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1. SEARCH STRATEGY 
Authors of the literature review: Maaike Langelaan (NIVEL), Nanne Bos (NIVEL), Julie Heeren (NIVEL), Janke de Groot (NIVEL) 

1.1. Search strategy Pubmed 
Date of last search: 26 April, 2016 

Search for primary studies 5 
Search Query 

#7 Search #6 NOT #5 
#6 Search #3 NOT ("Animals"[Mesh] NOT ("Animals"[Mesh] AND "Humans"[Mesh])) Sort by: Relevance Filters: Publication date from 2012/01/01 
#5 ((review[tiab] OR "Review"[Publication Type] OR "Meta-Analysis as Topic"[Mesh] OR meta-analysis[tiab] OR "Meta-Analysis "[Publication Type]) 

AND ("Letter"[Publication Type] OR "Editorial"[Publication Type] OR "Comment"[Publication Type])) 
#3 Search #1 AND #2 
#2 Search "Trauma Centres"[Mesh] OR trauma centre*[tiab] OR trauma centre*[tiab] OR trauma unit*[tiab] OR trauma model*[tiab] OR trauma 

system*[tiab] OR trauma network*[tiab] OR trauma organization*[tiab] OR trauma organisation*[tiab] OR trauma care[tiab] OR trauma service*[tiab] 
#1 Search "Multiple Trauma"[Mesh] OR trauma patient*[tiab] OR multiple trauma[tiab] OR major trauma[tiab] OR multiple fracture*[tiab] OR 

((sever*[tiab] OR critical*[tiab]) AND (trauma*[tiab] OR injur*[tiab])) 
 

Search for systematic reviews 
Search Query 

#5 Search #4 AND ((review[tiab] OR "Review"[Publication Type] OR "Meta-Analysis as Topic"[Mesh] OR meta-analysis[tiab] OR "Meta-Analysis 
"[Publication Type]) NOT ("Letter"[Publication Type] OR "Editorial"[Publication Type] OR "Comment"[Publication Type])) 

#4 Search #3 NOT ("Animals"[Mesh] NOT ("Animals"[Mesh] AND "Humans"[Mesh])) 
#3 Search #1 AND #2 
#2 Search "Trauma Centres"[Mesh] OR trauma centre*[tiab] OR trauma centre*[tiab] OR trauma unit*[tiab] OR trauma model*[tiab] OR trauma 

system*[tiab] OR trauma network*[tiab] OR trauma organization*[tiab] OR trauma organisation*[tiab] OR trauma care[tiab] OR trauma service*[tiab] 
#1 Search "Multiple Trauma"[Mesh] OR trauma patient*[tiab] OR multiple trauma[tiab] OR major trauma[tiab] OR multiple fracture*[tiab] OR 

((sever*[tiab] OR critical*[tiab]) AND (trauma*[tiab] OR injur*[tiab])) 
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1.2. Search strategy Embase 
Date of last search: 26 April, 2016 

Search for primary studies 
No. Query 

#10  #9  AND  'conference abstract'/it 
#9  #8  NOT  #7 
#8   #4  AND (2012:py OR 2013:py OR 2014:py OR 2015:py OR 2016:py) 
#7  ('meta analysis'/exp OR 'systematic review'/exp OR (meta NEAR/3 analy*):ab,ti OR metaanaly*:ab,ti OR review*:ab,ti) AND ('editorial'/exp OR 

'erratum'/de OR 'letter'/exp) 
#4  #3 NOT ('animal'/exp OR 'nonhuman'/exp NOT ('animal'/exp OR 'nonhuman'/exp AND 'human'/exp)) 
#3  #1 AND #2 
#2  'emergency health service'/exp/mj NOT psychiatric:ab,ti OR 'trauma centre*':ab,ti OR 'trauma centre*':ab,ti OR 'trauma unit*':ab,ti OR 'trauma 

model*':ab,ti OR 'trauma system*':ab,ti OR 'trauma network*':ab,ti OR 'trauma organization*':ab,ti OR 'trauma organisation*':ab,ti OR 'trauma 
care':ab,ti OR 'trauma service*':ab,ti 

#1  'multiple trauma'/exp OR trauma AND patient*:ab,ti OR 'multiple trauma':ab,ti OR 'major trauma':ab,ti OR 'multiple fracture*':ab,ti OR (sever*:ab,ti OR 
critical*:ab,ti AND (trauma*:ab,ti OR injur*:ab,ti)) 

Search for systematic reviews 
No. Query 

#7  #4 AND ('meta analysis'/exp OR 'systematic review'/exp OR (meta NEAR/3 analy*):ab,ti OR metaanaly*:ab,ti OR review*:ab,ti) NOT ('editorial'/exp OR 
'erratum'/de OR 'letter'/exp) 

#4  #3 NOT ('animal'/exp OR 'nonhuman'/exp NOT ('animal'/exp OR 'nonhuman'/exp AND 'human'/exp)) 
#3  #1 AND #2 
#2  'emergency health service'/exp/mj NOT psychiatric:ab,ti OR 'trauma centre*':ab,ti OR 'trauma centre*':ab,ti OR 'trauma unit*':ab,ti OR 'trauma 

model*':ab,ti OR 'trauma system*':ab,ti OR 'trauma network*':ab,ti OR 'trauma organization*':ab,ti OR 'trauma organisation*':ab,ti OR 'trauma 
care':ab,ti OR 'trauma service*':ab,ti 

#1  'multiple trauma'/exp OR trauma AND patient*:ab,ti OR 'multiple trauma':ab,ti OR 'major trauma':ab,ti OR 'multiple fracture*':ab,ti OR (sever*:ab,ti OR 
critical*:ab,ti AND (trauma*:ab,ti OR injur*:ab,ti)) 
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1.3. Cochrane Database of Systematic Reviews and Cochrane Central Register of Controlled Trials (CENTRAL) 
Date of last search: 7 June, 2016 

Search for primary studies and systematic reviews 
Search Query 

#1 "trauma network" or "trauma care" or "trauma system" or "trauma organisation" or "trauma model" or "trauma centre" or "trauma service" or "trauma 
organization" 

#2 MeSH descriptor: [Trauma Centres] explode all trees 
#3 #1 or #2 
#4 MeSH descriptor: [Multiple Trauma] explode all trees 
#5 "Multiple Trauma" or "trauma patient" or "multiple trauma" or "major trauma" or "multiple fractures" 
#6 #4 or #5 
#7 #6 and #3 

1.4. Search strategy Cinahl 

Search for primary studies and systematic reviews 5 
Search Query 

S24  (("major trauma" OR "severe trauma" OR "severely injured" OR "multiple injuries" OR "multiple fractures" OR "critically injured" OR "critical injuries") 
AND (S20 OR S21)) AND (S19 AND S22)  

S22  ("major trauma" OR "severe trauma" OR "severely injured" OR "multiple injuries" OR "multiple fractures" OR "critically injured" OR "critical injuries") 
AND (S20 OR S21)  

S21  ( "major trauma" OR "severe trauma" OR "severely injured" OR "multiple injuries" ) OR ( "multiple fractures" OR "critically injured" OR "critical 
injuries")  

S20  multiple trauma  
S19  ("trauma centers" OR "trauma center" OR "trauma centre" OR "trauma centres" OR "trauma system" OR "trauma organisation" OR "trauma 

organization" OR "trauma network") AND (S17 OR S18)  
S18  "trauma centers" OR "trauma center" OR "trauma centre" OR "trauma centres" OR "trauma system" OR "trauma organisation" OR "trauma 

organization" OR "trauma network"  
S17  MW Trauma  
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1.5. Contacted experts 
Table 1 – Contacted experts 
Name Institution 
L. Sturms LNAZ 
S. Nijs UZ Leuven 
L. Schoonmade VU University Amsterdam 

1.6. Definition of western countries 
Table 2 – List of western countries1 
Countries 

Austria Malta 
Belgium The Netherlands 
Bulgaria Poland 
Croatia Portugal 
Cyprus Romania 
Czech Republic Slovakia 
Denmark Slovenia 
Estonia Spain 
Finland Sweden 
France The United Kingdom 
Germany Iceland 
Greece Liechtenstein 
Hungary Norway 
Ireland Switzerland 
Italy USA 
Latvia Canada 
Lithuania Australia 
Luxembourg New Zealand 
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2. INCLUDED PRIMARY STUDIES 
Chapter authors: Maaike Langelaan (NIVEL), Nanne Bos (NIVEL), Julie Heeren (NIVEL), Janke de Groot (NIVEL) 

2.1. Characteristics of included primary studies 
 
 

Description of 
intervention and 
comparison  

Country Outcomes Population 

    Description of patients Specific group Inclusion criteria Exclusion criteria 

Afifi 20152 
[Unpublished 
data obtained 
from author]  

Intervention 1: 
Florida level I/II TC 
  
Intervention 2: 
Indiana level I/II TC 
 
Comparison 1: 
Florida non 
Trauma centres 
 
Comparison 2: 
Indiana non-
trauma centres 

USA Mortality  
 

Subjects included all trauma children aged 1–
15 years admitted in Florida and Indiana 
hospitals and TCs. “Trauma cases” defined by 
the International Classification of Diseases, 
ninth revision, Clinical Modification (ICD-9) 
diagnosis 
code 800.00 to 959.9 (“injury” or “poisoning”). 

Only paediatric patients All trauma children 
aged 1–15 years. 

None reported. 

Ashley 20153 Intervention: 
designated trauma 
centres 
 
Comparison: non-
trauma centres 

USA Mortality 
(OR) 

All severely injured trauma patients that meet 
the inclusion criteria. 

No special group 1. Trauma patients 
pertains to the 
diagnosis codes, 
which were used to 
categorize patients 
into eight groups 
based on injury type: 
(1) patients with a 
fracture who did not 
experience either 
traumatic brain injury 
(TBI) or skull, and 
spinal cord injuries 
(SSCIs);  
(2) fractures of the 
skull, neck, trunk, 
and spinal cord 
injuries but 
excluding patients 
with TBI; (3) patients 

Five exclusion criteria 
were applied to 
isolate potential true 
trauma cases from 
other injuries. 
1. Diagnosis code; 2. 
episodes classified as 
urgent or elective; 3. 
elderly patients with 
isolated femoral 
fracture; 4. transfers 
from another short-
term hospital; 5. 
ICISS=>0.85 (higher 
number is increased 
survival). 
Also non-Georgia 
residents were 
excluded. 
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Description of 
intervention and 
comparison  

Country Outcomes Population 

    Description of patients Specific group Inclusion criteria Exclusion criteria 
with TBI; (4) internal 
injury of the thorax, 
abdomen, or pelvis; 
(5) injury of blood 
vessels; (6) open 
wounds; (7) 
crushing injuries; 
and (8) injuries to 
the nerves.  
2. Episodes 
classified emergent 
or trauma alert, 
indicating need for 
immediate care. 
3. ICISS<0.85 (lower 
number imply 
greater severity). 

Bekelis 20154 Intervention:  
Level I TC 
 
Comparison:  
Level II TC 

USA In-hospital 
survival 
(mortality) 
after TBI 

Patients with traumatic brain injury (TBI) who 
were transferred to a level I or level II trauma 
centre. 

Only patients with 
specific diagnosis 

* ICD-9_CM Codes 
800.0–801.99, 
803.0–804.99, or 
850.0–854.19 were 
eligible for inclusion. 
* Patients older than 
16 years transported 
to level I and II 
trauma centres by 
helicopter or ground 
EMS were included 
for analysis.  

* other modes of 
transportation to the 
trauma centres,  
* patients who were 
dead on arrival to the 
emergency 
department (ED),  
* transfers to/from 
other hospitals,  
* incomplete record 
information on 
transport and  
position. 

Bouzat 20135 Level I trauma 
centre compared to 
level II trauma 
centre (descriptive) 

France 30 days 
mortality 

Patients with a non penetrating pelvic trauma 
with a AIS score above or equal to 3 

No special group Non penetrating 
pelvic trauma with 
an AIS score above 
or equal to 3 

Isolated lesions of the 
acetabulum were not 
taken into account  
5 patients were 
excluded due to the 
fact that the intake 
was done by a centre 
that was not part of 
the care network and 
whose premedical 
care was not 
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Description of 
intervention and 
comparison  

Country Outcomes Population 

    Description of patients Specific group Inclusion criteria Exclusion criteria 
medicalized. 

Brinck 20156 Intervention: 
Trauma system in 
Germany (DGU = 
German Trauma 
Society) 
 
Comparison: 
Trauma system in 
southern Finland 
(HUH trauma unit) 

Germany and 
Finland 

30 days 
mortality, 
LOS, 
LOS ICU 

TR-DGU aims to enrol all patients who reach 
the hospital alive and are admitted to hospital 
via the emergency room with subsequent 
intensive care unit (ICU) care, including 
patients who die before admission to ICU. 
All trauma admissions to the HUH trauma unit 
from 1.1.2006 onwards have been reviewed 
by three trauma nurses, and all patients with 
ISS over 15 have been included in the 
registry. 
Neither TR-THEL nor TR-DGU includes 
patients who died on the scene of the injury or 
during transport to hospital. 

No special group All trauma 
admissions to the 
HUH trauma unit 
from 1.1.2006 
onwards have been 
reviewed by three 
trauma nurses, and 
all patients with ISS 
over 15 have been 
included in the 
registry. 
TR-DGU aims to 
enrol all patients 
who reach the 
hospital alive and 
are admitted to 
hospital via the 
emergency room 
with subsequent 
intensive care unit 
(ICU) care, including 
patients who die 
before admission to 
ICU.  
Furthermore, all 
patients transferred 
from another 
hospital where the 
initial injury severity 
complies to the 
inclusion criteria 
should be 
documented. 

Neither TR-THEL nor 
TR-DGU includes 
patients who died on 
the scene of the 
injury or during 
transport to hospital. 
We excluded patients 
under 16 years, 
patients with 
penetrating trauma 
without head injury 
and transferred 
patients with isolated 
head injury. 
The patients 
transferred in from 
another hospital were 
included in the 
descriptive survival 
analysis but excluded 
from the RISC 
calculations due to 
the missing status on 
initial admission in 
these cases. 

Brinck 20167 Intervention: 
Trauma system in 
Germany (DGU = 
German Trauma 
Society) 
 
Comparison: 

Germany 30 days 
mortality 

Unconscious trauma patients. Only patients with 
specific diagnosis 

Patient with a first-
measured pre-
hospital GCS 3-8. 

Younger than age 16 
penetrating trauma 
without head injury 
transferred patients 
with missing baseline 
risk data. 
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Description of 
intervention and 
comparison  

Country Outcomes Population 

    Description of patients Specific group Inclusion criteria Exclusion criteria 
Trauma system in 
southern Finland 
(HUH trauma unit) 

Choi 20168 Comparison: all 
trauma patients 
who have been 
treated at our 
institution from 
January 1st 2009 
to December 31st 
2010 (2 years 
before the process 
of ACS verification 
was initiated)  
Intervention: all 
patients who have 
been treated from 
April 1st 2012 to 
April 30th 2014(2 
years after ACS-
verification) 

USA Overall 
mortality 
 

All trauma patients with significant injuries 
admitted to the children's hospital. 

Only paediatric patients All trauma patients 
admitted to 
children's hospital. 

Patients discharged 
from the emergency 
room. 

Clement 
20139 

Intervention 1: 60+ 
cases per year 
 
Comparison 1: <6 
cases per year 
 
Comparison 2: 6-
11 cases per year 
 
Comparison 3: 12-
23 cases per year 
 
Comparison 4: 24-
59 cases per year 

USA In-hospital 
mortality of 
centre 
volume per 
group 
 

Patients with neurological trauma. Only patients with 
specific diagnosis 

Cases were 
identified by using 
ICD-9 codes with 
one of the injury 
codes: 852-852.59. 

Transferred cases, 
into or out of the 
hospital.  
852.29, 852.30–
852.39, 852.40–
852.49, and 852.50–
852.59.  
We excluded patients 
with trauma to other 
body regions as 
defined by the 
presence of an AIS 
score ≥3 to limit the 
impact of non-
neurological injuries 
on death.  

Cole 201610 Intervention 1: 
London Trauma 
System (eLoTS) 

United 
Kingdom 

Mortality 
within 72h 
from arrival 

Patients with severe injuries (ISS>=16). No special group - Severe injury, 
defined by an injury 
severity score (ISS) 

- An ISS less than 16; 
- A non-trauma 
patient 



 

10  Towards an inclusive system for major trauma KCE Report 281S 

 

 
 

Description of 
intervention and 
comparison  

Country Outcomes Population 

    Description of patients Specific group Inclusion criteria Exclusion criteria 
 
Comparison 1: 
National 
Confidential 
Enquiry into  
Patient Outcome 
and Death 
(NCEPOD; 
England & Wales) 
 
Intervention 2: 
MTCs in eLoTS 
 
Comparison 2: 
High-volume 
centres in 
NCEPOD 

 of greater than 15 
- Abbreviated Injury 
Score (AIS 98) 
coding. 

- A delay in 
presentation of 
greater than 72 h 
from injury (primarily 
due to repatriation 
from other facilities in 
the UK or overseas). 

Deasy 201211 Intervention: Major 
Trauma Services 
(MTS) in Victoria 
Australia (Level I 
equivalent) 
 
Comparison: 
metropolitan and 
rural health 
services in Victoria 
Australia 

Australia In-hospital 
mortality 
 

All major trauma cases in Victoria, irrespective 
of where the cases receive definitive 
management.  
Major trauma is defined as the presence of at 
least one of the following: death after injury; 
admission to an Intensive Care Unit (ICU) for 
more than 24 h requiring mechanical 
ventilation; Injury Severity Score (ISS) > 15; or 
urgent surgery for intracranial, intrathoracic, 
intraabdominal injury or fixation of pelvic or 
spinal fractures. 

Only paediatric patients - 18 years or 
younger 
- Major trauma 
- Blunt trauma 

None reported. 

Di Bartolomeo 
201412 

Intervention: 
trauma centres (3) 
 
Comparison: 11 
non-trauma 
centres (12 -1 
(excluded because 
of mix 
characteristics) 

Italy Crude 
mortality 
 

All traumatic patients of the region Emilia-
Romagna that fulfil the inclusion criteria. 

No special group Its inclusion criteria 
are traumatic injuries 
with Injury Severity 
Score (ISS) > 15 or 
admission to 
Intensive Care 
(ICU). 

- Patients dead on 
arrival or early in the 
Emergency Room  
- Patients whose 
main mechanism of 
injury were burns, 
asphyxia or drowning 
and those with age < 
1 year were then 
excluded. 
- Between-hospital 
transferred patients 
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Description of 
intervention and 
comparison  

Country Outcomes Population 

    Description of patients Specific group Inclusion criteria Exclusion criteria 
- All cases from one 
hospital because it 
has mixed 
characteristics. 

Glance 201213 Intervention: Level 
I trauma centres 
 
Comparison: Level 
II trauma centres 

USA In-hospital 
mortality  
 
 
 

The study population consisted of trauma 
patients with age greater than 16 years 
admitted to either Level I or Level II trauma 
centres in Pennsylvania. 

No special group - Age greater than 
16 years 
- Admitted to either 
Level I or Level II 
trauma centres in 
Pennsylvania. 

Patients with burns, 
hypothermia, isolated 
hip fractures, 
superficial injuries, 
unspecified injuries, 
non-traumatic 
mechanism of injury, 
and patients 
transferred out to 
another hospital. 

Gomez 
201514 

Intervention: 
patients transferred 
from any hospital 
to a level I or II 
trauma centre 
 
Comparison: those 
receiving definitive 
care at level III 
trauma centres 
(state or ACS 
verified) 

USA Crude 
mortality 
 
 
 
 

Severely injured adults admitted at level 3 
trauma centres or transferred to level I/II 
trauma centres. 

Only adults, no children - Hospitalized or 
died as a result of 
injury  
- Who have a 
diagnoses code in 
the 800–959.9 
range, as defined by 
the International 
Classification of 
Diseases Ninth 
revision (ICD-9).   
- Injury severity 
score > 15 
- Age >=  18 years. 

Patients with ICD-9 
codes consistent with 
late effects of injury 
(905–909.9), 
superficial injuries 
(910–924), or foreign 
bodies (930–939.9) 
are excluded. We 
further excluded 
patients with injuries 
due to poisoning, 
suffocation, drowning, 
overexertion, 
environmental 
causes, or burns. 

Joosse 201215 intervention1: 
Direct presentation 
to the level I 
trauma centre (TC) 
group 
 
Control1: 
secondary 
transport to the 
level I trauma 
centre after having 

Netherlands The 
percentage 
of groups 
with Glasgow 
Outcome 
Scale (GOS) 
1 (dead) 
 

Patients with Severe Traumatic Brain Injury 
(TBI). 

Only adults, no children Severe TBI was 
defined as having an 
Abbreviated Injury 
Scale of the head 
score of 3. 
underwent an 
emergency 
neurosurgical 
intervention 
performed within 6 
hours after 

Emergency 
operations were 
defined as a 
craniotomy, a 
craniotomy, or an 
operation for 
reduction of a 
depressed skull 
fracture. Patients 
solely operated for 
insertion of 
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Description of 
intervention and 
comparison  

Country Outcomes Population 

    Description of patients Specific group Inclusion criteria Exclusion criteria 
been diagnosed for 
neurosurgical 
intervention in 
other hospitals 
(transfer group).  

admission to the 
AMC. 

intracranial pressure 
monitoring devices or 
external ventricular 
drains were excluded. 
Patients admitted for 
observation but 
requiring a secondary 
emergency operation 
after clinical 
deterioration were 
also excluded.  

Kuimi 201516 Arm1: adult major 
trauma patients 
who had access to 
the trauma system 
 
Arm2: adult major 
trauma patients 
who had no access 
to the trauma 
system 

Canada Crude in-
hospital 
mortality 
 

Adult trauma patients (16–84 years of age) 
admitted for major injury.  

Only adults, no children - 16–84 years of age 
- Admitted for major 
injury (defined as a 
primary International 
Classification of 
Diseases (ICD) 
injury code between 
S00 and T14 and an 
ICD injury severity 
score (ICISS) under 
0.85). 

- Quebec non-
residents 
- Patients older than 
64 admitted for an 
isolated hip fracture, 
defined as a principal 
diagnosis of hip 
fracture (ICD-10 
codes: S72.0, S72.1 
and S72.2) with no 
secondary injuries of 
equal or greater 
severity. 

Matsushima 
201617 

Arm 1: patients 
with do not 
resuscitate orders 
(DNR) in level 1 
trauma centres 
(intervention 
group) 
 
Arm2:  patients 
with do not 
resuscitate orders 
(DNR) in level 2 
trauma centres 
(control group) 

USA In-hospital 
mortality 
(OR) 

Trauma patients with do-not resuscitate (DNR) 
orders.  

Only adults, no children Trauma patients 
with one of the 
following criteria: (1) 
hospital stay >48 h, 
(2) transfer from 
another institution, 
(3) admission to the 
ICU, and (4) in-
hospital mortality. 
>15 years 
patients with do-not 
resuscitate (DNR) 
orders placed during 
hospital stay. 

Trauma patients with 
isolated hip fractures, 
asphyxia, drowning, 
and hyperthermia, 
and or hypothermia. 

Metcalfe 
201418 

Intervention: after 
the launch of the 

United 
Kingdom 

Crude 
mortality 

All patients with major trauma. No special group All injured patients 
regardless of age 

Specific outcome 
measures such as 
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Description of 
intervention and 
comparison  

Country Outcomes Population 

    Description of patients Specific group Inclusion criteria Exclusion criteria 
trauma network in 
England 
 
Comparison: 
before the launch 
of the trauma 
network in England 

 inpatients for >= 72h 
or admitted to a high 
dependency area or 
died after reaching 
the hospital 
who sustained a 
severe injury as 
defined in the 
TARN. 

hospital and critical 
care length of stay 
excluded patients 
who had died, to 
avoid these 
measures being 
downwardly biased 
by the inclusion of 
patients who died at 
an early stage. 

Mills 201519 Intervention1: 
paediatric severe 
TBI patients level I  
 
Control 1: 
Paediatric severe 
TBI patients level II  

USA 30 days 
mortality 
 

Paediatric patients hospitalized with severe 
TBI. 

Only paediatric patients Under 18 years of 
age at admission,  
admission to the 
intensive care unit 
(ICU) for a minimum 
of 2 calendar days,  
treated for a severe 
TBI.  
Severe TBI was 
identified based on: 
(1) an Abbreviated 
Injury Scale (AIS) 
score of >= 3 and 
specific to head 
trauma (predot code 
beginning with 1), 
(2) a Glasgow Coma 
Scale (GCS) score < 
9, and (3) a TBI-
specific International 
Classification of 
Diseases (ICD-9 
code on their 
discharge abstract 
(800.0–801.9, 
803.0–804.9, 850.0–
854.1, 950.1–950.3, 
959.01, or 995.55).  
Patients treated in 
Level I and II 
hospitals facilities 

We excluded patients 
with missing inclusion 
criteria (n = 3870), 
mechanism of injury 
(n = 236), hospital 
discharge status (i.e., 
main outcome, n = 
38), those patients 
with penetrating 
injuries (n = 301), 
nonsurvivable injuries 
(AIS = 6, n = 241); 
and those who 
arrived without vital 
signs (n = 61). 



 

14  Towards an inclusive system for major trauma KCE Report 281S 

 

 
 

Description of 
intervention and 
comparison  

Country Outcomes Population 

    Description of patients Specific group Inclusion criteria Exclusion criteria 
that provide the 
majority of care for 
severe TBI injuries 
as both direct 
admissions and 
transfers from lower 
level trauma 
centres. 

Minei 201420 Intervention: level I 
designated (maybe 
ACS) trauma 
centres 
Comparison: level 
II  designated 
(maybe ACS) 
trauma centres 

USA and 
Canada 

28-day 
mortality 
 

Patients included in the hypovolemic shock 
cohort and patients included in the TBI cohort. 

Only patients with 
specific diagnosis 

Patients were 
included in the 
hypovolemic shock 
cohort if they had 
out-of-hospital 
systolic blood 
pressure of 70 mm 
Hg or less or 71 to 
90 mm Hg with a 
concomitant heart 
rate of 108 beats or 
more per minute. 
Patients were 
included in the TBI 
cohort if they had a 
blunt mechanism of 
injury and a 
Glasgow Coma 
Scale (GCS) score 
of 8 or less and did 
not meet criteria for 
the shock cohort. 
Patients who met 
criteria for the shock 
cohort and who also 
exhibited inclusion 
criteria for the TBI 
cohort were included 
in the shock cohort. 

Exclusion criteria 
were the following: 
known or suspected 
pregnancy; age less 
than 15 years; out-of-
hospital 
cardiopulmonary 
resuscitation; 
administration of 
more than 2000-mL 
crystalloid, colloid, or 
blood products before 
enrolment; severe 
hypothermia (<28◦C); 
drowning or asphyxia 
due to hanging; burns 
more than 20% total 
body surface area; 
isolated penetrating 
head injury; inability 
to obtain intravenous 
access; time of 
dispatch call received 
to study intervention 
more than 4 hours; 
and known prisoners. 
Interfacility transfers 
were also excluded. 

Miyata 201521 Intervention: 
Paediatric Level I 
(PLI) trauma 
centres 

USA In-hospital 
mortality 
 

Severely injured trauma patients treated in 
paediatric trauma centres level I or level II. 

Only paediatric patients - 18 years of age or 
younger 
- With injury severity 
score (ISS) > 15 

- Injured patients 
treated at other 
facilities before 
admission in the 
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Description of 
intervention and 
comparison  

Country Outcomes Population 

    Description of patients Specific group Inclusion criteria Exclusion criteria 
 
Comparison:  
Paediatric Level II 
(PLII) trauma 
centres. 

- Primarily treated in 
designated PLI or 
PLII trauma centres. 

paediatric trauma 
centres 
- Those treated in 
adult trauma centres 
without paediatric 
designation. 

Morrissey 
201522 

Intervention: 
trauma care at a 
long established 
large Level I 
Trauma Centre in 
the USA 
(Massachusetts 
General Hospital). 
 
Comparison: 
trauma care 
provision and 
outcomes in a 
Scottish Hospital 
(Aberdeen Royal 
Infirmary) 

Scotland and 
USA 

Crude 
mortality 
 

* All patients from ARI included in the STAG 
database from 1993 to 2002. 
* All patients from MGH included in the MGH 
trauma registry. 

No special group STAG inclusion 
criteria: 
All trauma patients 
who enter the 
hospital via an 
emergency 
department from 
00:01 on 3rd 
January 2011 and 
remain in hospital 
for at least 3 
consecutive days, 
excluding day of 
attendance 
• ALL trauma 
patients who die in 
hospital within 3 
days of attendance 
• ALL trauma 
patients transferred 
into ED from another 
hospital , who 
remain in hospital 
for at least 3 
consecutive days 
following attendance 
at initial hospital 
(see example 
above) 
• ALL trauma 
patients transferred 
out of the hospital 
within 3 days of 
attendance, e.g. 

STAG exclusion 
criteria 
• < 13 years 
• Injuries older than 1 
week. 
• Isolated burn 
injuries 
• Isolated smoke 
inhalation 
• Isolated lacerations, 
puncture wounds and 
bites, with no 
underlying injury 
• Isolated minor head 
injuries: no fracture 
and GCS >13 
• Isolated Colles 
fractures 
• Isolated reduction of 
dislocations 
• Isolated facial 
injuries 
• Isolated hip fracture 
in patients aged 65 
years or older (Any 
femur # that is 
classed as 
subcapital, 
intracapsular, 
intertrochanteric or 
basal. If the injury is 
described as 
‘proximal shaft of 
femur’ confirmation 
from clinical staff 
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Description of 
intervention and 
comparison  

Country Outcomes Population 

    Description of patients Specific group Inclusion criteria Exclusion criteria 
patients transferred 
for regional care or 
localised specialist 
care, provided they 
have a total 
combined inpatient 
stay of at least 3 
consecutive days. 
• ALL trauma 
patients managed in 
resus who meet the 
above inclusion 
criteria should be 
reviewed to 
determine the 
presence of 
exclusion criteria.  
 Similar data from 
the same time 
period were 
obtained from the 
Trauma Registry at 
MGH 

should be gained on 
whether the injury is 
being treated as 
subtrochanteric # 
(exclude) or proximal 
shaft of femur # 
(include)). 
• Isolated 
periprosthetic or 
pathological fractures 
• Isolated dislocation 
of prosthesis 
• Isolated fractured 
Pubic Rami in 
patients aged 65 
years or over 
• Patients admitted to 
medical wards under 
the care of a 
physician only should 
be excluded. 
However if the patient 
was admitted to a 
medical ward as a 
surgical boarder, or if 
they were under 
shared care of a 
physician and 
surgeon then they 
should be included. 
• Patients entering 
ED with no 
recordable 
observations and 
declared dead within 
15 minutes. 
• Patients with no 
documented Systolic 
B/P, RR and GCS in 
ED or on a patient 
report form (PRF) 
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Description of 
intervention and 
comparison  

Country Outcomes Population 

    Description of patients Specific group Inclusion criteria Exclusion criteria 
 • Patients whose 
initial reason for 
admission is social 
(specifically 
documented or from 
information gained 
following discussion 
with clinical staff) 
• Deaths or injury 
caused exclusively by 
asphyxia with no 
anatomical injuries – 
such as hanging, 
drowning, carbon 
monoxide poisoning 
• Patients for whom 
the only reason they 
are managed in resus 
is to carry out a 
procedure such as 
reduction of fracture 
etc., should not be 
included 
*Any patient with a 
combination of any of 
the above isolated 
injuries are excluded.  

Narayan 
201523 

Intervention 1: 
emergency general 
surgery patients 
treated at level 1 
trauma centres 
 
Intervention 2: 
emergency general 
surgery patients 
treated at level 2 
trauma centres 
 
Comparison 1: 

USA In-hospital 
mortality 
 

Emergency general surgery patients. Only adults, no children Adult patients 18 
years or older. 
From the database, 
a patient was 
classified as an 
emergency general 
surgery (EGS) 
patient if at least 1 of 
the 15 ICD-9 
diagnosis codes 
recorded matched 
an American 
Association for the 
Surgery of Trauma 

None. 
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Description of 
intervention and 
comparison  

Country Outcomes Population 

    Description of patients Specific group Inclusion criteria Exclusion criteria 
Emergency 
general surgery 
patients treated at 
non trauma centres 

EGS ICD-9 code.  

Odetola 
201624 

Intervention: 
Paediatric spinal 
cord injury patients 
to trauma centres 
  
Control: paediatric 
spinal cord injury 
patients to non-
trauma centre  

USA Mortality in 
percentage 
 
 
 

Paediatric spinal cord injury patients 
presented to the ED (0-20 years old). 

Only paediatric patients International 
Classification of 
Diseases, ninth 
revision, clinical 
modification (ICD-9-
CM) primary or 
secondary diagnosis 
codes indicative of 
trauma (800–959), 
diagnosis of SCI 
was ascertained 
using specific ICD-9-
CM codes for SCI 
including 806.xx and 
952.xx. 

SCI from birth trauma 
(767.4) which would 
be more appropriately 
categorized as a 
complication of the 
perinatal period  
Records with missing 
ISS values, missing 
age, or age > 20 
years. 

Olufajo 201625 Arm 1: geriatric 
trauma patients 
treated in level I 
TC. 
 
Arm 2: geriatric 
trauma patients 
treated in level II 
TC. 
 
Arm 3: geriatric 
trauma patients 
treated in level III 
or IV TC. 

USA In-hospital 
mortality  

All geriatric trauma patients/defined as 
patients aged 65 years and older. 

Only geriatric patients We included 
patients who had 
admitting ICD-9-CM 
diagnosis codes 
corresponding with 
traumatic injuries 
(800-904, 910-929, 
and 950-959) aged 
65 years and older. 
We restricted our 
analyses to patients 
who were treated at 
trauma centres. 

We excluded patients 
who had isolated hip 
fractures. Patients 
that were transferred 
from or to other acute 
care facilities were 
also excluded. 

Ovalle 201426 Intervention: 
paediatric severe 
TBI patients to 
adult trauma 
centres with 
qualifications in 
paediatrics 

USA In-hospital 
mortality 
patients 
 

Paediatric patients 0-17 with a diagnosis of 
severe TBI (AIS score >2 or in the paper 
also>=3) 

Only paediatric patients The study 
population was 
comprised of visits 
of paediatric patients 
who were aged 0–
17 years old with a 
diagnosis of severe 

- Dead on arrival or 
expired on the ED 
after failed 
resuscitation,  
- Patient visits at 
trauma centres with 
unknown 
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Description of 
intervention and 
comparison  

Country Outcomes Population 

    Description of patients Specific group Inclusion criteria Exclusion criteria 
 
Comparison:  
paediatric severe 
TBI patients to 
adult trauma 
centres 

TBI (defined by 
head maximum 
Abbreviated Injury 
Scale 27 score ≥3).  

level/verification 
status,  
- Those with unknown 
sex 
- Transfer status 
unknown 
- Patient visits at PTC 
- Patients transferred 
out of a ATC/ATC-
AQ. 

Sathya 201528 Intervention 1: ATC 
(adult trauma 
centre; ATC: ACS 
verification or adult 
state designation 
and no paediatric 
qualifications.) 
 
Intervention 2: 
MTC (mixed 
trauma centre; 
adult and 
paediatric ACS 
verifications or 
state 
designations.) 
 
Comparison 1: 
PTC (paediatric 
trauma centre; TC: 
exclusively either 
paediatric ACS 
verification or 
paediatric state 
designation.) 

USA In-hospital 
mortality 
death (crude 
hospital 
mortality) 
 

All paediatric patients aged 18 years or 
younger who were hospitalized at a TQIP 
trauma centre. 

Only paediatric patients - Patients with either 
blunt or penetrating 
trauma with an 
Abbreviated Injury 
Score (AIS) of 2 or 
greater in any body 
region 
- Age 18 or younger. 

- Patients with 
superficial injuries 
- Those who were 
transferred to another 
hospital or home 
directly from the 
emergency 
department 
- Those who were 
dead on arrival. 

Vickers 
201529 
[Unpublished 
data obtained 
from author] 

Intervention 1:  
level I TC 
 
Intervention 2:  
level II TC 

USA Emergency 
Department 
mortality 
defined as 
those who 

Adult, major trauma patients between the 
ages of 18 and 64 years with a primary 
International Classification of Diseases, Ninth 
Revision (ICD-9CM), diagnosis code of 800 to 
959.9 (excluding injuries from late effects 

Only adults, no children - Between the ages 
of 18 and 64 years 
- With a primary 
International 
Classification of 

- Patients missing 
any study variables 
- Patients transferred 
to another hospital 
were excluded from 
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Description of 
intervention and 
comparison  

Country Outcomes Population 

    Description of patients Specific group Inclusion criteria Exclusion criteria 
 
Comparison 1:  
Non-trauma centre 

died in the 
ED for ISS 
16-24 
 

[905-909.9], superficial injuries [910-924.9], 
and injuries due to foreign bodies [930-
939.9]).  

Diseases, Ninth 
Revision (ICD-9CM), 
diagnosis code of 
800 to 959.9 
(excluding injuries 
from late effects 
[905-909.9], 
superficial injuries 
[910-924.9], and 
injuries due to 
foreign bodies [930-
939.9]).  

the study. 

Wang 201330 intervention1: 
designated trauma 
centres 
 
Intervention 2: 
designated 
paediatric trauma 
centres 
 
Comparison1:  
non-trauma 
centres 
 
Comparison 2: 
designated adult 
trauma centres 

USA In-hospital 
mortality 
 

Children with serious injury discharged from 
California (non)-trauma centres. 

Only paediatric patients 0-18 years 
non-scheduled 
admission to acute 
care hospitals 
external causes of 
injury codes and 
principal or 
secondary acute 
trauma diagnosis of 
ICD-9 codes: 800 to 
904.9, 910 to 929.9 
and 950 to 959.9. 

- Children with injury 
codes that could 
result in death. 
- Children cared for in 
level III and IV TCs 
were eliminated when 
matching TC and 
NTC diagnoses. 
- Children from 
designated as 
transfer 
Children with sole 
ICD-9 codes 
indicating minor 
injuries such as 
sprains and strains 
(840–848.9), open 
wounds (871.9–
894.1), superficial 
abrasions (910.0–
919.8), contusion with 
intact skin surface 
(920–924.9), foreign 
bodies (930–939), 
late effects of injury 
(905–909) and those 
with trauma ICD-9 
codes associated 
with pregnancy and 
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Description of 
intervention and 
comparison  

Country Outcomes Population 

    Description of patients Specific group Inclusion criteria Exclusion criteria 
perinatal conditions.  
- Children with the 
sole diagnosis of 
burns (940–949). 
- Patients with no 
Ecodes.  

Zacher 
2015)31 

Model 1: 
Intervention 1: 
Hospital 
volume=>100 
Control 1: Hospital 
volume 1-19 
Control 2: Hospital 
volume 20-39 
Control 3: Hospital 
volume 40-59 
Control 4: Hospital 
volume 60-79 
Control 5: Hospital 
volume 80-99 
 
Model 2: 
Intervention: Level 
I 
Control I: Level II 
Control II: Level III 

Germany In-hospital 
mortality, 
LOS ICU 
 

German patients who were admitted to 
hospital between 2009 and 2013 with severe 
injuries. 

No special group Severe injuries; ISS 
of at least 16,  
data available for 
calculation of 
Revised Injury 
Severity 
Classification (RISC) 
II score. 

Patients who were 
transferred in or out 
early (within the first 
48 h) were excluded 
because Revised 
Injury Severity 
Classification (RISC) 
II score and outcome 
respectively are not 
available for these 
patients. 
Missing RISC-II score 
Inconsistent 
reporting. 
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3. EXCLUDED PRIMARY STUDIES 
Chapter authors: Maaike Langelaan (NIVEL), Nanne Bos (NIVEL), Julie Heeren (NIVEL), Janke de Groot (NIVEL) 

3.1. Excluded primary studies and the first exclusion reason 
Reference Exclusion reason 

Afzali 201332 Wrong study design / no comparison 

Aldrian 201233 Wrong outcomes 

Alexander 201434 Wrong population 

Andruszkow 201335 Wrong population 

Ang 201436 Wrong population 

Ardolino 201237 Wrong publication type 

Bala 201338 Wrong study design / no comparison 

Barr 201539 Wrong population 

Baudin 201640 Wrong intervention 

Bell 201541 Wrong outcomes 

Bell 201242 Wrong population 

Benns 201343 Wrong study design / no comparison 

Biber 201344 Wrong population 

Billeter 201445 Wrong intervention 

Blakemore 201246 Wrong population 

Blomberg 201347 Wrong population 

Bodanapally 201348 Wrong population 

Boomer 201549 Wrong population 

Boschin 201250 Publication not available 

Branco 201351 Wrong population 
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Reference Exclusion reason 

Brice 201552 Wrong intervention 

Brown 201653 Wrong study design / no comparison 

Brown 201554 Wrong intervention 

Brown 201355 Wrong outcomes 

Bryczkowski 201456 Wrong population 

Buchanan 201657 Wrong intervention 

Bukur 201558 Wrong outcomes 

Bukur 201459 Wrong population 

Bukur 201360 Wrong population 

Bukur 201261 Wrong population 

Burström 201262 Wrong population 

Burström 201263 Wrong population 

Byrne 201664 Wrong population 

Calland 201665 Wrong population 

Carr 201466 Wrong population 

Carr 201367 Wrong publication type 

Carr 201368 Wrong population 

Charbit 201369 Wrong publication type 

Cheung 201470 Wrong outcomes 

Ciesla 201271 Wrong study design / no comparison 

Ciesla 201572 Wrong study design / no comparison 

Cipolle 201673 Wrong population 

Claridge 201374 Wrong population 
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Reference Exclusion reason 

Clark 201275 Wrong study design / no comparison 

Cliffe 201476 Publication not available 

Cohen 201277 Wrong outcomes 

Cole 201578 Wrong publication type 

Cole 201579 Wrong intervention 

Cole 201380 Wrong population 

Collins 201481 Wrong intervention 

Cooper 201482 Wrong population 

Cooper 201283 Wrong intervention 

Corcostegui 201527 Wrong population 

Costa 201384 Wrong intervention 

Cox 201485 Wrong population 

Cox 201286 Wrong population 

Cudnik 201287 Wrong population 

Curtis 201288 Wrong study design / no comparison 

Deasy 201289 Wrong publication type 

De Jongh 201290 Wrong intervention 

Dela'O 201491 Wrong population 

Delgado 201592 Wrong population 

Delgado 201293 Wrong population 

Den Hartog 201594 Wrong intervention 

Denis 201395 Publication not available 

Desai 201496 Wrong intervention 

Dinh 201497 Wrong intervention 
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Reference Exclusion reason 

Dinh 201298 Wrong population 

Distelhorst 201699 Wrong population 

Dixon 2014100 Wrong publication type 

Do 2014101 Wrong population 

Doucet 2013102 Wrong population 

Drennan 2015103 Wrong publication type 

DuVernay 2013104 Wrong population 

Dybdal 2015105 Wrong population 

Engbrecht 2013106 Wrong population 

Evans 2015107 Wrong population 

Evans 2014108 Wrong intervention 

Farach 2015109 Wrong population 

Fatovich 2012110 Wrong intervention 

Faul 2012111 Wrong study design / no comparison 

Faul 2016112 Wrong outcomes 

Fleet 2014113 Wrong population 

Franschman 2013114 Wrong intervention 

Fuller 2015115 Wrong study design / no comparison 

Funder 2016116 Wrong population 

Gabbe 2015117 Wrong population 

Gabbe 2012118 Wrong population 

Garner 2012119 Wrong outcomes 

Garwe 2012120 Wrong population 
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Reference Exclusion reason 

Geyer 2013121 Wrong population 

Glance 2012122 Wrong population 

Glance 2014123 Wrong outcomes 

Glance 201213 Wrong population 

Gomez 2014124 Wrong population 

Gomez 2012125 Wrong intervention 

Gomez Jaramillo 2012126 Wrong outcomes 

Goodmanson 2012127 Wrong population 

Gunkel 2015128 Wrong intervention 

Gunning 2015129 Wrong intervention 

Haas 2012130 Wrong population 

Hamlat 2012131 Wrong population 

Hammer 2016132 Wrong population 

Handel 2014133 Wrong population 

Hannay 2014134 Wrong population 

Hansen 2013135 Wrong population 

Hart 2012136 Publication not available 

Hasler 2015137 Wrong intervention 

He 2015138 Wrong population 

Heim 2014139 Wrong study design / no comparison 

Heim 2014140 Wrong study design / no comparison 

Henry 2014141 Wrong intervention 

Hesselfeldt 2013142 Wrong intervention 

Hesselfeldt 2012143 Wrong intervention 
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Reference Exclusion reason 

Hiza 2015144 Wrong population 

Holst 2014145 Wrong publication type 

Hoogerwerf 2013146 Wrong intervention 

Hsia 2014147 Wrong population 

Huber-Wagner 2014148 Wrong outcomes 

Ichwan 2013149 Wrong study design / no comparison 

Ichwan 2015150 Wrong population 

Ingalsbe 2015151 Wrong intervention 

Ingraham 2012152 Wrong population 

Jain 2016153 Wrong intervention 

Jansen 2016154 Wrong publication type 

Janssens 2012155 Wrong population 

Jarou 2015156 Wrong study design / no comparison 

Jenkins 2015157 Wrong population 

Jenkins 2013158 Wrong population 

Jordan 2015159 Wrong population 

Katrancha 2014160 Wrong population 

Keijzers 2015161 Wrong study design / no comparison 

Kelley-Quon 2015162 Wrong population 

Kelly 2015163 Wrong population 

Kelly 2015164 Wrong population 

Khalil 2015165 Wrong population 

Khorsandi 2015166 Wrong outcomes 
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Reference Exclusion reason 

Klein 2014167 Wrong population 

Krammel 2012168 Wrong intervention 

Laing 2014169 Wrong country 

Lansink 2013170 Wrong population 

Lansink 2013171 Wrong intervention 

Lawson 2013172 Wrong study design / no comparison 

Lecky 2016173 Wrong intervention 

Lee 2015174 Wrong population 

Leeper 2013175 Wrong population 

Lemoyne 2013176 Wrong outcomes 

Leonard 2015177 Wrong intervention 

Leung 2012178 Wrong population 

Lipley 2014179 Wrong publication type 

Lipsky 2014180 Wrong population 

Locke 2016181 Wrong intervention 

Louras 2016182 Wrong study design / no comparison 

Mabry 2015183 Wrong population 

Mangram 2012184 Wrong population 

Mans 2016185 Wrong intervention 

Marinaro 2013186 Wrong population 

Matsushima 2014187 Wrong population 

Matsushima 2013188 Wrong population 

Maxwell 2015189 Wrong population 

McCoy 2013190 Wrong study design / no comparison 
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Reference Exclusion reason 

McCoy 2015191 Wrong population 

McCullough 2014192 Wrong publication type 

McKee 2015193 Wrong population 

Metcalfe 2016194 Wrong population 

Metcalfe 2016195 Wrong population 

Michetti 2012196 Wrong intervention 

Middleton 2012197 Wrong intervention 

Mills 2014198 Wrong population 

Missios 2014199 Wrong intervention 

Mock 2012200 Wrong population 

Mohan 2015201 Wrong intervention 

Mooney 2013202 Wrong population 

Moore 2016203 Wrong population 

Moore 2015204 Wrong outcomes 

Moore 2013205 Wrong population 

Moore 2013206 Wrong population 

Moore 2014207 Wrong population 

Moore 2015208 Wrong study design / no comparison 

Moore 2012209 Wrong population 

Morshed 2015210 Wrong population 

Newgard 2012211 Wrong intervention 

Newgard 2015212 Wrong intervention 

Newgard 2015213 Wrong intervention 
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Reference Exclusion reason 

Odetola 2015214 Wrong population 

Ong 2014215 Wrong population 

Pearson 2012216 Wrong outcomes 

Pegna 2012217 Wrong population 

Petitti 2012218 Wrong study design / no comparison 

Putnam 2014219 Wrong population 

Raatiniemi 2015220 Wrong intervention 

Raj 2013221 Wrong intervention 

Rhinehart 2013222 Wrong intervention 

Rogers 2013223 Wrong intervention 

Røislien 2015224 Wrong intervention 

Rose 2012225 Wrong intervention 

Ruchholtz 2014226 Wrong population 

Ruscelli 2014227 Wrong study design / no comparison 

Saltzherr 2012228 Wrong population 

Schneppendahl 2012229 Wrong intervention 

Schoeneberg 2014230 Wrong study design / no comparison 

Schoeneberg 2016231 Wrong study design / no comparison 

Schoenfeld 2012232 Wrong population 

Schweigkofler 2015233 Wrong intervention 

Schweigkofler 2015234 Wrong intervention 

Seid 2012235 Wrong intervention 

Sharma 2013236 Wrong intervention 

Sharma 2014237 Wrong outcomes 
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Reference Exclusion reason 

Shaw 2016238 Wrong intervention 

Sise 2014239 Wrong population 

Smith 2013240 Wrong population 

Stewart 2015241 Wrong intervention 

Stiles 2015242 Wrong population 

Sugerman 2012243 Wrong intervention 

Swaroop 2013244 Wrong intervention 

Tallon 2012245 Wrong population 

Tan 2012246 Wrong intervention 

Tarima 2015247 Wrong intervention 

Taylor 2012248 Wrong intervention 

Tazarourte 2013249 Wrong intervention 

Tepas 2013250 Wrong outcomes 

Theobald 2014251 Wrong intervention 

Timm 2014252 Wrong intervention 

Uleberg 2014253 Wrong population 

Van Laarhoven 2015254 Wrong population 

Vanni 2012255 Wrong population 

Villegas 2012256 Wrong population 

Vyhnanek 2012257 Publication not available 

Waxman 2012258 Wrong population 

Weinberg 2015259 Wrong study design / no comparison 

Wesson 2013260 Wrong publication type 
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Reference Exclusion reason 

Whiteman 2013261 Wrong publication type 

Wise 2014262 Wrong publication type 

Wong 2015263 Wrong population 

Wong 2013264 Wrong study design / no comparison 

Woodford 2013265 Wrong outcomes 

Zafar 2015266 Wrong population 

Zocchi 2013267 Wrong population 

Zocchi 2016268 Wrong population 

Anonymous 2014269 Wrong study design / no comparison 
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4. RISK OF BIAS OF INDIVIDUAL STUDIES 
Chapter authors: Maaike Langelaan (NIVEL), Nanne Bos (NIVEL), Julie Heeren (NIVEL), Janke de Groot (NIVEL) 

4.1. Risk of bias for secondary data analysis of RCT’s 
Study ID Study design random sequence 

generation 
allocation 
concealment 

blinding of 
participants and 
personnel 

blinding of 
outcome 
assessment 

incomplete 
outcome data 

selective 
reporting 

other sources 
of bias 

Minei 2014 Secondary data 
analysis based 
on two RCTs 

Low risk Low risk Low risk High risk High risk Low risk Low risk 

4.2. Risk of bias of cohort studies and uncontrolled before-after studies 
Study ID Study 

design 
Selection bias Detection bias Attrition bias 
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Afifi 2015 Cohort study Yes Yes No Yes Yes No Yes Yes 

Ashley 2015 Cohort study No Yes Yes Yes Yes No Yes Yes 

Bekelis 2015 Cohort study No Yes Yes Yes Yes No Yes Yes 

Bell 2015 Cohort study No Yes Yes Yes Yes No Yes Yes 

Bouzat 2013 Cohort study No  Yes No Yes No No Yes No 
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Study ID Study 
design 

Selection bias Detection bias Attrition bias 
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Brinck 2015 Cohort study Yes Yes Yes Yes Yes No Yes Yes 

Brinck 2016 Cohort study Yes Yes Yes Yes Yes No Yes Yes 

Choi 2016 Uncontrolled 
before-after 
study 

Yes No Yes Yes Yes No Yes Yes 

Clement 2013 Cohort study Yes Insufficient 
information to 
answer 

Yes Yes Yes No Yes Yes 

Cole 2016 Cohort study No No Yes Yes Yes No Yes Yes 

Deasy 2012 Cohort study No Yes Yes Yes Yes No Yes Yes 

Di Bartolomeo 
2014 

Cohort study No Yes Yes Yes Yes No Yes Yes 

Glance 2012 Cohort study Yes Yes Yes Yes Yes No Yes Yes 

Gomez 2015 Cohort study No No No Yes Yes No Yes Yes 

Joosse 2012 Cohort study Yes No Yes Yes Yes No Yes Yes 

Khorsandi 2015 Cohort study Yes No Yes Yes Yes No Yes Yes 

Kuimi 2015 Cohort study No No Yes No Yes No Yes Yes 
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Study ID Study 
design 

Selection bias Detection bias Attrition bias 
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Matsushima 
2016 

Cohort study Yes Yes Yes Yes Yes No Yes Yes 

Metcalfe 2014 Uncontrolled 
before-after 
study 

Yes No Yes Yes Yes No Yes Yes 

Mills 2015 Cohort study Yes Yes Yes Yes Yes No Yes Yes 

Miyata 2015 Cohort study No No Yes Yes Yes No Yes Yes 

Morrissey 2015 Cohort study No No Yes Yes Yes No Yes Yes 

Narayan 2015 Cohort study Yes Insufficient 
information to 
answer 

Yes Yes Yes No Yes Yes 

Odetola 2016 Cohort study Yes Yes Yes Yes Yes No Yes Yes 

Olufajo 2016 Cohort study Yes Yes Yes Yes Yes No Yes Yes 

Ovalle 2014 Cohort study No Yes Yes Yes No No Yes Yes 

Sathya 2015 Cohort study No Yes Yes Yes Yes No Yes Yes 

Vickers 2015 Cohort study Yes Yes Yes Yes Yes No No Yes 
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Study ID Study 
design 

Selection bias Detection bias Attrition bias 
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Wang 2013 Cohort study Yes Insufficient 
information to 
answer 

Yes Yes Yes Yes Yes Yes 

Zacher 2015 (a) Cohort study Yes Yes Yes Yes Yes No Yes Yes 
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5. INCLUDED AND EXCLUDED SYSTEMATIC REVIEWS 
Chapter authors: Maaike Langelaan (NIVEL), Nanne Bos (NIVEL), Julie Heeren (NIVEL), Janke de Groot (NIVEL) 

5.1. Included systematic reviews 
Reference AMSTAR score Number of included 

studies 
Main conclusion of the reviewer 

Biewener 2005270 5 17 6 relevant studies dealing with hospital level found a considerable lower mortality 
rate (19 to 42%) for patients treated primarily at a level 1 trauma center or 
comparable institution. Mortality rates can be lowered significantly through 
primary treatment at a level 1 trauma center.  

Caputo 2014271 7 19 From this systematic review it is unclear whether an optimal volume exists, and it 
has not been demonstrated that the ACS criteria of a minimum of 1200 
admissions and 240 severe trauma admissions improves survival. 

Celso 2006272 6 14 A reduction in mortality in favour of the presence of a trauma system was found. 
Kim 2013273 7 50 The systematic review of Kim 2013 showed that achieving the ACS trauma 

centre verification is beneficial to patient outcomes. However, the benefit of level 
I centres compared with level II centres, and volume of annual trauma patients to 
outcomes is not clear. 

Mann 1999274 6 40 Weak evidence that organized systems of trauma care are an effective health 
care policy. 

 

5.2. Excluded systematic reviews 

Reference Exclusion reason 

Ardolino 201237 Amstar score <5 

Bledsoe 2006275 Amstar score <5 

Botker 2009276 Wrong population/intervention/outcome 

Bottiger 2016277 Wrong population/intervention/outcome 

Brain trauma foundation 2000278 Amstar score <5 



 

38  Towards an inclusive system for major trauma KCE Report 281S 
 

 

Reference Exclusion reason 

Brohi 2011279 Amstar score <5 

Brown 2013280 Amstar score <5 

Chiara 2003281 Amstar score <5 

Davies 2015282 Amstar score <5 

Eastman 2013283 Amstar score <5 

Fingerhut 2012284 Amstar score <5 

Galvagno 2015285 Wrong population/intervention/outcome 

Gruen 2011286 Amstar score <5 

Haider 2012287 Amstar score <5 

Harmsen 2015288 Wrong population/intervention/outcome 

Harris 2012289 Amstar score <5 

Hildebrand 2016290 Wrong population/intervention/outcome 

Hill 2011291 Wrong population/intervention/outcome 

Hodgetts 2000292 Amstar score <5 

Hulka 1999293 Amstar score <5 

juillard 2009294 Amstar score <5 

Jurkovich 1999295 Amstar score <5 

Kammerlander 2010296 Wrong population/intervention/outcome 

Kivell 1999297 Amstar score <5 

Kortbeek 2000298 Amstar score <5 

Kühne 2004299 Amstar score <5 

Kwon 2014300 Amstar score <5 

Lansink 2007301 Amstar score <5 
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Reference Exclusion reason 

Lee 2014302 Amstar score <5 

Lendrum 2013303 Amstar score <5 

Leppäniemi 2005304 Amstar score <5 

Lowe 1973305 Amstar score <5 

McCarthy 2016306 Amstar score <5 

McDonell 2009307 Amstar score <5 

Moylan 1988308 Amstar score <5 

Mullins 1999309 Amstar score <5 

Pape 2009310 Amstar score <5 

Pfeifer 2009311 Amstar score <5 

Pickering 2014312 Wrong population/intervention/outcome 

Radomski 2015313 Amstar score <5 

Rainer 2003314 Amstar score <5 

Snooks 1996315 Amstar score <5 

Tai 2011316 Amstar score <5 

Williams 2012317 Wrong population/intervention/outcome 

Zalstein 1997318 Amstar score <5 

 
  



 

40  Towards an inclusive system for major trauma KCE Report 281S 
 

 

 REFERENCES 
 
1. Norway S. Innvandrere og norskfødte med innvandrerforeldre, 1 

January 2016 [Web page]. [cited 09-01-2017]. Available from: 
https://www.ssb.no/befolkning/statistikker/innvbef/aar 

2. Afifi R. Impact of Trauma System Preparedness on the Outcomes 
of Severe Child and Adolescent Injuries. Indian J Surg. 
2015;77(Suppl 2):293-8. 

3. Ashley DW, Pracht EE, Medeiros RS, Atkins EV, NeSmith EG, 
Johns TJ, et al. An analysis of the effectiveness of a state trauma 
system: treatment at designated trauma centers is associated with 
an increased probability of survival. J Trauma Acute Care Surg. 
2015;78(4):706-12; discussion 12. 

4. Bekelis K, Missios S, Mackenzie TA. Prehospital helicopter 
transport and survival of patients with traumatic brain injury. 
Annals of Surgery. 2015;261(3):579-85. 

5. Bouzat P, Broux C, Ageron FX, Gros I, Levrat A, Thouret JM, et al. 
[Impact of a trauma network on mortality in patients with severe 
pelvic trauma]. Ann Fr Anesth Reanim. 2013;32(12):827-32. 

6. Brinck T, Handolin L, Paffrath T, Lefering R. Trauma registry 
comparison: six-year results in trauma care in Southern Finland 
and Germany. Eur J Trauma Emerg Surg. 2015;41(5):509-16. 

7. Brinck T, Raj R, Skrifvars MB, Kivisaari R, Siironen J, Lefering R, 
et al. Unconscious trauma patients: outcome differences between 
southern Finland and Germany-lesson learned from trauma-
registry comparisons. Eur J Trauma Emerg Surg. 2016;42(4):445-
51. 

8. Choi PM, Hong C, Woods S, Warner BW, Keller MS. Early Impact 
of American College of Surgeons-Verification at a Level-1 Pediatric 
Trauma Center. J Pediatr Surg. 2016. 

9. Clement RC, Carr BG, Kallan MJ, Wolff C, Reilly PM, Malhotra 
NR. Volume-outcome relationship in neurotrauma care. Journal of 
Neurosurgery. 2013;118(3):687-93. 

10. Cole E, Lecky F, West A, Smith N, Brohi K, Davenport R, et al. 
The Impact of a Pan-regional Inclusive Trauma System on Quality 
of Care. Annals of Surgery. 2016;264(1):188-94. 



 

KCE Report 281S Towards an inclusive system for major trauma 41 
 

 

11. Deasy C, Gabbe B, Palmer C, Babl FE, Bevan C, Crameri J, et al. 
Paediatric and adolescent trauma care within an integrated trauma 
system. Injury. 2012;43(12):2006-11. 

12. Di Bartolomeo S, Marino M, Ventura C, De Palma R. Evaluation of 
the survival benefit of Trauma-Centre care in the Italian setting. 
Injury. 2014;45(1):299-303. 

13. Glance LG, Osler TM, Mukamel DB, Dick AW. Impact of trauma 
center designation on outcomes: is there a difference between 
Level I and Level II trauma centers? J Am Coll Surg. 
2012;215(3):372-8. 

14. Gomez D, Alali AS, Xiong W, Zarzaur BL, Mann NC, Nathens AB. 
Definitive care in level 3 trauma centres after severe injury: A 
comparison of clinical characteristics and outcomes. Injury. 
2015;46(9):1790-5. 

15. Joosse P, Saltzherr TP, van Lieshout WA, van Exter P, Ponsen 
KJ, Vandertop WP, et al. Impact of secondary transfer on patients 
with severe traumatic brain injury. J Trauma Acute Care Surg. 
2012;72(2):487-90. 

16. Kuimi BL, Moore L, Cisse B, Gagne M, Lavoie A, Bourgeois G, et 
al. Influence of access to an integrated trauma system on in-
hospital mortality and length of stay. Injury. 2015;46(7):1257-61. 

17. Matsushima K, Schaefer EW, Won EJ, Armen SB. The outcome of 
trauma patients with do-not-resuscitate orders. J Surg Res. 
2016;200(2):631-6. 

18. Metcalfe D, Bouamra O, Parsons NR, Aletrari MO, Lecky FE, 
Costa ML. Effect of regional trauma centralization on volume, 
injury severity and outcomes of injured patients admitted to trauma 
centres. Br J Surg. 2014;101(8):959-64. 

19. Mills B, Rowhani-Rahbar A, Simonetti JA, Vavilala MS. Facility 
characteristics and inhospital pediatric mortality after severe 
traumatic brain injury. J Neurotrauma. 2015;32(11):841-6. 

20. Minei JP, Fabian TC, Guffey DM, Newgard CD, Bulger EM, Brasel 
KJ, et al. Increased trauma center volume is associated with 
improved survival after severe injury: results of a Resuscitation 

Outcomes Consortium study. Ann Surg. 2014;260(3):456-64; 
discussion 64. 

21. Miyata S, Haltmeier T, Inaba K, Matsushima K, Goodhue C, Bliss 
DW. Should All Severely Injured Pediatric Patients be Treated at 
Pediatric Level I Trauma Centers? A National Trauma Data Bank 
Study. Am Surg. 2015;81(10):927-31. 

22. Morrissey BE, Delaney RA, Johnstone AJ, Petrovick L, Smith RM. 
Do trauma systems work? A comparison of major trauma 
outcomes between Aberdeen Royal Infirmary and Massachusetts 
General Hospital. Injury. 2015;46(1):150-5. 

23. Narayan M, Tesoriero R, Bruns BR, Klyushnenkova EN, Chen H, 
Diaz JJ. Acute care surgery: defining mortality in emergency 
general surgery in the state of Maryland. J Am Coll Surg. 
2015;220(4):762-70. 

24. Odetola FO, Gebremariam A. Variation in patterns of 
hospitalization and associated resource use among children with 
spinal cord injury in the U.S. Injury. 2016. 47(5):1123-7. 

25. Olufajo OA, Metcalfe D, Rios-Diaz A, Lilley E, Havens JM, Kelly E, 
et al. Does Hospital Experience Rather than Volume Improve 
Outcomes in Geriatric Trauma Patients? J Am Coll Surg. 2016. 
223(1):32-40.e1 

26. Ovalle F, Xu L, Pearson WS, Spelke B, Sugerman DE. Outcomes 
of pediatric severe traumatic brain injury patients treated in adult 
trauma centers with and without added qualifications in pediatrics 
— United States, 2009. Inj Epidemiol. 2014;1(1):15. 

27. Corcostegui SP, Beaume S, Prunet B, Cotte J, Nguyen C, Mathais 
Q, et al. Impact of a regional trauma network creation on trauma 
centre activity. Annales Francaises de Medecine d'Urgence. 
2015;5(6):290-300. 

28. Sathya C, Alali AS, Wales PW, Scales DC, Karanicolas PJ, Burd 
RS, et al. Mortality Among Injured Children Treated at Different 
Trauma Center Types. JAMA Surg. 2015;150(9):874-81. 

29. Vickers BP, Shi J, Lu B, Wheeler KK, Peng J, Groner JI, et al. 
Comparative study of ED mortality risk of US trauma patients 



 

42  Towards an inclusive system for major trauma KCE Report 281S 
 

 

treated at level I and level II vs nontrauma centers. Am J Emerg 
Med. 2015;33(9):1158-65. 

30. Wang NE, Saynina O, Vogel LD, Newgard CD, Bhattacharya J, 
Phibbs CS. The effect of trauma center care on pediatric injury 
mortality in California, 1999 to 2011. J Trauma Acute Care Surg. 
2013;75(4):704-16. 

31. Zacher MT, Kanz KG, Hanschen M, Haberle S, van Griensven M, 
Lefering R, et al. Association between volume of severely injured 
patients and mortality in German trauma hospitals. Br J Surg. 
2015;102(10):1213-9. 

32. Afzali M, Hesselfeldt R, Steinmetz J, Thomsen AB, Rasmussen 
LS. A helicopter emergency medical service may allow faster 
access to highly specialised care. Danish Medical Journal. 
2013;60(7):1. 

33. Aldrian S, Wernhart S, Negrin L, Halat G, Schwendenwein E, 
Vecsei V, et al. Epidemiological and economic aspects of 
polytrauma management in Austria. Wien Klin Wochenschr. 
2012;124(3-4):78-84. 

34. Alexander D, Horstmann JJ, Walker J, Talwalkar V, Iwinski H, 
Milbrandt TA. Transportation of pediatric femur fractures to a 
tertiary care center: a retrospective review. Iowa Orthop J. 
2014;34:166-70. 

35. Andruszkow H, Lefering R, Frink M, Mommsen P, Zeckey C, Rahe 
K, et al. Survival benefit of helicopter emergency medical services 
compared to ground emergency medical services in traumatized 
patients. Crit Care. 2013;17(3):R124. 

36. Ang D, Norwood S, Barquist E, McKenney M, Kurek S, Kimbrell B, 
et al. Geriatric outcomes for trauma patients in the state of Florida 
after the advent of a large trauma network. J Trauma Acute Care 
Surg. 2014;77(1):155-60; discussion 60. 

37. Ardolino A, Cheung CR, Sleat GKJ, Willett KM. Regional networks 
for children suffering major trauma. Emergency Medicine Journal. 
2012;29(5):349-52. 

38. Bala M, Willner D, Klauzni D, Bdolah-Abram T, Rivkind AI, Gazala 
MA, et al. Pre-hospital and admission parameters predict in-

hospital mortality among patients 60 years and older following 
severe trauma. Scandinavian Journal of Trauma, Resuscitation 
and Emergency Medicine. 2013;21(1):91. 

39. Barr LV, Vindlacheruvu M, Gooding CR. The effect of becoming a 
major trauma centre on outcomes for elderly hip fracture patients. 
Injury. 2015;46(2):384-7. 

40. Baudin F, Floccard B, Desgranges FP, Courtil-Teyssedre S, De 
Queiroz M, Richard N, et al. [Effectiveness of management of 
children with severe trauma in a pediatric trauma center and in an 
adult trauma center: A before-after study]. Arch Pediatr. 
2016;23(4):367-72. 

41. Bell TM, Boustany KC, Jenkins PC, Zarzaur BL. The relationship 
between trauma center volume and in-hospital outcomes. J Surg 
Res. 2015;196(2):350-7. 

42. Bell N, Simons R, Hameed SM, Schuurman N, Wheeler S. Does 
direct transport to provincial burn centres improve outcomes? A 
spatial epidemiology of severe burn injury in British Columbia, 
2001-2006. Canadian Journal of Surgery. 2012;55(2):110-6. 

43. Benns M, Carr B, Kallan MJ, Sims CA. Benchmarking the 
incidence of organ failure after injury at trauma centers and 
nontrauma centers in the United States. J Trauma Acute Care 
Surg. 2013;75(3):426-31. 

44. Biber R, Singler K, Curschmann-Horter M, Wicklein S, Sieber C, 
Bail HJ. Implementation of a co-managed Geriatric Fracture 
Center reduces hospital stay and time-to-operation in elderly 
femoral neck fracture patients. Archives of Orthopaedic and 
Trauma Surgery. 2013;133(11):1527-31. 

45. Billeter AT, Miller FB, Harbrecht BG, Bowen W, Stephens MJ, 
Postel GC, et al. Interhospital transfer of blunt multiply injured 
patients to a level 1 trauma center does not adversely affect 
outcome. Am J Surg. 2014;207(4):459-66. 

46. Blakemore S. Trauma network expected to save 600 lives a year. 
Emerg Nurse. 2012;20(2):5. 

47. Blomberg H, Svennblad B, Michaelsson K, Byberg L, Johansson J, 
Gedeborg R. Prehospital trauma life support training of ambulance 



 

KCE Report 281S Towards an inclusive system for major trauma 43 
 

 

caregivers and the outcomes of traffic-injury victims in Sweden. J 
Am Coll Surg. 2013;217(6):1010-9.e1. 

48. Bodanapally UK, Shanmuganathan K, Nutakki K, Mirvis SE, Sliker 
CW, Shet N. Implementation of 24/7 radiology services in an 
academic medical centre level 1 trauma centre: impact on trauma 
resuscitation unit length of stay and economic benefit analysis. 
Injury. 2013 Jan;44(1):75-9. 

49. Boomer LA, Nielsen JW, Lowell W, Haley K, Coffey C, Nuss KE, et 
al. Managing moderately injured pediatric patients without 
immediate surgeon presence: 10 years later. J Pediatr Surg. 
2015;50(1):182-5. 

50. Boschin M, Vordemvenne T. First aid and management of multiple 
trauma - In-hospital trauma care. Anasthesiologie Intensivmedizin 
Notfallmedizin Schmerztherapie. 2012;47(11-12):716-22. 

51. Branco BC, Inaba K, Lam L, Konstantinidis A, Tang AL, Talving P, 
et al. Implementing acute care surgery at a level I trauma center: 
1-year prospective evaluation of the impact of this shift on trauma 
volumes and outcomes. Am J Surg. 2013;206(1):130-5. 

52. Brice JH, Cowden CC, Shofer FS, Lerner EB, Mann NC, Moss C, 
et al. Evaluating a statewide intervention of EMS field triage 
protocols: Decisionmaking and patient outcomes. Academic 
Emergency Medicine. 2015;22(5):S145. 

53. Brown JB, Rosengart MR, Billiar TR, Peitzman AB, Sperry JL. 
Geographic distribution of trauma centers and injury-related 
mortality in the United States. J Trauma Acute Care Surg. 
2016;80(1):42-9; discussion 9. 

54. Brown JB, Rosengart MR, Forsythe RM, Billiar TR, Peitzman AB, 
Zuckerbraun BS, et al. Failing to rescue our elders: Increased 
mortality and transfer status in geriatric trauma. Journal of the 
American College of Surgeons. 2015;221(4):S162-S3. 

55. Brown JB, Watson GA, Forsythe RM, Alarcon LH, Bauza G, 
Murdock AD, et al. American College of Surgeons trauma center 
verification versus state designation: Are Level II centers slipping 
through the cracks? Journal of Trauma and Acute Care Surgery. 
2013;75(1):44-9. 

56. Bryczkowski SB, Lopreiato MC, Yonclas PP, Sacca JJ, Mosenthal 
AC. Delirium prevention program in the surgical intensive care unit 
improved the outcomes of older adults. J Surg Res. 
2014;190(1):280-8. 

57. Buchanan IM, Coates A, Sne N. Does Mode of Transport Confer a 
Mortality Benefit in Trauma Patients? Characteristics and 
Outcomes at an Ontario Lead Trauma Hospital. Cjem. 2016:1-7. 

58. Bukur M, Habib F, Catino J, Parra M, Farrington R, Crawford M, et 
al. Does unit designation matter? A dedicated trauma intensive 
care unit is associated with lower postinjury complication rates and 
death after major complication. J Trauma Acute Care Surg. 
2015;78(5):920-7; discussion 7. 

59. Bukur M, Catino J, Puente I, Farrington-Avila R, Crawford M, 
Habib F. The G-60 trauma center: A future consideration? Journal 
of the American College of Surgeons. 2014;219(4):e54. 

60. Bukur M, Felder SI, Singer MB, Ley EJ, Malinoski DJ, Margulies 
DR, et al. Trauma center level impacts survival for cirrhotic trauma 
patients. J Trauma Acute Care Surg. 2013;74(4):1133-7. 

61. Bukur M, Singer MB, Chung R, Ley EJ, Malinoski DJ, Margulies 
DR, et al. Influence of resident involvement on trauma care 
outcomes. Arch Surg. 2012;147(9):856-62. 

62. Burstrom L. A comparsion of three emergency departments with 
different triage models. Academic Emergency Medicine. 
2012;19(6):725. 

63. Burström L, Nordberg M, Ornung G, Castrén M, Wiklund T, 
Engström ML, et al. Physician-led team triage based on lean 
principles may be superior for efficiency and quality? A comparison 
of three emergency departments with different triage models. 
Scandinavian Journal of Trauma, Resuscitation and Emergency 
Medicine. 2012;20:57. 

64. Byrne JP, Mann NC, Hoeft CJ, Buick J, Karanicolas P, Rizoli S, et 
al. The impact of short prehospital times on trauma center 
performance benchmarking: An ecologic study. J Trauma Acute 
Care Surg. 2016;80(4):586-96. 



 

44  Towards an inclusive system for major trauma KCE Report 281S 
 

 

65. Calland JF, Stukenborg GJ. Trauma centre patient volume and 
inpatient mortality risk reconsidered. Injury. 2016. 47(5):1072-7. 

66. Carr BG, Geiger J, McWilliams N, Reilly PM, Wiebe DJ. Impact of 
adding Level II and III trauma centers on volume and disease 
severity at a nearby Level I trauma center. J Trauma Acute Care 
Surg. 2014;77(5):764-8. 

67. Carr BG, Geiger J, McWilliams N, Reily PM, Wiebe DJ. The impact 
of adding level II & III trauma centers on volume and severity of 
disease at a nearby level i facility. Academic Emergency Medicine. 
2013;20(5):S313. 

68. Carr BG, Wolff CS, Schwab CW, Wiebe DJ, Kallan MJ, Branas 
CC. The association between geographic access to trauma care 
and injury death in the us. Academic Emergency Medicine. 
2013;20(5):S313. 

69. Charbit J, Capdevila X. [A French regional network for 
management of severe trauma patients: the pelvic ring injury 
model]. Ann Fr Anesth Reanim. 2013;32(12):823-4. 

70. Cheung CA, Rogers-Martel M, Golas L, Chepurny A, Martel JB, 
Martel JR. Hospital-based ocular emergencies: epidemiology, 
treatment, and visual outcomes. Am J Emerg Med. 
2014;32(3):221-4. 

71. Ciesla DJ, Pracht EE, Cha JY, Langland-Orban B. Geographic 
distribution of severely injured patients: implications for trauma 
system development. J Trauma Acute Care Surg. 2012;73(3):618-
24. 

72. Ciesla DJ, Pracht EE, Tepas JJ, 3rd, Namias N, Moore FA, Cha 
JY, et al. Measuring trauma system performance: Right patient, 
right place-Mission accomplished? J Trauma Acute Care Surg. 
2015;79(2):263-8. 

73. Cipolle M, Ingraham Lopresto BC, Pirrung JM, Meyer EM, Manta 
C, Nightingale A, et al. Embedding a Trauma Hospitalist in the 
Trauma Service Reduces Mortality and 30-Day Trauma-Related 
Readmissions. J Trauma Acute Care Surg. 2016. 81(1):178-83 

74. Claridge JA, Allen D, Patterson B, DeGrandis F, Emerman C, 
Bronson D, et al. Regional collaboration across hospital systems to 

develop and implement trauma protocols saves lives within 2 
years. Surgery. 2013;154(4):875-82; discussion 82. 

75. Clark DE, Qian J, Winchell RJ, Betensky RA. Hazard regression 
models of early mortality in trauma centers. J Am Coll Surg. 
2012;215(6):841-9. 

76. Cliffe H, Patel JV, Kessel DO, Nicholson AA, Hammond CJ, 
McPherson SJ, et al. Vascular intervention in trauma: A teaching 
hospital experience. Cardiovascular and Interventional Radiology. 
2014;37(2):S279-S80. 

77. Cohen R, Adini B, Radomislensky I, Givon A, Rivkind AI, Peleg K. 
Involvement of surgical residents in the management of trauma 
patients in the emergency room: does the presence of an 
attending physician affect outcomes? World J Surg. 
2012;36(3):539-47. 

78. Cole E. How regional trauma systems improve outcomes. Emerg 
Nurse. 2015;23(6):24-9. 

79. Cole E, Lecky F, West A, Smith N, Brohi K, Davenport R. The 
Impact of a Pan-regional Inclusive Trauma System on Quality of 
Care. Ann Surg. 2016. 264(1):188-94. 

80. Cole EM, West A, Davenport R, Naganathar S, Kanzara T, Carey 
M, et al. Can residents be effective trauma team leaders in a major 
trauma centre? Injury. 2013;44(1):18-22. 

81. Collins N, Miller R, Kapu A, Martin R, Morton M, Forrester M, et al. 
Outcomes of adding acute care nurse practitioners to a Level I 
trauma service with the goal of decreased length of stay and 
improved physician and nursing satisfaction. J Trauma Acute Care 
Surg. 2014;76(2):353-7. 

82. Cooper MC, Srivastava G. Correlation of level of trauma activation 
with emergency department intervention. Academic Emergency 
Medicine. 2014;21(5):S316. 

83. Cooper N, Parkins K, Grainger D. Paediatric trauma transfers: Are 
we fast enough? Archives of Disease in Childhood. 2012;97:A420-
A1. 

84. Costa G, Stella F, Venturini L, Tierno SM, Tomassini F, Fransvea 
P, et al. The usefulness of a Trauma Registry and the role of the 



 

KCE Report 281S Towards an inclusive system for major trauma 45 
 

 

general surgeon in the multidisciplinary approach to trauma 
patients: 3-year experience at Sant'Andrea University Hospital in 
Rome. Ann Ital Chir. 2013;84(1):1-8; discussion  

85. Cox JA, Bernard AC, Bottiggi AJ, Chang PK, Talley CL, Tucker B, 
et al. Influence of in-house attending presence on trauma 
outcomes and hospital efficiency. J Am Coll Surg. 
2014;218(4):734-8. 

86. Cox S, Morrison C, Cameron P, Smith K. The epidemiology of 
elderly trauma in Victoria, Australia. Academic Emergency 
Medicine. 2012;19(6):715. 

87. Cudnik MT, Sasson C, Rea TD, Sayre MR, Zhang JY, Bobrow BJ, 
et al. Increasing hospital volume is not associated with improved 
survival in out of hospital cardiac arrest of cardiac etiology. 
Resuscitation. 2012;83(7):862-8. 

88. Curtis KA, Mitchell RJ, Chong SS, Balogh ZJ, Reed DJ, Clark PT, 
et al. Injury trends and mortality in adult patients with major trauma 
in New South Wales. Med J Aust. 2012;197(4):233-7. 

89. Deasy C, Gabbe, Palmer C, Babl FE, Bevan C, Crameri J, et al. 
Paediatric trauma care within an integrated trauma system. EMA - 
Emergency Medicine Australasia. 2012;24:23. 

90. de Jongh MA, van Stel HF, Schrijvers AJ, Leenen LP, Verhofstad 
MH. The effect of Helicopter Emergency Medical Services on 
trauma patient mortality in the Netherlands. Injury. 
2012;43(9):1362-7. 

91. Dela'O CM, Kashuk J, Rodriguez A, Zipf J, Dumire RD. The 
Geriatric Trauma Institute: Reducing the increasing burden of 
senior trauma care. American Journal of Surgery. 
2014;208(6):988-94. 

92. Delgado MK, Richmond T, Hollander J, Holena D, Katz S, Jacobs 
L, et al. Patient and family perspectives on the trauma transfer 
decision and the potential role for telemedicine. Academic 
Emergency Medicine. 2015;22(5):S253. 

93. Delgado MK, Spain D, Weir S, Goldhaber-Fiebert J. The cost-
effectiveness of improvements in prehospital trauma triage in the 
U.S. Academic Emergency Medicine. 2012;19:S138. 

94. Den Hartog D, Romeo J, Ringburg AN, Verhofstad MHJ, Van 
Lieshout EMM. Survival benefit of physician-staffed Helicopter 
Emergency Medical Services (HEMS) assistance for severely 
injured patients. Injury. 2015;46(7):1281-6. 

95. Denis AR, Moreau ÉB, Parent S, Dahan V, Thompson C, Mac-
Thiong JM. Predicting the occurrence of pressure ulcers after the 
acute management of traumatic spinal cord injury: The impact of 
specialized trauma centers. Topics in Spinal Cord Injury 
Rehabilitation. 2013;19(1):22-3. 

96. Desai SJ, Patel J, Abdo H, Lawendy AR, Sanders D. A 
comparison of surgical delays in directly admitted versus 
transferred patients with hip fractures: Opportunities for 
improvement? Canadian Journal of Surgery. 2014;57(1):40-3. 

97. Dinh MM, Bein KJ, Gabbe BJ, Byrne CM, Petchell J, Lo S, et al. A 
trauma quality improvement programme associated with improved 
patient outcomes: 21 years of experience at an Australian Major 
Trauma Centre. Injury. 2014;45(5):830-4. 

98. Dinh MM, Oliver M, Bein KJ, Roncal S, Byrne CM. Performance of 
the New South Wales Ambulance Service major trauma transport 
protocol (T1) at an inner city trauma centre. Emerg Med Australas. 
2012;24(4):401-7. 

99. Distelhorst JT, Krishnamoorthy V, Schiff MA. Association between 
hospital trauma designation and maternal and neonatal outcomes 
after injury among pregnant women in Washington state. Journal 
of the American College of Surgeons. 2016;222(3):296-302. 

100. Dixon P. (v) The updated trauma system in England - its 
development and use. Orthopaedics and Trauma. 2014;28(3):159-
66. 

101. Do HQ, Hesselfeldt R, Steinmetz J, Rasmussen LS. Is paediatric 
trauma severity overestimated at triage? An observational follow-
up study. Acta Anaesthesiol Scand. 2014;58(1):98-105. 

102. Doucet J, Bulger E, Sanddal N, Fallat M, Bromberg W, Gestring M. 
Appropriate use of helicopter emergency medical services for 
transport of trauma patients: Guidelines from the emergency 
medical system subcommittee, committee on trauma, American 



 

46  Towards an inclusive system for major trauma KCE Report 281S 
 

 

college of surgeons. Journal of Trauma and Acute Care Surgery. 
2013;75(4):734-41. 

103. Drennan IR, Verbeek PR. The role of EMS in regionalized systems 
of care. Canadian Journal of Emergency Medicine. 
2015;17(4):468-74. 

104. DuVernay C. A public-private trauma center network in florida 
harnesses data to improve care quality for an aging population. 
Health Affairs. 2013;32(12):2139-41. 

105. Dybdal B, Svane C, Hesselfeldt R, Steinmetz J, Sorensen AM, 
Rasmussen LS. Is there a diurnal difference in mortality of 
severely injured trauma patients? Emerg Med J. 2015;32(4):287-
90. 

106. Engbrecht BW, Hollenbeak CS, Lubin JS, Cilley RE. Interfacility 
transfer of pediatric trauma patients by helicopter does not predict 
the need for urgent intervention. Pediatr Emerg Care. 
2013;29(6):729-36. 

107. Evans T, Gross B, Gillio M, Vogel A, Alzate J, Miller JA, et al. Do 
magnet hospitals attract better outcomes for pediatric traumatic 
brain injury patients? Critical Care Medicine. 2015;43(12):291. 

108. Evans T, Rittenhouse K, Horst M, Osler T, Rogers A, Miller JA, et 
al. Magnet hospitals are a magnet for higher survival rates at adult 
trauma centers. J Trauma Acute Care Surg. 2014;77(1):89-94. 

109. Farach SM, Danielson PD, Amankwah EK, Chandler NM. 
Admission patterns in pediatric trauma patients with isolated 
injuries. J Surg Res. 2015;198(1):13-8. 

110. Fatovich DM, Phillips M, Jacobs IG, Langford SA. Major trauma 
patients transferred from rural and remote Western Australia by 
the Royal Flying Doctor Service. EMA - Emergency Medicine 
Australasia. 2012;24:8. 

111. Faul M, Sugerman D, Bell J, Taylor C, Xu L. How many traumatic 
brain injured patients are hospitalized in level I or II trauma 
centers? Journal of Head Trauma Rehabilitation. 2012;27(5):E26-
E7. 

112. Faul M, Xu L, Sasser SM. Hospitalized Traumatic Brain Injury: Low 
Trauma Center Utilization and High Interfacility Transfers among 
Older Adults. Prehosp Emerg Care. 2016:1-10. 

113. Fleet R, Bussières S, Tounkara F, Dupuis G, Archambault PM, 
Plant J, et al. Rural versus urban discrepancies in 30-day in-
hospital mortality following stroke: CIHI and the Canadian rural 
emergency medicine project. Canadian Journal of Emergency 
Medicine. 2014;16:S36. 

114. Franschman G, Andriessen TM, Boer C, Van der Naalt J, Horn J, 
Haitsma I, et al. Physician-based emergency medical service 
deployment characteristics in severe traumatic brain injury: a 
Dutch multicenter study. Injury. 2013;44(9):1232-6. 

115. Fuller G, Lawrence T, Woodford M, Coats T, Lecky F. Emergency 
medical services interval and mortality in significant head injury: A 
retrospective cohort study. European Journal of Emergency 
Medicine. 2015;22(1):42-8. 

116. Funder KS, Rasmussen LS, Lohse N, Siersma V, Hesselfeldt R, 
Steinmetz J. Long-term follow-up of trauma patients before and 
after implementation of a physician-staffed helicopter: A 
prospective observational study. Injury. 2016;47(1):7-13. 

117. Gabbe BJ, Lyons RA, Fitzgerald MC, Judson R, Richardson J, 
Cameron PA. Reduced population burden of road transport-related 
major trauma after introduction of an inclusive trauma system. Ann 
Surg. 2015;261(3):565-72. 

118. Gabbe BJ, Simpson PM, Sutherland AM, Wolfe R, Fitzgerald MC, 
Judson R, et al. Improved functional outcomes for major trauma 
patients in a regionalized, inclusive trauma system. Ann Surg. 
2012;255(6):1009-15. 

119. Garner AA, Lee A, Weatherall A. Physician staffed helicopter 
emergency medical service dispatch via centralised control or 
directly by crew - case identification rates and effect on the Sydney 
paediatric trauma system. Scand J Trauma Resusc Emerg Med. 
2012;20:82. 

120. Garwe T, Roberts ZV, Albrecht RM, Morgan AE, Johnson JJ, Neas 
BR. Direct transport of geriatric trauma patients with pelvic 
fractures to a Level I trauma center within an organized trauma 



 

KCE Report 281S Towards an inclusive system for major trauma 47 
 

 

system: impact on two-week incidence of in-hospital complications. 
Am J Surg. 2012;204(6):921-5; discussion 5. 

121. Geyer B, Peak DA, Velmahos GC, Gates JD, Petrovick L, Michaud 
Y, et al. Cost savings associated with transfer of trauma patients 
within an accountable care organization. Annals of Emergency 
Medicine. 2013;62(4):S62. 

122. Glance LG, Dick AW, Osler TM, Mukamel DB, Li Y, Stone PW. 
The association between nurse staffing and hospital outcomes in 
injured patients. BMC Health Serv Res. 2012;12:247. 

123. Glance LG, Mukamel DB, Osler TM, Dick AW. Ranking trauma 
center quality: Can past performance predict future performance. 
Annals of Surgery. 2014;259(4):682-6. 

124. Gomez D, Alali AS, Haas B, Xiong W, Tien H, Nathens AB. 
Temporal trends and differences in mortality at trauma centres 
across Ontario from 2005 to 2011: a retrospective cohort study. 
CMAJ Open. 2014;2(3):E176-82. 

125. Gomez D, Haas B, de Mestral C, Sharma S, Hsiao M, Zagorski B, 
et al. Gender-associated differences in access to trauma center 
care: A population-based analysis. Surgery. 2012;152(2):179-85. 

126. Gomez Jaramillo D, Haas B, De Mestral C, Sharma S, Hsiao M, 
Zagorski B, et al. Sex-associated differences in access to trauma 
center care: A population-based analysis. Journal of Surgical 
Research. 2012;172(2):256-7. 

127. Goodmanson NW, Rosengart MR, Barnato AE, Sperry JL, 
Peitzman AB, Marshall GT. Defining geriatric trauma: when does 
age make a difference? Surgery. 2012;152(4):668-74; discussion 
74. 

128. Gunkel S, Konig M, Albrecht R, Bruesch M, Lefering R, Sprengel 
K, et al. [Deployment and efficacy of ground versus helicopter 
emergency service for severely injured patients. Analysis of a 
nationwide Swiss trauma center]. Unfallchirurg. 2015;118(3):233-9. 

129. Gunning AC, Lansink KW, van Wessem KJ, Balogh ZJ, Rivara FP, 
Maier RV, et al. Demographic Patterns and Outcomes of Patients 
in Level I Trauma Centers in Three International Trauma Systems. 
World J Surg. 2015;39(11):2677-84. 

130. Haas B, Stukel TA, Gomez D, Zagorski B, De Mestral C, Sharma 
SV, et al. The mortality benefit of direct trauma center transport in 
a regional trauma system: a population-based analysis. J Trauma 
Acute Care Surg. 2012;72(6):1510-5; discussion 5. 

131. Hamlat CA, Arbabi S, Koepsell TD, Maier RV, Jurkovich GJ, 
Rivara FP. National variation in outcomes and costs for splenic 
injury and the impact of trauma systems: A population-based 
cohort study. Annals of Surgery. 2012;255(1):165-70. 

132. Hammer PM, Storey AC, Bell T, Bayt D, Hockaday MS, Zarzaur 
BL, Jr., et al. Improving Geriatric Trauma Outcomes: A Small Step 
Toward a Big Problem. J Trauma Acute Care Surg. 2016. 
81(1):162-7. 

133. Handel DA, Fu R, Vu E, Augustine JJ, Hsia RY, Shufflebarger CM, 
et al. Association of emergency department and hospital 
characteristics with elopements and length of stay. J Emerg Med. 
2014;46(6):839-46. 

134. Hannay RS, Wyrzykowski AD, Ball CG, Laupland K, Feliciano DV. 
Retrospective review of injury severity, interventions and outcomes 
among helicopter and nonhelicopter transport patients at a Level 1 
urban trauma centre. Can J Surg. 2014;57(1):49-54. 

135. Hansen M, Fleischman R, Meckler G, Newgard CD. The 
association between hospital type and mortality among critically ill 
children in US EDs. Resuscitation. 2013;84(4):488-91. 

136. Hart N, Cawich SO. Trauma care: Implementation of a trauma 
team in Emergency Departments across the Caribbean. West 
Indian Medical Journal. 2012;61:18. 

137. Hasler RM, Albrecht S, Exadaktylos AK, Albrecht R. Repatriations 
and 28-day mortality of ill and injured travellers: 12 years of 
experience in a Swiss emergency department. Swiss Med Wkly. 
2015;145:w14208. 

138. He JC, Schechtman D, Samotowka MA, Claridge JA. Despite 
trauma center closures, trauma system regionalization reduces 
time to definitive care and mortality. Journal of the American 
College of Surgeons. 2015;221(4):S161-S2. 



 

48  Towards an inclusive system for major trauma KCE Report 281S 
 

 

139. Heim C, Bosisio F, Roth A, Bloch J, Borens O, Daniel RT, et al. Is 
trauma in Switzerland any different? epidemiology and patterns of 
injury in major trauma - a 5-year review from a Swiss trauma 
centre. Swiss Med Wkly. 2014;144:w13958. 

140. Heim C, Roth A, Wasserfallen JB, Kern C, Bloch J, Borens O, et 
al. Trauma epidemiology and patterns of injury over 5 years in a 
Swiss Traumacenter. Swiss Medical Weekly. 2014;144:4S-5S. 

141. Henry MC, Huang E, McCormack JE, Thode Jr HC. Validation of 
the national trauma triage protocol in a suburban/rural area. 
Annals of Emergency Medicine. 2014;64(4):S96. 

142. Hesselfeldt R, Steinmetz J, Jans H, Jacobsson ML, Andersen DL, 
Buggeskov K, et al. Impact of a physician-staffed helicopter on a 
regional trauma system: a prospective, controlled, observational 
study. Acta Anaesthesiol Scand. 2013;57(5):660-8. 

143. Hesselfeldt R, Steinmetz J, Rasmussen LS. A physician staffed 
helicopter improves triage and reduces mortality for severely 
injured trauma patients. European Journal of Anaesthesiology. 
2012;29:2. 

144. Hiza EA, Gottschalk MB, Umpierrez E, Bush P, Reisman WM. 
Effect of a dedicated orthopaedic advanced practice provider in a 
Level I trauma center: Analysis of length of stay and cost. Journal 
of Orthopaedic Trauma. 2015;29(7):e225-e30. 

145. Holst J, Perman S, Capp R, Ginde A. National study of urban 
trauma-related deaths in emergency departments of non-trauma 
centers: Implications for effective trauma triage. Annals of 
Emergency Medicine. 2014;64(4):S94. 

146. Hoogerwerf N, Valk JP, Houmes RJ, Christiaans HM, Geeraedts Jr 
LMG, Schober P, et al. Benefit of Helicopter Emergency Medical 
Services on trauma patient mortality in the Netherlands? Injury. 
2013;44(2):274-5. 

147. Hsia RY, Srebotnjak T, Maselli J, Crandall M, McCulloch C, 
Kellermann AL. The association of trauma center closures with 
increased inpatient mortality for injured patients. J Trauma Acute 
Care Surg. 2014;76(4):1048-54. 

148. Huber-Wagner S, Mand C, Ruchholtz S, Kuhne CA, Holzapfel K, 
Kanz KG, et al. Effect of the localisation of the CT scanner during 
trauma resuscitation on survival -- a retrospective, multicentre 
study. Injury. 2014;45 Suppl 3:S76-82. 

149. Ichwan B, Darbha S, Boulger C, Caterino J. Evaluation for ohio's 
geriatric specific trauma triage criteria: Assessing implementation 
and improvement in outcomes for ohio's elders. Annals of 
Emergency Medicine. 2013;62(4):S115. 

150. Ichwan B, Darbha S, Shah MN, Thompson L, Evans DC, Boulger 
CT, et al. Geriatric-specific triage criteria are more sensitive than 
standard adult criteria in identifying need for trauma center care in 
injured older adults. Ann Emerg Med. 2015;65(1):92-100.e3. 

151. Ingalsbe G. Increased trauma center volume is associated with 
improved survival after severe injury. Journal of Emergency 
Medicine. 2015;48(1):132-3. 

152. Ingraham AM, Haas B, Cohen ME, Ko CY, Nathens AB. 
Comparison of hospital performance in trauma vs emergency and 
elective general surgery: implications for acute care surgery quality 
improvement. Arch Surg. 2012;147(7):591-8. 

153. Jain SV, Bhamidipati CM, Cooney RN. Trauma transfers to a rural 
level 1 center: a retrospective cohort study. J Trauma Manag 
Outcomes. 2016;10:1. 

154. Jansen JO, Lendrum RA, Morrison JJ. Trauma care in Scotland: 
The role of major trauma centres, trauma units, and local 
emergency hospitals. Surgeon. 2016. 14(5):241-4 

155. Janssens L, Holtslag HR, van Beeck EF, Leenen LP. The effects 
of regionalization of pediatric trauma care in the Netherlands: a 
surveillance-based before-after study. J Trauma Acute Care Surg. 
2012;73(5):1284-7. 

156. Jarou ZJ. Outcomes of Trauma Care at Centers Treating a Higher 
Proportion of Older Patients: The Case for Geriatric Trauma 
Centers Zafar SN, Obirieze A, Schneider EB, et al. J Trauma 
Acute Care Surg 2015;78:852-9. Journal of Emergency Medicine. 
2015;49(4):589-90. 



 

KCE Report 281S Towards an inclusive system for major trauma 49 
 

 

157. Jenkins P, Rogers J, Kehoe A, Smith JE. An evaluation of the use 
of a two-tiered trauma team activation system in a UK major 
trauma centre. Emerg Med J. 2015;32(5):364-7. 

158. Jenkins PE, Rogers J, Kehoe A, Smith J. See and treat for major 
trauma? An evaluation of the use of a two-tiered trauma team 
activation system in a uk major trauma centre. Emergency 
Medicine Journal. 2013;30(10):871-2 2p. 

159. Jordan R, Westacott D, Patel H, Pattison G. The effect of regional 
trauma networks on paediatric trauma care in an integrated adult 
service. Eur J Emerg Med. 2015;22(3):206-10. 

160. Katrancha ED, Zipf J. Evaluation of a virtual geriatric trauma 
institute. J Trauma Nurs. 2014;21(6):278-81. 

161. Keijzers GB, Del Mar C, Geeraedts LM, Jr., Byrnes J, Beller EM. 
What is the effect of a formalised trauma tertiary survey procedure 
on missed injury rates in multi-trauma patients? Study protocol for 
a randomised controlled trial. Trials. 2015;16:215. 

162. Kelley-Quon LI, Crowley MA, Applebaum H, Cummings K, Kang 
RJ, Tseng CH, et al. Academic-community partnerships improve 
outcomes in pediatric trauma care. J Pediatr Surg. 
2015;50(6):1032-6. 

163. Kelly ML, Banerjee A, Nowak M, Steinmetz M, Claridge JA. 
Decreased mortality in traumatic brain injury following 
regionalization across hospital systems. J Trauma Acute Care 
Surg. 2015;78(4):715-20. 

164. Kelly ML, Roach MJ, Banerjee A, Steinmetz MP, Claridge JA. 
Functional and long-term outcomes in severe traumatic brain injury 
following regionalization of a trauma system. J Trauma Acute Care 
Surg. 2015;79(3):372-7. 

165. Khalil M, Rhee PM, Haider AA, Kulvatunyou N, Zangbar B, 
O'Keeffe T, et al. Take 'em where they belong: Outcome 
differences in pediatric traumatic brain injury among trauma 
centers. Journal of the American College of Surgeons. 
2015;221(4):S108-S9. 

166. Khorsandi M, Skouras C, Prasad S, Shah R. Major cardiothoracic 
trauma: Eleven-year review of outcomes in the North West of 
England. Ann R Coll Surg Engl. 2015;97(4):298-303. 

167. Klein AL, Brown CV, Aydelotte J, Ali S, Clark A, Coopwood B. 
Implementation of a surgical intensive care unit service is 
associated with improved outcomes for trauma patients. J Trauma 
Acute Care Surg. 2014;77(6):964-7; discussion 7. 

168. Krammel M, Hörner E, Van Tulder R, Hay AG, Trimmel H, 
Schreiber W. Helicopter emergency medical service versus land-
based emergency medical service response in out-of-hospital 
cardiac arrest: A comparative study. Resuscitation. 2012;83:e25. 

169. Laing GL, Skinner DL, Bruce JL, Aldous C, Oosthuizen GV, Clarke 
DL. Understanding the burden and outcome of trauma care drives 
a new trauma systems model. World J Surg. 2014;38(7):1699-706. 

170. Lansink KW, Gunning AC, Leenen LP. Cause of death and time of 
death distribution of trauma patients in a Level I trauma centre in 
the Netherlands. Eur J Trauma Emerg Surg. 2013;39(4):375-83. 

171. Lansink KW, Gunning AC, Spijkers AT, Leenen LP. Evaluation of 
trauma care in a mature level I trauma center in the Netherlands: 
outcomes in a Dutch mature level I trauma center. World J Surg. 
2013;37(10):2353-9. 

172. Lawson FL, Schuurman N, Oliver L, Nathens AB. Evaluating 
potential spatial access to trauma center care by severely injured 
patients. Health Place. 2013;19:131-7. 

173. Lecky F, Russell W, Fuller G, McClelland G, Pennington E, 
Goodacre S, et al. The Head Injury Transportation Straight to 
Neurosurgery (HITS-NS) randomised trial: a feasibility study. 
Health Technol Assess. 2016;20(1):1-198. 

174. Lee J, Rogers F, Rogers A, Horst M, Chandler R, Miller JA. Mature 
trauma intensivist model improves intensive care unit efficiency but 
not mortality. J Intensive Care Med. 2015;30(3):151-5. 

175. Leeper WR, Leeper TJ, Vogt KN, Charyk-Stewart T, Gray DK, 
Parry NG. The role of trauma team leaders in missed injuries: does 
specialty matter? J Trauma Acute Care Surg. 2013;75(3):387-90. 



 

50  Towards an inclusive system for major trauma KCE Report 281S 
 

 

176. Lemoyne SE, Loeys T, Jacobs F, Buylaert W, Saiïd HI, De Paepe 
P. Does the implementation of an emergency department triage 
system improve the timeliness of analgesia provision? Academic 
Emergency Medicine. 2013;20(5):S59. 

177. Leonard JC, Calhoun A, Shi J, Capers C, Donovan K, Kraus D, et 
al. Do pediatric transport teams provide optimal care during inter-
hospital transport of injured children? Academic Emergency 
Medicine. 2015;22(5):S174. 

178. Leung GK, Ng GK, Ho W, Hung KN, Yuen WK. Impact of a 
multidisciplinary trauma team on the outcome of acute subdural 
haematoma. Injury. 2012;43(9):1419-22. 

179. Lipley N. Trauma networks save 300 lives a year. Emerg Nurse. 
2014;22(5):7. 

180. Lipsky AM, Karsteadt LL, Gausche-Hill M, Hartmans S, Bongard 
FS, Cryer HG, et al. A comparison of rural versus urban trauma 
care. J Emerg Trauma Shock. 2014;7(1):41-6. 

181. Locke T, Rekman J, Brennan M, Nasr A. The impact of transfer on 
pediatric trauma outcomes. J Pediatr Surg. 2016. 51(5):843-7. 

182. Louras N, Fortune J, Osler T, Hyman N. Nontrauma surgeons can 
safely take call at an academic, rural level I trauma center. Am J 
Surg. 2016;211(1):129-32. 

183. Mabry CD, Kalkwarf KJ, Betzold RD, Spencer HJ, Robertson RD, 
Sutherland MJ, et al. Determining the hospital trauma financial 
impact in a statewide trauma system. J Am Coll Surg. 
2015;220(4):446-58. 

184. Mangram AJ, Mitchell CD, Shifflette VK, Lorenzo M, Truitt MS, 
Goel A, et al. Geriatric trauma service: a one-year experience. J 
Trauma Acute Care Surg. 2012;72(1):119-22. 

185. Mans S, Reinders Folmer E, de Jongh MA, Lansink KW. Direct 
transport versus inter hospital transfer of severely injured trauma 
patients. Injury. 2016;47(1):26-31. 

186. Marinaro J, Welker M, Petersen T, Tawil I. Impact of an in-house 
night critical care attending on ICU length of stay and mortality. 
Critical Care Medicine. 2013;41(12):A31-A2. 

187. Matsushima K, Schaefer EW, Won EJ, Armen SB, Indeck MC, 
Soybel DI. Positive and negative volume-outcome relationships in 
the geriatric trauma population. JAMA Surg. 2014;149(4):319-26. 

188. Matsushima K, Schaefer EW, Won EJ, Nichols PA, Frankel HL. 
Injured adolescents, not just large children: difference in care and 
outcome between adult and pediatric trauma centers. Am Surg. 
2013;79(3):267-73. 

189. Maxwell CA, Miller RS, Dietrich MS, Mion LC, Minnick A. The 
aging of America: A comprehensive look at over 25,000 geriatric 
trauma admissions to United States hospitals. American Surgeon. 
2015;81(6):630-6. 

190. McCoy CE, Menchine M, Sampson S, Anderson C, Kahn C. 
Emergency medical services out-of-hospital scene and transport 
times and their association with mortality in trauma patients 
presenting to an urban Level I trauma center. Ann Emerg Med. 
2013;61(2):167-74. 

191. McCoy JV, Gale AR, Sunderram J, Ohman-Strickland PA, 
Eisenstein RM. Reduced Hospital Duration of Stay Associated with 
Revised Emergency Department-Intensive Care Unit Admission 
Policy: A before and after Study. J Emerg Med. 2015;49(6):893-
900. 

192. McCullough AL, Haycock JC, Forward DP, Moran CG. II. Major 
trauma networks in England. Br J Anaesth. 2014;113(2):202-6. 

193. McKee JL, Roberts DJ, van Wijngaarden-Stephens MH, Vis C, 
Gao H, Belton KL, et al. The right treatment at the right time in the 
right place: a population-based, before-and-after study of 
outcomes associated with implementation of an all-inclusive 
trauma system in a large Canadian province. Ann Surg. 
2015;261(3):558-64. 

194. Metcalfe D, Gabbe BJ, Perry DC, Harris MB, Ekegren CL, Zogg 
CK, et al. Quality of care for patients with a fracture of the hip in 
major trauma centres: a national observational study. Bone Joint J. 
2016;98-b(3):414-9. 

195. Metcalfe D, Olufajo OA, Zogg CK, Gates JD, Weaver MJ, Harris 
MB, et al. Are Older Adults With Hip Fractures Disadvantaged in 
Level 1 Trauma Centers? Medical Care. 2016. 



 

KCE Report 281S Towards an inclusive system for major trauma 51 
 

 

196. Michetti CP, Fakhry SM, Ferguson PL, Cook A, Moore FO, Gross 
R. Ventilator-associated pneumonia rates at major trauma centers 
compared with a national benchmark: a multi-institutional study of 
the AAST. J Trauma Acute Care Surg. 2012;72(5):1165-73. 

197. Middleton PM, Davies SR, Anand S, Reinten-Reynolds T, Marial 
O, Middleton JW. The pre-hospital epidemiology and management 
of spinal cord injuries in New South Wales: 2004-2008. Injury. 
2012;43(4):480-5. 

198. Mills BM, Rowhani-Rahbar A, Vavilala MS. Facility-level 
characteristics and pediatric in-hospital mortality following severe 
traumatic brain injury. Journal of Neurotrauma. 2014;31(12):A68. 

199. Missios S, Bekelis K. Transport mode to level I and II trauma 
centers and survival of pediatric patients with traumatic brain 
injury. J Neurotrauma. 2014;31(14):1321-8. 

200. Mock C, Joshipura M, Arreola-Risa C, Quansah R. An estimate of 
the number of lives that could be saved through improvements in 
trauma care globally. World J Surg. 2012;36(5):959-63. 

201. Mohan HM, Mullan D, McDermott F, Whelan RJ, O'Donnell C, 
Winter DC. Saving lives, limbs and livelihoods: considerations in 
restructuring a national trauma service. Ir J Med Sci. 
2015;184(3):659-66. 

202. Mooney DP, Gutierrez IM, Chen Q, Forbes PW, Zurakowski D. 
Impact of trauma system development on pediatric injury care. 
Pediatr Surg Int. 2013;29(3):263-8. 

203. Moore L, Evans D, Hameed SM, Yanchar NL, Stelfox HT, Simons 
R, et al. Mortality in Canadian Trauma Systems: A Multicenter 
Cohort Study. Ann Surg. 2016. 

204. Moore L, Lavoie A, Bourgeois G, Lapointe J. Donabedian's 
structure-process-outcome quality of care model: Validation in an 
integrated trauma system. Journal of Trauma and Acute Care 
Surgery. 2015;78(6):1168-75. 

205. Moore L, Lavoie A, Sirois MJ, Amini R, Belcaïd A, Sampalis JS. 
Evaluating trauma center process performance in an integrated 
trauma system with registry data. Journal of Emergencies, Trauma 
and Shock. 2013;6(2):95-105. 

206. Moore L, Lavoie A, Sirois MJ, Swaine B, Murat V, Le Sage N, et al. 
Evaluating trauma center structural performance: The experience 
of a Canadian provincial trauma system. Journal of Emergencies, 
Trauma and Shock. 2013;6(1):3-10. 

207. Moore L, Stelfox HT, Turgeon AF, Nathens A, Bourgeois G, 
Lapointe J, et al. Hospital length of stay after admission for 
traumatic injury in Canada: a multicenter cohort study. Ann Surg. 
2014;260(1):179-87. 

208. Moore L, Turgeon AF, Lauzier F, Emond M, Berthelot S, Clement 
J, et al. Evolution of patient outcomes over 14 years in a mature, 
inclusive Canadian trauma system. World J Surg. 
2015;39(6):1397-405. 

209. Moore L, Turgeon AF, Sirois MJ, Lavoie A. Trauma centre 
outcome performance: a comparison of young adults and geriatric 
patients in an inclusive trauma system. Injury. 2012;43(9):1580-5. 

210. Morshed S, Knops S, Jurkovich GJ, Wang J, MacKenzie E, Rivara 
FP. The impact of trauma-center care on mortality and function 
following pelvic ring and acetabular injuries. J Bone Joint Surg Am. 
2015;97(4):265-72. 

211. Newgard CD, Kuppermann N, Clay Mann N, Haukoos J, 
Staudenmayer K, Sahni R, et al. Understanding under-triage in 
trauma: The roles of age and patient preference in EMS transport 
patterns. Academic Emergency Medicine. 2012;19:S270-S1. 

212. Newgard CD, Meier EN, Bulger EM, Buick J, Sheehan K, Lin S, et 
al. Revisiting the "Golden Hour": An Evaluation of Out-of-Hospital 
Time in Shock and Traumatic Brain Injury. Ann Emerg Med. 
2015;66(1):30-41, e1. 

213. Newgard CD, Yang Z, Nishijima D, McConnell KJ, Trent S, Holmes 
JF, et al. The cost effectiveness of field trauma triage among 
injured adults served by emergency medical services. Academic 
Emergency Medicine. 2015;22(5):S75-S6. 

214. Odetola FO, Gebremariam A. Paediatric trauma in the USA: 
patterns of emergency department visits and associated hospital 
resource use. Int J Inj Contr Saf Promot. 2015;22(3):260-6. 



 

52  Towards an inclusive system for major trauma KCE Report 281S 
 

 

215. Ong AW, Fernandez F, Spinka R, Butler S. Evaluation of 
outcomes after adoption of a three-tiered trauma triage system. 
Journal of the American College of Surgeons. 2014;219(4):e147-
e8. 

216. Pearson WS, Ovalle F, Jr., Faul M, Sasser SM. A review of 
traumatic brain injury trauma center visits meeting physiologic 
criteria from The American College of Surgeons Committee on 
Trauma/Centers for Disease Control and Prevention Field Triage 
Guidelines. Prehosp Emerg Care. 2012;16(3):323-8. 

217. Pegna V, Hewitt R, Iorga R, Wilson M. The development of major 
trauma centres in the UK: Issues and data from the first year of 
operation of a new neurotrauma centre in London. Brain Injury. 
2012;26(4-5):569. 

218. Petitti D, Bennett V, Chao Hu CK. Association of changes in the 
use of board-certified critical care intensivists with mortality 
outcomes for trauma patients at a well-established level I urban 
trauma center. J Trauma Manag Outcomes. 2012;6:3. 

219. Putnam T, Hogan S, Putnam T, Powell M, Hill C, Conaway G, et 
al. Crisis of critical care costs in a geriatric trauma population: 10-
Year rural trauma system analysis. Critical Care Medicine. 
2014;42(12):A1566. 

220. Raatiniemi L, Liisanantti J, Niemi S, Nal H, Ohtonen P, Antikainen 
H, et al. Short-term outcome and differences between rural and 
urban trauma patients treated by mobile intensive care units in 
Northern Finland: a retrospective analysis. Scand J Trauma 
Resusc Emerg Med. 2015;23:91. 

221. Raj R, Siironen J, Kivisaari R, Kuisma M, Brinck T, Lappalainen J, 
et al. Factors correlating with delayed trauma center admission 
following traumatic brain injury. Scand J Trauma Resusc Emerg 
Med. 2013;21:67. 

222. Rhinehart ZJ, Guyette FX, Sperry JL, Forsythe RM, Murdock A, 
Alarcon LH, et al. The association between air ambulance 
distribution and trauma mortality. Ann Surg. 2013;257(6):1147-53. 

223. Rogers A, Rogers FB, Schwab CW, Bradburn E, Lee J, Wu D, et 
al. Increased mortality with undertriaged patients in a mature 

trauma center with an aggressive trauma team activation system. 
Eur J Trauma Emerg Surg. 2013;39(6):599-603. 

224. Røislien J, Lossius HM, Kristiansen T. Does transport time help 
explain the high trauma mortality rates in rural areas? New and 
traditional predictors assessed by new and traditional statistical 
methods. Inj Prev. 2015. 21(6):367-73 

225. Rose MK, Cummings GR, Rodning CB, Brevard SB, Gonzalez RP. 
Is helicopter evacuation effective in rural trauma transport? Am 
Surg. 2012;78(7):794-7. 

226. Ruchholtz S, Lefering R, Lewan U, Debus F, Mand C, Siebert H, et 
al. Implementation of a nationwide trauma network for the care of 
severely injured patients. J Trauma Acute Care Surg. 
2014;76(6):1456-61. 

227. Ruscelli P, Buccoliero F. Outcomes in polytrauma: comparison 
between the results achieved in the Cesena Trauma Centre and in 
the Regional Registry of a (RRGT) of Emilia Romagna, Italy. Ann 
Ital Chir. 2014;85(1):6-15. 

228. Saltzherr TP, Bakker FC, Beenen LF, Dijkgraaf MG, Reitsma JB, 
Goslings JC. Randomized clinical trial comparing the effect of 
computed tomography in the trauma room versus the radiology 
department on injury outcomes. Br J Surg. 2012;99 Suppl 1:105-
13. 

229. Schneppendahl J, Lefering R, Kuhne CA, Ruchholz S, Hakimi M, 
Witte I, et al. [Interhospital transfer of severely injured patients in 
Germany. Evaluation of the DGU trauma register]. Unfallchirurg. 
2012;115(8):717-24. 

230. Schoeneberg C, Schilling M, Burggraf M, Fochtmann U, 
Lendemans S. Reduction in mortality in severely injured patients 
following the introduction of the "Treatment of patients with severe 
and multiple injuries" guideline of the German society of trauma 
surgery--a retrospective analysis of a level 1 trauma center (2010-
2012). Injury. 2014;45(3):635-8. 

231. Schoeneberg C, Schilling M, Hussmann B, Schmitz D, Lendemans 
S, Ruchholtz S. Preventable and potentially preventable deaths in 
severely injured patients: a retrospective analysis including 
patterns of errors. Eur J Trauma Emerg Surg. 2016. 



 

KCE Report 281S Towards an inclusive system for major trauma 53 
 

 

232. Schoenfeld AJ, Belmont PJ, Bono CM. Patient demographics, 
insurance status, race and ethnicity as predictors of morbidity and 
mortality following spine trauma: A study utilizing the National 
Trauma Data Bank (NTDB). Spine Journal. 2012;12(9):23S-4S. 

233. Schweigkofler U, Braun J, Schlechtriemen T, Hoffmann R, Lefering 
R, Reimertz C. [Significance of Helicopter Emergency Medical 
Service in Prehospital Trauma Care]. Z Orthop Unfall. 
2015;153(4):387-91. 

234. Schweigkofler U, Reimertz C, Lefering R, Hoffmann R. 
[Importance of air ambulances for the care of the severely injured]. 
Unfallchirurg. 2015;118(3):240-4. 

235. Seid T, Ramaiah R, Grabinsky A. Pre-hospital care of pediatric 
patients with trauma. Int J Crit Illn Inj Sci. 2012;2(3):114-20. 

236. Sharma S, de Mestral C, Hsiao M, Gomez D, Haas B, Rutka J, et 
al. Benchmarking trauma center performance in traumatic brain 
injury: the limitations of mortality outcomes. J Trauma Acute Care 
Surg. 2013;74(3):890-4. 

237. Sharma S, Gomez D, de Mestral C, Hsiao M, Rutka J, Nathens 
AB. Emergency access to neurosurgical care for patients with 
traumatic brain injury. J Am Coll Surg. 2014;218(1):51-7. 

238. Shaw JJ, Psoinos CM, Santry HP. It's All About Location, Location, 
Location: A New Perspective on Trauma Transport. Ann Surg. 
2016;263(2):413-8. 

239. Sise RG, Calvo RY, Spain DA, Weiser TG, Staudenmayer KL. The 
epidemiology of trauma-related mortality in the United States from 
2002 to 2010. J Trauma Acute Care Surg. 2014;76(4):913-9; 
discussion 20. 

240. Smith M, Gill K, Bhullar I. Trauma center volume does not affect 
mortality of blunt traumatic brain injury: Comparison of level I Vs. 
II. Journal of Surgical Research. 2013;179(2). 

241. Stewart CL, Metzger RR, Pyle L, Darmofal J, Scaife E, Moulton 
SL. Helicopter versus ground emergency medical services for the 
transportation of traumatically injured children. J Pediatr Surg. 
2015;50(2):347-52. 

242. Stiles PJ, Helmer SD, Ward JG, Reyes J, Harrison PB, Haan JM. 
Pediatric trauma system models: do systems using adult trauma 
surgeons exclusively compare favorably with those using pediatric 
surgeons after initial resuscitation with an adult trauma surgeon? 
Am J Surg. 2015;210(6):1063-8; discussion 8. 

243. Sugerman DE, Xu L, Pearson WS, Faul M. Patients with severe 
traumatic brain injury transferred to a Level I or II trauma center: 
United States, 2007 to 2009. J Trauma Acute Care Surg. 
2012;73(6):1491-9. 

244. Swaroop M, Straus DC, Agubuzu O, Esposito TJ, Schermer CR, 
Crandall ML. Pre-hospital transport times and survival for 
Hypotensive patients with penetrating thoracic trauma. J Emerg 
Trauma Shock. 2013;6(1):16-20. 

245. Tallon JM, Fell DB, Karim SA, Ackroydstolarz S, Petrie D. 
Influence of a province-wide trauma system on motor vehicle 
collision process of trauma care and mortality: a 10-year follow-up 
evaluation. Can J Surg. 2012;55(1):8-14. 

246. Tan XX, Clement ND, Frink M, Hildebrand F, Krettek C, Probst C. 
Pre-hospital trauma care: A comparison of two healthcare 
systems. Indian J Crit Care Med. 2012;16(1):22-7. 

247. Tarima S, Ertl A, Groner JI, Cassidy LD. Factors associated with 
patients transferred from undesignated trauma centers to trauma 
centers. J Trauma Acute Care Surg. 2015;79(3):378-85. 

248. Taylor C, Jan S, Curtis K, Tzannes A, Li Q, Palmer C, et al. The 
cost-effectiveness of physician staffed Helicopter Emergency 
Medical Service (HEMS) transport to a major trauma centre in 
NSW, Australia. Injury. 2012;43(11):1843-9. 

249. Tazarourte K, Cesareo E, Sapir D, Atchabahian A, Tourtier JP, 
Briole N, et al. Update on prehospital emergency care of severe 
trauma patients. Ann Fr Anesth Reanim. 2013;32(7-8):477-82. 

250. Tepas JJ, 3rd, Pracht EE, Orban BL, Flint LM. High-volume trauma 
centers have better outcomes treating traumatic brain injury. J 
Trauma Acute Care Surg. 2013;74(1):143-7; discussion 7. 



 

54  Towards an inclusive system for major trauma KCE Report 281S 
 

 

251. Theobald CN, Russ S, Ehrenfeld J, Kripalani S. Interhospital 
transfers: Patient characteristics and outcomes. Journal of General 
Internal Medicine. 2014;29:S129-S30. 

252. Timm A, Maegele M, Lefering R, Wendt K, Wyen H. Pre-hospital 
rescue times and actions in severe trauma. A comparison between 
two trauma systems: Germany and the Netherlands. Injury. 
2014;45 Suppl 3:S43-52. 

253. Uleberg O, Vinjevoll OP, Kristiansen T, Klepstad P. Norwegian 
trauma care: a national cross-sectional survey of all hospitals 
involved in the management of major trauma patients. Scand J 
Trauma Resusc Emerg Med. 2014;22:64. 

254. Van Laarhoven JJEM, Van Lammeren GW, Houwert RM, Van 
Laarhoven CJHCM, Hietbrink F, Leenen LPH, et al. Isolated hip 
fracture care in an inclusive trauma system: A trauma system wide 
evaluation. Injury. 2015;46(6):1042-6. 

255. Vanni AJ, Hotaling J, Hamlat C, Jurkovich GJ, Voelzke BB. Do 
inclusive trauma systems improve outcomes after renal trauma? 
Journal of Trauma and Acute Care Surgery. 2012;72(2):385-9. 

256. Villegas CV, Dineen HA, Sadoun M, Wynne JL, Friese RS, Tang 
A, et al. Are all trauma centers equal: Analyzing pediatric 
outcomes. Journal of the American College of Surgeons. 
2012;215(3):S100. 

257. Vyhnanek F, Fric M, Pazout J, Waldauf P, Ocadlik M, Dzupa V. 
[Present concept for management of severely injured patients in 
Trauma Centre Faculty Hospital Kralovske Vinohrady]. Cas Lek 
Cesk. 2012;151(10):468-71. 

258. Waxman K, Izfar S, Grotts J. The mortality risk from motor vehicle 
injuries in California has increased during the last decade. Journal 
of Trauma and Acute Care Surgery. 2012;73(3):716-20. 

259. Weinberg JA, Fabian TC. Does Volume Affect Outcome with 
Severe Trauma? Adv Surg. 2015;49:235-45. 

260. Wesson JB, Kupperschmidt B. Rural trauma telemedicine. J 
Trauma Nurs. 2013;20(4):199-202. 

261. Whiteman C, Doerr R, Shaver E, Davidov D, Davis SM, Lander O, 
et al. Emergency medical service resuscitative interventions in 

north-central west virginia trauma activation criteria patients: A ten 
year experience. Circulation. 2013;128(22). 

262. Wise J. More patients are surviving major trauma since reform of 
services. Bmj. 2014;349:g4369. 

263. Wong K, Rich J, Yip G, Loizou C, Hull P. Management of hip 
fractures pre- and post-Major Trauma Centre activation. Injury. 
2015;46(10):1975-7. 

264. Wong TH, Lumsdaine W, Hardy BM, Lee K, Balogh ZJ. The impact 
of specialist trauma service on major trauma mortality. J Trauma 
Acute Care Surg. 2013;74(3):780-4. 

265. Woodford M, Lawrence T, Bouamra O, Edwards A, Lecky F. Major 
trauma audit: Metrics for improving care. African Journal of 
Emergency Medicine. 2013;3(4):S10. 

266. Zafar SN, Obirieze A, Schneider EB, Hashmi ZG, Scott VK, 
Greene WR, et al. Outcomes of trauma care at centers treating a 
higher proportion of older patients: the case for geriatric trauma 
centers. J Trauma Acute Care Surg. 2015;78(4):852-9. 

267. Zocchi M, Pines J. Comparison of mortality, charges, and 
procedure use among injured adults at hospitals and trauma 
centers in california. Academic Emergency Medicine. 
2013;20(5):S173-S4. 

268. Zocchi MS, Hsia RY, Carr BG, Sarani B, Pines JM. Comparison of 
Mortality and Costs at Trauma and Nontrauma Centers for Minor 
and Moderately Severe Injuries in California. Ann Emerg Med. 
2016;67(1):56-67.e5. 

269. 20 years of trauma documentation in Germany--actual trends and 
developments. Injury. 2014;45 Suppl 3:S14-9. 

270. Biewener A, Aschenbrenner U, Sauerland S, Zwipp H, Rammelt S, 
Sturm J. Impact of rescue pathway and hospital volume on the 
mortality of polytraumatized patients. Status report. Unfallchirurg. 
2005;108(5):370-7. 

271. Caputo LM, Salottolo KM, Slone DS, Mains CW, Bar-Or D. The 
relationship between patient volume and mortality in American 
trauma centres: a systematic review of the evidence. Injury. 
2014;45(3):478-86. 



 

KCE Report 281S Towards an inclusive system for major trauma 55 
 

 

272. Celso B, Tepas J, Langland-Orban B, Pracht E, Papa L, 
Lottenberg L, et al. A systematic review and meta-analysis 
comparing outcome of severely injured patients treated in trauma 
centers following the establishment of trauma systems. J Trauma. 
2006;60(2):371-8; discussion 8. 

273. Kim YJ. Relationship of trauma centre characteristics and patient 
outcomes: a systematic review. J Clin Nurs. 2014;23(3-4):301-14. 

274. Mann NC, Mullins RJ, MacKenzie EJ, Jurkovich GJ, Mock CN. 
Systematic review of published evidence regarding trauma system 
effectiveness. Journal of Trauma - Injury, Infection and Critical 
Care. 1999;47(3 SUPPL.):S25-S33. 

275. Bledsoe BE, Wesley AK, Eckstein M, Dunn TM, O'Keefe MF. 
Helicopter scene transport of trauma patients with nonlife-
threatening injuries: a meta-analysis. J Trauma. 2006;60(6):1257-
65; discussion 65-6. 

276. Bøtker MT, Bakke SA, Christensen EF. A systematic review of 
controlled studies: do physicians increase survival with prehospital 
treatment? Scandinavian journal of trauma, resuscitation and 
emergency medicine. 2009;17:12. 

277. Bottiger BW, Bernhard M, Knapp J, Nagele P. Influence of EMS-
physician presence on survival after out-of-hospital 
cardiopulmonary resuscitation: systematic review and meta-
analysis. Critical Care. 2016;20:8. 

278. The Brain Trauma Foundation. The American Association of 
Neurological Surgeons. The Joint Section on Neurotrauma and 
Critical Care. Trauma systems. J Neurotrauma. 2000;17(6-7):457-
62. 

279. Brohi K, Cole E, Hoffman K. Improving outcomes in the early 
phases after major trauma. Curr Opin Crit Care. 2011;17(5):515-9. 

280. Brown JB, Gestring ML. Does helicopter transport impact outcome 
following trauma? Trauma (United Kingdom). 2013;15(4):279-88. 

281. Chiara O, Cimbanassi S. Organized trauma care: does volume 
matter and do trauma centers save lives? Curr Opin Crit Care. 
2003;9(6):510-4. 

282. Davies G, Chesters A. Transport of the trauma patient. Br J 
Anaesth. 2015;115(1):33-7. 

283. Eastman AB, Mackenzie EJ, Nathens AB. Sustaining a 
coordinated, regional approach to trauma and emergency care is 
critical to patient health care needs. Health Aff (Millwood). 
2013;32(12):2091-8. 

284. Fingerhut A, Boffard KD. Impact of trauma societies on the clinical 
care of polytrauma patients. Eur J Trauma Emerg Surg. 
2012;38(3):223-9. 

285. Galvagno Jr Samuel M, Sikorski R, Hirshon Jon M, Floccare D, 
Stephens C, Beecher D, et al. Helicopter emergency medical 
services for adults with major trauma. In: Cochrane Database of 
Systematic Reviews: John Wiley & Sons, Ltd; 2015. 

286. Gruen RL, Gabbe BJ, Stelfox HT, Cameron PA. Indicators of the 
quality of trauma care and the performance of trauma systems. 
British Journal of Surgery. 2012;99(SUPPL. 1):97-104. 

287. Haider AH, Saleem T, Leow JJ, Villegas CV, Kisat M, Schneider 
EB, et al. Influence of the National Trauma Data Bank on the study 
of trauma outcomes: is it time to set research best practices to 
further enhance its impact? J Am Coll Surg. 2012;214(5):756-68. 

288. Harmsen AM, Giannakopoulos GF, Moerbeek PR, Jansma EP, 
Bonjer HJ, Bloemers FW. The influence of prehospital time on 
trauma patients outcome: a systematic review. Injury. 
2015;46(4):602-9. 

289. Harris T, Davenport R, Hurst T, Jones J. Improving outcome in 
severe trauma: trauma systems and initial management: 
intubation, ventilation and resuscitation. Postgrad Med J. 
2012;88(1044):588-94. 

290. Hildebrand F, Pape HC, Horst K, Andruszkow H, Kobbe P, Simon 
TP, et al. Impact of age on the clinical outcomes of major trauma. 
Eur J Trauma Emerg Surg. 2015. 42(3):317-32. 

291. Hill AD, Fowler RA, Nathens AB. Impact of interhospital transfer on 
outcomes for trauma patients: a systematic review. J Trauma. 
2011;71(6):1885-900; discussion 901. 



 

56  Towards an inclusive system for major trauma KCE Report 281S 
 

 

292. Hodgetts TJ, Smith J. Essential role of prehospital care in the 
optimal outcome from major trauma. Emergency Medicine. 
2000;12(2):103-11. 

293. Hulka F. Pediatric trauma systems: critical distinctions. J Trauma. 
1999;47(3 Suppl):S85-9. 

294. Juillard CJ, Mock C, Goosen J, Joshipura M, Civil I. Establishing 
the evidence base for trauma quality improvement: A collaborative 
WHO-IATSIC review. World Journal of Surgery. 2009;33(5):1075-
86. 

295. Jurkovich GJ, Mock C. Systematic review of trauma system 
effectiveness based on registry comparisons. J Trauma. 1999;47(3 
Suppl):S46-55. 

296. Kammerlander C, Roth T, Friedman SM, Suhm N, Luger TJ, 
Kammerlander-Knauer U, et al. Ortho-geriatric service-a literature 
review comparing different models. Osteoporosis International. 
2010;21(SUPPL. 4):S637-S46. 

297. Kivell P, Mason K. Trauma systems and major injury centres for 
the 21st century: an option. Health & Place. 1999;5(1):99-110 12p. 

298. Kortbeek JB. A review of trauma systems using the Calgary model. 
Can J Surg. 2000;43(1):23-8. 

299. Kuhne CA, Ruchholtz S, Sauerland S, Waydhas C, Nast-Kolb D. 
[Personnel and structural requirements for the shock trauma room 
management of multiple trauma. A systematic review of the 
literature]. Unfallchirurg. 2004;107(10):851-61. 

300. Kwon AM, Garbett NC, Kloecker GH. Pooled preventable death 
rates in trauma patients : Meta analysis and systematic review 
since 1990. Eur J Trauma Emerg Surg. 2014;40(3):279-85. 

301. Lansink KW, Leenen LP. Do designated trauma systems improve 
outcome? Curr Opin Crit Care. 2007;13(6):686-90. 

302. Lee DS, Mir HR. Global systems of health care and trauma. J 
Orthop Trauma. 2014;28 Suppl 10:S8-10. 

303. Lendrum RA, Lockey DJ. Trauma system development. 
Anaesthesia. 2013;68 Suppl 1:30-9. 

304. Leppaniemi A. Trauma systems in Europe. Curr Opin Crit Care. 
2005;11(6):576-9. 

305. Lowe RJ, Baker RJ. Organization and function of trauma care 
units. Journal of Trauma. 1973;13(4):285-90. 

306. McCarthy A, Curtis K, Holland AJ. Paediatric trauma systems and 
their impact on the health outcomes of severely injured children: 
An integrative review. Injury. 2016;47(3):574-85. 

307. McDonell AC, Veitch C, Aitken P, Elcock M. The organisation of 
trauma services for rural Australia. Journal of Emergency Primary 
Health Care. 2009;7(2). 

308. Moylan JA. Impact of helicopters on trauma care and clinical 
results. Annals of Surgery. 1988;208(6):673-8. 

309. Mullins RJ, Mann NC. Population-based research assessing the 
effectiveness of trauma systems. Journal of Trauma - Injury, 
Infection and Critical Care. 1999;47(3 SUPPL.):S59-S66. 

310. Pape HC, Neugebauer E, Ridley SA, Chiara O, Nielsen TG, 
Christensen MC. Cost-Drivers in Acute Treatment of Severe 
Trauma in Europe: A Systematic Review of Literature. Eur J 
Trauma Emerg Surg. 2009;35(1):61-6. 

311. Pfeifer R, Tarkin IS, Rocos B, Pape HC. Patterns of mortality and 
causes of death in polytrauma patients--has anything changed? 
Injury. 2009;40(9):907-11. 

312. Pickering A, Cooper K, Harnan S, Sutton A, Mason S, Nicholl J. 
Impact of prehospital transfer strategies in major trauma and head 
injury: systematic review, meta-analysis, and recommendations for 
study design. J Trauma Acute Care Surg. 2015;78(1):164-77. 

313. Radomski M, Zettervall S, Schroeder ME, Messing J, Dunne J, 
Sarani B. Critical Care for the Patient With Multiple Trauma. J 
Intensive Care Med. 2015. 31(5):307-18. 

314. Rainer TH, De Villiers Smit P. Trauma systems and emergency 
medicine. Emergency Medicine. 2003;15(1):11-7. 

315. Snooks HA, Nicholl JP, Brazier JE, Lees-Mlanga S. The costs and 
benefits of helicopter emergency ambulance services in England 
and Wales. Journal of Public Health Medicine. 1996;18(1):67-77. 

316. Tai MCK, Cheng RCH, Rainer TH. Trauma systems: Do trauma 
teams make a difference? Trauma. 2011;13(4):294-9. 



 

KCE Report 281S Towards an inclusive system for major trauma 57 
 

 

317. Williams T, Finn J, Fatovich D, Jacobs I. Outcomes of different 
health care contexts for direct transport to a trauma center versus 
initial secondary center care: a systematic review and meta-
analysis. Prehosp Emerg Care. 2013;17(4):442-57. 

318. Zalstein S, Cameron PA. Helicopter emergency medical services: 
Their role in integrated trauma care. Australian and New Zealand 
Journal of Surgery. 1997;67(9):593-8. 

 


	Blank Page
	Blank Page

