR performs compressions with
higher cardiac output than manual chest compressions. Moreover, passive leg raising during
uninterrupted chest compressions appears to have a positive impact on the effect of chest
compressions as estimated from the PETCO2. Whether this increase in PETCO2 is associated
with an increase in survival has to be proved in larger randomised studies.
During the study period, the lion‟s share of the CAs were coded according to symptoms
(usually unconsciousness) and a small number according to the diagnosis of CA. We found
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that patients with OHCA who were not coded according to the diagnosis of CA had a longer
delay to the start of CPR, a lower rate of bystander CPR and they finally tended to have lower
survival rates.

8.2 Future aspects and implications


In order to ensure a “good result” in an interventional OHCA study, the study
probably has to be powered for survival to hospital discharge, at the very least.
Simultaneously with the simulation test in the study protocol [121], time from collapse
to the start of the intervention has to be estimated. Time from collapse to the start of
the intervention appears to affect the outcome (survival) in the same way as time from
collapse to ROSC affects survival after OHCA. If, for clinical reasons, the intervention
starts too late or does not appear to have a fair chance of producing an effect for other
reasons, the question of whether this intervention belongs to the pre-hospital setting
should be considered.



In the present study, we found that the LUCASTM device appeared to perform more
effective chest compressions than those performed by the ambulance crew. In spite of
this, mechanical chest compressions were found to be difficult to evaluate among the
overall OHCA population. The present study revealed clinical circumstances that
affect the calculated effect negatively, which recommends studies demanding larger
patient populations. However, different reports and case studies encourage us to
propose a study of mechanical chest compressions as a bridge to hospital when
immediate resuscitation fails. The target group for such a study should be recruited
among patients without immediate ROSC who have received high-quality CPR within
the first two minutes after collapsing.



The Swedish medical index used by the RCC is based on symptoms. This means that
the RCC alerts different rescue resources according to dispatch codes based on
symptoms. Our research proposes an improvement to the index by including a few
critical diagnoses in the dispatch code system including CA. This would most
probably help to use rescue resources more correctly and increase the preparedness of
the rescue team when confronted with patients suffering from life-threatening
conditions.
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Passive leg raising during uninterrupted chest compressions had a positive effect
measured in PETCO2. Whether or not this effect is relevant to increased survival has to
be demonstrated in a larger randomised study. The design has to be simple and the
intervention has to be started at an early stage during the first period of chest
compressions just before defibrillation. To power such a study, national co-operation
is needed.

9.0 Svensk sammanfattning
9.1 Bakgrund
Då någon drabbas av ett hjärtstopp kan kontinuerliga bröstkompressioner av hög kvalité vara
avgörande för resultatet av behandlingen. Studier har visat att kvalitén på givna
bröstkompressioner skiljer sig avsevärt mellan vårdpersonal. En studie som genomfördes på
patienter med hjärtstopp utanför sjukhus visade att ambulanspersonal enbart behandlade
patienten med bröstkompressioner under halva behandlingstiden och att de flesta
kompressionerna inte var tillräckligt djupa. Möjliga orsaker kan vara fysisk trötthet samt
fältmässiga förhållanden.

Syftet med denna avhandling var att a) studera betydelsen av mekaniska bröstkompressioner
vid hjärtstopp utanför sjukhus utifrån statistiska och kliniska faktorer relevanta för dess
användbarhet och patientöverlevnad samt b) studera enkla strategier som skulle kunna
förbättra cirkulationen under hjärt-lungräddning (HLR).

9.2 Metod
Avhandlingen bygger i huvudsak på en pilotstudie som genomfördes av ambulanspersonal
under behandling av patienter med hjärtstopp utanför sjukhus. Studien pågick under två år
(maj 2003 – maj 2005) i Göteborg/Mölndal och ett år i Södertälje (aug 2003- aug 2004). I
studien inkluderades patienter >18 år med bevittnade hjärtstopp. Exklusionskriterier var:
trauma, hypotermi, graviditet, intoxikation, hängning, drunkning, terminalt sjuka patienter
samt återkomst av egen cirkulation före studiestart. Patienterna behandlades antingen enligt
gängse rutin med standard HLR, där manuella bröstkompressioner utfördes av
ambulanspersonal, eller med mekaniska bröstkompressioner utförda av LUCASTM (Lunds
University Cardiac Assist System). LUCASTM som utför mekanisk aktiv kompressions och
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dekompressions (ACD) HLR drevs i denna pilotstudie med tryckluft. Patienturvalet
genomfördes enligt en s.k. cluster metod. I praktiken innebar detta att två utrustningar, som
utförde mekanisk ACD-HLR, flyttades halvårsvis mellan fyra ambulanser (tre Ola ambulanser
och en akutbil) i Göteborg/Mölndal och Södertälje. Koldioxid i utandnings luft (s.k. endtidalt koldioxid) uppmätt under HLR anses vara ett indirekt mått på patientens
blodcirkulation. Vi valde därför att studera effekten av manuell jämfört med mekanisk ACDHLR genom att mäta end-tidalt koldioxid (PETCO2) på patienter som blivit trachealt
intuberade. Mätningarna genomfördes under HLR med standardiserad ventilation med hjälp
av ventilator. Enligt gängse rutiner behandlas patienterna normalt med HLR liggandes plant
på hårt underlag. I ett försök att öka det venösa återflödet under HLR, och därmed öka
effekten av bröstkompressionerna, valdes slumpvis en grupp till att få benen lyfta 35 cm
under kontinuerliga bröstkompressioner. Patienterna var sin egen kontroll och PETCO2-värden
uppmätta under 75 sek före lyfta ben jämfördes med dito värden efter lyfta ben.

9.3 Resultat
Primärt jämfördes andelen patienter som någon gång under behandlingen återfick egen
cirkulation men vi fann inga skillnader utifrån om patienterna fick mekaniska eller manuella
bröstkompressioner under HLR. I bortfallsanalysen fann vi att enbart 2/3 av patienterna i
försöksgruppen faktiskt behandlades med mekanisk ACD-HLR. Bland de 2/3 som
behandlades startade behandlingen i median 18 minuter från hjärtstoppet. Gruppen som
behandlades med mekanisk ACD HLR utgjordes därför av en högriskgrupp med låg chans till
överlevnad.

Mätningarna av PETCO2 visade signifikant högre medelvärde för gruppen som fick mekanisk
ACD-HLR jämfört med dem som behandlades av ambulanspersonal med manuella
bröstkompressioner.

Likaså resulterade höjning av benen under pågående HLR i en

signifikant ökning av PETCO2-värdet efter att benen hade höjts. I jämförelse med gruppen som
inte fick benen höjda fann vi en tendens till högre överlevnad i gruppen med höjda ben.

I vår bortfallsanalys fann vi att en stor andel av patienterna med hjärtstopp inte hade
larmkodats som hjärtstopp av SOS. Vi undersökte därför larmkoderna för samtliga
behandlade hjärtstopp under en period av 17 månader, där hjärtstoppet troligen hade inträffat
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före samtalet togs emot av SOS. Vi fann att ca 80 % av fallen var kategoriserade utifrån
symtom (oftast koden ”medvetslös”) och 20 % utifrån diagnos (”hjärtstopp”). Vi jämförde
den mer allmänt symtombaserade kategorin (medvetslös) med den diagnosbaserade
(hjärtstopp) och fann att i den diagnosbaserade kategorin startade HLR betydligt tidigare,
samt att dessa patienter oftare fick tidig HLR av en livräddare på plats (s.k. bystander). Vi
fann även en tendens till ökad överlevnad i den diagnosbaserade kategorin.

Under studieperioden (maj 2003 – maj 2005) registrerades alla hjärtstopp som behandlades
utanför sjukhus i Göteborg/Mölndal. Då vi jämförde med historiska data från samma distrikt
fann vi, under studieperioden, färre hjärtstopp av kardiell orsak, försämrad responstid (från
larm till ankomst ambulans) samt lägre andel patienter med ventrikelflimmer som första
arytmi. Trots försämrad responstid och färre ventrikel flimmer fann vi en oförändrad
långtidsöverlevnad och att överlevarna hade en bättre bibehållen hjärnfunktion. Faktorer med
positiv inverkan på överlevnad kan vara den ökade andelen patienter som under den studerade
perioden fick tidig HLR av hjälpare på plats samt att andelen hjärtstopp som bevittnades av
ambulanspersonal på plats (ambulansen var redan på plats p.g.a. tidiga symtom ex.
bröstsmärtor) hade ökat.

9.4 Diskussion med slutsatser och implikationer
Mätningarna av PETCO2 visade signifikant högre medelvärde för gruppen som behandlades
med mekanisk ACD-HLR. Detta talar troligtvis för att mekanisk ACD-HLR är effektivare
jämfört med manuella bröstkompressioner. Om denna skillnad i effekt är relevant för ökad
överlevnad återstår fortfarande att visa. I vår studie fann vi att mekanisk ACD-HLR inte
påverkade vår primära endpoint, som var återkomst av puls någon gång under behandlingen.
Bidragande orsaker till detta resultat var troligen det stora bortfallet i försöksgruppen samt att
interventionen startade sent i förhållande till tiden för det inträffade hjärtstoppet, vilket
innebar dåliga förutsättningar för interventionen. Det stora bortfallet samt den sena starten
berodde i huvudsak på den kliniska verkligheten, såsom att apparaten var för stor för att alltid
tas med till alla patienter samt att flera patienter med hjärtstopp av olika anledningar inte
identifierades av SOS alarm. Hur som helst, det bör ses som en möjlighet att LUCAS TM tycks
ge effektivare bröstkompressioner än ambulanspersonal och att den kan användas även under
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transport till sjukhus. Denna möjlighet gör att vi föreslår att nya behandlingsrutiner i syfte att
öka den låga överlevnaden vid hjärtstopp utanför sjukhus studeras.

SOS alarm arbetar utifrån ett symtombaserat medicinskt index. Detta betyder att
ambulansenheterna oftast larmas ut enligt symtombaserade larmkoder. Resultatet från vår
studie visade att HLR startade oftare och tidigare då larmkoden var diagnosbaserad, även
överlevnaden tenderade att vara högre. Orsaker till detta kan vi bara spekulera i, men en mer
precis diagnos kan leda till bättre kommunikation mellan larmoperatör, inringare och
ambulanspersonal, än en allmänt hållen symtombaserad larmkod som innehåller en stor grupp
patienter med många olika diagnoser. Då den diagnosbaserade gruppen hjärtstopp i vår
analys enbart utgjorde 20 % bör resultaten från vår analys tolkas med försiktighet. Vår studie
visar dock på behovet av fler studier som säkrar kvalitén på svenskt medicinskt index.

Resultatet av PETCO2 mätningarna kan tyda på att det venösa återflödet förbättras då benen på
patienten höjs med 35 cm under pågående HLR. Metoden vi använde för att utvärdera
effekten av att höja benen (mätning av PETCO2) gjorde att interventionen genomfördes i
median > 20 minuter från hjärtstoppet. Trots detta såg vi en liten tendens till ökad överlevnad
i gruppen som fick benen höjda. Att höja benen under HLR är en enkel intervention som går
att utföra tidigt. Resultaten från vår studie uppmuntrar till att genomföra större studier som
dimensioneras för att utvärdera patientöverlevnad.

10.0 Acknowledgements
Denna avhandling hade inte blivit till utan det stöd och hjälp jag har fått av kollegor, familj
samt gamla och nya vänner. Därför vill jag speciellt tacka följande personer:
Johan Herlitz, min oerhört sakkunnige huvudhandledare. Du har hela tiden trott på mig,
lotsat mig varsamt framåt samt visat stor ödmjukhet och entusiasm. Jag vill även passa på och
tacka för de trevliga och roliga stunder vi haft under våra resor.
Åsa Axelsson, min älskade hustru och bihandledare. Du har tillfört mycket detaljkunskap
samt varit den som fått slita med alla prematura manuskript. Denna avhandling är tillägnad
dig för det oerhörda stöd som du varit under alla dessa år.

63

Alla mina medförfattare: Jonas Borgström, Stig Holmberg, Johan Nestin och Leif
Svensson för ett vetenskapigt givande och mycket trevligt samarbete.
Ett särskilt tack till Jonas Borgström som förklarade ”SOS världen” för mig samt ordnade
medlyssning på SOS med Birgitta Martinsson.
Stig Holmberg för att du varit en mentor för mig under alla år och för att du, på min förfrågan
och i sann ”John Bauer” stil bakade omslagsbilden till min avhandling.
Maj-Britt Holmberg som hävde Stigs pepparkaksförbud under julen 2009.
Jonny Lindqvist och Thomas Karlsson för datakörningar och statistiska diskussioner
Birgitta Franzén, Eva Sjögren Nilsson och Gitt Åkerström för all administrativ och
praktisk hjälp, fina samtal samt glada tillrop.

Inför planeringen av studien och under min tid som doktorand har jag fått många nya vänner
samt chansen att möta många intressanta och kunniga personer. Jag vill speciellt tacka
följande personer:
Christer Höög och Josefin Lindberg, för stort produktkunnande, intressanta diskussioner
samt alla de trevliga middagar ni har anordnat.
Stig Steen med personal som presenterat sin forskning och låtit mig besöka ”Farmen” utanför
Lund.
Paul Olsson som utbildade mig till instruktör samt ordnade hospitering på akutbilen i Malmö
med Eva och Torbjörn.
All personal på Jolife AB i Lund för Er fina hjälp med utrustning, produktinformation samt
utbildning och många telefonsamtal.
Ett speciellt tack vill jag sända till Fredrik Arnwald, Bjarne Madsen Härdig och Erik von
Schenck, för intressanta diskussioner, en underbar resa 2009, många skratt, goda och trevliga
middagar samt alla artiklar Bjarne skickat.

När studien genomfördes tillhörde SU-ambulansen, Räddningstjänsten Storgöteborg. Många
var engagerade i studien och jag vill speciellt tacka följande personer:
Hans Svensson och Bo Söderström för er aldrig sinande entusiasm.
Gunilla Edholm, (komendoran) som alltid funnits då jag behövt stärkande samtal samt hjälpt
mig att skapa tid för forskningen.

64

Mikael Mattisson för tekniskt kunnande. Utan din hjälp hade vi inte kunnat använda
brandkårens rökdykarpaket för att driva LucasTM. Din idé köpte tid till minskad vikt.
Stefan Jönsson och Pontus Rotter, för hjälp med SOS data samt ambulans data för 2009.
Anders Kindberg på SU ekonomi, för hjälp med fördelning av fondmedel.
OLA personalen, utan er hade vi inte haft några patienter att studera. Jag är även glad att ni
stod ut med alla mina telefonsamtal under studietiden.
Bengt Bergendahl min par-kamrat i ambulansen, för alla instruktionsbilder du varit med på,
för allt forskningsprat du tvingats lyssna på och för att du behövt stå ut med en mer och mer
disträ kollega.
Jag vill även tacka min familj som alltid finns för mig och gör mig lycklig oavsett akademiska
resultat.
Mamma Ingeborg och min bror Göran med familj.
Min äldsta son Mikael och hans fästmö Bea som gjort mig till farfar åt lilla Hugo.
Min nygifta dotter Susanne och hennes man Andy som om allt går som planerat gör mig till
morfar i slutet av oktober.
Min yngsta son Robin som fått stå ut med alla forskningsdiskussioner vid middagsbordet.

65

11.0 References
1.

2.

3.

4.

5.
6.

7.
8.
9.

10.

11.

12.

13.

14.
15.

16.

17.
18.

19.

Wennerblom B, Ekstrom L, Holmberg S: Resuscitation of patients in cardiac arrest outside
hospital. Comparison of two different organizations of mobile coronary care in one
community. Eur Heart J 1984;5:21-26.
Abella BS, Alvarado JP, Myklebust H, Edelson DP, Barry A, O'Hearn N, Vanden Hoek TL,
Becker LB: Quality of cardiopulmonary resuscitation during in-hospital cardiac arrest. Jama
2005;293:305-310.
Abella BS, Sandbo N, Vassilatos P, Alvarado JP, O'Hearn N, Wigder HN, Hoffman P, Tynus
K, Vanden Hoek TL, Becker LB: Chest compression rates during cardiopulmonary
resuscitation are suboptimal: a prospective study during in-hospital cardiac arrest. Circulation
2005;111:428-434.
Wik L, Kramer-Johansen J, Myklebust H, Sorebo H, Svensson L, Fellows B, Steen PA:
Quality of cardiopulmonary resuscitation during out-of-hospital cardiac arrest. Jama
2005;293:299-304.
Sanders AB, Ewy GA: Cardiopulmonary resuscitation in the real world: when will the
guidelines get the message? Jama 2005;293:363-365.
Sunde K, Wik L, Steen PA: Quality of mechanical, manual standard and active compressiondecompression CPR on the arrest site and during transport in a manikin model. Resuscitation
1997;34:235-242.
Fredriksson M, Herlitz J, Engdahl J: Nineteen years' experience of out-of-hospital cardiac
arrest in Gothenburg--reported in Utstein style. Resuscitation 2003;58:37-47.
Herlitz J: The Swedish registry of outside hospital cardiac arrest. http://www.hlr.nu. In, 2008.
Cummins RO, Ornato JP, Thies WH, Pepe PE: Improving survival from sudden cardiac arrest:
the "chain of survival" concept. A statement for health professionals from the Advanced
Cardiac Life Support Subcommittee and the Emergency Cardiac Care Committee, American
Heart Association. Circulation 1991;83:1832-1847.
Deakin CD, Nolan JP: European Resuscitation Council guidelines for resuscitation 2005.
Section 3. Electrical therapies: automated external defibrillators, defibrillation, cardioversion
and pacing. Resuscitation 2005;67 Suppl 1:S25-37.
Martinell L, Larsson M, Bang A, Karlsson T, Lindqvist J, Thoren AB, Herlitz J: Survival in
out-of-hospital cardiac arrest before and after use of advanced postresuscitation care: a survey
focusing on incidence, patient characteristics, survival, and estimated cerebral function after
postresuscitation care. Am J Emerg Med 2010;28:543-551.
Stromsoe A, Andersson B, Ekstrom L, Herlitz J, Axelsson A, Goransson KE, Svensson L,
Holmberg S: Education in cardiopulmonary resuscitation in Sweden and its clinical
consequences. Resuscitation 2010;81:211-216.
Axelsson AB, Herlitz J, Holmberg S, Thoren AB: A nationwide survey of CPR training in
Sweden: foreign born and unemployed are not reached by training programmes. Resuscitation
2006;70:90-97.
Herlitz J: Swedish registry of inside hospital cardiac arrest. http://www.hlr.nu. 2008.
Berdowski J, Beekhuis F, Zwinderman AH, Tijssen JG, Koster RW: Importance of the first
link: description and recognition of an out-of-hospital cardiac arrest in an emergency call.
Circulation 2009;119:2096-2102.
Kuisma M, Boyd J, Vayrynen T, Repo J, Nousila-Wiik M, Holmstrom P: Emergency call
processing and survival from out-of-hospital ventricular fibrillation. Resuscitation
2005;67:89-93.
Rea TD, Eisenberg MS, Culley LL, Becker L: Dispatcher-assisted cardiopulmonary
resuscitation and survival in cardiac arrest. Circulation 2001;104:2513-2516.
Engdahl J, Bang A, Karlson BW, Lindqvist J, Herlitz J: Characteristics and outcome among
patients suffering from out of hospital cardiac arrest of non-cardiac aetiology. Resuscitation
2003;57:33-41.
Holmberg M, Holmberg S, Herlitz J: Incidence, duration and survival of ventricular
fibrillation in out-of-hospital cardiac arrest patients in sweden. Resuscitation 2000;44:7-17.
66

20.

21.

22.

23.
24.

25.

26.
27.

28.

29.

30.

31.

32.
33.
34.

35.
36.

37.

Cobb LA, Fahrenbruch CE, Walsh TR, Copass MK, Olsufka M, Breskin M, Hallstrom AP:
Influence of cardiopulmonary resuscitation prior to defibrillation in patients with out-ofhospital ventricular fibrillation. Jama 1999;281:1182-1188.
Wik L, Hansen TB, Fylling F, Steen T, Vaagenes P, Auestad BH, Steen PA: Delaying
defibrillation to give basic cardiopulmonary resuscitation to patients with out-of-hospital
ventricular fibrillation: a randomized trial. Jama 2003;289:1389-1395.
Bradley SM, Gabriel EE, Aufderheide TP, Barnes R, Christenson J, Davis DP, Stiell IG,
Nichol G: Survival Increases with CPR by Emergency Medical Services before defibrillation
of out-of-hospital ventricular fibrillation or ventricular tachycardia: observations from the
Resuscitation Outcomes Consortium. Resuscitation 2010;81:155-162.
Weisfeldt ML, Becker LB: Resuscitation after cardiac arrest: a 3-phase time-sensitive model.
Jama 2002;288:3035-3038.
Steen S, Liao Q, Pierre L, Paskevicius A, Sjoberg T: The critical importance of minimal delay
between chest compressions and subsequent defibrillation: a haemodynamic explanation.
Resuscitation 2003;58:249-258.
Sorrell VL, Bhatt RD, Berg RA, Squire S, Kudithipudi V, Hilwig RW, Altbach MI, Kern KB,
Ewy GA: Cardiac magnetic resonance imaging investigation of sustained ventricular
fibrillation in a swine model--with a focus on the electrical phase. Resuscitation 2007;73:279286.
Chamberlain D, Frenneaux M, Steen S, Smith A: Why do chest compressions aid delayed
defibrillation? Resuscitation 2008;77:10-15.
Paradis NA, Martin GB, Rivers EP, Goetting MG, Appleton TJ, Feingold M, Nowak RM:
Coronary perfusion pressure and the return of spontaneous circulation in human
cardiopulmonary resuscitation. Jama 1990;263:1106-1113.
Eftestol T, Sunde K, Ole Aase S, Husoy JH, Steen PA: Predicting outcome of defibrillation by
spectral characterization and nonparametric classification of ventricular fibrillation in patients
with out-of-hospital cardiac arrest. Circulation 2000;102:1523-1529.
Eftestol T, Sunde K, Steen PA: Effects of interrupting precordial compressions on the
calculated probability of defibrillation success during out-of-hospital cardiac arrest.
Circulation 2002;105:2270-2273.
Berg RA, Sanders AB, Kern KB, Hilwig RW, Heidenreich JW, Porter ME, Ewy GA: Adverse
hemodynamic effects of interrupting chest compressions for rescue breathing during
cardiopulmonary resuscitation for ventricular fibrillation cardiac arrest. Circulation
2001;104:2465-2470.
Zuercher M, Hilwig RW, Ranger-Moore J, Nysaether J, Nadkarni VM, Berg MD, Kern KB,
Sutton R, Berg RA: Leaning during chest compressions impairs cardiac output and left
ventricular myocardial blood flow in piglet cardiac arrest. Crit Care Med 2010;38(4):1141-6.
Kouwenhoven WB, Jude JR, Knickerbocker GG: Closed-chest cardiac massage. Jama
1960;173:1064-1067.
Criley JM, Blaufuss AH, Kissel GL: Cough-induced cardiac compression. Self-administered
from of cardiopulmonary resuscitation. Jama 1976;236:1246-1250.
Halperin HR, Guerci AD, Chandra N, Herskowitz A, Tsitlik JE, Niskanen RA, Wurmb E,
Weisfeldt ML: Vest inflation without simultaneous ventilation during cardiac arrest in dogs:
improved survival from prolonged cardiopulmonary resuscitation. Circulation 1986;74:14071415.
Kuhn C, Juchems R, Frese W: Evidence for the 'cardiac pump theory' in cardiopulmonary
resuscitation in man by transesophageal echocardiography. Resuscitation 1991;22:275-282.
Kim H, Hwang SO, Lee CC, Lee KH, Kim JY, Yoo BS, Lee SH, Yoon JH, Choe KH, Singer
AJ: Direction of blood flow from the left ventricle during cardiopulmonary resuscitation in
humans: its implications for mechanism of blood flow. Am Heart J 2008;156:1222 e12211227.
Wolcke BB, Mauer DK, Schoefmann MF, Teichmann H, Provo TA, Lindner KH, Dick WF,
Aeppli D, Lurie KG: Comparison of standard cardiopulmonary resuscitation versus the
combination of active compression-decompression cardiopulmonary resuscitation and an
67

38.
39.
40.

41.

42.
43.
44.

45.
46.

47.
48.

49.

50.
51.
52.

53.

54.
55.

56.
57.

58.

inspiratory impedance threshold device for out-of-hospital cardiac arrest. Circulation
2003;108:2201-2205.
Standards for cardiopulmonary resuscitation (CPR) and emergency cardiac care (ECC). II.
Basic life support. Jama 1974;227:Suppl:841-851.
Standards and guidelines for cardiopulmonary resuscitation (CPR) and emergency cardiac
care (ECC). Jama 1980;244:453-509.
Standards and guidelines for Cardiopulmonary Resuscitation (CPR) and Emergency Cardiac
Care (ECC). National Academy of Sciences - National Research Council. Jama
1986;255:2905-2989.
Guidelines for cardiopulmonary resuscitation and emergency cardiac care. Emergency Cardiac
Care Committee and Subcommittees, American Heart Association. Part II. Adult basic life
support. Jama 1992;268:2184-2198.
Johnson S, Henderson SO: Myth: the Trendelenburg position improves circulation in cases of
shock. Cjem 2004;6:48-49.
Martin JT: The Trendelenburg position: a review of current slants about head down tilt. Aana
J 1995;63:29-36.
Sibbald WJ, Paterson NA, Holliday RL, Baskerville J: The Trendelenburg position:
hemodynamic effects in hypotensive and normotensive patients. Crit Care Med 1979;7:218224.
Taylor J, Weil MH: Failure of the Trendelenburg position to improve circulation during
clinical shock. Surg Gynecol Obstet 1967;124:1005-1010.
Zadini F, Newton E, Abdi AA, Lenker J, Zadini G, Henderson SO: Use of the trendelenburg
position in the porcine model improves carotid flow during cardiopulmonary resuscitation.
West J Emerg Med 2008;9:206-211.
Terai C, Anada H, Matsushima S, Kawakami M, Okada Y: Effects of Trendelenburg versus
passive leg raising: autotransfusion in humans. Intensive Care Med 1996;22:613-614.
Preau S, Saulnier F, Dewavrin F, Durocher A, Chagnon JL: Passive leg raising is predictive of
fluid responsiveness in spontaneously breathing patients with severe sepsis or acute
pancreatitis. Crit Care Med 2010;38:819-825.
Reuter DA, Kirchner A, Felbinger TW, Weis FC, Kilger E, Lamm P, Goetz AE: Usefulness of
left ventricular stroke volume variation to assess fluid responsiveness in patients with reduced
cardiac function. Crit Care Med 2003;31:1399-1404.
Jabot J, Teboul JL, Richard C, Monnet X: Passive leg raising for predicting fluid
responsiveness: importance of the postural change. Intensive Care Med 2009;35:85-90.
Fichet J, Cariou A: Passive leg raising: good for everyone? Crit Care Med 2010;38:989-990.
Antonelli M, Levy M, Andrews PJ, Chastre J, Hudson LD, Manthous C, Meduri GU, Moreno
RP, Putensen C, Stewart T, Torres A: Hemodynamic monitoring in shock and implications for
management. International Consensus Conference, Paris, France, 27-28 April 2006. Intensive
Care Med 2007;33:575-590.
Brett SA ME, Johns RA.: Goodman & Gilman's The Pharmacological Basis of Therapeutics,
11e: "Chapter 15. Therapeutic Gases: Oxygen, Carbon Dioxide, Nitric Oxide, and Helium" In,
Brunton LL, Lazo JS, Parker KL.
Levitzky M: Pulmonary Physiology 7e: Chapter 9. The Control of Breathing
Ahrens T, Schallom L, Bettorf K, Ellner S, Hurt G, O'Mara V, Ludwig J, George W, Marino
T, Shannon W: End-tidal carbon dioxide measurements as a prognostic indicator of outcome
in cardiac arrest. Am J Crit Care 2001;10:391-398.
Deakin CD, Sado DM, Coats TJ, Davies G: Prehospital end-tidal carbon dioxide concentration
and outcome in major trauma. J Trauma 2004;57:65-68.
Dubin A, Murias G, Estenssoro E, Canales H, Sottile P, Badie J, Baran M, Rossi S, Laporte
M, Palizas F, Giampieri J, Mediavilla D, Vacca E, Botta D: End-tidal CO2 pressure
determinants during hemorrhagic shock. Intensive Care Med 2000;26:1619-1623.
Grmec S, Klemen P: Does the end-tidal carbon dioxide (EtCO2) concentration have
prognostic value during out-of-hospital cardiac arrest? Eur J Emerg Med 2001;8:263-269.
68

59.

60.

61.

62.
63.

64.

65.
66.

67.

68.

69.
70.

71.
72.
73.
74.
75.

76.

77.

78.

Grmec S, Krizmaric M, Mally S, Kozelj A, Spindler M, Lesnik B: Utstein style analysis of
out-of-hospital cardiac arrest--bystander CPR and end expired carbon dioxide. Resuscitation
2007;72:404-414.
Jin X, Weil MH, Tang W, Povoas H, Pernat A, Xie J, Bisera J: End-tidal carbon dioxide as a
noninvasive indicator of cardiac index during circulatory shock. Crit Care Med 2000;28:24152419.
Kolar M, Krizmaric M, Klemen P, Grmec S: Partial pressure of end-tidal carbon dioxide
successful predicts cardiopulmonary resuscitation in the field: a prospective observational
study. Crit Care 2008;12:R115.
Pernat A, Weil MH, Sun S, Tang W: Stroke volumes and end-tidal carbon dioxide generated
by precordial compression during ventricular fibrillation. Crit Care Med 2003;31:1819-1823.
Pokorna M, Andrlik M, Necas E: End tidal CO2 monitoring in condition of constant
ventilation: a useful guide during advanced cardiac life support. Prague Med Rep
2006;107:317-326.
Salen P, O'Connor R, Sierzenski P, Passarello B, Pancu D, Melanson S, Arcona S, Reed J,
Heller M: Can cardiac sonography and capnography be used independently and in
combination to predict resuscitation outcomes? Acad Emerg Med 2001;8:610-615.
Sanders AB, Ewy GA, Bragg S, Atlas M, Kern KB: Expired PCO2 as a prognostic indicator
of successful resuscitation from cardiac arrest. Ann Emerg Med 1985;14:948-952.
Sanders AB, Kern KB, Otto CW, Milander MM, Ewy GA: End-tidal carbon dioxide
monitoring during cardiopulmonary resuscitation. A prognostic indicator for survival. Jama
1989;262:1347-1351.
Tyburski JG, Collinge JD, Wilson RF, Carlin AM, Albaran RG, Steffes CP: End-tidal CO2derived values during emergency trauma surgery correlated with outcome: a prospective
study. J Trauma 2002;53:738-743.
von Planta M, von Planta I, Weil MH, Bruno S, Bisera J, Rackow EC: End tidal carbon
dioxide as an haemodynamic determinant of cardiopulmonary resuscitation in the rat.
Cardiovasc Res 1989;23:364-368.
Husveti S, Ellis H: Janos Balassa, pioneer of cardiac resuscitation. Anaesthesia 1969;24:113115.
Pike FH, Guthrie CC, Stewart GN: Studies in Resuscitation: I. the General Conditions
Affecting Resuscitation, and the Resuscitation of the Blood and of the Heart. J Exp Med
1908;10:371-418.
Stephenson HE, Jr., Reid LC, Hinton JW: Some common denominators in 1200 cases of
cardiac arrest. Ann Surg 1953;137:731-744.
Gaxiola A, Varon J: Evolution and new perspective of chest compression mechanical devices.
Am J Emerg Med 2008;26:923-931.
Harrison-Paul R: Resuscitation great. A history of mechanical devices for providing external
chest compressions. Resuscitation 2007;73:330-336.
Wik L: Automatic and manual mechanical external chest compression devices for
cardiopulmonary resuscitation. Resuscitation 2000;47:7-25.
Robertson C, Holmberg S: Compression techniques and blood flow during cardiopulmonary
resuscitation. A statement for the Advanced Life Support Working Party of the European
Resuscitation Council. Resuscitation 1992;24:123-132.
Taylor GJ, Rubin R, Tucker M, Greene HL, Rudikoff MT, Weisfeldt ML: External cardiac
compression. A randomized comparison of mechanical and manual techniques. Jama
1978;240:644-646.
Timerman S, Cardoso LF, Ramires JA, Halperin H: Improved hemodynamic performance
with a novel chest compression device during treatment of in-hospital cardiac arrest.
Resuscitation 2004;61:273-280.
Ong ME, Ornato JP, Edwards DP, Dhindsa HS, Best AM, Ines CS, Hickey S, Clark B,
Williams DC, Powell RG, Overton JL, Peberdy MA: Use of an automated, load-distributing
band chest compression device for out-of-hospital cardiac arrest resuscitation. Jama
2006;295:2629-2637.
69

79.

80.

81.
82.

83.
84.

85.

86.

87.

88.
89.
90.
91.

92.

93.
94.
95.

Hallstrom A, Rea TD, Sayre MR, Christenson J, Anton AR, Mosesso VN, Jr., Van Ottingham
L, Olsufka M, Pennington S, White LJ, Yahn S, Husar J, Morris MF, Cobb LA: Manual chest
compression vs use of an automated chest compression device during resuscitation following
out-of-hospital cardiac arrest: a randomized trial. Jama 2006;295:2620-2628.
Duchateau FX, Gueye P, Curac S, Tubach F, Broche C, Plaisance P, Payen D, Mantz J,
Ricard-Hibon A: Effect of the AutoPulse automated band chest compression device on
hemodynamics in out-of-hospital cardiac arrest resuscitation. Intensive Care Med
2010;36(7)1256-60.
Lurie KG, Lindo C, Chin J: CPR: the P stands for plumber's helper. Jama 1990;264:1661.
Plaisance P, Lurie KG, Vicaut E, Adnet F, Petit JL, Epain D, Ecollan P, Gruat R, Cavagna P,
Biens J, Payen D: A comparison of standard cardiopulmonary resuscitation and active
compression-decompression resuscitation for out-of-hospital cardiac arrest. French Active
Compression-Decompression Cardiopulmonary Resuscitation Study Group. N Engl J Med
1999;341:569-575.
Panzer W, Bretthauer M, Klingler H, Bahr J, Rathgeber J, Kettler D: ACD versus standard
CPR in a prehospital setting. Resuscitation 1996;33:117-124.
Skogvoll E, Wik L: Active compression-decompression cardiopulmonary resuscitation: a
population-based, prospective randomised clinical trial in out-of-hospital cardiac arrest.
Resuscitation 1999;42:163-172.
Rubertsson S, Karlsten R: Increased cortical cerebral blood flow with LUCAS; a new device
for mechanical chest compressions compared to standard external compressions during
experimental cardiopulmonary resuscitation. Resuscitation 2005;65:357-363.
Steen S, Liao Q, Pierre L, Paskevicius A, Sjoberg T: Evaluation of LUCAS, a new device for
automatic mechanical compression and active decompression resuscitation. Resuscitation
2002;55:285-299.
Jacobs I, Nadkarni V, Bahr J, Berg RA, Billi JE, Bossaert L, Cassan P, Coovadia A, D'Este K,
Finn J, Halperin H, Handley A, Herlitz J, Hickey R, Idris A, Kloeck W, Larkin GL, Mancini
ME, Mason P, Mears G, Monsieurs K, Montgomery W, Morley P, Nichol G, Nolan J, Okada
K, Perlman J, Shuster M, Steen PA, Sterz F, Tibballs J, Timerman S, Truitt T, Zideman D:
Cardiac arrest and cardiopulmonary resuscitation outcome reports: update and simplification
of the Utstein templates for resuscitation registries. A statement for healthcare professionals
from a task force of the international liaison committee on resuscitation (American Heart
Association, European Resuscitation Council, Australian Resuscitation Council, New Zealand
Resuscitation Council, Heart and Stroke Foundation of Canada, InterAmerican Heart
Foundation, Resuscitation Council of Southern Africa). Resuscitation 2004;63:233-249.
Nolan J: European Resuscitation Council guidelines for resuscitation 2005. Section 1.
Introduction. Resuscitation 2005;67 Suppl 1:S3-6.
Wikipedia S: Pascal In, 2008. http://sv.wikipedia.org/wiki/Portal
Campbell JP, Maxey VA, Watson WA: Hawthorne effect: implications for prehospital
research. Ann Emerg Med 1995;26:590-594.
Herlitz J, Andersson E, Bang A, Engdahl J, Holmberg M, lindqvist J, Karlson BW, Waagstein
L: Experiences from treatment of out-of-hospital cardiac arrest during 17 years in Goteborg.
Eur Heart J 2000;21:1251-1258.
Ekstrom L, Herlitz J, Wennerblom B, Axelsson A, Bang A, Holmberg S: Survival after
cardiac arrest outside hospital over a 12-year period in Gothenburg. Resuscitation
1994;27:181-187.
Hallstrom AP: What is the appropriate outcome for studies of treatments for out-of-hospital
cardiac arrest? Resuscitation 2006;71:194-203.
Russ Lenth´s power and sample size calculator
http://www.stat.uiowa.edu/~rlenth/Power/index.html
Olasveengen TM, Sunde K, Brunborg C, Thowsen J, Steen PA, Wik L: Intravenous drug
administration during out-of-hospital cardiac arrest: a randomized trial. Jama 2009;302:22222229.
70

96.
97.

98.

99.

100.

101.

102.

103.

104.
105.

106.

107.
108.

109.
110.
111.
112.

113.

114.

Kreutziger J, Wenzel V: Overcoming frustration about neutral clinical studies in
cardiopulmonary resuscitation. Resuscitation 2009;80:723-725.
Herlitz J, Svensson L, Engdahl J, Angquist KA, Silfverstolpe J, Holmberg S: Association
between interval between call for ambulance and return of spontaneous circulation and
survival in out-of-hospital cardiac arrest. Resuscitation 2006;71:40-46.
Nurmi J, Pettila V, Biber B, Kuisma M, Komulainen R, Castren M: Effect of protocol
compliance to cardiac arrest identification by emergency medical dispatchers. Resuscitation
2006;70:463-469.
Flynn J, Archer F, Morgans A: Sensitivity and specificity of the medical priority dispatch
system in detecting cardiac arrest emergency calls in Melbourne. Prehosp Disaster Med
2006;21:72-76.
Hollenberg J, Herlitz J, Lindqvist J, Riva G, Bohm K, Rosenqvist M, Svensson L: Improved
survival after out-of-hospital cardiac arrest is associated with an increase in proportion of
emergency crew--witnessed cases and bystander cardiopulmonary resuscitation. Circulation
2008;118:389-396.
Agostoni P, Cornelis K, Vermeersch P: Successful percutaneous treatment of an
intraprocedural left main stent thrombosis with the support of an automatic mechanical chest
compression device. Int J Cardiol 2008;124:e19-21.
Bonnemeier H, Olivecrona G, Simonis G, Gotberg M, Weitz G, Iblher P, Gerling I, Schunkert
H: Automated continuous chest compression for in-hospital cardiopulmonary resuscitation of
patients with pulseless electrical activity: a report of five cases. Int J Cardiol 2009;136:e39-50.
Nielsen N, Sandhall L, Schersten F, Friberg H, Olsson SE: Successful resuscitation with
mechanical CPR, therapeutic hypothermia and coronary intervention during manual CPR after
out-of-hospital cardiac arrest. Resuscitation 2005;65:111-113.
Risom M, Jorgensen H, Rasmussen LS, Sorensen AM: Resuscitation, Prolonged Cardiac
Arrest, and an Automated Chest Compression Device. J Emerg Med 2010;38(4):481-3.
Wagner H, Terkelsen CJ, Friberg H, Harnek J, Kern K, Lassen JF, Olivecrona GK: Cardiac
arrest in the catheterisation laboratory: a 5-year experience of using mechanical chest
compressions to facilitate PCI during prolonged resuscitation efforts. Resuscitation
2010;81:383-387.
Wik L, Kiil S: Use of an automatic mechanical chest compression device (LUCAS) as a
bridge to establishing cardiopulmonary bypass for a patient with hypothermic cardiac arrest.
Resuscitation 2005;66:391-394.
Galea S, Riddle M, Kaplan GA: Causal thinking and complex system approaches in
epidemiology. Int J Epidemiol 2010;39(1):97-106.
Dumas F, Cariou A, Manzo-Silberman S, Grimaldi D, Vivien B, Rosencher J, Empana JP,
Carli P, Mira JP, Jouven X, Spaulding C: Immediate Percutaneous Coronary Intervention Is
Associated With Better Survival After Out-of-Hospital Cardiac Arrest: Insights From the
PROCAT (Parisian Region Out of Hospital Cardiac Arrest) Registry. Circ Cardiovasc Interv
2010;3(3):200-7.
Sunde K: All you need is flow! Resuscitation 2010;81:371-372.
Englund E, Kongstad PC: Active compression-decompression CPR necessitates follow-up
post mortem. Resuscitation 2006;68:161-162.
De Rooij PP, Wiendels DR, Snellen JP: Fatal complication secondary to mechanical chest
compression device. Resuscitation 2009;80:1214-1215.
Smekal D, Johansson J, Huzevka T, Rubertsson S: No difference in autopsy detected injuries
in cardiac arrest patients treated with manual chest compressions compared with mechanical
compressions with the LUCAS device--a pilot study. Resuscitation 2009;80:1104-1107.
Xanthos T, Pantazopoulos I, Papadimitriou L: Human studies may overestimate injuries
related to mechanical chest compression cardiopulmonary resuscitation. Resuscitation
2010;81:775; author reply 775-776.
Kalenda Z: The capnogram as a guide to the efficacy of cardiac massage. Resuscitation
1978;6:259-263.
71

115.

116.
117.

118.
119.
120.

121.

Kern KB, Sanders AB, Voorhees WD, Babbs CF, Tacker WA, Ewy GA: Changes in expired
end-tidal carbon dioxide during cardiopulmonary resuscitation in dogs: a prognostic guide for
resuscitation efforts. J Am Coll Cardiol 1989;13:1184-1189.
Sehra R, Underwood K, Checchia P: End tidal CO2 is a quantitative measure of cardiac arrest.
Pacing Clin Electrophysiol 2003;26:515-517.
Ward KR, Menegazzi JJ, Zelenak RR, Sullivan RJ, McSwain NE, Jr.: A comparison of chest
compressions between mechanical and manual CPR by monitoring end-tidal PCO2 during
human cardiac arrest. Ann Emerg Med 1993;22:669-674.
McDonald JL: Systolic and mean arterial pressures during manual and mechanical CPR in
humans. Ann Emerg Med 1982;11:292-295.
Jacobs I: Mechanical chest compression devices--will we ever get the evidence? Resuscitation
2009;80:1093-1094.
Reich DL, Konstadt SN, Raissi S, Hubbard M, Thys DM: Trendelenburg position and passive
leg raising do not significantly improve cardiopulmonary performance in the anesthetized
patient with coronary artery disease. Crit Care Med 1989;17:313-317.
Tomte O, Sunde K, Lorem T, Auestad B, Souders C, Jensen J, Wik L: Advanced life support
performance with manual and mechanical chest compressions in a randomized, multicentre
manikin study. Resuscitation 2009;80:1152-1157.

72

