
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ipec20

Prehospital Emergency Care

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ipec20

Prehospital Intubation of Patients with Severe
Traumatic Brain Injury: A Dutch Nationwide
Trauma Registry Analysis

Sebastiaan M. Bossers, Robert Verheul, Erik W. van Zwet, Frank W. Bloemers,
Georgios F. Giannakopoulos, Stephan A. Loer, Lothar A. Schwarte & Patrick
Schober

To cite this article: Sebastiaan M. Bossers, Robert Verheul, Erik W. van Zwet, Frank W. Bloemers,
Georgios F. Giannakopoulos, Stephan A. Loer, Lothar A. Schwarte & Patrick Schober (2022):
Prehospital Intubation of Patients with Severe Traumatic Brain Injury: A Dutch Nationwide Trauma
Registry Analysis, Prehospital Emergency Care, DOI: 10.1080/10903127.2022.2119494

To link to this article:  https://doi.org/10.1080/10903127.2022.2119494

© 2022 The Author(s). Published with
license by Taylor & Francis Group, LLC.

Published online: 12 Sep 2022.

Submit your article to this journal Article views: 29

View related articles View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=ipec20
https://www.tandfonline.com/loi/ipec20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10903127.2022.2119494
https://doi.org/10.1080/10903127.2022.2119494
https://www.tandfonline.com/action/authorSubmission?journalCode=ipec20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ipec20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/10903127.2022.2119494
https://www.tandfonline.com/doi/mlt/10.1080/10903127.2022.2119494
http://crossmark.crossref.org/dialog/?doi=10.1080/10903127.2022.2119494&domain=pdf&date_stamp=2022-09-12
http://crossmark.crossref.org/dialog/?doi=10.1080/10903127.2022.2119494&domain=pdf&date_stamp=2022-09-12


Prehospital Intubation of Patients with Severe Traumatic Brain Injury: A Dutch
Nationwide Trauma Registry Analysis

Sebastiaan M. Bossersa , Robert Verheula, Erik W. van Zwetb, Frank W. Bloemersc,
Georgios F. Giannakopoulosc,d, Stephan A. Loera, Lothar A. Schwartea,d, and Patrick Schobera,d

aDepartment of Anesthesiology, Amsterdam UMC location Vrije Universiteit Amsterdam, Amsterdam, The Netherlands; bDepartment of
Biomedical Data Sciences, Leiden University Medical Center, Leiden, The Netherlands; cDepartment of Surgery, Amsterdam UMC location
Vrije Universiteit Amsterdam, Amsterdam, The Netherlands; dHelicopter Emergency Medical Service Lifeliner 1, Amsterdam, The Netherlands

ABSTRACT
Objective: Patients with severe traumatic brain injury (TBI) are commonly intubated during preho-
spital treatment despite a lack of evidence that this is beneficial. Accumulating evidence even sug-
gests that prehospital intubation may be hazardous, in particular when performed by
inexperienced EMS clinicians. To expand the limited knowledge base, we studied the relationship
between prehospital intubation and hospital mortality in patients with severe TBI in a large Dutch
trauma database. We specifically hypothesized that the relationship differs depending on whether
a physician-based emergency medical service (EMS) was involved in the treatment, as opposed to
intubation by paramedics.
Methods: A retrospective analysis was performed using the Dutch Nationwide Trauma Registry
that includes all trauma patients in the Netherlands who are admitted to any hospital with an
emergency department. All patients treated for severe TBI (Head Abbreviated Injury Scale score
�4) between January 2015 and December 2019 were selected. Multivariable logistic regression
was used to assess the relationship between prehospital intubation and mortality while adjusting
for potential confounders. An interaction term between prehospital intubation and the involve-
ment of physician-based EMS was added to the model. Complete case analysis as well as multiple
imputation were performed.
Results: 8946 patients (62% male, median age 63 years) were analyzed. The hospital mortality was
26.4%. Overall, a relationship between prehospital intubation and higher mortality was observed
(complete case: OR 1.86, 95% CI 1.35–2.57, p< 0.001; multiple imputation: OR 1.92, 95% CI
1.56–2.36, p< 0.001). Adding the interaction revealed that the relationship of prehospital intub-
ation may depend on whether physician-based EMS is involved in the treatment (complete case:
p¼ 0.044; multiple imputation: p¼ 0.062). Physician-based EMS involvement attenuated but did
not completely remove the detrimental association between prehospital intubation and mortality.
Conclusion: The data do not support the common practice of prehospital intubation. The effect
of prehospital intubation on mortality might depend on EMS clinician experience, and it seems
prudent to involve prehospital personnel well proficient in prehospital intubation whenever intub-
ation is potentially required. The decision to perform prehospital intubation should not merely be
based on the largely unsupported dogma that it is generally needed in severe TBI, but should
rather individually weigh potential benefits and harms.
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Introduction

Severe traumatic brain injury (TBI) is associated with a high
mortality (1). Patients are at risk of airway obstruction and
pulmonary aspiration, and treatment protocols emphasize
the need for early definitive airway protection in comatose
patients to avoid secondary brain injury by hypoxia or
hypercapnia (2–4).

Endotracheal intubation is considered the criterion stand-
ard in definitive airway protection, and patients with severe
TBI are commonly intubated in the field by prehospital
emergency medical personnel (5). However, evidence to sup-
port this common practice is scarce. While prehospital

intubation should theoretically be beneficial to ensure airway
protection and to prevent hypoxemia (6), the procedure also
involves risks that may lead to adverse outcomes. This
includes hypoxemia due to prolonged intubation attempts,
increases in intracranial pressure during laryngoscopy,
hemodynamic effects of anesthetic drugs, hypo- or hyper-
capnia due to inappropriate ventilation following endo-
tracheal intubation, and delayed transport to definitive
care (5,7,8).

Given potential benefits and risks, the net effect is still
poorly understood and may depend on the experience of the
EMS clinician who performs the intubation (7) and the
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patient case mix (9,10). Therefore, to complement and
expand the currently limited knowledge base, we studied the
relationship between prehospital intubation and mortality in
patients with severe TBI in the Netherlands, using a com-
prehensive national trauma database. We also specifically
assessed whether the relationship differs depending on
whether a physician-based emergency medical service (EMS)
was involved in the treatment, as opposed to intubation by
paramedics without involvement of a prehospital emer-
gency physician.

Methods

Ethical Considerations and Informed Consent

The Medical Research Ethics Committee of the Amsterdam
University Medical Center, location VUmc (reference num-
ber 2020.0639), reviewed the study protocol and concluded
that the research is not subject to the Dutch Medical
Research Involving Human Subjects Act; hence, formal
approval was not required. Because all data are completely
anonymous and cannot be traced back to individual
patients, the requirement for informed consent was waived.
Reporting of the study conforms with the STROBE guide-
lines (11).

Setting

The Netherlands is a densely populated country in Western
Europe with approximately 17.5 million inhabitants in an
area of about 41,500 km2. The incidence rate of severe TBI
in the Netherlands is 2.7 per 100,000 inhabitants per year
(12). Prehospital trauma care is provided by 25 regional
ambulance services. Two ambulance crews, each consisting
of a prehospital emergency medical nurse and an ambulance
driver trained to approximately the emergency medical tech-
nician level, are usually dispatched to major trauma cases.
Additionally, four physician-staffed helicopter EMS (P-
HEMS) are available 24/7 to respond to major emergencies.
These crews include an anesthesiologist or surgeon well
trained in prehospital emergency procedures, and a certified
flight nurse (13).

The decision to perform endotracheal intubation as well
as the intubation technique, including backup-procedures
for failed attempts, is at the discretion of the treating clin-
ician; typical indications include a (partially) obstructed or
threatened airway, hypoxia, or the perceived need for mech-
anical ventilation. In the Netherlands, use of hypnotic agents
other than midazolam and the use of neuromuscular block-
ing agents for rapid sequence intubation is limited to P-
HEMS crews.

Data Registry, Patient and Data Selection

The Dutch Nationwide Trauma Registry (DNTR) collects
data on all injured patients admitted to any hospital with an
emergency department in the Netherlands, corresponding to
about 80,000 included trauma cases annually. The registry
contains information on prehospital treatment, treatment

during hospital admission, and several outcome parameters
according to the Utstein template for uniform reporting of
data following major trauma (14). A detailed description of
the dataset, data collection, and organization of the DNTR
has been published previously (15).

To obtain a study population of patients with severe TBI,
we selected all consecutive patients from the DNTR database
with Head Abbreviated Injury Scale (AIS) scores of �4 who
had been treated between January 2015 and December 2019,
without any exclusion criteria. We restricted patient selec-
tion to the pre-COVID-19 period, as changes in patient case
mix and operational characteristics of prehospital care dur-
ing the COVID-19 pandemic may have biased the results.

Prehospital intubation status was the exposure of interest,
and hospital mortality (i.e., dead versus alive at discharge)
was selected as the primary outcome. Additional demo-
graphic (e.g., age and sex), injury-related (e.g., prehospital
Glasgow Coma Scale score [GCS], abbreviated injury scale
[AIS] scores, injury severity score [ISS]), and operational
(e.g., interval to arrival on scene, transport interval to hos-
pital, involvement of P-HEMS) data were selected from the
database to descriptively characterize the study sample and
to allow adjustments for potential confounders in the statis-
tical analysis as described below.

Statistical Analyses

Descriptive statistics are presented as median [quartiles] for
numeric data and as count (percentage) for categorical data
(16). Multivariable logistic regression was used to assess the
relationship between prehospital intubation and hospital
mortality (17). The model was adjusted for potential con-
founders (18), namely demographic factors (age, sex),
markers of injury severity (prehospital GCS score, ISS, indi-
vidual AIS scores for injuries in eight body regions includ-
ing head injury severity), and operational factors
(involvement of P-HEMS, interval to arrival of first ambu-
lance at the scene, transport interval to hospital). The con-
tinuous variables age and ISS were modeled as restricted
cubic splines to relax the assumption of a linear relationship
with the logit of mortality. To test the hypothesis that the
relationship between prehospital intubation and mortality
depends on the involvement of P-HEMS, we included the
interaction between these variables in a separate model.

To account for missing data, complete case analysis as
well as 10-fold multiple imputation was performed (19).
Missing data were imputed using chained equations with the
“mice” package in R (version 3.6.0) using default settings
(20). All variables in the logistic regression model as well as
auxiliary variables were considered for inclusion in the
imputation model, and were included if the correlation with
the missing variable was greater than 0.1. Analyses were per-
formed with R version 4.0.5 (R foundation, Vienna, Austria)
as well as Stata/BE 17.0 (StataCorp, College Station, TX).

Post-hoc subgroup analyses were performed in which
patients were stratified according to the head-AIS, in which
only patients with isolated TBI were considered (defined as
patients with AIS scores � 2 in all body regions except
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head), and in which only patients with P-HEMS involve-
ment were considered.

Two-sided p-values < 0.05 were considered statistically sig-
nificant. An a priori power calculation was not performed, and
the sample size is based on the available number of patients
meeting inclusion criteria in the study period.

Results

Between January 2015 and December 2019, a total of 8946
patients meeting inclusion criteria were identified and
included for analysis. The median age was 63 [38, 78] years,
and 5599 (62%) patients were male. Table 1 shows the
patient and injury characteristics, stratified by exposure to
prehospital intubation. Intubated patients (n¼ 2011) were
on average younger (52 [26, 69] vs. 67 [44, 80] years,
p< 0.001), more often male (68.9% vs. 59.9%, p< 0.001),

more severely injured (see Table 1 for distribution of ISS
and head-AIS, both p< 0.001), and were more often treated
by P-HEMS (69.7% vs. 11.3%, p< 0.001).

Overall hospital mortality was 26.4% (2359 out of 8941
patients with non-missing mortality data, 95% CI 25.5 to
27.3%). In an unadjusted comparison between the groups,
mortality was significantly higher when patients were preho-
spitally intubated as compared to non-intubated patients
(49.2% vs. 18.5%, OR 4.26, 95% CI 3.81 to 4.77, p< 0.001).
Adjusting for potential confounders in logistic regression
analyses markedly shifted the effect size estimate toward the
null hypothesis value as expected, but prehospital intubation
was still significantly associated with an almost two-fold
increase in the odds of mortality in the complete case ana-
lysis as well as after multiple imputation (OR 1.86, 95% CI
1.35 to 2.57, p< 0.001 and OR 1.92, 95% CI 1.56 to 2.36,
p< 0.001, respectively, Table 2). Consistent results were
observed across different subgroup analyses (Table 2).

Adding the interaction between prehospital intubation
and P-HEMS to the model revealed that the relationship of
prehospital intubation and mortality may depend on
whether P-HEMS is involved in the treatment or not (p-
value for the interaction 0.044 in complete case analysis and
0.062 after multiple imputation). Prehospital intubation per-
formed by ambulance paramedics without P-HEMS phys-
ician involvement was associated with a markedly increased
odds of mortality (complete case analysis: OR 2.75, 95% CI
1.68 to 4.50, p< 0.001; multiple imputation: OR 1.98, 95%
CI 1.50 to 2.62, p< 0.001). P-HEMS involvement attenuated
the detrimental association between prehospital intubation
and mortality. However, the multiple imputation model pro-
vides evidence that prehospital intubation is still associated
with increased mortality compared to no intubation, even
when P-HEMS is involved (complete case analysis: OR 1.43,
95% CI 0.90 to 2.28, p¼ 0.131; multiple imputation: OR
1.43, 95% CI 1.07 to 1.91, p¼ 0.017).

Discussion

Securing the airway is generally considered a top priority
according to the “ABCDE” (Airway, Breathing, Circulation,
Disability, Exposure) principle during advanced trauma life
support (21). As comatose patients have a considerable risk
of hypoxia due to airway obstruction (22,23), hypoventila-
tion/apnea (24), or pulmonary aspiration of gastric contents
and blood due to impaired airway reflexes (25), early endo-
tracheal intubation of patients with severe prehospital intub-
ation has often been advocated (4,7,21). Even though
prehospital intubation is common practice in many EMS
systems, including in the Netherlands, there is a paucity of
evidence to support this practice.

To our knowledge, only one randomized controlled trial
has investigated the effects of prehospital endotracheal
intubation in patients with severe TBI (26). Prehospital intu-
bations were performed by intensive care paramedics who
were well trained in endotracheal intubation with rapid
sequence induction. While prehospital intubation improved
the rate of favorable neurologic outcome at 6months

Table 1. Patient characteristics.

No intubation Intubation Unknown p-value

N 5030 2011 1905
Age (years) 67 [44, 80] 52 [26, 69] 66 [43, 79] <0.001
Missing 1 (0.1%) 0 (0%) 0 (0%)

Sex <0.001
Male 3015 (59.9%) 1385 (68.9%) 1199 (62.9%)
Female 2015 (40.1%) 626 (31.1%) 706 (37.1%)
Missing 0 (0%) 0 (0%) 0 (0%)

ISS <0.001
16–24 2540 (50.5%) 407 (20.2%) 877 (46%)
25–49 2434 (48.4%) 1423 (70.8%) 951 (49.9%)
50–66 42 (0.8%) 133 (6.6%) 37 (1.9%)
75 14 (0.3%) 48 (2.4%) 40 (2.1%)
Missing 0 (0%) 0 (0%) 0 (0%)

Head AIS <0.001
4 2992 (59.5%) 742 (36.9%) 1064 (55.9%)
5 2027 (40.3%) 1238 (61.6%) 803 (42.2%)
6 11 (0.2%) 31 (1.5%) 38 (2%)
Missing 0 (0%) 0 (0%) 0 (0%)

Prehospital GCS <0.001
3 178 (3.5%) 576 (28.6%) 80 (4.2%)
4 48 (1.0%) 98 (4.9%) 14 (0.7%)
5 51 (1.0%) 61 (3.0%) 8 (0.4%)
6 62 (1.2%) 79 (3.9%) 23 (1.2%)
7 79 (1.6%) 81 (4.3%) 21 (1.1%)
8 80 (1.6%) 44 (2.2%) 21 (1.1%)
>8 2164 (43.0%) 196 (9.7%) 264 (13.9%)
Missing 2368 (47.1%) 876 (43.6%) 1474 (77.4%)

Cause of trauma (n) <0.001
Violence 141 (2.8%) 48 (2.4%) 29 (1.5%)
Traffic 1689 (33.6%) 994 (49.4%) 621 (32.6%)
Work related 165 (3.3%) 104 (5.2%) 48 (2.5%)
Home accident 2825 (56.2%) 684 (34%) 856 (44.9%)
Sport accident 108 (2.1%) 49 (2.4%) 27 (1.4%)
Self-inflicted 38 (0.8%) 96 (4.8%) 23 (1.2%)
Other 34 (0.7%) 16 (0.8%) 11 (0.6%)
Missing 30 (0.6%) 20 (1%) 290 (15.2%)

P-HEMS involved (n) <0.001
No 4406 (87.6%) 602 (29.9%) 1600 (84%)
Yes 570 (11.3%) 1402 (69.7%) 159 (8.3%)
Missing 54 (1.1%) 7 (0.3%) 146 (7.7%)

In-hospital mortality (n) <0.001
Discharged alive 4095 (81.4%) 1020 (50.7%) 1467 (77%)
Died during admission 933 (18.5%) 990 (49.2%) 436 (22.9%)
Missing 2 (0%) 1 (0%) 2 (0.1%)

Numbers are median [quartiles] for age or count (column percentage) for all
other variables. P-values refer to the comparison between no intubation ver-
sus intubation, excluding missing values. Age was compared with the Mann-
Whitney U test, all other variables with chi-square tests. AIS: Abbreviated
Injury Scale; GCS: Glasgow Coma Scale; ISS: Injury Severity Score; P-HEMS:
physician-based helicopter emergency medical service.
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compared to in-hospital intubation, no difference in survival
to hospital discharge was observed. All other evidence comes
exclusively from observational studies. In 2015, we summar-
ized the available evidence in a systematic review and meta-
analysis, including the randomized trial and high-quality
observational studies that adjusted their analyses for con-
founding, and observed a statistically significant 2.3-fold
increase in the odds of mortality when prehospital intub-
ation was performed by EMS clinicians with limited experi-
ence (7). When intubation was performed by experienced
personnel, the odds of mortality were 25% lower, but this
was not statistically significant and thus inconclusive. Since
then, some further observational studies have been published
with inconsistent results. These studies either reported
improved outcomes after prehospital intubation (27), worse
outcomes (28), no association with outcomes (29), or no
overall association but observed that the association may
depend on injury severity and injury pattern (9,10).

Given the remaining substantial uncertainty about the
effects of prehospital intubation and the fact that effects may
differ based on EMS clinician experience, case mix, and add-
itional factors such as logistic or geographic factors (e.g.,
transport distances to trauma centers), we sought to investi-
gate the relationship between prehospital intubation and
mortality in the Dutch setting. As prehospital care in the
Netherlands involves a mix of ambulance care with nurses
who only infrequently perform endotracheal intubations and
P-HEMS with emergency physicians well proficient in per-
forming intubation, we had the unique opportunity to dir-
ectly assess whether the relationship between prehospital
intubation and mortality depends on involvement of EMS
clinicians with specific prehospital intubation experience.
While a previous meta-analysis provided evidence for a dif-
ference in the effect of prehospital intubation depending on
EMS clinician experience when pooling data across studies

(7), this hypothesis has to our knowledge never been tested
before within the same patient population.

Overall, we observed a relationship between prehospital
intubation and higher mortality, consistent with a number
of previous observational studies (7,28). We are aware that
the cohort of patients who received prehospital intubation
systematically differs from patients without prehospital
intubation, in particular, they were more severely injured.
Therefore, it is not surprising that the mortality is higher in
the prehospital intubation cohort in the unadjusted analysis,
but a higher mortality – albeit less pronounced than in the
unadjusted analysis – persisted after adjustment for differen-
ces in injury severity and other potential confounders.
While this suggests that prehospital intubation might poten-
tially be harmful, it is also well possible that the granularity
of the information on injury severity in our database (AIS,
ISS, GCS) was insufficient to completely account for the
between-group differences in the analysis. Moreover, we
were unable to account for factors in the prehospital phase
that are known to influence outcomes, such as duration and
depth of hypotension, hypoxia, or hypocapnia. Thus, the
findings of increased mortality in patients after prehospital
intubation might be explained by residual confounding. The
data therefore do not demonstrate that prehospital intub-
ation is harmful, and causal inference on the effects of pre-
hospital intubation on outcomes is not possible with our
observational study design. Importantly, however, our data
clearly also do not show beneficial effects, and do not sup-
port the common practice of routine prehospital intubation
in patients with severe TBI. Prehospital clinicians should
therefore always individually weigh potential risks and bene-
fits rather than making the default assumption that preho-
spital intubation is beneficial in severe TBI. Additional
evidence, preferably from randomized controlled trials, is
necessary to provide a definitive answer on the causal

Table 2. Logistic regression analysis results.

Analysis Odds ratio 95% confidence interval p-value

Overall main effect of prehospital intubation, no interaction
Complete case analysis (CC) 1.86 1.35 to 2.57 <0.001
Multiple imputation (MI) 1.92 1.56 to 2.36 <0.001

Model with interaction between prehospital intubation and P-HEMS
Interaction term, CC NA NA 0.044
Interaction term, MI NA NA 0.062
Effect of PHI without P-HEMS, CC 2.75 1.68 to 4.50 <0.001
Effect of PHI without P-HEMS, MI 1.98 1.50 to 2.62 <0.001
Effect of PHI with P-HEMS, CC 1.43 0.90 to 2.28 0.131
Effect of PHI with P-HEMS, MI 1.43 1.07 to 1.91 0.017

Stratified by severity
Severe TBI (head AIS 4), CC 1.54 0.87 to 2.71 0.135
Severe TBI (head AIS 4), MI 1.51 1.05 to 2.18 0.027
Critical TBI (head AIS 5 and 6), CC 2.18 1.46 to 3.26 <0.001
Critical TBI (head AIS 5 and 6), MI 2.17 1.71 to 2.76 <0.001

Additional subgroup analyses
Only isolated TBI, CC 1.58 1.05 to 2.37 0.028
Only isolated TBI, MI 1.99 1.55 to 2.55 <0.001
Only patients treated by P-HEMS, CC 2.10 1.25 to 3.53 0.005
Only patients treated by P-HEMS, MI 1.77 1.29 to 2.40 <0.001

Logistic regression analysis of the relationship between prehospital intubation and in-hospital mortality. All analyses are
adjusted for sex, age, ISS, AIS scores for eight body regions (head, face, thorax, abdomen, spine, upper extremity, lower
extremity, external), prehospital GCS, interval from call to arrival of the ambulance, transport interval to hospital, and
presence of P-HEMS. AIS: Abbreviated Injury Scale; CC: complete case analysis; GCS: Glasgow Coma Scale; ISS: Injury
Severity Score; MI: multiple imputation; NA: Not Applicable; P-HEMS: Physician-based helicopter emergency medical ser-
vice; PHI: prehospital intubation; TBI: traumatic brain injury.
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relationship between prehospital intubation and outcomes in
patients with severe TBI.

We specifically tested the hypothesis that the relationship
between prehospital intubation and mortality depends on
the experience of the EMS clinician. In the Netherlands, P-
HEMS crews are well trained and highly experienced with
prehospital intubation, whereas ground ambulance crews
generally less frequently perform prehospital intubation,
such that we tested for the interaction between P-HEMS
involvement and intubation. Note, however, that expertise in
performing prehospital intubation does not necessarily
depend on whether the clinician is a physician, nurse, or
paramedic, and in other health care systems, nurses or para-
medics might be specially trained and highly experienced in
performing intubation. Therefore, P-HEMS can be read as a
synonym for ‘EMS clinician experienced in prehospital
intubation’ in the context of our study.

A significant interaction between prehospital intubation
and EMS clinician experience was observed in the complete
case analysis, whereas a P-value just above the significance
threshold was found after multiple imputation. While the
complete case analysis supports our hypothesis, the latter
analysis apparently does not. Nonetheless, we still have good
reason to believe that the interaction is a true rather than
spurious finding. First, the significance threshold is arbi-
trary, and results with P-values just above the threshold and
results with P-values just under the threshold should lead to
very similar conclusions, not diametrically opposed ones
(30). Second, given that it is very plausible that the risks of
endotracheal intubation outlined above are more prevalent
when performed by less experienced personnel, and given
the empirical evidence from the previous meta-analysis (7),
there is a high a priori chance that the effect of prehospital
intubation on outcomes depends on user experience. While
we have not used a Bayesian framework to formally incorp-
orate a prior probability distribution in the analysis, we note
that also within the frequentist approach used in our ana-
lysis, a high prior probability markedly increases the likeli-
hood that the marginally significant interaction we observed
is a true rather than spurious finding (31). Therefore, the
analysis does provide support for the hypothesis that the
effect of prehospital intubation depends on P-HEMS
involvement.

Prehospital intubation was less strongly associated with
mortality when P-HEMS is present than when performed by
ambulance crews without P-HEMS involvement, suggesting
that presence of P-HEMS might be beneficial when preho-
spital intubation is performed. Nonetheless, at least in the
multiple imputation analysis, prehospital intubation was still
significantly associated with increased mortality even when
P-HEMS was present. While it is possible that prehospital
intubation by prehospital emergency physicians is detrimen-
tal for outcomes, there are also alternative explanations.
First, the results may be affected by residual confounding as
noted above. Second, the database does not contain informa-
tion on who actually performed the intubation, but only
whether P-HEMS were involved in the prehospital treat-
ment. It is likely that a proportion of the intubations in the

P-HEMS cohort had already been performed by ambulance
personnel before P-HEMS arrival, such that the data do not
allow direct conclusions on the effects of prehospital intub-
ation when performed by prehospital emergency physicians
versus ambulance personnel. Third, experience in endo-
tracheal intubation is not the only difference between P-
HEMS and ambulance paramedics; for example, P-HEMS
crews had access to hypnotic agents and neuromuscular
blocking agents to perform rapid sequence intubation.
Nonetheless, this suggests that our conclusion from the
overall data – that there is no evidence for better outcomes
with prehospital intubation – even hold true when a P-
HEMS crew is involved in the treatment. Even then, there is
no evident benefit of routine prehospital intubation, and
this further supports our recommendation that an individual
approach considering individual benefits and risks is always
needed, rather than routine intubation of patients with
severe TBI.

Limitations of our study include the inherent limitations
of observational research, including the strong potential for
residual confounding, as detailed above. In order to control
confounding associated with different injury severities as
well concomitant injuries, we performed subgroup analyses
stratified by the severity of head injury, and only consider-
ing patients with isolated TBI. Results were consistent with
those in the full patient cohort, and none of these analyses
suggested benefit of prehospital intubation in any subgroup.
Nonetheless, it is quite possible that residual confounding
explains at least in part why prehospital intubation appears
to increase mortality.

We avoided selection bias by including all patients with a
Head AIS of �4 in the observation period, and information
bias is minimized in the DNTR database by a dedicated data
manager for each trauma center who takes responsibility for
accurate data entry. Nonetheless, the possibility of errors in
source data, such as occasional misclassification of intub-
ation status or presence of P-HEMS in ambulance forms,
cannot be excluded. Most variables had only a few missing
values (Table 1), whereas in particular prehospital GCS was
missing in a substantial proportion of cases as ambulance
personnel often use the AVPU score (32) rather than GCS
for initial neurologic assessment. To account for missing
data, we performed complete case analysis as well as mul-
tiple imputation. Both analyses largely showed consistent
results, suggesting that missing data did not affect the main
conclusions of our study in a relevant way.

Strengths of the study include the use of a national data-
base with comprehensive coverage of the entire population
of acutely admitted Dutch trauma patients, and a large sam-
ple size of almost 9000 patients.

Conclusions

The data do not support the common practice of prehospital
intubation of patients with severe TBI. Even though causal
inference is not possible in this observational study, it seems
that the effect of prehospital intubation might depend on
EMS clinician experience, and it is therefore prudent to
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involve prehospital personnel well proficient in prehospital
intubation in all cases where it is potentially required. The
decision to perform prehospital intubation in severe TBI
should not merely be based on the unsupported dogma that
it is generally required, but should rather carefully weigh
potential benefits and harms for each individual patient.
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