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META-ANALYSIS OF THE DIFFERENT EMS INTERVENTIONS FOR NON-
TRAUMATIC OUT-OF-HOSPITAL CARDIAC ARREST

Out-of-hospital cardiac arrest (OHCA\) is an event with a very high incidence rate, and
very low survival rate. The objective of this study was to identify if there is any one form
of Emergency Medical Service which results in higher survival to hospital discharge rates
for OHCA patients.

Electronic databases were searched including the Cochrane Central Register of Controlled
Trials, EMBASE, and PUBMED for the time period from January 1985 until May 2014.
Articles were reviewed and relevant articles were selected for inclusion. Data was
extracted and assessment of potential bias was performed. Articles were then assigned to
three categories, according to the level of Emergency Medical Services.

Nine articles were selected for final inclusion. The three categories of services were Basic
Life Support with Defibrillation (BLS-D), Advanced Life Support with Emergency
Medical Technicians (EMT) and Paramedics (ALS- EMT/Paramedics), and Advanced Life
Support with Medical Doctors (ALS-MD). Two articles contained comparisons of BLS-D
versus ALS-MD, five articles compared ALS-EMT/Paramedics versus BLS-D, and four
articles compared ALS-MD versus ALS- EMT/Paramedics. Data in each group were
pooled to form Odds Ratios with 95% confidence intervals.

In the ALS-MD vs BLS-D group, the ALS-MDs had a significantly greater chance for
survival to hospital discharge OR = 4.36 (95% C.I. 1.04 to 18.3). In the ALS-
EMT/Paramedics vs BLS-D group the ALS-EMT/Paramedics had a greater chance for
survival to hospital discharge, OR =1.22 (95% C.1 1.03 to 1.45). Inthe ALS-MD vs ALS-
EMT/Paramedics group, the ALS-MD group has a non-significant chance for improved
survival, OR of 1.57 (95%C.I. 0.65 to 3.82).

Since the ALS-MD treated patients in both comparisons had a much greater chance to
survive to hospital discharge, albeit non-significantly in one of the two comparisons, this
would strongly suggest that ALS-MD units are the best method of responding to non-
traumatic OHCA.

This study does not proffer any specific areas or items which should be included for future
research. Instead, it offers a concrete starting point, so that future studies can focus on the
specific aspects of care to be included in OHCA care, and not continuing the discussion
about who is best suited to provide those services.
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ABBREVIATIONS

AED - Automated External Defibrillator
ALS/ACLS - Advanced Life Support / Advanced Cardiac Life Support
BLS - Basic Life Support

CCR - Cardio Cerebral Resuscitation. This consists of continuous chest compressions
without providing rescue breathing. After beginning compressions, the priority is to
defibrillate first, administer adrenaline, and then begin ventilation procedures after the start

of defibrillation.
CPR - Cardio Pulmonary Resuscitation.
EMS - Emergency Medical Services

OHCA /OOHCA - Out-of-Hospital Cardiac Arrest. This term refers to cardiac arrest cases
that do not take place in a health care setting. In-hospital cardiac arrests have a higher level

of survivability due to the rapid access to defibrillation and other support services.

ROSC - Return of Spontaneous Circulation. When a person without a pulse or identifiable

cardiac rhythm begins to produce their own heartbeat which produces blood circulation.
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1 INTRODUCTION

Out-of-Hospital cardiac arrest (OHCA) is an event which occurs frequently throughout the
world, has a significantly high mortality rate, and is a leading cause of death throughout
Europe and the USA (Atwood et al 2005).

Many medical aspects which may improve OHCA survivability are currently under
investigation. Automated Electronic Defibrillators (AEDs) have shown great results, and
have revolutionized the treatment of OHCA. There are several different versions of
automated mechanical compression devices being used. New guidelines for Cardio
Pulmonary Resuscitation (CPR) have been developed, including Cardio Cerebro
Resuscitation (CCR), where the focus is on compressions, and rescue breathing is withheld
for several minutes. Therapeutic hypothermia has been introduced, and shows promise as
an effective treatment, although there is still a lot to learn about its implementation.

There are also investigations into logistic issues which may improve survival, such as
restructuring services in order to improve response times, dispatching different types of
Emergency Medical Services depending on the specific situation of the patient, inclusion
of motorcycles and helicopters as part of the EMS response vehicles, and including
different professionals as “first responders”.

Unfortunately, even with all of these different options available, the fact is that overall
survival rates are not improving. However, it can be seen in individual studies that some
areas are in fact experiencing much higher survival rates than others. The purpose of this
review was to identify one regimen of OHCA treatment which was widely used throughout
the world, and determine if one specific factor of that regimen provided statistically better
results that the other aspects encompassed in that regimen.

The regimen chosen for this review was the use of a 2-tier emergency response system,
which includes the Basic Life Support tier, and the Advanced Life Support services tier.
The specific factors within the response system are (Basic Life Support with Defibrillation
units, Advanced Life Support units led by Paramedics, and Advanced Life Support units
which include Medical Doctors). These three different types of EMS services will be

compared to determine if one of them has statistically better survival rates than the others.



2 LITERATURE REVIEW

2.1 Incidence and survivability

A review of 37 different European studies occurring from 1980 to 2004 showed OHCA
incidence and survival rates, with an overall incidence rate of 45 (per 100,00 person years)
and a survival rate of 10.7% (see Figure 1) . Individual study rates in this review varied
greatly, with incidence rates ranging from 5.5 (per 100,000 person-years) in Nottingham
UK, to 119.4 (per 100,000 person-years) in Stockholm Sweden. Survival rates showed a
similar, large variance, ranging from 6.4% in Stockholm Sweden, to 38.8 % in Rotterdam,
Netherlands (Atwood et al 2005). One possible explanation for this large difference is the
greater percentage of patients presenting with shockable rhythms in Rotterdam (67%)
versus Stockholm (46%).

Figure 1 Mean Incidence and Survival of EMS-treated all-rhythm Out of Hospital
Cardiac Arrest (Atwood et al. 2005; Berdowski et al. 2010)

Study Period Incidence* Survival

1980-2004 (n=36**) 44.6 (£23.3)*** 10.7% (£5.3)***
Min/Max (5.5/119.4) Min/Max (3.6/30.7)

2004-2008 (n=12**) 61.4 (£31.5)*** 10.4% (£7.3)***
Min/Max (20/141) Min/Max (1/27)

* Per 100,000 person-hours
**number of studies included during study period
***Standard Deviation

A more recent collection of studies from 2004-2008 (see Table 1) conducted throughout
Europe, North America, Asia and Australia also provides data on OHCA incidence and
survival rates (see Figure 1). This new collation of data also shows high incidence and low
survival rates, with large variance in both rates. It also shows differences between
geographical regions. The highest average survival rates are in Europe and Australia (both
around 13%) followed by North America (7.75%) and finally Asia (2.5%). This could be
influenced by many factors, such as the education levels of the medical response
personnel, the availability of the different levels of EMS services, and availability of

economic or medical resources.



In Figure 1 we can see the variation in incidence and survival rates. Comparing the newer

data with the older figures, it is apparent that, overall, incidence rates remain high and

survival rates are not improving. In 2014 the American Heart Association confirmed this

trend, reporting that 424,000 individuals experienced OHCA which was assessed by some

form of Emergency Medical Service (EMS), of which only 5.2% survived to hospital
discharge (AHA 2014).

Table 1 Out of Hospital Cardiac Arrest Incidence of Treatment and Survival to
Hospital Discharge (Berdowski et al. 2010; Ma et al. 2007)

Setting Study data Study Age Incidence Incidence %
collection population included EMS EMS survival
period attended treated to

OHCA OHCA discharge

EUROPE

Copenhagen, 2004-2007 593,000 All 73.8 53.4 11%

Denmark

Tampere, Finland 2004-2005 203,000 All 94.1 45.8 13 %

Dachau, Germany 2000-2006 134,019 All 101.2 67.0 11%

Kaunas city, 2005 360,627 All 20.0 *27%

Lithuania

Oslo, Norway 2003-2007 436,265 GE18 70.1 *3%

NORTH AMERICA

Vancouver, 2006-2007 2,779,373 All 85.4 10 %

Canada

Ottawa Ontario, 2006-2007 4,030,696 All 73.6 5%

Canada

Toronto Ontaria, = 2006-2007 5,627,021 All 91.6 6 %

Canada

Alabama, USA 2006-2007 644,701 All 110.9 3%

Arizona, USA 2005-2006 5,500,000 All 21,6 3%

Dallas Texas, USA  2006-2007 1,989,1357 All 123.8 5%

lowa, USA 2006-2007 1,015,347 All 101.2 11%

Kansas City, 2003-2007 350,848 GE18 141.4 6 %

Missouri, USA

King County 2006-2007 1,666,978 All 70.2 16 %
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Washington, USA

Milwaukee 2006-2007 940,164 All 85.2 10%
Wisconsin, USA

Pittsburg, 2006-2007 933,967 All 130 7%
Pennsylvania, USA

Portland, Oregon, 2006-2007 1,751,119 All 75.4 11%
USA

ASIA

Okayama City, 2003.2004 647,879 All 56,0 1%
Japan

Yamaguchi, Japan 2002-2008 142,000 All 83.1 0.6%
Taipei, Taiwan 2003-2004 2,650,000 GE18 61.0 6 %
AUSTRALIA

Adelaide, Australia 2005-2007 1,214,875 GE18 128.2 55.3

Sydney, Australia  2004-2005 3,993,000 Al 50.4 13 %

* survival to discharge, VF

A lot of time and effort has been spent to identify potential risk factors of cardiac disease.
Many health promotion programs have been, and continue to be instituted, in order to
reduce these risk factors, and consequently OHCA. Smoking cessation, maintaining
proper body weight, healthy diet, and exercise are all stressed as means to reduce risk
factors and incidence of cardiac disease. These types of health programs have great
potential, and they are an excellent way to address this issue. However, they also have the
limitation of being very slow to implement and achieve desired effects, especially when
they aim to make permanent changes in the thinking and behavior at a societal level.

Another approach to address OHCA is to find ways to improve the treatment of individuals
experiencing OHCA. As was shown in Table 1, there is great variation in the survival
rates from area to area and country to country, etc. Many factors have been identified as
possible reasons for this wide variation, including type of care provided, level of care
provider, response time, and type of underlying cardiac rhythm. Many studies and reviews
have also been conducted to try to discover the best combination of all of these factors, in
order to achieve the highest survival rate. This, however, has proven to be a difficult task,
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and there is still no largely held consensus as to what is the best combination for
preventing OHCA.

2.2 Medical treatments
There are numerous studies focusing on treatments (including ways to better perform

existing treatments, new and up-and-coming treatments, new combinations of established
treatments, evidence-based reviews of treatments, etc). Therapeutic hypothermia, such as
Intranasal Evaporative Cooling (IEC) (Belohlavek et al 2012) or Targeted Temperature
Management (TTM) (Drennan et al 2014) has been shown to have positive results as a
means of providing better survival rates, and better quality-of-life for the survivors.
Unfortunately, the best way to provide therapeutic hypothermia, (cold pads, cooling caps,
IV saline, IV cooling catheters, IEC) is still uncertain (Frohlich et al 2013).

Measurement of cerebral tissue oxygen saturation using near infra-red spectroscopy has
also been tested and proposed as a means of improving the survival and quality-of-life of
OHCA victims (Meex et al 2013).

Cardio Pulmonary Resuscitation (CPR) has undergone, and is still undergoing, many
changes and transformations. It is no longer a simple ABC routine which follows the same
guideline everywhere. Many of the well-known organizations, such as the European
Resuscitation Council, Red Cross or American Heart Association continue to analyze new
methods and update their guidelines, to include things such as changing ABC (Airway,
Breathing, Compressions) to CAB (Compressions, Airway, Breathing), whether to
administer CPR or give defibrillation first, how long to perform CPR before defibrillating,
how many shocks to give (1 or 3) in each cycle of CPR, ideal defibrillator electrode
placement and electrode size, and the use of external versus internal defibrillation (Link et
al 2010).

The CPR cycle itself has been upgraded from cycles of 15 compressions to 1 breath, to
include cycles of 30 compressions to 2 ventilations until an advanced airway is placed;
then continuous chest compressions with ventilations at a rate of 1 breath every 6 to 8
seconds (8 to 10 ventilations per minute) should be performed (Berg et al 2010). Chest
compressions should now be 2 inches (5 cm) in depth, with a rate of at least 100

compressions per minute (Travers et al 2010).
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Another CPR regimen which has shown promising results is known as
CardioCerebroResuscitation (CCR) (Mohler et al 2011). The idea of CCR is that
circulation of blood is much more important than ventilation, so ventilations are withheld
for longer periods of time while compression continues. This keeps more oxygen in the
brain, which improves survival rates, and often provides better neurological function for
survivors. One version of CCR practiced in the USA consists of 6 minutes of uninterrupted
chest compressions, with the administration of defibrillatory shocks when necessary,
before ventilating and intubating the patient (Hollenberg et al 2013). Another version of
CCR is known as Compression Only CPR (CO-CPR) where compressions are given

without ventilations until the EMS service arrives to continue CPR (Ewy 2014).

Since performing CPR is often very challenging, an easier-to-remember version of BLS
has been designed, which says establish lack of pulse, alert EMS, get AED (if available),
and initiate CPR. This new basic version gives the guideline for compressions “Push Hard,

Push Fast” (Berg et al 2010).

There are many organizations which try to define the best method and practice for CPR.
Some attempts have been made to form more widely accepted guidelines, such as the
International Liaison Committee on Resuscitation (ILCOR). ILCOR’s members include
the American Heart Association (AHA), the European Resuscitation Council (ERC), Heart
and Stroke Foundation of Canada (HSFC), the Australian and New Zealand Committee on
Resuscitation (ANZCOR), the Resuscitation Council of Southern Africa (RCSA), the
InterAmerican Heart Foundation (IAHF), and the Resuscitation Council of Asia (RCA)
Nolan et al 2010. They have not yet agreed upon the best course of action in all situations,

but they have made progress, and continue to work toward that goal.

The last few years have also seen the introduction of many different automated chest
compression devices which are being tested and used in numerous settings including
OHCA (Ong et al 2012). Table 2 shows several CPR techniques and devices which the
American Heart Association is using or investigating for future inclusion in their

guidelines, including several automated compression devices.
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Table 2 Cardio Pulmonary Recession Techniques and Devices (Cave et al. ~AHA

2010)

Treatment

Description

CPR Techniques

High-Frequency Chest
Compressions

Interposed Abdominal
Compression

Greater than 120 compressions per
minute

Three rescuer technique which
includes 3rd person for abdominal
compressions

CPR Devices

Ventilation

Circulation Support

Automatic Transport Ventilator

Manually triggered, Oxygen-
powered, flow-limited resuscitators

Active Compression-
Decompression (ACD-CPR)

Phased Thoracic-Abdominal
Compression- Decompression
CPR With a Handheld Device

Impedence Threshhold Device -
ITD

Mechanical Piston Devices

Pneumatically powered, time- or
pressure-cycled mechanical ventilator

Traditional hand held ventilation bag

Suction cup placed on chest to draw
out during decompression phase

Handheld device alternates chest
compression and abdominal
compression with chest and abdominal
decompression

Valve which limits air entry into lungs
during decompression phase

Gas or electric powered plunger
mounted on backboard to perform
compressions

Circumferential chest compressions

Load Distributing Band (Vest CPR) from constricting band or backboard

2.3 Response times

There are also many investigations into different ways to improve response times to

OHCA. It has been shown in large scale studies that shorter response times leads to higher

survival rates, for both survival at hospital admission and discharge (Estner et al 2007,

Woodall et al 2007, Olasveegen et al 2009). An old idea to improve response times which

is being revisited is the “first responder”. In the 1990’s policemen and firefighters were

being trained as first responders. Initially their role was to perform CPR until EMS units

arrived. In time, as AED’s gained acceptance, many first responder units were also trained

and equipped with AED’s. The data from the earlier trials of first responders was mixed.

Some found them highly effective (Myerberg et al 2002), while others found them not
effective (Groh et al 2001).
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Recently, the distribution of EMS centers according to population size has been brought
into question, as this can lead to inequality in health outcomes between urban and rural
areas (Yasunaga et al 2011). This has lead to response times being viewed from the
perspective of population density, distinguishing between urban and rural settings. It
appears that larger urban areas are more likely to benefit from first responder units on
motorcycles, since they can navigate through busy streets and heavy traffic, providing

quicker response times than traditional ambulances.

Studies of helicopter use in EMS services have also been performed. There is evidence to
support that their inclusion improves response rates, and therefore survival rates, in very
congested areas as well as very remote areas (Yasunaga et al 2011) (Lyon and Nelson
2013). However this issue is difficult since dispatch of helicopter services is expensive and
often limited to patients who have already achieved Return of Spontaneous Circulation
(ROSC).

2.4 Care providers
The old idea of EMS services was an ambulance, with a Medical Doctor and an EMT to

assist. Perhaps the ambulance had only a few EMT’s who were supposed to rush the
patient to the hospital. Innovative thinking from hospitals and colleges saw the creation of
the paramedic, and the introduction of the nurse into the EMS field. The idea of the first
responder has opened the door further to the introduction of many new individuals in the
EMS field. People such as firefighters, policemen, lifeguards, security guards, airline
cabin attendants and sky marshals, railway station personnel, post office workers, and
pharmacy staff have been proposed as people who could be first responders (Kloeck et al
1997, Capucci et al 2002, Myerberg et al 2002, Hoyer and Christensen 2009). Schools and
universities have considered the importance of having first responder training for members
of their staff.

Since there are so many different levels of care providers, we have also seen a change in
the levels of EMS care. Now there are BLS and BLS-D services (Basic Life Support with
or without the inclusion of Defibrillation capabilities), and Advanced Life Support (ALS).
ALS services now sometimes consist of only paramedics and EMTs, while other times
including an MD and/or a paramedic as part of the primary response unit. With the
widespread success and acceptance of the benefits of defibrillation, and the ease of using



15

AED’s (Capucci et al 2002), BLS services are being replaced more and more by BLS-D

services. Many first responders are even being equipped with AED’s.

2.5 Education
While a lot of the literature uses the same terms to describe EMS care providers (EMTs

and Paramedics), the education and skill level of these care providers is not very uniform.
Table 3 below is a collection of EMT certification training requirements chosen randomly
from different schools in different countries. (This table is not meant to show absolute
minimum or maximum levels of training. It should only be viewed as a snapshot of the
overall situation). It shows that there is great variation in the level of EMT education in
different countries, and even in different parts of the same country. In Europe we see
EMTs receiving as much as 26 weeks of training, and as little as 5 days. In North America
training periods range from 1 year to 6 weeks. Australian EMT’s were certified in 12 to 17

days of training.

In Table 3 we can also see that there is a great variation in the amount of time spent
between classroom training (credit hours) and in-the-field training (contact hours). Some
programs appear to focus more on credit hours, others on contact hours. It is also
interesting to note that there are many different levels of EMT certification (Basic,

Intermediate, Advanced, and Ambulance Technician).

Table 4 describes paramedic certification and training requirements chosen randomly from
different schools in different countries (This table is also not meant to show absolute
minimum or maximum levels of training. It should only be viewed as a snapshot of the
overall situation). Paramedic training similarly shows a lot of variation in study
requirements. In Europe, paramedic programs are from 7 months to 4 years. In North
America lengths varied from 11 months to 3 years. In Australia, paramedic programs
lasted from 1 to 3 years. There are also different levels of paramedic certification, such as
Paramedic | or Il, Paramedic certificate, an Associate Degree, and a Bachelor Degree.

Surprisingly, Germany also has Paramedics with and without ALS certification.



Table 3 EMT Education and Training Levels
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Institution/Location Degree Title Length of Study  Prerequisites Contact  Credit

Hours hours
EUROPE
Germany EMT 160 hours 80
First Line Response Bournemouth UK EMT Basic 2 weeks Basic First Aid
Irish Ambulance Training Institute Ireland EMT 6 weeks 40 120
Medicall Ambulance Service Dublin Ireland Ambulance Technician 26 weeks 18 weeks 8 weeks
Medicall Ambulance Service Dublin Ireland EMT 40 120
Crown Training Academy South Wales UK EMT Basic/Intermediate 5 days
NORTH AMERICA
Hillsborogh Community College Florida USA EMT Certificate 4 months 11
Florida Southwestern State College EMT Certificate 4 months 11
National Outdoor Leadership School Wyoming Wilderness EMT 1 month CPR certification 9
USA
Foothill College California USA EMT 9 months Emergency 10

Response Course

Wharton County community College Texas USA  EMT 1 semester CPR certification 7
Wharton County community College Texas USA  Advanced EMT 1 year CPR certification 23



Ozarks Technical Community College Missouri
USA

Ozarks Technical Community College Missouri
USA

Sait Polytechnic Calgary Canada

Prairie Bible Institute Alberta Canada

AUSTRALIA
First Response Queensland, Australia

First Response Queensland, Australia

EMT Basic

EMT Intermediate

EMT

EMT

EMT Basic

EMT Advanced

16 weeks
8 months

10 months

1 year

12 days

17 days

EMR certificate of
12 weeks

CPR and EMR
certificate

First Aid and
precourse study
manual

First Aid and
precourse study
manual

9 months

21

15

17

EMT-Emergency Medical Technician
EMR-Emergency Medical Responder
CPR-Cardio Pulmonary Resuscitation



18

Table 4 Paramedic Training and Education Levels

Institution/Location Degree Title Length of Prerequisites Contact Hours Credit hours
Study
EUROPE
Germany Paramedic (no ACLS) 1 year 360-hour 160
internship
Germany Paramedic ACLS 2 years 1year + 10 weeks 1 year
coursework
University of Hertfordshire UK Bachelor of Paramedic Science 3 years
PPA International via University of Paramedic 7 months EMT and 1 year 1 month 300
loannina Greece experience
Metropolia University of Applied Paramedic and Registered Nurse 4 years 240 credit
Sciences Helsinki Finland points

NORTH AMERICA

University of Washington, Paramedicine Certificate Program 1 Year EMT cert and 1122 / (435 88
Washington USA Anat and Phys classroom, 171

course and % practical

credits Math laboratory,

clinical/field 516).

Hillsborogh Community College Paramedic College Credit 11 months EMT 42
Florida USA Certificate Certification
Hillsborogh Community College (Paramedic) EMS Associate Degree 16 months Paramedic 73 (53
Florida USA College Credit credited

Certificate from EMT

and



Brookhaven College Dallas Texas

USA

Wharton County Community
College Texas USA

Wharton County Community
College Texas USA

Wharton County Community
College Texas USA

Foothill College California USA

Foothill College California USA

Lansing Community College
Michigan USA
Lansing Community College
Michigan USA

Paramedic Certificate

Paramedic-I

Paramedic Il

AAS in Emergency Medical Services

(Associate of Applied Science)

Paramedic Certificate

Paramedic Associate Degree

Paramedic Certificate

Paramedic Associate Degree

2 years

12-16 months

16-20 months

2 years

15 months

18 Months

3 years

EMT-B or EMT-I
certification plus
Anatomy and
Physiology

CPR certification

CPR certification

EMT
Certification + 6
months
experience
EMT
Certification + 6
months
experience +
Paramedic
Certificate

19

Paramedic
Certificate)

39

45 (39 from
Paramedic |
certificate)
60

58

70 (58 from
Paramedic
Certificate
Course)

36



AUSTRALIA

Victoria University Melbourne Bachelor of Health Science
Australia Paramedic

Victoria University Melbourne Diploma of Paramedical Science
Australia

University of Queensland Australia Bachelor of Paramedic Science

3 years
1 year

3 years

Apply First Aid 8 units
Card and Blue

Card from

Commission for

Children and

Young People

and Child

Guardian

40 units

20

ACLS-Advanced Cardiac Life Support
CPR-Cardio Pulmonary Resuscitation
EMT-Emergency Medical Technicia
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2.6 Division of tasks and services

Another aspect which has received a lot of attention is determining if there is one
combination of care providers that has the best results for OHCA victims. The idea of a
two-tier system, comprised of separate BLS and ALS units has become quite widespread.
At the same time, the education levels of EMTs and Paramedics increasingly includes
skills which used to be reserved for nurses or MD’s. This allowed for ALS services to take
on a new form, with the introduction of ALS services led by a paramedic, and not an MD
as had previously been the case with ALS. EMS services have also started including the

use of AED and first aid/CPR trained first responders, such as police and fire services.

Some studies claim that ALS services have better outcomes than BLS or BLS-D services
(Frandsen et al 1991). Others claim that BLS-D services have better outcomes than ALS
services (Ma et al 2007), or that BLS-D in conjunction with a good first responder system
results in the best outcomes. Still others compare the effectiveness of ALS paramedic units
to ALS MD units (Olasveengen 2009).

A possible explanation for differences in the above findings is that one study had more
than a 50% quicker mean EMS response time (Ma et al 2007), which in turn could improve
the survival rates of BLS-D services. Another potential factor which could have influenced
these findings is the population densities of these areas. For example, the population
density in Odense, Denmark (Frandsen et at 1991) was 570 citizens per square kilometer at
the time the study was conducted, compared to a population density of 9743 citizens per
square kilometer in Taiwan (Ma et al 2007) and 1347 citizens per square kilometer in

Norway (Olasveengen 2009).

Differences in population density may influence response times in different ways. Rural
areas may experience slower response times if EMS services are centralized, and patients
may not as quickly be discovered after experiencing OHCA. This would favor the ALS
units, such as in Odense, Denmark (Frandsen et at 1991), since ALS units would be better
equipped to handle patients in poorer conditions. In urban areas it is more probable that
patient discovery times after experiencing OHCA are faster, since there are more people
around to witness the event. This would lead to quicker response times in urban areas,
which may favor the success rates of BLS-D units as in (Ma et al 2007), where BLS-D

units did have better survival to hospital discharge rates.
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2.7 ldentifying and clarifying a topic for research

After reviewing the literature, two things were apparent. One, given the increasingly high
rates of incidence and the consistently poor survival rates, the need to study this topic was
undisputable. Two, this is such a multifaceted topic, and identifying one specific factor for
further study with a good probability to produce a meaningful result was going to be more

difficult than previously expected.

As a starting point, it was necessary to find some sort of order for all the information
available. There had to be a simple way to categorize this mass of information. Eventually
it was apparent that most of the literature could be divided into 3 main categories (with

several subcategories for each):
1 -Who provides the best care
2- The type of care provided
3- How the care is delivered

After identifying the main categories the best starting point would be to answer the
smallest, and least complex question first -“Who provides the best care?”. Once it is
determined who can best deliver the care, future research resources can be better focused
on defining best care from the perspective of the individual patient given the resources
available in each situation. The definition of “best care” may vary from place to place due
to cultural, religious, or economic differences, but certain common definitions could be
determined and more clearly described. These latter two topics will be continually
evolving, driven by advances in medicine and technology. Once we can determine who is
best suited to provide the care, then we can focus on defining and refining the education
and training requirements for those care providers, specifying and developing new and
existing medical advances to include in the care, and investigating better ways to bring the

care services to the patient in urban and rural settings.
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3 AIMS OF THE STUDY

This study aims to identify which form of EMS service is having the best results in OHCA,
as defined by survival to discharge. After identifying this basic point, it would then be
appropriate to investigate further more advanced topics, such as which specific treatment
regimens and care delivery aspects are the most effective. This aim will be achieved by
identifying the set of studies which are representative of the modern era, and evaluating the
three more common forms of EMS service currently used. They will be compared as

concepts, instead of analyzing each specific treatment they use, and the benefit of each.
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4 METHODS

4.1 Criteria for considering studies for review

4.1.1 Definition of study period

Studies needed to be reflective of the modern era, and of current practice. Studies
describing data collected before 1985 were not considered for inclusion. Furthermore,
studies which were marked for further review and possible inclusion needed to clearly
describe what care provider(s) were included in each type of EMS service.

4.1.2 Types of studies
In this review controlled clinical trials, and prospective or retrospective cohort or case-

series studies were considered for inclusion.

Randomized controlled trials were not considered to be ethically correct in many studies of
this nature (instead all patients are offered the best available treatment method). Some
studies included a level of randomization. For example, during the introductory phase of
new services where only a limited number of patients could receive the new treatment,
these patients could be randomly assigned to receive the existing treatment or the
introductory treatment. Again, 100% randomization even at this level is problematic
because the needs of the patient were sometimes judged too critically to warrant the basic
level of care, or in instances where other EMS services were already engaged, assignment

to a treatment category was made solely on the availability of service providers.

4.1.3 Types of Participants

In order to be considered for this review, studies had to include information about
primarily adult populations (defined as 16 or 18 years of age and older) who experienced
non-trauma OHCA with suspected primary cardiac etiology. Some studies included this
category of patient, along with other categories, such as pediatric or traumatic injury
patients. These studies were also considered for inclusion as long as information about the

desired participant category was present and clearly defined.

4.1.4 Types of Interventions
The focus of this review was to compare BLS-D with different types of ALS. The three
intervention types included were BLS-D, ALS-EMT/Paramedic, and ALS-MD. There was
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also the possibility to include BLS units which do not offer defibrillation, but from the
recent literature there is overwhelming data that defibrillation is beneficial, and already
widely incorporated in modern BLS services. The case has already been made and proven
that defibrillation is preferable, so investigation into its potential benefit is no longer

necessary.

BLS-D was performed by an EMT, Nurse, or Paramedic. BLS-D which was performed by
police or first responders, without the assistance of an EMT, Nurse, or Paramedic, was
originally considered for inclusion, but no such studies which met the other inclusion
criteria were identified. Defibrillation could be performed using any form of external
defibrillator including AED devices.

ALS services were subcategorized by the highest level of care provider involved in the
provision of services prior to arrival at the hospital. ALS-MD included a Medical Doctor
or physician as part of the primary response team, while ALS-EMT/Paramedics teams did

not.

ALS services reported different regimens of medication use and medical interventions
included, but no specific or minimum regimen or intervention was used to define study

inclusion, exclusion, or assignment into different ALS subcategories.

4.1.5 Care Providers/ Level of care

BLS-D services were provided by EMTs, Paramedics and Nurses. In order to be
considered as providing BLS-D services, no member of the group was providing advanced
cardiac life support.

The ALS-EMT/Paramedics services could also include EMT’s, Paramedics, and Nurses,
but in this case either a Paramedic or Nurse, if not both, was able to provide advanced

cardiac life support services.

It was possible to have all of the aforementioned care providers in the ALS-MD’s groups,
but these also included at least one MD. As long as the primary care providing group
included at least one MD, it was not necessary that any of the additional response crew
were ACLS certified.
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There are no international standards which define the level of education necessary for any
of these jobs. It was accepted that with each job title, there are general skills and
expectations which are similar enough to meet the purpose of this review. The
determination of definitions of optimal education and experience levels for each degree or
certification is beyond the scope of this review. The only minimum standard which was set
as a requirement for all care providers included was the ability to use an AED or other

external defibrillator.

BLS was considered to include the use of CPR, rescue breathing, defibrillation, and limited
used of medication. ALS included all of the aspects of BLS-D, along with more advanced

medicinal and treatment interventions.

In order to have comparable data, every study included needed to describe the use of at

least two of the interventions.

4.1.6 Outcome measures

For inclusion in this review, studies had to report survival to hospital discharge data as one
of the outcome measures, whether or not Return of Spontaneous Circulation (ROSC) was
achieved.

4.2 Search methods for identification of studies

The following databases were searched for relevant publications from 1 January 1985 until
1 January 2015: PubMed, SCOPUS, and the Cochrane Central Register of Controlled
Trials. Keyword and MeSH terms included “Emergency Medical Services” ,“Critical
Care”, “Emergency Treatment”, “Resuscitation”, “Advanced Cardiac Life Support”,
“Emergency Medicine” , “Emergency Nursing”, “Life Support Care” ,“Clinical
Competence” and “First Aid.  Limiting terms including “trauma” or “traumatology”,
“pediatric”, “English language”, “Controlled clinical trial” and “human” were also used.

See Tables 5A-C for the complete search strategies.
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Table 5A: PUBMED search strategy

Search criteria:

“Emergency Medical Services”[Mesh] OR “Critical Care”[Mesh] OR “Emergency Treatment”[Mesh]
OR “Resuscitation”[Mesh] OR “Advanced Cardiac Life Support”[Mesh] OR “Emergency Medicine”
[Mesh] OR “Emergency Nursing”[Mesh] OR “Life Support Care”[Mesh] OR “Clinical
Competence”[Mesh] OR “First Aid”[Mesh] NOT “Traumatology” [Mesh

Advanced life support or ALS Field: Title/Abstract

Basic life support or BLS Field: Title/Abstract

(emergency or critical) AND (care or treat or treatment*) Field: Title/Abstract

(prehospital or pre-hospital or preclinical or pre-clinical) AND (care or support or treat or
treatment*) Field: Title/Abstract

“Emergency Medical Technicians”[Mesh]

PARAMEDIC* Field: Title/Abstract

(emergency or critical or triage or ambulanc*) and (doctor* or nurse or nurses or nursing or crew
or staff or team*) Field: Title/Abstract

(randomised OR randomized OR randomly OR random order OR random sequence OR random
allocation OR randomly allocated OR randomized controlled trial [pt] OR controlled clinical trial
[pt] OR randomized controlled trials [mh])

Limits: Limits: Date: Published between 01.01.1985 and 01.01.2015. Species Humans, Document
type Controlled Clinical Trial, Language English, Age group Adult (19-44 years), Adults, all (19 years
+), Aged (65+ years), Aged, 80 and over (80+ years), Middle aged (45-64 years), Young Adult (19-
24 years)

Table 5B: SCOPUS search strategy

Search criteria:
Advanced life support or ALS

( TITLE-ABS-KEY ( "Advanced life support" ) AND NOT TITLE-ABS-KEY ( trauma ) AND NOT TITLE-
ABS-KEY ( pediatric ) ) AND DOCTYPE ( ar OR re ) AND PUBYEAR > 1984

( TITLE-ABS-KEY ( "Basic life support" ) AND NOT TITLE-ABS-KEY ( trauma ) AND NOT TITLE-ABS-KEY
( pediatric) ) AND DOCTYPE ( ar OR re ) AND PUBYEAR > 1984

Advanced life support or ALS

Basic life support or BLS

prehospital or pre-hospital or preclinical or pre-clinical

emergency or critical or triage or ambulance

randomized controlled trial [pt]

controlled clinical trial

Limits: Published between 1985 and 2015. LANGUAGE “English”. SUBJAREA “PHAR”, “MEDI”,
“NURS”, “HEAL”
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Table 5C: Cochrane Central Register of Controlled Trials search strategy

Search Terms:

MeSH descriptor Emergency Medical Services explode all trees
MeSH descriptor Critical Care explode all trees

MeSH descriptor Emergency Treatment explode all trees
MeSH descriptor Resuscitation explode all trees

MeSH descriptor Emergency Medicine explode all trees

MeSH descriptor Emergency Nursing explode all trees

MeSH descriptor Life Support Care explode all trees

MeSH descriptor Clinical Competence explode all trees

MeSH descriptor First Aid explode all trees

MeSH descriptor Emergency Medical Technicians explode all trees
(Advanced life support) or ALS

(basic life support) or BLS

(emergency or critical)

(prehospital or pre-hospital or preclinical or pre-clinical)
(emergency or critical or triage or ambulance)

Limits: Published between 1985 and 2015

4.3 Data collection and analysis

4.3.1 Selection of studies

Potential studies were identified using the listed key search words in three different
electronic databases. Abstracts were read in order to identify any article which may
include at least two different study categories, and which reported the desired endpoint,

survival to hospital discharge.

Studies which included information about the desired study group, any of the appropriate
interventions, information on the type of care provider, and an endpoint analysis variable
were kept for further consideration. After reviewing all the literature identified in the
initial data search, the full-length articles for all of the selected abstracts were collected
(where possible), and these articles were further reviewed to verify that they did indeed

include all of the necessary information for study inclusion.
Avrticles which did not include the appropriate information were excluded.

It was also checked that there were no articles discussing the same study, or different

subcategories of the same study. In situations where two or more articles discussed the



29

same study, the article which included the clearest, most complete description of the study

and its concurrent analysis was included.

4.4 Data extraction

Articles were reviewed by one individual who collected data about the study design,
overall timeframe and location of study, age of participants, diagnosis (primary cause of
arrest), care providers involved, treatment type(s), number of study subjects included, and

number of subjects who survived to hospital discharge.

4.5 Assessment of study quality
Studies were reviewed to identify sources of potential bias including selection bias,

detection bias, performance bias, attrition bias, and reporting bias.

Selection bias refers to the systematic differences between baseline characteristics of the
different treatment groups. It was determined by examining sequence generation,

allocation concealment, and baseline imbalances.
Sequence generation

All studies were reviewed to determine how patients were allocated to interventions.
Ideally all studies would have some predetermined method to randomly assign patients to
the study groups. However, several studies in this review did not have the opportunity to
randomly assign patients to a specific study group (treatment). By design, they reported
data before-and-after the implementation of a new service level in the area of study, in

order to assess the effectiveness of the new service.

Other studies reported a change in the treatment regime which took place on a limited basis
within their area of coverage. These studies had the possibility to assign subjects randomly
into different treatment groups. However, it was noted in these studies that the possibility
to include the subject into the predetermined randomized care group was not always
possible if the allotted care provider group was already dispatched to another incident, or
were too far away to respond in a timely manner. Furthermore these studies did not report
how frequently they were able to follow their randomization schedules. Overall, it was

decided that studies which had this limitation could still be included in the final review, as
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long as they noted this as a limitation in the study, and discussed the steps they took to

limit this source of bias as much as possible.
Allocation concealment

When the studies did have a method of random assignment defined, it was necessary to

assess the adherence level to the allocation plan.

Randomization schedules were predetermined in studies where different levels of EMS
service were concurrently available. It was not always possible to adhere to the
randomization schedule for ethical and logistical reasons. When the allocated service was
too far away to respond in a timely manner, or was already engaged with a patient, the
allocation table was not followed. Several studies mentioned this phenomenon as a
limitation, and sited the ethical obligation to treat patients in a timely manner. However,
none of the studies reported the level of adherence to the randomization schedule. It was
determined that this type of selection bias was unavoidable, and that adhering to the

schedule in this manner would not introduce a significant bias.
Baseline imbalance

Studies involving OHCA potentially use many different aspects to define the baselines of
their study groups, since many studies investigate factors which may influence the primary
outcome of this review (survival to hospital discharge). Articles also included data
regarding the time to EMS arrival, time until CPR is started, time spent on the scene before
attempting to transport the patient to a hospital, type of cardiac rhythm, presence of a
shockable rhythm. Descriptive statistics such as age, gender, bystander CPR started,
witnessed arrest, and type of cardiac rhythm were used to compare for baseline differences

between different study groups.

For the purpose of this review, assessment of baseline similarity was sufficient when age
and gender were evaluated. No significant differences were observed in any of the

included studies.

Detection bias refers to systematic differences between groups in how outcomes are
determined. For this type of primary endpoint it would appear that there is very little
possibility for any discrepancy, since the patient either died or was discharged from the

hospital alive. However, there are differences in the underlying criteria for when EMS
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care is or is not provided, which in turn can influence the outcomes. Areas which may
differ from study to study include the period of time a patient with a witnessed arrest
remains untreated before EMS assistance arrives, and the initial cardiac rhythm upon
arrival of EMS.

These cut-off times are determined by the practice of the local area or state. There is not
always worldwide and timely agreement about what consists the best medical practice in
all situations. For the purpose of this review, studies which clearly defined these
underlying criteria were rated as “low” risk for bias, while studies which did not clearly or

completely define these were marked as “uncertain” risk for bias.

Performance bias refers to the measures used to blind the study participants and care
providers from knowing which treatment a patient received, and whether or not the desired
blinding methods were effective. It is not possible to blind the patients from which kind of
care they received in this instance. Neither is it possible to blind the care providers on what
level of care they will provide. They provide care based solely on the need of the patient.
The only area where some level of blinding could have taken place is in the dispatch of
services area. Here some studies did have randomization tables defining which type of
EMS service should be dispatched. However, it was not always possible to follow these
schedules when the allocated service was not in range, or was already engaged with
another patient. It was felt that there is a low risk of this type of bias. Studies which did

not try to address or discuss this issue were listed as “uncertain” level of risk.

Attrition bias refers to the completeness of data, regarding the outcomes. In this review
there is only one endpoint, which is survival to hospital discharge. It is important to know

what exclusions were made in each study, and the reasons for exclusion.
Assessment of incomplete outcome data.

The completeness of the data being reported was assessed for every included study. All
included articles described the overall number of included/excluded patients, and described
the reasons for exclusions. Sighted reasons for excluding patients from studies included;
patients with traumatic injuries or who clearly had non-cardiac etiology, EMS did not
attempt resuscitation due to illness or presence of Do Not Attempt Resuscitation (DNAR)

order, no bystander resuscitation had been attempted for 15 minutes or longer before EMS
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arrival, pediatric patients. One study also excluded pregnant women, and cardiac arrests
that were witnessed by emergency medical personnel (Mitchell 2000). This study doesn’t
state how many pregnant women were excluded. Even lacking this description, it was
considered to have a “low risk” for bias, since it is highly unlikely that there were a large
number of pregnant women excluded, and their exclusion would have been for reasons

other than to influence the true outcome.

Reporting bias refers to the possibility of selecting only specific data to report, instead of

reporting all of the data which was listed in the study design or protocol.
Assessment of Selective outcome data.

Only studies which listed the primary outcome as one of the study objectives, and also
included said data were included into the review. It was checked in each article that the
complete data set regarding the primary outcome was described, and that it was described
in the manner stated in the objectives. In one study there was a subset of patients who
were treated by more than one type of EMS service, and they were later excluded from the
study results. In an attempt to limit any bias from this, the number of patients in this

subcategory, and the rationale for receiving combined treatments were stated in the article.

4.6 Assessment of intervention
Results of interventions were established in a stepwise process. First the treatment
categories and comparison groups for each study were identified. In total, there were three

treatment categories and three comparison groups.

Treatment Categories:

BLS-D, -basic life support provided by EMTs/paramedics including the use of a
defibrillator

ALS-MDs - advanced life support provided by groups including an MD, and
ALS-EMTs/Paramedics -- advanced life support provided by EMTS/paramedics

Comparison Groups:

ALS MDs vs BLS-D

ALS EMTs/Paramedics vs BLS-D
ALS MDs vs ALS EMT/Paramedics
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Statistical comparisons

Second, the number of patients included, and the number who survived to hospital
discharge for each treatment category in each study were determined. Odds ratios (OR) and
confidence intervals (CI) for survival to hospital discharge were then calculated for each

comparison group in each study.

Third, the results of the studies were pooled, according to comparison groups. For each
comparison group, a forest plot was created to show the individual ORs and Cls, along
with the pooled results for that group. Confidence intervals which did not include the
number 1.0 were considered to be statistically significant at the 0.05 level. See Table 6 for

comparison groups.



Table 6: Summary of Characteristics of Trials and Enrolled Patients

Study Number of patients Number of Number of patients Number of

survived at hospital patients survived at hospital patients

discharge recieved discharge recieved

care care

BLS-D ALS-EMT/Paramedic OR Lower Upper
Ma M.H-M et al 2007 53 1037 27 386 1,396 0,865 2,254
Mitchell RG et al 2000 15 259 19 294 1,124 0,559 2,26
Soo LH et al 1999 28 617 44 804 1,218 0,749 1,98
Stiell I et al 2004 69 1391 217 4247 1,032 0,781 1,362
Woodall et al 2007 60 1288 113 1687 1,469 1,065 2,027

BLS-D ALS (MD)
Frandsen F et al 1991 2 148 11 85 10,851 2,344 50,233
Soo LH et al 1999 28 617 13 126 2,42 1,216 4,815

ALS—-MD ALS—-EMT/Paramedic
Dickinson E et al 1997 4 9 2 40 15,2 2,192 105,416
Olasveengen et al 2009 31 232 78 741 1,311 0,84 2,046
Soo LH et al 1999 13 126 44 804 1,987 1,038 3,805

Yen ZS et al 2006 3 115 4 43 0,261 0,056 1,219
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4.7 Data synthesis

The data for these studies was analyzed using the Open Meta Analyst software program. It
calculates Odds Ratios with 95% Confidence Intervals for survival to hospital discharge,
using the total number of patients admitted into the study and those who survived to
hospital discharge. Then, the OR’s for all the studies in the same comparison group were
pooled to determine an overall OR and CI, which was then illustrated using a forest plot

graph.
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5 RESULTS

5.1 Results of the search

The initial search for literature resulted in 518 potentially relevant articles for further
review. These articles were then reviewed by title and/or abstracts to assess their possible
eligibility. In total, 503 articles were removed, since they were either duplicate articles, did
not include data about the primary endpoint (survival to hospital discharge), or they did not
compare at least 2 of the identified EMS care provider groups. This resulted in 15 articles
where the full articles were reviewed to determine their eligibility. Of these, 7 were
excluded and 8 were accepted for final inclusion in the study. After reviewing the
reference lists of all the 15 articles chosen for full review, one additional article was
identified and included in the final review. This resulted in a total of 9 articles which were

included in the final analysis. See Table 7 below for full details of the review process.

Table 7: PRISMA chart of study selection process

518 potentially relevant records identified and 1 additional record identified through review of
screened for retrieval through database review references of idenitified articles

PubMed (n= 80)
SCOPUS (n= 236)
Cochrane (n=202)

519 total records identified for further review

Articles excluded based on Title and Abstract: (n=503)
Excluded due to duplication, did not include primary endpoint,
did not compare 2 or more of the EMS service groups

16 potentially eligible articles remaining after
abstract selection and review

Articles excluded after retrieval of full-text: (n=7)
Discussion about BLS vs BLS-D, not BLS-D vs ALS (n=1)
BLS services did not include Defibrillation (n=1)

Pediatric patients included (n=2)

No description of EMT-D education level (n=1)

Discussion about BLS-D from different providers, not BLS-D
Vs ALS (n=2)

9 articles identified which describe BLS-D vs
ALS and meet all inclusion criteria
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5.2 Included studies
Study design

Table 8 below describes in detail the studies included in this review, including study
design and the EMS system(s) which were included in each item. It is important to note

that the article by Soo LH et al is listed 3 times, since it contains data for EMS System

comparison of all 3 comparison groups.

Table 8: Description of Included Studies

Author Year Location Study Design EMS System
Dickinson Eetal 1997 Colonie, New York, Retrospective case ALS (MDs) + ALS
USA series (EMTs/Paramedics)
Frandsen F et al 1991 Odense, Denmark  Retro-Prospective BLS-D + ALS (MDs)
cohort
Ma M.H-M etal 2007 Taiwan Prospective cohort BLS-D + ALS
(EMTs/Paramedics)
Mitchell RGetal 2000 Scotland Before-After, BLS-D + ALS
Prospective cohort (EMTs/Paramedics)
Olasveengen et 2009 Oslo, Norway Prospective cohort ALS (MDs) + ALS
al (EMTs/Paramedics)
Soo LH et al * 1999 Nottinghamshire, Retrospective BLS-D + ALS
UK cohort (EMTs/Paramedics)
Soo LH et al* 1999 Nottinghamshire, Retrospective BLS-D + ALS (MDs)
UK cohort
Soo LH et al * 1999 Nottinghamshire, Retrospective ALS (MDs) + ALS
UK cohort (EMTs/Paramedics)
Stiell | et al 2004 Canada Before-After, BLS-D + ALS
Prospective cohort (EMTs/Paramedics)
Woodall et al 2007 Queensland, Retrospective BLS-D + ALS
Australia cohort (EMTs/Paramedics)
Yen ZS et al 2006 Taipei, Taiwan Prospective cohort ALS (MDs) + ALS

(EMTs/Paramedics)

* same study, describing different EMS system comparison groups

Table 9 shows a list of the studies which were excluded from the final list of relevant
studies, sighting the reason for exclusion. Although there are an enormous amount of
articles, including clinical trials, which discuss in some capacity the topic of OHCA, very

few examined the topic in a similar manner. Some included non-cardiac etiology patients,
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such as trauma or drowning. Others mix adult and pediatric populations, or discuss
variations of who can provide BLS care (policemen, firefighters, lifeguards, first
responders, etc). This is one major reason for difficulty in comparing the EMS services.

Many authors discuss in very dissimilar terms and concepts.

Before the mid 1980’s defibrillation was part of ALS care only. Even with the introduction
of defibrillation to BLS services, many BLS services did not include the administration of
any medications. It is not very easy to include any studies from this time period or earlier,
since the skills and treatments that were considered as ALS skills then are now considered

part of BLS care.
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Author Year Location Study EMS System Reason for Exclusion
Design
Brison R et al 1992 Ontario, Before-After, BLS + BLS-D Discussion about BLS
Canada  Prospective vs BLS-D, not BLS-D
cohort vs ALS
Estner H et al 2007 Dachau, Prospective  ALS (MDs) + ALS Pediatric Pts included.
Germany cohort (EMTs/Paramedics) All patients are followed
up by MD before
hospital arrival
Eisenburger P et al 2001 ﬁ:;;tr:;a S;(r)](s)p;tectwe (E|\I>|/I[-)I-S)D + ALS No descr_iption of EMT-
area D education level =
Acting as BLS-D or
ALS (EMT/Paramedic)
Frandsen Fetal 1991 Odense, Retro- BLS + BLS-D Discussion about BLS
Denmark  Prospective vs BLS-D, not BLS-D
cohort vs ALS
FrandsenF etal 1991 Odense, Retro- BLS + ALS (MDs) BLS services did not
Denmark  Prospective include Defibrillation
cohort _
Groh W et al 2001 Indiana,  Prospective  BLS-D Discussion about BLS-
USA cohort (Police/EMS) + BLS- D from different
D providers, not BLS-D
(EMTs/Paramedics) vs ALS
Myerberg RJ etal 2002 Miami, Prospective  BLS-D Discussion about BLS-
USA cohort (Police/EMS) + BLS- D from different
D providers, not BLS-D
(EMTs/Paramedics) vs ALS
Rainer T et al 1997 Glasgow Prospective  BLS-D (EMT) + wAdult” included 13 or
UK cohort ALS .
(EMTs/Paramedics) older. Pgrgmedlcs did
not administer
medication
Sipria A et al 2000 Tartu, Retrospective BLS + ALS (MDs) BLS services did not
Estonia  cohort include Defibrillation

5.4 Risk of bias in included studies

The risk of bias for the included studies was performed using the Cochrane Handbook for

Systematic Reviews of Interventions version 5.1.0. 2011.

details of the risk of bias assessment.

Table 10 contains specific
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Sequence Generation (Selection Bias)

Sequence generation was the most common source of potential bias, with six out of the
nine studies having a ”High” level of sequence generation bias. It was very difficult for this
type of study to be designed in a manner that would facilitate proper sequence generation,
since it describes the changes after the introduction of a new category or level of EMS
service. The provision of the new EMS service was determined by geographic location (to
facilitate fast response times), and availability of the EMS service. By design it is not

possible to have a level of randomness.
Allocation Concealment (Selection Bias)

Allocation concealment was also “Uncertain” in five of the nine studies. Even though
these studies did have a” High” potential for selection bias, they were determined to be of
high enough quality to include in a review, since the specific type of bias seemed unlikely
to effect the outcomes, and also very difficult to avoid in most situations.

Blinding (Performance Bias)

It isn’t possible to blind the participants or the care providers in this specific instance.
However, in some studies it was possible to have a degree of blinding at the level of the
service dispatch. It was not possible to follow the predetermined allotment of services
when the desired service was out-of-range, or already engaged with another patient.
Blinding was “Uncertain” in four of the nine articles, since there was no description of

efforts to blind the dispatch services.

Detection, reporting and attrition biases were “Low” for all studies, since they included
baseline descriptions of the included participants, clear descriptions of the eligible subjects,
excluded subjects, and reasons for exclusions. With this information it was possible to

account for all study subjects.
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Table 10: Risk of Bias

Study Sequence Allocation Blinding of Incomplete Selective Baseline
generation concealment participants, outcome data outcome imbalance
personnel (attrition and  reporting
and exclusions)
outcomes
Dickinson etal  High Uncertain Uncertain Low Low Low
Frandsen et al Uncertain  Uncertain Low Low Low Low
Ma M.H-M et al High Low Low Low Low Low
Mitchell et al Uncertain  Uncertain Uncertain Low Low Low

Olasveengen et

al High Uncertain Uncertain Low Low Low
Soo et al High Uncertain Uncertain Low Low Low
Stiell et al Low Low Low Low Low Low
Woodall et al High Low Low Low Low Low
Yen ZS et al High Low Low Low Low Low

5.5 Effectiveness of interventions

5.5.1 ALS MDs vs BLS-D

The combined OR’s for both of the studies in the ALS MDs vs BLS-D category showed a
significantly greater chance of survival to hospital discharge when patients were treated by
an ALS MD’s group with an OR =4.36 (95% C.I. 1.04 to 18.3) see Figure 2

Studies Estimate (95% C.I.) Ev/Tzt Ev/Ctrl
Frandsen F et al 1991 10,851 (2.344, 50.233) 11/85  2/148 5 !
So0 LH2 et al 1999 2.400 (1.216, 4.815) 13/126 28/617 | ;

Overall ("2=67% , P=0.080) 4.355 (1.037, 18.300) 24/211 30/765 ————m -

| T I T T |
104 207 136518 1037 73 502
Qdds Ratio (log scale)

Figure 2: Forest Plot of ALS MDs vs BLS-D
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5.5.2 ALS EMTs/Paramedics vs BLS-D

The combined OR for the five studies in the ALS EMTs/Paramedics vs BLS-D group
showed a significantly greater chance of survival to hospital discharge when patients were
treated by the ALS EMTs/Paramedics group with an OR =1.22 (95% C.1 1.03 to 1.45) See
Figure 3.

Studies Estimate (95% C.I.) Ev/Trt  Ev/Ctrl |

Ma M.H-M et al 2007 1.396 (0.865, 2.254) 27/3%  53/1037 } B

Mitchell RG et al 2000 1.124 (0.559, 2.260) 19/294  15/259 .

Soo LH et al 3 1999 1.218 (0.749, 1.980) 44/804  28/617 |

Stiell | et al 2004 1,032 (0.781, 1.362) 217/4247 69/1391 B ]

Woodall et al 2007 1,469 (1.065, 2.027) 113/1687 60/1288 3 B

Overall (1"2=0% , P=0.551) 1.221 (1.027, 1.453) 420/7418 225/4592 c:f_:::::::
| — \
0.56 112 122 2.26

Odds Ratio (log scale)

Figure 3: Forest Plot of ALS EMTs/Paramedics vs BLS-D

5.5.3 ALS MDs vs ALS EMT/Paramedics

The four studies in the ALS MDs vs ALS EMT/Paramedics group (figure 4) show that
there is non-significant increase in the survival to hospital discharge rate amongst the ALS
MDs group, with an OR of 1.57 (95%C.I. 0.65 to 3.82).

Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl i

Dickinson E et al 1997 15.200 (2.192, 105.416) 4/9 2/40 3 B

Olasveengen et al 2009 1.311 (0.840, 2.046) 31/232 78/741 S8

Soo LH et al 1999 1,987 (1,038, 3.805) 13/126 447804 — B —

Yen Z5 et al 2006 0.261 (0.056, 1.219) 3/115 4743 i i

Overall("2=74% , P=0.008) 1.570 (0.646, 3.816) 51/482 126/1628 —_——
I T I I T i T I I I T |
006 011 028 0.6 112157 28 5.6 1119 2196 5095 10542

Odds Ratio (log scale)
Figure 4: Forest Plot of ALS MDs vs ALS EMT/Paramedics
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5.6 Heterogeneity / subgroup analysis

One of the difficulties in reviewing trials related to OHCA is the issue of heterogeneity.
The knowledge and available technology have changed tremendously in the past 30 to 40
years. Skills which were once performed only by ALS MDs, such as defibrillation and the
administration of certain medications, are now performed by Paramedics and EMTSs, and in
many instances offered as part of BLS services. Bystander assistance has improved greatly
with the continued efforts from organizations such as the American Heart Association and

the Red Cross, who offer CPR and AED courses to laypersons.

Deliberate efforts were taken in the selection of articles for this review, in order to reduce
the differences in EMS service and care levels. Studies which were performed prior to
1985 were not included. Only articles which clearly stated who provided the care (EMT,
Paramedic, MD), what level of care was provided (BLS or ALS), and what skills were
included in each level of care (CPR, ventilation, defibrillation, administration of
medication) were included. The studies chosen also treated similar types of patients,

meaning adult patients with non-trauma OHCA.

It would not be practical to find many studies which used the exact same definitions and
treatments for the same patients, but the studies chosen for this review are similar enough

to allow for meaningful comparison.

There is also the issue regarding the time it takes for the EMS services to begin treatment.
While there is a lot of discussion regarding this topic, it was felt that this particular issue
addresses how care is delivered, and not who provides the best care. Perhaps after
determining who provides the best care, the next topic could be how to best deliver that

care in different settings.
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6 DISCUSSION

6.1 Summary of results

There was a significantly better probability of survival to hospital discharge when patients
were treated by an ALS team, compared to BLS-D services. This increased probability was
seen for both ALS-MDs and ALS EMT/Paramedics groups. Of the two ALS groups, the
ALS-MDs group had the greater probability of survival to hospital discharge.

In the comparison of ALS MDs to ALS EMT/Paramedics, patients treated by the MDs also

had a greater, although not significant, probability of survival.

6.2 Completeness and applicability of evidence

In the planning phase of this study, it was difficult to decide what limiting factors to use
when identifying studies for inclusion. There are many large reviews of OHCA previously
conducted which combine and compare a multitude of different patient types, care levels,
and secondary outcomes. These reviews often don’t provide clinically meaningful
recommendations regarding the care of OHCA for non-trauma patients. Instead, they
unfortunately become “meta-descriptions”. This review included 9 studies, which were
found to be of good quality, compared similar patients, where similar levels of care were

provided for each subgroup.

Since the key search terms originally chosen brought up over 60,000 possible titles, it was
necessary to use several limiting factors, including language. Excluding studies not written
in English could have excluded some articles. However, since this review includes articles
from several countries (Australia, Canada, Denmark, Norway, Taiwan, UK, and USA), it

appears that non-native English speaking countries are also being included.

The treatment categories of BLS-D, ALS-MDs, and ALS EMT/Paramedics were
considered more as concepts, and they were defined using minimum standards of care in
order to ensure a level of comparability. The hope was to identify which service, as a
concept, provides the best outcome. If a definitive conclusion regarding the best treatment
category can be reached, then discussions about what specific skills or medical treatments
to include in the treatment category, how to best deliver the care, etc can be discussed with

more relevance in the future.
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Since EMS services in many countries do include a 2-tiered system, BLS and ALS
services, it was felt that the three treatment categories used in the review have a good
overall representativeness and general applicability worldwide. If not all three of the

services are used, at least BLS and one form of ALS are used.

6.3 Quality of evidence

The studies included in this review had a good overall level in the quality of evidence.
Only one category of bias had studies with a “High” risk rating. Six studies were rated as
having a “High” risk of bias in regards to the sequence generation process used when
determining what service would respond to the patient. In a “before-after” type of study,
which measures the change in care quality after a new treatment category is introduced, it
is difficult to have any system of random response. The patients cannot be assigned to a
different treatment category in a specific geographic location, if only one category is
available there. It was also noted in some of the “High” risk studies that the randomization
table followed by the EMS dispatch services could not be followed if the EMS unit was not
in the area, or was already engaged with another patient. It would be unethical to leave the
patient for an extended period of time without care in order to adhere to the dispatch
randomization schedule. Since these exclusions to adherence were noted in the articles and
the schedules were followed when possible, the authors have taken appropriate steps to

ensure that quality of evidence was as good as could be expected given the situation.

The bias categories of “allocation concealment” and “blinding of participants” in some
studies were marked as being “uncertain”. These designations stem from the same issue
mentioned above. In “before-after” studies, when there is only one option for care to be
provided, allocation concealment and blinding of participants becomes virtually
impossible. This should not be considered as a reason to demean the quality of the study,

since by the design of the study it is not possible to include these elements.

6.4 Potential biases

One area where the potential for bias exists is in the exclusion of studies not written in
English. It was not feasible to review all of the potentially relevant literature in all
languages. However, since articles from non-native English speaking countries are

commonly published in English, it is possible to get some level of representativeness, if not
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collecting every single potential article. This review contained articles from several

countries, hopefully minimizing any bias creating by limiting the study language.

The study exclusion process could also be an area where potential bias was introduced.
Since the initial search terms resulted in over 600,000 possible articles, it became
necessary to refine the searches and add limitations. Several layers of refinement were
needed in order to bring the result level to something that could be reviewed. It would have
been incredibly time consuming to review abstracts for 10,000 papers, for example. A
large list of key terms was used, and search trees were exploded in order to identify related
key terms which may include eligible studies. However, it is possible that there are existing
studies which did not use the same Key words or Mesh terms, and were not included

As one method to try to locate any such articles, | reviewed all of the articles listed in the
bibliographies of all the studies which had been chosen for inclusion. | also went to the

internet search engines Google and Bing, and searched using several related key words.
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7 CONCLUSIONS

7.1 Implications for practice

In the comparisons between BLS-D and ALS services, the ALS services were found to
have significantly better outcomes, with the ALS MD group rating the highest, OR 4.36
(95% C.I. 1.04 to 18.3). The comparison of ALS MDs to ALS EMT/Paramedics also
favored the ALS MD groups (OR of 1.57), although the result was not significant (95%C.1I.
0.65 to 3.82). Since the ALS MD treated patients had a much greater chance to survive to
hospital discharge, albeit non-significantly in one of the two comparisons, this would
strongly suggest that ALS MD units are the best method of responding to non-traumatic
OHCA.

When hospitals or health care authorities are planning and providing existing and future
EMS services, they should consider the ALS MD unit as the primary response unit. ALS
Paramedic/EMT units should not necessarily be removed from health care services, but can
be reprioritized and dispatched to different types of patients. It is in the best interest of the
patient, (he/she has a better chance to survive), and the hospital, in so far as it is a more

efficient use of their resources/services.

7.2 Implications for research

This study does not proffer any specific areas or items which should be included for future
research. Instead, it offers a concrete starting point, so that future studies can focus on the
specific aspects of care to be included in OHCA care, and not continuing the discussion
about who is best suited to provide those services. Intriguing topics of current discussion
include response times and methods to improve them and the use of new medical treatment

methods such as CardioCerebro Resuscitation or mild therapeutic hypothermia.
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APPENDIX 1: CHARACTERISTICS OF INCLUDED STUDIES

Dickinson et al 1997

Methods

Participants

Interventions

Outcomes

Retrospective case series

Individuals 18 years of age or older experiencing non-traumatic out-of-
hospital cardiac arrest. Patients were grouped into those receiving care
from an on-scene medical control physician (OSMCP), or those who only
received initial treatment from paramedics.

Interventions for OSMCP group and paramedic group were described as
being similar in treatments provided (CPR, defibrillation, mechanical
ventilation, drug administration) with the exception of administered
medication volumes. The physician lead group reported an approximately
2-fold increase in the amount of medication administered per patient.

The physician led group more often had ROSC and had a higher rate of
survival to hospital discharge.

Frandsen et al 1991

Methods

Participants

Interventions

Outcomes

Retrospective cohort study

Adult patients experiencing out-of- hospital cardiac arrest who received
pre-hospital cardiopulmonary resuscitation. One section of the study
included patients from a rural setting, defined as having a population
density of 570/km2. The second section was an urban setting defined as
having a population density of 340/km2.

EMS services were offered on a 3-tier system (BLS-D, ALS-Paramedics,
and ALS MD’s).

The ALS MD service had the highest survival to hospital discharge rate in
both urban and rural settings. A psychological evaluation and cerebral
function test were performed on long-term survivors, and 11 control
subjects. Patients with more intensive pre-hospital treatment (ALS MD)
had the best survival to hospital discharge rate and best cerebral function.
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Ma et al 2007

Methods

Participants

Intervention

Outcomes

Prospective cohort study

All adult (>18 years), OHCA that activated EMS were included in the study.
Traumatic injury patients and those for whom resuscitation was not attempted
were excluded.

At the onset of the study ALS Paramedic services were being introduced into
an area consisting of 12 smaller regions which previously only had BLS-D
services. Only two of the 12 study regions introduced ALS Paramedic
services. Existing BLS-D services performed CPR and defibrillation. ALS
services offered in addition to BLS-D services, tracheal intubation and
administration of IV medication.

ALS Paramedic services had a 9% higher ROSC, but only a 2% higher rate of
survival to hospital discharge, compared to BLS-D services. Bystander CPR
was a positive predictor for survival to hospital discharge. ALS Paramedic
services provided better outcomes for patients who initially did not receive
bystander CPR or had asystole.

Olasveengen et al 2009

Methods
Participants

Intervention

Outcomes

Note

Prospective cohort study
All patients older than 18 years old with non-traumatic OHCA of all causes.

The patients were retrospectively categorized into three groups: 1- those
treated by the ALS MD group, 2- those treated initially by an ALS
EMT/Paramedic group followed by the ALS MD group, and 3- only ALS
EMT/Paramedic groups (non-PMA group).

The ALS EMT/Paramedic group had a slightly higher rate of ROSC and
hospital admittance, while the ALS MD group had a 2% higher rate of
survival to hospital discharge. ALS MD groups also defibrillated more often
than ALS EMT/Paramedics.

For the final analysis, only comparisons between the 1% and 3" group were
offered. The second group was not included in the final analysis since it was
felt to be a highly selective subgroup, and was only utilized when the ALS
EMT/Paramedic group called in requesting backup.
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Soo et al 1999

Methods

Participants

Intervention

Outcomes

Notes

Retrospective cohort study

All patients in the catchment area of one ambulance service who experienced
OHCA from verified or suspected cardiac etiology. Exclusions included drug
overdoses, suicide, drowning, hypoxia, exsanguinations, cerebrovascular
accident, subarachnoid hemorrhage, trauma, ruptured aortic aneurism, and
pulmonary thrombosis.

BLS-D, ALS EMT/Paramedic, and ALS MD units were all available during
the entire length of the study. Additionally, there were interventions
performed by EMTSs only, without the assistance of Paramedics, and
Paramedic only units. Intervention was not attempted when no bystander
CPR had been performed for at least 15 minutes, or if the patient already had
rigor mortis.

ALS MD groups had the highest rate of survival to hospital discharge
followed by the ALS EMT/Paramedic group, and lastly the BLS-D group.
There were also Paramedic only groups (see note below) which had higher
odds of survival compared to the EMT only group, BLS-D, and ALS
EMT/Paramedic groups.

During the study period there was a large increase in the number of qualified
paramedics, as opposed to EMTSs. Over a 4-year period the number of
Paramedics increased from 22 to 116. This resulted in an increased proportion
of patients receiving Paramedic care, versus the other treat groups.

For the final analysis in this review Technician only, Paramedic only, and
Technician and Paramedic groups were all combined into one group, BLS-D,
since this matches the original treatment group definitions.

Stiell et al 2004

Methods

Participants

Intervention

Before-After prospective cohort study

All individuals 16 years or older who experienced OHCA and resuscitation
was attempted. Reasons for exclusion include being younger than 16 years
of age, determined to be dead upon EMS arrival, patient had traumatic
injury, or had disorder which clearly had a non-cardiac etiology.

The first phase of the study includes only care provided by BLS-D units
for a one year period of time. The second phase includes the introduction
of newly trained ALS EMT/Paramedic groups for a three year period.



Outcomes

58

There was no distinguishable difference in survival to hospital discharge in
either group.

Woodall et al 2007

Methods

Participants

Intervention

Outcomes

Retrospective cohort study

All individuals 18 years or older who experienced OHCA and for whom
resuscitation was attempted. Exclusion criteria included anyone who was
not of age, or if cardiac arrest was not felt to be of primarily cardiac
etiology. Cardiac etiology was assumed in men greater than 40 years of
age and women greater than 50 years of age when determination of other
etiology was not possible.

The study included care provided by BLS-D and ALS EMT/Paramedic
units during a three year period. ALS EMT/Paramedic are automatically
dispatched first for OHCA calls. BLS-D units responded only when ALS
EMT/Paramedic units were not available.

ALS EMT/Paramedic treated individuals had a higher probability to
survive to hospital discharge compared to BLS-D units (chi squared 6.70
and 4.66 p= 0.03). Authors hypothesize that the ALS EMT/Paramedic
units may have had a better score since they were more efficient in
choosing which patients should receive resuscitation and/or be sent to the
hospital for further treatment.

Yen et al 2006

Methods

Participants

Intervention

Outcomes

Prospective observational study

All patients experiencing OHCA of non-traumatic origin who were
transported to a hospital for further care. Patients were limited to those in
the catchment area of the nine participating major medical centers.

Care was provided in eight hospital centers by ALS MD units. In the ninth
hospital, ALS EMT/Paramedic units were dispatched to OHCA calls.
ALS-MD units were dispatched only when ALS EMT/Paramedic were not
available (already fully engaged).

The ALS EMT/Paramedic units had a better survival to hospital discharge
compared with the ALS MD groups.




