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Introduction: Defining major trauma (MT) with an Injury Severity Score (ISS) > 15 has limitations. This threshold
is used for concentrating MT care in networks with multiple levels of trauma care.

Objective: This study aims to identify subgroups of severely injured patients benefiting on in-hospital mortality
and non-fatal clinical outcome measures in an optimal level of trauma care.

Methods: A multicentre retrospective cohort study on data of the Dutch National Trauma Registry, region South
West, from January 1, 2015 until December 31, 2019 was conducted. Patients > 16 years admitted within 48 h
after trauma transported with (H)EMS to a level I trauma centre (TC) or a non-level I trauma facility with a
Maximum Abbreviated Injury Scale (MAIS) > 3 were included. Patients with burns or patients of > 65 years with
an isolated hip fracture were excluded. Logistic regression models were used for comparing level I with non-level
L. Subgroup analysis were done for MT patients (ISS > 15) and non-MT patients (ISS 9-14).

Resulits: A total of 7,493 records were included. In-hospital mortality of patients admitted to a non-level I trauma
facility did not differ significantly from patients admitted to the level I TC (adjusted Odds Ratio (OR): 0.94; 95%
confidence interval (CI) 0.68-1.30). This was also applicable for MT patients (OR: 1.06; 95% CI 0.73-1.53) and
non-MT patients (OR: 1.30; 95% CI (0.56-3.03). Hospital and ICU LOS were significantly shorter for patients
admitted to a non-level I trauma facilities, and patients admitted to a non-level I trauma facility were more likely
to be discharged home. Findings were confirmed for MT and non-MT patients, per injured body region.
Conclusion: All levels of trauma care performed equally on in-hospital mortality among severely injured patients
(MAIS > 3), although patients admitted to the level I TC were more severely injured. Subgroups of patients by
body region or ISS, with a survival benefit or more favorable clinical outcome measures were not identified.
Subgroups analysis on clinical outcome measures across different levels of trauma care in an inclusive trauma
network is too simplistic if subgroups are based on injuries in specific body region or ISS only.

Introduction isolated or minor injuries. Level II facilities are able to provide acute care

for severely injured patients, if these patients are hemodynamically

Since the implementation of trauma networks, care for the most
severely injured patients is much more organized and in-hospital mor-
tality has been reduced [1]. Severely injured patients treated in level I
trauma centres (TC) have a survival benefit as compared to non-level I
trauma facilities [2-6]. The Dutch trauma system consists of regional-
ized inclusive trauma networks, in which hospitals have designated
levels of trauma care following specific criteria established by the Dutch
Trauma Society. Level III facilities are intended for stable patients with

stable and do not require neurosurgical care. Level I TC’s provide a fully
equipped TC with twenty-four-seven availability of neurosurgery, and
an Intensive Care Unit (ICU) with a minimum capacity of twelve beds,
with one ICU bed available for acute trauma at all times. Level I TC’s are
intended for the most severely injured, also referred to as major trauma
(MT) patients, and have to meet volume requirements of more than 240
MT patients per year. National regulations require that 90% of all MT
patients must be primary admitted to level I TC’s [2,7-9].
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Fig. 1. Flowchart of patient record selection.

As in the Netherlands, MT is generally defined as an Injury Severity
Score (ISS) > 15 [10,11]. Classifying MT based on ISS alone has limi-
tations [12]. Defining MT with an anatomical sum score does not
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compensate for many possible combined injuries, and multiple lesions in
the same body region. The new ISS (NISS) does compensate for the
latter, however is not implemented as an quality indicator. Severely
injured, major trauma, severe monotrauma (barytrauma), and poly-
traumatized patients can all have different injury patterns, with the
same ISS. Other factors that determine severe injuries, such as physio-
logical parameters, are also not part of the ISS.

The ISS has an evaluative character and is not readily available
during on-scene acute care management [2]. Despite national guidelines
of treating 90% of all MT patients in level I TC’s, approximately one
third of all MT patients are admitted to Dutch non-level I trauma facil-
ities [9,13]. This addresses discrepancies of what is considered to be a
MT by paramedics and physicians on-scene with following clinical acute
care setting, compared with an anatomical sum score in retrospect. In
addition, a recent Dutch study showed around 50% of trauma patients
secondary transferred from a level II facility to a level I TC had an ISS (
15 [14]. The current definition of MT, possibly does not include all
patients benefiting a specific level of trauma care. Either, severely
injured patients without an ISS ) 15 can benefit from level I TC care, or
severely injured patients with an ISS > 15 do not necessary depend on
level I TC care for a favorable outcome.

This calls for an evaluation of clinical outcome measures of the
severely injured across different levels of trauma care from an inclusive
trauma region perspective. This study aims to identify severely injured
(Maximum Abbreviated Injury Scale (MAIS) > 3) patients, with an ISS >
15 or not, benefiting on in-hospital mortality and non-fatal clinical
outcome measures in an optimal level of trauma care.

Methods
Study design

A multicentre retrospective cohort study was reported in accordance
with the STROBE statement [15]. Data from the Dutch National Trauma

Registry (DNTR), [16] collected in trauma region Southwest
Netherlands, was used. All hospitals in trauma region Southwest

Crude mortality

Subgroup Level | Non-level | Adj:usted odds
ratio (95% Cl)
Injury Severity
Non-MT 12/1030 76/4127 = 1.30[0.56-3.03]
MT 401/1732 105/604 —— 1.06 [0.73-1.53]
Body region
Head 287/1278 82/1071 —— 0.79 [0.49-1.25]
Thorax 148/877 44/910 — & 0.83 [0.43-1.57]
Abdomen 35/213 8/93 — 0.43 [0.10-1.88]
Spine 65/502 15/296 b 0.95 [0.32-2.79]
Lower extremity 40/584 30/2365 e 0.85 [0.29-2.45]
Overall 413/2762 181/4731 ? 0.94 [0.68-1.30]

Adjusted odds ratio

Favours non-level | Favours level |

Fig. 2. Forest plot adjusted odds ratios of in-hospital mortality from patients admitted to non-level I trauma facilities versus the level I trauma centre.
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Table 1
Baseline characteristics per level of trauma care overall, and per ISS category.
Overall ISS > 15 1SS 9-14
Level I non-Level I p-value Level I non-Level I p-value Level I non-Level I p-value
(n = 2762) (n = 4731) (n=1732) (n = 604) (n =1030) (n=4127)
Sex male 1967 (71.2) 2511 (53.1) <0.001 1241 (71.7) 342 (56.6) <0.001 726 (70.5) 2169 (52.6) <0.001
Age 50 (21) 64.7 (18.9) <0.001 51.3 (20.4) 67.9 (20.7) <0.001 49 (21) 64 (9) <0.001
Comorbidity Healthy 1275 (47.8) 1396 (29.6) <0.001 780 (47.4) 145 (24.2) <0.001 495 (48.6) 1251 (30.4) <0.001
Mild 1112 (41.7) 2493 (52.9) 694 (42.2) 324 (54.0) 418 (41.0) 2169 (52.8)
Severe 224 (8.4) 746 (15.8) 145 (8.8) 113 (18.8) 79 (7.8) 633 (15.4)
Unstable 54 (2.0) 77 (1.6) 27 (1.6) 18 (3.0) 27 (2.7) 59 (1.4)
SBP < 90 152 (5.8) 58 (1.3) <0.001 135 (8.4) 19 (3.3) <0.001 17 (1.7) 39 (1.0) 0.072
RR 18.9 (6.1) 16.9 (4.7) <0.001 18 (16, 22) 18 (15, 21) 0.006 18 (15, 20) 16 (14, 18) <0.001
BMR 4.6 (2.1) 5.9 (0.6) <0.001 6 (1,6) 6 (6,6) <0.001 6 (6,6) 6 (6,6) <0.001
Transfer in 433 (15.7) 147 (3.1) <0.001 279 (16.1) 12 (2.0) <0.001 154 (15.0) 135 (3.3) <0.001
1SS 20.8 (11.8) 11.4 (4.7) <0.001 25 (18, 30) 19 (17, 25) <0.001 10 (9, 13) 9 (9, 10) <0.001
Injury Penetrating 226 (8.2) 49 (1.0) <0.001 109 (6.3) 6 (1.0) <0.001 117 (11.4) 43 (1.0) <0.001
Blunt 2536 (91.8) 4682 (99.0) 1623 (93.7) 598 (99.0) 913 (88.6) 4084 (99.0)
MAIS > 3 Head 1278 (46.3) 1071 (22.6) <0.001 982 (56.7) 317 (52.5) 0.073 296 (29) 754 (18.3) <0.001
Face 71 (2.6) 24 (0.5) <0.001 62 (3.6) 10 (1.7) 0.019 9(0.9) 14 (0.3) 0.021
Neck 65 (2.4) 10 (0.2) <0.001 43 (2.5) 4(0.7) 0.006 22 (2.1) 6(0.2) <0.001
Thorax 877 (31.8) 910 (19.2) <0.001 715 (41.3) 211 (34.9) 0.006 162 (15.7) 699 (16.9) 0.352
Abdomen 213 (7.7) 93 (2.0) <0.001 182 (10.5) 53 (8.8) <0.001 31 (3.0) 40 (1.0) <0.001
Spine 502 (18.2) 296 (6.3) <0.001 332(19.2) 53 (8.8) <0.001 170 (16.5) 243 (5.9) <0.001
Arm 104 (1.3) 101 (2.1) <0.001 38 (2.2) 4(0.7) 0.015 66 (6.4) 65 (1.6) <0.001
Leg 584 (21.1) 2365 (50.0) <0.001 311 (18.0) 105 (17.4) 0.752 273 (26.5) 2260 (54.8) <0.001
External 103 (3.7) 101 (2.1) <0.001 82 (4.7) 38 (6.3) 0.135 21 (2.0) 63 (1.5) 0.245

Continuous variables are displayed as mean (SD;% missing) or median (((P25-P75;% missing), categorical variables are displayed as n (%;% missing). SBP, Systolic
Blood Pressure; RR, Respiratory Rate; BMR, Best Motor Response; ISS, Injury Severity Score; MAIS, Maximum Abbreviated Injury Scale. Overall, comorbidity, SBP, RR,
and BMR had missing value (1.5%, 7%, 37.5%, 16.5%, respectively), the other variables had no missing values.

Table 2
Clinical outcome measures per level of trauma care overall, and per ISS category.
Overall
Level I non-Level I p-value
(n =2762) (n = 4731)
Mortality 413 (15.0) 181 (3.8) <0.001
HLOS 8 (4, 15) 64,9 <0.001
ICU 1186 (42.9) 828 (17.5) <0.001
ICU LOS 4(2,11) 2(2,3) <0.001
Discharged home 1338 (48.4) 2915 (61.6) <0.001
ISS > 15
Level I non-Level I p-value
(n =1732) (n = 604)
Mortality 401 (23.2) 105 (17.4) 0.003
HLOS 10 (4,19) 7 (4,12) <0.001
ICU 1029 (59.4) 249 (41.2) <0.001
ICU LOS 5(2,11) 3(2,5) <0.001
Discharged home 582 (33.6) 262 (43.4) <0.001
ISS 9-14
Level I non-Level I p-value
(n =1030) (n = 4.127)
Mortality 12 (1.2) 76 (1.8) 0.133
HLOS 6 (3, 10) 54,9 0.027
ICU 157 (15.2) 579 (14.0) 0.319
ICU LOS 32,4 2(1,3) 0.006
Discharged home 756 (73.4) 2653 (64.3) <0.001

Data are shown as median (P25-P75) or as n (%). LOS, Length Of Stay; ICU,
Intensive Care Unit.

Netherlands participate in the DNTR and entail one level I TC, five level
II and five Level III trauma facilities. Dutch TC level criteria re-
quirements are similar to those of the American College of Surgeons
Committee on Trauma (ACS-COT) [17]. All patients admitted to an
emergency department (ED), within 48 h after trauma, following hos-
pitalization or death in the ED, excluding dead on arrival, are included in
the DNTR, and injuries are coded using AIS 2005 update 2008 [18]. All
trauma patients, aged > 16, with a maximum abbreviated injury scale
(MAIS) > 3, admitted to a level I TC, or level II, or III trauma facility,
between January 1, 2015, and December 31, 2019, were included for
this study. Initial transport to the ED was provided by (helicopter)

emergency medical services ((H)EMS). If patients were transferred be-
tween hospitals within 48 h after trauma, the primary registry was
excluded, to avoid patient doubling. Patients with burn injuries, or > 65
years with an ISS < 15 and a proximal femoral or femoral shaft fracture
incurred in a private setting, were excluded to avoid selection bias ().

Data collection included patient demographics (age, sex, comorbid-
ities by the American Society of Anaesthesiologists physical status
classification (ASA)), ED physiological parameters (best motor response
(BMR), respiratory rate (RR), systolic blood pressure (SBP)), injury
characteristics (ISS, MAIS per body region, type of injury (blunt or
penetrating), cause of injury), and level of trauma care. A transfer var-
iable was created, to adjust for potential selection bias. The primary
outcome measure was in-hospital mortality, and secondary outcome
measures were hospital length of stay (LOS), ICU length of stay (ICU
LOS), and discharge home (yes/no).

The local Medical Research Ethics Committee exempted this study
for the level I trauma centre (MEC-2022-0280). Following review of the
protocol, they concluded that the study is not subject to the Medical
Research Involving Human Subjects Act. Other hospital have not
reviewed the protocol. Patient consent was not asked.

Statistical analysis

Statistical analyses were done using the R Project for Statistical
Computing (version 4.0.3) [19].

First, a descriptive analysis was performed for level I versus non-level
I regarding patient, injury and outcome characteristics. Patients were
further divided into MT (ISS > 15) and non-MT (ISS 9-14) for subgroup
analysis.

Shapiro-Wilk’s test was used to test the normality of data. Parametric
variables were tested with a Student’s t-test for two groups and Analysis
of Variance for multiple groups. Non-parametric variables were tested
with the Mann-Whitney U test for two groups and the Kruskall-Wallis
test for multiple groups, followed by a pairwise comparison with the
Mann-Whitney U test as applicable. Descriptive figures were presented
with means and standard deviations for parametric continuous data,
median and first-third quartile for non-parametric continuous data, and
numbers and percentages for categorical data. Missing values were
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Table 3
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Odds ratios and standardized mean differences of in-hospital mortality, hospital LOS, ICU LOS, and discharged home of patients admitted to non-level I trauma fa-
cilities versus level 1 TC.

In-hospital mortality

Hospital LOS

OR (95% CI) p-value OR (95% CI) p-value SMD (95% CI) p-value SMD (95% CI) p-value

Unadjusted Adjusted Unadjusted Adjusted
Overall 0.23 (0.19-0.27) <0.001 0.94 (0.68-1.30) 0.709 —5.03 (—5.49-4.56) <0.001 —2.87 (—3.48-2.26) <0.001
1SS 9-14 1.59 (0.86-2.94) 0.137 1.30 (0.56-3.03) 0.546 —1.45 (-1.89-1.01) <0.001 —1.93 (—2.43-1.44) <0.001
ISS > 15 0.70 (0.55-0.89) 0.003 1.06 (0.73-1.53) 0.766 —5.22 (—6.58-3.86) <0.001 —3.42 (—5.00-1.84) <0.001
Head 0.29 (0.22-0.37) <0.001 0.79 (0.49-1.25) 0.311 —6.23 (-7.26-5.19) <0.001 —2.09 (—3.43-0.76) 0.002
Thorax 0.25 (0.18-0.36) <0.001 0.83 (0.43-1.57) 0.558 —5.89 (-7.04-4.73) <0.001 —1.60 (—3.13-0.07) 0.041
Abdomen 0.48 (0.21-1.08) 0.075 0.43 (0.10-1.88) 0.264 —6.31 (—9.83-2.80) <0.001 —3.66 (—7.80-0.47) 0.083
Spine 0.36 (0.20-0.64) <0.001 0.95 (0.32-2.79) 0.925 —7.25 (-9.16-5.33) <0.001 —4.45 (-6.80-2.11) <0.001
Upper extremity 0.24 (0.03-2.04) 0.191 26.21 (0.00-inf) 0.491 —7.84 (—11.58-4.11) <0.001 —7.08 (—11.36-2.81) 0.001
Lower extremity 0.17 (0.11-0.28) <0.001 0.85 (0.29-2.45) 0.758 —9.44 (-10.23-8.65) <0.001 —6.30 (-7.32-5.28) <0.001

Discharge home ICU LOS
Overall 1.71 (1.56-1.88) <0.001 1.38 (1.18-1.61) <0.001 —4.76 (—5.45-4.06) <0.001 —2.04 (—2.98-1.10) <0.001
1SS 9-14 0.65 (0.56-0.76) <0.001 1.07 (0.88-1.31) 0.494 —1.35 (—2.07-0.64) <0.001 —0.69 (—1.54-0.16) 0.112
ISS > 15 1.51 (1.25-1.83) <0.001 1.97 (1.50-2.58) <0.001 —4.41 (—5.68-3.14) <0.001 —2.75 (—4.18-1.32) <0.001
Head 2.92 (2.47-3.46) <0.001 1.73 (1.31-2.27) <0.001 —5.61 (—7.27-3.95) <0.001 —3.57 (-5.43-1.70) <0.001
Thorax 2.47 (2.04-2.99) <0.001 1.50 (1.08-2.08) 0.015 —5.45 (—6.49-4.42) <0.001 —2.20 (-3.67-0.74) 0.003
Abdomen 2.27 (1.34-3.87) 0.003 3.11 (1.41-6.85) 0.005 —4.40 (-7.21-1.58) 0.003 —1.58 (-5.15-1.99) 0.387
Spine 1.61 (1.21-2.16) 0.001 1.12 (0.71-1.77) 0.622 —6.14 (—10.55-1.72) 0.007 —3.49 (—-8.50-1.51) 0.173
Upper extremity 0.95 (0.49-1.83) 0.877 0.29 (0.10-0.84) 0.022 —6.80 (—13.53-0.07) 0.058 —2.05 (—9.45-5.34) 0.593
Lower extremity 1.14 (0.95-1.37) 0.158 0.99 (0.72-1.36) 0.946 —6.79 (—8.51-5.08) <0.001 —2.09 (—4.80-0.63) 0.133

Level I is the reference in all analyses. Adjusted analyses were run with age, sex, comorbidity, best motor response, systolic blood pressure, and respiratory rate. CI,

Confidence Interval; OR, Odds Ratio; SMR, Standardized Mean Differences.

reported when appropriate.

Second, covariates RR, SBP, BMR, and ASA were imputed with
multilevel multiple imputation dependent on mechanism of missingness
with the mice package [20].

Unadjusted and adjusted analyses were performed using a fixed ef-
fects logistic regression model for in-hospital mortality and discharge
home (yes/no), and a fixed effects linear regression model for hospital
LOS and ICU LOS. Levels of trauma care were divided into level I TC and
non-level I trauma facility, with the level I TC being the reference
category. Level of trauma care, transfer, type of injury, ISS, BMR, RR,
SBP, ASA, age, and sex were set as independent variables for all analyses.
RR and BMR were log transformed, ISS was modelled with a spline
function with 3 knots, and an interaction term age*sex was added in
accordance with the TARN and TRISS model [21]. For each outcome
measures subgroup analyses were performed for MT (ISS > 15) and
non-MT (ISS 9-14) patients per injured body region.

Results
Study characteristics

A total of 7493 patient records were included, of which 2762 patients
were admitted to the level I TC, 3092 patients to a level II, and 1638
patients to a level III facility (). Patients admitted to the level I TC were
younger, more often male, and had less comorbidities than patients
admitted to a non-level I trauma facility (Continuous variables are dis-
played as mean (SD;% missing) or median (((P25-P75;% missing), cat-
egorical variables are displayed as n (%;% missing)). A larger part of the
level I patients were secondarily admitted after transfer from other
hospitals (n = 433, 15.7%), as opposed to patients admitted to a non-
level I trauma facility (n = 147, 3.1%).

Patients admitted to the level I TC, were more severely injured than
patients admitted to a non-level I trauma facility (ISS respectively 17
(13-26),11.4 (4.7))), and were more likely to suffer from penetrating
injuries (n = 226, 8.2%; n = 49, 1.0%), respectively). Overall, 2336 MT
patients were included; 1732 (74.1%) were admitted to the level I TC
and 604 (25.8%) to a non-level I facility (Continuous variables are dis-
played as mean (SD;% missing) or median (((P25-P75;% missing), cat-
egorical variables are displayed as n (%;% missing)). The proportion
non-MT patients (n = 5157) differed across levels of trauma care as

well; 1030 (20.0%) were admitted to the level I TC and 4127 (80.0%) to
a non-level I facilty.

Overall, the most frequent injured body regions (MAIS > 3) were
lower extremities (n = 2949, 39.4%), head (n = 2349, 31.3%), thorax (n
= 1787, 23.8%), and spine (n = 798, 10.6%) (Continuous variables are
displayed as mean (SD;% missing) or median (((P25-P75;% missing),
categorical variables are displayed as n (%;% missing)). Similar, in non-
level I trauma facilities the most frequent affected body region was
lower extremities n = 2365, 50%), head (n = 1071, 22.6%), thorax (n =
910, 19.2%)), and spine (n = 296, 6.3%). The most frequent injured
body region of patients admitted to the level I TC were, head (n = 1278,
46.3%), thorax (n = 877, 31.8%), lower extremities (n = 584, 21.1%),
and spine (n = 502, 18.18%).

Outcomes

In-hospital mortality

In-hospital mortality differed across levels of trauma care; level In =
413, 15.0%; non-level I trauma facility n = 181, 3.8% (p < 0.001, ).
Univariate analysis showed a lower mortality for non-level I trauma
facilities than the level I TC (OR 0.23 (95% CI 0.19-0.27), p < 0.0001,
Level I is the reference in all analyses. Adjusted analyses were run with
age, sex, comorbidity, best motor response, systolic blood pressure, and
respiratory rate. CI, Confidence Interval; OR, Odds Ratio; SMR, Stan-
dardized Mean Differences). After adjusting for confounders, no differ-
ence in in-hospital mortality was found (OR 0.94 (95% CI 0.68-1.30), p
= 0.709, Level I is the reference in all analyses. Adjusted analyses were
run with age, sex, comorbidity, best motor response, systolic blood
pressure, and respiratory rate. CI, Confidence Interval; OR, Odds Ratio;
SMR, Standardized Mean Differences, ). In the multivariate analysis MT
patients showed no difference in in-hospital mortality (OR 1.06 (95% CI
0.73-1.53), p = 0.7663, Level I is the reference in all analyses. Adjusted
analyses were run with age, sex, comorbidity, best motor response,
systolic blood pressure, and respiratory rate. CI, Confidence Interval;
OR, Odds Ratio; SMR, Standardized Mean Differences, ). Among non-MT
patients, there was no significant difference for adjusted in-hospital
mortality (OR: 1.30 (95% CI 0.56-3.03), p = 0.546, Level I is the
reference in all analyses. Adjusted analyses were run with age, sex, co-
morbidity, best motor response, systolic blood pressure, and respiratory
rate. CI, Confidence Interval; OR, Odds Ratio; SMR, Standardized Mean
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Differences, ). With regard to body regions, the biggest difference in
overall crude in-hospital mortality was found in patients with severe
head injuries (level I n = 287, 22.5%; level Il n = 53, 7.6%); level Il n =
29, 7.8%; ). Univariate analysis showed a lower in-hospital mortality in
patients admitted to non-level I trauma facilities for all body regions,
which was significant for patients injured to the head, thorax, spine, and
lower extremities (Level I is the reference in all analyses. Adjusted an-
alyses were run with age, sex, comorbidity, best motor response, systolic
blood pressure, and respiratory rate. CI, Confidence Interval; OR, Odds
Ratio; SMR, Standardized Mean Differences). In multivariable analyses
all body regions showed no significant in-hospital mortality difference
between non-level I trauma facilities and the level I TC (Level I is the
reference in all analyses. Adjusted analyses were run with age, sex, co-
morbidity, best motor response, systolic blood pressure, and respiratory
rate. CI, Confidence Interval; OR, Odds Ratio; SMR, Standardized Mean
Differences, ).

Hospital LOS

MT patients had a significant shorter hospital LOS in level II and III
facilities (6.0 (4.0-9.0)) than in the level I TC (9.5 (4.0, 19.0), p<0.001,
). Comparing the level I TC with non-level trauma facilities resulted in an
unadjusted SMD (95% CI) of —5.22 (—6.58-3.86, p<0.001), and an
adjusted SMD (95% CI) of —3.42 (—5.00-1.84, p<0.001, Level I is the
reference in all analyses. Adjusted analyses were run with age, sex, co-
morbidity, best motor response, systolic blood pressure, and respiratory
rate. CI, Confidence Interval; OR, Odds Ratio; SMR, Standardized Mean
Differences). For non-MT patients, multivariable analyses showed a
significant shorter hospital LOS in non-level I trauma facilities (SMD
(95% CI) —1.93 (—2.431.44), p<0.001, Level I is the reference in all
analyses. Adjusted analyses were run with age, sex, comorbidity, best
motor response, systolic blood pressure, and respiratory rate. CI, Con-
fidence Interval; OR, Odds Ratio; SMR, Standardized Mean Differences).
When comparing hospital LOS per injured body region across different
levels of trauma care, patients admitted to non-level I trauma facilities
were shorter hospitalized in all analyses (, Level I is the reference in all
analyses. Adjusted analyses were run with age, sex, comorbidity, best
motor response, systolic blood pressure, and respiratory rate. CI, Con-
fidence Interval; OR, Odds Ratio; SMR, Standardized Mean Differences,
).

ICU LOS

The level I TC had more ICU-admitted patients (n = 1186, 42.9%)
than non-level I trauma facilities (n = 828, 17.5%) facilities (). Patients
admitted to the ICU in non-level I trauma facilities had a shorter ICU
LOS, remaining significant in multivariable analysis (SMD (95% CI)
—2.04 (—2.98—1.10), p<0.001, Table 3). The ICU admission rate of MT
patients in the level I TC was higher (n = 1029, 59.4%) than in non-level
I trauma facilities (n = 1029, 59.4%, p<0.001, ). MT patients showed a
significant shorter ICU LOS in level II and III facilities in adjusted
analysis (SMD (95% CI) —2.75 (—4.18—1.32), p<0.001 (Level I is the
reference in all analyses. Adjusted analyses were run with age, sex, co-
morbidity, best motor response, systolic blood pressure, and respiratory
rate. CI, Confidence Interval; OR, Odds Ratio; SMR, Standardized Mean
Differences). Multivariable analysis for non-MT patients resulted in a
non-significantly different ICU LOS across level of trauma care (SMD
(95% CI) —0.69 (—1.54-0.16), p = 0.112, Level I is the reference in all
analyses. Adjusted analyses were run with age, sex, comorbidity, best
motor response, systolic blood pressure, and respiratory rate. CI, Con-
fidence Interval; OR, Odds Ratio; SMR, Standardized Mean Differences).
When comparing ICU LOS per injured body region across the different
levels of trauma care, patients admitted to non-level I trauma facilities
were indicative for a shorter ICU LOS in all analysis and was signifi-
cantly shorter for patients with head (adjusted SMD (95% CI) —3.57
(—5.43-1.70), p<0.001) or thoracic (SMD (95% CI) -2.20
(—3.67-0.74), p = 0.003) injuries, in adjusted analysis (Table 2,
Table 3).
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Discharge home

Overall, patients admitted to a level II or a level III facility were
significantly more often discharged home (n = 2915, 61.6%) than in
level I (n = 1338, 48.8%, p<0.001, ). This was similar for MT patients
(non-level I n = 262, 43.4%; level I n = 583, 33.6%, p<0.001, ),
remaining significant throughout multivariable analysis (OR (95% CI)
1.97 (1.50-2.58), p<0.001, Level I is the reference in all analyses.
Adjusted analyses were run with age, sex, comorbidity, best motor
response, systolic blood pressure, and respiratory rate. CI, Confidence
Interval; OR, Odds Ratio; SMR, Standardized Mean Differences). Non-
MT patients admitted to the level I TC were more often discharged
home (n = 756, 73.4%) than patients admitted to non-level I trauma
facilities (n = 2653, 64.3%, p<0.001, ). In multivariate analysis this
difference disappeared (OR (95% CI) 1.07 (0.88-1.31), p = 0.494,
Table 3). Patients with head, thorax, or abdominal injuries had a higher
chance to be discharged home when admitted to a non-level I trauma
facility in multivariate analysis (respectively OR (95% CI) 1.73
(1.31-2.27), p<0.001; OR (95% CI) 1.50 (1.08-2.08), p = 0.015; OR
(95% CI) 3.11 (1.41-6.85), p = 0.005). For patients with injured upper
extremities multivariate analysis showed they were more likely to return
home when admitted to the level I TC (OR (95% CI) 0.29 (0.10-0.84), p
= 0.022). The proportion of patients discharged home with spinal or
lower extremity injuries did not differ across levels of trauma care in
multivariate analysis.

Discussion

This study aimed to identify severely injured patients benefiting on
in-hospital mortality and non-fatal clinical outcome measures in an
optimal level of trauma care. Level I TC’s perform equally as non-level I
trauma facilities, when looking at in-hospital mortality among severely
injured patients (MAIS > 3), even though patients admitted to level I
TC’s were more severely injured. Patients admitted to a non-level I
trauma facility had a shorter hospital and ICU stay, and were more likely
to be discharged home. These results were consistent across level of
trauma care for MT patients (ISS > 15) and non-MT patients (ISS 9-14),
as well as for analyses per injured body region. Compared to other body
regions, there was a high difference in the number of head trauma, and
associated in-hospital mortality, of this population in the level I TC
compared to non-level I trauma facilities. It seems reasonable this was
due to the regional function of the level I TC as a neuro-surgical centre
around the clock.

Previously reported survival benefits for MT patients admitted to a
level I TC,[2-4,22,23] did not match our current findings. Studies
reporting similar performance of level I and level II facilities are not
uncommon. Such results have been described in general MT populations
and geriatric trauma patients, as well as in more specific populations,
such as trauma patients with severe thoracic injuries, elderly with
thoracic injuries, severe traumatic brain injuries, severe traumatic
abdominal injuries, severe traumatic pelvic injuries and traumatic spine
injuries [24-36]. In addition, a recent study comparing clinical out-
comes between level I and II TC’s of patients with combined burn in-
juries and other physical trauma, a group known to have high rates of
morbidity and mortality, found no in-hospital mortality difference [37].

Studies reporting similar performance of level I and non-level I
trauma facilities are USA originated and included American College of
Surgeons Committee on Trauma (ACS-COT) verified TC’s. The Dutch TC
level criteria requirements are quite similar to those of ACS-COT,
making Dutch and American studies comparable [8,17]. A plausible
explanation for the current results and above mentioned studies
reporting similar performance of level I and non-level I trauma facilities,
is that the difference between level I and level II trauma care has reduced
since the trauma networks were implemented 30 years ago [35]. Med-
ical advances, intensive collaboration between hospitals and better
prehospital triage in trauma regions have accelerated quality of care in
the Netherlands and led to a mature trauma system, in terms of



L.A. Rojer et al.

in-hospital mortality rates and efficiency in the trauma chain construct
such as type of surgeon and the availability of HEMS [2,38].

Another point of consideration is the definition of MT based on an
anatomical sum score, this is a general criterion. As mentioned, the ISS
has limitations. Also, it does not include physiological parameters, or
trauma mechanism, and it does not take multiple injuries in the same
body region into account (NISS could serve as an alternative, but is still
anatomy based). For example, TBI patients with or without rapid
neurological deterioration can have the same ISS, but require different
treatment. The first patient might require acute neurosurgery and
extensive care, thus admittance to a level I TC, whereas the latter could
be safely managed with (initial) conservative treatment in a level II fa-
cility. This was illustrated by a recent study including traumatic brain
injury (TBI) patients with an acute subdural haematoma comparing
surgical evacuation with initial conservative treatment. That study re-
ported that acute surgical evacuation was not associated with better
functional outcome [39].

Adding physiological parameters as introduced with the Berlin pol-
ytrauma definition, can be of additive value for classification of patients
with multiple severe injuries and a high mortality risk [40-42]. This
definition does not include patients with severe isolated injuries (SII,
MAIS >4), which makes up for 50% of the MT population in the
Netherlands and is considered a high risk entity as well [43]. Both MT
patients following the BPD and MT patients with severe isolated injuries
are part of the MT population defined with ISS>15. Both MT groups
have different injury patterns and can result in a different physiological
response. In that sense, the greater part of a ISS > 15 threshold for major
trauma patients seems well defined (a combination of SII and BPD). It
would be of great value for policy makers to create an overview of which
specific combination of severe injuries and what specific isolated severe
injuries create a high risk patient profile.

Demetriades et al. examined patients with specific, isolated severe
injuries and found a survival benefit for patients admitted to an ACS
level I TC as compared to level II TC’s [44]. Based on this study, one
could argue that a large proportion of overtriage is needed for a small
group of patients with specific severe injuries to have a benefit of trauma
care by being admitted to a level I TC.

By identifying patient profiles in need of a specific level of trauma
care, contemporary trauma care could be more efficient and cost-
effective, while improving clinical outcomes and quality of life. Addi-
tional research should focus on identifying which severely injured pa-
tients require a specific level of trauma care, in order to optimize the
current trauma care network chain. Combining predictive parameters
for ISS > 15 or alternative classification parameters in the prehospital
and clinical setting, will improve our knowledge of which trauma pa-
tients are admitted to the appropriate trauma facility for optimal care.
Complementary, this way the quality indicator, how it is presented now,
will be able to evolve following contemporary trauma care.

Limitations

First, the retrospective design is limited with several biases. Second,
patients admitted to the level I TC were younger, had less comorbidities,
poorer ED physiological parameters, higher injury severity scores, and
were more likely to be secondary admitted than patients admitted to a
non-level I trauma facility. Although we adjusted for these confounders,
unmeasured confounding such as time from injury to treatment, pres-
ence of the systemic inflammatory response syndrome[46], undiag-
nosed comorbidities, or the presence of obesity[47], cannot be excluded.
Third, another important limitation is statistical power. Even though the
overall sample size consists of 7493 patient records, sample sizes of some
subgroups were small, especially subgroups in non-level I trauma fa-
cilities. Fourth, field triage criteria that can adequately predict MT (ISS
> 15) do not yet exist [2]. Instead, paramedics and physicians use on
scene vital parameters, guidelines, and maybe even more importantly
instinct and experience to determine which patients require level I
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trauma care, for which we could not adjust.

Strengths

A strength is the use of a large dataset from a trauma region in which
all hospitals participate in trauma registration. The dataset contained
most relevant clinical parameters for predicting in-hospital mortality
[45] and there were hardly any missing data, which allowed multivar-
iable analysis. By adjusting for transfers and excluding elderly patients
with isolated hip fractures, selection bias was minimized. Second,
looking at MT populations and non-MT populations, per injured body
region, has given a broad overview of clinical outcome measures across
levels of trauma care based on anatomically coded injuries.

Conclusion

This study found that a level I TC performed equally as non-level I
trauma facilities comparing in-hospital mortality among severely
injured patients, while patients admitted to the level I TC were more
severely injured. Hospital and ICU length of stay were significantly
shorter for patients admitted to non-level I trauma facilities and patients
admitted to non-level I trauma facilities were more likely to be dis-
charged home, subgroup analysis confirmed these findings for MT and
non-MT patients and as well for the subgroups per injured body region.
Subgroups analysis on clinical outcome measures across different levels
of trauma care in an inclusive trauma network is too simplistic if sub-
groups are based on injuries in specific body region or ISS only, (Fig. 1,
Fig. 2,Table 1).

Patient and public involvement

Patients were informed on the reporting and dissemination plans of
our research.

Disclaimer

The views expressed in the submitted article are of the authors and
not of the represented institutions. Artificial intelligence was not used
for writing the article.

Author agreement

All authors and author group contributors approved the final
version. All authors and author group contributors warrant that the
article is the authors’ original work, hasn’t received prior publication,
and isn’t under consideration for publication elsewhere.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.injury.2023.111208.

References

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

[2] Hietbrink F, Houwert RM, van Wessem KJP, Simmermacher RKJ, Govaert GAM, de
Jong MB, et al. The evolution of trauma care in the Netherlands over 20 years. Eur
J Trauma Emerg Surg 2020;46(2):329-35.

[3] Van Ditshuizen JC, Van Den Driessche CRL, Sewalt CA, Van Lieshout EMM,
Verhofstad MHJ. Den Hartog D. The association between level of trauma care and


https://doi.org/10.1016/j.injury.2023.111208
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0001
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0001
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0002
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0002
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0002
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0003
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0003

L.A. Rojer et al.

[4

=

[5]

[6

—

[7

—

[8

—

[9

—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

clinical outcome measures: a systematic review and meta-analysis. J Trauma Acute
Care Surg 2020;89(4):801-12.

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

Van Ditshuizen JC, Rojer LA, Van Lieshout EMM, Bramer WM, Verhofstad MHJ,
Sewalt CA, et al. Evaluating associations between level of trauma care and
outcomes of patients with specific severe injuries: a systematic review and meta-
analysis. J Trauma Acute Care Surg 2023;94(6):877-92.

Demetriades D, Martin M, Salim A, Rhee P, Brown C, Chan L. The effect of trauma
Center designation and trauma volume on outcome in specific severe injuries. Ann
Surg 2005;242:512-9.

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.

Nederlandse Vereniging voor Traumachirurgie. Levelcriteria Traumachirurgie
2020-2024, 2020 Available from: https://www.trauma.nl/files/20200205-
Levelcriteria%202020-2024.pdf.

Sturms LM, Driessen MLS, van Klaveren D, Ten Duis HJ, Kommer GJ, Bloemers FW,
et al. Dutch trauma system performance: are injured patients treated at the right
place? Injury 2021;52(7):1688-96.

Baker SP, O’Neill B. The injury severity score: an update. J Trauma 1976;16(11):
882-5.

Baker SP, O’Neill B, Haddon Jr W, Long WB. The injury severity score: a method
for describing patients with multiple injuries and evaluating emergency care.

J Trauma 1974;14(3):187-96.

Palmer C. Major trauma and the injury severity score-where should we set the bar?
Annu Proc Assoc Adv Automot Med 2007;51:13-29.

Landelijk Netwerk Acute Zorg. Landelijke trauma registratie 2016-2020, 2021
Available from: https://www.lnaz.nl/cms/files/rapportage-2020-nl-rectificatie.
pdf.

van den Driessche CRL, Sewalt CA, van Ditshuizen JC, Stocker L, Verhofstad MHJ,
Van Lieshout EMM, et al. Primary admission and secondary transfer of trauma
patients to Dutch level I and level II trauma Centers: predictors and outcomes. Eur
J Trauma Emerg Surg 2021.

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP, et al.
The Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) Statement: guidelines for reporting observational studies. Int J Surg
2014;12(12):1495-9.

Driessen MLS, Sturms LM, Bloemers FW, Ten Duis HJ, Edwards MJR, den Hartog D,
et al. The Dutch nationwide trauma registry: the value of capturing all acute
trauma admissions. Injury 2020;51(11):2553-9.

Rotondo M.C.C, Smith S. Resources for the optimal care of the injured patient 2014
Available from: https://www.facs.org/media/yu0laoqz/resources-for-optimal-
care.pdf.

Association for the Advancement of Automotive M, editor The abbreviated injury
scale 2005—Update 20082008: Association for the Advancement of Automotive
Medicine Barrington, IL.

Core Team R. R: a language and environment for statistical computing. Vienna,
Austria: R Foundation for Statistical Computing; 2022.

Gravesteijn BY, Sewalt CA, Nieboer D, Steyerberg EW, Collaborators C-T. Missing
Data in Prediction Research: A Five-Step Approach for Multiple Imputation,
Tllustrated in the CENTER-TBI Study. J Neurotrauma 2021;38(13):1842-57.
Bouamra O, Jacques R, Edwards A, Yates DW, Lawrence T, Jenks T, et al.
Prediction modelling for trauma using comorbidity and ’true’ 30-day outcome.
Emerg Med J 2015;32(12):933-8.

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.

Cudnik MT, Newgard CD, Sayre MR, Steinberg SM. Level I versus Level II trauma
Centers: an outcomes-based assessment. J Trauma 2009;66(5):1321-6.

Elkbuli A, Dowd B, Flores R, Boneva D, McKenney M. The impact of level of the
American College of Surgeons Committee on Trauma verification and state
designation status on trauma Center outcomes. Medicine (Baltimore) 2019;98(25):
e16133.

Rogers FB, Osler T, Lee JC, Sakorafas L, Wu D, Evans T, et al. In a mature trauma
system, there is no difference in outcome (survival) between Level I and Level II
trauma Centers. J Trauma 2011;70(6):1354-7.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Injury 55 (2024) 111208

Baron RB, Neifert SN, Martini ML, Maragkos GA, McNeill IT, Lamb C, et al.

A Comparison of Outcomes for Spinal Trauma Patients at Level i and Level II
Centers. Clin Spine Surg 2020.

Rogers FB, Morgan ME, Brown CT, Vernon TM, Bresz KE, Cook AD, et al. Geriatric
Trauma Mortality: does Trauma Center Level Matter? Am Surg 2021;87(12):
1965-71.

Checchi KD, Calvo RY, Badiee J, Rooney AS, Sise CB, Sise MJ, et al. Association of
Trauma Center Level and Patient Volume with Outcomes for Penetrating Thoracic
Trauma. J Surg Res 2020;255:442-8.

Jakob DA, Benjamin ER, Cremonini C, Demetriades D. Management and outcomes
of severe pelvic fractures in level I and II ACS verified trauma Centers. Am J Surg
2020.

Tignanelli CJ, Joseph B, Jakubus JL, Iskander GA, Napolitano LM, Hemmila MR.
Variability in management of blunt liver trauma and contribution of level of
American College of Surgeons Committee on Trauma verification status on
mortality. J Trauma Acute Care Surg 2018;84(2):273-9.

Sheehan BM, Grigorian A, Maithel S, Borazjani B, Fujitani RM, Kabutey NK, et al.
Penetrating Abdominal Aortic Injury: comparison of ACS-Verified Level-I and II
Trauma Centers. Vasc Endovasc Surg 2020;54(8):692-6.

Lewis M, Jakob DA, Benjamin ER, Wong M, Trust MD, Demetriades D.
Nonoperative Management of Blunt Hepatic Trauma: comparison of Level I and II
Trauma Centers. Am Surg 2021:31348211038558.

Yeates EO, Grigorian A, Schubl SD, Kuza CM, Joe V, Lekawa M, et al.
Chemoprophylaxis and venous thromboembolism in traumatic brain injury at
different trauma Centers. Am Surg 2020;86(4):362-8.

Alkhoury F, Courtney J. Outcomes after severe head injury: a national trauma data
bank-based comparison of level I and level II trauma Centers. Am Surg 2011;77(3):
277-80.

Plurad DS, Geesman G, Mahmoud A, Sheets N, Chawla-Kondal B, Ayutyanont N,
et al. The effect of trauma Center verification level on traumatic brain injury
outcome after implementation of the Orange Book. Am J Surg 2021;221(3):
637-41.

Ahmed N, Kuo YH. Evaluating the outcomes of blunt thoracic trauma in elderly
patients following a fall from a ground level: higher level care institution vs. lower
level care institution. Eur J Trauma Emerg Surg 2021;47(4):955-63.

Livingston JK, Grigorian A, Kuza C, Galvin K, Joe V, Chin T, et al. No Difference in
Mortality Between Level I and II Trauma Centers for Combined Burn and Trauma.
J Surg Res 2020;256:528-35.

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

van Essen TA, Lingsma HF, Pisica D, Singh RD, Volovici V, den Boogert HF, et al.
Surgery versus conservative treatment for traumatic acute subdural haematoma: a
prospective, multicentre, observational, comparative effectiveness study. Lancet
Neurol 2022.

Pape HC, Lefering R, Butcher N, Peitzman A, Leenen L, Marzi I, et al. The definition
of polytrauma revisited: an international consensus process and proposal of the
new ’Berlin definition. J Trauma Acute Care Surg 2014;77(5):780-6.

Paffrath T, Lefering R, Flohe S, TraumaRegister DGU. How to define severely
injured patients? — an Injury Severity Score (ISS) based approach alone is not
sufficient. Injury. 2014;45(3):S64-9. Suppl.

Driessen MLS, Sturms LM, van Zwet EW, Bloemers FW, Ten Duis HJ, Edwards MJR,
et al. Evaluation of the Berlin polytrauma definition: a Dutch nationwide
observational study. J Trauma Acute Care Surg 2021.

Driessen MLS, de Jongh MAC, Sturms LM, Bloemers FW, Ten Duis HJ,

Edwards MJR, et al. Severe isolated injuries have a high impact on resource use
and mortality: a Dutch nationwide observational study. Eur J Trauma Emerg Surg
2022;48(5):4267-76.

Demetriades D, Martin M, Salim A, Rhee P, Brown C, Chan L. The effect of trauma
Center designation and trauma volume on outcome in specific severe injuries. Ann
Surg 2005;242(4):512-7. discussion 7-9.

Driessen MLS, van Klaveren D, de Jongh MAC, Leenen LPH, Sturms LM.
Modification of the TRISS: simple and practical mortality prediction after trauma
in an all-inclusive registry. Eur J Trauma Emerg Surg 2022.

Butcher NE, Balogh ZJ. The practicality of including the systemic inflammatory
response syndrome in the definition of polytrauma: experience of a level one
trauma centre. Injury 2013;44(1):12-7.

Glance LG, Li Y, Osler TM, Mukamel DB, Dick AW. Impact of obesity on mortality
and complications in trauma patients. Ann Surg 2014;259(3):576-81.


http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0003
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0003
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0004
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0004
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0005
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0005
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0005
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0005
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0006
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0006
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0006
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0007
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0007
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0007
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0009
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0009
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0009
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0010
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0010
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0011
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0011
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0011
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0012
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0012
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0014
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0014
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0014
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0014
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0015
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0015
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0015
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0015
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0016
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0016
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0016
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0019
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0019
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0020
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0020
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0020
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0021
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0021
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0021
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0022
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0022
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0022
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0023
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0023
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0024
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0024
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0024
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0024
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0025
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0025
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0025
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0026
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0026
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0026
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0027
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0027
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0027
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0028
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0028
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0028
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0029
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0029
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0029
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0030
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0030
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0030
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0030
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0031
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0031
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0031
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0032
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0032
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0032
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0033
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0033
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0033
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0034
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0034
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0034
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0035
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0035
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0035
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0035
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0036
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0036
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0036
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0037
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0037
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0037
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0038
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0038
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0038
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0039
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0039
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0039
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0039
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0040
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0040
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0040
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0041
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0041
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0041
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0042
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0042
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0042
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0043
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0043
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0043
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0043
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0044
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0044
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0044
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0045
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0045
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0045
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0046
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0046
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0046
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0047
http://refhub.elsevier.com/S0020-1383(23)00925-7/sbref0047

	Identifying the severely injured benefitting from a specific level of trauma care in an inclusive network: A multicentre re ...
	Introduction
	Methods
	Study design
	Statistical analysis

	Results
	Study characteristics
	Outcomes
	In-hospital mortality
	Hospital LOS
	ICU LOS
	Discharge home


	Discussion
	Limitations
	Strengths

	Conclusion
	Patient and public involvement
	Disclaimer
	Author agreement
	Declaration of Competing Interest
	Supplementary materials
	References


