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Aim, design and setting

Objective

To determine whether prehospital management of patients with severe blunt TBI by a
medical (physician) team results in better Glasgow Outcome Scores at 6 months post
injury, compared with management by the existing Sydney prehospital system
(predominantly paramedics, <5% physicians).

Design
Randomised, controlled clinical trial.

Pragmatic design — no attempt to manage patient care once delivered to the trauma
centres.

Setting
The Sydney coordination area of the Ambulance Service of NSW (ASNSW).

Population —~4.5 million persons.
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Geographic catchment




HIRT

Eligibility and participants
The ASNSW Computer Assisted Dispatch (CAD) system was monitored by a member of
the helicopter team for eligible patients via a web based link.

Eligible patients were:

* Adult (>15 years)

* Blunt trauma mechanism

* Unconscious or unable to obey command on call back

Randomisation
Computerised interactive voice response system via the NH&MRC Clinical Trials Centre.

Back up system of envelopes.
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Trial schema

Patient Population
Unconscious adult due to
blunt trauma

Stratified by . Glasgow
mechanism Physician | ______ » Outcome
. Care Scal
Unconscious cale

CAD-identified

: .~ —» Randomise
patients suffering

blunt trauma Standard Glasgow
N calataiaiets » Outcome
Via computerised Pre-hospital Care Scale
interactive voice
response system
At 6 months

 The trial recruited between May 2005 and March 2011
* The last patient was followed up six months from their injury in September 2011
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Definitions

Significant Injury Severe Head Injury
* Pre-hospital or admission to ED GCS of <12 before  Initial GCS at scene of <12, or fell to €12
sedation/anaesthesia before hospital without anaesthetic or
« Fall in GCS of 2 or more points from initial GCS (if not sedative drugs
drug induced) in first 4 hours post ED arrival * AIS for head region 3 or more (2005

definitions)

« Anatomically severe head injury, as identified on CT, of
AIS = 3 (2005 definitions)

 Documented to be in PTA for more than 1 week
¢ Admission to HDU or ICU
e 4 or more rib fractures

» Spinal cord injury with deficit
* Insertion of chest drain/s
* Blood transfusion > 4 units in the first 24 hours

* Required laparotomy, thoracotomy, craniotomy or
interventional radiology

* One or more fractured femurs or fractured pelvis
requiring fixation / embolisation

* Burns > 20% BSA or intubation due to airway burns
* Died at any time prior to hospital discharge
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Interventions

Standard care

Intervention by road paramedics according to ASNSW written protocols:
« ACLS

. Cannulation and IV crystalloid

. Intubation without anaesthesia or muscle relaxation, LMAs

. Sedation

. Oximetry

. Needle chest decompression

. Splinting & analgesia

Medical team

Medical team dispatched by helicopter. Consultants in anaesthesia, emergency medicine
or intensive care with median 12yrs prehospital experience plus ASNSW paramedic

. Anaesthesia and muscle relaxation

. Capnography

. Surgical airway

. Tube thoracostomy

. Portable volume cycled ventilator

. Hypertonic saline

. Packed red blood cells

. Adult 10 access

. Ultrasound
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Instruction to road ambulance officers

“If the medical team has not arrived by the time that they have loaded the patient and
are ready to depart, they should depart immediately for the nearest trauma centre,
without waiting”.

Destination triage

All patients transported to the nearest in time major trauma service regardless of
treatment allocation

Transport mode: fastest to trauma service

CT scan reading

All scans read by one neurosurgeon throughout the duration of the trial. Blinded to
treatment group.

Funding

Insurance Australia Group: $11.2m
NSW Motor Accident Authority: $4m
CareFlight: $6m
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Follow-up

Surviving patients contacted by a single research nurse at six months post injury. Nurse
blinded to treatment group.

Main Outcome Measure
Glasgow Outcome Scale (GOS) at 6 months post injury.

Secondary outcome measures

Extended Glasgow Outcome Scale Score (EGOS)

Disability Rating Scale (DRS)

Length of hospital and intensive care unit stays.

30 day survival and survival to discharge from the acute care hospital.

Sample size

A sample size of 510 patients who meet the criteria for main subgroup analysis (255 per
group) will have an 80% power to detect an increase of at least 23% into the
categories 1 and 2 using the intervention assuming a 5% level of significance and a
two-tailed comparison.
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A priori groups
All patients with significant injury

Survival to hospital discharge as only patients with GCS<13 or AIS head region >2 had
functional assessments at 6 months

Main subgroup
Severe head injury definition

Other groups
First GCS <9 (original main subgroup)

First GCS 9-12

Mechanism subgroups (stratified at randomisation) of all patients with significant injuries
and of the subgroups above:

 Transportation
 Falls
+ Other
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Randomised Sample

3,125 incidents
randomised

'

930 patients with significant injury
Mechanism subgroups:
Transportation 606 (65%)

Falls 231 (25%)

Other 93 (10%)

(N J
Y
targel 510
338 Head Injury
Subgroup
N J J
Y Y
351 GCS <9 145 GCS 9-12
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Trial integrity issues

Ambulance Service of NSW (ASNSW) replicated the trial call screening system and began
tasking their physician staffed medical teams to the same cases from the end of 2007

ASNSW management stated that:

« They believed that there was already sufficient evidence to mandate physician
prehospital care as routine for severely injured patients

« They had a duty of care to send physicians and the area in which the trial operated
could not be exempted

O
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Crossovers

Most patients received treatment according to our initial Intention To Treat. However, in
practise, many patients received the care that they were not “intended” to receive.

Allocation

Medical Team
Care
458

351

Treatment received

Medical Team
Care

SNR 78 (17%)

Scoop & Run 25 (5%)
Aborted 4 (1%)

107 (23%)

430

Total cross overs
186 (20%)

Standard
Care
472

ASNSW team 74 (16%)

Trial team 5 (1%)

79 (17%)
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Trial Schema

Randomised severe head
injury patients (n=338)

Standard care (n=156)

A 4

Died prior to hospital (n=5)
Treated by a doctor (n=32)

months
(n=156)

Primary outcome assessed at 6

By recordreview (n=7)
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HIRT team (n=182)

Died prior to hospital (n=5)
Not treated by a doctor (n=25)

Y

Primary outcome assessed at 6
months
(n=182)

By record review (n=8)



Crossover Patient Characteristics

The patients crossing from standard to medical team care were significantly younger and
more severely injured than those crossing in the other direction.
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First Episode of Episode of
Age GCs hypotension hypoxia ISS RTS
Standard to 35 10 33% 2206 24 | 6.9
Medical Team
Medical Team
[0) [0)

to Standard 49 12 16% 4% 18 7.8
p-Value 0.000 | 0.005 0.007 0.002 0.004 | 0.000

Hypotension = SBP <90 mmHg

Hypoxia = Sa02 <90%

15



Analyses

We therefore performed sensitivity analyses (Per Protocol and Treatment
Received) as well as Intention to Treat

Intention To Treat Per Protocol Per Treatment
The gold standard as it Excludes crossovers and only Analyses patients according to
evaluates the effect of the analyses those that received the the treatment they actually
specific clinical policy on the intervention to which they were received. Possible effect of
studied patient population in the  allotted. selection bias in cross over
real world. \ process.

Intention Per Per

To Treat Protocol Treatment

Medical Team Medical Team

Care Care
Standard Standard
Care Care
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Baseline characteristics as randomised

Medical team | Standard P
Age 46 44 0.058
Gender (male) 73% 73% 0.51
First GCS 12 13 0.074
First SBP 115 112 0.141
First SpO2 95 95 0.53
NISS (2005) 27 26 0.74
AIS head region 3 3 0.46
Warfarin 3.9% 0.4% <0.001

O
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Doctors and scene times controversy

Doctors perform time | Doctors perform more
critical interventions on i procedures on scene
scene which: & which:

- would be performed ® -+ delays the patient

in the Emergency arriving at hospital

Department anyway ® .« delays definitive care
(but earlier) i for their injuries
changes the focus '

from intervention to

imaging and

disposition so the

patient may get

their CT and surgery

faster

O

areFlight



Prehospital time intervals
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Time to patient

Road teams
arrived at the
patient 7 mins
faster

INn practice both
teams
responded in
parallel when
HIRT attended

Time in mins

Road crews had
several minutes
to put on O2, get
vascular access,
apply collar etc
before HIRT
team arrived
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Total scene time

Intubation:
« HIRT 45%06

e Paramedics
620

At least 1
cannula:

« HIRT 95%0

« Paramedics
8290

2 Cannulas:
« HIRT 29%0

« Paramedics
290
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000 call to ED arrival

HIRT treated
patients take 10
mins longer to
arrive in hospital
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ED arrival to CT scan
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000 call to CT scan
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000 call to drainage of haematoma

Time from
injury to
haematoma
drainage was
non-
significantly
faster for HIRT
treated patients

O

areFlight

Time in mins

300

250

200

150

100

50

W Paramedic - road
B HIRT system

FKS to Total scene FKS to arrive ED arrival to FKS to CT FKS to
patient time hospital CT scan scan operation

FKS = First key stroke of 000 call



Which doctor?

ASNSW doctor
teams were
significantly
slower on every
time interval
measured
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Prehospital / resuscitation time intervals - ITT

Time in mins

FKS = First
key stroke of
000 call

* P <0.05
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Randomised Sample

3,125 incidents
randomised

'

930 patients with significant injury
Mechanism subgroups:
Transportation 606 (65%)

Falls 231 (25%)

Other 93 (10%)

338 Head Injury
Subgroup

/J \\ J

351 GCS<9 145 GCS 9-12
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Severe Head Injury Subgroup: Odds of good recovery
(GOS 4,5) versus bad recovery (GOS 1,2,3)

Unadjusted analysis |11 0 0=0.56
PP B p=0.92
TR B p=0.76
Adjusted analysis*
J y ITT B p=0.25
PP . p=0.45
TR B p=0.67
*Adjusted for age, NISS (2005) and 0.5 1 2
first GCS on scene.
Standard care better Med team better
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Frequency

LOS Iin Hospital of those patients discharged alive

60

40

HIRT team Standard care

-10% 0% 10%
Favours SC

p=0.13
N

20% 30% 40% 50%

Favours med
team

T T mE— T T T T T
6 8 10 12 14 0 2 4 6 8 10 12

Months in Acute care hospital



Days in ICU of patients discharged alive

HIRT team Standard care

8 _|

o _|

N p<0.01
> O
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Randomised Sample

3,125 incidents
randomised

| _—
— v \
/ 930 patients with significant injury \
Mechanism subgroups:

Transportation 606 (65%)
Falls 231 (25%)

\ Other 93 (10%) P

338 Head Injury
Subgroup

\. /J \\ J

351 GCS<9 145 GCS 9-12
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Odds of survival at discharge

(adjusted)
Transportation
ITT ——— p=0.62
PP —l—> -0.14
TR —l—>> p=0.02
Falls
L o —— p=0.15

PP < e —— p=0.53
TR €&———ff—> =086

0.5 1 2 2.5

Standard care better Med team better
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Randomised Sample

3,125 incidents
randomised

'

930 patients with significant injury
Mechanism subgroups:
Transportation 606 (65%)

Falls 231 (25%)

Other 93 (10%)

(N J
Y
338 Head Injury
Subgroup
N J J
/)\ Y
y/ N

351 GCS<9 145 GCS 9-12

N S
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Odds of survival to hospital discharge

Transportation injuries, first GCS <9

ITT e p=0.46
PP —f—  p=0.04
TR ————  p=0.003

0.5 1 2 3

CareFlight standard care better Med team better



Unconscious transportation patients

Significant differences seen on treatment received analyses:
« GOS dichotomised, good outcome 51% vs 37%, p=0.04
« GOS, p=0.019

« EGOS, p=0.047

50

For one additional a5

good outcome, NNT = 6.6
40

35

30

25

20

15

Percent

10

Dead Veg Severe Moderate Good

B HIRT 26 1 22 16 36

H Standard 46 2 15 15 22
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Summary

Significant methodological issues

Severe head injury subgroup
Significant ITT difference in length of ICU stay

Transport injuries subgroup
Treatment received analyses:

P

O

Lower mortality at hospital discharge

Unconscious patients had better GOS, dichotomised GOS (primary trial outcome
measure) and EGOS at 6 months

er protocol analysis:
Lower mortality at hospital discharge
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Arcident Azalyss and Prevention 33 (20015 129133

The effect of medical care by a helicopter trauma team on the
probability of survival and the quality of life of hospitalised
victims
Siem Oppe ®*, Frank Th. De Charro®

" SWOF Desiwa for Rood Sofaly Rassarch, Laidschendon, The Netharioedy
= Cealre of Maaith Policy ond Tow OGER, Kromoo Uabarsdy Rolferdam, The Narherkoeds

Recetved 13 Angust 1999; aceepled 2 February 200

Abstrac

I= 1995, am experiment was started to give extra medical help by belicopier to patients who nesded emergency treatment. The
aim of the sxperiment was mot io reduce the transportation time to the hospital, but i bring specialissd medical care direcily to
patients as soom as possible. An evaluation stody was carmisd owl to assess the effsct of the treatment given by the Helicopier
Trauma Team (HTT) on survival and guality of life. The study focused om Bospitalised patients saffering from polytmma. A
direct comparison between am experimental and control group was ot possibls, becanss the HTT group consisted of mare
severely injured patisnts. A refinsd severity index was comstracted on the basi of the Revised Trauma Scale (RTS) and the Injary
Severity Scale (I55) and their sabscores. Using this index, it was possible io make a clear distinction between thres groups of
patients, iz those with a bigh probability of sarvival (with or without special medical treatment), those with a very low
probability of survival and the patients in between. It was siown that the HTT-treatment was effective. The senvival mabe imoeassd
for patients in the “in between" group, but not for patients with a low probability of survival. There was no differsnce in the
quality of life of patients from the HTT and mon-HTT prosps 15 mostbs after the socident. Thess fimdings refute the hypathesis
that only the most seversly injured patients with a low quality of life profit from HTT-tretment. & 2000 Elsevier Science Led.
All rights reserved.

Kayweoradr Hellcopler (rauma leam; Stmpson paradon; Noa-Esear amalyss; Logil asalysss; Polyirauma; lsury severlly; Morasty, Qualily of life

care to the sceme of the accident as soon as possibie.
The Hebicopler Trauma Team (HTT) consisted of a

1. Introduction

The Royal Dutch Touring Ovpanisation (ANWH)
and the University Hospital in Amsterdam (AZVL)
initiated an experiment i which medical heip by ball-
copter was given 1o patienis needing emergency care.
The experiment started on 1 May 1995, Medical assis-
tanpce was glven to polytrauma patfents (FTPs) acc-
dent victims with varows injuries, which alone or in
combinztion with other injurles, could be life-threaten-
tng. In many other countries, heflcopter assistance is
used to redwce the delay before arrival at the hospital.
The major aim of the Dutch project 1s to bring medical

* Oorrespomcding author. Preest addres: Mapssaolan 78, 2397
P #oeterwonde, The Metherlands. Tel - & 31.71-SE9819; fax 4 31-
01200 J51

E-mail adiresr oppe@workdoslinen] (5. Oppe

doctor, 8 nurse and a pot. This team was constantly
avalizble during daylight conditions. It operated in an
area with & radius of 50 km around the AZYU-hosp-
tzl. The hedicopter was stationed on the roaf of the
hospital. In 8l cases an ambulance team was also sent
out. Afler medical treatment, most patienis were
brought to hospital by ambulance, sometimes assisted
by the HTT doctor. The heficopler was used to trans-
pori the patfent only on rame occasions.

The SWOV Institute for Road Safety Ressarch and
the Centre for Health Policy and Law (CGHR) of the
Erasmus University, Rotterdam were commissioned by
the Mational Health Insurance Councll to Investipate
the effectiveness of HTTs Alse examined was the
effectiveness of these activities In relation o the addi-

0001 4575005 - soe froed maller © 2000 Eisevier Soence Lid. Al rights reserved.

PII: 50001 -4575{00300023-3

CANALS-score

transformation accident type
1.50
1.00 -
0.50 ;
0.00 -
=050
-1.00 . . , . .

other

traffic
molest
suicide
business
private

Conclusion

“The major conclusion of the study was
that (Helicopter Trauma Team)
treatment was effective in saving lives
of seriously injured victims from
accidents that were taken to hospital.
The effect was found almost
completely in the subgroup of
victims from road accidents.”




Economic findings for the road trauma group

The table below shows the difference in costs \ benefits between the
Treatment and Standard Care (based on 120 road trauma patients with first
GCS <13 p.a.):

Number of

additional lives
saved or lost

a) Disability

Adjusted Value of

lives saved

b) Hospital and ICU

Cost

c) Long term

disability Costs

Total estimate of
economic value
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8 lives
saved

$24m

$1m

$12m saving

$35m

4 lives
saved

$28m

$1m

$38m saving

$65m

No Impact

$18m

$0.5m

$36m saving

$53m



The Sydney paediatric trauma system
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Background:

« Two thirds of severely injured
children in Sydney went to an adult
trauma hospital before transfer to a
children’s hospital

e Children receiving definitive care in
an adult trauma centre were three
times more likely to die*

HIRT system:

= At the request of the funding
iInsurance company, the HIRT system
responded to all children likely to
have severe head injuries from the
beginning of the trial

e From 2008 HIRT responded to all
severely injured & drowned children

* Mitchell et al. Comparative analysis of trends in paediatric trauma outcomes in New South Wales,
Australia . Injury (2011), d0i:10.1016/j.injury.2011.11.012



Improved paediatric trauma system for Sydney

We compared the system for severely injured children when HIRT was available
with times when it was not available over a 2 year period.

e Better identification: Identified
e s e AU 84% of paediatric trauma cases
R-Ilnmol]%hmong McGrEls 'y @1 Berowra : (p<0.00 1)

uth Hal C- Tl -" 5 A0 S
Londondemy d B Bilgola
- = Galston Hpm.l 3 unt  Church Point ..,
b Casllersagh Rouse Hill ural RS hm_l;“jle.l Elanora - -
@) et wamensoa e Faster response: Airborne 3
HEmu B T ~ Cherybrook 1 Stives Narrabesn R
eights ™~ 3 —
g o e~ N T | Joom minutes faster (p=0.018)
Loy “\Jamisontown .. St Marys " Pennant Hills Forést N &
GlepnaT;re StrClai, Minghinbury Parramatta MNorth Ryde Willoughby (1o} . .
| o v B oy e e Faster transport: Time to arrive
MU HS’;,'E’ Park Silverwatar. T Drummoyne Y . .
o B 80000 g at the paediatric trauma centre
eghmes 7] Cabramatta Newtown
a7 ) _Greenacre Surry Hills
e D R PSR e o baine was reduced by 3.4 hours

Plestonses. Moorebank

Rnssmarn % e
Leppinaton Padstow |~ Hurstville S (p<o Ol)

e More likely to go to the right
hospital: Paediatric patients were
twice as likely to be transported
directly to a paediatric trauma
centre (p<0.01)
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I Direct transportto a PTC
1 Died at ATC before transfer
1 Transferred from other hospital

Available (n=44) Unavailable (n=55)

Head Injury Retrieval Trial dispatch system



Conclusion

Physician led prehospital trauma teams
decrease the length of ICU stay for
patients with severe head injury

Sensitivity analyses indicate that there
may also be significant benefits in
mortality and morbidity for
transportation injury patients that was
obscured by the highly selective cross
overs in this trial

These findings should be confirmed by
another trial which:

* Operates in jurisdictions where cross
overs will not occur

+ Targets the group that appears most
likely to benefit from the treatment

O
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Key Clinical Findings

\|}

CareFlight

. Improvement in

morbidity for transport
patients

. Improvement in

mortality for transport
patients

. Reduced length of ICU

stay for all patients

. Superior operational

times

. Improved paediatric

trauma system
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