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Abstract 

Backgrounds: It is possible that a patient with Ruptured Abdominal Aortic Aneurysm (rAAA) who has features of critical 

illness, may receive a futile inter-hospital transfer for treatment in a tertiary centre. The goal of this study was to better identify 

patients who will benefit from transfer and surgery, so that these limited resources can be used effectively where needed. 

Methods: All patients diagnosed with rAAA at this institution over a study period of 10 years were analysed. Data collection 

was conducted via a retrospective chart audit. Primary outcome was 30-day mortality for patients who undergo surgical repair. 

Results: No evidence of an association between transferred and not transferred patient populations was found for the primary 

outcome of 30-Day mortality (p=0.94). There was slight evidence of an association between 30-Day mortality and transfer 

distance (p=0.048), with a higher frequency in those transferred less than 100km compared to those who travelled further 

(41% vs. 19%, respectively). Some evidence of an association was found for intervention type (p=0.038), with mortality in 

37% of patients who had an open repair surgery, compared with 14% for patients who underwent EVAR surgery. There was 

also evidence of an association with an initial presentation of ALOC (p=0.005), and requiring inotropic/vasopressor support 

upon initial presentation (p=0.037). 

Conclusions: Patient transfer from another hospital was not found to be associated with increased 30-day mortality. The 

data in this study supports the practice of offering treatment to patients with rAAA who are referred from distant (≥100km) 

locations. 
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Introduction 

Operative mortality rates for ruptured abdominal aortic aneurysm (rAAA) 

have improved gradually since the 1950s, but remains very high, between 

40-50% [1-2]. Average time to death following rAAA without surgical 

repair is between two and seven hours [3-4]. 

In the United States of America (USA), it has been shown that morbidity 

and mortality is worse for patients with rAAA repair in “non-teaching 

hospitals”, otherwise regarded as hospitals with a lower level of medical 

care5. The best results for patients with this disease were at “teaching 

hospitals” or tertiary-level major hospitals, and this is also the case in the 

United Kingdom and Sweden6. Another USA study showed that rural 

hospitals face a disproportionate burden of rAAA compared with urban 

hospitals7. Countries such as Australia can have vast distances between 

lower-level (regional) hospitals and such tertiary hospitals possessing 

full-time vascular surgery services. 

There is a suspicion that a proportion of patients with rAAA are 

transferred to tertiary hospitals from regional/rural centres are ultimately 

destined to die and that this futility may be predictable. Emergency 

transfers for life-threatening illnesses such as this are stressful for 

patients, their families, and the care-providers involved. They are also 

costly and utilise an already busy and limited resource in retrieval 

services. Ideally, it would be useful to reliably predict the clinical course 

of patients suffering from this sudden and lethal condition, and to use 

objective assessments to better identify who to transfer for a attempt at 

life-saving surgery, and who to treat locally with a different goal of 

comfort and dignity in their final moments in the company of their loved 

ones. 

Some USA studies have shown that patients with rAAA who are 

transferred from other hospitals suggest a possible increased risk of 

mortality, as compared with patients who are managed at the hospital 

where they present [8-9]. There is also a suspicion that this risk increases 

with the increased distance of the transfer, although this has not been 

specifically explored in these studies. Patient and logistic factors have 

been explored in the literature in other countries (but not Australia), where 

after-hours and weekend transfers have been analysed as possible factors 

affecting patient outcomes [6, 10-11]. Patient factors have been analysed 

in such studies including age, gender, haemoglobin and creatinine on 

arrival, pre-existing chronic myocardial, cerebrovascular or renal disease, 

hypothermia and degree of hypotension on arrival, and intraoperative 
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factors [6, 12-24]. Several pre-operative scoring systems to predict 

mortality have been proposed and one example of such a scoring system 

is the Glasgow Aneurysm Score (GAS). It involves measuring the 

presence of three patient factors (age in years + 17 for shock + 7 for 

myocardial disease + 10 for cerebrovascular disease + 14 for renal 

disease), and this has been shown to predict outcomes after repair of 

rAAA [17-19]. But neither this scoring system, nor others have been 

shown to have consistent or absolute validity [24]. Studies specifically 

investigating inter-hospital transfer distance of patients with rAAA have 

not been published in Australia, where patient characteristics, surgical 

practice, and transfer distances may differ from studies published 

overseas. A 9-year single centre study from Sydney, Australia in 1996 

audited their institution’s experience of surgical management of patients 

with rAAA. They applied logistic regression as part of their analysis and 

identified a few independent predictors of 30-day mortality [25]. A 

similar study from Denver in 2018, USA found similar independent 

predictors of 30-day mortality that, likewise, had a cumulative effect in 

predicting mortality risk [26]. However, neither included interhospital 

transfer in their data collection/analysis. One recent study from Portugal 

published in 2017 evaluated the effect of interhospital transfer distances 

in patients with rAAA with respect to mortality [27]. There was no 

difference in mortality between transferred and non-transferred patients. 

Although closer analysis of their figures indicates that 31% of patients in 

their cohort received surgery locally without transfer, which suggests that 

hospitals possessing resources and staff with the ability to regularly 

manage these patients were sometimes transferring patients to higher-

level institutions. This contrasts significantly with the much lower 

distribution of tertiary hospitals in Australia that have a dedicated 

Vascular Surgery unit. Another study from Canada [30] looked at 

interhospital transfer in a smaller cohort of patients, however did not 

specifically measure the distances travelled. It made comments about 

some transfers being “up to 300km” but provided no further detail. 

The Western Vascular Society guidelines for transfer of patients with 

ruptured abdominal aortic aneurysm [31] were published in 2017, and all 

of the recommendations proposed from that consensus are already utilised 

in this institution’s decision making process for accepting interhospital 

transfer requests, and pre-operative management strategies. Despite its 

thorough review of the literature, it does not clearly define a set of clinical 

parameters or scoring system to determine the prognosis of these critically 

unwell patients or to exclude patients in whom surgery is considered 

futile. It also reports an interhospital transfer rate of 20%, which is 

considerably lower than the rate found in this cohort (approximately 62%) 

indicating an even more disproportionate burden of disease outside major 

cities than in the USA. 

This study aims to investigate the current service for treating patients with 

rAAA at a tertiary hospital in Queensland, Australia. The primary aim is 

to identify risk factors for mortality and morbidity in patients with rAAA 

between patients who were transferred from their presenting regional 

hospital and patients who presented to a hospital with a vascular surgery 

unit. Additionally, this study aims to evaluate patient characteristics 

associated with postoperative mortality, including a pre-existing scoring 

system, GAS. Management may be better guided by further recognition 

and understanding of such factors.  

The goal of restricting patient selection and reducing unnecessary 

interhospital transfers needs to be balanced against patient and family 

wishes, as well as the diagnostic uncertainty that comes with this 

condition. This institution’s philosophical approach to referrals of 

possible rAAA is to accept requests for interhospital transfer if there is 

any diagnostic uncertainty with a chance of successful surgical treatment, 

except if there is an obvious clinical assessment demonstrating futility 

including significant physiological frailty or already undergoing CPR. 

 

Methods 

This is a retrospective observational study of all patients diagnosed with 

rAAA at this institution from January 1st 2009 to Dec 31st 2018 (10 years). 

Inclusion criteria includes patients with a diagnosis of ruptured AAA 

clinically and/or radiologically or as a surgical finding within the 

specified date range. Exclusion criteria included patients with a non-

ruptured, symptomatic or infected AAA. Patients who had a history of 

previous Abdominal Aortic intervention were also excluded.  

Primary outcome is 30-day mortality. Other measures include patient age; 

gender; serum creatinine on first presentation; serum Hb on first 

presentation; transferred (transfer distance) or not transferred; surgical 

management of AAA or not (and if so, EVAR vs Open Surgical Repair); 

Any Systolic Blood Pressure (SBP) measurement of <80mmHg; Altered 

level of consciousness (ALOC);  presence of Hypothermia (temperature 

<35degrees Celsius); Transfusion of 4 or more units of Packed Red Blood 

Cells (PRBCs) pre-surgery; evidence of Myocardial Infarction (MI) pre-

surgery; Inotropic/vasopressor support pre-surgery; post-op 

MI/CVA/Dialysis. The presence of shock was recorded. Shock was 

defined as the presence of any one of these pre-operative features: Any 

SBP readings <80mmHg, ALOC at initial presentation, Transfusion of at 

least 4 units of PRBCs, Inotropic support. The subsequent Glasgow 

Aneurysm Score was calculated for each patient.  

Associations between patient groups of interest and categorical patient 

characteristics, in the populations of interest, were examined using χ2 tests 

of independence or the Fisher’s exact test, where more than 20% of the 

expected values were less than five. Associations between patient groups 

of interest and continuous patient characteristics were examined using a 

two-sample t-test. Categorical patient characteristics were summarised by 

frequency and percentage and continuous patient characteristics were 

summarised by mean and standard deviation (SD). Statistical analyses 

were performed in Stata version 15 (StataCorp, College Station, TX, 

U.S.A.).  

The receiver-operator characteristic (ROC) curve with the Youden index 

was used to determine which Glasgow aneurysm score (GAS) cut-off was 

predictive of postoperative mortality. Logistic regression was used to 

investigate the association of GAS to 30-day mortality, at the 5% 

significance level. Statistical analyses were performed in Stata version 15 

(StataCorp, College Station, TX, U.S.A.). Logistic regression was used to 

investigate the association between year (as a continuous predictor) and 

use of EVAR surgery, at the 5% significance level. Statistical analyses 

were performed in Stata version 15 (StataCorp, College Station, TX, 

U.S.A.). 

Approval for the conduct of this study has been granted by the Metro 

South Hospital and Health Service Human Research Ethics Committee in 

accordance with the ethical standards laid down in the Declaration of 

Helsinki. 

Results 

A total of 158 patients met inclusion. 79 patients (50%) had their initial 

presentation to the tertiary hospital, 79 patients (50%) were transferred to 

the tertiary hospital from a smaller institution without a dedicated 

Vascular Surgery unit. A total of 109 patients proceeded to surgery (87 

underwent open repair, 22 underwent EVAR) (see table 1). The patients 

that met inclusion were then further divided into 3 surgical groups: those 

who presented locally (n=41), those who were transferred <100km from 

another institution (n=41), and those who were transferred ≥100km 

(n=27) from another institution. No evidence of an association with 

markers of pre-operative critical illness, GAS or shock, between these 

groups was found. 
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 Overall Not transferred Transferred p-value 

n (%) N=109 N=41 N=68  

Gender (Male) ~ 98 (90%) 37 (90%) 61 (90%) 1.00 

Age (Mean (SD)) 74.3 (9.5) 75.0 (9.2) 73.9 (9.6) 0.58 

Transfer Distance (N=68)    NA 

     <100km NA NA 41 (60%)  

     ≥100km NA NA 27 (40%)  

Intervention Type    0.72 

     Open Repair 87 (80%) 32 (78%) 55 (81%)  

     EVAR 22 (20%) 9 (22%) 13 (19%)  

Initial Presentation     

     Any SBP readings <80mmHg 67 (61%) 28 (68%) 39 (57%) 0.26 

     ALOC (N=108) 34 (31%) 15 (37%) 19 (28%) 0.37 

     Transfusion of 4 or more units of pRBCs 69 (63%) 23 (56%) 46 (68%) 0.23 

     Evidence of MI ~ 12 (11%) 5 (12%) 7 (10%) 0.76 

     Inotropic support 59 (54%) 17 (41%) 42 (62%) 0.039 

     Hypothermic (N=107) 51 (48%) 23 (56%) 28 (42%) 0.17 

     Initial Creatinine (Median (IQR) (N=103)^ 125 (99-177) 126 (96 - 189) 121 (99-173) 0.71 

Pre-existing Conditions     

     CVD (N=108) ~ 11 (10%) 5 (12%) 6 (9%) 0.74 

     Renal Impairment (N=108) 15 (14%) 9 (22%) 6 (9%) 0.058 

     IHD (N=107) 31 (29%) 15 (37%) 16 (24%) 0.17 

~Fisher’s Exact test; ^ Wilcoxon rank-sum test 

 

Table 1. Patient Characteristics comparison between transferred vs. not transferred groups in the patient population who had surgery 

Amongst all patients who proceeded to surgery, there was a higher 

proportion in the transferred group who required inotropic support 

compared to the non-transferred group (62% vs. 41%, respectively; 

p=0.039). A larger proportion of patients (81%) in the ≥100km transfer 

distance group required transfusion of 4 or more units of PRBCs than in 

the <100km transfer distance group (59%) (p=0.048, table 2). 

  
Overall 

Transfer Distance 

p-value   <100km ≥100km 

n (%) N=68 N=41 N=27 

Gender (Male) ~ 61 (90%) 37 (90%) 24 (89%) 1.00 

Age (Mean (SD)) 73.9 (9.6) 75.3 (9.4) 71.9 (9.8) 0.15 

Intervention Type    0.92 

   Open Repair 55 (81%) 33 (80%) 22 (81%)  

   EVAR 13 (19%) 8 (20%) 5 (19%)  

Initial Presentation     

     Any SBP readings <80mmHg 39 (57%) 23 (56%) 16 (59%) 0.80 

     ALOC (N=67) 19 (28%) 14 (35%) 5 (19%) 0.14 

     Transfusion of 4 or more units of pRBCs 46 (68%) 24 (59%) 22 (81%) 0.048 

     Evidence of MI ~ 7 (10%) 5 (12%) 2 (7%) 0.69 

     Inotropic support 42 (62%) 25 (61%) 17 (63%) 0.87 

     Hypothermic (N=66) 28 (42%) 18 (45%) 10 (38%) 0.60 

     Initial Creatinine (Median (IQR) (N=64)^ 121 (99 - 173) 127 (106 - 177) 117 (90-148) 0.39 

Pre-existing Conditions     

     CVD (N=67) ~ 6 (9%) 4 (10%) 2 (7%) 1.00 

     Renal Impairment (N=67) ~ 6 (9%) 5 (13%) 1 (4%) 0.39 

     IHD (N=66) 16 (24%) 10 (25%) 6 (23%) 0.86 

~Fisher’s Exact test; ^ Wilcoxon rank-sum test 

Table 2 Patient Characteristics comparison between transfer distances for patients who were transferred and had surgery 

Of all patients undergoing surgery, 11 patients (11.2%) had a post-

operative Myocardial Infarction (MI), 6 patients (6.3%) suffered post-

operative Stroke/Cerebrovascular Accident (CVA), 15 patients (15.3%)  

required post-operative haemodialysis/renal replacement therapy. Post-

operative complications were not associated with inter-hospital transfer 

(see table 3). 
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Overall Not transferred Transferred p-value 

n (%) N=109 N=41 N=68  

30-Day Mortality 35 (32%) 13 (38%) 22 (32%) 0.94 

Post-op Complications     

MI (N=98)~ 11 (11%) 2 (6%) 9 (14%) 0.32 

CVA (N=96)~ 6 (6%) 2 (6%) 4 (7%) 1.00 

Dialysis (N=98) 15 (15%) 5 (14%) 10 (16%) 0.83 

Table 3 Post-operative complications between transferred vs. not transferred groups in the patient population who had surgery 

In patients who proceeded to surgery, no evidence of an association 

between transferred (regardless of distance) and non-transferred patient 

populations was found for the primary outcome of 30-Day mortality 

(p=0.94) with mortality for 32% and 38% of patients in each transferred 

and non-transferred group, respectively. There was slight evidence of an 

association between 30-Day mortality and transfer distance (p=0.048) 

(see table 4), with a higher frequency in those transferred less than 100km 

compared to those who travelled further (41% vs. 19%, respectively). 

Some evidence of an association was found for intervention type 

(p=0.038), with mortality in 37% of patients who had an open repair 

surgery, compared to 14% for patients who had EVAR surgery. 

 Overall Mortality  

  No Yes p-value 

n (%) N=109 N=74 N=35  

Gender~    0.33 

   Male 98 (90%) 68 (69%) 30 (31%)  

   Female 11 (10%) 6 (55%) 5 (45%)  

Age (Mean (SD)) 74.3 (9.5) 73.1 (9.4) 76.8 (9.2) 0.061 

Transfer Distance (N=68)    0.048 

   <100km 41 (60%) 24 (59%) 17 (41%)  

   >=100km 27 (40%) 22 (81%) 5 (19%)  

Intervention type    0.038 

   Open Repair 87 (80%) 55 (63%) 32 (37%)  

   EVAR 22 (20%) 19 (86%) 3 (14%)  

Initial Presentation     

     Any SBP readings <80mmHg    0.14 

        No 42 (39%) 32 (76%) 10 (24%)  

        Yes 67 (61%) 42 (63%) 25 (37%)  

     ALOC (N=108)    0.005 

        No 74 (69%) 57 (77%) 17 (23%)  

        Yes 34 (31%) 17 (50%) 17 (50%)  

     Transfusion of 4 or more units of pRBCs    0.10 

        No 40 (37%) 31 (78%) 9 (23%)  

        Yes 69 (63%) 43 (62%) 26 (38%)  

     Evidence of MI ^    0.52 

        No 97 (89%) 67 (69%) 30 (31%)  

        Yes 12 (11%) 7 (58%) 5 (42%)  

     Inotropic support    0.037 

        No 50 (46%) 39 (78%) 11 (22%)  

        Yes 59 (54%) 35 (59%) 24 (41%)  

     Hypothermic (N=107)    0.25 

        No 56 (52%) 41 (73%) 15 (27%)  

        Yes 51 (48%) 32 (63%) 19 (37%)  

     Initial Creatinine (Median (IQR)) (N=103)^ 125.0 (99 – 177) 121 (100 – 175) 120 (90 – 195) 0.76 

     Shock^    0.089 

        No 23 (21%) 19 (83%) 4 (17%)  

        Yes 86 (79%) 55 (64%) 31 (36%)  

Pre-existing Conditions     

     CVD (N=108) ^    0.32 

        No 97 (90%) 68 (70%) 29 (30%)  

        Yes 11 (10%) 6 (55%) 5 (45%)  

     Renal Impairment (N=108) ^    0.23 

        No 93 (86%) 66 (71%) 27 (29%)  

        Yes 15 (14%) 8 (53%) 7 (47%)  

     IHD (N=107)    0.33 

        No 76 (71%) 54 (71%) 22 (29%)  

        Yes 31 (29%) 19 (61%) 12 (39%)  



J, Heart and Vasculature                                                                                                                                                                                       Copy rights@ James Elliott et.al. 
 

 
Auctores Publishing – Volume 1(2)-005 www.auctoresonline.org  
   Page 5 of 9 

GAS Score (Mean (SD)) (N=103) 96.4 (16.3) 93.5 (15.8) 103.6 (15.5) 0.004 

~Fisher’s Exact test; ^ Wilcoxon rank-sum test 

~Fisher’s Exact test 

Table 4 Comparison of patient mortality in the population who had surgery (transferred and non-transferred patients) 

Open Repair vs EVAR was evaluated, as there were lower rates of EVAR 

than expected. Table 5 presents the number and percentage of the surgical 

intervention types for each year. A total of 87 Open repair and 22 EVAR 

surgeries were performed. Table 6 presents the logistic regression model 

for year as a predictor of EVAR surgery use, the model does not suggest 

evidence of a statistically significant association (OR 1.15, 95% CI: 0.97 

to 1.36; p=0.101. Figure 1 provides the average predicated probability of 

EVAR surgery use over the ten year period. Although a trend can be noted 

in increasing probability, the large confidence intervals for each year, for 

which the predicted probabilities overlap across all years, highlight the 

insufficient evidence for a statistically significant relationship. 

Year EVAR n (%) Open n (%) Total Surgeries n 

2009 0 (0%) 8 (100%) 8 

2010 2 (13.3%) 13 (86.7%) 15 

2011 2 (15.4%) 11 (84.6%) 13 

2012 4 (26.7%) 11 (73.3%) 15 

2013 2 (33.3%) 4 (66.7%) 6 

2014 0 (0%) 6 (100%) 6 

2015 2 (18.2%) 9 (81.8%) 11 

2016 5 (41.7%) 7 (58.3%) 12 

2017 0 (0%) 13 (100%) 13 

2018 5 (50.0%) 5 (50.0%) 10 

Table 5 Surgical intervention type by year 

Model (n=109) 
Odds Ratio  

P-value Log-likelihood 
(95% CI) 

Year 1.15 (0.97 – 1.36) 0.101 
-53.43 

Constant* 0.11 (0.04 - 0.35) <0.001 

*Baseline odds are shown for the model intercept (not Odds Ratio)  

Table 6 Logistic regression model for the association between year and use of EVAR surgery 

 

Figure 1 Predicted marginal mean proportion of EVAR surgeries over the ten year period 

Evidence of associations with increased mortality rate were found with 

presentations that included ALOC (50% vs. 23% p=0.005) and requiring 

inotropic/vasopressor support (41% vs. 22%, p=0.037). The GAS Score 

was found to be strongly associated with mortality (p=0.004) in this study. 

Table 7 presents the logistic regression model for GAS score as a risk 

factor for post-operative mortality. There was strong evidence to suggest 

that the odds of post-operative mortality increased by a factor of 1.56 for 

each 10-unit increase in GAS score (95% CI: CI: 1.14 – 2.13, p=0.006). 

ROC curves showed the optimum GAS score cut-off was 95, at which the 

correct classification rate was maximised with a sensitivity of 80.0%, 

specificity of 56.1% and an Area Under the Curve (AUC) of 0.68 (95% 

CI: 0.56 – 0.79), as shown in Figure 2. Patients in the study population 

with a GAS score lower or equal to 95 had a mortality of 13% (6/47), 

compared with 43% (24/56) for a higher score (p=0.001).  
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Model (n=103) 
Odds Ratio  

P-value Log-likelihood 
(95% CI) 

GAS (10 unit interval) 1.56 (1.14 - 2.13) 0.006 
-57.67 

Constant* 0.01 (0.00 - 0.13) 0.001 

*Baseline odds are shown for the model intercept (not Odds Ratio)  

Table 7 Logistic regression model for GAS as a risk factor for post-operative mortality. 

 

Figure 2 ROC curve for GAS score in predicting post-operative mortalit 

68/79 (86.1%) of those who were transferred had surgery vs 41/79 

(51.9%) of those who presented directly to this institution. Operative 

mortality overall was 35/109 (32%). Operative mortality in those 

presenting locally was 13/41(38%). Operative mortality in those 

transferred any distance was 22/68 (32%) with those transferred <100km 

17/41(41%) and >100km 5/27(19%) (p= 0.048). 

Those not offered surgical intervention were much older (mean age 81.7) 

and more likely to be female (41% vs 10%) (See table 8). They had higher 

proportions of pre-existing cerebrovascular disease (23% vs 10%) and 

renal impairment (23% vs 14%).  No formal comparisons have been made 

from this group as the study did not capture patients from regional hospital 

who could have been transferred but were not. The possible reasons for 

not transferred include: surgery/transfer not requested by the regional 

hospital/patient/family, proceeding to surgical repair locally, or this 

institution’s vascular team advising that transfer appeared to be futile 

based on known clinical factors.  

 Overall Not transferred Transferred 

n (%) N=49 N=38 N=11 

Gender (Male)  29 (59%) 19 (50%) 10 (91%) 

Age (Mean (SD)) 81.7 (10.5) 83.4 (8.3) 75.7 (14.9) 

Transfer Distance (N=11)    

     <100km NA NA 8 (73%) 

     ≥100km NA NA 3 (27%) 

Initial Presentation    

     Any SBP readings <80mmHg  34 (69%) 27 (71%) 7 (64%) 

     ALOC ~ 22 (45%) 18 (47%) 4 (36%) 
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     Transfusion of 4 or more units of pRBCs  7 (14%) 4 (11%) 3 (27%) 

     Evidence of MI  6 (12%) 5 (13%) 1 (9%) 

     Inotropic support (N=48)  12 (25%) 7 (19%) 5 (45%) 

     Hypothermic (N=48) 25 (52%) 18 (49%) 7 (64%) 

     Initial Creatinine (Median (IQR)) (N=35) 127 (96 – 188) 120 (92 – 194) 140 (117 – 163) 

Pre-existing Conditions (N=48)     

     CVD 11 (23%) 9 (24%) 2 (18%) 

     Renal Impairment 11 (23%) 8 (22%) 3 (27%) 

     IHD 11 (23%) 10 (27%) 1 (9%) 

GAS Score (Mean (SD)) (N=38) 104.9 (16.0) 107.1 (14.9) 97.8 (18.2) 

Table 8 Patient clinical characteristics of transferred vs. not transferred groups in the population who did not have surgery. 

A negative disease status for either renal, cardiovascular or myocardial 

disease, was assigned across 17 patients (11%). The largest frequency of 

missing data was for initial creatinine levels, with 15 patients missing data 

and having no previous indication of renal impairment. Pre-existing 

conditions were also missing for two additional participants. GAS scores 

were not calculated for these 17 patients. Missing data was also 

encountered in the recording of post-operative complications for which 

approximately 10% had missing data. Sample sizes have been reported in 

tables for all variables where any frequencies of missing data was an 

issue. All missing data in this study is believed to be missing at random 

(MAR) as patients with missing data were distributed across all 

subgroups. 

Discussion 

Patient transfer itself was not found to be associated with 30-Day 

mortality in those who underwent surgical intervention. However, if the 

patient is transferred from ≥100km away and proceeds to surgery, they 

appeared to have a lower 30-day mortality rate compared with other 

interhospital transfers. It’s possible that these patients have more 

physiological reserve as those transferred further displayed increased 

proportions of a marker of being critically unwell. This study supports the 

practice of offering interhospital transfer to patients who are referred from 

long distances (who are not obviously too frail or receiving CPR for 

example) with rAAA as they may have a favourable survival rate despite 

high rates of requiring massive transfusion and/or receiving inotropic 

support. These results may be influenced to some degree by an underlying 

data sampling bias, due to an unknown number of patients who were not 

transferred from peripheral institutions.  

Presentations of rAAA associated with ALOC and/or requiring 

Inotropic/vasopressor support were associated with higher 30-day 

mortality rates. Both of these are indicative of shock, and reflect a higher 

GAS score. Further to this, in this study, those with higher GAS scores 

had higher mortality rates. Its use as an adjunctive scoring system is 

supported by this study, but it should not be relied solely as a decision-

making tool given the range of other individual patient factors that are 

shown to be significant in this study including operative technique and 

interhospital transfer distance. Denying potentially lifesaving treatment to 

a patient because of a scoring system alone would be controversial, 

particularly given previous attempts to apply a cut-off value (i.e. a score 

of 84) would effectively deny life-saving treatment to a proportion of 

survivors (35%) who have a pre-operative score above that threshold19. 

Though that study did not specifically explain which method they used to 

calculate their cut-off value, we attempted our own investigation of 

optimal GAS score optimal cut-off value calculation and found that in this 

cohort a score of 95 could more accurately predict mortality, and promote 

the offering of interhospital transfer and possible surgery to a larger 

proportion of patients with rAAA. Neither are perfect on their own. The 

GAS may be useful, for example, in providing patients and their families 

with further specific information if the pursuit of non-operative/palliative 

measures were being considered and some operative mortality risk rates 

were being sought. The slightly higher “cut-off score” to help guide 

decision making with intervention suggested by the analysis in this study 

may reflect differences in how the scores were analysed (as mentioned 

above). Alternatively it could also reflect other improvements in care. 

Other institutions are encouraged to measure their recent outcomes using 

GAS as part of any audit of their surgical activity. 

This study also showed a significant reduction in 30-day mortality for 

EVAR compared with Open repair for rAAA in patients who are deemed 

suitable candidates for this approach. Patients who underwent EVAR in 

this cohort, however, all underwent pre-operative CT-Angiography, 

indicating a degree of relative haemodynamic stability. Open Repair 

(rather than EVAR) was more commonly utilised in this study, and its 

ongoing use in rAAA is supported by the relatively superior 30-day 

mortality rate (37%) in this study when compared with other published 

rates for Open repair for rAAA from larger cohort studies1-2,6. The rates 

of EVAR for rAAA at this institution are increasing based on the analysis 

performed in this study and this may reflect firstly that this unit’s first 

hybrid theatre was opened near the start of this study 10 year period. 

Furthermore, the mix of the surgeons working within the unit included a 

range of individual surgeon preferences for modality of treatment of 

rAAA and decisions are based on individualised patient parameters on 

arrival.  But over time there has been increased experience with EVAR as 

a modality of treatment in the rAAA setting.  

Conclusion 

There was a major limitation in this study in that patients who were not 

transferred were not captured. Open repair (rather than EVAR) and initial 

presentations including ALOC and/or Inotropic/vasopressor support were 

found to be strongly associated with 30-Day mortality. Open repair was 

by far the most common modality of surgical treatment, and still has its 

place in the treatment of this lethal condition. Shorter transfer distance 

appears to have an increased 30-day mortality risk in patients undergoing 

surgery, and this may reflect data sampling bias and/or could reflect a 

more robust group of patients who present with rAAA from a more distant 

location. Alternatively, it could represent an increased propensity to offer 

emergency surgery to critically unwell patients who had transferred 

relatively shorter distances. The data in this study supports the practice of 

offering selective transfer for potential treatment to patients with rAAA 

who are referred from distant (≥100km) locations, bearing in mind that 
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the patients captured in this study are those who were referred to, accepted 

by, and successfully arrived at this institution. 

A multicentre study of critically unwell patients with rAAA undergoing 

interhospital transfer in Australia would add value to defining the current 

logistical challenge this country faces. Any future study in this manner 

should include data from ambulance services, death certificates and 

regional centres to more accurately measure the incidence, prevalence, 

and effects of the illness and its treatment in different locations of 

Australia in order to better implement effective services to the 

community. 
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