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ABOUT THIS REPORT 

 

This report was prepared by A/Prof Belinda Gabbe of the Victorian State Trauma Outcome Registry 

and Monitoring (VSTORM) group at the Department of Epidemiology and Preventive Medicine, Monash 

University.   

For further information about the material in this report contact: A/Prof Belinda Gabbe, Victorian State 

Trauma Registry, Department of Epidemiology and Preventive Medicine, Monash University, School of 

Public Health and Preventive Medicine, The Alfred, Commercial Road, Melbourne, 3004.  Phone: (03) 

9903 0951  Fax: (03) 9903 0556   

Email: belinda.gabbe@monash.edu  

The Victorian State Trauma Registry is a Department of Health and TAC Health Research funded and 

approved initiative. 
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BACKGROUND TO THIS REPORT 

 

The incidence of major trauma in the elderly is increasing in Victoria.  The proposed reasons for this 

include changes to the population and attitudinal changes in clinical management.  There is an ageing 

population overall in Victoria, and greater participation by elderly in injury-related activities as adults 

experience improved health at older age.  Concurrently, there has been a shift in management of the 

elderly towards active treatment of patients and conditions previously not treated, and improved 

diagnosis of injuries through enhanced imaging techniques.  The profile of injury, physiological reserve 

and response to injury differs compared to younger trauma patients, increasing the complexity of 

management.  The risk of mortality in this age group, and the prevalence of comorbid conditions, is 

high.  Previous studies have reported that elderly major trauma patients do not achieve comparable 

benefits from trauma centre management with respect to risk-adjusted mortality.  As elderly trauma 

patients contribute an increasing proportion of patients managed by the Victorian State Trauma System 

(VSTS) improved understanding of the pattern, management and outcomes of these patients is 

required. 

The aims of this report were to: 

• Describe the incidence, pattern and profile of major trauma in the elderly in Victoria 

• Describe the management of elderly major trauma patients within the VSTS 

• Determine the outcomes, and factors predictive of outcome, in this patient group 
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Summary of key findings 

This report provides an overview of the pattern, management and outcomes of elderly major trauma 
patients in Victoria.   

  The key findings of this report are: 

i. The incidence of major trauma in the elderly is increasing in Victoria.  In 2010-11, a third of adult 

major trauma patients were aged 65 years and over compared to 24 per cent in 2005-06.  The 

most rapid increase in incidence has occurred for patients aged 85 years and over. 

ii. The demographic, injury event, injury, distribution within the trauma system, and management 

of major trauma patients differs with increasing age.  As age increases, the proportion of cases 

attributable to low falls increases significantly, while the prevalence of comorbidities and head 

injury increases.  The proportion of patients managed at MTS hospitals declines with age, as 

does the proportion admitted to ICU.   

iii. Short and longer term outcomes differ substantially with age, with increasing in-hospital and 

longer term mortality, and a lower proportion of patients living independently at six and 12 

months after injury, associated with increasing age. 

iv. There was some evidence of lower risk-adjusted mortality for elderly patients managed at MTS 

hospitals, although the differences could relate to the inability to adjust for unmeasured 

confounders such as the decision to palliate at the non-MTS hospitals.  Of note, all major 

trauma cases not definitively managed at a MTS or appropriate level of care are reviewed by 

the Case Review Group on a quarterly basis, enabling a mechanism for identification of 

inappropriate management of cases within the VSTS. 
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v. Patients injured in residential institutions represent a small but important sub-group of elderly 

major trauma.  The number of cases has risen steadily from 69 in 2005-06 to 102 in 2010-11.  

These patients’ injuries almost exclusively result from a low fall, and predominantly result in 

isolated head injuries.  A low proportion (<40%) are managed definitively at MTS hospitals.  

Admission to ICU and operative interventions are low, and these patients experience very poor 

short and long term outcomes.  The in-hospital death rate was 49 per cent, rising to 75 per cent 

by 12 months post-injury. 

vi. The majority of elderly head injured patients are definitively managed at an appropriate level of 

care – either an MTS or metropolitan neurosurgical service.  However, one in five elderly multi-

trauma head injury patients were definitively managed at metropolitan trauma services.  Less 

than a third of elderly head injured major trauma patients were admitted to ICU, and a similar 

proportion required surgical management for their head injury.  There was some evidence of 

reduced risk-adjusted mortality for head injured patients managed at MTS and metropolitan 

neurosurgical services but, again, this could reflect unmeasured confounders such as the 

decision to provide palliative care at the non-MTS hospital.   

The results presented in this report provide a basis for informed discussion by the Working Party, and 

can be used to refine further analyses.   
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METHODS 

Victorian State Trauma Registry (VSTR) 

The VSTR collects data about all major trauma patients in Victoria with major trauma, with major 

trauma defined if any of the following criteria are met: 

1. All deaths after injury 
2. All patients admitted to an intensive care unit or high dependency area for more than 24 hours 

and mechanically ventilated after admission 
3. An Injury Severity Score (ISS) greater than 12 
4. Urgent surgery for intracranial, intrathoracic or intraabdominal injury, or fixation of pelvic or 

spinal fractures 

The specific exclusion criteria used by the VSTR are. 

1. Isolated fractured neck of femur 
2. Isolated upper limb joint dislocation, shoulder girdle dislocation (unless associated with vascular 

compromise) and toe/foot/knee joint dislocation – unless meets inclusion criteria 1, 2 or 4 
3. Isolated closed limb fractures only (for example, fractured femur, Colles fracture) – unless 

meets inclusion criteria 1, 2 or 4 
4. Isolated injuries distal to the wrist and ankle only (for example, finger amputations) – unless 

meets inclusion criteria 1, 2 or 4 
5. Soft tissue injuries only (for example, tendon and nerve injury and uncomplicated skin injuries) – 

unless meets inclusion criteria 1, 2 or 4 
6. Burns to less than 10 per cent of the body – unless meets inclusion criteria 1, 2 or 4 
7. Isolated eyeball injury 

Data pertaining to the pre-hospital care, acute hospital care and post-discharge outcomes of major 
trauma patients are collected by the VSTR. A standardised telephone interview is completed at six, 12, 
and 24-months after injury by trained registry staff to collect information about functional and quality of 
life outcomes. 

Case inclusion 

For the purposes of this report, data were extracted for major trauma cases with a date of injury from 
the 1st July 2001 to the 30th June 2011.  Major trauma patients aged less than 15 years of age were 
excluded from the analysis in this report.  Most analyses presented in this report reflect cases with a 
date of injury from July 2005, representing complete population coverage of the registry. 
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Data management and analysis 

The ICD-10 diagnosis codes were mapped to the 18 conditions representing the Charlson Comorbidity 
Index (CCI).  A weight ranging from 1 to 6 is assigned to the conditions with higher weighting 
representing more severe comorbid conditions.  Where the patient did not have an ICD-10 code 
relevant to the CCI conditions, a weight of zero was assigned.  

Place, intent, and cause of injury were collapsed to represent the most common responses in the data.  
The ISS was categorised for analysis according to quartiles.  The VSTR procedures were used to 
create indicator variables for selected surgical management approaches.   

The functional outcome of interest was the extended Glasgow Outcome Scale (GOS-E) collected at six 
and 12 months post-injury by telephone interview.  The GOS-E allocates the patient’s level of function 
on a scale from one (death) to eight (upper good recovery).  A score of eight represents a complete 
return to pre-injury function, whilst a score of five (lower moderate disability) or above equates to 
independent living.   

Summary statistics were used to describe the profile of major trauma cases by age group.  Counts and 
percentages were used for categorical variables.  The mean and standard deviation (SD) were used for 
normally distributed continuous variables, and the median and interquartile range (IQR) for variables 
not demonstrating a normal distribution. 

Population-based incidence rates, and 95 per cent confidence intervals (95% CIs), were calculated for 
each financial year based on the total population at the end of each June for the years 2001–2011.  
Poisson regression was used to test for increasing incidence by assuming a linear increase in the 
logarithm of the rate with time, using the Victorian population in age groups at the end of each financial 
year as the exposure. 

Multivariable logistic regression was used to identify important predictors of definitive management at a 
major trauma service (MTS) and in-hospital mortality.  Generalised Estimating Equations (GEE) 
analysis was used to model long term functional outcomes, providing a “population-average” (or 
marginal) approach to modelling data with repeated measures (i.e. six and 12-months post-injury).  An 
exchangeable working correlation was used.  Variables demonstrating a significant association with a 
p-value <0.05 on univariate testing were included in the multivariable model.  

Odds ratios (OR) and adjusted odds ratios (AOR), and 95% CI, were reported for logistic regression 
models involving a binary outcome.  The OR provides the odds of the outcome in the group of interest 
relative to the reference group.  The AOR provides the odds ratio of the association between the group 
of interest and the reference group, keeping all other factors in the model steady.  For all analyses, a p-
value <0.05 was considered significant.   
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Incidence of major trauma by age group in the VSTS 

Trends in incidence of elderly major trauma in Victoria 

Table 1 shows the number of major trauma cases in each age group since 2001-02.  The number of 
major trauma patients captured by the VSTR has risen in every age group over the past 10 years.  
There was an almost six-fold increase in major trauma numbers in the 85 years and over group, and a 
four-fold increase in the 75-84 years age group, from 2001-02 to 2010-11 (Table 1).   

Table 1: Number of major trauma cases in each age group (2001-02 to 2010-11) 

Year 15-64 years 65-74 years 75-84 years 85+ years 

2001-02 1072 91 84 47 

2002-03 1067 83 102 68 

2003-04 1250 119 160 80 

2004-05 1341 156 184 94 

2005-06 1514 157 203 128 

2006-07 1607 175 228 148 

2007-08 1505 171 235 194 

2008-09 1664 212 294 210 

2009-10 1638 238 344 249 

2010-11 1716 260 333 264 

Total 14374 1662 2167 1482 
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Figure 1: Incidence of major trauma per 100,000 population by age group  
(2001-02 to 2010-11) 

 

Figure 1 shows the rate of major trauma per 100,000 population by age group by year since July 2001.  
Since full capture of cases by the VSTR in 2005-06, the incidence of major trauma in the 85 years and 
over age group has risen 11 per cent per year (IRR 1.11, 95% CI: 1.07, 1.14).  The incidence of major 
trauma in the 65-74 years age group (IRR 1.08, 95% CI: 1.04, 1.11), and the 75-84 years age group 
(IRR 1.11, 95% CI: 1.08, 1.14), has also risen significantly since 2005-06.  In contrast, there has been 
no increase in the incidence of major trauma in the 15-64 years age group since 2005-06 (IRR 1.00, 
95% CI: 0.99, 1.02). 

Overall, it is clear that the incidence of major trauma has increased substantially in people aged 65 
years and over, and this increase is not fully explained by an ageing population.  The reasons for the 
significant and increasing incidence of major trauma in older adults most likely reflects an increase in 
imaging and treatment expectation for the elderly, resulting in more accurate identification of injuries 
and active treatment.  
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Overview of major trauma by age group in Victoria 

Demographic profile by age group 

There were 13,687 major trauma cases aged 15 years and over, from July 2005 to June 2011 (period 
of full coverage of the VSTR).  The distribution of gender, comorbidity and region of residence differed 
between the age groups.  The proportion of females increased steadily from 21 per cent in the 15-64 
year age group to 59 per cent in the 85 years and over group.  The proportion of major trauma cases 
from regional Victoria was lowest in the 85 years and over group.  Comorbidity was more prevalent in 
cases aged 65 years and over, although the proportion of major trauma cases with a CCI weighting of 
three (moderate or severe liver disease) or six (metastatic disease or AIDS) was low.  The most 
prevalent comorbidity was diabetes (with or without end organ disease), present in 6.5 per cent of 
cases; 2.6 per cent in 15-64 years age group, 14 per cent in 65-74 years age group, 14 per cent in the 
75-84 years age group, and 8.6 per cent in cases aged 85 years and over.  An a priori area of interest 
was the prevalence of pre-existing anti-coagulant use in major trauma patients but patients using these 
medications could not be identified using ICD-10-AM or VSTR data items.  This information would need 
to be collected prospectively. 

  



Special Focus Report 

Elderly Major Trauma Patients 

 

 

 

August 14, 2012  Page | 11 

 

Table 2: Demographic and comorbid status of major trauma patients by age group 

Descriptor 15-64 years 

(n=9644) 

N (%) 

65-74 years 

(n=1213) 

N (%) 

75-84 years 

(n=1637) 

N (%) 

85+ years 

(n=1193) 

N (%) 

Gender Male 

Female 

7609 (78.9) 

2035 (21.1) 

844 (69.6) 

369 (30.4) 

899 (54.9) 

738 (45.1) 

486 (40.7) 

707 (59.3) 

Charlson 

Comorbidity Index 

weighting 

0 

1 

2 

3 

6 

6361 (66.0) 

2726 (28.3) 

480 (5.0) 

48 (0.5) 

29 (0.3) 

679 (56.0) 

330 (27.2) 

176 (14.5) 

7 (0.6) 

21 (1.7) 

814 (49.7) 

422 (25.8) 

354 (21.6) 

11 (0.7) 

36 (2.2) 

671 (56.2) 

260 (21.8) 

243 (20.4) 

2 (0.2) 

17 (1.4) 

Region of 

residence 
Metropolitan Melbourne 

Regional Victoria 

Overseas/interstate 

6173 (69.1) 

2658 (29.7) 

106 (1.2) 

816 (70.7) 

329 (28.5) 

9 (0.8) 

1178 (74.9) 

391 (24.9) 

3 (0.2) 

960 (82.8) 

197 (17.0) 

2 (0.2) 
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Injury event profile by age group 

The location of injury, mechanism, place and intent differed substantially with age.  The proportion of 
cases occurring in regional Victoria decreased with increasing age, potentially reflecting the decreasing 
prevalence of transport-related major trauma from 49 per cent in 15-64 year olds, to 10 per cent in 
cases aged 85 years and over.  Alternatively, this could be due to differences in imaging and 
management of elderly trauma patients in regional Victoria compared to metropolitan areas, with less 
active treatment of the elderly in regional areas.  Whilst low falls accounted for nine per cent of major 
trauma cases less than 65 years of age, the proportion of low falls related cases was 62 per cent in 
cases aged 75-84 years, and 84 per cent in cases aged 85 years and over.  Seventeen per cent of 
major trauma cases aged less than 65 years were the result of intentional incidents (intentional self-
harm or assault) compared to 2.3 per cent of cases aged 65 years and over.  Almost half of cases aged 
65 years and over were injured at home, while almost a third of cases aged 85 years and over 
sustained major trauma in a residential institution. 
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Table 3: Injury event details of major trauma cases by age group 

Descriptor 15-64 years 

(n=9644) 

N (%) 

65-74 years 

(n=1213) 

N (%) 

75-84 years 

(n=1637) 

N (%) 

85+ years 

(n=1193) 

N (%) 

Location of 
incident 

Metropolitan Melbourne 

Regional Victoria 

Overseas/interstate 

548 (63.6) 

3064 (35.5) 

74 (0.9) 

773 (69.2) 

333 (29.8) 

11 (1.0) 

1150 (74.1) 

400 (25.8) 

3 (0.2) 

943 (82.5) 

198 (17.3) 

2 (0.2) 

Mechanism of 
injury 

Transport 

Low fall 

High fall 

Other 

4739 (49.4) 

822 (8.6) 

935 (9.8) 

3089 (32.2) 

362 (30.0) 

460 (38.2) 

209 (17.3) 

174 (14.4) 

370 (22.7) 

1009 (61.8) 

135 (8.3) 

118 (7.2) 

118 (9.9) 

1003 (84.2) 

32 (2.7) 

38 (3.2) 

Place of injury Road/street/highway 

Home 

Trade or service area 

Residential institution 

Athletic or sports area 

Farm 

Industrial/mine/quarry 

Place for recreation 

Other 

5274 (58.6) 

1508 (16.8) 

529 (5.9) 

57 (0.6) 

308 (3.4) 

214 (2.4) 

219 (2.4) 

187 (2.1) 

704 (7.8) 

422 (36.8) 

501 (43.6) 

52 (4.5) 

41 (3.6) 

8 (0.7) 

41 (3.6) 

16 (1.4) 

9 (0.8) 

58 (5.1) 

464 (29.4) 

764 (48.5) 

55 (3.5) 

180 (11.4) 

9 (0.6) 

25 (1.6) 

4 (0.3) 

13 (0.8) 

63 (4.0) 

190 (16.4) 

553 (47.6) 

34 (2.9) 

331 (28.5) 

3 (0.3) 

3 (0.3) 

0 (0.0) 

2 (0.2) 

45 (3.9) 

Intent of injury Unintentional 

Intentional self-harm 

Intentional other 

Intent cannot be 
determined 

7799 (81.3) 

404 (4.2) 

1239 (12.9) 

154 (1.6) 

1145 (95.3) 

23 (1.9) 

29 (2.4) 

4 (0.3) 

1591 (97.4) 

20 (1.2) 

13 (0.8) 

10 (0.6) 

1170 (98.5) 

3 (0.3) 

6 (0.5) 

9 (0.8) 
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Distribution and transport within the VSTS by age group 

The proportion of cases receiving their definitive care at a MTS decreased with age, with less than half 
of cases aged 85 years and over definitively managed at a MTS compared to 82 per cent of cases 
aged 15-64 years (Figure 2).  Almost a third of cases aged 85 years and over were definitively 
managed at a metropolitan trauma service.   

 

Figure 2: Proportion of cases definitively managed at MTS hospitals by age group 

Direct transport from the scene to definitive care was highest in the 85 years and over group, and the 
use of helicopter transport decreased with age, accounting for only 1.8 per cent of cases aged 85 years 
and over (Table 4).  This transport profile reflects the decreasing proportion of road trauma and 
prevalence of major trauma occurring in regional Victoria with age.  Where patients experienced an 
inter-hospital transfer, the median time increased with age (Table 4).   
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Table 4: Transport and definitive care of major trauma cases by age group 

Descriptor 15-64 years 

(n=9644) 

N (%) 

65-74 years 

(n=1213) 

N (%) 

75-84 years 

(n=1637) 

N (%) 

85+ years 

(n=1193) 

N (%) 

Definitive 
level of 
care in 
VSTS 

Major Trauma Service 

Metropolitan Trauma Service 

Regional Trauma Service 

Austin (spinal) 

Metropolitan Neurosurgical 
Service 

Metropolitan Primary Care 
Service 

Urgent Care Service 

7900 (81.8) 

937 (9.7) 

418 (4.3) 

347 (3.6) 

0 (0.0) 

19 (0.2) 

23 (0.2) 

835 (68.8) 

166 (13.7) 

52 (4.3) 

64 (5.3) 

88 (7.3) 

5 (0.4) 

3 (0.3) 

1010 (61.7) 

315 (19.2) 

73 (4.5) 

43 (2.6) 

156 (9.5) 

33 (2.0) 

7 (0.4) 

551 (46.2) 

378 (31.7) 

84 (7.0) 

20 (1.7) 

99 (8.3) 

49 (4.1) 

12 (1.0) 

Mode of 
ambulance 
transport 

Road car 

Helicopter 

Fixed wing aircraft  

6062 (77.9) 

1668 (21.5) 

47 (0.6) 

866 (88.4) 

112 (11.4) 

2 (0.2) 

1227 (93.2) 

87 (6.6) 

2 (0.2) 

964 (98.2) 

18 (1.8) 

0 (0.0) 

Transfer 
status 

Direct transport from scene 

Single inter-hospital transfer 

≥ 2 inter-hospital transfers 

6842 (70.9) 

2664 (27.6) 

138 (1.4) 

783 (64.6) 

410 (33.8) 

20 (1.6) 

1089 (66.5) 

512 (31.3) 

36 (2.2) 

919 (77.0) 

254 (21.3) 

20 (1.7) 

Transfer 
time 

Median (IQR) 7.2 (4.8-11.3) 8.2 (5.8-14.4) 8.6 (5.8-15.8) 8.9 (6.2-17.0) 
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Injury severity and profile by age group 

The overall injury severity of major trauma patients was lower in the 85 years and over group, with 71 

per cent having an ISS greater than 12.  The prevalence of severe head injury (measured using the AIS 

severity scale) increased with age, while the prevalence of severe chest injury decreased with age.  

Forty one per cent of major trauma cases aged 85 years and over had sustained an isolated head 

injury, compared to 15 per cent in the group less than 65 years of age (Table 5).   
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Table 5: Injury severity and profile of major trauma cases by age group 

Descriptor 15-64 years 

(n=9644) 

N (%) 

65-74 years 

(n=1213) 

N (%) 

75-84 years 

(n=1637) 

N (%) 

85+ years 

(n=1193) 

N (%) 

ISS>12 No 

Yes 

1515 (15.9) 

8036 (84.1) 

189 (15.7) 

1017 (84.3) 

335 (20.6) 

1292 (79.4) 

340 (28.6) 

848 (71.4) 

ISS Median (IQR) 17 (14-25) 17 (14-25) 17 (13-25) 16 (10-25) 

Injury 
group 

Isolated head injury 

Head and associated injuries 

Spinal column/extremity injuries 
only 

Chest/abdominal injuries only 

Spinal cord injury 

Other/multi-trauma (exc. 
Neurotrauma) 

1457 (15.1) 

2341 (24.3) 

3446 (35.7) 

840 (8.7) 

302 (3.1) 

1258 (13.0) 

345 (28.4) 

234 (19.3) 

426 (35.1) 

62 (5.1) 

51 (4.2) 

95 (7.8) 

628 (38.4) 

287 (17.5) 

503 (30.7) 

69 (4.2) 

35 (2.1) 

115 (7.0) 

493 (41.3) 

195 (16.4) 

343 (28.8) 

58 (4.9) 

14 (1.2) 

90 (7.5) 

Head 
injury 
severity 

Severe (GCS 3-8) 

Moderate (GCS 9-12) 

Mild/none (GCS 13-15) 

2348 (25.0) 

381 (4.1) 

6652 (70.9) 

213 (18.1) 

59 (5.0) 

908 (76.9) 

278 (17.5) 

119 (7.5) 

1189 (75.0) 

143 (12.4) 

135 (11.7) 

878 (75.9) 

Severe 
head 
injury? 

No (AIS severity <4) 

Yes (AIS severity ≥ 4) 

7094 (74.3) 

2457 (25.7) 

774 (64.2) 

432 (35.8) 

910 (55.9) 

717 (44.1) 

639 (53.8) 

549 (46.2) 

Severe 
chest 
injury? 

No (AIS severity <4) 

Yes (AIS severity ≥ 4) 

8831 (92.5) 

720 (7.5) 

1148 (95.2) 

58 (4.8) 

1570 (96.5) 

57 (3.5) 

1158 (97.5) 

30 (2.5) 

 

  



Special Focus Report 

Elderly Major Trauma Patients 

 

 

 

August 14, 2012  Page | 18 

 

In-hospital outcomes 

The proportion of cases admitted to ICU decreased with age from 47 per cent of cases 15-64 years of 

age to 16 per cent of cases aged 85 years and over (Table 6).  The in-hospital death rate was seven 

per cent for cases aged 15-64 years, increasing to 46 per cent for cases aged 85 years and over.  The 

median ICU and hospital length of stay was highest in the 65-74 and 75-84 year age groups (Table 6).   

Table 6: Summary of in-hospital outcomes of major trauma cases by age group 

Descriptor 15-64 years 

(n=9644) 

N (%) 

65-74 years 

(n=1213) 

N (%) 

75-84 years 

(n=1637) 

N (%) 

85+ years 

(n=1193) 

N (%) 

ICU stay No 

Yes 

5153 (53.5) 

4471 (46.5) 

683 (56.5) 

527 (43.6) 

1000 (61.2) 

634 (38.8) 

998 (84.0) 

190 (16.0) 

ICU length of 

stay** 
Median (IQR) days 4 (2-9) 5 (2-11) 5 (2-10) 3 (2-7) 

Hospital length of 

stay 
Median (IQR) days 7.5 (4.0-14.3) 9.1 (4.8-17.5) 9.3 (4.5-17.4) 7.2 (3.2-13.7) 

In-hospital death No 

Yes 

8968 (93.0) 

676 (7.0) 

1034 (85.2) 

179 (14.8) 

1164 (71.1) 

473 (28.9) 

649 (54.4) 

544 (45.6) 

** Of patients admitted to ICU 
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Long term outcomes 

Figure 3 shows the cumulative proportion of deaths in each age group from hospital discharge to 12-
months post-injury.  The proportion of post-discharge deaths was low for the 15-64 years age group, 
while the proportion of post-discharge deaths was highest for cases 85 years of age and older.  By 12-
months post-injury, two thirds of cases in the 85 years and over group had died.   

 

Figure 3: Cumulative mortality by age group 

Routine, population-based follow-up of patient outcomes commenced in July 2005 for the six-month 
time point and October 2006 for the 12-month time point.  To enable inclusion of both six and 12-month 
outcomes, cases with a date of injury from 1st October 2006 were included in the analyses of long term 
outcomes. 

There were 9,634 survivors to hospital discharge with a date of injury from 1st October 2006 to 30th 
June 2011.  The follow-up rate was 82 per cent (n=7867) at six-months, and 80 per cent (n=7713) at 
12-months post-injury.  The proportion of hospital survivors living independently according to the GOS-
E scale (lower moderate disability or higher) decreased with age, representing approximately 10 per 
cent of cases in the 85 years and over group, increasing to almost 60 per cent in the 65-74 years age 
group, and greater than 75 per cent in the group aged 15-64 years (Figure 4).  The proportion of 
patients who had achieved a full functional recovery (GOS-E score of upper good recovery) was low 
across the cohort of major trauma patients, but also decreased with age at both six and 12-months 
post-injury (Figure 4).   
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Figure 4: Functional outcomes (GOS-E) by age group 
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Predictors of definitive management of elderly major trauma patients at a MTS 

As noted, the proportion of major trauma cases definitively managed at a MTS decreases with age.  
Establishing the key predictors of management at a MTS provides an indication of the profile of older 
adults preferentially transferred to this level of care.  Factors considered as potential explanatory 
factors for transport to a MTS were age group, gender, comorbid status (measured using the Charlson 
Comorbidity Index), compensable status, location of injury event (i.e. regional or metropolitan), 
mechanism of injury, place of injury, mode of transport to hospital, ISS, and the injury group. 

All factors were associated with definitive management at a MTS (Table 7).  The odds of receiving 
definitive care at a MTS decreased significantly with increasing age, female gender, and mechanism of 
injury other than transport.  The presence of comorbidities, increasing ISS, and transport to hospital by 
an ambulance were associated with higher odds of definitive management at a MTS.  Patients injured 
in a residential institution demonstrated half the odds of definitive care at a MTS compared to patients 
injured at home. 
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Table 7: Factors associated with definitive care at a major trauma service for elderly major 
trauma 
 

Population characteristic N (%) 
Treated at an 

MTS 

OR (95% CI) 

Age group 65-74 years 
75-84 years 
85+ years 

899 (74.1) 
1053 (64.3) 
571 (47.9) 

1 
0.63 (0.53, 0.74) 
0.32 (0.27, 0.38) 

Gender Male 
Female 

1499 (67.3) 
1024 (56.5) 

1 
0.63 (0.56, 0.72) 

CCI weighting group 0 
1 
2-6 

1214 (56.1) 
725 (71.6) 
584 (67.4) 

1 
1.98 (1.68, 2.32) 
1.61 (1.37, 1.91) 

Event location Metropolitan Melbourne 
Regional Victoria 
Overseas/interstate 

1777 (62.0) 
607 (65.2) 
14 (87.5) 

1 
1.15 (0.98, 1.34) 
4.29 (0.97, 18.91) 

Place of injury Home 
Road, street, highway 
Residential institution 
Other 

985 (54.2) 
898 (83.5) 
219 (39.7) 
319 (72.5) 

1 
4.27 (3.54, 5.14) 
0.56 (0.46, 0.68) 
2.23 (1.77, 2.80) 

Mechanism of injury Transport 
Low fall 
High fall 
Other 

830 (88.0) 
1206 (48.8) 
288 (76.6) 
191 (80.3) 

1 
0.13 (0.10, 0.16) 
0.45 (0.33, 0.61) 
0.55 (0.38, 0.80) 

Compensable status Medicare/not compensable 
TAC/WorkCover 
Private/DVA 

1436 (55.2) 
770 (89.9) 
296 (55.1) 

1 
7.19 (5.68, 9.09) 
1.00 (0.83, 1.20) 

Ambulance 
transport? 

No 
Yes 

354 (52.6) 
2169 (64.4) 

1 
1.63 (1.38, 1.92) 

ISS group <13 
13-16 
17-24 
>24 

396 (45.8) 
614 (62.2) 
723 (73.2) 
779 (66.0) 

1 
1.94 (1.61, 2.34) 
3.22 (2.66, 3.92) 
2.29 (1.91, 2.74) 

Injury group Spinal column/extremity injuries only 
Isolated head injury 
Head and associated injuries 
Chest/abdominal injuries only 
Spinal cord injury 
Other/multi-trauma (exc. Neurotrauma) 

809 (63.6) 
785 (53.6) 
537 (75.0) 
100 (52.9) 
93 (93.0) 

199 (66.3) 

1 
0.66 (0.57, 0.77) 
1.72 (1.40, 2.11) 
0.64 (0.47, 0.87) 
7.60 (3.50, 16.53) 
1.13 (0.86, 1.47) 
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Fitting these factors into a multivariable model identified the key predictors of definitive care at a MTS 

(Table 8).  The strongest predictors of definitive care at a MTS were comorbid status, the place and 

mechanism of injury, injury severity and type, age group, compensable status and mode of transport to 

hospital. 

Keeping all other factors stable, elderly major trauma patients with at least one CCI comorbid condition 

demonstrated more than double the odds of definitive care at a MTS compared to patients without a 

CCI comorbid condition (Table 8).  Independent of the mechanism of injury and injuries sustained, 

patients injured at a residential institution were significantly less likely to receive definitive care at a 

MTS compared to patients injured at home, and patients aged 85 years and over also demonstrated 

lower adjusted odds of definitive care at a MTS compared to patients aged 65-74 years.  Isolated head 

injury and multi-trauma patients (excluding neurotrauma) demonstrated similar risk-adjusted odds of 

MTS definitive care to orthopaedic major trauma patients, while the presence of a spinal cord injury and 

multi-trauma involving a head injury cases were more likely to receive MTS definitive care (Table 8).  Of 

note, independent of all other factors, elderly patients with chest and/or abdominal injuries only were 

less likely to receive MTS level definitive care.  
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Table 8: Predictors of definitive care of elderly major trauma patients at a major trauma service 
(multivariable analysis) 
 

Population characteristic Adjusted dds ratio 
(95% CI) 

p-value 

CCI weighting group 0 
1 
2-6 

1 
2.33 (1.92, 2.82) 
2.26 (1.86, 2.75) 

<0.0001 

Place of injury Home 
Road, street, highway 
Residential institution 
Other 

1 
1.25 (0.91, 1.71) 
0.68 (0.55, 0.85) 
1.80 (1.38, 2.36) 

<0.0001 

Mechanism of injury Transport 
Low fall 
High fall 
Other 

1 
0.35 (0.20, 0.60) 
0.83 (0.46, 1.52) 
1.58 (0.81, 3.08) 

<0.0001 

ISS group <13 
13-16 
17-24 
>24 

1 
1.49 (1.18, 1.89) 
2.24 (1.73, 2.90) 
1.99 (1.53, 2.58) 

<0.0001 

Injury group Spinal column/extremity injuries only 
Isolated head injury 
Head and associated injuries 
Chest/abdominal injuries only 
Spinal cord injury 
Other/multi-trauma (exc. Neurotrauma) 

1 
0.83 (0.66, 1.04) 
1.41 (1.08, 1.84) 
0.66 (0.45, 0.96) 

6.41 (2.67, 15.36) 
1.29 (0.93, 1.80) 

<0.0001 

Age group 65-74 years 
75-84 years 
85+ years 

1 
0.86 (0.70, 1.05) 
0.65 (0.52, 0.81) 

0.0003 

Compensable status Medicare/not compensable 
TAC/WorkCover 
Private/DVA 

1 
2.47 (1.44, 4.24) 
1.23 (0.99, 1.52) 

0.001 

Ambulance 
transport? 

No 
Yes 

1 
1.27 (1.03, 1.58) 

0.026 

Event location Metropolitan Melbourne 
Regional Victoria 
Overseas/interstate 

1 
0.84 (0.70, 1.02) 

2.13 (0.23, 19.73) 

0.155 

Gender Male 
Female 

1 
0.92 (0.78, 1.09) 

0.330 
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Predictors of in-hospital mortality in elderly major trauma patients 

Key factors considered as potential predictors of in-hospital mortality in elderly major trauma patients 

were age group, gender, comorbid status, compensable status, place of injury, location of injury, 

mechanism of injury, injury severity and type of injury, inter-hospital transfer status, and the GCS score 

on arrival at the definitive hospital.  All factors were significantly associated with in-hospital mortality 

(Table 9). 
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Table 9: Factors associated with in-hospital mortality in elderly major trauma  
 
Population characteristic N (%) 

In-hospital death 
Odds ratio (95% 

CI) 
Age group 65-74 years 

75-84 years 
85+ years 

179 (14.8) 
473 (28.9) 
544 (45.6) 

1 
2.35 (1.94, 2.84) 
4.84 (3.98, 5.89) 

Gender Male 
Female 

615 (27.6) 
581 (32.0) 

1 
1.24 (1.08, 1.42) 

CCI weighting group 0 
1 
2-6 

643 (29.7) 
231 (22.8) 
322 (37.1) 

1 
0.70 (0.59, 0.83) 
1.40 (1.18, 1.65) 

Event location Metropolitan Melbourne 
Regional Victoria 
Overseas/interstate 

916 (32.0) 
228 (24.5) 

1 (6.3) 

1 
0.69 (0.58, 0.82) 
0.14 (0.02, 1.08) 

Place of injury Home 
Road, street, highway 
Residential institution 
Other 

598 (32.9) 
212 (19.7) 
268 (48.6) 
91 (20.7) 

1 
0.50 (0.41, 0.60) 
1.93 (1.59, 2.34) 
0.53 (0.41, 0.68) 

Mechanism of injury Transport 
Low fall 
High fall 
Other 

185 (19.6) 
882 (35.7) 
71 (18.9) 
54 (22.7) 

1 
2.27 (1.90, 2.72) 
0.95 (0.70, 1.29) 
1.20 (0.85, 1.69) 

Compensable status Medicare/not compensable 
TAC/WorkCover 
Private/DVA 

845 (32.5) 
163 (19.0) 
173 (32.2) 

1 
0.49 (0.40, 0.59) 
0.99 (0.81, 1.21) 

Transferred? No 
Yes 

977 (35.0) 
219 (17.5) 

1 
0.39 (0.33, 0.46) 

GCS score 3-8  
9-12 
13-15 

360 (56.8) 
148 (47.3) 
635 (21.3) 

1 
0.68 (0.52, 0.90) 
0.21 (0.17, 0.25) 

ISS group <13 
13-16 
17-24 
>24 

479 (55.4) 
129 (13.1) 
101 (10.2) 
471 (39.9) 

1 
0.12 (0.10, 0.15) 
0.09 (0.07, 0.12) 
0.53 (0.45, 0.64) 

Injury group Spinal column/extremity injuries only 
Isolated head injury 
Head and associated injuries 
Chest/abdominal injuries only 
Spinal cord injury 
Other/multi-trauma (exc. Neurotrauma) 

380 (29.9) 
475 (32.4) 
140 (19.6) 
57 (30.2) 
27 (27.0) 

117 (39.0) 

1 
1.13 (0.96, 1.32) 
0.57 (0.46, 0.71) 
0.87 (0.55, 1.37) 
1.01 (0.73, 1.41) 
1.50 (1.16, 1.95) 

Managed at MTS? No 
Yes 

631 (41.5) 
565 (22.4) 

1 
0.41 (0.35, 0.46) 

All factors were entered into a multivariable model to identify important predictors of in-hospital 

mortality, and to provide more precise estimates of the association between each factor and in-hospital 

mortality.  The results are shown in Table 10.   
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Table 10: Predictors of in-hospital mortality in elderly major trauma (multivariable analysis) 
 

Population characteristic Adjusted odds 
ratio (95% CI) 

p-value 

Age group 65-74 years 
75-84 years 
85+ years 

1 
2.23 (1.74, 2.86) 
4.41 (3.85, 5.80) 

<0.0001 

Gender Male 
Female 

1 
0.88 (0.73, 1.07) 

0.207 

CCI weighting group 0 
1 
2-6 

1 
0.81 (0.64, 1.02) 
1.60 (1.28, 2.00) 

<0.0001 

Event location Metropolitan Melbourne 
Regional Victoria 
Overseas/interstate 

1 
0.90 (0.70, 1.15) 

-* 

0.398 

Place of injury Home 
Road, street, highway 
Residential institution 
Other 

1 
0.73 (0.50, 1.08) 
1.26 (0.97, 1.63) 
0.59 (0.42, 0.83) 

0.001 

Mechanism of injury Transport 
Low fall 
High fall 
Other 

1 
0.54 (0.29, 1.01) 
0.40 (0.20, 0.80) 
0.40 (0.20, 0.82) 

0.033 

Compensable status Medicare/not compensable 
TAC/WorkCover 
Private/DVA 

1 
0.41 (0.23, 0.75) 
0.80 (0.62, 1.04) 

0.005 

Transferred? No 
Yes 

1 
0.30 (0.22, 0.36) 

<0.001 

GCS score 3-8 
9-12 
13-15 

1 
0.36 (0.25, 0.51) 
0.12 (0.09, 0.15) 

<0.0001 

ISS group <13 
13-16 
17-24 
>24 

1 
0.15 (0.11, 0.20) 
0.12 (0.08, 0.16) 
0.53 (0.39, 0.71) 

<0.0001 

Injury group Spinal column/extremity injuries only 
Isolated head injury 
Head and associated injuries 
Chest/abdominal injuries only 
Spinal cord injury 
Other/multi-trauma (exc. Neurotrauma) 

1 
0.74 (0.56, 0.97) 
0.54 (0.40, 0.75) 
0.78 (0.50, 1.22) 
1.91 (1.01, 3.62) 
0.81 (0.56, 1.16) 

0.0002 

Managed at MTS? No 
Yes 

1 
0.62 (0.50, 0.76) 

<0.001 
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After inclusion of all factors in the multivariable model, age group, injury severity, GCS scores on arrival 

at hospital, comorbid status, transfer status, compensable status, level of VSTS care, mechanism and 

place of injury, and the type of injuries sustained were important predictors of in-hospital mortality 

(Table 10).  Keeping all other factors stable, elderly major trauma patients definitively managed at a 

MTS demonstrated 38 per cent lower odds of mortality than patients managed at non-MTS hospitals.  

There was no interaction between age group and VSTS level of care, suggesting that the effect of MTS 

care does not differ according to age group. 

The adjusted odds of mortality were more than double for 65-74 year old patients and almost 5-fold 

higher for patients aged 85 years and over, compared to major trauma patients aged 65-74 years.  The 

adjusted odds of mortality were 40 per cent higher for patients with a CCI weighting of two or greater 

when compared to patients without CCI comorbidities (Table 10).  Compared to patients unconscious 

on arrival at hospital (GCS 3-8), the adjusted odds of mortality were significantly lower for patients with 

a GCS score indicating a moderate head injury (GCS 9-12) and those with none/mild head injury (GCS 

13-15).   

Predictors of independent living in elderly major trauma patients 

A score of lower moderate disability or higher on the GOS-E equates to “independent living”.  

Univariate GEE models were used to explore associations between key potential predictors of 

independent living at six and 12-month follow-up.  The results are shown in Table 11.  Increasing age, 

female gender, the presence of comorbidities, pre-injury disability, injury occurring at a residential 

institution, low fall injuries, and neurotrauma injury types were associated with lower odds of 

independent living at six and 12-months post-injury.  Private insurance or TAC claimants, higher levels 

of education, and management at a MTS hospital were associated with higher odds of independent 

living at six and 12-months post-injury. 

Using multivariable modelling to account for potential confounding of relationships, only gender and 

whether the patient was managed at a MTS hospital were not significant predictors of long term 

independent living (Table 12).  Compared to patients aged 65-74 years of age, the adjusted odds of 

living independently were 42 per cent lower for patients aged 75-84 years, and 77 per cent lower for 

those aged 85 years and over.  The presence and severity of comorbidities reduced the adjusted odds 

of independent living by 25 to 47 per cent (Table 12).  The adjusted odds of living independently up to 

12-months after injury were not different for patients with a GCS score on arrival at hospital suggesting 
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moderate head injury, when compared to patients with a GCS score suggesting severe head, although 

the odds of independent living were more than double for patients with a GCS suggesting no/mild head 

injury.  Compared to patients injured at home, the adjusted odds of living independently at follow-up 

were 83 per cent lower, even after adjusting for pre-injury disability levels.  Higher levels of education 

were independently predictive of independent living compared to patients who had not completed a 

high school level of education (Table 12).  After adjustment for potential confounders, TAC/WorkCover 

compensable patients demonstrated significantly lower odds of living independently at follow-up 

compared to non-compensable patients.  The ISS was less important as a predictor of mortality than 

the type of injuries sustained.  The odds of living independently were comparable for orthopaedic, 

isolated head injury and head injured multi-trauma patients.  As would be expected, the adjusted odds 

of independent living were lower for spinal cord injured patients compared to orthopaedic major trauma 

patients, whilst the adjusted odds of independent living were significantly higher for cases involving only 

chest and/or abdominal injuries (Table 12). 
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Table 11: Factors associated with independent living at follow-up 
 

Population characteristic N (%) Independent 
living 

Odds ratio  
(95% CI) 

6-months 12-months 

Age group 65-74 years 
75-84 years 
85+ years 

530 (69.3) 
396 (46.1) 
106 (22.6) 

516 (69.0) 
387 (44.4) 
96 (20.3) 

1 
0.36 (0.30, 0.43) 
0.13 (0.10, 0.16) 

Gender Male 
Female 

657 (55.1) 
375 (41.6) 

647 (64.5) 
352 (39.0) 

1 
0.56 (0.48, 0.66) 

CCI weighting 
group 

0 
1 
2-6 

631 (56.2) 
250 (44.5) 
151 (36.8) 

611 (54.2) 
252 (45.5) 
136 (33.3) 

1 
0.67 (0.56, 0.80) 
0.43 (0.35, 0.52) 

Pre-injury 
disability 

None 
Mild 
Moderate to severe 

756 (70.6) 
190 (48.5) 
81 (23.7) 

740 (70.0) 
177 (45.5) 
781 (22.8) 

1 
0.38 (0.31, 0.48) 
0.13 (0.10, 0.17) 

Level of 
education 

Did not complete high school 
Completed high school 
Advanced diploma/diploma/certificate 
University degree 

491 (58.8) 
92 (70.8) 
227 (71.4) 
122 (74.9) 

470 (57.5) 
89 (68.5) 

215 (69.4) 
120 (74.5) 

1 
1.60 (1.12, 2.29) 
1.69 (1.32, 2.18) 
2.12 (1.50, 2.99) 

Place of injury Home 
Road, street, highway 
Residential institution 
Other 

427 (48.7) 
388 (60.0) 

9 (4.3) 
153 (57.1) 

400 (45.4) 
377 (58.8) 

7 (3.3) 
159 (60.0) 

1 
1.55 (1.29, 1.85) 
0.04 (0.02, 0.08) 
1.53 (1.21, 1.95) 

Mechanism of 
injury 

Transport 
Low fall 
High fall 
Other 

355 (63.2) 
411 (35.6) 
157 (71.0) 
104 (69.8) 

350 (63.2) 
380 (32.6) 
168 (74.7) 
97 (69.8) 

1 
0.32 (0.27, 0.39) 
1.71 (1.27, 2.30) 
1.43 (1.02, 2.02) 

Compensable 
status 

Medicare/not compensable 
TAC/WorkCover 
Private/DVA 

576 (44.5) 
319 (61.4) 
126 (48.1) 

551 (42.5) 
318 (61.9) 
121 (46.2) 

1 
1.93 (1.61, 2.32) 
1.20 (0.95, 1.51) 

GCS score 3-8  
9-12 
13-15 

381 (39.5) 
29 (22.7) 
904 (52.8) 

84 (40.2) 
29 (22.1) 

866 (50.9) 

1 
0.44 (0.28, 0.68) 
1.64 (1.27, 2.11) 

ISS group <13 
13-16 
17-24 
>24 

153 (55.8) 
302 (51.9) 
360 (51.3) 
213 (40.0) 

145 (53.3) 
288 (49.8) 
354 (50.6) 
208 (38.7) 

1 
0.87 (0.67, 1.12) 
0.89 (0.70, 1.13) 
0.58 (0.45, 0.75) 

Injury group Spinal column/extremity injuries only 
Isolated head injury 
Head and associated injuries 
Chest/abdominal injuries only 
Spinal cord injury 
Other/multi-trauma (exc. Neurotrauma) 

404 (63.7) 
289 (39.1) 
188 (42.4) 
65 (69.9) 
14 (29.8) 
72 (52.2) 

393 (62.6) 
278 (37.1) 
189 (42.7) 
59 (64.8) 
15 (29.4) 
65 (50.8) 

1 
0.37 (0.31, 0.45) 
0.43 (0.35, 0.54) 
1.13 (0.76, 1.69) 
0.29 (0.17, 0.50) 
0.64 (0.46, 0.50) 

Managed at 
MTS? 

No 
Yes 

237 (40.0) 
795 (52.9) 

238 (38.5) 
761 (51.7) 

1 
1.68 (1.42, 1.99) 
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Table 12: Predictors of independent living at follow-up (multivariable analysis) 
 

Population characteristic Adjusted odds 
ratio  

(95% CI) 

p-value 

Age group 65-74 years 
75-84 years 
85+ years 

1 
0.58 (0.45, 0.75) 
0.23 (0.16, 0.32) 

<0.0001 

Gender Male 
Female 

1 
0.81 (0.64, 1.03) 

0.091 

CCI weighting 
group 

0 
1 
2-6 

1 
0.75 (0.57, 1.00) 
0.53 (0.39, 0.72) 

0.0002 

Pre-injury disability None 
Mild 
Moderate to severe 

1 
0.50 (0.38, 0.66) 
0.22 (0.16, 0.31) 

<0.0001 

Level of education Did not complete high school 
Completed high school 
Advanced diploma/diploma/certificate 
University degree 

1 
1.32 (0.88, 1.99) 
1.43 (1.07, 1.92) 
1.91 (1.28, 2.86) 

0.003 

Place of injury Home 
Road, street, highway 
Residential institution 
Other 

1 
1.21 (0.79, 1.84) 
0.17 (0.08, 0.38) 
1.08 (0.75, 1.55) 

0.0001 

Mechanism of 
injury 

Transport 
Low fall 
High fall 
Other 

1 
0.62 (0.32, 1.21) 
1.11 (0.53, 2.33) 
1.09 (0.51, 2.32) 

0.025 

Compensable 
status 

Medicare/not compensable 
TAC/WorkCover 
Private/DVA 

1 
0.50 (0.27, 0.93) 
1.22 (0.85, 1.75) 

0.032 

GCS score 3-8  
9-12 
13-15 

1 
0.80 (0.43, 1.50) 
2.11 (1.44, 3.10) 

<0.0001 

ISS group <13 
13-16 
17-24 
>24 

1 
1.31 (0.88, 1.96) 
0.95 (0.64, 1.42) 
0.77 (0.51, 1.19) 

0.022 

Injury group Spinal column/extremity injuries only 
Isolated head injury 
Head and associated injuries 
Chest/abdominal injuries only 
Spinal cord injury 
Other/multi-trauma (exc. Neurotrauma) 

1 
1.00 (0.71, 1.40) 
0.78 (0.56, 1.10) 
1.97 (1.04, 3.74) 
0.21 (0.10, 0.44) 
0.71 (0.44, 1.16) 

0.0001 

Managed at MTS? No 
Yes 

1 
1.29 (0.97, 1.71) 

0.077 
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Elderly major trauma sustained at a residential institution 

Overview of cases 

There were 552 elderly major trauma patients with the place of injury recorded as a residential 

institution in the years 2005-06 to 2010-11.  The number of elderly major trauma patients injured in 

residential institutions has risen from 69 in 2005-06 to 102 in 2010-11.  Sixty per cent of these cases 

were aged 85 years and over, 33 per cent were aged 75 to 84 years and seven per cent were aged 65 

to 74 years.  Almost all (n=532, 96.6%) cases resulted from a low fall mechanism.  Less than half 

(n=265, 48.0%) had no documented CCI comorbidities.  One CCI comorbidity was recorded for 153 

patients, 71 had two CCI conditions, and 48 had three to five CCI conditions.  Eleven patients had 

moderate/severe liver or metastatic disease.   

Transfer and definitive management in the VSTS 

The level of definitive care in the VSTS is shown in Figure 5.  Nineteen per cent (n=106) experienced 

an inter-hospital transfer, of which 26 received their definitive care at a hospital other than a MTS or 

metropolitan neurosurgical service (MNS).  These patients were transferred to regional trauma 

services, metropolitan trauma services (including MNS hospitals where the criteria for definitive care at 

a MNS hospital was not met); St Vincent’s (n=8), Western Hospital (Footscray) (n=6), Monash Medical 

Centre (n=4), Western Hospital (Sunshine) (n=2), Dandenong Hospital (n=2), Epworth (n=1), Frankston 

(n=1), LaTrobe Regional Hospital (n=1) and South West Healthcare (n=1). 

Of the 46 patients definitively managed at a Regional Trauma Service, 15 were cared for at Barwon 

Health.  The most common Metropolitan Trauma Services definitively managing these patients were 

Frankston Hospital (n=44), Maroondah Hospital (n=29), Western Hospital (Footscray) (n=23), Monash 

Medical Centre (n=23) and Austin Health (n=19). 
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Figure 5: Level of care in the VSTS for elderly major trauma patients injured in residential 
institutions 
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Injuries sustained 

The 552 patients sustained 1569 injuries able to be coded to the AIS system.  Sixty-one per cent of 

cases had sustained a serious head injury (AIS severity score >2), of which 75 per cent were isolated 

head injuries (Figure 6).  Using the AIS severity score, 41 per cent of head injuries were considered 

“severe” (severity score of 4), 38 per cent “critical” (severity score 5) and 21 per cent “serious” (severity 

score 3).  In comparison, most head injury cases (n=199, 60.5%) arrived in the ED of the definitive 

hospital of care with a GCS score of 13 to 15, indicating “mild” head injury, with 69 (21.3%) classified 

as “moderate” (GCS 9-12) and 59 (18.2%) classified as “severe” (GCS 3-8).  Of the 336 head injured 

cases, 245 had sustained a subdural haematoma (n=103 moderate size, n=94 large, n=30 not further 

specified, n=18 bilateral), and 67 patients had experienced a subarachnoid haemorrhage.   

Injuries to the spinal column and/or extremities were also common, accounting for 15 per cent of cases.   

One hundred and sixty six spinal injuries were sustained by these patients, 69 involved cervical spine 

fractures (n=24 odontoid fractures, n=14 vertebral body fractures, n=14 laminar fractures), and 38 were 

thoracic spine “burst” fractures. 

 

Figure 6: Broad injury group of elderly major trauma patients injured in residential institutions 
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Lower extremity fractures were common; 30 patients sustained a proximal femur fracture, 11 a shaft of 

femur fracture, 55 a fractured pelvis and 20 patients fractured their acetabulum.  Of the 24 patients 

categorised as sustaining chest and/or abdominal injuries, no thoracic injuries were sustained and 

these 24 patients sustained 33 abdominal injuries.   

Interventions and outcomes 

Only 59 cases (10.7%) were admitted to ICU, of which 33 (55.9%) had sustained a serious head injury.  

The median (IQR) days spent in ICU was 3 (1-6), and the maximum number of days was 21.  The 

overall median (IQR) hospital length of stay for elderly major trauma injured at a residential institution 

was 6.4 (3.0-11.4) days, with the maximum length of stay 93.8 days. 

Operative management was used for 127 (24.3%) of patients.  The most common interventions 

performed were a craniotomy (n=46), lower extremity fracture fixation (n=30), burrhole surgery (n=14), 

laparotomy (n=13), and fixation of spinal fractures (n=12).  Fixation of pelvic fractures was performed in 

only two cases, whilst a craniectomy was performed in three cases. 

The in-hospital death rate was 49 per cent (n=284), rising to 71 per cent (n=354) at six-months post-

injury, and 76 per cent at 12-months post-injury (n=371). 

Head injured patients 

Overview of cases 

Between July 2005 and June 2011, there were 2187 elderly major trauma patients who had sustained 

a serious head injury (AIS severity score >2).  Of these, five were also spinal cord injury patients and 

were excluded from this component of the analyses, leaving 2182 cases, of which 1466 (67.2%) were 

isolated head injuries (i.e. no injury to another AIS body region with a severity score >1).  Table 13 

shows the profile of isolated head injury and head injury multi-trauma patients in the VSTS.  The key 

difference between the isolated and multi-trauma head injury groups was a much high proportion of low 

falls related cases in the isolated group.  The age, gender and comorbid status of patients were 

relatively consistent between the head injury groups. 

  



Special Focus Report 

Elderly Major Trauma Patients 

 

 

 

August 14, 2012  Page | 36 

 

Table 13: Profile of elderly head injury cases in the VSTS 

Population characteristic Isolated head 
injury 

(n=1466) 
N (%) 

Multi-trauma 
head injury 

(n=716) 
N (%) 

Age group 65-74 years 
75-84 years 
85+ years 

345 (23.5) 
628 (42.8) 
493 (33.6) 

234 (32.7) 
274 (40.1) 
19.5 (27.2) 

Gender Male 
Female 

797 (54.4) 
669 (45.6) 

392 (54.8) 
324 (45.2) 

CCI weighting group 0 
1 
2-6 

758 (51.7) 
383 (26.1) 
325 (22.2) 

326 (49.7) 
219 (30.6) 
141 (19.7) 

Mechanism of injury Transport 
Low fall 
High fall 
Other 

112 (7.7) 
1220 (83.5) 

72 (4.9) 
57 (3.9) 

229 (32.1) 
358 (50.4) 
98 (13.8) 
26 (3.7) 

ISS group <13 
13-16 
17-24 
>24 

137 (9.4) 
316 (21.6) 
340 (23.2) 
673 (45.9) 

9 (1.3) 
168 (23.5) 
235 (32.8) 
304 (42.5) 
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Head injuries sustained 

The head injury severity and types of head injuries sustained by the isolated and multi-trauma head 

injury groups are shown in Table 14.  The head injuries sustained by the multi-trauma group were less 

severe overall, using both the AIS and GCS scales (Table 14).  Subdural haematomas were the most 

prevalent diagnosis in both groups, accounting for 75 per cent of cases overall, followed by 

subarachnoid haemorrhages (32.9%) and cerebral contusions (22.9%).  Of the 1688 cases with a 

subdural haematoma, this was the only injury sustained for 55 per cent (n=924).  Subdural 

haematomas were more prevalent in the isolated head injury group, while cerebral contusions and 

subarachnoid haemorrhages were more prevalent in the multi-trauma head injury group.  This would be 

expected as small to moderate subdural haematomas have a higher severity rating in the AIS system, 

automatically qualifying a patient as major trauma using ISS criteria.  A skull fracture was sustained in a 

quarter of cases (n=558).  The prevalence of base of skull fractures was much higher for multi-trauma 

head injury patients, present in 28 per cent compared to 11 per cent in isolated head injury cases 

(Table 14).  
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Table 14: Head injury severity and type of head injury 
 

Population characteristic Isolated head 
injury 

(n=1466) 
N (%) 

Multi-trauma 
head injury 

(n=716) 
N (%) 

Head injury severity (AIS) Maximum severity score 3 

Maximum severity score 4 

Maximum severity score 5 or 

6 

164 (11.2) 

645 (44.0) 

657 (44.8) 

323 (45.1) 

244 (34.1) 

149 (20.8) 

GCS score 3-8 

9-12 

13-15 

320 (22.5) 

181 (12.7) 

924 (64.8) 

127 (18.0) 

62 (8.8) 

517 (73.2) 

Subdural haematoma? No 

Yes 

238 (16.2) 

1228 (83.8) 

300 (41.9) 

416 (58.1) 

Subarachnoid 

haemorrhage? 
No 

Yes 

1033 (70.5) 

433 (29.5) 

431 (60.2) 

285 (39.8) 

Contusion? No 

Yes 

1206 (82.3) 

260 (17.7) 

477 (66.6) 

239 (33.4) 

Intracerebral 

haemorrhage? 
No 

Yes 

1204 (82.1) 

262 (17.9) 

616 (86.0) 

100 (14.0) 

Extradural haemorrhage? No 

Yes 

1348 (91.9) 

118 (8.1) 

648 (90.5) 

68 (9.5) 

Diffuse axonal injury? No 

Yes 

1460 (99.6) 

6 (0.4) 

700 (97.8) 

16 (2.2) 

Vault fracture? No 

Yes 

1316 (89.8) 

150 (10.2) 

644 (85.8) 

102 (14.3) 

Base of skull fracture? No 

Yes 

1305 (89.0) 

161 (11.0) 

516 (72.1) 

200 (27.9) 
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VSTS Level of Care 

The most common associated injuries involved the spine (n=253, 35.3%), upper extremity (n=249, 

34.8%), lower extremity (n=216, 30.2%) and thorax (n=199, 27.8%), although the vast majority of 

associated injuries were considered moderate (AIS severity score 2) or serious (AIS severity score 3). 

The majority of multi-trauma head injury cases were managed at a MTS hospital or metropolitan 

trauma service (Figure 7).  Just over half (53.6%) of the isolated head injury cases were definitively 

managed at a MTS hospital, with 23 per cent managed at a metropolitan neurosurgical service and 16 

per cent at a metropolitan trauma service. 

The isolated head injury cases definitively managed at a metropolitan trauma services were distributed 

across nine hospitals.  The most common metropolitan trauma services caring for these patients were 

Box Hill Hospital (n=56), Frankston Hospital (n=44), Western Hospital (Footscray) (n=38) and 

Maroondah Hospital (n=26).  For the multi-trauma head injury cases, the most common metropolitan 

trauma services providing definitive care were Monash Medical Centre (n=48), St Vincent’s Hospital 

(n=31), Western Hospital (Footscray) (n=16), Austin Hospital (n=15), Box Hill Hospital (n=14) and 

Frankston Hospital (n=14). 

 

Figure 7: Level of management of elderly head injury patients in the VSTS 
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Management and Outcomes 

The proportion of head injured patients admitted to ICU was 28 per cent overall, but was higher for the 

multi-trauma head injury patients (Table 15).  The overall length of stay in ICU, and hospital, was higher 

for multi-trauma head injury patients.  Surgical intervention for head injury was relatively uncommon, 

with 28 per cent of head injury cases undergoing craniotomy, and most occurring in the isolated head 

injury group.  Craniectomy and burrhole surgical approaches were less common, accounting for 2.8 per 

cent, and 8.5 per cent, of cases respectively. 

Table 15: In-hospital management and outcomes of elderly head injured major trauma cases 

Population characteristic Isolated head 
injury 

(n=1466) 

Multi-trauma 
head injury 

(n=716) 

ICU admission N (%) 

No 

Yes 

 

1110 (75.8) 

354 (24.2) 

 

458 (64.1) 

257 (35.9) 

ICU length of stay* Median (IQR) 3 (2-7) 5 (2-12) 

Craniotomy? N (%) 

No 

Yes 

 

1119 (76.3) 

347 (23.7) 

 

641 (89.5 

75 (10.5) 

Craniectomy? N (%) 

No 

Yes 

 

1419 (96.8) 

47 (3.2) 

 

703 (98.2) 

13 (1.8) 

Burrhole surgery? N (%) 

No 

Yes 

 

1341 (91.5) 

125 (8.5) 

 

656 (91.6) 

60 (8.4) 

Hospital length of stay Median (IQR) 6.7 (3.1-12.9) 9.8 (4.5-17.4) 

In-hospital death N (%) 

No 

Yes 

 

991 (67.6) 

475 (32.4) 

 

576 (80.5) 

140 (19.6) 

* of patients admitted to ICU 
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The proportion of cases undergoing craniotomy surgery was higher for isolated head injury cases 

definitively managed at the metropolitan neurosurgical services when compared to cases managed at 

MTS hospitals.  The number of cases undergoing craniectomy or burrhole surgery were low outside of 

the MTS and metropolitan neurosurgical services.  There were 13 multi-trauma cases who received 

craniotomy surgery outside of a MTS hospital and these procedures occurred at St Vincent’s Hospital 

(n=6), Monash Medical Centre (n=4), Epworth Hospital (n=1), Western Hospital (n=1), and the Austin 

Hospital (n=1).  For isolated head injury cases, the most common non-MTS and non-metropolitan 

neurosurgical services undertaking craniotomy surgery were the Western Hospital (n=7) and Epworth 

(n=7).   

 

Figure 8: Surgical procedures performed by VSTS level of definitive care 

Association between level of care, in-hospital mortality, and functional outcome 
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reflecting additional, unmeasured confounders such as the family’s preference for palliative care, 

anaesthetic risk and other aspects of patient condition. 

The unadjusted odds of living independently six to 12 months after injury were significantly lower for 

elderly head injured patients managed at metropolitan neurosurgical services (OR 0.53, 95% CI: 0.40, 

0.70) and other levels of VSTS care (OR 0.63, 95% CI: 0.52, 0.76) when compared to cases managed 

at MTS hospitals.  After adjusting for potential confounders (age, gender, comorbid status, GCS, ISS, 

level of education, pre-injury disability, mechanism and place of injury, and compensation status), the 

adjusted odds of living independently (GOS-E score of lower moderate disability or higher) were no 

different for cases managed at metropolitan neurosurgical services (AOR 0.73, 95% CI: 0.46, 1.14), or 

other levels of VSTS care (AOR 0.80, 95% CI: 0.58, 1.10), when compared to cases definitively 

managed at MTS hospitals. 
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The VSTORM group 

The Victorian State Trauma Outcome Registry and Monitoring (VSTORM) group, based at the 
Department of Epidemiology and Preventive Medicine at Monash University, coordinate the Victorian 
State Trauma Registry. 

The VSTORM Chief Investigators are: 

• Professor Peter Cameron (Head of  the Victorian State Trauma Registry,  Monash University)  
• Professor John McNeil (Head of School of Public Health and Preventive Medicine, Monash 

University)  
• Associate Professor Belinda Gabbe (NHMRC Career Development Award recipient, 

Department of Epidemiology and Preventive Medicine, Monash University) 

Members of the VSTORM Steering Committee, all of whom have expertise in epidemiology, trauma 
management or related areas, are: 

• Chair: Professor Rodney Judson (Director of Trauma, The Royal Melbourne Hospital) 
• Professor Peter Cameron (Head, VSTORM) 
• Ms Sue O’Sullivan (Manager, Emergency & Trauma Program, Department of Health) 
• Ms Diane Gill (Executive Officer, Royal Melbourne Hospital) 
• Dr Marcus Kennedy (Director, Adult Retrieval Victoria) 
• Dr Michael Geluk (Emergency Physician, Austin Health) 
• Professor Russell Gruen (Director, National Trauma Research Institute) 
• Dr Simon Young (Director of Emergency Medicine, The Royal Children’s Hospital) 
• Dr Ben McKenzie (Emergency Physician, Bendigo Health Care Group) 
• A/Prof Jennie Ponsford (Director, Monash-Epworth Rehabilitation Research Centre.) 
• Dr Bruce Bartley (Emergency Department, The Geelong Hospital) 
• A/Prof Tony Walker (Executive General Manager, Quality and Education Services, Ambulance 

Victoria) 
• Dr Karen Smith (Manager, Research and Evaluation, Ambulance Victoria) 
• Mr David Attwood (Senior Manager Claims Research, Strategic Intelligence and Planning, TAC) 
• Mr Peter Trethewey (Chief Executive Officer, AQA Victoria Ltd) 
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Definitions of major and potentially major trauma 

The Registry has a particular focus on patients who meet the ROTES definition of major trauma. 

However, in order to ensure complete capture of all Victorian trauma patients fitting the ROTES major 

trauma definition a wider definition has been adopted for VSTORM.  This means that the VSTORM 

database encompasses a broader spectrum of patients with both potentially major and major trauma.   

 
ROTES major trauma definition 

ALL trauma patients with injury as principal diagnosis IRRESPECTIVE 
OF AGE who meet ANY of the following criteria 

Death after injury 

Admission to an Intensive Care Unit for more than 24 hours, requiring 

mechanical ventilation 

Serious injury to two or more body systems (excluding integumentary) 

Injury Severity Score (ISS) > 15 

Urgent surgery for intracranial, intrathoracic, or intraabdominal injury, or for 

fixation of pelvic or spinal fractures  

 

Source: (Ministerial Taskforce on Trauma and Emergency Services and the Department of 
Human Services Working Party on Emergency and Trauma Services, 1999) 

 
To ensure the capture of all major trauma cases fitting the ROTES major trauma definition, the extra 

criteria for the VSTORM screening definition include patients with injury as principal diagnosis: 

• Whose length of stay is 3 days or more; 

• Who are transferred to, or received from, another hospital for further emergency care or admission 

to a high dependency area.    

 

The formal VSTORM inclusion and exclusion criteria are shown below. 
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VSTORM major and potentially major trauma screening inclusion criteria 
 

ALL trauma patients with injury as the principal diagnosis 
IRRESPECTIVE OF AGE who meet ANY of the following criteria 

1.      Death after injury. 

2.      All patients admitted to an Intensive Care or High Dependency Area 

>24HRS and who have mechanical ventilation after admission. 

3.     Significant injury to 2 or more ISS body regions or ISS>15. AIS>2 in 2 

body regions 

4.      Urgent surgery for intracranial, intrathoracic, or intraabdominal injury, 

or for fixation of pelvic or spinal fractures. 

5.      Electrical injuries, drowning, asphyxia included if admitted to an 

Intensive Care Unit and have mechanical ventilation > 24 hours (or 

death after injury). 

6.      All patients transferred to or received from another hospital for further 

emergency care or admission to a high dependency area - Unless 

meets exclusion criteria. 

NB: For patients received from another hospital they must meet any of 

criterion  

1 – 5 or have combined LOS of 3 or more days, as per criterion 7. 

7. Length of stay is 3 days or more, the exception being transfers out of 

hospital. This includes combined length of stay for transfers from 

another hospital. - Unless meets exclusion criteria 
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VSTORM major and potentially major trauma screening exclusion criteria 
 

ALL trauma patients with injury as principal diagnosis who meet any 
one of the following criteria 

1. Isolated # NOF.  

2. Isolated upper limb joint dislocation, shoulder girdle dislocation (unless 

associated with vascular compromise) and toe/foot/knee joint dislocation 

– Unless meets inclusion criteria 1,2 or 4 

3. Isolated closed, limb fractures only. (e.g. # femur, Colles # etc) – Unless 

meets inclusion criteria 1, 2 or 4 

4. Isolated injuries distal to wrist and ankle only. (e.g. Finger amputations) 

– Unless meets inclusion criteria 1, 2 or 4 

5. Soft tissue injuries only. (e.g. tendon and nerve injury and 

uncomplicated skin injuries) – Unless meets inclusion criteria 1, 2 or 4 

6. Less than 10% burns only – Unless meets inclusion criteria 1, 2 or 4 

7. Isolated eyeball injuries  

Electrocution, Drowning, Asphyxia (Unless these are associated with other 

injuries or death or patient receives mechanical ventilation for greater than 

24 hours) 
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