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Investigators

Abstract

Background: Prehospital care for patients with traumatic brain injury (TBI) varies with some emergency medical sys-
tems recommending direct transport of patients with moderate to severe TBI to hospitals with specialist neurotrauma
care (SNCs). The aim of this study is to assess variation in levels of early secondary referral within European SNCs and
to compare the outcomes of directly admitted and secondarily transferred patients.

Methods: Patients with moderate and severe TBI (Glasgow Coma Scale < 13) from the prospective European CENTER-
TBI study were included in this study. All participating hospitals were specialist neuroscience centers. First, adjusted
between-country differences were analysed using random effects logistic regression where early secondary referral
was the dependent variable, and a random intercept for country was included. Second, the adjusted effect of early
secondary referral on survival to hospital discharge and functional outcome [6 months Glasgow Outcome Scale
Extended (GOSE)] was estimated using logistic and ordinal mixed effects models, respectively.

Results: A total of 1347 moderate/severe TBI patients from 53 SNCs in 18 European countries were included. Of these
1347 patients, 195 (14.5%) were admitted after early secondary referral. Secondarily referred moderate/severe TBI
patients presented more often with a CT abnormality: mass lesion (52% vs. 34%), midline shift (54% vs. 36%) and acute
subdural hematoma (77% vs. 65%). After adjusting for case-mix, there was a large European variation in early second-
ary referral, with a median OR of 1.69 between countries. Early secondary referral was not associated with functional
outcome (adjusted OR 1.07, 95% Cl 0.78-1.69), nor with survival at discharge (1.05, 0.58-1.90).

Conclusions: Across Europe, substantial practice variation exists in the proportion of secondarily referred TBI patients
at SNCs that is not explained by case mix. Within SNCs early secondary referral does not seem to impact functional
outcome and survival after stabilisation in a non-specialised hospital. Future research should identify which patients
with TBI truly benefit from direct transportation.
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[2, 3]. Care in specialized neurotrauma centers (SNC)
with neurosurgical and neurocritical care expertise can
reduce the incidence of death and disability from head
injury, especially in more severe TBI [4-6]. However, not
all TBI patients are directly transported to a SNC if this is
not the nearest facility. In the prehospital setting Emer-
gency Medical Services (EMS) should decide whether
these patients should be stabilized at the nearby non
specialist acute hospital (NSAH) or directly transported
to a more distant SNC. After stabilization and com-
puted tomography (CT) scan at a NSAH—the decision is
made regarding the need for specialist neurotrauma care
(including neurosurgery and neurointensive cares [7])
via secondary transfer. Stabilizing the patient at a nearby
NSAH may cause an important time delay to critical neu-
rosurgical and neurocritical care interventions which
could adversely affect the outcome of TBI patients [8].
On the other hand prolonged primary transportation to
a more distant specialist center could delay direct access
to critical interventions such as drug assisted intubation,
which prevents hypoxia and hypotension, that can induce
secondary brain injury [9]. This is pertinent particu-
larly to the majority of EMS staff who do not have this
advanced airway skill [10]. Early neurosurgery might be
a lower priority than early treatment of secondary insults
such as hypoxia and hypotension [11]—the latter being
addressed by hospital based damage control measures
and balanced transfusion. The decision which patients
should be conveyed directly to an SNC is made on-scene
by EMS staff based on clinical parameters, injury charac-
teristics and the local policy through trauma triage tools
[10]. A systematic review on this issue failed to identify
clear benefit from direct transportation to SNCs [11]. A
recent randomized trial also failed to identify benefit as
the majority of patients who bypass the NSAH are sub-
sequently shown not to have a brain injury on CT scan,
diluting the impact of early access to neurotrauma care
[12, 13].

Notwithstanding this equivocal evidence base, several
international guidelines recommend direct transporta-
tion of patients with moderate/severe TBI to hospitals
with availability of neurosurgical care in order to reduce
the time delay [14—16]. There might be substantial varia-
tion in referral practice between regions and countries. It
remains unclear how long term outcomes of secondarily
referred patients relate to outcomes of patients directly
transported to a SNC, also in terms of secondary brain
damage associated with hypoxia and hypotension.

Therefore, the aims of this study are, (1) to quantify
European practice variation in early secondary referrals,
and (2) to determine the association of arriving by early
secondary referral with hypoxia and/or hypotension, sur-
vival at discharge and functional outcome at 6 months.
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Methods

Study design

The Collaborative European NeuroTrauma Effectiveness
Research in TBI (CENTER-TBI) study is a multicenter,
longitudinal, prospective, observational study in 22 coun-
tries across Europe and Israel which enrolled patients
between December 2014 and December 2017 [17]. All
study sites are specialist neurotrauma centers [17]. The
core cohort includes patients presenting within 24 h of
injury, with a clinical diagnosis of TBI and indication for
CT. Data for the CENTER-TBI study has been collected
through the Quesgen e-CRF (Quesgen Systems Inc,
USA), hosted on the INCF platform and extracted via the
INCF Neurobot tool (INCF, Sweden).

We validated the generalizability of our analysis in the
Center-TBI registry, comprising of all patients present-
ing at one of the study centers between December 2014
and December 2017 with a clinical diagnosis of TBI and
indication for CT scan [17]. For the registry, informed
consent was not necessary and collected purely adminis-
trative data which resulted in more included patients.

Version 2.1 of the core and registry Neurobot data sets
were used for this study. Prehospital data was collected
by physicians at the study centers. Policy and center spe-
cific data was collected by provider profiling question-
naires, filled in by the leading researchers of each study
center [18]. Relevant questions from the provider profil-
ing questionnaires to explain regional differences were
the existence of a prehospital triage tool concerning
direct transportation to more distant specialist neuro-
trauma centres and level of education of the prehospital
staff.

Ethical approval was obtained for each recruiting site.
Consent was obtained for all patients enrolled in the
Core study. The list of sites, Ethical Committees, approval
numbers and approval dates can be found on the website:
https://www.center-tbi.eu/project/ethical-approval.

Patient selection

We included all patients with moderate/severe TBI
when presenting to the study center (defined as a Glas-
gow Coma Scale (GCS) <13 or intubated [19]) who were
transported by ambulance or helicopter directly to a
study center (SNC) or admitted after early secondary
referral within 24 h. Both patients with isolated TBI and
polytrauma patients were included. A sensitivity analysis
was done by including all CENTER-TBI registry patients
with moderate/severe TBI. This study was reported in
accordance with the STROBE reporting guidelines [20].

Definitions
The outcome measures to estimate the effect of
early secondary referral were hypoxia at ED arrival
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(saturation <90%), hypotension at ED arrival (systolic
blood pressure<90 mmHg), survival at discharge and
6 months Glasgow Outcome Scale Extended (GOSE). For
cases in which GOSE assessments had been performed
outside the pre-specified window of 5-8 months, a multi-
state model was made by the CENTER-TBI statisticians
to impute the 180-day GOSE [1, 21]. This imputed GOSE
variable was made by the CENTER-TBI statisticians and
was directly extracted from the CENTER-TBI Neurobot
dataset [22]. This enables all CENTER-TBI research-
ers to use the same outcome variable. All other variables
extracted from the CENTER-TBI Neurobot dataset were
not imputed at the start of this research project. The
following potential confounders between the relation-
ship of transfer status and outcome were extracted from
the CENTER-TBI Neurobot dataset because they were
assumed to be associated with either arriving by early
secondary referral or part of the International Mission
for Prognosis and Analysis of Clinical Trials (IMPACT)
model: age, GCS motor score at first Emergency Depart-
ment (ED) arrival, pupil inequality at first ED arrival,
hypoxia at ED arrival, hypotension at ED arrival, Injury
Severity Score (ISS) and several CT abnormalities: trau-
matic subarachnoid haemorrhage (tSAH), epidural
hematoma, mass lesion and acute subdural hematoma
[23].

Outcomes

Our primary outcome in order to quantify European
practice variation is referral status (primary versus early
secondary referral). Our secondary outcomes to deter-
mine the association between referral status and out-
comes are 6 months GOSE, survival at discharge, hypoxia
and hypotension. For the analysis in the CENTER-TBI
registry, we used survival at discharge as outcome meas-
ure since longer term outcome data were not collected in
the Registry.

Statistical analysis

Continuous variables were described by the median
and interquartile range (IQR). Categorical variables
were described by the frequency and percentage.
Missing data was imputed using multiple imputation,
assuming missing at random (MAR). Missingness at
random was assumed because the missingness present
in our study can be accounted for by variables where
there is complete information [24]. Missing data were
multiply imputed for the main analyses using the ‘mice’
package. Together with the potential confounders men-
tioned above, referral status was included in the impu-
tation model. Five imputed datasets were obtained. All
variables, except for the outcome variables survival
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at discharge and the derived 6 months GOSE, were
imputed. However, the outcome variables were
included in the imputation model.

First, adjusted between-country differences were
analyzed by adding a random intercept for country to
a logistic regression model with early secondary refer-
ral as dependent variable. National variation or practice
variation was quantified using the Median Odds Ratio
[MOR, median odds ratio (OR) between two randomly
picked countries/centers] [25].

Second, the effect of arriving by early secondary
referral on hypotension and hypoxia was estimated
using random effects logistic regression models. We
adjusted for age, GCS motor score, pupil inequality, ISS
and a random intercept for study center.

Third, the effect of arriving by early secondary refer-
ral on survival at discharge and functional outcome
(6 months GOSE) was estimated using random effects
regression models. For in-hospital mortality, a ran-
dom effects logistic regression model was used, which
included the predefined confounders and a random
intercept for study center. For 6 months GOSE, a ran-
dom effects ordinal regression model was used with
similar structure. A subgroup analysis was done by
including patients who presented with either a mass
lesion or acute subdural hematoma on CT scan. This
subgroup analysis used the same confounders to adjust
for expect for CT abnormalities since this was the
inclusion criterion of the subgroup analysis.

As a secondary sensitivity analysis in order to validate
our results and assess generalizability, the same analysis
was repeated in the CENTER-TBI registry with more
heterogenous patients with survival at discharge as
outcome measure. A random effects logistic regression
model with the same case-mix variables was used with
a random intercept for study center. Finally, as sensitiv-
ity analysis, the main analyses were also repeated in the
complete cases only.

Continuous variables within the models were
checked graphically for nonlinearity and were han-
dled using restricted cubic splines when nonlinearity
was assumed. Variables within models were checked
for potential multicollinearity using correlation matri-
ces. We did not check interactions terms because there
were not enough degrees of freedom to do this.

Statistical analyses were performed in R statistical
software 3.5.1 (R Foundation for Statistical Computa-
tion, Vienna). The glmer function from the /me4 pack-
age was used for mixed effects logistic regression, the
cIlmm function from the ordinal package was used for
ordinal mixed effects logistic regression, and multiple
imputation was performed using the MICE package.



Sewalt et al. Scand J Trauma Resusc Emerg Med (2021) 29:113

Results

Patient characteristics

A total of 1347 patients with moderate/severe TBI were
included in this study from 53 study centers in 18 Euro-
pean countries. Of these 1347 patients, 195 (14.5%)
were transferred from another hospital. The propor-
tion of TBI patients arriving through early second-
ary referrals varied by study center from 0 to 71%. The
patients secondarily referred to the study center were
mostly male (146, 74.9%), with a median age of 52 years
(IQR 29-67), a median GCS of 7 (IQR 3-10), were not
often intubated compared to primary referred in the
prehospital environment (37, 20.7%) and their median
ISS was 26 (25-41). The patients who were primar-
ily transported to study centres were also mostly male
(837, 72.7%), young to middle aged (median age was 47,
IQR 28-65), with a GCS of 7 (4-10), however they were
often intubated on-scene (701, 62.1%);their median ISS
was 34 (25-45) (Table 1, Additional file 2: Figure S1).
Mode of injury differed between both patient groups
where road traffic incidents with extracranial injury
were more common in TBI patients arriving by primary
referral. When looking at the prehospital characteris-
tics, patients secondarily referred had fewer on scene
interventions (e.g. intubation, IV fluids) compared to
primarily transported patients (Table 1).

Patients arriving after early secondary referral had
more serious abnormalities on CT imaging; 131 (77.1%)
of patients arriving by secondary transfer had an acute
subdural hematoma, compared to 700 (64.6%) of the
directly admitted patients; 79 (52.0%) of the referred
patients had a mass lesion, compared to 347 (34.1%) of
those arriving directly from the scene. The average time
from injury to emergency surgery was approximately
210 min for directly admitted patients compared to
345 min when arriving by early secondary referral.

The median 6 months GOSE was 4 (IQR 1-6) among
primary referred patients and 4 (IQR 1-7) among early
secondary referred patients. In-hospital mortality was
21.2% among primary referred patients and 19.4%
among secondarily referred patients.

European practice variation of early secondary referrals
When analysing European practice variation, patients
admitted to specialist neurotrauma centers in Scan-
dinavian countries, Austria and England were more
often secondarily referred (Fig. 1). Patients in the Neth-
erlands and Italy had relatively lower adjusted chance
of arriving by early secondary referral. The MOR is
1.69 which means that the OR between two randomly
picked countries is 1.69 for the average TBI patient
included in our study.
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Effect of early secondary referral on outcome

There was no association between type of referral and
hypotension and hypoxia at arrival at the SNC (unad-
justed OR 0.53 with direct admission as reference, 95% CI
0.27-1.02 for hypoxia and OR 0.65 with direct admission
as reference, 95% CI 0.36—1.19 for hypotension, Table 2).
After adjustment, there were similar results (OR 0.57
with direct admission as reference, 95% CI 0.28-1.15 for
hypoxia and OR 0.72 with direct admission as reference,
95% CI 0.38—1.38 for hypotension). Arriving by early sec-
ondary referral as moderate/severe TBI patient was not
associated with 6 month GOSE (unadjusted OR 1.13 with
direct admission as reference, 95% CI 0.82-1.55). After
adjusting for confounders, arriving by early secondary
referral as moderate/severe TBI patient was not associ-
ated with 6 month GOSE (multivariable adjustment, OR
1.07 with direct admission as reference, 95% CI 0.78—
1.46, Table 3) and there was no association between early
secondary referral and survival at discharge (OR 1.05
with direct admission as reference, 95% CI 0.58-1.90).
Subgroup analysis of patients with a mass lesion or acute
subdural hematoma and patients needing emergency
intracranial surgical intervention showed similar mag-
nitude and direction of the effects (Table 3). Complete
case analysis showed similar results (Additional file 1:
Table S3, Table S4).

Sensitivity analysis in the registry

A total of 2150 moderate/severe TBI patients were
included in the registry of which 25% arrived by sec-
ondary transfer, the characteristics of both groups were
similar to patients in the core study (Additional file 1:
Table S1). Secondarily referred patients had craniotomy
for hematoma more often as emergency intervention
[171 (10.5%) of directly admitted and 164 (31.4%) of sec-
ondarily referred patients]. Also, the CT scans of second-
arily referred patients more frequently showed midline
shift (54.5% for secondarily referred vs. 37.5% for directly
admitted). There was no association between arriving by
early secondary referral and survival at discharge after
adjustment for confounders (OR 1.21 95% CI 0.84-1.73,
Additional file 1: Table S2).

Discussion

This study showed that variation in the proportion of
moderate and severe TBI patients who have been second-
arily referred to European specialist centres varied sig-
nificantly by country after adjusting for case-mix factors.
The secondarily referred TBI patients received less pre-
hospital interventions. However, they had more serious
abnormalities at CT scanning. Secondarily referred TBI
patients were not associated with fewer secondary insults
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Table 1 Patient characteristics, continuous: median (IQR), categorical: number (%); including percentage missingness for patient
characteristics from core dataset (N=1347)

Primary referral % missing  Early secondary referral % missing  p value
(N=1152) (N=195)

Patient characteristics
Male (%) 837(72.7) 0.0 146 (74.9) 0.0 0.52
Age (median [IQR]) 47 [28, 65] 0.0 52[29,67] 0.0 034
Alcohol usage (%) 295 (29.0) 11.6 71 (42.3) 13.8 0.001
Drugs usage (%) 50(5.4) 203 10(74) 303 0.37
Injury characteristics
Cause of injury (%) 109 159 <0.001

Fall 420 (40.9) 84(51.2)

Road traffic incident 551 (53.7) 60 (36.6)

Suicide 26 (2.5) 3(1.8)

Violence 30(2.9) 17 (10.4)
Area of injury = urban (%) 837 (75.0) 3.1 143 (76.5) 41 0.67
Place of injury (%) 23 5.1 <0.001

Home 275 (24.4) 50 (27.0)

Public location 66 (5.9) 35(18.9)

Sport 56 (5.0) 7 (3.8)

Street 663 (58.9) 86 (46.5)

Work 66 (5.9) 7(3.8)
GCS at arrival ED (median [IQR]) 6[3,9] 0.0 7(3,10] 0.0 <0.001
Hypoxia at arrival ED 186 (16.9) 0.0 18 (10.3) 0.0 <0.001
Hypotension at arrival ED 196 (17.9) 0.0 20(11.7) 0.0 <0.001
Total ISS (median [IQR]) 34 [25,45] 0.7 26 [25,41] 1.0 0.03
Major extracranial injury (AIS > 3) (%) 652 (57.0) 0.7 83 (43.0) 1.0 <0.001
Pupil differences at ED (%) 34 6.7 0.10

No pupil difference 809 (72.7) 146 (80.2)

One pupil not reactive 94 (84) 12 (6.6)

Two pupils not reactive 210(18.9) 24 (13.2)
Prehospital care
Intubation (%) 701 (62.1) 2.1 37(20.7) 8.2 <0.001
Ventilation (%) 646 (58.0) 34 35(19.7) 8.7 <0.001
CPR (%) 35(3.0) 0.0 2(1.0) 00 0.11
Oxygen supply (%) 853 (78.8) 6.1 97 (65.5) 24.1 <0.001
IV fluids (%) 727 (63.1) 0.0 65 (33.3) 0.0 <0.001
Physician on scene (%) 858 (74.7) 03 86 (44.6) 1.0 <0.001
Mode of transport (%) 0.0 0.0 <0.001

Ambulance 769 (66.8) 160 (82.1)

Helicopter 271 (23.5) 16 (8.2)

Medical mobile team 1129.7) 199.7)
Time from leaving scene to first hospital (median [IQR]) 20[12,39] 418 11109, 24] 88 0.02
Time to study center (median [IQR]) 201[12,39] 418 205[160, 286] 53 <0.001
Local policy characteristics
Prehospital triage protocol favours direct admission (%) 334 (46.7) 379 28 (27.2) 472 <0.001
Training of prehospital staff (%) 194 24.1 0.61

BLS only 168 (18.1) 22 (14.9)

Emergency medical technician 590 (63.6) 99 (66.9)

Nurse 170 (18.3) 27 (18.2)

Imaging characteristics
Acute subdural hematoma (%) 700 (64.6) 59 131(77.1) 12.8 0.004
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Table 1 (continued)

Primary referral % missing  Early secondary referral % missing  p value

(N=1152) (N=195)
Traumatic subarachnoid hemorrhage (%) 747 (73.6) 11.9 114 (76.5) 236 0.449
Epidural hematoma (%) 165 (16.2) 1.7 28 (18.7) 23.1 0.452
Skull fracture (%) 617 (59.9) 10.6 104 (65.8) 19.0 0.115
Midline shift (%) 377 (35.6) 8.0 91 (53.8) 133 0.007
Cisternal compression (%) 435 (41.6) 93 81 (50.6) 179 0.142
Mass lesion (%) 347 (34.1) 116 79 (52.0) 221 <0.001
Intraventricular hemorrhage (%) 290 (28.6) 120 41 (27.0) 22.1 0.678
Contusion (%) 734 (69.3) 8.1 134(79.3) 133 0.033
Emergency intracranial surgical intervention (%) 286 (24.9) 03 62 (32.1) 1.0 0.034
Time from injury to emergency surgery (median [IQR]) 210 [150, 348] 37 345 [259,479] 20.6 <0.001
Outcome
6 Months GOSE (median [IQR]) 4.00[1.00, 6.00] 12.7 4.00[1.00, 7.00] 14 0.430
Unfavourable outcome (GOSE < 5, %) 491 (48.8) 12.7 62 (37.3) 14 <0.001
In-hospital mortality (%) 190 (20.0) 17.7 30(18.5) 16.9 0610

Log Odds Transfer
0.6

0.3
0.0

-0.3

-0.6

K )
Fig. 1 European practice variation in early secondary referrals,
adjusted for extended IMPACT model (age, GCS motor score, pupil
inequality, hypoxia, hypotension, ISS, CT lesions: tSAH, epidural
hematoma, mass lesion, acute subdural hematoma). Log Odds
represents the chance of arriving by early secondary referral for the
mean moderate/severe TBI patient compared to the mean European
chance of being referred. A log-odds above 0 means more chance
than average of arriving by early secondary referral, a log odds below
0 means less chance than average of arriving by early secondary
referral

(hypoxia and hypotension at ED arrival). We found no
association between early secondary referral and clinical
long term outcomes. These findings were confirmed in
the registry database, including a larger and more heter-
ogenous population.

The European variation in the proportion of early sec-
ondary referrals to specialist centres is large, and only
partly confirmed in previous literature. The likelihood
of arriving by early secondary referral was lowest in the

Table 2 Effect of early secondary referral on hypotension
and hypoxia at arrival at the Emergency Department of the
Specialized Neurotrauma Center

Hypoxia OR (95% ClI) Hypotension OR (95% Cl)
Unadjusted 0.53(0.27-1.02) 0.65 (0.36-1.19)
Multivariable 0.57 (0.28-1.15) 0.72 (0.38-1.38)
adjustment?

There were 186 primary referred patients with hypoxia and 18 secondary
referred patients with hypoxia. There were 196 primary referred patients with
hypotension and 20 primary referred patients with hypotension

@ Adjusted for: age, GCS motor score, pupil inequality, ISS and a random
intercept for center

Netherlands and Italy. A previous Italian study showed
that 58% of the TBI patients presenting at SNCs in the
whole country were referred from another peripheral
hospital [26]. However, Italian centers that contrib-
uted to CENTER-TBI were mainly situated in North-
ern Italy. Fifteen years ago, an English study found
that one third of the severe head injury patients were
treated in non-neurotrauma centers which was associ-
ated with higher mortality [27]. A study from Greece
found that around half of the TBI patients in specialist
centres were secondarily referred, higher than our find-
ings. Early secondary referral increased the travel time
to a neurosurgical center by 3.5 h [28]. The percent-
age of early secondary referrals seems to be decreasing
when comparing our sample of moderate/severe TBI
patients to older European studies. The percentage of
secondarily referred patients was highest in Scandina-
vian countries, Austria and the UK. This is in line with
their geography, less densely populated areas with long
distances and the consequent need to stabilise their
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Table 3 Effect of early secondary referral on GOSE and survival at discharge

6 months GOSE Survival at

OR (95% Cl) discharge OR

(95% ClI)

Unadjusted 1.13(0.82-1.55) 1.04 (0.65-1.62)
Multivariable adjustment® 1.07 (0.78-1.46) 1.05 (0.58-1.90)
Subgroup: patients with mass lesion/ASDH N=691 N=651
Unadjusted 1.64 (1.10-2.44) 1.24(0.67-2.32)
Multivariable adjustmentb 1.28 (0.86-1.93) 1.02 (0.64-1.64)
Subgroup: patients with emergency intracranial surgical intervention N=301 N=293
Unadjusted 1.51(0.85-2.69) 1.59 (0.68-3.72)
Multivariable adjustmentb 1.56 (0.89-2.74) 161 (0.56-4.76)

Higher OR for 6 months GOSE means better outcome, while higher OR for survival at discharge means higher chance of survival

2 Adjusted for: age, GCS motor score, pupil inequality, hypoxia, hypotension, ISS, CT lesions: tSAH, epidural hematoma, mass lesion, acute subdural hematoma, and a

random intercept for center

b Adjusted for: age, GCS motor score, pupil inequality, hypoxia, hypotension, ISS and a random intercept for center

patients at closer non-specialised acute hospitals in
order to avoid secondary insults.

Earlier research suggested that arriving by early sec-
ondary referral is associated with worse outcomes in
severe TBI patients [8, 27, 29, 30]. One of the most
important explanations for worse outcomes being the
time delay which could result in secondary brain damage
due to hypotension and hypoxia [31]. Also, care in cen-
tres that practice high-volume protocol-driven therapy,
like ICP monitoring, is associated with better outcomes
especially when neurocritical interventions are necessary
[32, 33]. However, we could not find an effect of early
secondary referral on long term outcomes. A meta-anal-
ysis including eleven studies found comparable results
[12]. This is in line with previous research, suggesting
that time interval to surgery was not associated with
outcomes in patients with acute subdural hematomas
requiring surgery [34]. Since subdural hematomas were
the most prevalent CT abnormality in early secondary
referred patients, these data suggest that these patients
can safely be stabilised in non-specialised centers.

Our study shows that the impact of time to emergency
surgery on outcomes becomes less critical when sec-
ondary insults (hypoxia and hypotension) are avoided.
Hypoxia and hypotension are although less frequently
observed over time in TBI patients still strongly associ-
ated with worse long term outcomes [35, 36]. We found
no differences in secondarily referred TBI patients arriv-
ing with hypoxia or hypotension compared to directly
admitted TBI patients at the Specialised Neurotrauma
Centre. This is not in line with previous research which
shows that interventions to treat life-threatening events
may significantly decrease mortality [37]. We do see a

non-significant association between arriving by second-
ary referral and less hypoxia or hypotension. We believe
that shortened on-scene time and prompt transport to a
non-specialist acute care facility where patients can be
stabilized is associated with less hypoxia and hypoten-
sion when arriving at the specialized neurotrauma center.
This is also in line with the trial of Bernard which shows
that prompt intubation is associated with improved func-
tional outcome in severe TBI patients [9]. When intuba-
tion is not possible in the prehospital field, it is important
to transport the patient to the nearest acute care facility
as soon as possible [35]. The reason for not finding a sig-
nificant association might be the study power needed to
show this association.

This study has several strengths. CENTER-TBI is
a multicenter study in 22 European countries, which
increases external validity. External validity is further
increased because we were able to validate our findings
for the effect of early secondary referral on outcome in
the CENTER registry. We could rigorously adjust for
potential case-mix differences due to the broad data col-
lection of CENTER-TBI, and assess both survival and
long term functional outcome.

However, our study also has several limitations. The
biggest limitation of our study is the fact that we miss
information about patients who died at the first hospi-
tal. This could introduce a selection bias where patients
secondary referred to SNCs are the survivors of the
first hospital they were admitted to. First, we could only
include patients that were referred to a neurosurgical
study center within 24 h after injury. Some moderate/
severe TBI patients who may have benefited from spe-
cialised care might not have been transferred, or might



Sewalt et al. Scand J Trauma Resusc Emerg Med (2021) 29:113

have been transferred after 24 h. Late secondary transfers
are associated with worse outcomes [38]. Second, inevi-
tably our large multicentre prospective observational
study meant data was missing for some variables and
confounding bias could not be excluded. For example,
time to first hospital was missing in 50% of the cases. This
was addressed by using multiple imputation, a method
proven to give valid estimates under the missing at ran-
dom assumption [39]. We used random effects multi-
variable models to adjust for potential confounders and
further adjust for potential between-center differences
in study population. However, we cannot exclude resid-
ual confounding bias. Also, we adjusted for many factor
which could also introduce over-adjustment. Potential
confounding factors were selected on clinical reasoning
and the IMPACT model. Third, the between-country and
between-center differences could not be explained by
the captured policy and care characteristics [18]. Fourth,
since CENTER-TBI is a large multicentre prospective
cohort study measurement errors were inevitable. We
dealt with this by checking the dataset on impossible
values (for example a heart rate of 999), and these values
were checked in the patient records. When no mistake
could be found, values were made missing. Fifth, regres-
sion dilution bias due to measurement error or random
noise is possible. Last, geographical differences like the
distance from scene to the specialised center, or the num-
ber of specialised neurosurgical centers per km? were not
measured at a patient level.

The debate about whether or not to transport TBI
patients directly to specialist neurotrauma centers—past
closer non specialist hospitals—has not yet been con-
cluded. We were not able to find an association between
early secondary referral and outcome. Intuitively, arriv-
ing by early secondary referral with extended time from
injury to definitive treatment remains undesirable. One
could look for alternatives. An English study shows for
example that observation in a non-specialised hospital
with neurosurgical consult by e-health and repeated CT
scanning was not associated with worse outcomes for
TBI patients [40]. However, this could lead to extra trans-
fers between hospitals and increasing health care costs.

Once moderate/severe TBI patients are stabilised (on-
scene or at the first hospital), it is possible that there is
no effect of the time delay on outcome anymore. Patients
arriving by early secondary referral receive less inter-
ventions on-scene, but do have more serious CT brain
scan abnormalities, highlighting the limitations of cur-
rent prehospital triage tools. Future research in this area
also needs to include patients with TBI admitted to non-
specialist hospitals. This will enable assessment of sub-
groups of TBI patients with benefit from direct transport
to SNCs. Consequently, this would also allow further
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evaluation of the cost-effectiveness of direct transport to
SNCs which was recently shown to be equivocal [41].

Conclusions

Across Europe, substantial practice variation exists in
the proportion of secondarily referred moderate/severe
TBI patients within specialised neurotrauma centers.
Patients who are secondarily referred present less often
with secondary insults, although they have more serious
CT abnormalities. Future research should focus upon
which on scene characteristics identify TBI patients that
benefit from direct transportation to distant specialist
neurotrauma centers in order to improve guidelines and
outcomes for patients with TBL.
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