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trauma centers
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David Van Klaveren1

Abstract

Background: Prehospital triage protocols typically try to select patients with Injury Severity Score (ISS) above 15 for
direct transportation to a Level-1 trauma center. However, ISS does not necessarily discriminate between patients
who benefit from immediate care at Level-1 trauma centers. The aim of this study was to assess which patients
benefit from direct transportation to Level-1 trauma centers.

Methods: We used the American National Trauma Data Bank (NTDB), a retrospective observational cohort. All adult
patients (ISS > 3) between 2015 and 2016 were included. Patients who were self-presenting or had isolated limb
injury were excluded. We used logistic regression to assess the association of direct transportation to Level-1
trauma centers with in-hospital mortality adjusted for clinically relevant confounders. We used this model to define
benefit as predicted probability of mortality associated with transportation to a non-Level-1 trauma center minus
predicted probability associated with transportation to a Level-1 trauma center. We used a threshold of 1% as
absolute benefit. Potential interaction terms with transportation to Level-1 trauma centers were included in a
penalized logistic regression model to study which patients benefit.

Results: We included 388,845 trauma patients from 232 Level-1 centers and 429 Level-2/3 centers. A small
beneficial effect was found for direct transportation to Level-1 trauma centers (adjusted Odds Ratio: 0.96, 95%
Confidence Interval: 0.92–0.99) which disappeared when comparing Level-1 and 2 versus Level-3 trauma centers. In
the risk approach, predicted benefit ranged between 0 and 1%. When allowing for interactions, 7% of the patients
(n = 27,753) had more than 1% absolute benefit from direct transportation to Level-1 trauma centers. These patients
had higher AIS Head and Thorax scores, lower GCS and lower SBP. A quarter of the patients with ISS > 15 were
predicted to benefit from transportation to Level-1 centers (n = 26,522, 22%).

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: c.sewalt@erasmusmc.nl
1Department of Public Health, Erasmus MC University Medical Center,
Na-building, room Na-2318, Wytemaweg 80, 3015 Rotterdam, CN, The
Netherlands
2Trauma Research Unit, Department of Surgery, Erasmus MC University
Medical Center, Na-building, room Na-2318, Wytemaweg 80, 3015
Rotterdam, CN, The Netherlands
Full list of author information is available at the end of the article

Sewalt et al. BMC Emergency Medicine           (2021) 21:93 
https://doi.org/10.1186/s12873-021-00487-3

http://crossmark.crossref.org/dialog/?doi=10.1186/s12873-021-00487-3&domain=pdf
http://orcid.org/0000-0003-3270-4814
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:c.sewalt@erasmusmc.nl


Conclusions: Benefit of transportation to a Level-1 trauma centers is quite heterogeneous across patients and the
difference between Level-1 and Level-2 trauma centers is small. In particular, patients with head injury and signs of
shock may benefit from care in a Level-1 trauma center. Future prehospital triage models should incorporate more
complete risk profiles.

Keywords: Level 1 trauma center, Major trauma, Benefit

Background
In western countries, injury is the major cause of death
in adults younger than 45 years of age [1]. Over the
years, systems of trauma care have been developed in-
cluding the introduction of Level-1 trauma centers [2].
Level-1 trauma centers are hospitals which are fully
equipped to care for severely injured patients [2]. In the
United States, Level-1 and Level-2 trauma centers are
considered higher-level trauma centers and Level-3 and
4 are considered lower-level trauma centers (Table 1)
[3]. Pre-hospital triage, aiming to identify trauma pa-
tients at-risk for worse outcome, is necessary to provide
early care while transporting the patient to the appropri-
ate hospital with needed facilities [4, 5].
Globally, there is consensus that patients with major

trauma, most often defined as an Injury Severity Score
(ISS) above 15, could benefit from direct transportation
to Level-1 trauma centers [3]. Therefore, prehospital tri-
age protocols try to select patients with an ISS above 15
for direct transportation to a Level-1 trauma center [6].
However, ISS might not necessarily discriminate be-
tween patients who benefit from transportation to a
Level-1 trauma center and those who do not benefit
from transportation to a Level-1 trauma center. Due to
under triage, trauma patients are often transferred to a
non-trauma center, often followed by a delayed transfer
to a Level-1 trauma center. Only half of these secondary
transferred patients are having an ISS above 15 which
shows that more trauma patients might benefit from dir-
ect transportation to Level-1 trauma centers [7]. The
delay in optimal treatment is potentially harmful and
leads to increased mortality and morbidity [8]. Also,
most American prehospital triage protocols do not

distinguish between Level-1 trauma centers and Level-2
trauma centers.
To enable admission of trauma patients to the right

hospital as quickly as possible and to make optimal use
of resources, we aimed to assess which trauma patients
benefit from direct transportation to a Level-1 trauma
center. Also, we assessed which patients benefit from
direct transportation to a Level-1 or Level-2 trauma
center.

Methods
Study design
We used data from the American National Trauma Data
Bank (NTDB), a retrospective observational cohort study
in the United States. NTDB is the largest trauma registry
in the United States and provides patient demographics,
information about vital parameters, interventions re-
ceived and in-hospital outcomes [9].

Participants
All injured adults (> 18 years) included in NTDB
between January 1, 2015 and December 31, 2016 and
treated in a Level-1/2/3 trauma center (on both the
ACS level and state level) were included. We did not
include patients treated in state Level-4 trauma
centers, because differences in case-mix compared to
the other trauma centers were too large. We selected
patients in whom it is likely that the decision of
transportation to a level-1 trauma center likely affects
outcome. Hereto, we used exclusion criteria partly
based on the Victoria Falls trauma registry and
Trauma Audit and Research Network [10]:

Table 1 Trauma center levels by the American College of Surgeons (ACS)

Level-1 Level-2 Level-3 Level-4

Goal Total care of every
aspect of injury

Definitive care for all injured
patients

Prompt assessment, resuscitation,
surgery, intensive care and
stabilization of injured patients
and emergency operations.

Provide ATLS prior to
transfer patients to higher
level trauma center

Coverage 24 h of all specialties 24 h surgeons, neurosurgery,
anaesthesiology, emergency
medicine and radiology

24 h emergency medicine Basic emergency
department facilities

Volume Minimum annual
volume of severely injured patients

No minimum annual volume
of severely injured patients

No minimum annual volume of
severely injured patients

No minimum annual
volume of severely injured
patients
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– Isolated limb injury (defined as AIS extremity 1 to 5
and other AIS categories equal to 0)

– Duplicates
– Not transported with ambulance or helicopter
– ISS below 4
– Children (age below 18 years)
– No vital signs at arrival

Data preparation
ACS level designation was extracted and for centers
without ACS level designation, their state level designa-
tion was used. Centers without level designation or state
Level-4 designation were excluded. The abbreviated in-
jury scales were extracted and combined [11]: head and
neck AIS were combined into head/neck AIS variable;
the upper and lower extremity AIS were combined into
limb AIS variable; the skin and unspecified AIS scores
were combined into the other AIS variable. For prehos-
pital vital signs, the maximum value registered in the
ambulance was used. The Charlson comorbidity index
was calculated from the individual reported chronic dis-
eases [12]. For intubation, the following ICD10 proced-
ure codes were used: 0BH17EZ, 0BH18EZ, 5A1945Z,
0WH30YZ, 5A09357, Z99.89 and 5A09358. Death was
defined as “Deceased/expired” or “discharged/transferred
to hospice care”. When the outcome was reported as
“Left against medical advice or discontinued care”, “Not
applicable”, or “Not known/not recorded”, hospital out-
come was considered missing. Finally, transportation to
a Level-1 trauma center was defined by the first initial
transport: patients who were transferred from a Level-2/
3 facility to a Level-1 facility were considered a non-
Level-1 trauma center patient.

Statistical analysis
Patients transported to Level-1 trauma centers were
compared to patients transported to Level-2 and Level-3
trauma centers using descriptive statistics: median and
interquartile range (IQR) for the continuous variables,
and frequency and percentage of the total group for cat-
egorical variables. Continuous variables were compared
using the Kruskal-Wallis test, and categorical variables
using the chi-square test. To include all patients in the
main analysis, we imputed the dataset using the Hmisc
package in R, assuming missingness at random [13].
The association between in-hospital mortality and

transportation to a Level-1 trauma center rather than a
Level-2/3 trauma center was assessed using logistic re-
gression. We first fitted a unadjusted model with only
the effect of Level-1 versus Level-2/3 trauma centers.
Second we adjusted for clinically relevant confounders:
age; sex; Charlson comorbidity index, prehospital
physiological parameters (saturation, systolic blood pres-
sure (SBP), respiration rate (RR), pulse, Glasgow Coma

Score (GCS), AIS Head, AIS Thorax, AIS Abdomen, AIS
Extremity and AIS Spine. The continuous variables age,
saturation, pulse, systolic blood pressure (SBP) and
respiration rate (RR) were included as restricted cubic
spline to allow for non-linearity [14]. Similarly, the
ordinal variables GCS, AIS Head, AIS Thorax, AIS
Abdomen, AIS Extremity and AIS Spine were included
as quadratic polynomials (x + x2). Third, we included in-
teractions of transportation to a level-1 center with five
baseline characteristics which we hypothesized to poten-
tially modify the benefit from treatment in Level-1
trauma centers: AIS Head, AIS Thorax, AIS Abdomen,
systolic blood pressure (SBP) and Charlson comorbidity
index. In order to avoid overfitting, a maximum likeli-
hood penalized logistic regression model was used [15].
In order to predict the benefit of transportation to a

Level-1 trauma center, the predicted probability of
mortality associated with transportation to a Level-1
trauma center was subtracted from the predicted
probability of mortality associated with transportation
to a Level-2/3 trauma center [16] for both the pure
risk model and the model including interaction terms.
We plotted the observed benefit versus the predicted
benefit in 20 categories of predicted benefit to assess
calibration for benefit. A threshold of more than 1%
absolute predicted benefit was used as definition of
benefit. A predicted absolute benefit of 1% for a
particular patient means 1% less mortality when this
particular patient is brought to a Level-1 trauma cen-
ter instead of a Level-2/3 trauma center. A threshold
of more than 1% absolute predicted harm was used
as definition of harm. To assess the differences be-
tween ISS > 15 and Benefit > 1%, a cross table was
made and observed benefit was calculated (mortality
rate in Level-2/3 trauma centers minus mortality rate
in Level-1 trauma centers for each bin of the cross
table). Observed benefit above 0% means less mortal-
ity patients transported to Level-1 trauma centers and
observed benefit below 0% means more mortality for
patients transported to Level-1 trauma centers.
The same analysis mentioned above was repeated

comparing patients directly transported to a Level-1 or
Level-2 trauma center compared to patients transported
to a Level-3 trauma center. The same potential con-
founders and models were used as mentioned above.
Finally, as a sensitivity analysis, we used bootstrapping

to identify patients for whom the probability of a posi-
tive predicted benefit exceeded 95%. Hereto, 1000 repli-
cates of the coefficients were drawn from a multivariate
normal distribution, and these were used to obtain pre-
dictions for the patients. A patient was considered to
have a substantial benefit if the predicted benefit was
above zero in at least 950/1000 (equal to 5% signifi-
cance) of the replications.
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All analyses were repeated without imputation. All
analyses were performed using R version 3.6.1 (R Core
Team (2013): A language and environment for statistical
computing. R Foundation for Statistical Computing,
Vienna, Austria). This study was reported conform the
STROBE guidelines [17].

Results
Descriptives
A total of 388,845 trauma patients from 232 Level-1
trauma centers (n = 226,640) and 429 Level-2/3 trauma
centers (n = 162,205) were included (Fig. 1). Patients
transported to Level-1 trauma centers were more
severely injured compared to patients transported to
Level-2 and Level-3 trauma centers (ISS > 15 34% com-
pared to 28.4 and 20.4% respectively). Also, they were
more often comatose (8.7% compared to 6.8 and 4.9%
respectively) and intubated (4.5% compared to 4.0 and
1.8% respectively). Travel time to the first hospital varied
from 52min (IQR 36–76) for patients transported to
Level-1 trauma centers to 42 min (IQR 33–57) for pa-
tients transported to Level-3 trauma centers. Missing-
ness of the variables was comparable across the different
levels of trauma centers (Table 1). All differences were
statistically significant (p < 0.001, Table 2).

Main effect of Level-1 trauma centers on in-hospital
mortality
Without adjustment for baseline characteristics, trans-
portation to a Level-1 trauma center was associated with
higher in-hospital mortality (OR: 1.09, 95% CI: 1.06–
1.12). After adjustment for clinically relevant variables,
we found a small significant beneficial effect of transpor-
tation to a Level-1 trauma center on in-hospital mortal-
ity (OR: 0.96, 95% CI: 0.92–0.99).

Benefit from Level-1 trauma centers
In the pure risk approach without interaction terms, all
patients were calculated to substantially benefit from
treatment in Level-1 trauma centers, but the absolute
benefit was limited to a maximum of 1%. (Fig. 2). Based
on clinical relevance, the following interaction terms
were added to the model: AIS Head, AIS Abdomen, AIS
Thorax, prehospital SBP and Charlson Comorbidity
Index. These effects were very subtle compared to the
main effects (Table S1). For the model including inter-
action terms, 27,753 patients (7%) had a predicted bene-
fit above 1% from transportation to a Level-1 trauma
center (Fig. 2). The concordance between expected and
observed benefit was moderate when interaction terms
were included (Fig. 3). Patients who were predicted to
have more than 1% absolute benefit following the model
with interaction terms had higher AIS Head and AIS
Thorax scores, lower GCS scores and lower systolic

blood pressures (Table 3). Of all patients with predicted
benefit, 17,739 (63.9%) were currently directly trans-
ported to a Level-1 trauma center. A quarter of the pa-
tients with ISS > 15 were predicted to benefit from
transportation to Level-1 centers (n = 26,522, 22%). Of
these 26,522 patients, the observed benefit was 1.4%
meaning that patients transported to Level-1 trauma
centers had 1.4% lower mortality. The observed benefit
for patients with an ISS < 15 but predicted benefit > 1%
was 6.4% (n = 1231). The observed benefit of patients
with an ISS > 15 but predicted benefit < 1% was − 22%
meaning that this group of patients had 22% higher mor-
tality when being transported to a Level-1 trauma center
instead of a Level-2/3 trauma center (n = 94,683).
In the approach where patients were identified who

were predicted to substantially benefit from transporta-
tion to a Level-1 trauma center (95% CI lower bound of
benefit above zero when considering the model with
interaction terms), we found a larger group of patients
with benefit (91,758). Nevertheless, similar characteris-
tics differed between the benefit and no benefit group:
patients with substantial benefit had higher AIS Thorax,
had a higher AIS Head, lower GCS and lower SBP
(Table S3). ISS was higher than 15 in 60,092 patients
(65.6%) in the predicted benefit group, but 61,113 pa-
tients considered severely injured (ISS > 15: 50.4%) were
in the group without predicted benefit from transporta-
tion to Level-1 trauma centers (Figure S3).

Harm from Level-1 trauma centers
Four thousand five hundred twenty-five patients (1%)
were predicted to be harmed from direct transportation
to Level-1 trauma centers. These patients were older
and had more serious comorbidities (Table 3).

Main effect of Level-1/2 trauma centers on in-hospital
mortality
Without adjustment for baseline characteristics, trans-
portation to a Level-1 or Level-2 trauma center was as-
sociated with higher in-hospital mortality (OR: 1.25, 95%
CI: 1.18–1.33). After adjustment for clinically relevant
variables, we found no significant effect of transportation
to a Level-1 or Level-2 trauma center on in-hospital
mortality (OR: 0.98, 95% CI: 0.92–1.06).

Benefit from Level-1/2 trauma centers
In the pure risk approach without interaction terms, all
patients were calculated to substantially benefit from
treatment in Level-1 or Level-2 trauma centers, but the
absolute benefit was limited to a maximum of 0.5%.
(Figure S2). For the model including interaction terms,
31,517 patients had a predicted benefit above 1% from
transportation to a Level-1 or Level-2 trauma center
(Figure S2). The concordance between expected and
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observed benefit was moderate when interaction terms
were included (Figure S1). Patients who were predicted
to have more than 1% absolute benefit following the
model with interaction terms had higher AIS Head and
AIS Thorax scores, lower GCS scores and lower systolic
blood pressures (Table S2). Of all patients with predicted

benefit, 19,793 (62.8%) were currently directly trans-
ported to a Level-1 trauma center and 10,364 (32.9%)
patients were currently transported to a Level-2 trauma
center. 10.764 patients (2.7%) were predicted to be
harmed from direct transportation to Level-1 or Level-2
trauma centers. These patients were older and had more

Fig. 1 flowchart of the study
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serious comorbidities (Table S2). A quarter of the pa-
tients with ISS > 15 were predicted to benefit from trans-
portation to Level-1 or Level-2 trauma centers (n =
29,441, 24%).
All analyses were repeated with the raw data without

imputation and showed similar results.

Discussion
This study aimed to assess which trauma patients benefit
from direct transportation to Level-1 trauma centers.
The benefit of transportation to a Level-1 trauma cen-
ters is quite heterogeneous across patients and may be
limited overall. The existence of an overall beneficial ef-
fect of Level-1 trauma centers justifies the search for
specific subgroups of trauma patients having most pre-
dicted benefit. Benefit of Level-1 trauma centers does
not only increase with higher ISS, reflecting more se-
verely injured patients with high risk of mortality, but is
also attributable to individual patient characteristics. In

particular, head injury, thorax injury and signs of shock
were observed in patients who could benefit from treat-
ment in Level-1 trauma centers. When comparing Level-
1/2 trauma centers with Level-3 trauma centers, no
overall beneficial effect on mortality was found.
Our study shows that benefit of transportation to a

Level-1 trauma center is attributable to patient charac-
teristics and that patients with an ISS < 15 but predicted
benefit above 1% have a observed survival benefit when
being transported to a Level-1 trauma center. Also, we
found that only a quarter of the patients with ISS > 15
have a predicted benefit above 1% when being trans-
ported to a Level-1 trauma center. These results ques-
tions the use of solely ISS as definition of severe injury
and consequently for selecting level of trauma center.
Over the years, ISS > 15 as only indicator of severe injury
is more and more subject of debate. First, an equal
Abbreviated Injury Scale (AIS) in different body regions
is assumed to be equal in injury severity [18, 19].

Table 2 Baseline characteristics for Level-1/2/3 Trauma Centers

Level-1 Trauma Centers Level-2 Trauma Centers Level-3 Trauma Centers Missing

N 226,640 137,398 24,807

Age (median [IQR]) 51 [32, 68] 54 [34, 71] 58 [37, 75] 0.0

Male (%) 150,334 (66.3) 87,838 (63.9) 14,719 (59.3) 0.0

Charlson comorbidty index > 2 6189 (2.7) 4181 (3.0) 945 (3.8) 0.0

ISS (median [IQR]) 10 [6, 17] 10 [5, 17] 9 [5, 14] 0.0

ISS > 15 (%) 77,001 (34.0) 39,054 (28.4) 5150 (20.8) 0.0

AIS Head > 2 (%) 63,055 (27.8) 36,000 (26.2) 5264 (21.2) 0.0

AIS Thorax > 2 (%) 55,170 (24.3) 29,675 (21.6) 4736 (19.1) 0.0

AIS Face > 2 (%) 2391 (1.1) 1103 (0.8) 152 (0.6) 0.0

AIS Abdomen > 2 (%) 16,388 (7.2) 7422 (5.4) 1015 (4.1) 0.0

AIS Spine > 2 (%) 16,714 (7.4) 9229 (6.7) 1382 (5.6) 0.0

AIS Extremity > 2 (%) 26,714 (11.8) 14,179 (10.3) 2355 (9.5) 0.0

AIS Other > 2 (%) 1000 (0.4) 297 (0.2) 73 (0.3) 0.0

Prehospital features

Oxygen saturation (median [IQR]) 98 [95, 99] 97 [95, 99] 97 [95, 98] 45.4

Respiration rate (median [IQR]) 18 [16, 20] 18 [16, 20] 18 [16, 20] 35.3

Pulse (median [IQR]) 90 [78, 104] 89 [77, 102] 88 [76, 100] 33.6

Systolic blood pressure (median [IQR]) 136 [118, 153] 138 [120, 156] 140 [122, 158] 34.2

Hypotension (SBP < 90) (%) 6291 (4.7) 4172 (4.1) 691 (3.5) 34.2

Glasgow Coma Score (median [IQR]) 15 [15, 15] 15 [15, 15] 15 [15, 15] 1.5

Comatose (GCS < 8) (%) 19,352 (8.7) 9251 (6.8) 1192 (4.9) 1.5

Intubated (%) 10,233 (4.5) 5529 (4.0) 457 (1.8) 0.1

Travel time to first hospital (median [IQR]) 52 [36, 76] 47 [34, 67] 42 [33, 57] 24.4

Outcome measures

Transferred from other hospital (%) 87,684 (38.7) 35,335 (25.7) 2438 (9.8) 0.0

Length of stay (median [IQR]) 4 [2, 8] 4 [2, 7] 3 [1, 5] 2.3

In-hospital mortality (%) 12,890 (6.1) 7265 (5.7) 808 (4.5) 8.1
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a

b

Fig. 2 Histograms of the range of absolute benefit, for both the model with (B) and without interaction terms (A). Both histograms show the
difference in absolute benefit for patients with ISS above 15 and patients with ISS below 15. A predicted absolute benefit of 1% (0.01) for a
particular patient means 1% less mortality when this particular patient is brought to a Level-1 trauma center instead of a Level-2/3 trauma center
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a

b

Fig. 3 (See legend on next page.)

Sewalt et al. BMC Emergency Medicine           (2021) 21:93 Page 8 of 12



Second, ISS does not account for multiple injuries in the
same body region [19, 20]. So it is possible that patients
with equal ISS scores do not have the same injury sever-
ity. Third, ISS does not take other important predictors
of in-hospital mortality and potential benefit from Level-
1 trauma centers into account, like physiological param-
eters, age and comorbidities. Using solely ISS > 15 as

definition of severe injury and consequently for selecting
level of trauma center could result in large overtriage ra-
tios (up to 78%).
With the ageing population it is important to assess

the effect of frailty, for example by looking at age and
comorbidities, on potential benefit of direct transporta-
tion to Level-1 trauma centers [21, 22]. We found that

(See figure on previous page.)
Fig. 3 Calibration of benefit, for both the model with (B) and without interaction terms (A). Calibration of benefit is plotted with the predicted
absolute treatment benefit on the x-axis and observed absolute treatment benefit on the y-axis. The study population was therefore divided in 20
equal groups based on the predicted absolute treatment benefit. A predicted absolute benefit of 1% (0.01) for a particular patient means 1% less
mortality when this particular patient is brought to a Level-1 trauma center instead of a Level-2/3 trauma center

Table 3 Characteristics of patients who benefit from transportation to a Level-1 trauma centers, based on predicted absolute
benefit from the regression model with interaction terms. Harm was defined as more than 1% absolute harm, while benefit was
defined as more than 1% absolute benefit

Harm No benefit/harm Benefit

N 4525 361,092 27,753

Age (median [IQR]) 79 [71, 85] 53 [33, 69] 53 [32, 71]

Male (%) 2717 (60.0) 232,812 (64.5) 20,117 (72.5)

Charlson Comorbidity Index > 1 (%) 3917 (86.6) 29,518 (8.2) 1042 (3.8)

ISS (median [IQR]) 10 [5, 16] 10 [5, 16] 27 [25, 35]

ISS > 15 (%) 1308 (28.9) 94,683 (26.2) 26,522 (95.6)

AIS Head > 3 (%) 701 (15.5) 30,755 (8.5) 20,191 (72.8)

AIS Thorax > 3 (%) 108 (2.4) 10,775 (3.0) 4163 (15.0)

AIS Face > 3 (%) 5 (0.1) 224 (0.1) 220 (0.8)

AIS Abdomen > 3 (%) 41 (0.9) 7668 (2.1) 2606 (9.4)

AIS Spine > 3 (%) 156 (3.4) 5718 (1.6) 926 (3.3)

AIS Extremity > 3 (%) 32 (0.7) 3041 (0.8) 969 (3.5)

AIS Other > 3 (%) 30 (0.7) 734 (0.2) 66 (0.2)

Prehospital features

Oxygen saturation (median [IQR]) 96 [93, 98] 98 [95, 99] 96 [90, 98]

Respiration Rate (median [IQR]) 18 [16, 20] 18 [16, 20] 16 [12, 20]

Pulse (median [IQR]) 85 [73, 100] 89 [77, 102] 90 [74, 110]

SBP (median [IQR]) 162 [138, 189] 138 [121, 156] 121 [96, 141]

SBP < 90 (%) 48 (1.1) 11,487 (3.2) 5258 (18.9)

GCS (median [IQR]) 15 [13, 15] 15 [15, 15] 6 [3, 13]

GCS < 8 (%) 667 (14.7) 12,774 (3.5) 17,428 (62.8)

Intubated (%) 311 (6.9) 12,316 (3.4) 3945 (14.2)

Travel time to first hospital (median [IQR]) 52 [39, 76] 49 [35, 71] 48 [32, 76]

Outcome measures

Transferred from other hospital (%) 1770 (39.1) 116,755 (32.3) 8708 (31.4)

Level trauma center (%)

1 2414 (53.3) 208,901 (57.9) 17,739 (63.9)

2 1747 (38.6) 128,501 (35.6) 8897 (32.1)

3 364 (8.0) 23,690 (6.6) 1117 (4.0)

Length of stay (median [IQR]) 5 [3, 9] 4 [2, 7] 8 [2, 19]

In-hospital mortality (%) 1018 (22.5) 11,992 (3.3) 10,759 (38.8)
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patients with higher age and more serious comorbidities
benefit less from direct transportation to Level-1 trauma
centers and some elderly patients might even be harmed
from direct transportation to Level-1 trauma centers.
These results might seem surprising at first, but elderly
patients with comorbidities have less potential benefit
from direct transportation to Level-1 trauma centers
since specialized treatment might not be applicable or
desirable in this group of patients and could cause more
serious complications [23, 24].
We also assessed direct transportation to Level-1 or

Level-2 trauma centers compared to Level-3 trauma cen-
ters, because Level-2 trauma centers are close in capabil-
ity to Level-1 trauma centers. We found comparable
results showing that head injury, thorax injury and signs
of shock were observed in patients who could benefit
from treatment in Level-1 or Level-2 trauma centers.
There was no overall difference in outcome between
Level-1 and Level-2 trauma centers. Previous research
shows that patients with severe Traumatic Brain Injury
and major trauma have better outcomes when being
transported to Level-1 trauma centers instead of Level-2
trauma centers [3, 25]. We did find an overall beneficial
effect of Level-1 trauma centers. Our study indicates that
patients with major trauma in terms of head injury and
signs of shock might have benefit from direct transporta-
tion to Level-1 trauma centers over Level-2 trauma
centers.
Present study shows that benefit of Level-1 trauma

centers does not only increase with higher ISS reflecting
more severely injured patients with high risk of mortal-
ity, but is also dependent on individual patient charac-
teristics. Selecting patients on variables corresponding
with predicted benefit is an important addition to trying
to select patient with ISS above 15 only. This could im-
prove triage and therefore immediate admittance of
trauma patients to the right level of center. Our study
shows that a general trauma population could already
benefit from treatment in Level-1 trauma centers. Previ-
ous studies found comparable results for Level-1 trauma
centers [2, 3]. Our study adds that prehospital triage for
trauma patients should not only focus on the overall risk
of mortality, but also on individual patient characteris-
tics which indicate benefit from transportation to a
Level-1 trauma center. According to our study, patients
with head injury, thorax injury and signs of shock should
be directly transported to Level-1 trauma centers to im-
prove survival. This was in accordance with an American
study, which also found benefit from Level-1 trauma
centers for head injury patients [26].

Strengths
Our study has several strengths. First, we have used a
retrospective observational cohort study, the American

National Trauma Data Bank (NTDB) which gave us a
large sample size with many potential predictors of
benefit from Level-1 trauma centers. Second, we used a
statistical approach which made it possible to calculate
the benefit of treatment in a Level-1 trauma center for
each individual patient.

Limitations
This study has several limitations too. First, we had to
deal with missing data. Especially for prehospital mea-
sured physiological parameters, like saturation or systolic
blood pressure, approximately 35% was missing. We
dealt with this by using multiple imputation, a method
proven to give valid estimates under the missing at ran-
dom assumption [27]. Second, we used observational
data which makes it difficult to look at causality. Since
part of the patients is transported between hospitals,
which makes it difficult to obtain the effect of individual
predictors and therefore more research is needed to val-
idate our results. Third, we used significant and clinically
relevant interaction terms to predict benefit and calcu-
lated both the absolute benefit above 1% and the 95% CI
of benefit to assess our ‘substantial’ benefit group. Both
methods are not entirely satisfying since using 1% as
threshold for benefit is an arbitrary cut-off and using
substantial ‘significant’ benefit does not distinguish be-
tween neglectable benefit and impactful benefit. How-
ever since both approaches provide us with comparable
results we do think that our results are valid.

Implications
Our study is a first step towards a prehospital triage
protocol based on benefit from level of trauma care.
Physiological parameters are usable in triaging trauma
patients to the right hospital, but their predictive utilities
in major trauma patients are not ideal [28]. We found
that only systolic blood pressure (as sign of shock) and
signs of head injury were providing information about
having benefit from Level-1 trauma centers. About one-
third of the patients without predicted benefit from
Level-1 trauma centers is still transferred to a Level-1
trauma center. Therefore, a prehospital triage protocol
should include a combination of both physiological pa-
rameters, injury features and patient-related factors (i.e.
comorbidity). Patient groups that might experience
benefit from Level-1 trauma centers might differ across
countries and trauma systems. This makes it necessary
to develop a country specific approach to assess benefit
from Level-1 trauma centers in order to minimize inter-
hospital transfers and maximize patient outcomes.

Conclusions
Benefit of transportation to a Level-1 trauma centers is
quite heterogeneous across patients and the difference

Sewalt et al. BMC Emergency Medicine           (2021) 21:93 Page 10 of 12



between Level-1 and Level-2 trauma centers is small.
Benefit of Level-1 trauma centers does not only increase
with higher ISS reflecting more severely injured patients
with high risk of mortality, but is also dependent on in-
dividual patient characteristics. In particular, head injury,
thorax injury and signs of shock were observed in pa-
tients who could benefit from treatment in Level-1
trauma centers. Further research should focus on identi-
fying these patients based on simple prehospital baseline
characteristics in order to bring the right patient to the
right hospital. Selecting patients on variables corre-
sponding with predicted benefit is an important addition
which could improve triage and therefore immediate ad-
mittance of trauma patients to the right level of center.

Abbreviations
ACS: American College of Surgeons; AIS: Abbreviated Injury Scale;
GCS: Glasgow Coma Score; IQR: Interquartile Range; ISS: Injury Severity Score;
NTDB: National Trauma Data Bank; RR: Respiration Rate; SBP: Systolic Blood
Pressure

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12873-021-00487-3.

Additional file 1: Table S1. Odds ratios with 95% confidence interval
for the three regression models calculating benefit from direct
transportation to Level-1 trauma center. For continuous variables the
odds ratio of the 75th percentile versus the median and median versus
25th percentile is presented. Continuous variables from interaction terms
are centered in order to make the main effects interpretable. Odds ratios
above 1 indicate an increase in the probability of mortality. Table S2.
Characteristics of patients who benefit from transportation to a Level-1/2
trauma centers, based on predicted absolute benefit from the regression
model with interaction terms. Harm was defined as more than 1% abso-
lute harm, while benefit was defined as more than 1% absolute benefit.
Table S3. Characteristics of patients who substantially benefit from trans-
portation to a Level-1 trauma centers, based on predicted benefit above
0 in 95% of bootstrapped samples from the regression model with inter-
action terms.

Additional file 2: Figure S1. Calibration of benefit, for both the model
with (B) and without interaction terms (A). Calibration of benefit is
plotted with the predicted absolute treatment benefit on the x-axis and
observed absolute treatment benefit on the y-axis. The study population
was therefore divided in 20 equal groups based on the predicted abso-
lute treatment benefit. A predicted absolute benefit of 1% (0.01) for a par-
ticular patient means 1% less mortality when this particular patient is
brought to a Level-1/2 trauma center instead of a Level-3 trauma center.

Additional file 3: Figure S2. Histograms of the range of absolute
benefit, for both the model with (B) and without interaction terms (A).
Both histograms show the difference in absolute benefit for patients with
ISS above 15 and patients with ISS below 15. A predicted absolute
benefit of 1% (0.01) for a particular patient means 1% less mortality when
this particular patient is brought to a Level-1/2 trauma center instead of a
Level-3 trauma center.

Additional file 4: Figure S3. Patients who benefit with predicted
benefit above 0 in 95% of the predictions from transportation to a Level-
1 trauma center, following the models without (A) and with interaction
terms (B).

Acknowledgements
Not applicable.

Authors’ contributions
Study design: CS, BG, DN, DvK, ES; Data analysis: CS, BG, DN, DvK, ES; Data
interpretation: CS, BG, DN, DdH, DvK, ES; Writing: CS, BG, DvK, ES, DdH;
Critical revision: CS, BG, DN, DdH, DvK, ES; All authors have read and
approved the manuscript.

Funding
No funding was obtained for this study.

Availability of data and materials
The datasets analysed during the current study are available at https://www.
facs.org/quality-programs/trauma/tqp/center-programs/ntdb/datasets. The R
code can be made available upon request.

Declarations

Ethics approval and consent to participate
since NTDB is a national observational cohort study with anonymous data,
the need for approval was waived.

Consent for publication
not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Public Health, Erasmus MC University Medical Center,
Na-building, room Na-2318, Wytemaweg 80, 3015 Rotterdam, CN, The
Netherlands. 2Trauma Research Unit, Department of Surgery, Erasmus MC
University Medical Center, Na-building, room Na-2318, Wytemaweg 80, 3015
Rotterdam, CN, The Netherlands. 3Department of Biomedical Data Sciences,
Leiden University Medical Center, Leiden, The Netherlands.

Received: 21 December 2020 Accepted: 26 July 2021

References
1. Polinder S, Haagsma JA, Toet H, van Beeck EF. Epidemiological burden of

minor, major and fatal trauma in a national injury pyramid. Br J Surg. 2012;
99(Suppl 1):114–21.

2. MacKenzie EJ, Rivara FP, Jurkovich GJ, Nathens AB, Frey KP, Egleston BL,
et al. A national evaluation of the effect of trauma-center care on mortality.
N Engl J Med. 2006;354(4):366–78. https://doi.org/10.1056/NEJMsa052049.

3. 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. https://doi.org/10.1097/TA.0b013e3181929e2b.

4. Champion HR, Lombardo LV, Wade CE, Kalin EJ, Lawnick MM, Holcomb JB.
Time and place of death from automobile crashes: research endpoint
implications. J Trauma Acute Care Surg. 2016;81(3):420–6. https://doi.org/1
0.1097/TA.0000000000001124.

5. van Rein EAJ, van der Sluijs R, Voskens FJ, Lansink KW, Houwert RM,
Lichtveld RA, et al. Development and validation of a prediction model for
prehospital triage of trauma patients. JAMA Surg. 2019;154:421–9.

6. Sewalt CA, Venema E, Wiegers EJA, Lecky FE, Schuit SCE, den Hartog D,
et al. Trauma models to identify major trauma and mortality in the
prehospital setting. Br J Surg. 2020;107(4):373–80. https://doi.org/10.1002/
bjs.11304.

7. Hamada SR, Delhaye N, Degoul S, Gauss T, Raux M, Devaud ML, et al. Direct
transport vs secondary transfer to level I trauma centers in a French
exclusive trauma system: impact on mortality and determinants of triage on
road-traffic victims. PLoS One. 2019;14(11):e0223809. https://doi.org/10.1371/
journal.pone.0223809.

8. Sampalis JS, Denis R, Frechette P, Brown R, Fleiszer D, Mulder D. Direct
transport to tertiary trauma centers versus transfer from lower level facilities:
impact on mortality and morbidity among patients with major trauma. J
Trauma. 1997;43(2):288–95; discussion 95-6. https://doi.org/10.1097/000053
73-199708000-00014.

9. Hashmi ZG, Kaji AH, Nathens AB. Practical guide to surgical data sets:
National Trauma Data Bank (NTDB). JAMA Surg. 2018;153(9):852–3. https://
doi.org/10.1001/jamasurg.2018.0483.

Sewalt et al. BMC Emergency Medicine           (2021) 21:93 Page 11 of 12

https://doi.org/10.1186/s12873-021-00487-3
https://doi.org/10.1186/s12873-021-00487-3
https://www.facs.org/quality-programs/trauma/tqp/center-programs/ntdb/datasets
https://www.facs.org/quality-programs/trauma/tqp/center-programs/ntdb/datasets
https://doi.org/10.1056/NEJMsa052049
https://doi.org/10.1097/TA.0b013e3181929e2b
https://doi.org/10.1097/TA.0000000000001124
https://doi.org/10.1097/TA.0000000000001124
https://doi.org/10.1002/bjs.11304
https://doi.org/10.1002/bjs.11304
https://doi.org/10.1371/journal.pone.0223809
https://doi.org/10.1371/journal.pone.0223809
https://doi.org/10.1097/00005373-199708000-00014
https://doi.org/10.1097/00005373-199708000-00014
https://doi.org/10.1001/jamasurg.2018.0483
https://doi.org/10.1001/jamasurg.2018.0483


10. Atkin C, Freedman I, Rosenfeld JV, Fitzgerald M, Kossmann T. The evolution
of an integrated state trauma system in Victoria, Audtralia. Injury. 2005;
36(11):1277–87. https://doi.org/10.1016/j.injury.2005.05.011.

11. Baker SP, O'Neill B, Haddon W Jr, 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. https://doi.org/10.1097/
00005373-197403000-00001.

12. Hall WH, Ramachandran R, Narayan S, Jani AB, Vijayakumar S. An electronic
application for rapidly calculating Charlson comorbidity score. BMC Cancer.
2004;4(1):94. https://doi.org/10.1186/1471-2407-4-94.

13. van Buuren S, Groothuis-Oudshoorn K. Mice: multivariate imputation by
chained equations in R. J Stat Softw. 2011;45(3):1–67.

14. Herndon JE 2nd, Harrell FE Jr. The restricted cubic spline as baseline hazard
in the proportional hazards model with step function time-dependent
covariables. Stat Med. 1995;14(19):2119–29. https://doi.org/10.1002/sim.4
780141906.

15. van Klaveren D, Balan TA, Steyerberg EW, Kent DM. Models with interactions
overestimated heterogeneity of treatment effects and were prone to
treatment mistargeting. J Clin Epidemiol. 2019;114:72–83. https://doi.org/1
0.1016/j.jclinepi.2019.05.029.

16. Kent DM, Steyerberg E, van Klaveren D. Personalized evidence based
medicine: predictive approaches to heterogeneous treatment effects. BMJ.
2018;363:k4245.

17. 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. Lancet. 2007;370(9596):1453–7. https://doi.org/10.1016/S0140-673
6(07)61602-X.

18. Chawda MN, Hildebrand F, Pape HC, Giannoudis PV. Predicting outcome
after multiple trauma: which scoring system? Injury. 2004;35(4):347–58.
https://doi.org/10.1016/S0020-1383(03)00140-2.

19. Koksal O, Ozdemir F, Bulut M, Aydin S, Almacioglu ML, Ozguc H.
Comparison of trauma scoring systems for predicting mortality in firearm
injuries. Ulus Travma Acil Cerrahi Derg. 2009;15(6):559–64.

20. Tamim H, Al Hazzouri AZ, Mahfoud Z, Atoui M, El-Chemaly S. The injury
severity score or the new injury severity score for predicting mortality,
intensive care unit admission and length of hospital stay: experience from a
university hospital in a developing country. Injury. 2008;39(1):115–20.
https://doi.org/10.1016/j.injury.2007.06.007.

21. Curtis E, Romanowski K, Sen S, Hill A, Cocanour C. Frailty score on admission
predicts mortality and discharge disposition in elderly trauma patients over
the age of 65 y. J Surg Res. 2018;230:13–9. https://doi.org/10.1016/j.jss.2018.
04.017.

22. Koizia L, Kings R, Koizia A, Peck G, Wilson M, Hettiaratchy S, et al. Major
trauma in the elderly: frailty decline and patient experience after injury.
Trauma. 2019;21(1):21–6. https://doi.org/10.1177/1460408618783221.

23. Charles EJ, Napoli NJ, Johnston LE, Foster CA, Goode DA, Parker TB, et al.
Outcomes after falls continue to worsen despite trauma and geriatric care
advancements. Am Surg. 2018;84(3):392–7. https://doi.org/10.1177/0003134
81808400323.

24. McKevitt EC, Calvert E, Ng A, Simons RK, Kirkpatrick AW, Appleton L, et al. Geriatric
trauma: resource use and patient outcomes. Can J Surg. 2003;46(3):211–5.

25. Chalouhi N, Mouchtouris N, Saiegh FA, Starke RM, Theofanis T, Das SO, et al.
Comparison of outcomes in level I vs level II trauma centers in patients
undergoing craniotomy or Craniectomy for severe traumatic brain injury.
Neurosurgery. 2020;86(1):107–11. https://doi.org/10.1093/neuros/nyy634.

26. McConnell KJ, Newgard CD, Mullins RJ, Arthur M, Hedges JR. Mortality
benefit of transfer to level I versus level II trauma centers for head-injured
patients. Health Serv Res. 2005;40(2):435–57. https://doi.org/10.1111/j.1475-
6773.2005.0u367.x.

27. Griffith DA, Bennett RJ, Haining RP. Statistical analysis of spatial data in the
presence of missing observations: a methodological guide and an
application to urban census data. Environ Plan A. 1989;21(11):1,511–23.
https://doi.org/10.1068/a211511.

28. Totten AM, Cheney TP, O'Neil ME, Newgard CD, Daya M, Fu R, et al.
Physiologic predictors of severe injury: systematic review. Rockville: AHRQ
Comparative Effectiveness Reviews; 2018.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Sewalt et al. BMC Emergency Medicine           (2021) 21:93 Page 12 of 12

https://doi.org/10.1016/j.injury.2005.05.011
https://doi.org/10.1097/00005373-197403000-00001
https://doi.org/10.1097/00005373-197403000-00001
https://doi.org/10.1186/1471-2407-4-94
https://doi.org/10.1002/sim.4780141906
https://doi.org/10.1002/sim.4780141906
https://doi.org/10.1016/j.jclinepi.2019.05.029
https://doi.org/10.1016/j.jclinepi.2019.05.029
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/S0020-1383(03)00140-2
https://doi.org/10.1016/j.injury.2007.06.007
https://doi.org/10.1016/j.jss.2018.04.017
https://doi.org/10.1016/j.jss.2018.04.017
https://doi.org/10.1177/1460408618783221
https://doi.org/10.1177/000313481808400323
https://doi.org/10.1177/000313481808400323
https://doi.org/10.1093/neuros/nyy634
https://doi.org/10.1111/j.1475-6773.2005.0u367.x
https://doi.org/10.1111/j.1475-6773.2005.0u367.x
https://doi.org/10.1068/a211511

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Participants
	Data preparation
	Statistical analysis

	Results
	Descriptives
	Main effect of Level-1 trauma centers on in-hospital mortality
	Benefit from Level-1 trauma centers
	Harm from Level-1 trauma centers

	Main effect of Level-1/2 trauma centers on in-hospital mortality
	Benefit from Level-1/2 trauma centers

	Discussion
	Strengths
	Limitations
	Implications

	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

