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Introduction 

The Chain of Survival describes the factors most critical to survival from out-of-hospital cardiac arrest 
(OHCA).1 Outcomes from OHCA outside of urban areas are infrequently reported, perhaps due to the 
challenge of applying the chain of survival to these settings. Greater distances may prolong paramedic 
response times, delaying CPR and defibrillation for many patients.2,3 Additionally, extra-urban areas 
may be served by less sophisticated EMS services, with services in many cases provided by volunteer 
responders and so may feature less access to advanced life support (ALS) interventions.4 

While the above factors may affect survival rates outside of urban areas, few studies exist which 
compare survival from OHCA in urban and rural areas. Furthermore, these studies assume 
homogeneity among the rural sample. This assumption may be flawed as many rural areas feature a 
mix of relatively populous rural centres and extremely remote communities. 

The current study aims to compare survival from OHCA between city, regional and remote areas in the 
state of Queensland in order to better describe the effect of remoteness on survival. We will report on 
differences in patient, scene and EMS variables between location types, and how these influence 
survival.  

Methods 

Population and setting 
The Queensland Ambulance Service (QAS) provides ambulance services the entire state of Queensland, 
a population of 3.9 million people in a landmass of 1 734 513 square km. Queensland is relatively 
decentralised compared to other Australian states, although the majority of the population is situated 
on the coastline.  

Paramedics in QAS operate within a range of skill levels. All qualified paramedics are able to deliver 
defibrillation, CPR and basic airway care (which may include oropharyngeal or laryngeal mask 
airways). Advanced Life Support (ALS) interventions are provided by Intensive Care Paramedics 
(ICPs). ICPs are able to deliver a full range of ALS interventions including endotracheal intubation, 
adrenaline and a range of other cardioactive drugs. While a range of qualifications exist, for the 
purposes of this study paramedic skill level has been dichotomised into ICP and non-IC paramedic. 
This classification distinguishes between skill levels capable of delivering ALS, and those which are 
not. The skill level for each case in this study is taken as the officer with the highest skill level on scene.  

QAS deploys paramedics using a two-tiered system of response, with ICPs assigned to those cases 
requiring ALS interventions. In urban centres this means ICPs units float until they are assigned to a 
serious case, where they will back up the primary crew. Consequently ICPs are frequently second on 
scene. IC paramedics are assigned to ambulance stations according to regional directives and so there is 
an uneven distribution of ALS providers across the state. In some areas, response may resemble a 
single tier pattern, with ALS providers called to attend the nearest incident regardless of severity. 

Design 
The study was a retrospective observational study of all cases of out-of-hospital cardiac arrest (OHCA) 
attended by the QAS between 2000 and 2005.  
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These cases were classified using the Australian Bureau of Statistics (ABS) Australian Standard 
Geographical Classification (ASGC) Remoteness Structure5 into classifications according to the 
geographical remoteness from the nearest urban centre.  

Preliminary analyses examined the relationship between remoteness and situational variables 
including the presence of a witness at arrest, receipt of bystander CPR, presumed aetiology and 
presence of a shockable initial rhythm. Analyses also compared the relationship between remoteness 
and Emergency Medical Service (EMS) variables of response time and the presence of an ICP on scene 
during resuscitation. The primary analysis examined the relationship between remoteness and 
survival. The survival endpoint for this study was Return of Spontaneous Circulation (ROSC) on 
arrival at hospital. Statistical significance was tested using Pearson’s chi-square test. A p value <0.05 
was considered statistically significant for all analyses. 

Participants 
This study included all adult patients (>17 years) in confirmed OHCA who were attended by QAS 
paramedics between 1/1/2000 and 31/12/2005. A total of 18 694 cases met these criteria and were 
included in the study. This study excluded 232 cases due to missing address details, which precluded 
ASGC coding. 

Data 
Data were collected from the Cardiac Outcomes Database. This database holds data from QAS case 
reports from all out-of-hospital cardiac arrests throughout Queensland. For each case, ambulance 
records are uploaded from a central database and audited for accuracy against a hard copy of the 
Ambulance Report Form (ARF). Case description is performed according to Utstein guidelines6, with 
codes being assigned for case classification, patient outcome and presumed aetiology of arrest. 
Information such as prescribed medications, pre-existing medical history and symptoms prior to 
collapse were used to guide a classification of cardiac aetiology. Cardiac aetiology was presumed for 
males over 40 and females over 50 when determination of aetiology was not possible from available 
information. The auditing process also allows for correction of coding errors and capture of missing 
information.  

Paramedics utilise a function on the dispatch system to record times, which are manually transcribed to 
the ARF. Therefore, information on time intervals is synchronised throughout the service and is 
generally accurate. 

Cases meeting inclusion criteria for this study were further classified using their address data to align 
with the ASGC remoteness structure. The postcode data from the location recorded on the Ambulance 
Report Form was used to classify these cases according to their remoteness from an urban centre. Using 
the Accessibility/Remoteness Index of Australia (ARIA) each postcode was assigned a score from 0 to 
12 according to the average index of households in that location. This remoteness score is measured 
according to physical road distance from the nearest urban centre.4 The census collection districts, used 
as base spatial units, are divided according to the ARIA standards into six classifications. For the 
purposes of this study these six classifications were streamlined into three categories. Classification ‘0’ 
included major cities and became the ‘city’ classification for this study; ‘regional’ classification included 
‘1’—Inner regional and ‘2’—Outer regional. The ‘remote’ classification included ‘3’—Remote, ‘4’—Very 
remote and ‘5’—Migratory. The ARIA score for each of these classifications becomes: 

• City: CDs with an average Accessibility/Remoteness Index of Australia (ARIA) index value of 0 to 
0.2  

• Regional: CDs with an average ARIA index value greater than 0.2 and less than or equal to 5.92  

• Remote Australia: CDs with an average ARIA index value greater than 5.92 and includes off-shore, 
shipping and migratory CDs.  
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Results 

Over the five years study period a total of 18 694 cases met inclusion criteria.  

Figure 1 uses an adapted Utstein template to record the situational variables for cases separated into 
the 3 geographical classifications according to remoteness.  

Figure 1 Utstein template of results 

 

 

Resuscitation was attempted by QAS paramedics in 9317 cases (49.8% of all cases). Chi square analysis 
demonstrates that the likelihood of resuscitation being attempted differs significantly as a function of 
remoteness (χ2=36.76, df=2, p≤ 0.001). Resuscitation was most likely to be attempted in city areas 
(51.1%), while it was attempted in only 38.6% of cases in remote areas.  

Chi square analyses examined the relationship between scene variables and remoteness for adult cases 
where resuscitation was attempted and with a presumed cardiac aetiology. These results are presented 
in Table 1. It was found that remoteness had a significant relationship with bystander CPR, initial 
rhythm and presence of a witness. 

Resuscitation not attempted
City: 4596 (48.9%)

Regional: 4430 (50.8%)
Remote: 351 (61.4%)

ROSC achieved at hospital
City: 125 (10.3%)

Regional: 95 (9.0%)
Remote:2 (2.9%)

Not witnessed
City: 1210 (33.3%)

Regional:1054 (33.0%)
Remote:68 (43.3%)

ROSC achieved at hospital
City: 455 (23.1%)

Regional: 322 (18.4%)
Remote: 10 (13.5%)

Bystander witnessed
City: 1969 (54.2%)

Regional: 1747 (54.3%)
Remote: 74 (47.1%)

ROSC achieved at hospital
City: 193 (42.7%)

Regional: 184 (44.1%)
Remote: 5 (33.3%)

EMS witnessed
City: 452 (12.4%)

Regional: 417 (13.0%)
Remote:15 (9.6%)

Cardiac aetiology
City: 3631 (75.5%)

Regional: 3218 (75.1%)
Remote:157 (71.0%)

Non-cardiac aetiology
City:1181 (24.5%)

Regional:1066 (24.9%)
Remote:64 (29.0%)

Resucitation attempted
City: 4812 (51.1%)

Regional: 4284 (49.2%)
Remote: 221 (38.6%)

Cardiac arrests attended by QAS personnel
City: 9408 (50.3%)

Regional: 8714 (46.6%)
Remote: 572 (3.1%)
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Table 1 Analysis of key scene factors 

 Arrest witnessed Bystander CPR* Shockable initial rhythm 

 Yes No Yes No Yes No 

City 2421
66.7% 

1210
33.3% 

1817
57.2% 

1362
42.8% 

1546 
43.3% 

2022
56.7% 

Regional 2164
67.2% 

1054
32.8% 

1492
53.3% 

1308
46.7% 

1499 
47.5% 

1656
52.5% 

Remote 89
56.7% 

68
43.3% 

72
50.7% 

70
49.3% 

74 
50.0% 

74
50.0% 

 χ2= 7.52 
df= 2 

p< 0.03 

χ2= 10.23 
df= 2 

p< 0.01 

χ2= 13.11 
df= 2 

p< 0.001 

* Cases witnessed by paramedics excluded for this analysis 

Emergency Medical System (EMS) variables were also examined for their relationship with remoteness 
using the same inclusion criteria as before. The attendance of an Intensive Care Paramedic differs 
significantly according to remoteness (χ2= 353, df= 2, p<0.001). Intensive Care Paramedics attend 68.1% 
of cases in city regions, but only attend in 52.2% of regional cases and 8.3% of remote arrests.  

Response time was calculated from the time of call received to ambulance arrival at scene. Figure 2 
shows the distribution of response times for all adult cases. A one-way ANOVA compared response 
times by location. The average response time for arrests in city areas was 9.09 minutes. This is 
significantly faster response times regional areas (10.6 minutes), which in turn are significantly faster 
than those in remote areas (14.9 minutes) (F=53, df= 2, 18582, p<.001). However, when we consider 
cases where resuscitation was attempted by QAS paramedics, no significant difference in response 
times was found (F= 0.27, df= 2, 9266, ns). 

Figure 2 Ambulance response times 

 

 

The primary analysis examined the effect of location type on survival. The survival rate was based on 
all adult cases where resuscitation was attempted by QAS paramedics and the arrest was due to 
presumed cardiac aetiology. City cases reported a 21.3% ROSC at hospital rate, regional 18.7% and 
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remote 10.8%. Chi square analysis revealed a significant relationship between location type and 
survival. (χ2=15.54, df=2, p≤ 0.001).  

A total of 2311 cases were of a presumed non-cardiac aetiology. An additional analysis investigated the 
relationship between location type and aetiology. Remote locations recorded a greater percentage of 
cases that were not of presumed cardiac origin (29.0%). These results are presented in Table 2. 

Table 2 Aetiology of arrest 

Aetiology City Regional Remote 

Cardiac 6456 (68.6%) 5766 (66.2%) 349 (61.0%) 

Overdose 331 (3.5) 200 (2.3%) 8 (1.4%) 

Trauma 529 (5.6%) 731 (8.4%) 88 (15.4%) 

Drowning 83 (0.9%) 85 (1.0%) 7 (1.2%) 

Respiratory 473 (5.0%) 425 (4.9%) 22 (3.8%) 

Carbon monoxide poisoning 179 (1.9%) 125 (1.4%) 4 (0.7%) 

Other 974 (10.4%) 959 (11.0%) 71 (12.4%) 

Hanging 383 (4.1%) 423 (4.9%) 23 (4.0%) 

 

This table suggests that traumatic arrests are more common in remote areas. Chi square analysis 
revealed a significant relationship between location type and proportion of traumatic arrests 
(χ2=110.64, df=2, p≤ 0.001).  

Discussion 

This study demonstrated a significant relationship between location type and survival. This finding is 
noteworthy for many reasons. The finding occurred in the context of a state-wide EMS, where 
paramedic services in all regions are delivered using a single ambulance service utilising a wholly 
professional workplace. This is distinct from previous studies in the field, where rural services have 
been provided by a separate service, or where volunteers deliver prehospital care.4  

Additionally, this study stratified the non-urban group into two categories—regional and remote. 
Studies to date have not attempted to separate location beyond a dichotomous urban or non-urban 
classification. The utility of this additional stratification has been demonstrated in this study, with a 
number of variables showing marked differences between the regional and remote sample. These 
differences would have been lost without stratification of the non-urban cases. 

Previous research in this area has generated conflicting results on the relationship between survival 
from OHCA and remoteness, with some studies reporting equivalent survival in non-urban areas.7 This 
study shows a clear relationship between decreasing patient outcome and increasing remoteness. 
Survival among patients in remote areas in this study was approximately half that of city areas.  

This study conducted several secondary analyses to explain this effect. Scene variables differed as a 
function of location type. It was found that rates of witnessed arrest and rates of bystander CPR were 
lowest in remote areas. Furthermore, remote areas had the lowest rates of EMS-witnessed arrest. 
Unwitnessed arrests represent a failure in the chain of survival as early access to EMS services is 
compromised. Timeliness of all subsequent links in the chain of survival is also impaired. 
Consequently, unwitnessed arrests have a poor prognosis for survival.8 

Reasons for the lower rates of witnessed arrests in remote areas are not clear, but are likely to be a 
function of low population density or larger physical size of private properties in remote regions, 
making proximity to a witness less likely for victims of arrest. Patients who arrest in public places have 
been found to have better outcomes, due to higher likelihood of the arrest being witnessed or reduced 
downtime before discovery.9 It is possible that this effect will not apply to remote areas with very low 
population densities. 
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The lower rates of bystander CPR may well be related to lower witness rates. Bystanders are less likely 
to commence CPR on a patient in unwitnessed cardiac arrest.10 Therefore bystanders in remote areas, 
where arrests are more likely to be unwitnessed and downtime may be extremely long, may be less 
inclined to provide CPR to arrested patients.  

This study found that patients in regional and especially remote areas were less likely to receive 
treatment from an Intensive Care Paramedic, and therefore ALS, at the scene. This is most likely the 
result of ICPs being mainly deployed in city areas where a high cardiac caseload could reasonably be 
expected. Differing dispatch protocols in more remote areas may also have an effect. Early access to 
ALS is the final link in the chain of survival. Some studies have disputed the efficacy of ALS in the 
prehospital setting.11 However, recent research has demonstrated a positive relationship between ICP 
attendance and survival in the Queensland setting.12 It may be that prehospital ALS is especially 
important in remote areas, where definitive hospital treatment may be delayed due to prolonged 
transport times. It is therefore plausible that the lower rates of ICP attendance in regional and remote 
cases may have contributed to the lower survival rates experienced in these regions.  

Response times varied between remote, regional and city locations when examining all cases, reflecting 
the increased distances covered in regional and remote responses. However, when this analysis was 
repeated examining only those cases where QAS paramedics attempted resuscitation, no difference 
between location types was found. This demonstrates the importance response times have in the 
decision to commence resuscitation. Where response times are short, paramedics in all regions will 
attempt resuscitation in a similar proportion of cases. However, when response times are prolonged, 
paramedics will attempt resuscitation in fewer cases. This finding is supported when we consider the 
proportion of cases where resuscitation was attempted. It was found that resuscitation was attempted 
in a smaller proportion of cases in remote areas.  

It should be noted that the differences in response times are unlikely to affect the survival rates 
reported here. The study found no significant difference in response times between regions for those 
cases where resuscitation was attempted. Survival rates for this study were calculated including only 
those patients where resuscitation was attempted. So while response times do not appear to affect 
survival of treated patients, they do seem to affect the number of patients on whom treatment is 
commenced.  

Remote areas experience a higher proportion of traumatic arrests compared to other locales. The 
survival analysis in this study excluded all arrests with a non-cardiac aetiology, so this finding will not 
affect the reported survival rates. This finding was unexpected, and further analysis is warranted to 
investigate it further.  

Overall, the results of this study demonstrate the circumstances of arrest in remote areas are markedly 
different to those experienced elsewhere. Cases in these regions face numerous and serious challenges 
to the chain of survival. Higher rates of unwitnessed arrest compromise early access to EMS services 
and all subsequent links. Remote areas also report lower rates of bystander CPR and attendance by 
ALS-skilled paramedics. Fewer arrests in remote areas are viable candidates for resuscitation on 
paramedic arrival, and more arrests in these regions result from trauma. 

While findings for remote areas have not previously been reported, the challenges faced are well 
known by EMS providers in these areas. There is no ideal solution to providing paramedic services to 
small populations dispersed over vast geographic distances. Furthermore, the challenges extend 
beyond mere cost effectiveness. For example, it is difficult to deploy ALS-skilled paramedics in remote 
areas, as they may not experience sufficient acute caseload to keep their advanced skills current.  

The findings of this study indicate that attempts to improve survival in remote areas should focus on 
improving the timeliness of response. Efforts to reduce delay to defibrillation in other settings have 
seen the introduction of Automated External Defibrillator (AED) programs, with some encouraging 
results.13,14,15,16 It is uncertain if such programs would be suitable for remote areas. It is not clear if an 
AED program would reduce response times in such as setting.17,18 Nor is it certain that distribution of 
AEDs to remote properties would be effective, especially given the high rates of unwitnessed arrests in 
these settings.  
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Prolonged response times were identified in this study as a factor reducing the number of patients in 
remote areas for whom resuscitation was attempted. It is recognised that response times in remote 
locations will always be compromised as a function of low populations spread over vast geographical 
areas. Nonetheless, it is important that the minimal response times are aggressively pursued. Arrest 
location data should be frequently reviewed to help establish the optimum deployment of paramedics 
to minimise response times to acute cases such as cardiac arrest.  

This study also revealed a higher than expected rate of traumatic arrests in remote areas. This is a 
finding that warrants further investigation. It may be beneficial to discover what the major mechanisms 
of traumatic arrest in remote areas are, and to develop an injury prevention program to address these 
issues.  

This study featured several limitations. As a retrospective study, we cannot exclude the possibility that 
factors not reported here have influenced our results. Furthermore, we were limited in terms of 
survival endpoint reporting. While ROSC at hospital is a readily reportable survival statistic, survival 
to hospital discharge is a more robust indictor of long-term survival. This information was unavailable 
at the time of this study. 

Despite these limitations, this study demonstrated a significant variation in survival from out-of-
hospital cardiac arrest as a function of location type, with patients in remote areas having especially 
poor outcome. This is the first time that survival for a remote subset of patients has been reported 
separately. This study identifies several areas where attention may improve outcome for patients in 
these remote areas. 
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