






































Trauma Continuum of Care Cohort (TRACCC)

"] Participating in TRACCC
[ Participating in the TESLA trial
W Participating in both TRACCC and the TESLA trial

Figure 1. Participating regions in the Trauma Continuum of Care Cohort (TRACCC)
TESLA, Trauma Triage using Supervised Learning Algorithms.

The predicted probabilities from the Neural Network were used as a predictor in a
Logistic Regression model, in conjunction with other predictors such as vital signs,
mechanism of injury, injury types, and administered medication. Predictors that were
expected to be non-linearly related to the outcome were modelled using basis splines
with three knots. The resulting model was developed based on data from 15,814
hand-labelled patient records. Validation on the same hold-out test dataset (n=1953)
as previously described indicated excellent predictive ability with a c-statistic of 0.99
(95%-CI, 0.99-1.0) and an overall accuracy of 99% (95%-CI, 98-99).
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Finally, 165,404 patients were included after computerized exclusion of non-
trauma patients and duplicated patient records. The full patient selection strategy is
depicted in Figure 2.

1,562,070 patient records

930,595 excluded
386,379 had non-urgent transport
32,367 were inter-hospital transfers
508,907 were not transported to an
emergency department
2,942 were duplicated records

631,475 screened for injuries

+— 466,071 excluded non-trauma patients

165,404 included patients

Figure 2. Patient flow

Recruitment from 2017-2020

The design and cohort construction methodology of TRACCC is re-used after 2017
by the Trauma Triage using Supervised Learning Algorithms (TESLA) trial.!' The
TESLA trial is a stepped-wedge, multi-site, multi-center, cluster-randomized trial in
which eight EMSs gradually implement a smartphone application that incorporates a
recently developed prediction model to identify severely injured patients at the scene
of injury.’? This unidirectional crossover trial aims to explore the impact of this new
triage algorithm on the diagnostic accuracy of field triage. The primary endpoint is
undertriage, while secondary endpoints include overtriage, hospital resource use,
and a cost-utility analysis. Participating EMSs, patient selection, and data collection
largely overlaps with the design of TRACCC.

How often have they been followed up?

Demographics, resource use, patient outcomes, and other data was collected for all
included hospitalized patients by the Dutch National Trauma Registry (in Dutch,
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Landelijke Traumaregistratie [LTR]). The LTR is a nationwide trauma registry
that collects in-hospital patient data for every hospitalized trauma patient in the
Netherlands. The LTR collects various variables similar to the Utstein template for
uniform reporting of data following major trauma.

There was no follow-up of patients discharged from the emergency department.
These patients were assumed not to have used any higher-level trauma center
resource (e.g., damage control surgery), nor to be severely injured. We verified that
no severely injured patients were discharged home from the emergency department
in a previous cohort.’

The onset of the TESLA trial introduced active follow-up of patients in at least
one region. Hospitalized patients consenting to follow-up are sent questionnaires at
three, six, 12, and 24 months after the date of injury.

What has been measured?

Pre-hospital data

Pre-hospital data was collected in a standardized manner from anonymized EMS
patient records. Pre-hospital electronic health records used by participating EMSs
all included the mandatory variables as specified by the template of the Basic Set
of Ambulance Care (in Dutch, Basisset Ambulancezorg). This template includes
demographics, physiologic characteristics, mechanism of injury, suspected injuries,
on-scene treatment, administered medication, and more. Repeated measurement
of vital signs such as systolic blood pressure, pulse, and respiratory rate were
summarized to their respective first, last, minimal, maximal, and mean measurement
values. Information regarding the Advanced Trauma Life Support paradigm was
available both as categorized variables and as free text. A non-exhaustive table of
available pre-hospital variables was presented in the protocol of the GOAT study.®

In-hospital data

Evaluation of field triage accuracy requires information on resource use and injury
severity of patients transported by EMSs to trauma-receiving emergency departments.
Relevant patient outcomes collected by the LTR were, amongst others, Injury Severity
Scores (ISS), early critical-resource use (e.g., damage control surgery), admission to
the Intensive Care Unit, mortality, and hospital length of stay.!#

The ISS is an anatomical scoring system used to classify injury severity. The
American College of Surgeons Committee on Trauma suggested to use an ISS of 16
or greater as a reference standard for trauma system evaluation.! This implies that
patients with an ISS of 16 or greater are considered to be severely injured and should
be transported to higher-level trauma centers. The LTR calculates ISSs on the basis of
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the 2008 version of the Abbreviated Injury Scale.'® Injury codes were calculated by
trained trauma registrars after the final diagnosis was made.

Early critical-resource use is increasingly proposed as an alternative reference
standard to assess the need for specialized trauma care.!®!® Data on early critical-
resource use were categorized into 11 categories, including damage control
laparotomy/thoracotomy, craniotomy, and radiological interventions.

Health, medical consumption and productivity questionnaires

The TESLA trial introduced active follow-up at four timepoints. The EQ-5D-5L, the
Short Form 36, and a subset of the Medical Consumption Questionnaire and the
Productivity Cost Questionnaire were chosen to evaluate the impact of the new triage
algorithms by means of a cost-utility analysis.!*2! These questionnaires were chosen
based on their expected validity in the current cohort which is very heterogeneous
because of the inclusion of patients with all types of injury patterns and varying
injury severity.

Record linkage

A combined deterministic and probabilistic approach to patient linkage was
applied to match EMS patient records to patient data from the LTR. Records were
deterministically linked whenever a unique ambulance patient-record-identifier was
available in both pre-hospital and in-hospital data.

A probabilistic software utility (LinkAssist) was developed to link anonymized
patient records that lacked unique identifiers. Data from 28,634 deterministic
matches were used to generate a training set (n=25,771) and a test set (n=2863) to
develop and validate a robust prediction model specifically developed for accurate
record linkage in TRACCC.

First, various predictors were selected that were available in both pre-hospital
and in-hospital data (e.g., date of injury). Second, a training set was constructed by
comparing each EMS record to a random sample of 30 entries from the LTR with a
matching hospital and year of injury (including the actual matching record). Pre-
hospital and hospital variables were compared using various similarity methods
dependent on the type of the predictor. Third, a validation dataset was constructed
from the hold-out deterministic matches following the same methodology, except for
record subsampling in order to preserve the original matching versus non-matching
ratio.

A gradient boosting machine was fit to the training data with hyperparameters
that were optimized using 10-fold cross-validation. The predicted class was generated
for each pair of EMS record and LTR record and evaluated against the true class (i.e.,
match or no match). The model proved to be accurate with an overall accuracy of
100% (95%-CI, 100-100), a sensitivity of 100% (95%-CI, 99-100), and specificity
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of 100% (95%-CI, 100-100). The c-statistic of the newly developed model was 1.0
(95%-CI, 1.0-1.0) in the test set. Binomial confidence intervals were calculated using
the Agresti-Coull formula for each accuracy metric and the bootstrap (r=2000) was
used to calculate confidence intervals for the c-statistic.

What has it found? Key findings and publications

TRACCC includes data from eight different EMSs in the Netherlands. Demographic
characteristics of the included regions are displayed in Table 1. The participating
EMSs are integrated into six inclusive trauma systems and their service area spans
over 8000 km? with roughly 6.5 million inhabitants. Thirty-four trauma centers lie
within these service areas, of which six level-I trauma centers and 28 level-II or -III
trauma centers.

Baseline characteristics of included patients are displayed in Table 2. The median
age in the cohort was 57.1 years (IQR, 30.2-77.9). Nearly half of the included
patients were women. The median response time (i.e., time from ambulance dispatch
to arrival at the scene) was 8.8 minutes (IQR, 6.0-12.3). Approximately half of all
urgently transported patients were transported with lights and sirens. The median
systolic blood pressure was 139 mm Hg (IQR, 122-156) and 2644 patients had a
systolic blood pressure <90 mm Hg. Respiratory rates were stable across all regions
with a rate of 16 (IQR, 14-18) and 4624 (3%) had a respiratory rate of less than
10 or higher than 29. Nearly ten thousand patients (6%) had an impaired Glasgow
Coma Scale.

One in three patients was hospitalized and median length of stay was 3.1 days
(IQR, 1.0-7.2). The overall median ISS of hospitalized patients was 6, ranging from 5
to 9 between participating EMSs. A total of 3760 patients had an ISS of 16 or greater.
Severe injuries were mostly present in the extremities (31%) followed by head and
neck injuries (9%) and thoracic injuries (6%). A total of 3875 (8%) patients were
in need of specialized trauma care according to a resource-based reference standard
consisting of: discharge from the emergency department to the intensive care unit,
out-of-hospital intubation, major interventions within 12 hours, and mortality within
24 hours.
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The main result from the TRACCC cohort is the triage accuracy based on the initial
transportation destination and three different reference standards: early critical-
resource use, an anatomical reference standard (ISS =16), and ISS of 16 or greater
on a subset of the cohort excluding patients with an ISS between 9 and 15 (i.e.,
patients that are considered not to be severely injured nor to be mildly injured).
The overall undertriage rates in the current cohort were 24% (95%-CI, 22-25) for
the anatomical reference standards (ISS =16) and 28% (95%-CI, 27-30) for the
resource-based reference standard. Overtriage rates were 21% (95%-CI, 21-21) for
the anatomical reference standard, 21% (95%-CI, 21-21) while excluding ISS 9-14,
and 21% (95%-CI, 21-21). Sensitivity and specificity metrics are displayed in Table
3, alongside the values needed to reconstruct the contingency tables.

Table 3. Overall Triage Accuracy in Participating EMS Regions

Outcomes
Statistic ISS =216 ISS =216 Early critical-
(excl. ISS 9-14) resource use

Transported to higher-level trauma center

With outcome (TP) 2,867 2,867 3,153

Without outcome (FP) 34,296 29,581 34,010
Transported to lower-level trauma center

With outcome (FN) 893 893 1,251

Without outcome (TN) 127,348 112,196 126,990

Undertriage
Overtriage
Sensitivity

Specificity

23.8 (22.4-25.1)
21.2 (21.0-21.4)
76.3 (74.9-77.6)
78.8 (78.6-79.0)

23.8 (22.4-25.1)
20.9 (20.7-21.1)
76.3 (74.9-77.6)
79.1 (78.9-79.3)

28.4 (27.1-29.8)
21.1 (20.9-21.3)
71.6 (70.2-72.9)
78.9 (78.7-79.1)

EMS, Emergency Medical Service; ISS, Injury Severity Score; TP true positive; FB false positive; FN, false
negative; TN, true negative. Values are given as n or percentage (95%-CI).

Research conducted on data from predecessors of TRACCC showed that triage accuracy
based on the initial transportation destination did not comply with the guidelines of
the ACSCOT in a single region.’® A new tool to accurately identify trauma patients
in the pre-hospital setting was created in response to this finding.!? Other research
investigated the diagnostic value of EMS professional judgment in the identification
of head injuries and thoracic injuries, and the compliance to contemporary triage
tools.2224
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What are the main strengths and weaknesses?

Pre-hospital trauma care and triage accuracy in particular is highly dependent on the
study population, varying injury patterns, and geographical differences (e.g., trauma
center proximity) between trauma systems. The heterogeneous nature of trauma
systems and EMSs limits the generalizability of diagnostic or prognostic studies
conducted in a single region. In contrast, registry-based studies conducted in multiple
trauma systems often suffer from a considerable amount of selection or information
bias. TRACCC was designed to overcome these hindrances and enables researchers
to prospectively study the effects of pre-hospital triage, treatment, and transportation
on in-hospital and longitudinal patient outcomes on a large scale.

Another major strength of TRACCC is its computer-aided patient selection
strategy that is employed to prevent selection bias. Selection bias is often present in
triage research that involves patients that were selected based on the presumed chief
complaint as recorded by EMS professionals. This variable was missing in 29% of all
hand-labelled cases in TRACCC. In a subgroup of hand-labeled cases, the incidence of
false-positively identified trauma patients was 5%, while 24% of the trauma patients
had a label that belonged to a different medical specialty such as general surgery,
neurology, or pediatrics. Complete-case analyses or simple imputation strategies
would not have been sufficient. In contrast, our computer-assisted patient selection
proved to be highly accurate in an independent hold-out validation set.

The combined deterministic and probabilistic linkage methodology was
exclusively developed to link EMS patient records with records from the LTR in
TRACCC. The resulting record linkage strategy proved to be both highly accurate and
computationally feasible. Automated record linkage allowed TRACCC to grow to a
big volume and enabled new data to be processed instantaneously, while preserving
data quality.

Finally, TRACCC allows researchers to study the accuracy of triage based on
alternative reference standards such as a composite endpoint consisting of early
critical-resource use, intensive care unit admission, pre-hospital intubation, and
mortality. Further research on the data enclosed in TRACCC might allow researchers
to establish a resource-based approach to trauma triage, which could potentially
overcome limitations that are inherent to the use of surrogate markers of resource
need, such as the ISS.

TRACCC also has certain limitations. Missing data is empirical in acute care
settings in general and during field triage in particular. Vital signs were frequently
not measured, such as systolic blood pressure (27%), respiratory rate (36%), heart
rate (18%), oxygen saturation (29%) and Glasgow Coma Scale (14%). A multi-level
multiple imputation strategy that accounted for clustering was employed to impute
missing data in 48 datasets (12 per processor core). Although the proportion of missing

34



Trauma Continuum of Care Cohort (TRACCC)

data was substantial for certain variables, it does serve as an adequate representation
of the pre-hospital setting. This setting is characterized by limited diagnostic
modalities and a lack of complete information on which EMS professionals need to act.

Can I get hold of the data? Where can I find out
more?

TRACCC was designed to facilitate researchers to study effects that transcend the
pre-hospital setting. Collaboration in data analysis, publication, and new research
proposals on this subject are welcomed. Researchers can submit research protocols
to the scientific committee, which can be contacted through the web form available
on https://www.traumatriageapp.com/en/. Details about the application process can
be requested by contacting R.D. Lokerman [r.d.lokerman-3@umcutrecht.nl] or J.E
Waalwijk [job.waalwijk@nazl.nl].
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Abstract

Purpose: Priority-setting by dispatch centers and Emergency Medical Services
professionals has a major impact on pre-hospital triage and times of trauma patients.
Patients requiring specialized care benefit from expedited transport to higher-level
trauma centers, while transportation of these patients to lower-level trauma centers
is associated with higher mortality rates. This study aims to evaluate the accuracy of
priority-setting by dispatch centers and Emergency Medical Services professionals.

Methods: This observational study included trauma patients transported from the
scene of injury to a trauma center. Priority-setting was evaluated in terms of the
proportion of patients requiring specialized trauma care assigned with the highest
priority (i.e., sensitivity), undertriage, and overtriage. Patients in need of specialized
care were defined by a composite resource-based endpoint. An Injury Severity Score
>16 served as a secondary reference standard.

Results: Between January 2015 and December 2017, records of 114,459 trauma
patients were collected, of which 3327 (2.9%) patients were in need of specialized
care according to the primary reference standard. Dispatch centers and Emergency
Medical Services professionals assigned 83.8% and 74.5% of these patients with the
highest priority, respectively. Undertriage rates ranged between 22.7 and 65.5% in
the different prioritization subgroups. There were differences between dispatch and
transport priorities in 17.7% of the patients.

Conclusion: The majority of patients that required specialized care were assigned
with the highest priority by the dispatch centers and Emergency Medical Services
professionals. Highly accurate priority criteria could improve the quality of pre-
hospital triage.
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Introduction

A fundamental element of modern trauma systems is to transport the right patient to
an appropriate hospital. The transportation of patients in need of specialized care to
lower-level trauma centers (i.e., undertriage) is associated with increased mortality
and morbidity.!* Overtriage — transporting patients without the need for specialized
care to higher-level trauma centers — leads to unnecessary use of limited resources
and increasing costs.® In addition, trauma patients requiring specialized care are likely
to benefit from expedited examination and treatment by Emergency Medical Services
(EMS) professionals and swift transportation to a higher-level trauma center.®

Dispatch priority and the priority assigned by EMS professionals (i.e., transport
priority) are major factors that affect response and transport times of ambulances.
Therefore, accurate prioritization is of great importance to achieve optimal patient
outcomes. The dispatch operator — receiving the initial emergency call — determines
whether the patient requires assessment by an EMS professional and sets the
priority of the emergency request. After assessment of injury severity on-scene, EMS
professionals reconsider the priority. Subsequently, they can decide to set a higher
or lower priority or to maintain the priority as assigned by the dispatch center.
Minimizing discrepancies between dispatch and transport priority can optimize
resource utilization in the pre-hospital setting. Different emergency medical dispatch
protocols have been developed to achieve optimal prioritization of ambulances. The
accuracy of dispatch center protocols in identifying time critical conditions, including
but not limited to trauma patients, was reported to range between 78 and 93%.” To
our knowledge, the accuracy of transport priority has not been investigated before.

The current study was designed to evaluate the accuracy of dispatch center
and EMS professional prioritization of trauma patients in need of specialized care.
Furthermore, it was our aim to determine undertriage and overtriage rates and to
quantify the differences between dispatch and transport priorities.

Methods

Study design and setting

This multisite, cohort study aimed to evaluate the accuracy of priority-setting by
dispatch centers and EMS professionals. Five different EMS regions (Brabant Midden-
West, Brabant-Noord, Gelderland-Zuid, Rotterdam-Rijnmond, Utrecht) and seven
trauma regions in the Netherlands participated in the current study. These EMS
regions transport nearly 380,000 patients annually, covering an area of approximately
6700 square kilometers with 4.7 million inhabitants. Dispatch centers professionals
are nurses with additional training for dispatch.® The ambulances are staffed by
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a nurse that is licensed to provide advanced life support care and a driver that is
qualified to provide medical assistance. In the Netherlands, three levels of priority
exist: (i) Al is the highest priority and implies an acute threat to the patients’ vital
functions only to be excluded after an on-scene evaluation by the EMS professional,
(ii) A2 priority indicates a request for care without a direct threat to life, but may
involve serious damage to the patients’ health, and (iii) low-priority are scheduled
transports (e.g., inter-facility transfers).® The participating trauma regions contain
seven higher-level trauma centers and 60 lower-level trauma centers. All hospitals
in these regions include a trauma-receiving emergency department and only level I
trauma centers (i.e., higher-level trauma centers) are designated to treat patients in
need of specialized care. Level II and level III trauma centers (i.e., lower-level trauma
centers) are capable to provide care to mildly and moderately injured patients.
This study adhered to the Strengthening the Reporting of Observational Studies in
Epidemiology guidelines.® The Medical Ethical Committee of the University Medical
Center Utrecht judged this study as not subject to the Medical Research Involving
Human Subjects Act (reference number 20/500747).

Selection of participants

All trauma patients assigned with Al or A2 priority by the dispatch center that were
transported by ground ambulance to a trauma center were included. Low-priority
transports, inter-facility transfers, patients that were not transported to a participating
trauma center (e.g., treatment by EMS professional on-site), duplicates, and non-
trauma patients were excluded. The patient inclusion strategy is depicted in Figure 1.
A selection tool that was developed in prior research was used to automatically
identify trauma patients in unfiltered EMS records.!! This tool demonstrated an
accuracy of 98.9% (95%-CI, 98.3-99.2) through external validation.

Data collection

Ambulance records from the participating EMS regions were prospectively collected
from January 1, 2015 through December 31, 2017. These records consisted of
dispatch and transport priority, patient demographics, injury locations, pre-hospital
time intervals, vital signs, and the receiving hospital. The vital signs included systolic
blood pressure, respiratory rate, and the Glasgow Coma Scale. Patient locations were
converted to coordinates and the driving distance to destinations was calculated
using Bing Maps, accounting for day of the week and hour of the day.!? Response
time was defined as the time between ambulance dispatch and arrival at the scene
of injury, whereas transport time covers the time between departure from the scene
of injury and arrival at the trauma center. The ambulance records were matched
with data from regional trauma registries. These registries contain, among others,
diagnosed injuries, ISSs, and mortality status of all admitted trauma patients.
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Patients that were discharged from the emergency department were assumed not
to be in need of specialized care, nor to be severely injured, as verified in data from
prior research.’®* EMS and hospital records were linked with unique EMS identifier.
Patients with a missing identifier in either pre-hospital or in-hospital data were
linked using a prediction model from prior research that demonstrated an accuracy
of 100.0%.'! Several variables, such as date of injury and transportation destination,
are incorporated in this model.

EMS records identified
(n=1,111,809)

Excluded (n = 637,349)
Low-priority transport (1 =265,436)
Interfacility transfer (n = 19,140)
Not transported to a TC (n = 350,364)
Duplicates (n = 2409)

Y

Y

Patients transported from the scene of
injury to a TC with Al or A2 priority
(n = 483,460)

- Excluded (n =369,001)
d Non-trauma patients

Y
Included patients
(n=114,459)

Figure 1. Patient inclusion flowchart
EMS, Emergency Medical Services; TC, Trauma Center.
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Outcomes and definitions

The main outcome of this study was the sensitivity of dispatch and transport priority,
defined as the proportion of patients requiring specialized trauma care assigned
with the highest priority. Patients were classified as being in need of specialized care
when they were (i) admitted to the intensive care unit after initial evaluation in the
emergency department, (ii) underwent an emergency intervention within 24 hours,
(iii) died within 24 hours after arrival at the trauma center, or (iv) when they were
intubated pre-hospital (Table 1). This composite resource-based endpoint (i.e., early
critical-resource use) is comparable to previously suggested definitions.!’'*!® An
Injury Severity Score (ISS) =16 served as a secondary reference standard for being in
need of specialized care.'” Secondary outcomes were the undertriage and overtriage
rates in different priority subgroups. The proportion of patients requiring specialized
care, according to both reference standards, initially transported to a lower-level
trauma center was considered undertriage. Overtriage was defined as the proportion
of patients not in need of specialized care that were transported to a higher-level
trauma center.

Table 1. Definition of resource-based reference standard (early critical-resource use)

Admittance to intensive care unit after initial evaluation in emergency department
Emergency intervention within 24 hours
Damage control thoracotomy
Damage control laparotomy
Damage control orthopedics
Extra peritoneal pelvic packing
Revascularization of extremities
Craniotomy
Intracranial pressure monitoring
Coniotomy/ cricothyrotomy
Interventional radiology
Death within 24 hours after arrival at trauma center

Pre-hospital intubation

Patients that met one of these criteria were classified as being in need of specialized care.

Data analysis

Data were analyzed using R statistical software (R version 3.6.1).'* Multilevel
multiple imputation was used to account for missing values across different sites
using the package micemd.!® Variables with missing values were dispatch priority
(0.1%), transport priority (3.0%), systolic blood pressure (29.1%), respiratory rate
(36.6%), Glasgow Coma Scale (13.6%), response time (1.4%), and transport time

44



Priority accuracy by dispatch centers and EMS professionals

(4.1%). The predictor matrix that was used to impute these missing values included,
among others, age, gender, vital parameters measured in the emergency department,
and in-hospital outcomes. Forty-eight datasets were generated based on 20 iterations
per set. Quantitative variables were described using median and interquartile ranges,
or the mean and its corresponding standard deviation. Frequencies and proportions
were computed for nominal variables. Groups were compared with the Mann-Whitney
U or x2 test. p values below 0.05 were considered statistically significant. Analyses
were applied to each of the 48 datasets. Point estimates of sensitivity, undertriage,
and overtriage were calculated with the average results of all analyses and Agresti-
Coull confdence intervals were computed, in accordance with Rubin’s rules.22!

Results

Characteristics of study subjects

In total, 1,111,809 EMS records were collected between January 2015 and December
2017, of which 483,460 patients were transported from the scene of injury to a trauma
center with Al or A2 priority. After exclusion of non-trauma patients (n=369,001),
114,459 patients were included (Figure 1). The patients included in this cohort had
a median age of 58.2 years, 56,798 (49.6%) were female and the dispatch center
assigned 52,238 (45.6%) patients with A1 priority (Table 2). Ambulances dispatched
with Al and A2 priority had a median response time of 7.5 min and 11.0 min
(p<0.001), respectively. The 35,974 (31.4%) patients that were hospitalized had a
mean ISS of 7.5+6.4. In 20,285 (17.7%) patients, there were differences between
dispatch and transport priorities (Table 3). Patients with a lowered priority (i.e.,
A1 dispatch priority lowered to A2 transport priority) more frequently had stable
vital signs (p<0.001), longer transport times (p<0.001), fewer injuries to head or
neck (p<0.001), thorax (p<0.001), and abdomen (p<0.001), and had less critical-
resource use (p<0.001) than patients with a maintained Al transport priority.
Conversely, patients with a raised priority (i.e., A2 dispatch priority raised to Al
transport priority) more often had hypotension (p<0.001), abnormal respiratory
rates (p<0.001), or an impaired Glasgow Coma Scale (p<0.001) compared to
patients with a maintained A2 transport priority. Their median transport time was
comparable (0.1 min shorter, p=0.725) and their median driving distance was 2.3
km longer (p<0.001). Head or neck (p<0.001), thoracic (p<0.001), and abdominal
injuries (p<0.001) were more prevalent, while fewer injuries of their extremities
(p<0.001) were seen. They required five times more critical resources (p<0.001).
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Main outcomes

The dispatch center has set Al priority in 83.8% (82.5-85.0) of the patients with
early critical-resource use (Table 4). The dispatch priority sensitivity in patients with
an ISS=16 was 82.5% (81.0-83.8). The transport priority had a sensitivity of 74.5%
(73.0-76.0) and 71.5% (69.8-73.2) according to both reference standards. Figure 2
illustrates the triage rates in the different priority subgroups according to the primary
reference standard. The undertriage rate in patients with Al dispatch and transport
priority based on early critical-resource use was 22.7% (95%-CI, 21.1-24.4). The
17,625 (15.4%) patients of whom the priority was lowered by the EMS professional
had an undertriage rate of 34.5% (29.9-39.3). Evaluation of these priorities using
the ISS resulted in undertriage rates ranging from 16.7 (15.1-18.4) to 34.8%
(30.2-39.7). Otherwise, 65.5% (61.0-69.8) of the patients in need of specialized
care with A2 dispatch and transport priority were transported to lower-level trauma
centers. The undertriage rate of these patients decreased to 37.6% (28.3-47.8) when
their transport priority was raised. According to the secondary reference standard
(ISS=16), a raised priority by the EMS professional was associated with a decrease
in undertriage from 55.7% (50.8-60.4) to 37.2% (27.4-48.3).

Table 4. Priority sensitivity by professionals at dispatch centers and EMS

Dispatch Center EMS professional
Early critical resource use, sensitivity (95%-CI) 83.8 (82.5-85.0) 74.5 (73.0-76.0)
1SS =16, sensitivity (95%-CI) 82.5 (81.0-83.8) 71.5 (69.8-73.2)

EMS, Emergency Medical Services; CI, Confidence Interval; ISS, Injury Severity Score.
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Figure 2. Triage rates per priority subgroup according to both reference standards

A1 dispatch priority

(n=152,238)

ECRU ISS 2 16
Undertriage 24.4%
Overtriage 24.6% 24.9%

19.8%

v v
Al transport priority A2 transport priority
(n=34,613) (n=17,625)
ECRU ISS 2 16 ECRU ISS = 16

Undertriage 22.7% 16.7%
Overtriage 26.5% 26.8%

Undertriage 34.5% 34.8%
Overtriage 21.1% 21.1%

A2 dispatch priority

(n=162,221)

ECRU ISS = 16
Undertriage 60.6% 52.5%
Overtriage 16.9%

16.8%

v

v

Al transport priority
(n=2660)

ECRU ISS = 16
Undertriage 37.6% 37.2%
Overtriage 25.6% 25.7%

A2 transport priority
(n=159,561)

ECRU ISS = 16
Undertriage 65.5% 55.7%
Overtriage 16.5% 16.5%

ECRU, Early critical-resource use; ISS, Injury Severity Score.
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Discussion

This cohort study evaluated the accuracy of dispatch center and EMS professional
prioritization of trauma patients in need of specialized care. We have reported
that the dispatch center assigned 83.8% of these patients with the highest priority.
74.5% of the patients requiring specialized care were transported to a trauma center
with A1l priority. Moreover, we found that undertriage rates varied widely between
patients with Al priority (22.7%) and patients with A2 priority (65.5%). There was
less variety in overtriage rates, ranging from 26.5% to 16.5%. Differences between
dispatch and transport priority were present in 17.7% of the patients. In 15.4% of
the cases, the priority was lowered, while the priority was raised in 2.3%. Our results
showed that an Al dispatch priority was associated with shorter response times.
Patients with a lowered transport priority demonstrated an increased transport time
and distance to destination. Conversely, patients with a raised transport priority had
comparable transport times but their median distance to destination was longer.
There were geographic differences between the EMS regions which complicate
the interpretation of these results (Supplementary Table). Also, a counter-intuitive
finding was that patients assigned with Al dispatch priority had a slightly lower
mortality in comparison to patients assigned with A2 priority. This is likely due to a
large difference in age (median 48.9 vs. 68.4).

A major strength of this study is our broad inclusion criteria — including all trauma
patients transported by the participating EMS regions — and highly accurate patient
selection procedure that minimized selection bias.!! Trauma patients were included
from eight EMS regions that cover urban, suburban and rural areas. These regions
also differed in protocols and training programs. The diversity of these EMS regions
contributes to the generalizability of our results. Furthermore, data were prospectively
collected in a systematic matter by all EMS regions and trauma centers. All trauma
centers within the participating trauma regions contributed to data collection.

In the current study, we chose to evaluate priority-setting accuracy in terms
of sensitivity. Because patients in need of specialized care benefit from swift
transportation to a higher-level trauma center, we assumed that being assigned
with Al priority would favor their outcomes. On the other hand, it can be reasoned
that patients without the need for specialized care also benefit from the highest
dispatch and transport priority. Therefore, we argue that it would be invalid to report
specificity and diagnostic predictive values. The distance to destination of patients
that had their priority raised by the EMS professional was longer in comparison to
patients for which the high priority was maintained. This finding suggests that the
transport priority might be affected by the driving distance. Future research should
investigate whether a causal relation exists between priority-setting and distance to
trauma centers.
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Our findings are in line with two studies that demonstrated a dispatch priority
sensitivity of 82.6%?* and 86%.% However, these studies also included patients
suffering from stroke and cardiac complaints. To the best of our knowledge, the
current study is the first to investigate priority-setting by dispatch centers and EMS
professionals in a population consisting of exclusively trauma patients. A previous
investigation reported that in 73% of the patients with the highest dispatch center
priority, the priority was lowered by the EMS professionals.?* The authors suggest
that this may have been caused by a safety margin in the assessment of the operators
at the dispatch center. Additionally, they reported a raised priority in 3.5% of the
patients with the second-highest dispatch center priority, in accordance with our
findings (2.8%).

Dispatch centers in our current cohort used different dispatch protocols with a
comparable priority sensitivity. Two regions used a Criteria-Based Dispatch Protocol
(81.8%), whereas the other three dispatch centers operated on a Medical Priority
Dispatch System (84.9%). Both systems are used widely across modern trauma
systems and there is no consensus on which system or protocol is superior.>> Moreover,
Bohm and Kurland’” conducted a systematic review and concluded that there was
little evidence describing the accuracy of any medical dispatch system.

Early critical-resource use was used as the primary reference standard. Although
the ISS has been recommended by the American College of Surgeons to evaluate triage
accuracy of trauma systems, it has been suggested that a resource-based standard is
a better alternative to determine whether a patient is in need of specialized care
or not.'>726 Qur reference standard differs from previously suggested resource-
based endpoints, as the administration of blood products was not available in our
dataset.'#1¢ A limitation of this composite endpoint is that some resources (e.g.,
neurosurgical care) are unavailable in lower-level trauma centers. Also, the lower
volume of patients in need of specialized care in these centers affects the use of
and experience with certain resources. However, our results show that there is little
difference in terms of sensitivity, under- and overtriage for both reference standards.

Futureresearch should focus on the predictive value of dispatch center prioritization.
The addition of dispatch priority to existing prediction models could improve the
identification of patients in need of specialized care by EMS professionals during field
triage. Furthermore, to achieve optimal resource use and patient outcomes, effort
should be put into the investigation of highly accurate priority criteria.

Limitations

The current study suffers from some limitations. First, the amount of missing data in
some variables, such as systolic blood pressure (29.1%) and respiratory rate (36.6%),
was considerable. However, the determinants dispatch and transport priority were
only missing in a minority of the cases. We performed multilevel multiple imputation
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accounting for clustering to impute these missing values and to create an actual
representation. Also, we calculated the driving distance from the scene of injury to
the trauma center with Bing Maps.!? This navigation software has been developed
for regular traffic. Because ambulances are allowed use alternate routes, we may
have overestimated the driving distance. Furthermore, some patients were treated
on-scene and were not transported to a trauma center. However, the exclusion of
these patients will probably not have affected our results as we assume that the vast
majority of these patients were not in need of specialized care. Also, low-priority
transports were excluded from this study, because these are scheduled transports. We
assume that these low-priority cases do not involve patients in need of specialized
care and will therefore not have affected our main outcomes. Finally, we conducted
this study in nurse-staffed EMS regions, thereby limiting the generalizability of our
results to regions with ambulances staffed by physicians.

Conclusion

In conclusion, this study has evaluated and compared the accuracy of dispatch and
transport priority. Professionals at the dispatch centers and EMS assigned the majority
of the patients in need of specialized care with the highest priority. To improve the
outcome of patients requiring specialized care and to achieve the most efficient use
of resources, future research should investigate the effectiveness of highly accurate
priority criteria.
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Abstract

Background: It is of great importance that emergency medical services professionals
transport trauma patients in need of specialised care to higher level trauma centres
to achieve optimal patient outcomes. Possibly, undertriage is more likely to occur in
patients with a longer distance to the nearest higher level trauma centre. This study
aims to determine the association between driving distance and undertriage.

Methods: This prospective cohort study was conducted from January 2015 to
December 2017. All trauma patients in need of specialised care that were transported
to a trauma centre by emergency medical services professionals from eight ambulance
regions in the Netherlands were included. Patients with critical resource use or an
Injury Severity Score =16 were defined as in need of specialised care. Driving distance
was calculated between the scene of injury and the nearest higher level trauma centre.
Undertriage was defined as transporting a patient in need of specialised care to a
lower level trauma centre. Generalised linear models adjusting for confounders were
constructed to determine the association between driving distance to the nearest
higher level trauma centre per 1 and 10 km and undertriage. A sensitivity analysis
was conducted with a generalised linear model including inverse probability weights.

Results: 6101 patients, of which 4404 patients with critical resource use and 3760
patients with an Injury Severity Score =16, were included. The adjusted generalised
linear model demonstrated a significant association between a 1 km (OR 1.04; 95%-
CI 1.04 to 1.05) and 10 kilometre (OR 1.50; 95%-CI 1.42 to 1.58) increase in driving
distance and undertriage in patients with critical resource use. Also in patients with
an Injury Severity Score =16, a significant association between driving distance (1
km (OR 1.06; 95%-CI 1.06 to 1.07), 10 km (OR 1.83; 95%-CI 1.71 to 1.95)) and
undertriage was observed.

Conclusion: Patients in need of specialised care are less likely to be transported to
the appropriate trauma centre with increasing driving distance. Our results suggest
that emergency medical services professionals incorporate driving distance into their
decision making regarding transport destinations, although distance is not included
in the triage protocol.
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Background

Transportation of patients in need of specialised care to higher level trauma centres
is paramount to achieve optimal patient outcomes. Transporting these patients to
lower level trauma centres (i.e., undertriage) is associated with higher mortality
and morbidity rates.!* The American College of Surgeons Committee on Trauma
(ACSCOT) has recommended that regionalised trauma systems should strive to
achieve an undertriage rate <5%.> However, undertriage rates remain unacceptably
high in most trauma systems worldwide.®

The underlying reasons for undertriage are poorly understood. Field triage
protocols have been established to aid emergency medical services (EMS) professionals
in the identification of patients in need of specialised care. Physiology, anatomy
and mechanism of injury are incorporated in these protocols.” Questionnaires,
taken among EMS professionals in the Netherlands, have indicated that their triage
strategy is occasionally affected by the estimated transport time.® Although it is
thought that trauma patients benefit from expedited transport to a trauma centre,
previous investigations are not in concordance on this matter.® Also, no evidence-
based guidelines that dictate a maximal transport time exist. Nevertheless, the
anticipated transport time to the nearest higher level trauma centre might affect
the guideline adherence by EMS professionals. Prior research has concluded that
a differential distance between the nearest higher level trauma centre and non-
trauma centre of greater than 1 mile was associated with undertriage.!® Another
investigation concluded that elderly have a 37% higher odds of undertriage when
living 30 miles from a higher level trauma centre in comparison with patients living
within 15 miles.!! These studies did not account for certain factors that may affect the
transportation destination as decided by EMS professionals, such as dispatch priority
or the presence of a physician on scene. Furthermore, these studies were unable to
establish the association between driving distance and undertriage on a continuous
scale. The ascertainment of this association would provide insight into the decision
making by EMS professionals. Knowledge of the underlying reasons for undertriage
could improve the prehospital triage of trauma patients and their outcomes.

The aim of the present study was to evaluate the association and effect size
of driving distance to the nearest higher level trauma centre and undertriage.
Furthermore, it was our aim to specifically investigate the influence of age, traumatic
brain injury and haemodynamic instability on this association.
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Methods

Study design and setting

Patient consent was waived (reference number 20/500747). We adhered to the
Strengthening the Reporting of Observational Studies in Epidemiology guidelines
in the current study.'* Eight EMS regions (Amsterdam-Amstelland, Brabant Midden-
West, Brabant-Noord, Gelderland-Zuid, Rotterdam-Rijnmond, Utrecht, Zaanstreek-
Waterland and Zuid-Holland Zuid) and seven trauma regions (Acute Zorg Oost,
Netwerk Acute Zorg Brabant, Netwerk Acute Zorg Limburg, Netwerk Acute Zorg
Noordwest, SpoedZorgNet, Traumacentrum Zuidwest-Nederland and Traumazorg-
netwerk Midden-Nederland) participated in this prospective cohort study. These
regions serve an area of approximately 8063 square kilometres and 6.5 million
inhabitants (total population of the Netherlands: 17.2 million, population density:
1090/km?). Altogether, around 400 000 urgent patients are transported in these EMS
regions each year. A helicopter, staffed with a specialised physician (e.g., trauma
surgeon), can be dispatched to the injury scene based on injury mechanism or vital
signs.’® Trauma patients are generally transported by ambulance and in highly
exceptional cases by helicopter to a hospital. Ground ambulances are staffed with
nurses that are licenced to provide ALS care. These EMS regions currently use the
eighth version of the National Protocol of Ambulance Services (in Dutch: ‘Landelijk
Protocol Ambulancezorg’), originating from the Field Triage Decision Scheme
developed by the ACSCOT (Supplementary Figure).>!* In the Netherlands, level I
trauma centres are considered higher level trauma centres and are designated to
treat patients in need of specialised care. These level I trauma centres meet the
criteria as outlined by the ACSCOT.'® The participating trauma regions include seven
higher level trauma centres and 60 lower level trauma centres. No trauma patients
are transported to or treated at non-trauma centres in the Netherlands.

Patients

All trauma patients that were transported between January 2015 and December 2017
by ground ambulances from the scene of injury to a participating trauma centre were
included. Non-urgent cases were not included as these are scheduled transports,
and we assume that these patients are not in need of specialised care. Non-trauma
patients and patients that were not in need of specialised care were excluded. Our
patient selection strategy is illustrated in Figure 1. A selection tool was developed
to automatically identify trauma patients in unfiltered EMS records. Data from prior
research demonstrated inaccurate selection when based on chief complaint only.'®
This tool incorporates a prediction model that includes several variables, such as
chief complaint and mechanism of injury. External validation demonstrated a
sensitivity of 97.4%, a specificity of 99.3%, an accuracy of 98.9% and a c-statistic of
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0.99.16 The results of a recurrent neural network that evaluated the free-text fields
filled out by EMS professionals were incorporated in a prediction model that also
includes variables such as mechanism of injury and suspected injuries. Patients were
determined as being in need of specialised care by two reference standards. The
primary reference standard (i.e., early critical resource use) was a composite endpoint
consisting of prehospital intubation, admission to the intensive care unit directly
from the ED, radiological or surgical intervention within 24 hours or death within 24
hours (Supplementary Table 1). It has been suggested that defining a patient in need
of specialised care based on critical resource use could be a superior alternative to
the Injury Severity Score (ISS).'-!* A comparable resource-based reference standard
has been used in prior research.%2°-22 The secondary reference standard was an ISS
of 16 or greater. This anatomical-based reference standard has been suggested by the
ACSCOT to evaluate triage accuracy.®

Data collection

Prehospital reports from the participating EMS included patient demographics,
dispatch priority, scene of injury locations and vital signs. Dispatch priority is the
priority as assigned by the dispatch centre and was either the highest priority (i.e.,
lights and sirens) or high priority. These reports were matched with records from the
regional trauma registries. These registries include all patients that were admitted
to a trauma centre and include ISS, used resources, mortality status, and injury
and mechanism characteristics. A high energy fall was defined as a fall =2-3 times
the patients’ length. Patients that were discharged from the ED were assumed not
being in need of specialised care.?® EMS and in-hospital records were linked using
a unique EMS identifier. For patients with a missing identifier, a prediction model,
as developed in prior research, was used.'® This prediction model demonstrated an
accuracy of 100%.

Exposure

Zip codes of the scene of injury locations were converted into latitude and longitude
coordinates using Open Street Map (Open Street Map, Cambridge, UK).** The
nearest two higher level trauma centres were selected for every patient with the
haversine formula (i.e., as the crow flies). The road driving distances to these two
trauma centres were calculated with Bing Maps (Microsoft, Redmond, USA), while
accounting for the day of the week and hour of the day.?® The shortest distance in
kilometres was selected as the driving distance from the scene of injury to the nearest
higher level (i.e., level I) trauma centre. Prior research has demonstrated that the
driving distance based on zip codes is an acceptable estimate of the actual driven
distance by ambulance.?®

63




Chapter IV

Outcome

The main outcome was undertriage. Undertriage was defined as the proportion of
patients, classified as being in need of specialised care, that were transported to a
lower level trauma centre.

Missing data

Multilevel multiple imputation was used to account for missing values across
different EMS regions using the R-package micemd.?” Variables with missing values
were dispatch priority (4.6%), systolic BP (20.9%), RR (30.6%), HR (13.7%), oxygen
saturation (20.5%), and GCS (24.2%). In total, 48 datasets were generated based
on 20 iterations per set. The predictor matrix that was used to impute these missing
values included, among others, prehospital vital signs (e.g., consciousness based on
the Alert, Verbal, Pain, or Unresponsive scale and systolic BP), mechanism of injury
and in-hospital outcomes (e.g., Abbreviated Injury Scale (AIS), ISS and mortality).
We assumed missing data to be missing at random.

Data analysis

Data were analysed using R statistical software (R V.4.0.3).2® Descriptive statistics
were computed using median and IQRs for continuous variables, and frequencies
and proportions for categorical variables. Based on clinical reasoning, the generalised
linear model included age, gender, dispatch priority and presence of a physician on
scene. Restricted cubic splines were used to account for non-linearity. Subgroup
analyses were conducted for elderly (=65 years of age), traumatic brain injury (AIS
score =3 in head region) and haemodynamically unstable patients (penetrating
injuries and/or systolic BP <90 mmHg). We also analysed a subgroup of all patients
excluding traumatic brain injury or haemodynamic instability, as it is thought that
transportation to the nearest hospital to stabilise the patient is beneficial for these
patients.” These analyses were conducted in patients that either meet one or both of
the reference standards. Driving distance was evaluated per kilometre. To assess the
effect of a larger increase in driving distance, driving distance was also evaluated
per 10 km increase. To evaluate the robustness of our results, inverse probability
weighting served as a sensitivity analysis. Weights were computed for age, gender,
dispatch priority, presence of a physician on scene, systolic BE RR, HR, oxygen
saturation, GCS, mechanism of injury, penetrating injury, ISS and severely injured
body regions (AIS score =3) per ISS region. Balancing of covariates was assessed
using the cobalt R-package.? A Pearson correlation <0.1 was chosen as an indicator
of balance, as suggested in prior research.®® Analyses were applied to each of the
48 datasets. Pooling of all analyses generated point estimates. In accordance with
Rubin’s rules, the Agresti-Coull method was used to calculate Cis.3%-32
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Patient and public involvement
There was no patient or public involvement in the design, conduct, reporting or
dissemination of this study.

Results

Patients

Between January 2015 and December 2017, 636 775 patients were transported from
the scene of injury to a trauma centre (Figure 1). After exclusion of ineligible patients,
6101 patients were included. There were 4404 patients in need of specialised care
according to the primary reference standard and 3760 patients with an ISS =16
(Table 1). Of the patients with early critical resource use, the median age was 53.7
(IQR 32.3-70.6) years, 1369 (31.1%) were female, 2063 (46.8%) had an ISS =16
and the undertriage rate was 28.4%. Their median distance to the nearest trauma
centre was 16.1 km (IQR 7.8-29.0). Patients with an ISS =16 had a median age
of 56.8 (IQR 34.9-73.4) years, 1292 (34.4%) were female, 2063 (54.9%) had
critical resource use and the undertriage rate was 23.8%. The median distance to
the nearest trauma centre of these patients was 16.4 km (IQR 7.7-29.0). There were
2063 (33.8%) patients that met both reference standards. Their median age was 53.2
(IQR 30.3-69.4) years, 626 (30.3%) were female, the median distance to the nearest
higher level trauma centre was 16.0 (IQR 7.5-29.0) km, and the undertriage rate
was 10.2%.

Patients transported by EMS
professionals from the scene
of injury to a TC

(n=636 775)
Excluded (n=630 674)
Non-trauma patients (n=471 371)
” Not in need of specialised care
(n=159 303)
Y
Included patients
(n=6101)

Figure 1. Patient inclusion flowchart
EMS, Emergency Medical Services; TC, Trauma Center.
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Table 1. Cohort Characteristics

Early critical ISS =16 Early critical resource
resource use (n=3760) use and ISS =16
(n=4404) (n=2063)
Age 53.7 (32.3-70.6) 56.8 (34.9-73.4) 53.2 (30.3-69.4)
Female gender 1369 (31.1) 1292 (34.4) 626 (30.3)
Male gender 3035 (68.9) 2468 (65.6) 1437 (69.7)
Highest dispatch priority 3780 (85.8) 3175 (84.4) 1874 (90.8)
Presence of physician on-scene 1694 (38.5) 1371 (36.5) 1118 (54.2)

Vital parameters

Systolic blood pressure

Respiratory rate

Heart rate

Oxygen saturation

Glasgow Coma Scale
Mechanism of injury

High energy fall

Motorised vehicle crash

Stab or gunshot wound

Penetrating injury
1SS
Early critical resource use

ICU admission

Emergency intervention <24

hours

24-hour mortality

Prehospital intubation

ISS =16

Severe injury (AIS score =3 per ISS

region)
Head and neck
Face
Thorax
Abdomen

Extremities

Distance to higher-level TC (km)

Initial destination
Higher level TC

Lower level TC

135 (115-154)
16 (14-20)
88 (72-105)
97 (94-99)
14 (7-15)

568 (12.9)
526 (11.9)
218 (5.0)
265 (6.0)
16 (9-25)
4404 (100)
2812 (63.9)
906 (20.6)

330 (7.5)
1670 (37.9)
2063 (46.8)

1569 (35.6)
83 (1.9)
1396 (31.7)
375 (6.5)
537 (12.2)
16.1 (7.8-29.0)

3153 (71.6)
1251 (28.4)

136 (119-157)
16 (14-20)
85 (71-100)
97 (94-99)

14 (9-15)

637 (16.9)
513 (13.6)
111 (3.0)
122 (3.2)
21 (17-26)
2063 (54.9)
1442 (38.4)
602 (16.0)

278 (7.4)
831 (22.1)
3760 (100)

2395 (63.7)
129 (3.4)
1519 (40.4)
444 (11.8)
712 (18.9)
16.4 (7.7-29.0)

2867 (76.3)
893 (23.8)

133 (113-153)
16 (14-20)
88 (72-105)
97 (92-99)
12 (6-15)

390 (18.9)
327 (15.6)
91 (4.4
97 (4.7)
25 (18-29)
2063 (100)
1442 (69.9)
602 (29.2)

278 (13.5)
831 (40.3)
2063 (100)

1299 (63.0)
75 (3.6)
967 (46.9)
306 (14.8)
347 (16.8)
16.0 (7.5-29.0)

1853 (89.8)
210 (10.2)

1SS, Injury Severity Score; AIS, Abbreviated Injury Scale; TC, Trauma Centre. Early critical resource use:
prehospital intubation, admission to the intensive care unit directly from the emergency department,
radiological or surgical intervention within 24 hours or death within 24 hours. Data are median (IQR) or n
(%). Variables with missing data were dispatch priority (4.6%), systolic blood pressure (20.9%), respiratory
rate (30.6%), heart rate (13.7%), oxygen saturation (20.5%), and Glasgow Coma Scale (24.2%).
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Main results

Increasing driving distance was associated with higher undertriage rates for both
reference standards (Table 2). The adjusted generalised linear model showed
increased odds of undertriage (OR 1.04; 95%CI 1.04 to 1.05) for each kilometre
increase in distance for patients with early critical resource use (Table 3). In patients
with an ISS =16, driving distance was also significantly associated with undertriage
(OR 1.06; 95%-CI 1.06 to 1.07). A 10 km increase in driving distance was also
significantly associated with undertriage in patients with early critical resource use
(OR 1.50; 95%-CI 1.42 to 1.58) and in patients with an ISS =16 (OR 1.83; 95%-CI
1.71 to 1.95). In patients in need of specialised care according to both reference
standards, driving distance was significantly associated with a 1 km (OR 1.05; 95%-
CI 1.04 to 1.06) and a 10 km (OR 1.56; 95%-CI 1.42 to 1.72) increase in driving
distance.

Sensitivity analyses

When excluding patients with traumatic brain injury, penetrating injuries and
hypotension, driving distance remained significantly associated with undertriage in
patients with early critical resource use (OR 1.04; 95%CI 1.04 to 1.05), in patients
with an ISS =16 (OR 1.06; 95%-CI 1.05 to 1.07) and in patients that met both
reference standards (OR 1.04; 95%-CI 1.03 to 1.06) for each kilometre increase in
driving distance. Driving distance was also significantly associated with undertriage in
elderly, patients with traumatic brain injury and haemodynamically unstable patients
(Table 3). An optimal correlation (i.e., Pearson correlation <0.1) of covariates and
driving distance was achieved through inverse probability weighting (Supplementary
Table 2). The resulting weighted model demonstrated a significant association
between driving distance per kilometre and undertriage (OR 1.03; 95%-CI 1.03 to
1.04) in patients with critical resource use (Supplementary Table 3). In patients with
an ISS =16, driving distance per kilometre was also associated with undertriage (OR
1.05; 95%-CI 1.04 to 1.05). Driving distance was also associated with undertriage
(OR 1.04; 95%-CI 1.03 to 1.05) in patients that were in need of specialised care
according to both reference standards.
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Table 3. Association between undertriage and distance to nearest higher level trauma centre

Odds ratio 95%-CI Odds ratio 95%-CI
per 1 km per 10 km
Early critical resource use
All patients 1.04 1.04-1.05 1.50 1.42-1.58
Excluding TBI and unstable 1.04 1.04-1.05 1.51 1.42-1.61
Elderly 1.05 1.04-1.05 1.55 1.42-1.70
TBI 1.05 1.03-1.06 1.60 1.39-1.85
Unstable* 1.05 1.03-1.07 1.65 1.41-1.93
ISS =16
All patients 1.06 1.06-1.07 1.83 1.71-1.95
Excluding TBI and unstable 1.06 1.05-1.07 1.73 1.56-1.91
Elderly 1.08 1.06-1.09 2.07 1.85-2.31
TBI 1.07 1.06-1.08 1.89 1.72-2.08
Unstable* 1.08 1.04-1.11 2.08 1.51-2.87

Early critical resource use and ISS =16

All patients 1.05 1.04-1.06 1.56 1.42-1.72
Excluding TBI and unstable 1.04 1.03-1.06 1.52 1.32-1.74
Elderly 1.06 1.05-1.08 1.85 1.55-2.20
TBI 1.05 1.03-1.07 1.63 1.36-1.94
Unstable* 1.08 1.04-1.13 2.21 1.50-3.25

TBI, Traumatic Brain Injury; ISS, Injury Severity Score. Early critical resource use: prehospital intubation,
admission to the intensive care unit directly from the emergency department, radiological or surgical
intervention within 24 hours or death within 24 hours. Generalised linear models were adjusted for age,
gender, dispatch priority and presence of physician on scene. *Patients with an systolic blood pressure <90
mmHg and/or penetrating injuries. Elderly are above 65 years of age.

Discussion

This study evaluated the relationship between driving distance from the scene of
injury to the nearest higher level trauma centre and undertriage. An increased
driving distance from the scene of injury to the nearest higher level trauma centre
was associated with undertriage. Moreover, we observed that this effect was
already present at a 1 km increase in driving distance. Our results suggest that EMS
professionals are affected in their transport decisions by driving distance.

The current study has several strengths. Our multisite, multicentre cohort study
included a consecutive series of trauma patients transported by the participating EMS
regions. These EMS regions serve both urban and rural areas, thereby contributing
to the generalisability of our results. The magnitude of our cohort also enabled us to
ascertain the association between driving distance to the nearest higher level trauma
centre and undertriage. Furthermore, the prospectively and standardised collection
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of a consecutive series of trauma patients by the participating EMS and trauma
regions ensured the quality and consistency of our database. In order to prevent
selection bias, we used a selection tool that automatically selected trauma patients
from unfiltered EMS records, rather than selection solely based on chief complaint.
All trauma centres within the participating regions contributed to data collection.
Also, both a resource-based and an anatomical reference standard were used to
establish this association, comparable with prior research.'®

Our study is limited to some extent. First, the driving distance to the nearest
two higher level trauma centres was calculated with Bing Maps.> This navigation
software has been developed for regular traffic, and as ambulances are allowed to
use alternate routes, we may have overestimated the driving distance. Moreover,
while correcting for hour of the day and day of the week, some factors, such as traffic
congestion, could not be accounted for. Second, the regional trauma registries do
not register patients who were not admitted to a trauma centre. However, we expect
that this will not have affected our study results because prior research has shown
that these patients only suffer minor injuries.*® Third, missing data are a common
phenomenon in prehospital data, and some vital signs were frequently not measured.
We assume that these missing values will not have affected our main outcomes, as
variables with a considerable amount of missing values (e.g., vital signs) were only
used in the sensitivity analyses. Dispatch priority, included in the main analyses, was
only missing in 4.6% of the patients. We conducted multilevel multiple imputation
to account for these missing values, thereby creating an accurate representation
of trauma patients in the prehospital setting. Fourth, ground ambulances in the
Netherlands are staffed by licenced nurses, limiting the generalisability of our results
to physician-staffed EMS regions.

Our findings are in strong agreement with prior research. Doumouras and
colleagues'® have shown that a differential distance (i.e., difference in driving
distance between the nearest higher level trauma centre and the nearest non-trauma
centre) of greater than 1mile was associated with undertriage. However, the authors
exclusively used prehospital parameters to determine whether a patient was in need
of specialised care. A recent study, using medical insurance data, reported that elderly
living more than 30 miles from a higher level trauma centre have a 37% higher
odds of undertriage compared with patients living within 15 miles.!! Our results
demonstrated that the association of distance and undertriage was more conspicuous
in the elderly, which is in accordance with these findings. These prior investigations
were only able to demonstrate a significant association by categorising the driving
distance. The combination of highly qualitative prehospital and hospital data from
a consecutive series of trauma patients enabled us to establish this association on a
continuous scale. A study conducted in Sweden reported that the odds of undertriage
decreased with 5% per kilometre.* The authors solely included traffic incidents and
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were unable to adjust for mechanistic and physiological factors.

Patients in need of specialised care benefit from being transported to a higher
level trauma centre.** Field triage guidelines, including patients’ physiology, injury
characteristics and mechanism of injury, were established to aid EMS professionals
in the identification of these patients. However, our findings demonstrate that EMS
professionals also consider the estimated transport time into their triage strategy. Swift
transportation is thought to be specifically beneficial for haemodynamically unstable
patients or patients suffering from neurotrauma.’ Also, the national EMS protocol
dictates that, in case of haemodynamic instability and a long expected transport time,
deviation to a lower level trauma centre is desirable.!* Therefore, driving distance
should not affect the initial transportation destination of undifferentiated trauma
patients in need of specialised care. Yet, when analysing the subgroup consisting of
haemodynamically stable patients without traumatic brain injury, the distance to the
nearest trauma centre remained strongly associated with undertriage. We observed
that the effect of driving distance was comparable among the other patient subgroups.

In the generalised linear model, we adjusted for the confounders age, gender,
dispatch priority and presence of a physician on scene. Other factors, such as vital
signs, mechanism of injury and injury characteristics, were not included, as we
hypothesise that these are not causally related with the distance to the nearest higher
level trauma centre. However, the model including inverse probability weights does
contain these variables. The results of both models were comparable, which endorses
the association between driving distance and undertriage.

We demonstrated that the field triage quality in our cohort was insufficient, with
undertriage rates of 28% and 24% for both reference standards. This study provides
a certain insight in the decision-making process by EMS professionals, which appears
to be influenced by the driving distance to the nearest higher level trauma centre.
the importance of the correct destination, regardless of driving distance, must be
emphasised in order to achieve optimal patient outcomes. Future research should
investigate whether there is a transport time limit in which transportation to a
higher level trauma centre is beneficial for trauma patients in need of specialised
care. A transport time limit of 45 min has been adopted in an Australian trauma
system.3* If a time frame can be established, it should be incorporated into EMS
training programmes and field triage protocols. Furthermore, it has been reported
that other factors, such as patient request, may influence the transport destination.®
Quantification of the impact of these factors could provide more insight into the
decision making by EMS professionals.

In conclusion, this study found that, among eight ambulance regions in the
Netherlands, a patient in need of specialised care is less likely to be transported to
the appropriate trauma centre with increasing driving distance between the scene of
injury and the nearest higher level trauma centre. This effect was also observed when

71




Chapter IV

the driving distance was relatively short. Our results suggest that EMS professionals
incorporate driving distances and time into their decision making regarding transport
destinations, although driving distance is not included in the currently used triage
protocol.
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Supplementary Table 1. Definition of resource-based reference standard

Admittance to intensive care unit after initial evaluation in emergency department
Emergency intervention within 24 hours
Damage control thoracotomy
Damage control laparotomy
Damage control orthopedics
Extra peritoneal pelvic packing
Revascularization of extremities
Craniotomy
Intracranial pressure monitoring
Coniotomy/ cricothyrotomy
Interventional radiology
Death within 24 hours after arrival at trauma center

Prehospital intubation

Patients that met one of these criteria were classified as being in need of specialized care.

Supplementary Table 2. Pearson correlations before and after weighting

Early critical-resource ISS =16 Early critical-resource
use (n = 3760) use and ISS =16
(n = 4404) (n=2063)

Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted
correlation correlation correlation correlation correlation correlation

Age 0.0527 -0.0058 0.0423 0.0005 0.0579 0.0014

Age* 0.0392 -0.0068 0.0234 -0.0030 0.0365 0.0036

Gender 0.0282 0.0191 0.0072 0.0081 0.0312 0.0200

Highest dispatch priority -0.0371 -0.0045 -0.0552 -0.0012 -0.0087 -0.0096

Presence of physician 0.0617 -0.0033 0.0676 0.0017 0.0954 -0.0054
on-scene

Vital parameters

Systolic blood -0.0082 -0.0057 0.0017 -0.0055 -0.0069 -0.0103
pressure

Systolic blood -0.0113 -0.0069 0.0036 -0.0067 -0.0054 -0.0101
pressure®

Respiratory rate -0.0008 -0.0012 0.0166 -0.0025 0.0036 -0.0049
Respiratory rate* -0.0077 -0.0010 0.0137 -0.0034 -0.0035 -0.0051
Heart rate -0.0378 0.0006 -0.0431 -0.0058 -0.0317 -0.0031
Heart rate* -0.0370 0.0025 -0.0386 -0.0044 -0.0358 -0.0039
Oxygen saturation 0.0076 0.0042 -0.0100 -0.0021 -0.0139 -0.000
Eye score 0.0241 0.0031 0.0094 -0.0097 0.0072 -0.0102
Motor score 0.0179 -0.0007 0.0104 -0.0109 0.0043 -0.0193
Verbal score 0.0209 0.0048 0.0178 -0.0074 0.0092 -0.0080
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Distance to a higher level trauma centre and undertriage

Supplementary Table 2. Continued.

Early critical-resource 1SS =16 Early critical-resource
use (n = 3760) use and ISS =16
(n = 4404) (n=2063)

Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted
correlation correlation correlation correlation correlation correlation

Mechanism of injury

High energy fall 0.0079 -0.0051 0.0125 0.0064 -0.0095 -0.0088

Motorised vehicle 0.0934 0.0073 0.1262 0.0063 0.1397 -0.0301

crash

Violence -0.0621 0.0060 -0.0728 -0.0213 -0.0874 -0.0268
Penetrating injury -0.0485 0.0034 -0.0638 -0.0232 -0.0799 -0.0301
1SS N/A N/A 0.0035 -0.0099 0.0208 -0.0130

Severe injury (AIS =3)
per ISS region

Head and neck -0.0063 -0.0089 -0.0335 -0.0044 0.0031 -0.0012
Thorax 0.0299 0.0017 0.0518 0.0025 0.0559 -0.0002
Abdomen -0.0110 -0.0083 0.0100 -0.0049 -0.0114 -0.0134
Extremities 0.0439 -0.0079 0.0682 -0.0088 0.0736 -0.0082

1SS, Injury Severity Score; AIS, Abbreviated Injury Score. *Restricted cubic splines with three
knots. Early critical-resource use: prehospital intubation, admission to the intensive care unit
directly from the emergency department, radiological or surgical intervention within 24 hours, or
death within 24 hours.

Supplementary Table 3. Generalised Linear Model with Inverse Probability Weights

Odds ratio  95% confidence Odds ratio 95% confidence

per 1 km interval per 10 km interval
Early critical-resource use 1.03 1.03-1.04 1.38 1.33-1.44
ISS =16 1.05 1.04-1.05 1.56 1.49-1.64
Early critical-resource use and ISS =16 1.04 1.03-1.05 1.51 1.40-1.63

ISS, Injury Severity Score. Early critical-resource use: prehospital intubation, admission to the intensive
care unit directly from the emergency department, radiological or surgical intervention within 24 hours,
or death within 24 hours. Weights were computed for age, gender, dispatch priority, presence of physician
on-scene, systolic blood pressure, respiratory rate, heart rate, oxygen saturation, eye score, motor score,
verbal score, mechanism of injury, penetrating injury, ISS, and severely injured body regions (Abbreviated
Injury Scale score =3 per ISS region).
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Evaluating pre-hospital triage and
decision-making in patients who died
within 30 days post-trauma:
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Chapter V

Abstract

Introduction: Evaluating pre-hospital triage and decision-making in patients who
died post-trauma is crucial to decrease undertriage and improve future patients’
chances of survival. A study that has adequately investigated this is currently lacking.
The aim of this study was therefore to evaluate pre-hospital triage and decision-
making in patients who died within 30 days post-trauma.

Materials and methods: A multi-site, multi-center, cohort study was conducted.
Trauma patients who were transported from the scene of injury to a trauma center by
ambulance and died within 30 days post-trauma, were included. The main outcome
was undertriage, defined as erroneously transporting a severely injured patient
(Injury Severity Score =16) to a lower-level trauma center.

Results: Between January 2015 and December 2017, 2116 patients were included,
of whom 765 (36.2%) were severely injured. A total of 103 of these patients (13.5%)
were undertriaged. Undertriaged patients were often elderly with a severe head and/
or thoracic injury as a result of a minor fall (<2 m). A majority of the undertriaged
patients were triaged without assistance of a specialized physician (100 [97.1%]),
did not meet field triage criteria for level-I trauma care (81 [78.6%]), and could have
been transported to the nearest level-I trauma center within 45 min (93 [90.3%]).

Conclusion: Approximately 14% of the severely injured patients who died within 30
days were undertriaged and could have benefited from treatment at a level-I trauma
center (i.e., specialized trauma care). Improvement of pre-hospital triage is needed
to potentially increase future patients’ chances of survival.
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Introduction

Trauma remains a major cause of death worldwide.'® Providing specialized trauma
care to severely injured patients substantially improves their chances of survival.*® In
inclusive trauma systems, specialized care is solely provided at higher-level trauma
centers. Adequate pre-hospital triage is therefore crucial and can be life-saving.
Pre-hospital trauma triage is generally performed by Emergency Medical Services
(EMS) professionals of the ground ambulance. These professionals assess a patient’s
resource-need at the scene of injury and subsequently determine which level trauma
center — higher or lower - is able to provide the needed resources.

Both underestimation and overestimation of a patient’s resource-need result in
suboptimal treatment. Undertriage — transporting a severely injured patient to a
lower-level trauma center — should be prevented as it causes avertible mortality and
morbidity.*® Overtriage — transporting a moderately or mildly injured patient to a
higher-level trauma center — should be reduced as it results in an overutilization
of limited resources and extra costs.” As patient outcomes are directly affected by
transporting severely injured patients to lower-level trauma centers, reducing
undertriage generally takes precedence over reducing overtriage.®

Data sources (e.g., trauma registries) used in previous studies that evaluated pre-
hospital triage in patients who died post-trauma, miss a substantial number of deaths,’
especially in the elderly.!® In contrast to other registries, the Dutch Trauma Registry
includes all admitted trauma patients, regardless of a patient’s age or injury severity,
who were admitted to any trauma center (i.e., any trauma-receiving hospital)!! and
verifies mortality status after 30 days in all patients included in the registry, which
offers the opportunity to adequately evaluate pre-hospital triage in these patients.
Additionally, pre-hospital decision-making by EMS professionals may be influenced
by multiple factors (e.g., patient acuity, a patient’s pre-injury health status, on-scene
assistance of a physician, field triage criteria, EMS professional judgement, trauma
center proximity)'? and was to our knowledge not previously investigated in trauma
patients who did not survive the first 30 days post-trauma. A meticulous evaluation
of pre-hospital decision-making is pivotal to identify possible causes of undertriage
among these patients.

The aim of the present study was therefore to evaluate pre-hospital triage and
decision-making in patients who died within 30 days post-trauma.
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Materials and methods

This study adhered to the Strengthening the Reporting of Observational Studies in
Epidemiology guidelines.!®* The Medical Ethical Committee of the University Medical
Center Utrecht judged this study as not subject to the Medical Research Involving
Human Subjects Act (reference number 20/500,747).

Study design and setting

This was a multi-site, multi-center, cohort study, in which eight EMSs (Amsterdam-
Amstelland, Brabant Midden-West, Brabant-Noord, Gelderland-Zuid, Rotterdam-
Rijnmond, Utrecht, Zaanstreek-Waterland, and Zuid-Holland Zuid) and seven
corresponding inclusive trauma regions participated. The participating EMSs
transport approximately 550,000 patients to a hospital annually'* and serve a region
of approximately 8000 square kilometers with a population of roughly 6.5 million
people. In the Netherlands, trauma patients are generally transported by ambulance
and in highly exceptional cases by helicopter from the scene of injury to an emergency
department. Ambulances are staffed with an EMS professional and a dedicated driver.
Dutch EMS professionals are specialized nurses licensed to deliver pre-hospital care
at an advanced life support level. The dedicated drivers are licensed to deliver care at
a basic life support level. In case the dispatch center expects a patient with seriously
impaired vital functions, a specialized physician (e.g., a trauma surgeon) is sent to
the scene of injury (often by helicopter) to assist the EMS professional. In case an
EMS professional is assisted at the scene by a specialized physician, the physician is
generally responsible for the pre-hospital decision-making.

In the Netherlands, pre-hospital patient allocation is guided by the field triage
criteria of the Dutch National Protocol of Ambulance Services (NPAS),'® which are
depicted in Figure 1. The protocol was derived from the American Field Triage
Decision Scheme (FTDS)® and contains comparable criteria for highest level of care
(i.e., Dutch level-I trauma care). In the Netherlands, every inclusive trauma region
comprises at least one level-I trauma center, which is equipped to treat severely injured
patients. These centers meet the criteria for providing highest level of trauma care,
as defined by the American College of Surgeons Committee on Trauma (ACSCOT).%1°
Dutch level-II and level-III trauma centers are considered lower-level trauma centers,
designated to treat mildly and moderately injured patients.!® In the Netherlands,
no trauma patients are transported by ambulance to non-trauma centers. Seven of
the 11 Dutch inclusive trauma regions participated in this study, which comprise 67
trauma centers: seven level-I trauma centers and 60 lower-level trauma centers.
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Chapter V

Patients

All trauma patients, transported from the scene of injury by a ground ambulance of the
participating EMSs, to any emergency department in the participating trauma regions,
between January 1, 2015 and December 31, 2017, who died within 30 days post-
trauma, were included. Patients were excluded if they were not transported to a trauma
center (e.g., died at the scene of injury), were transported to a non-participating trauma
region or survived the first 30 days post-trauma. Trauma patients were identified in
unfiltered EMS records with an a previously validated selection tool, which was able to
select trauma patients with an accuracy of 98.9% (95%-CI, 98.3-99.2).%7

Data collection

Data were collected by the members of the Pre-hospital Trauma Triage Research
Collaborative (PTTRC) to construct a prospective cohort to evaluate pre-hospital
triage, of which the patients who died within 30 days post-trauma were evaluated in
the present study. Additional information on the collection of EMS records can be found
in a prior study performed by the PTTRC.!” Ambulance records were prospectively
collected and consisted of patient demographics, pre-hospital vital signs, and free text
fields filled out by EMS professionals. The free text fields contained, among others,
a description of the trauma mechanism, diagnostic findings, and considerations
regarding the provided pre-hospital treatment(s). Ambulance records were linked to
data from the seven inclusive trauma regions collected for the Dutch Trauma Registry.
All admitted Dutch trauma patients are prospectively included in this registry'* and
Dutch patients who are discharged from the emergency department are generally not
severely injured.!”'® The registry gathers, among others, all injuries diagnosed within
30 days post-trauma and certain clinical outcomes (e.g., 30-day mortality). The
Abbreviated Injury Scale (AIS) 2005, update 2008 was used by trained data registrars
to classify injuries and compute Injury Severity Scores (ISS).!” Mortality status was
verified after 30 days by using the electronic patient documentation system and/or
the Personal Records Database (in Dutch, Basisregistratie Personen). A combination
of deterministic and probabilistic linkage was used to merge the ambulance records
with the data from the registry. The patient-record-identifier was used to perform
deterministic linkage. For patients with a missing identifier (e.g., patients transported
by an EMS to a non-corresponding trauma region), a previously validated prediction
model, that comprises several characteristics of the patient/accident (e.g., date of
injury, gender, date of birth) was used to perform the probabilistic linkage. This
model merges pre-hospital with hospital data with an accuracy of 100.0% (95%-CI,
100.0-100.0).'7 Postal codes were used to estimate scene of injury locations and
exact addresses were used for hospital locations. Both were converted into latitude
and longitude coordinates with Open Street Map (OpenStreetMap, Cambridge, UK).2°
The haversine method was used to select the two nearest level-I trauma centers.
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Transport times to these centers were estimated using Bing Maps (Microsoft™,
Redmond, US),* while taking day of the week and hour of the day into account.
The shortest estimated transport time to a trauma center was selected as estimated
transport time.

Outcomes and definitions

The main outcome was undertriage, defined, in accordance with the current guidelines
of the Dutch Health Care Institute and the ACSCOT,® as erroneously transporting a
severely injured patient (i.e., a patient with an ISS of 16 or greater) to a lower-
level trauma center. Severely injured patients who were transported to a lower-level
trauma center as they were hemodynamically unstable or wished/requested not
to receive specialized trauma care as a result of their poor pre-injury health status
(e.g., patients with a do-not-resuscitate order) according to the records filled out
by the EMS professionals, were not considered undertriaged. The following factors
were investigated to evaluate EMS professionals’ pre-hospital decision-making:
patient acuity (i.e., hemodynamic stability), a patient’s wish/request not to receive
specialized trauma care as a result of their poor pre-injury health status, assistance of
a specialized physician, field triage criteria, EMS professional judgement, and trauma
center proximity.

Statistical analysis

Median values with interquartile ranges (IQRs) were used to describe continuous
variables. Frequencies with percentages were used to describe nominal and ordinal
variables. Pre-hospital variables with missing values were Glasgow Coma Scale,
systolic blood pressure, and respiratory rate. Missing data were analyzed and
appeared to be missing at random. A predictor matrix was created to perform multi-
level multiple imputation that accounted for cluster differences?? and generated 48
imputed datasets based on 20 iterations per set. All datasets were used to perform
the analyses of variables with missing data. All statistical analyses were performed
using R (version 4.0.3).%

Results

From January 2015 to December 2017, 165,404 trauma patients were transported
from the scene of injury by an ambulance of the participating EMSs to a trauma
center. After excluding 295 patients (0.2%) who were transported to a trauma center
in a non-participating trauma region and 162,993 (98.5%) as they survived the first
30 days, 2116 patients (1.3%) were included. An overview of the patient flow is
provided in Figure 2.
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Unfiltered EMS records

(n=631,475)
- Non-trauma
v (n=466,071)
Trauma
(n=165,404)
Transport to a non-
»| participating trauma center
\ 4 (n=295)

Transported to a
participating trauma center

(n=165,109)
- Survivors
, (n=162,993)
Included
(n=2116)

Figure 2. Study flow chart
EMS, Emergency Medical Services.

Baseline characteristics of the included patients are displayed in Table 1. The
included patients had median age of 83.8 years (IQR, 72.5-89.7), 1062 (50.2%)
were male, and their injuries resulted in a median ISS of 9 (9-25). More than half of
the patients (1351 [63.8%]) were mildly or moderately injured (ISS <16), of whom
many (797 [59.0%]) suffered from a severe injury (AIS =3) of the lower extremities.
The severely injured (ISS =16) patients more often were men (498 [65.1%] vs.
564 [41.7%]), more frequently showed deviating vital signs (541 [70.7%] vs. 132
[9.8%]), and more often had severe injuries to the head and thorax (532 [69.5%]
and 254 [33.2%] vs. 57 [4.2%] and 62 [4.6%], respectively) than the mildly or
moderately injured patients.
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Table 1. Baseline characteristics of patients who died within 30 days post-trauma

All Mildly or moderately Severely
n = 2116 injured injured
(ISS <16) (ISS =16)
n = 1351 n =765
Age (years)* 83.8 (72.5-89.7) 86.9 (81.2-91.5) 71.3 (50.8-82.9)
Age <16 (years) 17 (0.8) 0 (0) 17 (2.2)
Age =65 (years) 1756 (83.0) 1303 (96.4) 453 (59.2)
Male sex 1062 (50.2) 564 (41.7) 498 (65.1)
ASA classification =3 1013 (47.9) 788 (58.3) 225 (29.4)
Trauma mechanism
Fall <2 meters 1501 (70.9) 1225 (90.7) 276 (36.1)
Traffic injury 296 (14.0) 71 (5.3) 225 (29.4)
Fall =2 meters 145 (6.9) 29 (2.1) 116 (15.2)
Penetrating injury 40 (1.8) 2(0.1) 38 (5.0)
Submersion 34 (1.7) 0 (0) 34 (4.4)
Asphyxia 34 (1.6) 1(0.1) 33 (4.3)
Burns/explosion 16 (0.8) 4 (0.3) 12 (1.6)
Other 43 (2.0) 16 (1.2) 27 (3.5)
Pre-hospital vital signs
Systolic blood pressure 83 (3.9) 19 (1.4) 64 (8.4)
<90 mmHg
Respiratory rate 166 (7.7) 48 (3.6) 118 (15.4)
>29/min or <10/min
Glasgow Coma Scale 605 (28.6) 84 (6.2) 521 (68.1)
<13
Revised Trauma Score 682 (32.2) 132 (9.8) 550 (71.9)
<12
Severe injury (AIS =3)
Head 589 (27.8) 57 (4.2) 532 (69.5)
Face 22 (1.0) 1(0.1) 21 (2.7)
Neck 18 (0.9) 1(0.1) 17 (2.2)
Thorax 316 (14.9) 62 (4.6) 254 (33.2)
Abdomen 47 (2.2) 3(0.2) 44 (5.8)
Spine 96 (4.5) 15 (1.1) 81 (10.6)
Upper extremity 9 (0.4) 3(0.2) 6 (0.8)
Lower extremity 890 (42.1) 797 (59.0) 93 (12.2)
ISS* 9 (9-25) 9 (5-9) 26 (24-34)

AIS, Abbreviated Injury Scale; ASA, American Society of Anesthesiologists; ISS, Injury Severity Score.
Values in parentheses are percentages unless indicated otherwise; *values are median (interquartile range).
Systolic blood pressure missed in 28.0%, respiratory rate in 35.5% and Glasgow Coma Scale in 18.6% of
the deceased patients, all were multiply imputed. Values derived from multiply imputed variables were

rounded to zero decimals.
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Pre-hospital triage

A total of 128 severely injured patients (16.7%) were transported to a lower-level
trauma center (Table 2). Twenty-five of these patients (19.5%) were consciously
transported to a lower-level trauma center: 16 (12.5%) as they were considered
hemodynamically unstable and 9 (7.0%) as they wished/requested not to receive
specialized trauma care as a result of their poor pre-injury health status. The other
103 patients (80.5%) were not identified as severely injured patients at the scene of
injury and were considered undertriaged. More than half of the undertriaged patients
(54 [52.4%]) died within the first week post-trauma (Figure 3). Twelve undertriaged
patients (11.6%) were transferred from the primary hospital to a different trauma
center and another 12 patients (11.7%) died after discharge from the primary
hospital.

Pre-hospital decision-making

The characteristics of triaged severely injured patients are displayed in Table 2.
Severely injured patients who were correctly transported to a level-I trauma center
were more severely injured than undertriaged patients (median ISS of 26 [IQR, 25—
35] vs. 22 [17-26]), had less often severe comorbidities 147 [23.1%] vs. 67 [65.0%],
and more often had deviating vital signs (502 [78.8%] vs. 28 [27.2%]). Undertriaged
patients often were elderly (98 [95.1%]) with a severe head or thoracic injury (74
[71.2%] and 29 [27.9%], respectively) as result of a minor (<2 meter) fall (82
[79.6%]).
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Table 2. Pre-hospital triage and characteristics of triaged patients who died within 30 days

post-trauma

Level-I Lower-level trauma center
trauma center n =128
n = 637
Undertriaged Hemodynamically At a patient’s
n =103 unstable wish/request
n=16 n=9

Age (years)* 67.5 (45.4-80.2) 85.5 (80.1-88.9) 58 (30-70) 82 (71-90)
Age <16 (years) 16 (2.5) 0 (0) 1(6) 0(0)
Age =65 (years) 341 (53.5) 98 (95.1) 6 (38) 8 (89)
Male gender 434 (68.1) 45 (43.7) 13 (81) 6 (67)
ASA classification =3 147 (23.1) 67 (65.0) 4 (25) 7 (78)
Trauma mechanism

Fall <2 meters 186 (29.2) 82 (79.6) 2 (13) 6 (67)

Traffic injury 212 (33.3) 10 (9.7) 3(19) 0 (0)

Fall =2 meters 107 (16.8) 5(4.9) 2 (13) 2 (22)

Penetrating injury 37 (5.8) 0 (0) 1 (6) 0 (0)

Submersion 30 (4.7) 1(1.0) 3(19) 0 (0)

Asphyxia 28 (4.4) 0 (0) 4(3) 1(1D

Burns/explosion 10 (1.6) 2(1.9) 0 (0) 0 (0)

Other 25 (3.9) 2(1.9) 0 (0) 0 (0)

Unknown 2 (0.3) 1(1.0) 1 (6) 0 (0)
Pre-hospital vital signs

Systolic blood pressure 56 (8.8) 3(2.9) 4 (25) 1011

<90 mmHg

Respiratory rate 107 (16.8) 5(4.9) 4 (25) 2 (22)

>29/min or <10/min

Glasgow Coma Scale 482 (75.7) 21 (20.4) 11 (69) 7 (78)

<13

Revised Trauma Score 502 (78.8) 28 (27.2) 13 (81) 7 (78)

<12
Severe injury (AIS =3)

Head 446 (70.0) 74 (71.2) 6 (38) 7 (78)

Face 21(3.3) 0 (0) 0 (0) 0 (0)

Neck 17 (2.7) 0 (0) 0 (0) 0 (0)

Thorax 219 (34.4) 29 (27.9) 5(31) 1(11)

Abdomen 41 (6.4) 2(1.9) 1 (6) 0 (0)

Spine 72 (11.3) 8 (7.7) 1(6) 0 (0)

Upper extremity 5(0.8) 1(1.0) 0 (0) 0 (0)

Lower extremity 73 (11.5) 17 (16.3) 2(13) 1(1D
1SS* 26 (25-35) 22 (17-26) 25 (22-35) 25 (19-26)
ISS =24 516 (81.0) 48 (46.2) 11 (69) 6 (67)

AIS, Abbreviated Injury Scale; ASA, American Society of Anesthesiologists; ISS, Injury Severity Score.
Values in parentheses are percentages unless indicated otherwise; *values are median (interquartile range).
Systolic blood pressure missed in 24.1%, respiratory rate in 29.9% and Glasgow Coma Scale in 18.2% of
the severely injured deceased patients, all were multiply imputed. Values derived from multiply imputed
variables were rounded to zero decimals.
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Factors that may have influenced the pre-hospital decision-making in severely injured
patients are displayed in Table 3. In three undertriaged patients (2.9%) the EMS
professional was assisted by a specialized physician. A minority of the undertriaged
patients met the field triage criteria for level-I trauma care of the Dutch NPAS and
the American FTDS (22 [21.4%] and 34 [33.0%], respectively). The Supplementary
Table provides an overview of the criteria of the Dutch NPAS and the American FTDS
that were met by severely injured patients. Adding systolic blood pressure <110
mmHg in elderly patients as a criterion to the American FTDS would have increased
the number of undertriaged patients who met its criteria for level-I trauma care to
39 (37.9%). The estimated transport time to the nearest level-I trauma center was
longer for undertriaged patients than for the severely injured patients transported
to a level-I trauma center (median: 31.6 min [IQR, 20.6-38.7] vs. 21.0 min [12.9-
30.7]; >30 min: 58 [56.3%] vs. 171 [26.8%]). In 96 undertriaged patients (93.2%)
the estimated transport time to their original destination was shorter than to the
nearest level-I trauma center and in 93 undertriaged patients (90.3%) the estimated
transport time to the nearest level-I trauma center was 45 min or less.

Table 3. Pre-hospital decision-making in severely injured patients who died within 30 days
post-trauma

Level-I Lower-level trauma center
trauma center
n = 637 n =128
Undertriaged Hemodynamically At a patient’s
unstable wish/request
n = 103 n=16 n=9
External involvement in decision-making
Assistance of a 315 (49.5) 3(2.9) 1(6) 1(11D)
specialized physician
Field triage criteria for level-I TC
Dutch NPAS 498 (78.2) 22 (21.4) 16 (100) 6 (67)
American FTDS 561 (88.1) 34 (33.0) 14 (88) 7 (78)
Estimated transport time
To original destination* 21.2 (13.4-31.2) 12.3 (7.6-17.6) 18 (11-21) 14 (11-21)
To nearest level-I TC* 21.0 (12.9-30.7) 31.6 (20.6-38.7) 38 (29-46) 28 (17-29)
To original destination < to 2 (0.3) 96 (93.2) 15 (94) 8 (89)
nearest level-I TC
<30 min to nearest level-I TC 466 (73.2) 45 (43.7) 531 7 (78)
<45 min to nearest level-I TC 596 (93.6) 93 (90.3) 11 (69) 8 (89)

EMS, Emergency Medical Services; FTDS, Field triage decision scheme; NPAS, National Protocol for
Ambulance Services; TC, trauma center. Values in parentheses are percentages unless indicated otherwise;
*values are median (interquartile range). Systolic blood pressure missed in 24.1%, respiratory rate in
29.9% and Glasgow Coma Scale in 18.2% of the severely injured deceased patients, all were multiply
imputed. Values derived from multiply imputed variables were rounded to zero decimals.
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Day of death
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Number of patients

0 5 10 15 20 25 30
Day post-trauma

Figure 3. Day of death of the undertriaged patients
Day of death missed in the 12 patients (11.6%) who were transferred and in the 12 patients (11.7%)
who were discharged from the primary hospital.

Discussion

This multi-site, multi-center, cohort study evaluated pre-hospital triage and decision-
making in trauma patients who died within 30 days post-trauma. We found that
14% of the severely injured (ISS =16) patients who did not survive the first 30 days
were undertriaged (i.e., erroneously transported to a lower-level trauma center).
Undertriaged patients were often elderly with a severe head and/or thoracic injury
as a result of a minor (<2 m) fall. A majority of these patients were triaged without
assistance of a specialized physician (97%), did not meet field triage criteria for level-I
trauma care (79%), and could have been transported to the nearest level-I trauma
center within 45 min (90%). This study illustrates that improving pre-hospital triage
could potentially increase future trauma patients’ chances of survival.

The strengths of this study were its generalizability, interregional linkage of
patient records, and standardized methods used to collect data. First, eight different
EMSs covering different types of regions (urban, suburban, and rural) participated
in this study, which increases the generalizability of our results to a general pre-
hospital trauma population.?* Second, records from eight different EMSs were linked
to records from seven different inclusive trauma regions, minimizing the chance of
selection bias (i.e., missed patients who died post-trauma). Third, the data were
prospectively and systematically gathered in a standardized manner by the EMSs
and the Dutch Trauma Registry. Moreover, the Dutch Trauma Registry includes all
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trauma patients, regardless of their age or injury severity, who are admitted to any
trauma center (i.e., any trauma-receiving hospital).!! Furthermore, an extensive
evaluation of pre-hospital triage and decision-making was possible as result of the
adequate linkage of the pre-hospital and hospital data. Linkage of both data sources
is essential, as self-transported (i.e., non-referred) patients should be excluded to
determine undertriage rates of EMSs. Only these rates can directly be improved by
EMSs, in contrast to undertriage rates provided by trauma regions.

A limitation of the current study is that patients transported to a trauma center in
a non-participating trauma region were excluded. However, the chance of selection
bias was minimized by the interregional linkage of pre-hospital and hospital data
(295 of the 165,404 records [0.2%] could not be linked). Moreover, a substantial
number of patients die after the 30" day post-trauma?® and were therefore not
included in this study. As mortality status is currently only verified after 30 days by
the registry this was the best available offset to maximize the follow-up period and
minimize missing patients. More automated techniques based on electronic health
record data are needed to extend the follow-up period of trauma patients included in
registries to further improve trauma research on mortality.'>2¢ Furthermore, due to
the anonymization needed to link the pre-hospital and hospital data we were not able
to retrieve causes of death. Finally, patients who died at the scene of injury or during
transport were not included in this study. However, as these were patients in whom
resuscitation was terminated at the scene of injury or during transport, as patients
who died at the emergency department are included in the registry, treatment at a
level-I or a lower-level trauma center will probably not have influenced most of these
patients’ chances of survival.

In the present study, 16 patients (13%) were consciously transported to lower-
level trauma centers as they were considered hemodynamically unstable by EMS
professionals. Even though the Dutch NPAS allows EMS professionals to transport
hemodynamically unstable patients in exceptional cases to the nearest hospital, is
considering these patients as correctly triaged debatable. Since the concept of the
golden hour was introduced,?” there is an ongoing debate on the impact of transport
times on mortality in hemodynamically unstable patients. A recent study found that
an increase in total pre-hospital time was associated with increased mortality in
a general trauma population.?® Other previous studies did not find an association
between pre-hospital time and mortality in physiologically abnormal trauma
patients® or only in certain patients® after the first pre-hospital hour.®! In our study,
the estimated transport time to a level-I trauma center of most hemodynamically
unstable patients (69%) and the lion’s share of the undertriaged patients (90%) was
45 min or less. This implies that, in most cases, transport time to a level-I trauma
center itself should not have been a reason for transport to a lower-level trauma
center. Moreover, the estimated transport time to the nearest level-I trauma center
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was substantially longer for undertriaged patients (>30 min in 55%) than for severely
injured patients transported to a level-I trauma center (>30 min in 27%), which
suggests that transport time to a level-I trauma center might influences a patient’s
chance of being undertriaged. Future research could focus on the causal relationship
between transport time and mortality/undertriage.

Pre-hospital triage of severely injured patients is difficult and needs improvement.
Evaluating field triage through well-designed research is the first step in improving
pre-hospital trauma care.®> We found that a majority of the patients who died
post-trauma and were transported to a lower-level trauma center (81%), were not
identified as severely injured at the scene of injury. Most of these patients (95%) were
elderly, which is in accordance with previous studies that investigated undertriaged
patients.®18335 A possible cause for underestimating injury severity in elderly is
that low-energy accidents may result in serious injuries in this population.’® EMS
professionals should therefore be cautious to exclude possible fatal injuries in elderly
that suffered from a low-energy trauma. Moreover, we found that in a majority of
the undertriaged patients the decision-making was performed without assistance
of a specialized physician (97%). Previous research found that the decision-making
of EMS professionals is an important source of variation in pre-hospital triage.?’
Additional training of EMS professionals may therefore reduce undertriage and could
possibly decrease preventable deaths.®”

A majority of the undertriaged patients (79%) did not meet the Dutch field triage
criteria for level-I trauma care. The present study adds knowledge on characteristics
of undertriaged patients who died within 30 days post-trauma, which could be used
to improve the currently used field triage criteria. Possible improvements could for
example be: replacing the criterion ‘Glasgow Coma Scale score <9 or deteriorating’
of the Dutch NPAS by ‘Glasgow Coma Scale score <14 or adding the criterion
systolic blood pressure <110 mmHg in elderly patients to the American FTDS. Such
modifications should however be investigated in studies including all pre-hospital
trauma patients to assess the potential effect on overall triage rates. Moreover,
the currently used protocol is a static decision scheme and previous research has
shown that it is limited in identifying severely injured patients,'”-'® as were the other
previously developed triage tools.®® Another solution, in this era of digitalization
and emerging technology, would be to integrate a pre-hospital prediction model in a
mobile application to enable EMS professionals to calculate a patient’s probability to
be severely injured at the scene of injury.®® Such prediction model could complement
EMS professionals in their intuition as it is able detect more subtle patterns of signs and
symptoms, whereas it is almost impossible to disentangle and weigh all contributing
factors by heart. Further research is needed to determine whether undertriage rates
will decrease by putting such pre-hospital prediction model into practice.
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Conclusion

Approximately 14% of the severely injured deceased trauma patients were
erroneously transported to a lower-level trauma center. These undertriaged patients
could have benefited from treatment at a level-I trauma center (i.e., specialized
trauma care). Improvement of pre-hospital triage is needed to potentially increase
future patients’ chances of survival. Additional training of EMS professionals,
modifying the currently used pre-hospital field triage criteria and/or implementing
a pre-hospital prediction model into practice are possible strategies to achieve this.
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Supplementary Material

Supplementary Table. Field triage criteria for level-I trauma center in severely injured patients
who died within 30 days post-trauma

Level-I Lower-level trauma center
trauma center n =128
n = 637
Undertriaged Hemodynamically At a patient’s
n =103 unstable wish/request
n=16 n=29
Dutch NPAS 498 (78.2) 22 (21.4) 16 (100) 6 (67)
Vitally compromised in airway, 378 (59.3) 9 (8.7) 16 (100) 5 (56)
breathing or circulation
Glasgow Coma Scale score <9 407 (60.5) 7 (7.0) 10 (63) 6 (67)
or deteriorating
Pupil difference 54 (8.5) 1(1.0) 0 (0) 0 (0)
Neurologic deficit (=1 extremity) 9(1.4) 5(4.9) 0 (0) 0 (0)
Hypothermia <32°C 45 (7.1) 4 (3.9 2 (13) 0 (0)
RTS <11 or PTS <9 419 (65.8) 10 (9.7) 12 (75) 6 (67)
Penetrating injury (head, thorax 34 (5.3) 0 (0) 1(6) 0@
or abdomen)
Flail chest 4 (0.6) 0 (0) 0 (0) 0 (0)
Unstable pelvic fracture 30 (4.7) 0 (0) 0 (0) 0 (0)
=2 long bone fractures (femur, 6 (0.9) 0 (0) 0 (0) 0 (0)
tibia or humerus)
Amputation proximal to wrist or 1(0.2) 0 (0) 0 (0) 0 (0)
Ankle
American FTDS 561 (88.1) 34 (33.0) 14 (88) 7 (78)
Systolic blood pressure 56 (8.8) 3(2.9) 4 (25) 1(11)
<90 mmHg
Respiratory rate 107 (16.8) 5(4.9) 4 (25) 2 (22)
>29/min or <10/min
Glasgow Coma Scale score <14 503 (74.7) 28 (27.2) 12 (75) 7 (78)
Pre-hospital ventilator support 402 (59.7) 2(1.9) 9 (56) 2 (22)
Penetrating injury proximal to 35(5.2) 0 (0) 1(6) 0 (0)
elbow and knee
Crushed, degloved, mangled or 10.2) 0 (0) 0 (0) 0 (0)
pulseless extremity
Pelvic fractures 34 (1.0) 0 (0) 2 (13) 0 (0)
Open or depressed skull fracture 5(0.7) 0 (0) 0 (0) 0 (0)
Paralysis 6 (0.9) 0 (0) 0 (0) 0 (0)
Adjusted American FTDS 566 (88.9) 39 (37.9) 14 (88) 7 (78)
Systolic blood pressure <90 mmHg 79 (12.4) 10 (9.7) 5(31) 3(33)

or <110 mmHg & age >65 years

FTDS, Field Triage Decision Scheme; NPAS, National Protocol for Ambulance Services; PTS, Pediatric
Trauma Score; RTS, Revised Trauma Score. Systolic blood pressure missed in 24.1%, respiratory rate in
29.9% and Glasgow Coma Scale in 18.2% of the severely injured deceased patients, all were multiply
imputed. Values derived from multiply imputed variables were rounded to zero decimals.
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Abstract

Purpose: The importance of treating severely injured patients in higher-level trauma
centers is undisputable. However, it is uncertain whether severely injured patients
that were initially transported to a lower-level trauma center (i.e., undertriage)
benefit from being transferred to a higher-level trauma center.

Methods: This observational study included all severely injured patients (i.e., Injury
Severity Score =16) that were initially transported to a lower-level trauma center
within eight ambulance regions. The exposure of interest was whether a patient was
transferred to a higher-level trauma center. Primary outcomes were 24-h and 30-day
mortality. Generalized linear models including inverse probability weights for several
potential confounders were constructed to evaluate the association between transfer
status and mortality.

Results: We included 165,404 trauma patients that were transported with high
priority to a trauma center, of which 3932 patients were severely injured. 1065
(27.1%) patients were transported to a lower-level trauma center of which 322
(30.2%) were transferred to a higher-level trauma center. Transferring undertriaged
patients to a higher-level trauma center was significantly associated with reduced
24-h (relative risk [RR] 0.26, 95%-CI 0.10-0.68) and 30-day mortality (RR 0.65,
0.46-0.92). Similar results were observed in patients with critical injuries (24-h:
RR 0.35, 0.16-0.77; 30-day: RR 0.55, 0.37-0.80) and patients with traumatic brain
injury (24-h: RR 0.31, 0.11-0.83; 30-day: RR 0.66, 0.46-0.96).

Conclusions: A minority of the undertriaged patients are transferred to a higher-
level trauma center. An inter-hospital transfer appears to be safe and may improve
the survival of severely injured patients initially transported to a lower-level trauma
center.
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Table 3. Continued.

Severe abdominal Severe pelvic
injury (AIS =3) injury (AIS =3)
(n = 80) (n =91)
Recognized  Unrecognized Recognized  Unrecognized

(n = 36) (n =44) (n =21) (n = 70)
Pelvis 2 (6) 10 (23) 21 (100) 70 (100)
Pelvic ring involved 2 (6) 10 (23) 19 (90) 62 (89)
Acetabulum involved 1(3) 7 (16) 7 (33) 32 (46)

Upper extremities 2 (6) 1(2) 1(5) 2(3)
Lower extremities 4(12) 6 (14) 2 (10) 15 (21)
Severe injury (ISS =16) 32 (73) 23 (64) 15 (71) 38 (54)

AIS, Abbreviated Injury Scale; ISS, Injury Severity Score. Values in parentheses are percentages unless
indicated otherwise; @ values are median (interquartile range). Systolic blood pressure missed in 8.2%,
respiratory rate in 8.8%, and Glasgow Coma Scale in 4.7% of the patients with a severe abdominal or pelvic
injury, all were multiply imputed. Values derived from multiply imputed variables were rounded to zero
decimals.

Table 4. Pre-hospital triage in patients with a severe abdominal or pelvic injury

Severe abdominal Severe pelvic
injury (AIS =3) injury (AIS =3)
(n = 80) (n =91)
Higher-level Lower-level Higher-level Lower-level
trauma center trauma center trauma center trauma center
(n =59) (n =21) (n = 55) (n = 35)
Severe injury 44 (74.6) 11 (52.4) 42 (76.4) 11 (31.4)

(ISS =16)

AIS, Abbreviated Injury Scale; ISS, Injury Severity Score. Values in parentheses are percentages.

Pelvic injury

In total, 420 (2.0%) patients had a serious pelvic injury. The sensitivity and specificity
of EMS professional judgment were 14.9% (11.8-18.6) and 99.2% (99.1-99.3) for
serious pelvic injury, respectively. Patients with more severe pelvic injuries were
more often recognized at the scene of injury (Table 5); a severe pelvic injury was
recognized in 21 patients (26%). Patients with an unrecognized severe pelvic injury
were more often elderly (24 [34%] vs. 4 [19%]), suffered less often from a dangerous
mechanism of injury (e.g., motor vehicle accident >65 km/h: 4 [6%] vs. 4 [19%]),
and were less often severely injured (38 [54%] vs. 15 [71%]) than patients with
a recognized severe pelvic injury (Table 3). The 40 patients with an unrecognized
severe pelvic injury often had another severe injury (57%), mostly of the thorax
(31%) and lower extremities (21%). Thirty-five patients with a severe pelvic injury
(39%) were transported to a lower-level trauma center, of whom 11 (31%) were
severely injured (Table 4).
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Table 5. Pre-hospital identification of pelvic injury

AIS Pelvic No pelvic All
injury suspected injury suspected
n =224 n = 20,820

0/1 161 (0.8) 20,459 (99.2) 20,620
2 42 (12.6) 291 (87.4) 333
3 16 (20.8) 61 (79.2) 77
4 5(35.7) 9 (64.3) 14
5 0 (0) 0 (0) 0

AIS, Abbreviated Injury Scale. Values in parentheses are percentages.

Discussion

In this multi-center cohort study, EMS professionals of the ground ambulance identified
38% of the serious abdominal injuries and 15% of the serious pelvic injuries (AIS =2)
at the scene of injury. Severe abdominal and pelvic injuries (AIS =3) were recognized
more often, in 45% and 23%, respectively. Patients with a severe abdominal injury or
pelvic injury were regularly (in 26% and 39%) transported to a lower-level trauma
center, of whom 52% and 31% were severely injured (ISS =16), respectively. This
study illustrates that the pre-hospital injury assessment of abdominal and pelvic
injuries is difficult and could be improved to optimize pre-hospital triage.

The strengths of this study were its method used to select trauma patients,
standardized method used to collect data, and interregional linkage of patient records.
First, the selection of patients was performed with a selection tool, which used multiple
variables and texts of the pre-hospital records to select trauma patients. Using such
a selection procedure is important as patients could have multiple complaints and
selecting patients solely on their chief complaint would therefore introduce selection
bias. Second, data were prospectively and systematically gathered by the EMS and
the participating trauma regions. Moreover, all ambulance records were assessed in
a standardized manner and blinded from the hospital data. Third, the interregional
linkage of pre-hospital and hospital data was essential to prevent missing injuries
in patients who were transported to a trauma center in another EMS region and
therefore prevent possible verification bias.

This study has some limitations. The injuries of patients who were discharged
from the emergency department were missing as solely admitted patients are
included in the Dutch Trauma Registry. However, these patients have only in highly
exceptional cases a serious abdominal or pelvic injury, as was verified in data from
prior research.?” Such patients had probably less severe injuries and were therefore
possibly more difficult to recognize by the EMS professional, which might have
led to an overestimation of the diagnostic accuracy of EMS professional judgment.
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In contrast, if, in highly exceptional cases, an extensive physical examination was
impossible (e.g., severe hemodynamic instability), not all suspected injuries could
possibly have been assessed/reported, leading to a possible underestimation of the
diagnostic accuracy of EMS professional judgment.

Previous studies support our finding that abdominal and pelvic injuries are
difficult to recognize at the scene of injury.!’'* Most of these studies evaluated
the pre-hospital injury assessment by physicians,'"!*> which found that physicians
recognized 44% and 48% of the serious abdominal and pelvic injuries, respectively,!!
underestimated abdominal and pelvic injuries in 42% and 51% of the severely injured
patients, respectively,!*> and that abdominal injury was underestimated in 32%.*
The remaining study investigated the solitary judgment of EMS professionals and
found, in a cohort of 207 trauma patients transported by helicopter.!* They found that
HEMS professionals recognized 39% of the severe abdominal injuries and did not
describe on their judgment in the identification of pelvic injury.’* In the present study,
EMS professionals performed slightly better as they recognized 45% of the severe
abdominal injuries in a less severely injured population. EMS professionals working
on helicopter and physicians are generally considered to be better educated and/or
have more experience in assessing severely injured patients than EMS professionals
of the ground ambulance.!? However, in all previous studies they recognized less than
half of the abdominal and pelvic injuries, suggesting that both are extraordinarily
difficult to recognize at the scene of injury.

To improve the EMS professional’s ability to recognize these injuries, we
investigated the characteristics of patients with (unrecognized) severe abdominal
and pelvic injuries. We found, in line with previous literature,*-32 that almost 92% of
the abdominal injuries and all pelvic injuries were a result of blunt trauma, making
recognition of these injuries difficult. Additionally, a minority of the patients with a
severe abdominal or pelvic injury suffered from a dangerous mechanism of injury,
showed deviating vital signs and/or had clinical symptoms (e.g., abdominal pain).
EMS professionals should therefore be cautious to exclude these injuries in patients
who suffered from blunt or low-energy trauma, without deviating vital signs and/or
clinical symptoms. Knowledge of injury patterns could possibly help EMS professionals
to improve their judgment. Abdominal injuries often occur simultaneously with
thoracic or pelvic injuries as was found in the present study.** Therefore, if an injury
in one of these body regions is suspected, EMS professionals have to be wary of
additional injuries to other body regions.3?

Pre-hospital injury assessment is the most essential component of the pre-hospital
decision-making process. It is paramount for adequate pre-hospital triage and may
become even more important as pre-hospital interventions (e.g., pelvic stabilizers,
REBOA) are evolving.!® In this study, only half of the severe abdominal and
pelvic injuries were recognized, possibly having a major impact on their transport
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destination and outcomes. Patients with a severe abdominal injury or pelvic injury
were relatively frequently (26% and 39%) transported to a lower-level trauma center,
of whom patients were regularly (52% and 31%) severely injured.

Multiple actions could be taken to improve the pre-hospital recognition of
abdominal and pelvic injury. Additional education could help to improve the EMS
professionals’ judgment in the identification of both. Moreover, further research
could identify independent pre-hospital predictors for these injuries, which could be
combined in a pre-hospital prediction model. Such a prediction model would be able
to detect more subtle patterns of symptoms and signs in patients with an abdominal
and/or pelvic injury. Recently, a pre-hospital prediction model was developed and
validated to identify severely injured patients at the scene of injury.>* Body region
specific predictors or prediction models could be added to existing models to improve
the overall identification of severely injured patients and further decrease undertriage.

Conclusion

EMS professionals of the ground ambulance recognized 38% of the serious abdominal
injuries and 15% of the serious pelvic injuries at the scene injury. Severe abdominal
and pelvic injuries were identified more often, in approximately half and a quarter of
the patients, respectively. Pre-hospital identification of abdominal and pelvic injury
is challenging and needs improvement in order to optimize pre-hospital triage and
trauma patients’ outcomes. Additional education of EMS professionals and the use of
pre-hospital prediction models are possible strategies to attain this.

Acknowledgments

We thank all participating members of the Pre-hospital Trauma Triage Research
Collaborative (PTTRC): Dennis den Hartog (Erasmus University Medical Center,
Rotterdam, The Netherlands), Jens A. Halm, Georgios E Giannaképoulos (Amsterdam
University Medical Center, Amsterdam, The Netherlands), and Michael J.R. Edwards
(Radboud University Medical Center, Nijmegen, The Netherlands).

129




VII

Chapter VII

References

10.

11.

130

Evans JA, van Wessem KJ, McDougall D, et
al (2010) Epidemiology of traumatic deaths:
comprehensive population-based assessment.
World J Surg 34:158-163.

Pfeifer R, Tarkin IS, Rocos B, et al (2009) Patterns
of mortality and causes of death in polytrauma
patients-has anything changed? Injury 40:907-
911.

Soreide K, Kruger AJ, Vardal AL, et al (2007)
Epidemiology and contemporary patterns of
trauma deaths: changing place, similar pace,
older face. World J Surg 31:2092-2103.

Jochems D, Leenen LPH, Hietbrink E et al (2018)
Increased reduction in exsanguination rates
leaves brain injury as the only major cause of
death in blunt trauma. Injury 49:1661-1667.
Landelijk Netwerk Acute Zorg. Landelijke Trau-
maregistratie 2013-2017: Rapportage Nederland.
http://www.lnaz.nl/cms/18.335_LNAZ_LTR_
Rapportage-2013-2017.pdf. Accessed 31 May
2021.

Chen X, Gestring ML, Rosengart MR, et al
(2018) Logistics of air medical transport: When
and where does helicopter transport reduce
prehospital time for trauma? J Trauma Acute
Care Surg 85:174-181.

Newgard CD, Fu R, Bulger E, et al (2017)
Evaluation of Rural vs Urban Trauma Patients
Served by 9-1-1 Emergency Medical Services.
JAMA Surg 152:11-18.

Lendrum R, Perkins Z, Chana M, et al (2019)
Pre-hospital Resuscitative Endovascular
Balloon Occlusion of the Aorta (REBOA)
for  exsanguinating  pelvic
Resuscitation 135:6-13.

Sadek S, Lockey DJ, Lendrum RA, et al (2016)
Resuscitative endovascular balloon occlusion of
the aorta (REBOA) in the pre-hospital setting: An
additional resuscitation option for uncontrolled

haemorrhage.

catastrophic haemorrhage. Resuscitation
107:135-138.

van Oostendorp SE, Tan EC, Geeraedts LM, Jr.
(2016) Prehospital control of life-threatening
truncal and junctional haemorrhage is the
ultimate challenge in optimizing trauma
care; a review of treatment options and their
applicability in the civilian trauma setting.
Scandinavian journal of trauma, resuscitation
and emergency medicine 24:110.

Hasler RM, Kehl C, Exadaktylos AK, et al (2012)
Accuracy of prehospital diagnosis and triage of
a Swiss helicopter emergency medical service. J
Trauma Acute Care Surg 73:709-715.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Helm M, Faul M, Unger T, et al (2013) [Reliability
of emergency medical field triage : Exemplified
by traffic accident victims]. Anaesthesist 62:973-
980.

Muhm M, Danko T, Madler C, et al (2011)
[Preclinical prediction of prehospital injury
severity by emergency physicians : approach to
evaluate validity]. Anaesthesist 60:534-540.
Mulholland SA, Cameron PA, Gabbe BJ, et al
(2008) Prehospital prediction of the severity of
blunt anatomic injury. The Journal of trauma
64:754-760.

von Elm E, Altman DG, Egger M, et al (2007) The
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies.
Lancet 370:1453-1457.

Provincie Utrecht. Over het gebied. https://
www.provincie-utrecht.nl/organisatie/provincie/.
Accessed 31 May 2021.

Ambulance Zorg Nederland. Landelijk Protocol
Ambulancezorg (LPA); 2007. Stichting Landelijke
Ambulance en Meldkamer Protocollen (LAMP).
Sasser SM, Hunt RC, Faul M, et al (2012)
Guidelines for field triage of injured patients:
recommendations of the National Expert Panel
on Field Triage, 2011. MMWR Recomm Rep
61:1-20.

Lansink KW, Gunning AC, Spijkers AT, et al (2013)
Evaluation of trauma care in a mature level I
trauma center in the Netherlands: outcomes in a
Dutch mature level I trauma center. World J Surg
37:2353-2359.

American College of Surgeons Committee on
Trauma. Resources for the optimal care of the
injured patient. Chigago, IL, 2014.

van der Vliet QMJ, Hietbrink F Leenen LPH
(2019) Inclusion of All Patients Admitted for
Trauma in Trauma Registries. JAMA Surg .

van der Sluijs R, Lokerman RD, Waalwijk JE et
al (2020) Accuracy of pre-hospital trauma triage
and field triage decision rules in children (P2-
T2 study): an observational study. Lancet Child
Adolesc Health 4:290-298.

Waalwijk JE Lokerman RD, van der Sluijs R, et
al (2021) Priority accuracy by dispatch centers
and Emergency Medical Services professionals
in trauma patients: a cohort study. Eur J Trauma
Emerg Surg .

Association for the Advancement of Automotive
Medicine. Abbreviated Injury Scale 2005, Update
2008. Barrington: 2008.

Audigier V, Resche-Rigon M. micemd: Multiple



26.

27.

28.

29.

30.

31.

32.

33.

34.

Imputation by Chained Equations with Multilevel
Data. 1.6.0 ed; 2019.

Rubin DB, Multiple imputations for nonresponse
in surveys (1987) Wiley, New York.

Agresti A, Coull BA (1998) Approximate is Better
than “Exact” for Interval Estimation of Binomial
Proportions. The American Statistician 52:119-
126.

R Development Core Team. R: A language and
environment for statistical computing, 2020;
Available from: R Foundation for Statistical
Computing, Vienna, Austria.

Voskens FJ, van Rein EAJ, van der Sluijs R, et
al (2018) Accuracy of Prehospital Triage in
Selecting Severely Injured Trauma Patients.
JAMA Surg 153:322-327.

American College of Surgeons. National Trauma
Data Bank, Annual Report 2016. https://www.
facs.org/~/media/files/quality%20programs/
trauma/ntdb/ntdb%20annual%20report%20
2016.ashx. Accessed 31 May 2021.

Ferrah N, Cameron B Gabbe B, et al (2019)
Trends in the Nature and Management of Serious
Abdominal Trauma. World J Surg 43:1216-1225.
Smith J, Caldwell E, D’Amours S, et al (2005)
Abdominal trauma: a disease in evolution. ANZ J
Surg 75:790-794.

Lee WC, Chen CW, Lin YK, et al (2014) Association
of head, thoracic and abdominal trauma with
delayed diagnosis of co-existing injuries in
critical trauma patients. Injury 45:1429-1434.
van Rein EAJ, van der Sluijs R, Voskens FJ,
et al (2019) Development and Validation of
a Prediction Model for Prehospital Triage of
Trauma Patients. JAMA Surg 154:421-429.

Pre-hospital identification of abdominal or pelvic injury







Chapter VIII

Evaluating the influence of alcohol
intoxication on the pre-hospital
identification of severe head injury:
a multi-center, cohort study

R.D. Lokerman, M. Gulickx, J.E Waalwijk, M.A. van Es,
R.M. Tuinema, L.PH. Leenen, M. van Heijl, on behalf of the
Pre-hospital Trauma Triage Research Collaborative (PTTRC)

Brain Injury



VIII

Chapter VIII

Abstract

Objective: To determine the influence of intoxication on the pre-hospital recognition
of severely head- injured patients by Emergency Medical Services (EMS) professionals
and to investigate the relationship between suspected alcohol intoxication and severe
head injury.

Methods: This multi-center, retrospective, cohort study included trauma patients,
aged = 16 years, transported by an ambulance of the Regional Ambulance Facility
Utrecht to any emergency department in the participating trauma regions.

Results: Between January 1, 2015 and December 31, 2017, 19,206 patients were
included, of whom 1167 (6.0%) were suspected to have a severe head injury in the
field, and 623 (3.2%) were diagnosed with such an injury at the hospital. These
injuries were less frequently recognized in patients with a GCS = 13 than in patients
with a GCS < 13 (25.0% vs. 76.2%). Patients suspected to be intoxicated had a
higher chance to suffer from severe head injury (OR 1.42, 95%-CI 1.22-1.65) and
were recognized slightly more often (45.3% vs. 40.2%).

Conclusion: Severe head injuries are difficult to recognize in the field, especially in
patients without a decreased GCS. Suspicion of alcohol intoxication did not seem to
influence pre-hospital injury recognition, as it possibly makes a severe head injury
harder to recognize and simultaneously raises caution for a severe injury.
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Background

Traumatic brain injury is a global health problem and a leading cause of mortality
and morbidity.»*> Mortality and morbidity rates of patients with severe head injuries
can be decreased by specialized neurocritical care which is only available at higher-
level trauma centers.>*

Alcohol intoxication is present in 10-18% of the trauma patients,>° especially in
patients with head injuries (24-51%).” Intoxication can influence the neurological
assessment by altering verbal and motor responses (which are used in clinical
instruments to assess injury severity) and by mimicking signs of severe head injury
(e.g., decreasing level of conscious and vomiting).®° Recognizing patients with
a severe head injury in the field can therefore be more challenging in intoxicated
patients.

A previous study investigated the diagnostic accuracy of Emergency Medical
Services (EMS) professionals’ identification of patients with a head injury,’® but did
not distinguish between the pre-hospital suspicion of a minor or severe head injury.
Also, the influence of intoxication on the EMS professionals’ on-scene decision-
making was not investigated in this study. Additionally, only a limited number of
studies investigated the relationship between alcohol intoxication and severe head
injury, which yielded contradicting results.!'? Therefore, it remains an open question
whether alcohol intoxication is a risk factor for severe head injury. The complexity
of pre-hospital triage in intoxicated patients makes these patients susceptible to
undertriage and therefore undertreatment. This study aims to determine the influence
of alcohol intoxication on the EMS professionals’ pre-hospital assessment of patients
with a severe head injury and investigates the relationship between suspected alcohol
intoxication and severe head injury, in order to improve pre-hospital triage of future
trauma patients with a severe head injury.

Methods

The Strengthening the Reporting of Observational Studies in Epidemiology guidelines
were used for reporting in this study.’®* The Medical Ethical Committee of the
University Medical Center Utrecht judged this study as not subject to the Medical
Research Involving Human Subjects Act (reference number 20/500747).

Study setting

In this multi-center, cohort study, one ambulance facility (i.e., Regional Ambulance
Facility Utrecht [RAVU]) and five trauma regions participated. Ambulances of the
RAVU serve the Central Netherlands Region, which has 1.34 million residents and

135




VIII

Chapter VIII

covers 1560 km?2.!* Patients are transported to hospitals in this region and, in some
instances, to hospitals In surrounding regions. The ground ambulances of the RAVU
are staffed by an EMS professional (i.e., specialized nurse able to provide advanced
trauma life support) and an ambulance-driver. The Helicopter Emergency Medical
Service is staffed by a specialized physician (i.e., trauma surgeon or anesthesiologist).
However, due to the small distances in the Netherlands, only very few patients are
transported by helicopter. All Dutch hospitals with a trauma-receiving emergency
department are classified as higher-level (Level-I) or lower-level (Level-II or Level-III)
trauma centers. Solely higher-level trauma centers are designated to treat severely
injured patients, and lower- level trauma centers are designated to treat mildly and
moderately injured patients.!® The five participating trauma regions comprise five
higher-level trauma centers and 36 lower-level trauma centers. The field triage
criteria of the Dutch National Protocol of Ambulance Services (NPAS) are used to
guide pre-hospital patient allocation (Figure 1).

Patients

All trauma patients aged 16 years and older, who were trans-ported by a ground
ambulance of the RAVU to any trauma-receiving emergency department in the
participating trauma regions, were considered eligible for inclusion. Patients
transported to a hospital in a nonparticipating (i.e., non-adjacent) trauma region
were excluded.

Data collection

A previously developed selection tool with an accuracy of 98.9% (95%-CI, 98.3—
99.2),¢ was used to identify trauma patients in the pre-hospital records of the RAVU.
Pre-hospital records, written by the EMS professionals, were prospectively collected
and contained, amongst others, patient demographics, transportation details (e.g.,
destination), vital parameters, and a free text in which the suspicion of an alcohol
intoxication, the suspected injuries, and the cause of injury were described. Members
of the research group retrospectively evaluated whether the EMS professional
suspected a severe head injury and intoxication by systematically analyzing the
full pre-hospital records without knowledge of the patient’s outcomes. Suspicion of
a severe head injury was defined as the suspicion by the EMS professional of any
injury corresponding with a score = 3 in the head region of the Abbreviated Injury
Scale (AIS) (e.g., intra-cranial hemorrhage, skull-base fracture, or penetrating head
injury). The AIS coding system classifies injuries by body region (i.e., head, face,
neck, thorax, abdomen, spine, upper extremity, lower extremity, and unspecified)
and severity (i.e., minor [AIS 1] up to maximum injury [AIS 6]).7 Suspicion of
alcohol intoxication was considered present if EMS professionals described that they
suspected alcohol intoxication, which they based on clinical findings, such as alcohol
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fetor or patient behavior and/or by asking patients whether they consumed alcohol.
No additional diagnostic measurements, such as a breath analyzer or blood alcohol
test, were used in the field. As assessing alcohol intoxication is part of the routine pre-
hospital assessment, no suspicion of an intoxication was assumed in case intoxication
was not documented by the EMS professional.

The regional Dutch trauma registries register data on injuries and outcomes of all
admitted trauma patients in their region.'® Qualified data-managers of the registries
collected all injuries diagnosed at the emergency department or clinical ward within
the first 30 days post-trauma and designated the AIS codes.’” Severe head injury
was, in line with previous research,!® defined as an injury in the head region of the
abbreviated Injury Scale (AIS) with a score = 3. Trauma patients who were not
admitted and thus not registered by the regional trauma registries were assumed
not to have a severe injury. This assumption was validated with data from a previous
study.!* The pre-hospital and in-hospital data were combined using a previously
designed linkage tool with an externally validated accuracy of 100.0% (95%-CI,
100.0-100.0).1¢

Outcomes
The primary objective was to determine the influence of suspicion of alcohol intoxication
on the diagnostic accuracy of EMS professionals’ assessment of a severe head injury.
Subgroup analyses of patients with a GCS score < 13 and GCS score = 13 in intoxicated
and in non-intoxicated patients were per-formed. A recognized injury was defined as
an in-hospital diagnosed severe head injury that was suspected at the scene of injury by
the EMS professional. An unrecognized injury was defined as an in-hospital diagnosed
severe head injury that was not suspected at the scene of injury.

The secondary objective was to determine the relationship between suspicion of
alcohol intoxication and severe head injury, quantified in an odds ratio (OR) with a
95%-confidence interval (CI).

Missing data

Missing data were analyzed and appeared to be missing at random. Multi-level,
multiple imputation was used to impute the missing values of the GCS (13.6%).
Amongst others, patients’ characteristics, vital signs, and outcomes were used to
create 48 imputed datasets, based on 20 iterations per set, using the R-package
micemd (12 datasets per processor core).!¢ If applicable, analyses were performed in
each imputed dataset and pooled following the Rubin’s rules.?’ Confidence intervals
were calculated using the Agresti-Coull method.*

Statistical analysis
We used the x2 or Mann-Whitney U test to compare groups unless specified otherwise
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and considered p-values <0.05 as statistically significant. The diagnostic accuracy of
the EMS professionals’ assessment of a severe head injury was presented in sensitivity,
specificity, positive predictive value, negative predictive value, and percentages of
recognized and unrecognized severe head injuries.

To determine the relationship between alcohol intoxication and severe head injury,
the covariates age, gender, anticoagula-tion use, violence, fall, fall = 2 meters, high-
energy motor vehicle collision, and high-energy pedestrian or cyclist versus motor
vehicle, were balanced with Entropy balancing.??2° Entropy balancing is a weighting
method seen as a generalization of propensity score weighting with an additional
reweighting scheme that reweights covariates until appropriate balance is obtained,
resulting in standardized mean differences approximating zero.?>? We used restricted
cubic splines for the covariate age and observed the covariates’ balancing quality
using the cobalt software package.?” If the standardized mean difference was <
0.1, the covariates were presumed thoroughly balanced (Supplementary Table).2® A
generalized linear model (GLM) was fit with the inverse probability weights (IPW) of
the balanced covariates. To evaluate the robustness of our results, an additional GLM-
fit with the confounders was used for the studied relationships as these generally
had 10 or more events per confounder.?>%° The results were presented in unadjusted
and adjusted odds ratios with CI. All statistical analyses were conducted using R
statistical software (R version 3.6.1).%!

Results

A total of 21,129 trauma patients were transported to an emergency department by
EMS professionals of the RAVU between January 1, 2015 and December 31, 2017.
Of these patients, 19,206 (90.9%) were 16 years and older and transported to a
participating hospital. The patient inclusion is summarized in Figure 2.

Patient characteristics

Table 1 displays the baseline characteristics of the included patients. Approximately
1 out of 10 (1944 [10.1%]) included patients were suspected to be under the
influence of alcohol. These patients were younger than the non-intoxicated patients
(median age of 47.1 years vs. 63.5 years; p < 0.001), were predominantly male
(1387 [71.3%] vs. 7760 [45.0%]; p < 0.001) and were more likely to have a Revised
Trauma Score (RTS) < 12 (194 [10.0%] vs. 844 [4.9%]; p < 0.001). Intoxicated
patients were more often diagnosed with a severe head injury in the hospital
(95 [4.9%] vs. 528 [3.1%]; p < 0.001), were more often suspected to have a severe
head injury in the field (181 [9.3%] vs. 995 [5.8%]; p < 0.001) and were more
likely to have a GCS score < 13 (185 [9.5%] vs. 547 [3.2%]; p < 0.001). Intoxicated
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patients were more often transported to a higher-level trauma center (429 [22.1%]
vs. 2985 [17.3%]; p < 0.001), were more often admitted to the Intensive Care Unit
(ICU) (86 [4.4%] vs. 429 [2.5%]; p < 0.001), and had a lower 30-day mortality (7
[0.4%] vs. 315 [1.8%]; p < 0.001).

EMS records
(n=86,335)
Excluded (n="715)
Duplicates
[ (n=85,620) J

r ™
- Excluded (n = 64,491)
\ g Non-trauma patients
N b= >4
(n=21,129)
\_ J p ~
| Excluded (n = 85)
v Non-participating trauma center
p N . J
VIIL (n=21,044)
. J

Excluded (n = 1838)
" Patients aged < 16
[ (n=19,200) ]

Figure 2. Patient flow
EMS, Emergency Medical Services.

Table 1. Baseline characteristics

All patients Alcohol No alcohol
n = 19,206 intoxication intoxication p value
suspected suspected
n = 1944 n = 17,262
Demographics Median (IQR) Median (IQR) Median (IQR)
Age (years) 61.2 (37.1-79.7) 47.1 (28.4-62.4) 63.5(38.8-81.1) <0.001
N (%) N (%) N (%)
Age > 65 (years) 8733 (45.5) 404 (20.8) 8329 (48.3) <0.001
Male gender 9147 (47.6) 1387 (71.3) 7760 (45.0) <0.001
Anticoagulant use 1980 (10.3) 150 (7.7) 1830 (10.6) <0.001
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Table 1. Continued.

Alcohol intoxication and recognition of severe head injury

All patients Alcohol No alcohol
n = 19,206 intoxication intoxication p value
suspected suspected
n = 1944 n = 17,262

Type of trauma N (%) N (%) N (%)
Private 10,538 (54.9) 979 (50.4) 9559 (55.4) <0.001
Traffic 6606 (34.4) 709 (36.5) 5897 (34.2) 0.045
Sport 833 (4.3) 5(0.3) 828 (4.8) <0.001*
Industrial 357 (1.9) 1(0.1) 356 (2.1) <0.001*
Violence 595 (3.1) 201 (10.3) 394 (2.3) <0.001
Self-mutilation 262 (1.4) 46 (2.4) 216 (1.3) <0.001
Unknown 15 (0.1) 3(0.2) 12 (0.1) 0.189
Pre-hospital assessment N (%) N (%) N (%)
Systolic blood pressure < 90 mmHg 247 (1.3) 29 (1.5) 218 (1.3) 0.456
Respiratory rate >29/min or < 10/ 315 (1.6) 24 (1.2) 291 (1.7) 0.164
min
Glasgow Coma Scale score <13 732 (3.8) 185 (9.5) 547 (3.2) <0.001
Revised Trauma Score < 12 1038 (5.4) 194 (10.0) 844 (4.9) <0.001
Suspicion of severe head injury 1176 (6.1) 181 (9.3) 995 (5.8) <0.001
Severe injuries (AIS score = 3) N (%) N (%) N (%)
Head 623 (3.2) 95 (4.9) 528 (3.1) <0.001
Face 10 (0.1) 1(0.1) 9 (0.1) 1.000*
Neck 15 (0.1) 1(0.1) 14 (0.1) 1.000*
Thorax 513 (2.7) 62 (3.2) 451 (2.6) 0.155
Abdomen 71 (0.4) 8 (0.4) 63 (0.4) 0.902
Spine 141 (0.7) 14 (0.7) 127 (0.7) 1.000
Upper extremity 111 (0.6) 11 (0.6) 100 (0.6) 1.000
Lower extremity 2473 (12.9) 76 (3.9) 2397 (13.9) <0.001
Injury severity N (%) N (%) N (%)
Severely injured (ISS = 16) 576 (3.0) 64 (3.3) 512 (3.0) 0.466
Clinical characteristics N (%) N (%) N (%)
Transport to a higher-level 3414 (17.8) 429 (22.1) 2985 (17.3) <0.001
trauma center
Hospital admission 6661 (34.7) 693 (35.6) 5968 (34.6) 0.358
ICU admission 515 (2.7) 86 (4.4) 429 (2.5) <0.001
24-h mortality 60 (0.3) 3(0.2) 57 (0.3) 0.280%
30-day mortality 322 (1.7) 7 (0.4) 315 (1.8) <0.001

AIS, Abbreviated Injury Scale; ISS, Injury Severity Score. *Fisher’s exact test. Systolic blood pressure missed
in 12.2%, respiratory rate in 11.9%, and Glasgow Coma Scale in 13.6% of the patients.
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Diagnostic accuracy

Table 2 shows outcomes regarding the head-injury assessments by EMS professionals
in patients in whom alcohol intoxication was suspected or not suspected. The
sensitivity and specificity of the pre-hospital assessment of severe head injury were
45.3% (95%-CI, 35.0-55.8) and 92.5% (91.2-93.7) in intoxicated patients, and
40.2% (35.9-44.5) and 95.3% (95.0-95.6) in non-intoxicated patients, respectively.
The assessment of a severe head injury was more difficult in patients with a GCS
> 13 for both intoxicated (sensitivity: 27.9% [95%-CI, 17.2-40.8]; specificity:
94.5% [93.3-95.5]) and non-intoxicated patients (sensitivity: 23.3% [19.1-28.1];
specificity: 95.9% [95.6-96.2]). Table 3 displays that 137 (37.2%) patients with an
unrecognized severe head injury were transported to a higher-level trauma center
versus 219 (85.9%) patients in which a severe head injury was recognized (p <
0.001). Intoxicated patients with a severe head injury were more often transported
to a higher-level trauma center than non-intoxicated patients (60 [63.2%] vs. 296
[56.1%]; p < 0.001).

Relationship between suspected intoxication and severe head injury

Table 4 displays the relationship between suspected intoxica-tion and severe head
injury. Intoxication was significantly associated with severe head injury (unadjusted
odds ratio of 1.63 [95%-CI, 1.30-2.04]). A comparable relationship was found after
adjustment for confounding in the GLM with IPW (OR: 1.42; 95%-CI, 1.22-1.65) and
in the regular GLM (OR: 1.66; 95%-CI, 1.31-2.10). A similar relationship was found
(in GLMs with IPW) in sensitivity analyses of patients who sustained their injuries in
traffic (OR: 1.46; 95%-CI, 1.16-1.83) or due to a fall (OR: 1.51; 95%-CI, 1.22-1.87).
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Table 3. Triage in patients with a severe head injury (AIS score = 3)

Alcohol intoxication and recognition of severe head injury

Variables Patients with a Patients with an Patients with a p value

severe head injury unrecognized severe recognized severe

head injury head injury

n = 623 n = 368 n = 255
All patients N (%) N (%) N (%)
Higher-level trauma center 356 (57.1) 137 (37.2) 219 (85.9) <0.001
Lower-level trauma center 267 (42.9) 231 (62.8) 36 (14.1) <0.001
Alcohol intoxication N (%) N (%) N (%)
suspected
Higher-level trauma center 60 (63.2) 24 (46.2) 36 (83.7) <0.001
Lower-level trauma center 35 (36.8) 28 (53.8) 7 (16.3) <0.001
No alcohol intoxication N (%) N (%) N (%)
suspected
Higher-level trauma center 296 (56.1) 113 (35.8) 183 (86.3) <0.001
Lower-level trauma center 232 (43.9) 203 (64.2) 29 (13.7) <0.001

AIS, Abbreviated Injury Scale.

Table 4. Unadjusted and adjusted odds ratios for severe head injury (AIS = 3)

Unadjusted

Adjusted, GLM and Adjusted, GLM

IPW

0dds ratio (95%-CI)

0dds ratio (95%-CI)

0dds ratio (95%-CI)

All patients®

No Alcohol intoxication suspected

Alcohol intoxication suspected

Patients injured in traffic®

No Alcohol intoxication suspected

Alcohol intoxication suspected

Patients injured by a fall

No Alcohol intoxication suspected

Alcohol intoxication suspected

Reference

Reference

Reference

1.63 (1.30-2.04)

1.24 (0.87-1.78)

2.26 (1.68-3.04)

Reference

1.42 (1.22-1.65)

Reference

1.46 (1.16-1.83)

Reference

1.51 (1.22-1.87)

Reference

1.66 (1.31-2.10)

Reference

1.38 (0.98-2.06)¢

Reference

2.04 (1.48-2.81)

GLM, Generalized Linear Model;

IPW, Inverse Probability Weighting.

2 Adjusted for: age, gender,

anticoagulation use, violence, fall, fall = 2 meter, high energy motor vehicle collision, high energy pedestrian
or cyclist vs. motor vehicle. ®* Adjusted for: age, gender, anticoagulation use, high energy car collision, high
energy motorcycle collision, high energy pedestrian or cyclist vs. motor vehicle. ¢ Adjusted for: age, gender,
anticoagulation use, violence, fall = 2 meter. ¢ Model possibly being overspecified as less than 10 events per

confounder present.
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Discussion

This multi-center, retrospective, cohort study was, to our knowledge, the first study
that investigated the influence of suspicion of alcohol intoxication on the diagnostic
accuracy of EMS professionals’ assessment of a severe head injury and evaluated
the relationship between alcohol intoxication and severe head injury. We found that
assessing a severe head injury is challenging in both intoxicated and non-intoxicated
patients (sensitivity: 45% vs. 40%, specificity: 92% vs. 95%), and seemed to be even
more challenging in patients with a GCS = 13 (sensitivity: 28% vs. 23%, specificity:
95% vs. 96%). Patients with a recognized severe head injury were more often
transported to a higher-level trauma center than patients with an unrecognized
severe head injury (219 [86%] vs. 137 [37%]). Additionally, we found that patients
suspected of an intoxication had a significantly higher chance to have a severe head
injury than non-intoxicated patients (adjusted OR of 1.42 [95%-CI, 1.22-1.65]); the
same relationship was found in subgroups of patients who sustained their injuries in
traffic or due to a fall.

Pre-hospital recognition of severe head injuries has been previously investigated
in a study of our research group, which found that 79% of the patients with a severe
head injury were suspected of having a head injury.!® However, this study did not
distinguish between the pre-hospital suspicion of a minor head injury and the pre-
hospital suspicion of more severe head injuries. Epstein et al. found that alcohol
intoxication was associated with a higher rate of misdiagnosis of clinically significant
traumatic brain injury (TBI) among patients intubated in the field due to suspected
TBI.?2 In the current study, we found that the recognition of a severe head injury was
limited in both intoxicated and non-intoxicated patients and that the unrecognized
patients were often transported to lower-level trauma centers. However, it seemed
that patients suspected to be intoxicated were slightly more often recognized to
have a severe head injury and were more often transported to a higher-level trauma
center, probably due to EMS professionals being more cautious for severe injuries
in intoxicated patients. Nevertheless, patients suspected to be intoxicated had a
significantly lower 30-day mortality rate, probably as they were relatively young.
Previous studies found that intoxication can lower the GCS score in head-injured
patients,®**34 making it challenging to discern whether the lowered GCS score was
caused by intoxication or intracranial injuries. However, these studies state that the
found decrease of the GCS score in intoxicated patients (i.e., approximately one
point) was not clinically significant.®®3* Therefore, attributing signs of severe head
injury to intoxication can delay treatment urge and lead to inadequate transportation
to a lower-level trauma-center. In patients with a severe head injury, this would result
in unnecessary inter-hospital transfers and a further delay of specialized trauma-
care.>4
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Previous studies described the relationship between intoxication and head-injury
severity,'%!2 but no conclusions could be drawn for a general trauma population.
Cunningham et al. found a positive relationship between alcohol intoxication and
severe head injury in motor vehicle crash victims, adjusted for crash severity, and
stated that their results were probably not statistically significant due to a small
sample size.! Talving et al. found no association between alcohol intoxica-tion and
head injury severity (comparing AIS 3 with AIS > 3), but did solely include patients
with severe traumatic brain injuries.'?> Both studies were not aimed at pre-hospital
decision-making and therefore not able to investigate whether intoxication is a pre-
hospital risk factor for a severe head injury.

This study has several strengths. First, all trauma patients transported by an
ambulance of the RAVU to both higher-level and lower-level trauma-centers of the
participating trauma regions were included, resulting in an appropriate ambulance
transported trauma population. Second, a comparable relationship between
intoxication and severe head injury was found in subgroups of patients who sustained
their injuries in traffic or due to a fall, which supports the validity of the found
relation-ship. Third, we used two different methods (i.e., a GLM with IPW and a
GLM-fit with unbalanced confounders) to confirm the robustness of our results and
used entropy balancing to weight the covariates. The reweighting scheme of entropy
balancing reweights the covariates until balance is achieved, ensuring a high degree
of covariate balancing. Therefore, the degree of balance is equal and frequently
superior to conventional balancing methods, such as propensity score weighting.?%%

This study also has some limitations. First, the actual prevalence of alcohol
intoxication and therefore the accuracy of the pre-hospital suspicion of intoxication
could not be determined as definitive alcohol levels were not available in the
hospital data and retrieving this data manually was impossible due to the performed
anonymization, which was needed to link the pre-hospital and hospital data. We
used the EMS professionals’ clinical assessment to assess whether a patient was
suspected of alcohol intoxication as in the Netherlands EMS professionals do not
have access to additional resources (e.g., blood-alcohol test). This approach was, in
our opinion, appropriate for the studied objectives as assessing alcohol intoxication is
part of the routine EMS professionals’ assessment, but could, however, influence the
generalizability of our results. Second, we did not assess the severity of the alcohol
intoxications. Therefore, it is possible that a minor intoxication did not equally
contribute to the studied diagnostic accuracy and relationship as a severe intoxication.
As the alcohol consumption varies worldwide,* differences in intoxication severity
between countries are likely and could make our results less generalizable. In
addition, most countries’ trauma systems are derivatives from the American trauma
system, ¢ but they differ per country. The pre-hospital setting in other countries could
therefore differ from the setting we investigated. Third, missing data were analyzed
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and appeared to be missing at random, it is, however, possible that the missing data
from the patients with a missing GCS may be more or less severe than similar patients,
possibly affecting our results. Finally, although we corrected the association between
alcohol intoxication and a severe head injury for, based on clinical reasoning, all
available confounders, the presence of unmeasured confounding can never be ruled
out. Moreover, the GCS was not incorporated in the model because it is influenced
by both intoxication and head injury severity and should be considered a collider.
The addition of GCS to the model could introduce collider bias and distorts the
association of interest.738

Our results should raise awareness about the fact that severe head injuries are
frequently not recognized at the scene of injury and that alcohol-intoxicated patients
seem to have a higher chance to suffer from a severe head injury. This could aid
EMS professionals in their clinical decision-making and help them identify severe
head injuries at the scene of injury more adequately. Further research is necessary
to investigate other predictive factors of severe head injury in a general trauma
population, as the currently used pre-hospital predi-tive tool, the GCS, is not designed
to predict injury severity on its own.** Such predictors could be combined in a pre-
hospital clinical prediction model or an advanced pre-hospital protocol, which could
aid EMS professionals to determine the right transportation and treatment course.
Until then, we advise to be careful when assessing patients with a head injury at
the scene of injury and to be aware that intoxicated patients are at risk for having a
severe head injury.

Conclusion

This study found that severe head injuries are difficult to recognize at the scene
of injury, especially in patients without a decreased GCS. Suspicion of alcohol
intoxication did not seem to influence pre-hospital injury recognition, as it possibly
makes a severe head injury harder to recognize and simultaneously raises caution
for a severe injury. This study has also demonstrated that patients suspected to have
an alcohol-intoxication have a higher chance of suffering from a severe head injury.
This knowledge can contribute to improve the pre-hospital assessment and triage of
patients with a severe head injury. Further research is needed to assess the value of
adding intoxication to pre-hospital protocols or create a prediction model to aid EMS
professionals in their on- scene decision-making.
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Supplementary Material

Supplementary Table. Covariate balance

Variables Unadjusted SMD Adjusted SMD

All patients

Age -0.5946 -0
Age’ -0.7450 -0
Gender 0.2639 0
Anticoagulation use -0.0289 -0
Violence 0.0806 0
Fall -0.0586 -0
Fall = 2 meters 0.0176 -0
High energy motor vehicle collision -0.0153 -0
High energy pedestrian or cyclist vs. motor vehicle -0.0027 -0
Patients injured in traffic
Age -0.2858 -0
Age’ -0.3926 -0
Gender 0.1973 0
Anticoagulation use -0.0131 -0
High energy car collision -0.0094 -0
VIII High energy motorcycle collision -0.0141 0
High energy pedestrian or cyclist vs. motor vehicle -0.0377 -0
Patients injured due to a fall
Age -0.8530 -0
Age’ -1.0452 -0
Gender 0.2988 0
Anticoagulation use -0.0303 -0
Violence 0.0302 0
Fall = 2 meter 0.0443 -0

SMD, Standardized mean differences. Method: Entropy balancing.
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Abstract

Background: Adequate pre-hospital trauma triage is crucial to enable optimal care
in inclusive trauma systems. Transport of children in need of specialised trauma
care to lower-level trauma centres is associated with adverse patient outcomes. We
aimed to evaluate the diagnostic accuracy of paediatric field triage based on patient
destination and triage tools.

Methods: We did a multisite observational study (P2-T2) of all children (aged <16
years) transported with high priority by ambulance from the scene of injury to any
emergency department in seven of 11 inclusive trauma regions in the Netherlands.
Diagnostic accuracy based on the initial transport destination was evaluated in terms
of undertriage rate (i.e., the proportion of patients in need of specialised trauma care
who were initially transported to a lower-level paediatric or adult trauma centre) and
overtriage rate (i.e., the proportion of patients not requiring specialised trauma care
who were transported to a level-I [highest level] paediatric trauma centre). The Dutch
National Protocol of Ambulance Services and Field Triage Decision Scheme triage
protocols were externally validated using data from this cohort against an anatomical
(Injury Severity Score [ISS] =16) and a resource-based reference standard.

Findings: Between Jan 1, 2015, and Dec 31, 2017, 12 915 children (median age 10-3
years, IQR 4-2-13-6) were transported to the emergency department with injuries.
4091 (31-7%) patients were admitted to hospital, of whom 129 (3-2%) patients had
an ISS of 16 or greater and 227 (5-5%) patients used critical resources within a
limited timeframe. Ten patients died within 24 hours of arrival at the emergency
department. Based on the primary reference standard (ISS =16), the undertriage
rate was 16-3% (95% CI 10-8-23-7) and the overtriage rate was 21-:2% (20-5-22-0).
The National Protocol of Ambulance Services had a sensitivity of 53-5% (95%-CI
43-9-62-9) and a specificity of 94:0% (93:4-94-6), and the Field Triage Decision
Scheme had a sensitivity of 64-5% (54-1-74-1) and a specificity of 84-3% (83-1-85-5).

Interpretation: Too many children in need of specialised care were transported to
lower-level paediatric or adult trauma centres, which is associated with increased
mortality and morbidity. Current protocols cannot accurately discriminate between
patients at low and high risk, and highly sensitive and child-specific triage tools need
to be developed to ensure the right patient is transported to the right hospital.

158



Pre-hospital trauma triage and decision rules in children

Introduction

Paediatric injuries account for approximately 40% of all child deaths in developed
countries worldwide.! Inclusive trauma systems were established to centralise
patients, resources, and expertise to reduce mortality, lifelong disabilities, and costs.
The higher the degree of centralisation, the greater the consequences of inadequate
field triage. Undertriage — transporting severely injured children to facilities without
the required resources and expertise for optimal care (i.e.,lower-level trauma
centres) — is associated with higher mortality.>® Conversely, overtriage — the transport
of mildly injured children to higher-level paediatric trauma centres with a surplus of
resources — results in excessive costs and exhaustive use of scarce resources.*

Field triage can be perceived as a three-step diagnostic strategy. First, Emergency
Medical Services (EMS) professionals must determine a patient’s resource need
at the scene of the injury. This task can be challenging because of atypical injury
presentations in children, limited time, and the few diagnostic modalities. Second,
logistical constraints need to be considered, such as the capacity and proximity
of trauma centres, and patient acuity. The third step is to determine the optimal
transport destination in light of steps one and two.

Field triage tools can assist EMS professionals in the assessment of injury severity
and subsequent resource need. Allocation of injured children is guided by the National
Protocol of Ambulance Services (NPAS) in the Netherlands.® This protocol is partly
derived from the Field Triage Decision Scheme (FTDS), established by the American
College of Surgeons Committee on Trauma.® The FTDS or similar combinations
of physiological, anatomical, and mechanism-related criteria are universally
implemented in regionalised trauma systems across the world. When evaluated for
a single inclusive trauma region in the Netherlands, the NPAS could not adequately
select severely injured adults, with a sensitivity of only 36-2%.” Furthermore, a
systematic review showed that few existing triage tools were child-specific and no
single tool was able to attain an undertriage rate of less than 5%, as recommended by
the American College of Surgeons Committee on Trauma.®® Ultimately, no evidence
was available on triage accuracy based on the transport destination of injured
children: the essential question of whether children requiring specialised care are
in fact transported to higher-level paediatric trauma centres remained unanswered.

Accurate field triage is fundamental to properly functioning trauma systems. We
designed the Paediatric Pre-hospital Trauma Triage (P2-T2) study to evaluate the
quality of paediatric field triage in multiple EMSs and inclusive trauma regions in the
Netherlands, based on protocol accuracy, protocol compliance, and destination-based
mistriage rates. We also aimed to externally validate the NPAS and the FTDS, two
actively used field triage decision schemes.
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Methods

Study design and participants
The P2-T2 study was a multisite, observational diagnostic study, which aimed to
evaluate the quality of paediatric trauma field triage in the Netherlands.

All paediatric trauma patients (<16 years old) transported by EMSs with high
priority were eligible for inclusion. Children transported by eight different EMSs
(Amsterdam-Amstelland, Brabant Midden-West, Brabant-Noord, Gelderland-Zuid,
Rotterdam-Rijnmond, Utrecht, Zaanstreek-Waterland, and Zuid-Holland Zuid) were
included.

Patients not transported from the scene of injury to a trauma-receiving emergency
department and patients transported to a trauma-receiving emergency department in
one of the four non-participating trauma regions were excluded. Patients transported
by helicopter were ineligible because of different triage strategies and protocols; few
patients are transported by helicopter in the Netherlands because of the relatively
short distances.

This study was reported in accordance with the Standards for Reporting of
Diagnostic Accuracy Studies guidelines.’ This study received approval from the
Institutional Review Board of the University Medical Centre Utrecht that the Medical
Research Involving Human Subjects Act did not apply.

Procedures
The eight EMSs included in the study transport approximately 390 000 patients
who are high priority annually, within an 8063 km? region, with a population of
6-5 million people. All EMSs in the Netherlands are provided by the government in
partnership with private companies. Pre-hospital care systems are required to comply
with the protocols of the Dutch Institute of Ambulance Care. All ground ambulances
are staffed by a nurse, who is licensed to administer medical treatment at an advanced
life support level, and a dedicated driver. The initial transportation destination
is controlled by the ambulance nurse. The participating EMSs are integrated into
six regional inclusive trauma regions. Seven of 11 inclusive trauma regions in the
Netherlands — encompassing six level-I paediatric trauma centres, seven level-I adult
trauma centres, and 60 level-II or III paediatric or adult trauma centres — participated
in this study. Each of the designated level-I (i.e., higher-level) paediatric trauma
centres had a paediatric intensive care unit (ICU) and offered trauma care at the
highest level for severely injured children. Surrounding level-II and III facilities were
considered lower-level trauma centres designated to treat mildly and moderately
injured patients and did not feature paediatric ICUs. All participating EMSs and
trauma regions are part of the Pre-hospital Trauma Triage Research Collaborative.

A novel tool (SelectAssist) was developed to aid trauma patient selection in the
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pre-hospital setting (Supplementary Methods). Validation in a hold-out test dataset
indicated an overall accuracy of 98:9% (95%-CI 98-4-99-3). All initially selected
patients were manually reviewed.

Pre-hospital electronic health records from participating EMSs were prospectively
collected in a standardised manner from Jan 1, 2015, to Dec 31, 2017. All electronic
health records were structured according to the template of the Dutch Basic Set of
Ambulance Care and included patient demographics, vital signs, a description of
the mechanism of injury, medical treatments administered, a primary survey, and a
secondary survey.!® Physiological characteristics consisted of, among others, blood
pressure, respiratory rate, and the Glasgow Coma Scale. Mechanisms of injury,
suspected injuries, triage tool criteria, and relevant patient outcomes were collected
from corresponding input fields. Higher-level trauma centre criteria from both the
NPAS and the FTDS were retrospectively applied to resemble strict adherence to
the triage criteria. Free text fields available in the electronic health records were
abstracted by research assistants and investigators to complement the collected data.
If there was any uncertainty on the classification of a report, a different investigator
was asked to review the patient record. If these investigators disagreed, a third
investigator was asked to discuss the record until consensus was reached.

Pre-hospital data were linked with in-hospital data from the Dutch National
Trauma Registry to construct the final dataset.!® This registry is nationwide covering
all trauma-related hospital admissions from every emergency department in
the Netherlands. The registry includes relevant patient outcomes, such as: Injury
Severity Score (ISS), mortality, ICU admission, and early critical-resource use.!' The
Abbreviated Injury Scale version 2005, update 2008, was used by trained trauma
data managers to calculate the ISS after the final diagnosis was made.!? Patients
discharged at the emergency department to their home environment were considered
not to be severely injured, nor to have used any critical resource within a predefined
time frame. These assumptions were verified and confirmed with hand-collected data
from a previous study (n=4950).”

A combined deterministic and probabilistic linkage scheme was used to match pre-
hospital patient records to patient outcomes. A novel tool (LinkAssist, Supplementary
Methods) was developed for probabilistic record linkage of pre-hospital and in-hospital
data. The record linkage strategy was validated to be 100-0% (95%-CI 100-0-100-0)
accurate in previously unseen data. All patients requiring specialised trauma care
admitted to any of the participating emergency departments were checked by hand.

The NPAS was used in daily practice by all EMSs in the Netherlands to select
children in need of specialised trauma care during field triage. The NPAS (Triage
Choice of Hospital, version 8-1) advised transport to a level-I paediatric trauma
centre when at least one physiological or injury-related criterion was met. To our
knowledge, the FTDS (2011 version) was the only actively used and evaluated
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protocol identified in our 2018 systematic review on the accuracy of paediatric field
triage.® The FTDS advised to transport a patient to the highest level of care within a
trauma system when at least one physiological or injury-related criterion was met.

Outcomes

The primary outcome was the diagnostic accuracy (undertriage and overtriage rates)
of the full triage strategy on the basis of the initial transport destination. Patients
requiring specialised trauma care transported to level-I paediatric trauma centres
and patients not in need of specialised trauma care transported to lower-level trauma
centres were considered adequately triaged. The undertriage rate was defined as
the proportion of patients in need of specialised trauma care who were initially
transported to a lower-level paediatric or adult trauma centre, while the overtriage
rate was defined as the proportion of patients not requiring specialised trauma care
who were transported to a level-I paediatric trauma centre.

The primary reference standard for need of specialised care was defined as an
ISS of 16 or greater (possible range 0-75), as is suggested by the American College
of Surgeons committee on Trauma to evaluate triage accuracy.® As the ISS is based
on anatomical criteria, it is assumed to be consistent with the patient status on-
scene and was therefore used as a diagnostic reference standard. A secondary,
resource-based, reference standard was adopted that was targeted on early critical-
resource use. Early critical-resource use was defined as a composite endpoint
consisting of intubation in the pre-hospital setting, ICU admission after discharge
from the emergency department, major surgical intervention within 12 hours, major
radiological intervention within 12 hours, or death within 24 hours after arrival at the
emergency department (Supplementary Table). This definition is similar to previous
research with resource-based reference standards.!®!?

The secondary outcomes were diagnostic accuracy (sensitivity, specificity, negative
predictive value, positive predictive value, positive likelihood ratio, and negative
likelihood ratio) of the NPAS and the FTDS triage tools (Table 1), and the compliance
of EMS professionals to the NPAS. Sensitivity was defined as the proportion of
patients in need of specialised trauma care (ISS =16 or early critical-resource use),
who were correctly identified by the triage tool, regardless of the destination facility.
Specificity was defined as the proportion of children not in need of specialised care,
which was accurately classified by the triage tool, again disregarding the destination
facility. Triage tool compliance by EMS professionals was assessed by quantifying the
discrepancy between the trauma centre level suggested by the triage tool and the
designated level of the actual transport destination.
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Statistical analysis

Descriptive statistics were calculated using frequencies and percentages for categorical
variables, and median values with IQRs for continuous variables. Contingency tables
were constructed for each pair of index tests and reference standards. Diagnostic
accuracy metrics were derived from each contingency table. Binomial Agresti-Coull
95%-Cis were calculated when applicable.'* The log-method was used to define 95%-
Cis for ratios.'> Patient height was estimated on the basis of age, sex, and mean
values per age group in the Dutch population. The haversine method was used to
calculate the great-circle distance (i.e., as the crow flies) between the scene of injury
and surrounding hospitals. The sample size was determined on the basis of previous
research in an adult population.”

Multiple imputation was used to address missing values. Variables present
in the triage criteria with missing values were the Glasgow Coma Scale, systolic
blood pressure, and respiratory rate. Missing values were imputed on the basis of a
predictor matrix that included, among others, vital signs measured in the emergency
department, age, sex, and patient outcomes of both children and adults. Multilevel
multiple imputation methods that account for clustering across sites were adopted
using the R-package micemd.'® 48 datasets were generated, based on 20 iterations
per set. Analyses were applied to each of the 48 datasets. Results for all analyses
were averaged to calculate point estimates. Cis were calculated in accordance with
Rubin’s rules.”

Role of the funding source

The funders of the study had no role in the study design, data collection, data analysis,
interpretation, or writing of the report. RvdS, JFW, RDL had full access to all the data
in the study and the corresponding author had final responsibility for the decision to
submit for publication.

Results

Between Jan 1, 2015, and Dec 31, 2017, approximately 1-5 million patient records
were identified, of which 631 475 patients were transported to an emergency
department with high priority (Figure 1). 12 931 of these were paediatric trauma
patients eligible for inclusion and, after excluding 16 patients who were lost to
follow-up, 12 915 patients were included in the analysis. Pre-hospital variables with
missing values were systolic blood pressure (49 411 [29-9%] of 165 404), Glasgow
Coma Scale (24 169 [14:6%]), and respiratory rate (60 899 [36-8%]).
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1562070 patient records identified

930595 excluded
386379 had non-urgent transport
L 32367 had interhospital transfers
508 907 not transported to an emergency
department
2942 duplicated records

h 4

631475 transported to an
emergency department with

high priority

618 544 excluded
" 466 071 did not have trauma
152 473 aged =16 years

r

12 931 paediatric trauma patients
(=16 years) eligible for
inclusion

16 lost to follow-up because transported to an
F» emergency department in a
non-participating trauma region or to a
different country

¥

12 915 analysed

Figure 1. Study profile

The median age of the included patients was 10-3 years (IQR 4-2-13-6), 7503
(58-1%) were boys, and 5412 (41-9%) were girls (Table 2). The median systolic blood
pressure increased per age group from 106 mm Hg for children aged 0-1 years to
124 mm Hg for those aged 11-15 years, whereas median respiratory rates and heart
rates decreased with increasing age. The median distance to a higher-level trauma
centre was 11-3 km (IQR 5-3-26-7). The closest trauma centre was bypassed 1314
times (10:2%). The most common injury patterns were head injuries (3683 [28-5%)]
of 12 915) and injuries in the extremities (3780 [29-3%]). Injury patterns differed
considerably between age groups. Head injuries were more prevalent in children
aged up to 6 years, whereas those aged 6-15 years had injured extremities more
often. Of 12 915 patients, more than half had a fall (6492 [50-3%]), 2464 (19-1%)
had a bicycle incident, 2023 (15-7%) were involved in a motor vehicle incident, and
478 (3-7%) had burn injuries. 2688 (20-8%) patients had a sport-related injury.
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Table 2. Patients characteristics in the validation cohort per age group

Age groups
All patients 0-<2 2-<6 6-<11 11 - <16
Demographic characteristics
Age,y 10-3 (4-2-13-6) 1-1(0-7-1-5) 3-7 (2:8-4-9) 8:8 (7-4-10-1) 13-8 (12:6-14-9)
Boys 7503 (58-1) 936 (54-7) 1524 (61-5) 1645 (58-8) 3398 (57-3)
Girls 5412 (41-9) 775 (45-3) 953 (38'5) 1155 (41-2) 2529 (42:7)

Pre-hospital physiological characteristics

Systolic blood pressure 120 (110-130) 106 (92-126) 110 (100-120) 114 (105-124) 124 (114-134)

Systolic blood pressure 488 (3-8) 93 (5-4) 140 (5-6) 108 (3-8) 148 (2-5)
<90

Respiratory rate 18 (15-20) 24 (16-30) 20 (16-24) 18 (16-20) 16 (14-20)
Respiratory rate <10 1046 (8:1) 521 (30-5) 237 (9-6) 102 (3-7) 186 (3-1)
or >29

Heart rate 93 (80-110) 120 (98-134) 103 (90-120) 92 (82-103) 88 (78-100)
Saturation 99 (98-99) 99 (97-100) 99 (98-99) 99 (98-99) 99 (98-99)
GCS 15 (15-15) 15 (15-15) 15 (15-15) 15 (15-15) 15 (15-15)
Characteristics of suspected injuries

Head 3683 (28'5) 779 (45'5) 1019 (41-1) 660 (23-6) 1225 (20:7)
Thorax 218 (1-7) 4 (0-2) 19 (0-8) 59 (2-'1) 136 (2-3)
Abdomen 263 (2) 6 (0-4) 34 (14) 87 (3-1) 136 (2-3)
Extremities 3780 (29-3) 55 (3-2) 370 (14-9) 908 (32-4) 2447 (41-3)

Mechanism of injury

Falls 6492 (50-3) 1122 (65°6) 1508 (60-9) 1505 (53-8) 2357 (39:8)
>3 meters 140 (1-1) 10 (0-6) 35(14) 48 (1-7) 47 (0-8)
>3 times body 218 (1:7) 152 (89) 34 (1-4) 22 (0-8) 10 (0-2)
length
Fall from stairs 1042 (8-1) 349 (20-4) 441 (17-8) 114 (4-1) 138 (2-3)
Motor vehicle incident 2023 (15°7) 87 (5'1) 297 (12) 470 (16-8) 1169 (19-7)
Bicycle incident 2464 (19-1) 74 (4-3) 308 (12-4) 466 (16:6) 1616 (27-3)
Pedestrian vs auto 399 (3-1) 11 (0-6) 110 (4-4) 157 (5-6) 121 (2)
Bicycle vs auto 773 (6) 7 (0-4) 42 (1-7) 117 (4-2) 607 (10-2)
Burns 478 (3-7) 218 (12:7) 100 (4) 72 (2:6) 88 (1-5)
Suffocation 133 (1) 71 (4-1) 45 (1-8) 6 (0-2) 11 (0-2)
Submersion 75 (0-6) 17 (1) 34 (1-4) 10 (0-4) 14 (0-2)
Sport related 2688 (20-8) 7 (0-4) 85 (3:4) 592 (21-1) 2004 (33-8)
Violence 214 (1-7) 6 (0-4) 10 (0-4) 19 (0-7) 179 (3)
Outcomes
In-hospital stay 4091 (31-7) 893 (52-2) 1050 (42-4) 901 (32-2) 1247 (21)
1SS* 2(1-4 2(1-2) 2(1-49 4(2-5) 4(2-5)
1SS =16* 129 (3-2) 21 (2:4) 27 (2:6) 29 (3-2) 52 (42)
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Table 2. Continued.

Age groups
All patients 0-<2 2-<6 6-<11 11 - <16

ISS score =3, per
region*

Head and neck 202 (1-6) 36 (2-1) 45 (1-8) 44 (1-6) 77 (1:3)

Face 4 (0) 1(0-1) 0 (0) 2 (0D 1(0)

Thorax 71 (0-5) 10 (0-6) 17 (0:7) 15 (0-5) 29 (0-5)

Abdomen 39 (0-3) 1(0-1) 3(0-1) 10 (0-4) 25 (0-4)

Extremities 225 (1:7) 10 (0:6) 38 (1'5) 75 (2:7) 102 (1-7)

External 56 (0-4) 19 (1-1) 25 (1) 7 (0-2) 5(01)
Early critical-resource 227 (1-8) 38 (2-2) 55 (2-2) 52 (19) 82 (1-4)
use*

Discharge from ED 155 (1-2) 31 (1-8) 43 (1-7) 34 (1-2) 47 (0-8)

to ICU

Out-of-hospital 90 (0-7) 13 (0-8) 22 (0-9) 14 (0-5) 41 (0:7)

intubation

Major interventions 48 (0-4) 4 (0-2) 5(0-2) 19 (0-7) 20 (0-3)

<12h

Mortality <24h 10 (58:8) 1(33:3) 5 (62-5) 2 (100) 2 (50)
Transport to level-I PTC 2823 (21-9) 515 (30-1) 700 (28-3) 647 (23-1) 961 (16-2)
Transport to non-PTC 10 092 (78-1) 1196 (69-9) 1777 (71-7) 2153 (76-9) 4966 (83-8)

GCS, Glasgow Coma Scale; ISS, Injury Severity Score; ED, Emergency Department; ICU, Intensive Care
Unit; PTC, Paediatric Trauma Centre. *Hospitalised patients only. Data are median (IQR) or n (%). Age
ranges include both the begin and endpoint. Values derived from multiply imputed variables were rounded
to zero decimals.

4091 (31-7%) of 12 915 patients were admitted to hospital after evaluation at the
emergency department. The median ISS of these patients was 2 (IQR 1-4). 129
patients who were hospitalised with an ISS of 16 or greater were considered in need
of specialised trauma care based on the primary reference standard. 202 (4:9%)
of 4091 patients who were hospitalised had an Abbreviated Injury Scale of 3 or
greater in the head or neck. Likewise, 225 (5:5%) had a score of 3 or greater in the
extremities. Early critical resources were used by 227 (5-5%) of the included patients,
of which 90 (2:2%) were intubated before arriving at the emergency department,
and 48 (1-2%) of the hospitalised patients underwent a major surgical intervention
(e.g., craniotomy, intracranial pressure monitoring, damage control thoracotomy, or
laparotomy) or radiological intervention. Ten patients (0-1%) died within 24 hours
after arriving at the emergency department, all of whom had impaired vital signs
and the median Glasgow Coma Scale was 3 (IQR 3-7). Seven of these patients had
submersion injuries, two patients were involved in motor vehicle accidents, and one
patient died as a result of an explosion. The percentage of children transported to
a level-I paediatric trauma centre decreased from 30-1% to 16-2% with older age
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groups.

The individual NPAS and FTDS criteria observed in the current cohort are shown
in Table 3. One or more of the NPAS physiological criteria were met by 799 (6-2%)
children. By contrast, 1993 (15-4%) children fulfilled one or more of the FTDS
physiological criteria. Anatomical criteria of the NPAS were met by 47 (0-4%) and
anatomical criteria of the FTDS were met by 121 (0-9%) children. The NPAS was
considered positive in 835 (6-5%) patients, while the FTDS generated a positive test
result in 2090 (16-2%) children.

Table 3. Presence of NPAS and FTDS criteria in the validation cohort

Validation cohort

(n=12 915)
NPAS* and FTDST
Flail chest 1 (0)
Amputation proximal to wrist and ankle 1 (0)
Paralysis 14 (0-1)
NPAS*
GCS <9 or deteriorating 171 (1-3)
RTS <11 or PTS <9 490 (3-8)
Anisocoria 5(0)
Hypothermia <32 °C 9 (0-1)
All penetrating injuries to the head, thorax, and abdomen 19 (0-1)
Two or more long-bone fractures 8 (0-1)
Unstable pelvic fracture 7 (0-1)
Fall >5 meter or three times the height of the patient 227 (5-8)
MV deformity >50 cm or intrusion >30cm occupant site 12 (0-1)
MV ejection 3 (0)
MV incident with death in same vehicle 2 (0)
MYV incident >65 km/hour 153 (1-2)
Pedestrian vs auto >10 km/hour 395 (3-1)
FTDST
GCS <14 693 (5-4)
Systolic blood pressure (mmHg) < 90 mm 488 (3-8)
Respiratory rate <10 or >29 per minute or <20 in infants aged <1 year 1001 (7-7)
All penetrating injuries to head, neck, torso, and extremities proximal to elbow and knee 24 (0-2)
Two or more proximal long-bone fractures 4 (0)
Pelvic fractures 50 (0-4)
Open or depressed skull fracture 20 (0-2)
Crushed, degloved, or mangled extremity 13 (0-1)
Fall >6 meter, or >3 meter or two to three times the height of the child for children <15 614 (15-6)

years of age
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Table 3. Continued.

Validation cohort

(n=12915)
MV intrusion: >30 cm occupant site; >46 cm any site 12 (0-1)
MV ejection (partial or complete) 3 (0)
MV incident with death in same passenger compartment 0 (0)
Motorcycle crash >32 km/hour 50 (0-4)
Auto vs pedestrian/bicyclist, thrown, run over, or with significant (>32 km/hour) impact 477 (3-7)
Vehicle telemetry data consistent with high risk of injury 0 (0)

GCS, Glasgow Coma Scale; MV, Motor Vehicle; PTS, Paediatric Trauma Score; RTS, Revised Trauma Score.
*National Protocol of Ambulance Services, Triage Choice of Hospital version 8-1. {Field Triage Decision
Scheme, version of 2011. Values are presented as n (%).

The undertriage rate in the current cohort was 16-3% (95%-CI 10-8-23-7) based
on the primary reference standard (ISS =16), while the overtriage rate was 21-:2%
(20-5-22-0; Table 4). Evaluation using the secondary reference standard (early
critical-resource use) resulted in an undertriage rate of 14-5% (10-5-19-7) and an
overtriage rate of 20-7% (20-0-21-4). 50 (26-7%, 95%-CI 20-9-33-5) of 187 patients
with severe traumatic brain injury (Abbreviated Injury Scale score =3) were first
transported to lower-level trauma centres. Eight of ten patients who died were
initially transported to a level-I paediatric trauma centre. The median distance from
the scene of injury of patients who were undertriaged to a higher-level trauma centre
was 22-4 km (IQR 9-:0-31-6), with a maximum of 51-0 km.

The sensitivity of the NPAS was 53-5% (43-9-62-9) and specificity was 94-0%
(93:4-94-6), based on the primary reference standard. The FTDS was 64-5% (54-1—
74-1) sensitive to select children with an ISS of 16 or greater and had a specificity
of 84:3% (83-1-85-5). Evaluation of the NPAS using the secondary, resource-based,
reference standard resulted in a sensitivity of 50-4% (43-6-57-3) and a specificity
of 94:3% (93-7-94-9). Based on the secondary reference standard, the FTDS had
a sensitivity of 60-5% (52-8-67-8) and a specificity of 84-6% (83-4-85-8). EMS
professionals complied to a positive result of the NPAS in 44-7% (95%-CI 40-9-48-5)
of the cases. Compliance to negative advice was 79-7% (79-:0-80-4), although the
NPAS does not obligate EMS professionals to transport patients who are mildly
injured to lower-level trauma centres.
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Table 4. Diagnostic accuracy of paediatric field triage, based on destination, the NPAS, and the
FTDS

Outcomes

Injury Severity Score =16 Early critical-resource use

Destination-based
Transported to level-I PTC
With outcome (TP)

Without outcome (FP)

Transported to lower-level PTC

With outcome (FN)
Without outcome (TN)
Undertriage (95%-CI)
Overtriage (95%-CI)
NPAS*
Positive on criteria
With outcome (TP)
Without outcome (FP)
Negative on criteria
With outcome (FN)
Without outcome (TN)
Sensitivity (95%-CI)
Specificity (95%-CI)
PPV (95%-CI)
NPV (95%-CI)
LR+ (95%-CI)
LR- (95%-CI)
FTIDS+
Positive on criteria
With outcome (n)
Without outcome (n)
Negative on criteria
With outcome (n)
Without outcome (n)
Sensitivity (95%-CI)
Specificity (95%-CI)
PPV (95%-CI)
NPV (95%-CI)
LR+ (95%-CI)
LR- (95%-CI)

108
2715

21
10071
16-3 (10-8-23-7)
21-2 (20-5-22-0)

69-0
765-7

60-0
12 020-3

533 (43-9-62:9)
94-0 (93-4-94-6)

8:3 (6:5-10-4)
99:5 (99:4-99-6)

89 (4-4-18-2)

0-5 (0-4-0-6)

832
2006-3

45-8
10 7797

64-5 (54:1-74'1)
84-3 (83-1-85-5)

4-0 (3:2-5'0)
995 (99:4-99-6)

4-1 (2:8-6'1)

0-4 (0-3-0-5)

194
2629

33
10 059
14-5 (10-5-19-7)
207 (20-0-21-4)

114-5
720-2

112-5
11 967-8

504 (43-6-57-3)
94-3 (93-7-94-9)
137 (11-4-16-4)
99-1 (98:9-99-2)

89 (49-16-2)

0-5 (0-5-0-6)

137-3
1952-3

89-7
10 735-7

60-5 (52-8-67-8)
84-6 (83-4-85-8)

66 (5-5-7-8)
99-2 (99-0-99-3)

3:9 (3:0-5'1)

0-5 (0-4-0-6)

PTC, Paediatric Trauma Centre; TB True positive; FB, False positive; FN, False negative; TN, True negative;
PPV, Positive predictive value; NPV, Negative predictive value; LR+, Positive likelihood ratio; LR-, Negative
likelihood ratio. *National Protocol of Ambulance Services, Triage Choice of Hospital version 8-1. {Field
Triage Decision Scheme, version of 2011.
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Discussion

This multisite study investigated the accuracy of paediatric pre-hospital trauma triage
based on patient transport destination, triage protocols, and protocol compliance. For
the primary outcome, we found that 16% of children requiring specialised trauma
care were not transported to a level-I paediatric trauma centre. The full triage
strategy was therefore unable to attain a satisfactory undertriage rate of less than
5%, which might have led to avoidable adverse patient outcomes. Moreover, the
NPAS and FTDS triage protocols were externally validated in the current cohort and
both were insensitive and moderately-to-highly specific using an anatomical and a
resource-based reference standard. Triage protocols, however, must have very high
sensitivities, indicating that children designated as low risk do not include patients
in need of specialised trauma care, to avoid undertriage. Both protocols had high
negative predictive value and low positive predictive value, which was likely to be
influenced by the low prevalence of a positive reference standard.'® Conformity to the
NPAS in daily practice was low, but did lead to lower undertriage rates as compared
with strict protocol adherence.

The strengths of this study are its generalisability, the robust and sensitive
methods used to select patients, the record linkage strategy, and the methods used to
construct the cohort. First, we selected EMSs with urban, suburban, and rural service
areas. These heterogeneous EMSs were chosen to increase the generalisability of
the results. The effect of inadequate triage tools is likely to be applicable to other
inclusive trauma systems with similar (dichotomous) triage strategies, whereas
destination-based accuracy might be different because of geographical differences,
local regulations, and dissimilarities in the education of EMS professionals. These
results might also extrapolate to trauma team activation protocols based on similar
criteria in both inclusive trauma systems and exclusive trauma centres, although this
possibility needs to be verified in separate studies.

Second, children were not solely selected on the basis of the chief complaint (e.g.,
traumatology), but all children transported by EMSs to emergency departments in
participating trauma regions were thoroughly screened in order not to miss any
patient who needed trauma-related evaluation in the emergency department. Only 16
patients were lost to follow-up after transport to a non-participating trauma centre.

Third, all emergency departments in the participating trauma regions contributed
to data collection, which enabled the most appropriate type of study population
to investigate triage rates and to validate triage protocols. Another advantage of
this study was the standardised data collection, and the calculation of ISSs using
the Abbreviated Injury Scale. This approach is superior to ICD-9 derived ISSs, and
the calculation of ISSs using hand-coded Abbreviated Injury Scale scores, which is
superior to ICD-derived ISSs.?
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To interpret our results, it is important to note that the study was not statistically
powered to calculate triage rates in different subgroups (e.g., per resource, age
group, or region) because of the low prevalence of children in need of specialised
trauma care. These calculations would have been insightful, since injury patterns
differ between age groups, and the density, proximity, and capacity of paediatric
trauma centres differ between trauma regions.

Both an anatomical and a resource-based reference standard were used to
evaluate the diagnostic accuracy of the NPAS and the FTDS. Trauma systems are
traditionally evaluated with use of the ISS, but resource-based reference standards
are increasingly being proposed as a supposedly better alternative to determine need
of specialised trauma care.'>?° It could be argued that resource use directly anticipates
the consequences of trauma care regionalisation (e.g., centralisation of resources),
whereas ISS merely acts as a surrogate marker. However, the downside of a resource-
based reference standard is that it is a composite endpoint dependent on the current
triage strategy (i.e., resources might be unavailable at the transport destination and
thus not used), whereas the ISS is not.

The high undertriage rate might be partly attributable to the low sensitivity of
the NPAS, although it was higher in comparison to a more select adult population.”
The diagnostic accuracy of the FTDS was previously evaluated in four studies done
in the USA. Lerner and colleagues'®?! evaluated the accuracy of the physiological step
and the complete FTDS (the entire triage algorithm, including mechanism of injury,
and special considerations) in a prospective study in three paediatric trauma centres
based on a resource-based reference standard. The reported sensitivities were 49%
for the physiological step of the FTDS and 65% for the complete FTDS. These results
cannot be directly compared with our current study, as they were derived from a
selected population of children admitted to paediatric trauma centres and focused on
different steps of the FTDS.!>2! Two studies by Newgard and colleagues evaluated the
complete FTDS (version 2006) based on an ISS of 16 or greater.'>?? Sensitivity ranged
between 84% and 87%. Judgment by EMS professionals was the most frequently used
triage criterion. This result suggests that the triage criteria were unable to capture the
heterogeneous population in need of specialised trauma care. Our study evaluated
the physiological and anatomical criteria, which makes it unsuitable for comparison.
Finally, one study evaluated the compliance of EMS professionals to the physiological
step of the FTDS using transport destination as the outcome.?* It showed that more
than a quarter of the children positively identified by the FTDS physiological criteria
were transported to a lower-level trauma centre. Our study reports even higher non-
compliance to the NPAS.

The poor performance of the evaluated field triage protocols is likely to be
multicausal. Several scenarios, mechanisms of injury, and heterogeneous injury
patterns can lead to severe injuries. Criteria in current decision schemes are generic,
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do not interact with other criteria, and are therefore unable to produce advice on
a patient level. A probability or risk score might be a better alternative, as triage
protocols are only one component of the full triage strategy.'®?* Furthermore,
dichotomisation of physiological criteria leads to a loss of information and the current
cutoff points are not child-specific (Supplementary Figure).?

Further research could focus on child-specific, highly discriminative predictors
for need of specialised trauma care. New prediction models could be developed and
validated to aid EMS professionals during the challenging process of field triage.

Undertriage and overtriage rates are key metrics to evaluate the functioning of
inclusive trauma systems. This study reveals undertriage rates that need improvement
to enable maximally cost-efficient care. After all, centralisation of resources and
expertise (i.e.,regionalised trauma care) could be detrimental if patients are not
transported to the right hospital.
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Supplementary Material | Supplementary Methods

SelectAssist

Patient selection in pre-hospital triage is often based on chief complaints registered by
Emergency Medical Services (EMS) professionals in electronic health records (I). The
P2-T2 study, however, first included all patients transported by EMSs from the scene
of injury to a participating emergency department independent of chief complaint in
order to prevent selection bias. Chief complaints were missing in 29.1% and many
patients in need of trauma-related evaluation at the emergency department had a
different chief complaint. For example, 19.1% of the patients with a neurologic chief
complaint in a sample of patients were considered injured after manual review (e.g.,
traumatic brain injuries).

This selection strategy resulted in a large dataset including 631 475 patients that
needed to be reviewed. We developed a tool (SelectAssist) to aid patient selection for
that reason. First, we defined the study domain as patients in need of trauma-related
evaluation at the emergency department, irrespective of additional complaints. Two
researchers reviewed a combined total of 19 525 EHRs to manually label the need of
trauma-related evaluation at the emergency department (further referred to as the
label) for each individual patient.

Data of individual records were split into text fields and additional variables.
All text fields were merged into one variable. The text variables were anonymized,
converted to lowercase, and pre-padded to construct equally sized variables. All
manually labelled EHRs were subsequently divided into a training (n=15 814),
a validation (n=1758), and a test set (n=1953). A recurrent neural network was
developed with the PyTorch and Torchtext software packages to predict the labels.!
The aforementioned text variables were used as an input and the model’s output
was the probability of a positive label. The network architecture consisted of an
embedding layer, two blocks of long-short term memory (LSTM) layers, and a final
fully connected layer. The training phase was performed in 80 epochs, using the
Adam optimizer, and a learning rate scheduler.?

The best model had an overall accuracy of 98.0% in the training set, 97.3% in
the validation set, and 96.9% in the test set. Predictions were generated using this
newly developed model for all included EHRs. The resulting predictions were used
in conjunction with other non-text variables of the manually labelled EHRs to create
thefinal prediction model (SelectAssist). The non-text variables consisted of, amongst
others: age, gender, administered medicine, and chief complaint. Finally, a logistic
regression model was developed with the predictions from the recurrent neural
network and the non-text variables as input. Basis splines with three knots were used
to fit variables that were considered to have a non-linear relationship with respect to
the label.
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The overall accuracy of SelectAssist in the hold-out test set was 99% (95%-CI,
98-99) with a sensitivity of 97% (95%-CI, 95.0-98) and a specificity of 99% (95%-
CI, 98-100). The c-statistic in the hold-out test set was: 0.99 (95%-CI, 0.99-1.0).
These results demonstrate that SelectAssist is a very accurate tool to select patients
in need of trauma-related emergency department evaluation. The threshold to
classify a patient as being injured was lowered to 0.39 and all resulting patients were
subsequently manually reviewed for this study. The predicted label was manually
switched for 145 of the initially selected patients.

LinkAssist

Pre-hospital EHRs needed to be linked with in-hospital outcomes (e.g., Injury
Severity Scores) to analyze triage accuracy based on either decision rules or initial
transportation destination. General record linkage is implemented in a couple of
software packages in the R statistical programming language.>* However, these
packages were either not accurate enough or were computationally infeasible
because of the magnitude of the current dataset. To enable accurate, anonymous,
and computationally feasible record linkage we developed LinkAssist, specifically for
this dataset.

Records were either linked deterministically or probabilistically. Deterministic
linkage was performed when a unique patient identifier was available in both pre-
hospital and in-hospital data. A total of 28 634 records were deterministically linked.
These deterministically linked records were then split into a training (n=25 771)
and a test set (n=2863) in order to develop a prediction model for probabilistic
record linkage. Similar variables were extracted from pre-hospital EHRs and in-
hospital data. Included predictors were, amongst others: age, sex, one-way hashes
of the day, month, and year of birth, in conjunction with the hashed day and month
of injury, the year in which the injury occurred, and the individual components of
the Glasgow Coma Scale. Thirty records transported to the same hospital in the
same year were randomly sampled from the in-hospital data for every pre-hospital
record in the training set. The test set included all available records transported to
the same hospital in the same year for each pre-hospital record (i.e., no sampling
was performed). A gradient boosting machine was constructed to predict potential
matching records in the augmented training set consisting of the pre-hospital records
in the training set, the sampled in-hospital data, and the actual matching in-hospital
data. Ten-fold cross-validation was used to select appropriate hyperparameters and
to prevent model optimism. We assumed that model’s predictive accuracy would
generalize to the probabilistic dataset as the three predictors (absolute difference
in age, equal day of injury, and equal day of birthday) that yielded over 98% of the
information gain were similarly distributed in the deterministically linked data and
had no missing values.
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The resulting model proved to be highly accurate in the hold-out test set (100%)
with a sensitivity of 100% (95%-CI, 99-100) and specificity of 100% (95%-CI, 100-
100). The c-statistic in the test set was 1.0 (95%-CI, 1.0-1.0). This model (LinkAssist)
was subsequently used to predict potential matches for all non-deterministically
linked records in the cohort. All hospitalized patients with a positive primary or
secondary reference standard in the Dutch National Trauma Registry were manually

reviewed to prevent information bias.

Supplementary Table. Definition of Major Surgical Intervention

Major surgical interventions
Damage control thoracotomy
Damage control laparotomy
Extraperitoneal pelvic packing
Revascularization of extremities
Craniotomy
Coniotomy/ cricothyrotomy

Damage control orthopedics

One or more of these interventions results in a positive reference standard.

Percentiles == 5% 10% === 25% mmm 50%

120-

00-

Systolic blood pressure

80~

60~

4 8 12 16
Years of age

Supplementary Figure. Percentile Chart of Systolic Blood Pressure for Children <16 Years of
Age
Percentiles were estimated using quantile regression.
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Abstract

Purpose: Prehospital immobilization of patients with serious spinal injury is crucial
to prevent secondary injury to the spinal cord. It is currently unknown how often
patients with or without such injuries are immobilized by Dutch Emergency Medical
Services (EMS) professionals. The aim of this study is to evaluate the practice of
prehospital immobilization among Dutch trauma patients.

Methods: In this prospective multicenter cohort study, all trauma patients,
transported by ambulance, from the scene of injury to a participating trauma center,
were included. A serious spinal injury was defined as an injury in the spinal region of
the Abbreviated Injury Scale with a score =2.

Results: Between January 2015 and December 2017, 20,028 patients were included.
In total, 543 (2.7%) had a serious spinal injury, of whom 357 (65.7%) were
immobilized. Of the 19,485 patients without a serious spinal injury, 3727 (19.1%)
were immobilized. The Dutch field triage protocol for spinal immobilization had a
sensitivity of 69.8% (95%-CI, 65.7-73.6) and a specificity of 31.2% (30.6-31.9). EMS
professionals complied with positive recommendation of the protocol (to Immobilize)
In 3113 patients (22.6%) and with negative recommendation of the protocol (not to
immobilize) in 5280 patients (84.5%).

Conclusion: Prehospital immobilization was not applied in approximately one
third of the patients with a serious spinal injury. Evaluating the need for prehospital
injury immobilization is difficult and the currently used protocol probably does not
optimally support Dutch EMS professionals in decision-making. Further research is
needed on the effect of our findings on patient outcomes.
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Introduction

Spinal injury is a major cause of morbidity and mortality and often affects young
or middle-aged patients and has severe medical and socio-economic consequences.!
Prehospital immobilization of patients with a serious spinal column injury (e.g., an
unstable spinal column fracture) is, based on expert opinion,?* crucial to prevent
secondary injury to the spinal cord and but also burdensome and time-consuming in
patients without such injury. Emergency Medical Services (EMS) professionals are
generally responsible for this decision-making, in which they are aided by decision
rules/protocols as spinal injury is often difficult to recognize at the scene of injury.*®

The National Emergency X-Radiography Utilization Study (NEXUS) low risk
criteria is such a decision rule, originally developed for cervical spinal injury®’
and subsequently adjusted for prehospital clinical practice to identify injury in any
spinal region (i.e., cervical, thoracic, and lumbar).®® This out-of-hospital protocol for
selective spine immobilization (OHPSSI)®° was also implemented in the Netherlands
as the Immobilization Protocol within the National Protocol for Ambulance Services
(IPNPAS), in which the criterion “no adequate communication possible” was added and
“spinal pain or tenderness” was replaced by “posterior midline spinal tenderness”.!°

Most previous studies that evaluated (derivatives of) the OHPSSI used inappropriate
inclusion criteria and were all conducted in the USA.>'""13 A study validating the
OHPSSI in another trauma system is currently lacking. Moreover, prospective large
studies evaluating prehospital immobilization are lacking'* and in what frequency
patients with and without serious spinal injuries are immobilized in The Netherlands
is currently unknown.

The aim of this study was to evaluate the practice of prehospital immobilization
of Dutch trauma patients.

Methods

This prospective multi-center cohort study was conducted in accordance with the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines.’ An IRB waiver was obtained for the data collection as the study was
judged by the Medical Ethical Committee of the University Medical Center Utrecht as
not subject to the Medical Research Involving Human Subjects Act (reference number
20/500747).

Study design and setting

One EMS (Regional Ambulance Facility Utrecht [RAVU]) and four trauma regions
participated in this study. The participating inclusive trauma regions comprise 22
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trauma centers: four level-I trauma centers and 18 level-II or level-III trauma centers.
Dutch level-I trauma centers are designated to treat severely injured patients, whereas
Dutch level-1I and level-III facilities are designated to treat mildly and moderately
injured.!® In the Netherlands, no trauma patients are transported by ambulance to
nontrauma centers.

The RAVU annually transports approximately 60,000 patients to a hospital,'®
and serves a region of over 1,500 km? with a population of around 1.3 million
people.’” In the Netherlands, the vast majority of trauma patients is transported
to a trauma center by ambulances. These ambulances are staffed with registered
EMS professionals (i.e., paramedics) who, in general, were educated either as an
emergency department nurse, intensive care unit nurse, or an anaesthetic technician,
and received subsequent training at the Academy for Ambulance Care (Harderwijk,
Netherlands) for 7 months. EMS professionals are guided in their decision-making by
the National Protocol for Ambulance Services.!°

Patients

All trauma patients, transported from the scene of injury, by a ground ambulance of
the RAVU, to any participating trauma center, were included. A previously developed
selection tool was used to select trauma patients.!’ Patients who were transported
to a non-participating (i.e., non-adjacent) trauma region and in whom the IPNPAS
prescribed not to immobilize, were excluded. In line with previous research patients
were excluded from analysis for the following reasons: immobilization not possible as
a result of agitation or vomiting, hemodynamic instability (i.e., patients with a systolic
blood pressure below 90 mmHg or respiratory rate below 10 or above 29), or penetrating
injuries to the head, neck, thorax, or abdomen without neurological deficits.!®

Data collection

Ambulance records were prospectively collected and comprised patient characteristics,
vital signs, and free text fields filled out by EMS professionals. These fields contained,
among others, a description of the trauma mechanism, details regarding the medical
history, physical examination, and suspected injuries, and their immobilization
strategy.

Ambulance records were linked to data from the participating trauma regions
collected for the Dutch National Trauma Registry, which includes all admitted trauma
patients.!” The registry gathers, among others, all injuries diagnosed within the first
30 days post-trauma. The injuries were classified by trained data coders according to
the 2008 update of the Abbreviated Injury Scale (AIS) 2005.12

The ambulance records were analyzed by the researchers blinded to the hospital
data before linkage. A combination of deterministic and probabilistic linkage was
used to link the ambulance records to the data from the registry.!!
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Outcomes

Primary outcome was to evaluate prehospital immobilization among Dutch
trauma patients. Proportions of patients with a serious spinal injury who were not
immobilized and of patients without serious spinal injury who were immobilized,
were determined. A serious spinal injury was defined as any injury in the spinal
region of the Abbreviated Injury Scale with a score =2 (i.e., a spinal fracture, a spinal
disc dislocation, or injury to the spinal cord). Prehospital immobilization was defined
as any type of immobilization of the spine.

Secondary outcome was to assess the accuracy of the IPNPAS, which is a
component of the Dutch National Protocol for Ambulance Services.!° Indications for
spinal immobilization according to this protocol are: abnormal level of alertness,
no adequate communication possible, intoxication, neurological deficit, posterior
midline spinal tenderness, and painful distracting injuries.>!® No adequate
communication possible was defined as no adequate communication possible due to
a language barrier, deafness, or intellectual disability. Abnormal level of alertness was
defined as a Glasgow Coma Scale score of <14.5%2°. Neurological deficit was defined
as any abnormal neurological finding (motor or sensory) at physical examination.5%2°
Intoxication was defined as any suspicion of an intoxication by alcohol or illicit
drugs.5%? Posterior midline spinal tenderness was defined as painful palpation
of at least one vertebral body.5”182° Posterior midline spinal tenderness was also
considered to be present in case palpation of the vertebral body was reported as
inconclusive. Painful distracting injuries were defined as any prehospital suspicion
of a fracture proximal to the wrist or the ankle®® or any other distracting injury
described by the EMS professional. In the IPNPAS, “no adequate communication
possible” was added and “posterior midline spinal tenderness” is used instead of
“spinal pain or tenderness”, which was used in the original OHPSSI.1%!® Therefore,
a sensitivity analysis was performed by removing no adequate communication
possible and adding spinal pain as a criterion to the IPNPAS. Also, compliance of EMS
professionals with spinal immobilization according to the IPNPAS was determined.

Statistical analysis

Variables with missing values were prehospital systolic blood pressure, respiratory rate,
and Glasgow Coma Scale. Missing data were analyzed and appeared to be missing at
random. A predictor matrix was created consisting of, among others, age, sex, vital
parameters, and patient outcomes, which was used to multiply impute the missing
data using 20 iterations and creating 48 imputed datasets. If applicable, analyses were
performed in each of the imputed datasets and pooled using Rubin’s rules.*

Subgroup analyses were conducted for the different spinal regions (i.e., cervical,
thoracic, and lumbar). For sensitivity and specificity, percentages with 95% confidence
intervals calculated using the Agresti-Coull method.?? All statistical analyses were
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performed using R studio/statistical software using the packages tidyverse, mice, and
micemd (version 3.5.1).%

Results

Between January 2015 and December 2017, 21,129 trauma patients were transported
from the scene of injury to an emergency department by the RAVU (Figure 1). After
excluding 77 patients (0.4%) who were transported to a non-participating center and
1016 patients (4.8%) in which the IPNPAS recommended not to immobilize, 20,028
patients were included. Baseline characteristics of the included patients are displayed
in Table 1.

EMS records
(n=85,620)

| Excluded (n = 64,491)
v ~ Non-trauma patients
[ (n=21,129) }
| Excluded (n = 85)
v ”|Non-participating trauma center
[ (n=21,044) ]
- Excluded (n=1016)
v "1 Indication not to immobilize

[ (n = 20,028) J

Figure 1. Flowchart of patient enrollment
EMS, Emergency Medical Services.

Primary outcome

In total, 543 patients (2.7%) were eventually diagnosed with serious spinal injury
(AIS =2), of whom 357 (65.7%) were immobilized (Table 2). Of the remaining
19,485 patients without a serious spinal injury 3727 (19.1%) were immobilized.
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Table 1. Baseline characteristics

Prehospital immobilization among Dutch trauma patients

Variables Serious spinal injury present Serious spinal
n = 543 injury absent

n = 19,485
Demographics Median (IQR) Median (IQR)

Age (years)

Age <16 years
Age =65 years
Male gender
Intoxication
Anticoagulants
Type of trauma
Domestic environment
Fall <2 meter
Falls =2 meter
Traffic
Sport
Industrial
Violence
Self-mutilation
Unknown
Prehospital triage
Severely injured (ISS =16)
Level-I trauma center
Clinical characteristics
Hospital admission
ICU admission

In-hospital death

61.2 (45.3-77.4)
N (%)
5(0.9)

237 (43.6)
301 (55.4)
48 (8.8)
43 (7.9)
N (%)
288 (53)

222 (40.9)

108 (19.9)
194 (35.7)

23 (4.2)
23 (4.2)
4(0.7)
11 (2.0)

0 (0)

N (%)
167 (30.8)
295 (54.3)

N (%)
543 (100)
97 (17.9)

32 (5.9)

57.7 (29.1-78.5)
N (%)
1601 (8.2)
8181 (42.0)
9340 (47.9)
1826 (9.4)
1863 (9.6)
N (%)
10503 (53.9)

9615 (49.3)
620 (3.2)
6653 (34.1)
1230 (6.3)
317 (1.6)
552 (2.8)
215 (1.1)
15 (0.1)
N (%)
372 (1.9)
3295 (16.9)
N (%)
6227 (32)
348 (1.8)
188 (1.0)

AIS, Abbreviated Injury Score; ICU, Intensive Care Unit; ISS, Injury Severity Score.

Secondary outcome

The IPNPAS’s sensitivity and specificity were 69.8% (95%-CI, 65.7-73.6) and
31.2% (30.6-31.9), respectively. EMS professionals complied with positive

recommendation of the protocol (to immobilize) in 3113 patients (22.6%) and with

negative recommendation of the protocol (not to immobilize) in 5280 patients

(84.5%). By removing no adequate communication possible and adding spinal pain
as criteria to the IPNPAS (i.e., the OHPSSI) sensitivity increased to 82.7% (79.2—
85.8) and specificity decreased to 28.4% (27.7-29.0).
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Table 2. Accuracy of spinal immobilization indications and the Dutch field triage protocol for
spinal immobilization

Serious spinal injury Total Immobilization - Immobilization + Protocol -* Protocol +*
present n = 543 n = 186 n = 357 n =164 n = 379
Protocol N (%) N (%) N (%) N (%) N (%)
Protocol +* 379 (69.8) 102 (54.8) 277 (77.6) 0 379 (100)
Abnormal level of alertness* 143 (26.3) 43 (23.1) 100 (28.0) 0 143 (37.7)
No adequate communication 5 (0.9) 1 (0.5) 4 (1.1) 0 5(1.3)
possible

Intoxication 48 (8.8) 12 (6.5) 36 (10.1) 0 48 (12.7)
Neurological deficit 40 (7.4) 11 (5.9) 29 (8.1) 0 40 (10.6)
Posterior midline spinal 173 (31.9) 23 (12.4) 150 (42.0) 0 173 (45.6)
tenderness

Painful distracting injuries 122 (22.5) 48 (25.8) 74 (20.7) 0 122 (32.2)
Spinal pain 261 (48.1) 60 (32.3) 201 (56.3) 71 (43.3) 190 (50.1)
Protocol + (excluding no 449 (82.7) 134 (72.0) 316 (88.5) 71 (43.3) 378 (99.7)

adequate communication
and including spinal pain)*

Immobilization N (%) N (%) N (%) N (%) N (%)

Immobilization + 357 (65.7) O 357 (100) 80 (48.8) 277 (73.1)

Serious spinal injury Total Immobilization - Immobilization + Protocol -* Protocol +*

absent n = 19,485 n = 15,758 n = 3727 n = 6087 n = 13,398

Protocol N (%) N (%) N (%) N (%) N (%)

Protocol +* 13,398 10,562 (67.0) 2836 (76.1) 0 13,398
(68.8) (100)

Abnormal level of alertness* 2753 2060 (13.1) 693 (18.6) 0 2753 (20.5)
(14.1)

No adequate communication 109 (0.6) 81 (0.5) 28 (0.8) 0 109 (0.8)

possible

Intoxication 1826 (9.4) 1468 (9.3) 358 (9.6) 0 1826 (13.6)

Neurological deficit 291 (1.5) 113 (0.7) 178 (4.8) 0 291 (2.2)

Posterior midline spinal 2132 402 (2.6) 1730 (46.4) 0 2132 (15.9)

tenderness (10.9)

Painful distracting injuries 8767 7954 (50.5) 813 (21.8) 0 8767 (65.4)
(45.0)

Spinal pain 2749 680 (4.3) 2069 (55.5) 599 (9.8) 2150 (16.0)
(14.1)

Protocol + (excluding no 13,958 10,739 (68.1) 3219 (86.4) 599 (9.8) 13,358

adequate communication (71.6) (99.7)

and including spinal pain)*

Immobilization N (%) N (%) N (%) N (%) N (%)
Immobilization + 3727 0 3727 (100) 891 (14.6) 2836 (21.2)
(19.1)

AIS, Abbreviated Injury Score; ISS, Injury Severity Score. *Glasgow Coma Scale missed in 14.0%
of the patients and was multiply imputed. Values derived from multiply imputed variables were
rounded to zero decimals.

188



Prehospital immobilization among Dutch trauma patients

Subgroup analyses

The thoracic spine was involved more often in the patients with a serious spinal
injury than the cervical and lumbar spine (248 [45.7%] vs. 205 [37.8%] and 208
[38.3%], respectively) (Table 3). Cervical injuries were more often recognized
(49.8% vs. 24.6% and 39.4%, respectively) and immobilized (69.8% vs. 67.7% and
65.4%, respectively) than thoracic and lumbar injuries. The sensitivity of the IPNPAS
was slightly higher in patients with a cervical injury than in patients with a thoracic
or lumbar injury (154 [75.1%] vs. 170 [68.5%] and 142 [68.3%]). The sensitivity of
the OHPSSI was higher in all regions. This increase was greater in the thoracic and
lumbar regions than in the cervical region.
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Discussion

This prospective multi-center cohort study evaluated prehospital immobilization
among Dutch trauma patients. In the present study, 543 patients (3%) had a serious
spinal injury, of whom 34% were not immobilized during transport. The IPNPAS had
a sensitivity of 70% and a specificity of 31%, to which EMS professionals complied
in 23% and 85%, respectively. The thoracic spine was most often involved and
injuries to the cervical spine were most often recognized and immobilized. This study
illustrates that evaluating the need for prehospital immobilization is difficult and
that the currently used protocol does probably not support Dutch EMS professionals
optimally in this decision-making.

Prehospital immobilization in the Netherlands was evaluated in two previous
studies,>** of which one investigated 139 immobilized patients in whom it was, in
line with our findings, difficult for EMS professionals to recognize spinal fractures.®
The other study found that 96% of the 1082 immobilized patients included met the
criteria of the IPNPAS.?* In the present study these were met by solely 78% of our
immobilized patients, which could probably be explained by the fact that, according
to the current IPNPAS, we did not use suspicion of head injury, facial trauma, and
epileptic insult (due to head injury) as criteria. Unfortunately, the authors did not
provide which criteria were met or whether patients were subsequently diagnosed
with a serious spinal injury.?* Neither study included any patients who were not
immobilized.>** To our knowledge this was the first study that adequately evaluated
prehospital immobilization among Dutch trauma patients.

The present study found that approximately one third of the patients with a
serious spinal injury was not recognized (37%) and/or immobilized (34%) by the
EMS professionals. In agreement with previous studies,** we may therefore conclude
that the prehospital recognition of serious spinal injury is challenging.

It is difficult to determine the real-life consequences of withholding immobilization
for these patients as the evidence for prehospital immobilization is largely based
on expert opinion.*?® Studies evaluating complications as a result of not applying
immobilization are lacking, and no calamities regarding withholding immobilization
were reported during the study period. Immobilization is even known to have adverse
consequences in traumatic brain injury as it increases the jugular venous pressure,
which may increase intracranial pressure.?® Nonetheless, cases of secondary injury to
the spinal cord were described in literature'* and spinal immobilization is suggested
to prevent this. Our study does suggest that the recognition of patients with a serious
spinal injury could be improved as 34% (n = 186) of the patients with serious
spinal injury were not immobilized, while 19% (n = 3727) of patients without a
serious spinal injury were immobilized. This might be explained by the fact that the
currently used prehospital protocol does not support EMS professionals optimally
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in this decision-making as the IPNPAS had a sensitivity of 70% and a specificity of
31% and the OHPSSI of 83% and 28%. This is in line with previous studies that
evaluated the OHPSSI and found sensitivities and specificities ranging from 84% to
100% and from 40% to 61%, respectively.®1-13262° The fact the OHPSSI performed
slightly worse than previous studies might be explained by our broad, but adequate
patient inclusion as result of the used selection tool. Moreover, the suboptimal general
performance of the OHPSSI might be explained by the fact that it originates from a
decision rule for cervical spinal injuries. In the present study it performed best for
the cervical region while the thoracic spine was most often involved. Furthermore,
some previous studies stated that the OHPSSI comprises subjective components (e.g.,
painful distracting injuries)?+%%3! and that such static tools could be used, but have
limited predictive accuracy at the scene of injury.3*3* A prehospital prediction model
(using objective and interacting criteria), could therefore possibly be of more value
to EMS professionals in identifying patients with a serious spinal injury. Such model
was, for example, recently developed to optimize prehospital triage®> and integrated
in a mobile application to support EMS professionals in their decision-making at the
scene.

Strengths and limitations

Strengths of this study were its method used to select trauma patients, the
standardized method used to collect data, and the interregional linkage of patient
records. First, the selection of patients was performed with a selection tool, which
used multiple variables and texts of the prehospital records to select trauma patients.
Such a selection procedure is especially important in prehospital research as due
to the lack of prehospital diagnostic tools patients are often initially registered for
another medical specialty, which could introduce selection bias. Second, data were
prospectively and systematically gathered by the EMSs and the participating trauma
regions. Moreover, all ambulance records were assessed in a standardized manner
and blinded from the hospital outcome. Third, the performed interregional linkage
of prehospital and hospital data was essential to prevent verification bias (as patients
that are transported to a trauma center in another EMS region [e.g., to the nearest
higher-level trauma center] will be more often severely injured). Furthermore,
linkage of data sources is essential for prehospital research, as self-transported (i.e.,
non-referred) patients should be excluded from hospital data sources (e.g., trauma
registries) to evaluate the true performance of EMSs.

This study has some limitations. First, this study did differentiate between types
of serious spinal injuries. Although, all of these injuries comprised a spinal fracture,
a spinal disc dislocation, or injury to the spinal cord, some may argue that it is
more important to immobilize the more severe and probably more unstable injuries
adequately. Second, we did not evaluate whether the used immobilization method
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was appropriate to immobilize the injured region of the spine, which possibly resulted
in an overestimation of the number of immobilized patients and the accuracy of the
studied protocols. Third, outcomes of patients that were not admitted (i.e., discharged
from the emergency department) were missing. As these patients probably suffered
from less severe (spinal) injuries and were therefore more difficult to identify by
EMS professionals and/or protocol this could have led to an overestimation of the
accuracy of the studied protocols.

Conclusion

Prehospital immobilization was not applied in approximately one third of the patients
with a serious spinal injury. Evaluating the need for prehospital injury immobilization
is difficult and the currently used protocol does probably not support Dutch EMS
professionals optimally in this decision-making process. Further research is needed
on the effect of our findings on patient outcomes.
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Abstract

Purpose: To evaluate the pre-hospital administration of tranexamic acid in ambulance-
treated trauma patients with a severe hemorrhage after the implementation of
tranexamic acid administration in the Dutch pre-hospital protocol.

Methods: All patients with a severe hemorrhage who were treated and conveyed
by EMS professionals between January 2015, and December 2017, to any trauma-
receiving emergency department in the eight participating trauma regions in the
Netherlands, were included. A severe hemorrhage was defined as extracranial injury
with >20% body volume blood loss, an extremity amputation above the wrist or
ankle, or a grade =4 visceral organ injury. The main outcome was to determine
the proportion of patients with a severe hemorrhage who received pre-hospital
treatment with tranexamic acid. A Generalized Linear Model (GLM) was performed
to investigate the relationship between pre-hospital tranexamic acid treatment and
24-h mortality.

Results: A total of 477 patients had a severe hemorrhage, of whom 124 patients
(26.0%) received tranexamic acid before arriving at the hospital. More than half
(58.4%) of the untreated patients were suspected of a severe hemorrhage by EMS
professionals. Patients treated with tranexamic acid had a significantly lower risk on
24-h mortality than untreated patients (OR 0.43 [95%-CI 0.19-0.971).

Conclusion: Approximately a quarter of the patients with a severe hemorrhage
received tranexamic acid before arriving at the hospital, while a severe hemorrhage
was suspected in more than half of the non-treated patients. Severely hemorrhaging
patients treated with tranexamic acid before arrival at the hospital had a lower risk
to die within 24 hours after injury.
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Background

Traumaticinjuries are responsible for one out of ten deaths worldwide, and approximately
one-third of these patients die as a result of hemorrhage.? Tranexamic acid is an
antifibrinolytic agent which reduces mortality in hemorrhaging trauma patients,
without increasing their chance of vascular-occlusive events.>* The improvement of
survival is greatest when tranexamic acid is administered as soon as possible after
injury.>” Therefore, current clinical guidelines recommend administering the first dose
of tranexamic acid at the scene of injury or en route to the hospital to trauma patients
whom are hemorrhaging or at risk of a significant hemorrhage.®®

In most inclusive trauma systems, pre-hospital treatment is generally performed
by Emergency Medical Services (EMS) professionals, and the use of tranexamic
acid has been widely adopted in their pre-hospital protocols over the past decade.
Administrating tranexamic acid was incorporated in the Dutch National Protocol
of Ambulance Services (NPAS) in 2014. Since then, Dutch EMS professionals are
advised to administer tranexamic acid to patients with a hypovolemic shock due to
an uncontrollable hemorrhage.!® A previous study, performed in the United Kingdom,
found that many hemorrhaging patients were not adequately treated with tranexamic
acid after incorporating its use in their pre-hospital and in-hospital protocols.!!
However, pre-hospital treatment rates could not be determined as the proportion of
patients treated before arriving at the hospital was not described.

It remains unclear to what extent patients who could benefit from tranexamic
acid are accurately treated before arrival at the hospital. This study, therefore, aims
to determine the proportion of ambulance-transported trauma patients with a severe
hemorrhage who are treated with tranexamic acid and investigates the possible
causes of non-treatment.

Methods

The current study was reported in line with the STROBE guidelines.!? The Medical
Ethical Committee of the University Medical Center Utrecht decided that the Medical
Research Involving Human Subjects Act did not apply to this study (reference number:
20/500747).

Study setting

In this study, seven ambulance services and eight inclusive trauma regions participated
in the data collection. Annually, around 550,000 patients are transported to a hospital
by the participating ambulance services.!* They serve a region of approximately 8000
km? that contains more than 6.5 million residents. The participating trauma regions
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comprise eight higher-level and 60 lower-level trauma centers. In the Netherlands,
inclusive trauma regions contain at least one higher-level trauma center (i.e., level-I
trauma center), specialized in treating severely injured patients, and multiple
lower-level trauma centers (i.e., level-II and level-III trauma centers), designed to
treat mildly and moderately injured patients.!* Higher-level trauma centers in the
Netherlands adhere to the standards of the American College of Surgeons Committee
on Trauma (ACSCOT) for providing the highest level of trauma care.'

Dutch ambulances are staffed by an EMS professional (i.e., specialized registered
nurse) licensed to provide advanced life trauma care, and a qualified ambulance-
driver able to provide medical assistance. Since 2014, the 8® version of the Dutch
NPAS is used which recommends administering tranexamic acid to patients with a
hypovolemic shock (systolic blood pressure <90 mmHg) due to an uncontrollable
hemorrhage.!® Contra-indications to administer tranexamic acid according to
the Dutch NPAS are: active thrombo-embolic events, >3 hours after the moment
of injury, and age <1 year. Before tranexamic acid was introduced in the Dutch
NPAS, EMS professionals were trained and tested on the (contra) indications of
administering tranexamic acid and the diagnostic limitation of recognizing severe
hemorrhage was discussed. In the Netherlands, the Helicopter Emergency Medical
Service (HEMS) can be dispatched to assist the EMS professionals at the scene of
injury or during transportation to the hospital if a patient is unstable or expected to
become unstable and is staffed by a specialized physician (i.e., trauma surgeon or
emergency anesthesiologist). Due to the relatively short transportation distances in
the Netherlands, only few patients are transported by helicopter. The Dutch HEMS
uses the same criteria to administer tranexamic acid as described in the Dutch NPAS.

Patients

Patients with a severe hemorrhage, who were transported by a ground ambulance of
one of the seven participating ambulance services to any trauma-receiving emergency
department in the eight participating trauma regions, were included.

Data collection

Records of all patients transported by a ground ambulance of one of the seven
participating ambulance services between January 1%, 2015, and December 31,
2017, were prospectively collected. Non-trauma patients, patients transported to
a non-participating trauma region, patients without the in-hospital diagnosis of a
severe hemorrhage, and patients with a contra-indication to receive tranexamic acid,
were excluded. Trauma patients were identified from unfiltered EMS records using a
previously developed selection tool with an accuracy of 98.9% (95%-CI, 98.3-99.2).1¢
The pre-hospital patient records were written by EMS professionals and contained
the patient’s demographics, pre-hospital vital signs, pre-hospital injury suspicion,
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tranexamic acid administration, HEMS assistance, and transportation details (e.g.,
transport destination). Pre-hospital patient records were assessed to determine if the
EMS professional had a suspicion of a severe hemorrhage at the scene of injury and
whether the patient had a contra-indication to receive tranexamic acid. Qualified
data managers of the regional trauma registries collected injury mechanisms, in-
hospital resource use, mortality status (all-cause), and designated AIS codes based on
in-hospital diagnosed injuries, of all admitted patients. Pre-hospital and in-hospital
patient records were linked with an externally validated linkage tool with an accuracy
of 100.0% (95%-CI, 100.0-100.0).1°

Outcomes and definitions

The main outcome of this study was to determine the proportion of ambulance-
transported patients with a severe hemorrhage who were treated with tranexamic
acid before arrival at the hospital. A severe hemorrhage was defined as an in-hospital
diagnosed extracranial injury with AIS codes including the following descriptions:
>20% body volume blood loss, extremity amputation above the wrist or ankle, or
grade =4 visceral organ injuries (Supplementary Table 1).!” Patients were suspected
to have a severe hemorrhage at the scene of injury if the EMS professionals described
a substantial external hemorrhage (i.e., estimated blood loss =1000 ml) or the
suspicion of an internal hemorrhage in the pre-hospital records, or if the patient had
a systolic blood pressure <90 mmHg at the scene of injury.

Missing data

Variables with missing values were systolic blood pressure (23.8%), heart rate
(10.7%), respiratory rate (28.3%), Glasgow Coma Scale (10.7%), and total pre-
hospital times (6.7%) and appeared to be missing at random. These variables were
multiply imputed using, amongst others, patients’ characteristics, pre-hospital vital
signs, and in-hospital outcomes, in a multilevel multiple imputation creating 48
imputed datasets based on 20 iterations per set.

Statistical analysis

Descriptive statistics were used to analyze the data, and the results are presented
in frequencies and percentages or median and inter-quartile range (IQR). The ¥2
or Mann-Whitney U test were used to compare groups and we considered p values
<0.05 as statistically significant. The results of the multiply imputed variables were
pooled from each imputed data set following Rubin’s rules.'®* A Generalized Linear
Model was performed to investigate the relationship between tranexamic acid and
24-h mortality, adjusted for age, gender, injury severity (i.e., ISS), penetrating injury,
HEMS assistance, distance to level-1 trauma center, and vital parameters used in
the Revised Trauma Score (RTS) (i.e., systolic blood pressure, respiratory rate, and
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Glasgow Coma Scale). We used restricted cubic splines to adjust for non-linearity.
All statistical analyses were computed with R statistical software (R version 4.0.3).'?

Results

A total of 165,109 trauma patients were transported to trauma-receiving emergency
departments in the eight participating trauma regions during the study period, of whom
3760 patients (2.3%) were severely injured (Injury Severity Score [ISS] =16) (Figure
1). In total, 478 patients had a severe hemorrhage, and after excluding one patient who
had a contra-indication to receive tranexamic acid, 477 patients were included.

Baseline characteristics are shown in Table 1. The median age of the patients with
a severe hemorrhage was 40.7 (IQR, 25.6-57.2) years, 335 (70.2%) patients were
male, and 346 (72.5%) patients were severely injured (ISS =16). Fifty-five (11.5%)
patients had a systolic blood pressure <90 mmHg at the scene of injury, 146 (30.6%)
patients had a penetrating injury, and 51 (10.7%) and 84 (17.6%) patients died
within 24 hours and 30 days, respectively.

participating TC

Trauma patients transported to an
n=143 109

| Excluded (n = i64,631}
- No severe hemorrhage

¥

Patients with a severe hemorrhage
n=478

- Excluded (n = 1}
7 Contra-indication for franexamic acid treatment

k4

Included patients
n=477
k4 ¥
Received TXA Not Received TXA
n =124 (26.0%) n =333 [74.0%]
h 4 h 4
Severe hemorrhage Mo severe hemorrhage
suspected suspected
n =206 (38.4%) n = 147 (41.6%)]

Figure 1. Patient selection
TC, Trauma Center; TXA, Tranexamic Acid.
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Table 1. Baseline characteristics

Variables All patients with a Tranexamic acid + Tranexamic acid -  p value
severe hemorrhage
n = 477 n =124 n = 353
Demographics Median (IQR) Median (IQR) Median (IQR)
Age (years) 40.7 (25.6-57.2) 36.1 (25.2-53.8) 42.7 (25.8-59.9) 0.160
N (%) N (%) N (%)

Age <16 (years) 20 (4.2) 3(2.4) 17 (4.8) 0.376

Age =65 (years) 91 (19.1) 19 (15.3) 72 (20.4) 0.270

Male gender 335 (70.2) 97 (78.2) 238 (67.4) 0.032

ISS, median (IQR) 21 (13-34) 28 (17-41) 18 (13-29) <0.001

1SS =16 346 (72.5) 102 (82.3) 244 (69.1) 0.007

Type of trauma N (%) N (%) N (%)

Private 126 (26.4) 17 (13.7) 109 (30.9) <0.001

Traffic 185 (38.8) 53 (42.7) 132 (37.4) 0.345

Sport 16 (3.4) 1(0.8) 15 (4.2) 0.082*

Industrial 39 (8.2) 13 (10.5) 26 (7.4) 0.368

Violence 57 (11.9) 25 (20.2) 33 (9.3) 0.005

Self-mutilation 48 (10.1) 14 (11.3) 38 (10.1) 0.723

Different 2(0.4) 1(0.8) 1(0.3) 0.453*

Vital parameters N (%) N (%) N (%)

Systolic blood pressure <90 55 (11.5) 24 (19.4) 31 (8.8) 0.003

mmHg

Heart rate >110 bpm 106 (22.2) 46 (37.1) 60 (17.0) <0.001

Respiratory rate

>29/min or 48 (10.1) 20 (16.1) 28 (7.9) 0.015

<10/min

Glasgow Coma Scale score <13 115 (24.1) 52 (41.9) 63 (17.8) <0.001

Revised Trauma Score <12 170 (35.6) 72 (58.1) 98 (27.8) <0.001

Pre-hospital assessment N (%) N (%) N (%)

Penetrating injury 146 (30.6) 44 (35.5) 102 (28.9) 0.209
Stab wound 101 (21.2) 33 (26.6) 68 (19.3) 0.111
Gunshot wound 19 (4.0) 7 (5.6) 12 (3.4) 0.289*

Suspected hemorrhage 330 (69.2) 124 (100.0) 206 (58.4) <0.001

HEMS assistance 199 (41.7) 94 (75.8) 105 (29.7) <0.001

Transportation characteristics N (%) N (%) N (%)

Transported to a higher-level 379 (79.5) 115 (92.7) 264 (74.8) <0.001

trauma center

Median (IQR) Median (IQR) Median (IQR)

Response time, min 7.7 (5.4-10.2) 6.9 (5.0-9.3) 8.0 (5.3-10.7) 0.024

On-scene time, min 20.9 (13.9-29.2) 23.9 (16.7-31.2) 20.0 (13.0-28.1) 0.009

Transport time, min 12.6 (7.1-20.6) 14.5 (8.6-27.4) 12.3 (7.0-19.0) 0.004

Total pre-hospital time, min 43.7 (33.0-58.2) 50.4 (38.5-64.7) 42.0 (32.0-55.4) <0.001
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Table 1. Continued.

Variables All patients with a  Tranexamic acid +  Tranexamic acid - p value
severe hemorrhage
n = 477 n=124 n = 353
Intervention and outcomes N (%) N (%) N (%)
Emergency intervention** 154 (32.3) 51 (41.1) 103 (29.2) 0.019
24-h mortality 51 (10.7) 16 (12.9) 35(9.9) 0.449
30-day mortality 84 (17.6) 32 (25.8) 52 (14.7) 0.008

1SS, Injury Severity Score. *Fisher’s exact test. **Emergency intervention: Damage control orthopedics,
Damage control laparotomy, Damage control thoracotomy, ICP monitoring, Craniotomy, Extremity
revascularization, Extraperitoneal pelvic packaging. Systolic blood pressure missed in 23.3%, heart rate in
12.8%, respiratory rate in 28.3%, Glasgow Coma Scale in 10.7%, and total pre-hospital time in 6.7% of the
patients.

Treatment rates

In total, 124 (26.0%) patients with a severe hemorrhage were treated with tranexamic
acid before arrival at an emergency department. The HEMS assisted in 199 patients,
of which 94 (47.2%) were treated with tranexamic acid. Treatment rates did not
significantly change during the study period (26.9% in 2015, 27.5% in 2016, and
24.5% in 2017) (Figure 2). Treatment rates ranged between 11.3% and 50.0% in
the seven participating ambulance services (Supplementary Table 2), and sensitivity
analyses for patients without missing SBP or isolated grade =4 visceral organ injury
showed treatment rates of 25.7% and 29.2%, respectively (Supplementary Table 3).

Study Years
160 142
140
116
£ 12
@
2 100 95
[=%
‘s 80
T
£ a4
S a0 34
=
0
2015 2016 2017

B Tranexamicadd B No Tranexamic acid

Figure 2. Tranexamic acid treatment during study period
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Treated patients

Patients who were treated with tranexamic acid were younger (median age [IQR],
36.1 [25.2-53.8] vs. 42.7 [25.8-59.9]; p 0.160), more often male (97 [78.2%] vs.
238 [67.4%]; p 0.032), and more severely injured (median ISS [IQR], 28 [17-41]
vs. 18 [13-29]; p<0.001), than the untreated patients. The treated patients also
had more often penetrating injuries (44 [35.5%] vs. 102 [28.9%]; p 0.209), had
more often a decreased (<12) RTS (72 [58.1%] vs. 98 [27.8%]; p <0.001), and an
emergency intervention was more often performed in these patients (51 [41.1%]
vs 103 [29.2%]; p <0.019). Furthermore, the treated patients were more often
transported to a higher-level trauma center (vs. 115 [92.7%] vs. 264 [74.8%]; p
<0.001), their total pre-hospital times were longer (median minutes [IQR], 50.4
[38.5-64.7] vs. 42.0 [32.0-55.4]; p <0.001), and the HEMS assisted more often in
these patients (94 [75.8%] vs. 105 [29.7%]; p <0.001).

Two-hundred-six (58.4%) patients who were not treated with tranexamic acid
were suspected to have a severe hemorrhage (Table 2). Thirty-seven (18.0%) of
these patients had a systolic blood pressure <90 mmHg, 122 (59.2%) patients had
substantial external blood loss at the scene of injury, and 88 (42.7%) patients were
suspected to have an internal hemorrhage.

Table 2. Suspected and unsuspected hemorrhages of non-treated patients

Variables Tranexamic acid - Suspicion of a severe  No suspicion of a
hemorrhage severe hemorrhage p value

n = 353 n = 206 n = 147

Demographics Median (IQR) Median (IQR) Median (IQR)

Age (years) 42.7 (25.8-59.9) 43.2 (26.1-59.1) 41.2 (25.5-60.1) 0.655
N (%) N (%) N (%)

Age <16 (years) 17 (4.8) 10 (4.9) 7 (4.8) 1

Age =65 (years) 72 (20.4) 41 (19.9) 31 (21.1) 0.890

Male gender 238 (67.4) 145 (70.4) 93 (63.3) 0.196

1SS, median (IQR) 18 (13-29) 17 (10-26) 21 (16-29) 0.004

Type of trauma N (%) N (%) N (%)

Private 109 (30.9) 73 (35.4) 36 (24.5) 0.038

Traffic 132 (37.4) 57 (27.7) 75 (51.0) <0.001

Sport 15 (4.2) 8 (3.9) 7 (4.8) 0.892

Industrial 26 (7.4) 14 (6.8) 12 (8.2) 0.999

Violence 33(9.3) 26 (12.6) 7 (4.8) 0.021

Self-mutilation 38 (10.1) 25 (12.1) 9 (6.1) 0.088

Different 1(0.3) 1 (0.5) 0 (0.0) 1
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Table 2. Continued.

Variables

Tranexamic acid —

Suspicion of a severe

No suspicion of a

hemorrhage severe hemorrhage p value
n = 353 n = 206 n = 147
Vital parameters N (%) N (%) N (%)
Systolic blood pressure <90 37 (10.5) 37 (18.0) Na <0.001
mmHg
Heart rate >110 bpm 67 (19.0) 46 (22.3) 21 (14.3) 0.062
Respiratory rate 36 (10.2) 26 (12.6) 10 (6.8) 0.097
>29/min or
<10/min
Glasgow Coma Scale score 77 (21.8) 53 (25.7) 24 (16.3) 0.138
<13
Revised Trauma Score <12 116 (32.9) 88 (42.7) 28 (19.0) <0.001
Pre-hospital assessments N (%) N (%) N (%)
Penetrating injury 102 (28.9) 93 (45.1) 9 (6.1) <0.001
Described external 122 (34.6) 122 (59.2) Na <0.001
hemorrhage*
Suspected internal 88 (24.9) 88 (42.7) Na <0.001
hemorrhage*
HEMS assistance 105 (29.7) 60 (29.1) 45 (30.6) 0.855
Regions involved* N (%) N (%) N (%)
Head, face, or neck 59 (16.7) 44 (21.4) 15 (10.2) 0.009
Internal hemorrhage 207 (58.6) 95 (46.1) 112 (76.2) <0.001
Thoracic 51 (13.5) 29 (14.1) 19 (12.9) 0.878
Abdominal 154 (40.7) 59 (28.6) 87 (59.2) <0.001
Pelvic 16 (4.5) 9 (4.4 7 (4.8) 1
Extremities 107 (30.3) 78 (37.9) 29 (19.7) <0.001
Transportation N (%) N (%) N (%)
characteristics
Transported to a higher-level 264 (74.8) 157 (76.2) 107 (72.8) 0.544
trauma center
Pre-hospital treatment 316 (94.3) 185 (93.9) 131 (94.9) 0.875
time**
>15min
Injuries and outcomes N (%) N (%) N (%)
Emergency intervention*** 103 (29.2) 68 (33.0) 35 (23.8) 0.079
24-h mortality 35 (9.9) 26 (12.6) 9(6.1) 0.067
30-day mortality 52 (14.7) 37 (18.0) 15 (10.2) 0.061

1SS, Injury Severity Score. *Patients can sustain severe hemorrhages in multiple body regions. **Pre-hospital
treatment time: treatment time at the scene of injury + transportation time. ***Emergency intervention:
Damage control orthopedics, Damage control laparotomy, Damage control thoracotomy, ICP monitoring,
Craniotomy, Extremity revascularization, Extraperitoneal pelvic packaging. All missing values were multiply
imputed.
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Patients treated with tranexamic acid had significantly lower risk on 24-h mortality
than untreated patients (OR 0.43 [95%CI, 0.19-0.97]) (Table 3).

Table 3. Adjusted odds ratio for 24h mortality

Pre-hospital tranexamic acid Generalized Linear Model

0dds ratio (95%-CI)

No tranexamic acid Reference

Tranexamic acid +* 0.43 (0.19-0.97)

*Adjusted for: age, gender, injury severity (ISS), penetrating injury, HEMS assistance, distance to level-1
trauma center, systolic blood pressure, Glasgow coma scale, and respiratory rate.

Discussion

This study evaluated pre-hospital tranexamic acid administration in patients with a
severe hemorrhage and found that 26% of these patients were treated with tranexamic
acid before arrival at the hospital while more than half (58%) of the untreated
patients were suspected to have a severe hemorrhage. Additionally, we found that
patients who were treated with tranexamic acid before arrival at the hospital had
significantly lower risk on 24-h mortality than untreated patients (adjusted OR 0.44
[95%-CI, 0.19-0.971).

This was, to our knowledge, the first trauma-region wide study that was able to
adequately estimate the pre-hospital tranexamic acid administration rate in severely
hemorrhaging patients. We found that a majority of these patients were not treated
before arrival at the hospital, which is in line with the findings of previous studies!**
Coats et al. described the implementation of tranexamic acid in the pre-hospital and
in-hospital protocols in England and Wales between 2010 and 2016 and found low
administration rates in the TARN database (10%), even in patients with a systolic
blood pressure <100 mmHg at the emergency department (23.8%).!" This study,
however, did not describe the proportion of patients that were treated before arrival
at the hospital. Another study by Van Wessem et al. found that 49% of the severely
injured patients who were admitted to a Dutch Level-I trauma center received
tranexamic acid before arrival at the hospital.?° In the current study, we found lower
treatment rates probably due to the fact that we also included patients with a severe
hemorrhage who were transported to a lower-level trauma center and/or were not
severely injured (ISS<16).

Accurately recognizing a severe hemorrhage at the scene of injury can be
challenging as it Is difficult to estimate the amount of external blood loss,?! internal
hemorrhages can be difficult to recognize,** and patients can become hypotensive at
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a later stage or due to other causes (e.g., neurogenic shock).?>?¢ In the current study,
solely a small proportion of the patients with a severe hemorrhage had a systolic blood
pressure <90 mmHg. This could suggest that, in a highly developed trauma system
with short transportation distances, blood pressure might not be the right parameter
to estimate if a patient is severely hemorrhaging at the scene of injury. The advice
to administer tranexamic acid solely in patients with a hypovolemic shock due to an
uncontrollable hemorrhage, as prescribed in the Dutch NPAS,!° might have caused
the EMS professional to leave these patients untreated as more than half (58%) of
the non-treated patients were suspected to have a severe hemorrhage. Moreover, the
relatively short distances in the Netherlands, and the shorter total pre-hospital times
in patients that did not receive tranexamic acid (median minutes, 42 vs. 50), might
have caused the EMS professionals to postpone tranexamic acid administration until
arrival at an emergency department in the patients they suspected to have a severe
hemorrhage. However, every 15 min of treatment delay decreases the survival benefit
of tranexamic acid by 10%,” which indicates that 94% of the untreated patients could
have benefitted from pre-hospital tranexamic acid administration as they had a pre-
hospital time longer than 15 min.

Strengths and limitations

The inclusion of patients from a large, consecutive cohort, is a great strength of this
study. Pre-hospital records of patients transported by seven ambulance services, which
serve rural, urban, and suburban areas, were linked to their in-hospital records from
both higher-level and lower-level trauma centers in the eight participating trauma
regions. All admitted trauma patients are registered by the Dutch trauma registry,
and in the Netherlands, no patients are transported to or treated at a non-trauma
center.?’ This resulted in the inclusion of as many patients with a severe hemorrhage
as possible, even if transported to an adjacent trauma region. This study also has
some limitations. First, the total number of patients that could have benefitted from
tranexamic acid can be greater than outlined in this study, as we solely included
patients with severe traumatic hemorrhages. Second, as there are no specific AIS
codes for blood loss due to visceral organ injuries, we additionally included patients
with grade =4 injuries to prevent excluding patients with severe hemorrhages due
to visceral organ injuries. However, a sensitivity analysis in patients without grade
=4 visceral organ injuries demonstrated a comparable treatment rate of 29.1% vs.
26.0% in all patients. Third, we performed a cohort study on patients that were
severely hemorrhaging and retrospectively determined if they received tranexamic
acid, which might contribute to the relatively low treatment rates. Final, we were
unable to adjust the association between pre-hospital treatment with tranexamic acid
and 24-h mortality for in-hospital tranexamic acid treatment, as it was not recorded
by the Dutch Trauma Registry.
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Previous studies demonstrate the effectivity and safety of tranexamic acid in a wide
spectrum of patients and indicate the importance of early administration®”-26-3! The
European guideline of major bleeding and coagulopathy following trauma therefore
recommends, since 2016, to treat both hemorrhaging patients and patients at risk
of a significant hemorrhage before arrival at the hospital to prevent undertreatment
in patients who could have benefitted from tranexamic acid, as per the inclusion
criteria of the CRASH-II study.>® Adjusting the current criteria of the Dutch NPAS
for administering tranexamic acid, and alike protocols of other countries, to such a
more liberal definition (i.e., administer tranexamic acid in patients with and patients
suspected of a severe hemorrhage), could potentially improve pre-hospital treatment
rates substantially as the majority of the patients (69%) was suspected of a severe
hemorrhage by the EMS professionals. However, future research should investigate
the effect of such a liberal adjustment on overtreatment and patient outcomes.

Additionally, although a large proportion of the patients with a severe hemorrhage
were suspected of a severe hemorrhage by the EMS professionals, still a third of the
patients remained unrecognized. Future research could focus on the development
of pre-hospital prediction models to aid EMS professionals in recognizing a severe
hemorrhage which could further improve pre-hospital treatment rates. Such a
prediction model has been previously developed to predict if a patient is severely
injured at the scene of injury.?

Conclusion

This study found that approximately a quarter of the patients with a severe
hemorrhage received tranexamic acid before arrival at the hospital, while more
than half of the untreated patients were suspected to have a severe hemorrhage by
the EMS professionals. The low treatment rate seemed to be caused by the short
transportation distances, recommendations in the pre-hospital protocol to solely treat
the most severely hemorrhaging patients, and the challenges of recognizing a severe
hemorrhage in the field. Severely hemorrhaging patients treated with tranexamic
acid before arrival at the hospital had lower risk to die within 24 hours after injury.
We suggest revising the pre-hospital protocol to a more user-friendly version in the
field to aid EMS professionals in their on-scene decision making.
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Supplementary Material

Supplementary Table 1. Selected AIS codes that define a significant hemorrhage

Code Region Injury Description AIS98 AlS98exact  FCI
110606.3  Scalp Laceration blood loss >20% by volume 110606.3 110606.3 5
110806.3  Scalp Avulsion blood loss >20% by volume 110806.3 110806.3 5
216006.3  Penetrating injury With blood loss >20% by volume 216006.3 216006.3 5
210606.3  Skin/subcutaneous/muscle Laceration blood loss >20% by volume 210606.3 210606.3 5
210806.3  Skin/subcutaneous/muscle Avulsion blood loss >20% by volume 210806.3 210806.3 5
220204.3  External carotid artery Major; transection; blood loss >20% by volume 220204.3 220204.3 5
branch(es) laceration
250810.4  Maxilla Fracture LeFort I1l blood loss >20% by volume 250810.4 250810.4 5
251902.4  Panfacial Fracture blood loss >20% by volume None None 3
316006.3  Penetrating Injury Blood loss >20% by volume 316006.3 316006.3 5
310606.3  Skin/subcutaneous tissue/muscle Laceration blood loss >20% by volume 310606.3 310606.3 5
310806.3  Skin/subcutaneous tissue/muscle  Avulsion blood loss >20% by volume 310806.3 310806.3 5
320212.4  Carotid artery [common, Laceration; perforation; puncture major; rupture; transection; 320212.4 320212.4 5
internal] segmental loss; blood loss >20% by volume
320213.4  Carotid artery [common, Laceration; perforation; puncture major; rupture; transection; 320212.4 None 5
internal] segmental loss; blood loss >20% by volume bilateral
320214.5 Carotid artery [common, Laceration; perforation; puncture major; rupture; transection; 320214.5 320214.5 1
internal] segmental loss; blood loss >20% by volume neurological
deficit (stroke) not head-injury related
320215.5  Carotid artery [common, Laceration; perforation; puncture major; rupture; transection; 320214.5 None 1
internal] segmental loss; blood loss >20% by volume neurological
deficit (stroke) not head-injury related bilateral
320408.3  Carotid artery [external] Laceration; perforation; puncture major; rupture; transection; 320408.3 320408.3 5
segmental loss; blood loss >20% by volume
321012.3  Vertebral artery Laceration; perforation; puncture major; rupture; transection; 321012.3 321012.3 5
blood loss >20% by volume
321014.4  Vertebral artery Laceration; perforation; puncture major; rupture; transection; 321014.4 321014.4 2
blood loss >20% by volume neurological deficit (stroke) not
head-injury related
321015.5  Vertebral artery Laceration; perforation; puncture major; rupture; transection; 321014.4 None 1
blood loss >20% by volume neurological deficit (stroke) not
head-injury related bilateral
320606.3  Jugular vein [external] Major; rupture; transection; segmental loss; blood loss >20% 320606.3 320606.3 5
by volume
320806.3  Jugular vein [internal] Laceration; perforation; puncture major; rupture; transection; 320806.3 320806.3 5
blood loss >20% by volume
416006.3  Penetrating injury With blood loss >20% by volume 416006.3 416006.3 5
410606.3  Skin/subcutaneous /muscle Blood loss >20% by volume 410606.3 410606.3 5
410806.3  Skin/subcutaneous /muscle Blood loss >20% by volume 410806.3 410806.3 5
420210.5  Aorta, thoracic Major; rupture; transection; segmental loss; blood loss >20% 420210.5 420210.5 5
by volume
420408.4  Brachiocephalic (innominate) Laceration; perforation; puncture major; rupture; transection; 420408.4 420408.4 5
artery segmental loss; blood loss >20% by volume
421008.5 Pulmonary artery Laceration; perforation; puncture major; rupture; transection; 421008.4 421008.4 5
segmental loss; blood loss >20% by volume
421009.6  Pulmonary artery Laceration; perforation; puncture major; rupture; transection; 421008.4 None 1
segmental loss; blood loss >20% by volume bilateral
421408.4  Subclavian artery Major; rupture; transection; segmental loss; blood loss >20% 421408.4 421408.4 5
by volume
422008.3 Other named arteries e.g., Laceration; perforation; puncture major; rupture; transection; 422008.3 422008.3 5
bronchial, esophageal, segmental loss; blood loss >20% by volume
intercostal, internal mammary
420606.4  Brachiocephalic (innominate) Laceration; perforation; puncture major; rupture; transection; 420606.4 420606.4 5
vein segmental loss; blood loss >20% by volume
420608.5 Brachiocephalic (innominate) Laceration; perforation; puncture major; rupture; transection; 420608.5 420608.5 5
vein segmental loss; blood loss >20% by volume with air embolus
right side
421206.5  Pulmonary vein Laceration; perforation; puncture major; rupture; transection; 421206.e 421206.4 5

segmental loss; blood loss >20% by volume
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Supplementary Table 1. Continued.

Code Region Injury Description AIS98 AlS98exact  FCI
421207.6  Pulmonary vein Laceration; perforation; puncture major; rupture; transection; 421206.4 None 1
segmental loss; blood loss >20% by volume bilateral
421604.3 Subclavian vein Laceration; perforation; puncture minor; superficial; 421604.3 421604.3 5
incomplete circumferential involvement; blood loss 020% by
volume
421606.4 Subclavian vein Laceration; perforation; puncture major; rupture; transection; 421606.4 421606.4 5
segmental loss: blood loss >20% by volume
421806.4  Vena Cava, superior and thoracic ~ Laceration; perforation; puncture major; rupture; transection; 421806.4 421806.4 5
portion of inferior, segmental loss; blood loss >20% by volume
421808.5  Vena Cava, superior and thoracic ~ Laceration; perforation; puncture major; rupture; transection; 421808.5 421808.5 5
portion of inferior, segmental loss; blood loss >20% by volume with air embolus
right side
422206.3 Other named veins, e.g., Laceration; perforation; puncture major; rupture; transection; 422206.3 422206.3 5
azygos, bronchial, esophageal, segmental loss; blood loss >20% by volume
hemiazygos, intercostal, internal
jugular, internal mammary
441012.5  Heart (Myocardium) injury Laceration perforation, ventricular or atrial, with or without 441012.5 441012.5 5
tamponade
441013.5  Heart (Myocardium) injury Perforation atrial rupture 441013.5 441013.5 5
441014.6  Heart (Myocardium) injury Perforation ventricular rupture 441014.6 441014.6 1
441016.6  Heart (Myocardium) injury Perforation multiple lacerations; >50% tissue loss of a 441016.6 441016.6 1
chamber
441018.6  Heart (Myocardium) injury Avulsion 441018.6 441018.6 1
442201.4  Thoracic injury Hemothorax major; >1000cc blood loss on at least one side 442208.4 442208.4 5
442206.4  Thoracic injury Hemopneumothorax major; >1000cc blood loss on at least 442202.3 None 5
one side
516006.3  Penetrating injury With blood loss >20% by volume 516006.3 516006.3 5
510604.2  Skin/subcutaneous/muscle Laceration major; >20cm long and into subcutaneous tissue 510604.2 510604.2 5
[except rectus abdominus]
510806.3  Skin/subcutaneous/muscle Avulsion blood loss >20% by volume 510806.3 510806.3 5
[except rectus abdominus]
520208.5  Aorta, Abdominal Laceration; perforation; puncture: major; rupture; transection; ~ 520208.5 520208.5 5
segmental loss: blood loss >20% by volume
520408.5  Celiac Artery Laceration; perforation; puncture major; rupture; transection; 520408.5 520408.5 5
segmental loss: blood loss >20% by volume
520608.4 Iliac Artery [common, internal, Laceration; perforation; puncture major; rupture; transection; 520608.4 520608.4 5
external] and its named branches segmental loss: blood loss >20% by volume
521108.4  Superior Mesenteric Artery Laceration; perforation; puncture major; rupture; transection;  521408.4 None 5
segmental loss; blood loss >20% by volume
521408.4  Other named arteries Laceration; perforation; puncture major; rupture; transection; 521408.4 521408.4 5
segmental loss: blood loss >20% by volume
520806.4 iliac Vein [common] Laceration; perforation; puncture major; rupture; transection; 520806.4 520806.4 4
segmental loss; blood loss >20% by volume
521006.3 Iliac Vein [internal, external] Laceration; perforation; puncture major; rupture; transection; 521006.3 521006.3 4
segmental loss: blood loss >20% by volume
521206.4  Vena Cava, Inferior Major; rupture; transection; segmental loss; blood loss >20% 521206.4 521206.4 5
by volume
521606.4  Other named veins Laceration; perforation; puncture major; rupture; transection; 521606.4 521606.4 5
segmental loss; blood loss >20% by volume
541626.4  Kidney Laceration extending through renal cortex, medulla and 541626.4 541626.4 5
collecting system; main renal vessel injury with hemorrhage;
major [OIS IV]
541628.5  Kidney Laceration hilum avulsion; total destruction of organ and its 541628.5 541628.5 5
vascular system [OIS V]
541826.4  Liver Laceration parenchymal disruption 75% hepatic lobe; multiple — 541826.4 541826.4 5
lacerations >3cm deep; burst injury: major [OIS IV]
541828.5  Liver Laceration parenchymal disruption of >75% of hepatic lobe 541828.5 541828.5 5
or >3 Coulnard’s segments within a single lobe; or involving
retro hepatic vena cava/ central hepatic veins; massive;
complex [OIS V]
541830.6  Liver Laceration hepatic avulsion (total separation of all vascular 541830.6 541830.6 1
attachments) [OIS VI]
544226.4  Spleen Laceration involving segmental or hilar vessels producing 544226.4 544226.4 5
major devascularization of >25% of spleen but no hilar injury;
major [OIS IV]
544228.5  Spleen Laceration hilar disruption producing total devascularization; 544228.5 544228.5 5

tissue loss; avulsion; massive [OIS V]
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Supplementary Table 1. Continued.

Code Region Injury Description AIS98 AlS98exact  FCI
711000.3  Amputation [traumatic], partial ~ Between shoulder and hand. But NFS as to specific anatomical ~ 711000.3 711000.3 2
or complete site
711001.4  Amputation [traumatic], partial At shoulder 711000.3 None 1
or complete
711010.5  Amputation [traumatic], partial At shoulder bilateral 711000.3 None 1
or complete
711002.4  Amputation [traumatic], partial At or above elbow, below shoulder 711000.3 None 1
or complete
711012.5  Amputation [traumatic], partial At or above elbow, below shoulder bilateral 711000.3 None 1
or complete
711003.3  Amputation [traumatic], partial Below elbow;, at or above wrist 711000.3 None 1
or complete
716006.3  Penetrating injury NFS as to specific anatomical sites with blood loss >20% by 716006.3 716006.3 5
volume
716013.3  Penetrating injury At shoulder, with blood loss >20% by volume 716006.3 None 5
716017.3  Penetrating injury At or above elbow, below shoulder, with blood loss >20% by 716006.3 None 5
volume
710606.3  Skin/subcutaneous/muscle Laceration blood loss >20% by volume 710606.3 710606.3 5
710806.3  Skin/subcutaneous/muscle Avulsion blood loss >20% by volume 710806.3 710806.3 5
720208.3  Axillary artery Laceration; perforation; puncture major; rupture; transection;  720208.3 720208.3 5
segmental loss: blood loss >20% by volume
720406.3  Axillary vein Laceration; perforation; puncture major; rupture; transaction: 720406.3 720406.3 5
segmental loss; blood loss >20% by volume
720608.3  Brachial artery Laceration; puncture: perforation major; rupture; transection; 720608.3 720608.3 5
segmental loss; blood loss >20% by volume
720806.3 Brachial vein Laceration; puncture: perforation major; rupture; transection; 720806.3 720806.3 5
segmental loss; blood loss >20% by volume
721008.3  Other named arteries [e.g., Laceration; puncture: perforation major; rupture; transection; 721008.3 721008.3 5
radial, ulnar] segmental loss; blood loss >20% by volume
721206.3  Other named veins [e.g., Laceration; puncture: perforation major; rupture; transection; 721206.3 721206.3 5
cephalic, basilic] segmental loss; blood loss >20% by volume
811000.3  Amputation [traumatic], partial ~ Between hip and foot. But NFS as to specific anatomical site 811000.3 811000.3 2
or complete
811001.4  Amputation [traumatic], partial At hip or at buttock 811004.4 811004.4 1
or complete
811010.5  Amputation [traumatic], partial At hip or at buttock bilateral 811004.4 None 1
or complete
811002.4  Amputation [traumatic], partial At or above knee, below hip 811004.4 811004.4 2
or complete
811012.5  Amputation [traumatic], partial At or above knee, below hip bilateral 811004.4 None 1
or complete
811003.3  Amputation [traumatic], partial ~ Below knee, at or above ankle 811002.3 811002.3 2
or complete
816006.3  Penetrating Injury NFS as to specific anatomical site with blood loss >20% by 816006.3 816006.3 4
volume
816013.3  Penetrating Injury At hip or buttock, with blood loss >20% by volume 816006.3 None 5
816017.3  Penetrating Injury At or above knee, below hip, blood loss >20% by volume 816006.3 None 5
810606.3  Skin/subcutaneous/muscle Laceration blood loss >20% by volume 810606.3 810606.3 5
810806.3  Skin/subcutaneous/muscle Avulsion blood loss >20% by volume 810806.3 810806.3 5
820208.4  Femoral artery and its named Major; rupture; transection; segmental loss; blood loss >20% 820208.4 820208.4 5
branches by volume
820406.3  Femoral vein Laceration; perforation; puncture major: rupture; transection; 820406.3 820406.3 4
segmental loss; blood loss >20% by volume
820608.3 Popliteal artery Laceration; perforation; puncture major; rupture: transection; 820608.3 820608.3 5
segmental loss; blood loss >20% by volume
820806.3 Popliteal vein Laceration; perforation; puncture major; rupture; transection; 820806.3 820806.3 4
segmental loss; blood loss >20% by volume
821008.3 Other named arteries [e.g., tibia, Laceration; perforation; puncture major; rupture; transection; 821008.3 821008.3 5
peroneal] segmental loss; blood loss >20% by volume
821206.3 Other named veins [e.g., Laceration; perforation; puncture major; rupture; transection; 821206.3 821206.3 4
saphenous] segmental loss; blood loss >20% by volume
856164.5  Pelvic ring Fracture, incomplete disruption of posterior arch NFS blood 852610.5 None
loss >20% by volume
856173.5  Pelvic ring Fracture, complete disruption of posterior arch and pelvic floor ~ 852610.5 None

NFS blood loss >20% by volume
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Supplementary Table 2. Tranexamic acid treatment rate per ambulance service

Variables Total Service 1 Service 2 Service 3 Service 4 Service 5 Service 6 Service 7
n=477 n=135 n=64 n =94 n = 36 n = 80 n =16 n =52

N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Tranexamic 124 23 (17.0) 32 (50.0) 24 (25.5) 16 (44.4) 9(11.3) 8 (50.0) 12 (23.1)
acid + (26.0)

No tranexamic 353 112 32 (50.0) 70 (74.5) 20 (55.6) 71 (88.7) 8 (50.0) 40 (76.9)
acid (74.0) (83.0)

Suspected 206 58 (51.8) 16 (50.0) 45 (64.3) 13 (65.0) 52 (73.2) 4 (50.0) 18 (45.0)
hemorrhage* (58.4)

*Hemorrhage suspected in non-treated patients.

Supplementary Table 3. Sensitivity analysis

Variables Total Patients without missing Patients without isolated grade
systolic blood pressure = 4 visceral organ injury
n = 477 n = 366 n = 363
N (%) N (%) N (%)
Tranexamic acid + 124 (26.0) 94 (25.7) 106 (29.2)
No tranexamic acid 353 (74.0) 272 (74.3) 257 (70.8)
Suspected hemorrhage* 206 (58.4) 157 (57.7) 172 (66.9)

*Hemorrhage suspected in non-treated patients.
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Abstract

Introduction: The introduction of wireless sensors will enable military care providers
to continuously and remotely assess/monitor vital signs. Prediction models are
needed to utilize such data adequately and aid military care providers in their on-
scene decision-making to optimize pre-hospital triage and improve patient outcomes.

Methods: A prospective cohort comprising data from eight Emergency Medical
Services and seven inclusive trauma regions was used to develop and validate
prediction models that could aid military care providers in their pre-hospital triage
decisions. Healthy (ASA 1/2) admitted adult trauma patients (=16 and <50 years),
who suffered from a trauma mechanism that could occur to military personnel and
were transported by ambulance from the scene of injury to a hospital, were included.
A full model strategy was used, including pre-hospital predictors that are expected to
be automaticly collectible by wireless sensors or to be incorporated in a personalized
device that could run the models. Models were developed to predict early critical-
resource use (ECRU), severe head injury (Abbreviated Injury Scale =4), serious
thoracic injury (Abbreviated Injury Scale =3), and severe internal bleeding (i.e.,
>20% blood loss). Model performance was evaluated in terms of discrimination and
calibration.

Results: Prediction models were developed with data from 4625 patients (80.0%) and
validated with data from 1157 patients (20.0%). The models had good to excellent
discriminative performance for the predicted outcomes in the validation cohort, with
c-statistics of 0.80 (95% confidence interval 0.76 to 0.84) for ECRU, 0.83 (0.76 to
0.91) for severe head injury, 0.75 (0.70 to 0.80) for serious thoracic injury, and 0.85
(0.78 to 0.93) for severe internal bleeding. All models showed satisfactory calibration
in the validation cohort.

Conclusion: The developed models could reliably predict outcomes in a simulated

military trauma population and potentially support pre-hospital care providers in
their triage decisions.

222



Pre-hospital prediction models for military trauma patients

Introduction

Pre-hospital triage was invented around 1792 by Baron Dominique Jean Larrey.!
This surgeon-in-chief to Napoleon’s imperial guard developed the first system for
evacuating the trauma patients requiring the most urgent care from the battlefield.?
Since then, various protocols and tools were developed to aid pre-hospital care
providers in their triage decision-making.® The currently used decision-support tools
are static flowcharts, which are unable to detect subtle and/or interacting patterns
of signs and symptoms. In contrast, prediction models include multiple variables,
comprise more refined effects, and could be used to estimate an individual’s chance
on a certain outcome. Such a model was recently integrated in a mobile application*
and showed to improve pre-hospital triage in civilian trauma patients after being
implemented clinical practice.®

Pre-hospital triage in a military setting is considered to be even more challenging
due to a scene of injury characterized by a lack of resources, prolonged pre-hospital
times, and dangerous circumstances (e.g., care, triage and/or patient extraction
under fire).>%” Various triage systems (e.g., Field Triage Score [FTS])® were previously
developed to aid in this difficult decision-making, of which most are static flowcharts.
To our knowledge, an adequate prediction model that could serve a military population
does currently not exist and could be of great value for military pre-hospital care
providers, especially as the implementation of wireless sensors will make it possible to
continuously and remotely assess/monitor vital signs in military personnel.

In case of a mass casualty, prediction models could for example provide a
prioritized overview of the injured patients based on their chance to be in need for
critical resources. Also, prediction models could be used to aid military pre-hospital
care providers in the recognition of (occult) injuries. Such models are crucial to
support military care providers in their pre-hospital triage decisions and optimize
soldiers’ outcomes. To our knowledge, currently no large military database including
sufficient pre-hospital data exists as measuring vital signs is challenging in a military
environment® and military trauma registries need(ed) further development.® The
Dutch Trauma Continuum of Care Cohort (TRACCC), in which data from multiple
Emergency Medical Services (EMSs) were adequately linked to data from the Dutch
Trauma Registry, offers the opportunity to mimic a military population.

The aim of this study was to develop and validate prediction models that could aid
military care providers in their pre-hospital triage decisions and potentially improve
soldiers’ chances of survival.
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Methods

This study was reported in accordance with the Transparent Reporting of a
multivariable prediction model for Individual Prognosis or Diagnosis guidelines!®
and judged as not subject to the Medical Research Involving Human Subjects Act by
the Medical Ethical Committee of the University Medical Centre Utrecht (reference
number 20/500747).

Data sources

Data of the TRACCC were used to develop and validate the models. TRACCC comprises
data from a consecutive series of pre-hospital electronic health records from eight
EMSs (Amsterdam-Amstelland, Brabant Midden-West, Brabant-Noord, Gelderland-
Zuid, Rotterdam-Rijnmond, Utrecht, Zaanstreek-Waterland, and Zuid-Holland Zuid)
linked to data of seven corresponding trauma regions collected for the Dutch Trauma
Registry from Jan 1, 2015 until Dec 31, 2017. In this cohort, pre-hospital and hospital
data were prospectively collected and linked with combined deterministic and
probabilistic linkage with an accuracy of 100.0% (95%-CI, 100.0-100.0).

Records of trauma patients were selected in the EMS records of all types of patients
with a selection tool that previously demonstrated an externally validated accuracy
of 98.9% (95%-CI, 98.3-99.2).7 These records included, among others, patient
characteristics, automatically collected pre-hospital vital signs, and provided pre-
hospital treatments. These treatments were generally provided by EMS professionals,
who were licensed to provide pre-hospital care at an Advanced Life Support (ALS)
level. The hospital data consisted of the records collected for the Dutch Trauma
Registry, in which all admitted Dutch trauma patients are included.!? These included
among others, patient characteristics, early critical-resources (e.g., major emergency
intervention within 24 hours), and sustained injuries. Additional information on data
collection for this cohort can be found in a prior study performed by the members of
the Pre-hospital Trauma Triage Research Collaborative (PTTRC).!

Participants

All healthy (i.e., American Society of Anesthesiologists [ASA] physical status
classification 1 or 2) admitted adult trauma patients (=16 and <50 years), who
suffered from a trauma mechanism that could occur to military personnel and were
transported by the participating EMSs to emergency departments in the participating
trauma regions, between January 1, 2015 and December 31, 2017, were included.
The study population was chosen to mimic a military population. Patients were, in
line with previous research,* included from 16 years as they are considered to have
comparable vital parameters as adults. Any motorized vehicle crash, fall, violence (i.e.,
hit by a blunt object, stabbing injury, gunshot injury), or explosion was considered a
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potential military trauma mechanism.

Outcome measures
The primary outcome measure was early critical-resource use (ECRU), which was,
in line with previous research,!’>!* defined as a composite endpoint of pre-hospital
intubation, a major emergency intervention within 24 hours, admission to intensive
care unit (ICU), and death within 24 hours after arrival at the trauma centre
(Supplementary Table 1). Early warning scores (Supplementary Table 2), currently
used to monitor military trauma patients, were predicted for the linear predictors of
the ECRU-model. A sensitivity analysis was carried out to assess the performance of
the ECRU-model for predicting critical injuries (Injury Severity Score [ISS] =24).
ISSs were calculated by trained trauma data managers of the Dutch Trauma Registry,
using the Abbreviated Injury Scale (AIS) 2005, update 2008, to code all injuries
diagnosed during the first 30 days post-trauma.?®

The secondary outcome measures were severe head injury, serious thoracic injury,
and severe internal bleeding. Severe head injury was defined as any injury to the
head with an AIS =4. Serious thoracic injury was defined as any injury in the AIS
region thorax with an AIS =3. Severe internal bleeding was defined as any internal
bleeding injury with >20% blood loss (Supplementary Table 3).

Sensitivity analyses were conducted for all models excluding the trauma
mechanisms as the currently available wireless sensors do not collect information on
the mechanism of injury.

Model development and performance
Predictors were selected based on clinical reasoning, previous literature, and
practical applicability. As time is critical in military pre-hospital care the number
of handcollected variables was minimized: all included predictors were expected to
be collected fully automaticly by wireless sensors in the near future (i.e., systolic
blood pressure, respiratory rate, Glasgow Coma Scale, heart rate, oxygen saturation,
low-energetic fall, high-energetic fall, motor vehicle accident, gunshot) or to be
incorporated in a personalized device that will run the models (i.e., age and gender).
The first measured vital parameters (i.e., systolic blood pressure, respiratory rate,
Glasgow Coma Scale, heart rate, and oxygen saturation) in the EMS records and
the trauma mechanisms (i.e. low-energetic fall, high-energetic fall, motor vehicle
accident, gunshot) as coded by trained trauma data managers of the Dutch Trauma
Registry were used as predictors. The predictors age and gender were extracted from
the EMS records.

Multiply imputed data were used to assess the bivariable and multivariable
associations between predictors and outcome measures. Gradient boosting decision
trees were used for prediction model development. These models intrinsicly deal
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with missing values in contrast to most prediction modeling methods (e.g., logistic
regression). Split-sample validation was used for which the cohort data was randomly
split in a derivation (80%) and test set (20%). Hyperparameters of the gradient
boosting machines were optimized in the derivation set using 10-fold cross-validation.

The performance of the models was assessed in terms of discrimination and
calibration. Discrimination provides information on a model’s performance to
discriminate between patients with and without an outcome and calibration depicts
a model’s performance to provide corresponding predicted and observed risks.
Discrimination was presented as the Area Under the Curve (AUC) (i.e., c-statistic) and
sensitivity-specificity cut-offs in the validation set. The models calibration intercepts
and slopes in the validation set were used to assess calibration. A model perfectly
calibrates if a model’s intercept is zero and a model’s slope is one. A slope of less than
1 and an intercept less than 0 indicate that a model is too optimistic (low predictions
for an outcome are too low and high predictions are too high).!® Calibration plots
were constructed to visualize possible miscalibration (e.g., overfitting).

Statistical analysis

Median values with interquartile ranges (IQRs) were used to describe continuous
variables. Frequencies with percentages were used to describe nominal and
ordinal variables.

Multi-level multiple imputation that accounted for cluster (i.e., EMS regions)
differences was peformed and 48 imputed datasets based on 20 iterations per set were
generated.!” Pre-hospital variables with missing values were Glasgow Coma Scale,
systolic blood pressure and respiratory rate. All datasets were used to carry out the
analyses of variables with missing data. Analyses were conducted for each individual
dataset and averaged to provide pooled point estimates. Confidence intervals were
calculated according to Rubin’s rules. All statistical analyses were performed using R
(version 4.0.3).1®

Results

From January 2015 to December 2017, 165,109 trauma patients were transported
from the scene of injury by an ambulance of the participating EMSs to a participating
trauma centre. After excluding 115,779 patients who were discharged from the
emergency department, 38,041 patients with non-military demographics (i.e., age
<16/>50 or ASA =3) and 5508 who suffered from a non-military trauma mechanism
(e.g., bicycle accident), 5781 patients were included (Figure 1). Of these patients
4624 (80.0%) were randomly included in the development cohort and 1157 (20.0%)
in the validation cohort.
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Unfiltered EMS records
(n=631,475)
| Non-trauma
v (n=466,071)
Trauma
(n=165,404)
Transport to a non-
»| participating trauma center
Y (n=295)

Transported to a
participating trauma center

(n=165,109)
> Discharged
v (n=115,779)
Admitted trauma patients
(n=49,330)
| Age <16 or >50 or ASA >3
ld j—
v (n=138,041)
Military population
(n=11,289)
- Other mechanism
v (n=5508)
Included
(n=5781)

Figure 1. Patient inclusion
EMS, Emergency Medical Services.

Development

The distributions of predictor variables and outcomes in the development and
the validation cohorts are displayed in Table 1. The median age was 32.3 years
(interquartile range 24.5-42.6) in the development cohort and 32.1 years (24.4-42.5)
in the validation cohort and most patients were men in both cohorts (70.4% and
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69.5%, respectively). In the development cohort, patients had slightly less abnormal

vital parameters and slightly more often the outcomes that were predicted compared
to the patients in the validation cohort. The mechanisms high-energetic fall and

gunshot injury were strong predictors in most of the models (Table 2). All developed

models are provided as online accessible JSON-files.

Table 1. Distribution of predictor variables and predicted outcomes in development and

validation sets.

Development
n = 4624

Validation
n = 1157

Predictors
Median (IQR) age (years)
Male sex
Trauma mechanism

Motorized vehicle collision

High-energetic fall

Low-energetic fall

Hit by a blunt object

Stab injury

Gunshot injury

Explosion
Median (IQR) systolic blood pressure
Systolic blood pressure <90 mmHg
Median (IQR) respiratory rate
Respiratory rate >29/min or <10/min
Median (IQR) Glasgow Coma Scale
Glasgow Coma Scale <13
Median (IQR) heart rate
Heart rate <40/min or >100/min
Median (IQR) oxygen saturation
Oxygen saturation <90%
Predicted outcomes
Early critical resource use
Severe head injury (AIS =4)
Serious thoracic injury (AIS =3)
Severe internal hemorrhage
Injury severity

Severe injury (ISS =24)

32.3 (24.5-42.6)

3256 (70.4)

1240 (26.8)
796 (17.2)
1618 (35.0)
538 (11.6)
308 (6.7)
102 (2.2)
22 (0.5)
130 (120-143)
64 (1.4)
16 (14-20)
128 (2.8)
15 (15-15)
387 (8.4)
88 (77-100)
911 (19.7)
98 (97-99)
107 (2.3)

629 (13.6)
172 (3.7)
398 (8.6)
110 (2.4)

246 (5.3)

32.1 (24.4-42.5)
804 (69.5)

341 (29.5)
198 (17.1)
393 (34.0)
133 (11.5)
69 (6.0)
16 (1.4)

7 (0.6)
130 (120-143)
14 (1.2)
16 (14-18)
28 (2.4)
15 (15-15)
93 (8.1)
87 (76.5-100)
223 (19.3)
98 (97-99)
19 (1.6)

166 (14.3)
42 (3.6)
106 (9.2)
30 (2.6)

65 (5.6)

AIS, Abbreviated Injury Score; ISS, Injury Severity Score. Systolic blood pressure missed in 18.7%,
respiratory rate in 28.6%, Glasgow Coma Scale in 13.9%, heart rate in 22.5% and oxygen saturation in

19.3% of the patients.
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Validation

The prediction models showed AUCs ranging between 0.75 and 0.85: 0.80 (95%
confidence interval 0.76-0.84) for ECRU, 0.83 (0.76-0.91) for severe head injury,
0.75 (0.70-0.80) for serious thoracic injury, and 0.85 (0.78-0.93) for severe internal
bleeding, indicating all models had good to excellent discrimination. All models
showed satisfactory calibration in the validation cohort. Early warning scores for the
linear predictors of the ECRU-model are provided in Supplementary Linear Predictors
and Early Warning Scores 1.

Table 3. Performance of prioritization model in validation set

Early critical-resource use

Discrimination early critical-resource use

AUC (95%-CI) 0.802 (0.763-0.840)
Sensitivity at 50% specificity threshold* 83.7%
Specificity at 50% specificity threshold* 53.1%
Sensitivity at 90% specificity threshold* 58.4%
Specificity at 90% specificity threshold* 87.8%
Calibration early critical-resource use

Slope 1.005
Intercept -0.012

Discrimination severe injury (ISS =24)

AUC (95%-CI) 0.821 (0.762-0.880)
Sensitivity at 50% specificity threshold* 87.7%
Specificity at 50% specificity threshold* 49.9%
Sensitivity at 90% specificity threshold* 63.1%
Specificity at 90% specificity threshold* 83.8%
Calibration severe injury (ISS =24)

Slope 0.884
Intercept -1.509

AUC, Area Under the Curve; ISS, Injury Severity Score. *Probability thresholds were chosen based on
specificity in development set.
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Table 4. Model performances in validation set

Severe head injury Serious thoracic Severe internal bleeding
(AIS =4) injury
(AIS =3)
Discrimination
AUC (95%-CI) 0.832 0.752 0.850
(0.758-0.907) (0.700-0.804) (0.775-0.925)

Sensitivity at 50% specificity 83.3% 81.1% 93.3%
threshold*
Specificity at 50% specificity 50.0% 47.3% 49.6%
threshold*
Sensitivity at 90% specificity 64.3% 48.1% 66.7%
threshold*
Specificity at 90% specificity 89.7% 86.7% 88.6%
threshold*
Calibration
Slope 0.944 0.874 1.083
Intercept -0.497 -0.284 0.195

AIS, Abbreviated Injury Score; AUC, Area Under the Curve. *Probability thresholds were chosen based on
specificity in development set.

Sensitivity analyses
The ECRU-model had an AUC of 0.82 (95% confidence interval 0.76 to 0.88) and
showed slight overfitting in the calibration plot for predicting ISS =24.

The AUCs of the models excluding the trauma mechanism ranged from 0.71
to 0.82: 0.75 [95% confidence interval 0.71-0.80] for ECRU, 0.82 [0.77-0.88]
for severe injury [ISS =24] using the ECRU-model, 0.81 [0.74-0.90] for severe
head injury, 0.71 [0.66-0.76] for serious thoracic injury, and 0.81 [0.74-0.88] for
severe internal bleeding (Supplementary Table 4). All of these models showed some
overfitting (Supplementary Figure), in particular the ECRU-model when predicting
injury severity (ISS =24). Early warning scores for the linear predictors of the ECRU-
model excluding trauma mechanism are provided in Supplementary Linear Predictors
and Early Warning Scores 2.
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E. Severe internal bleeding
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Figure 2. Calibration plots

Discussion

This study developed and validated prediction models for pre-hospital triage of
military trauma patients. The models had good discrimination and were well
calibrated. The model to predict early critical-resource use had an validated AUC of
0.80 and could be used in military clinical practice to prioritize patients at the scene
of injury. The other models had validated AUCs ranging from 0.75 to 0.85 and could
be used to aid pre-hospital care providers in the on-scene recognition of injuries.
The developed models, solely using pre-hospital predictors that are expected to be
automatically collected in the near future, could aid military care providers in their
pre-hospital decision-making and potentially improve soldiers’ chances of survival.
Alack of resources, prolonged pre-hospital times, and dangerous tactical situations
characterize the pre-hospital military environment.>%” In such an environment, triage
is challenging and care providers have to make swift decisions (e.g., regarding priority
of care and transport), currently based on isolated physiologic measurements.!2
Various triage systems (e.g., Field Triage Score [FTS])® were previously developed
to aid in this difficult decision-making, of which most are static flowcharts, unable to
detect subtle and/or interacting patterns of signs and symptoms.® One recent study
utilized machine learning approaches to assess the massive transfusion requirements
in military trauma patients, but developed models for in-hospital care providers (as
also pre-hospital treatments were used as predictors).?! To our knowledge, adequate
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prediction models for the pre-hospital military setting do currently not exist and are
needed. The implementation of wireless sensors among soldiers will make it possible
to continuously assess/monitor vital signs, which is pivotal to improve critical military
patient care.?

The strengths of this study were its data quality, selection of predictors/outcomes,
and the developed types of models. First, the used data were prospectively and
systematically collected by the participating EMSs and trauma regions and adequately
merged, which provided the opportunity to predict in-hospital outcomes with the first
pre-hospital vital signs measured by EMS professionals at the scene of injury. Moreover,
the relatively short mean response times in the Netherlands (4/- 15 minutes)* make
the used pre-hospital times and therefore the time after which the first vital parameters
are measured, applicable/comparable to a military setting. Second, solely objective
predictors, that are expected to be collected computerized by wireless sensors in the
near future or could be incorporated in a personalized device (e.g., age), were included
in the models, which improves their practical applicability. Moreover, a resource-based
outcome was predicted instead of an injury-based outcome (e.g., ISS =24), which is
suggested to be a superior method to define need of specialized trauma care and is
possibly more appropriate to be used in a military setting.?#? Third, gradient boosting
decision trees were used for prediction model development, which yields the advantage
that these type of models could deal with missing data in contrast to most prediction
modeling methods (e.g., logistic regression).

Limitations

This study has several limitations. First, the military pre-hospital triage environment
significantly differs from the setting that pre-hospital civilian care providers
encounter on a daily basis. However, pre-hospital military data is scarce, because it
is often difficult to adequately measure and/or register vital parameters (e.g., during
Care Under Fire/Threat). As to our knowledge no large military database including
sufficient pre-hospital data exists,” we used a high-quality civilian cohort, for which
pre-hospital measurements and in-hospital outcomes were prospectively collected
and in which it was possible to mimic a military trauma population to develop the
prediction models. Naturally, differences will remain between this and a truly military
trauma population resulting in the need of further research to externally validate and
update the developed models. Second, in these primary versions of the models solely
the first pre-hospital measurements were included as predictors and early warning
scores were provided to be able to relate them the linear predictors of the ECRU-
model. Future versions should also include differences of vital parameters (e.g., in
case of detoriation) and/or be updated by adding additional relevant predictors (e.g.,
temperature) and providing it with additional military data (i.e., machine learning)
to improve model performances.
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Conclusion

The developed models could reliably predict outcomes in a simulated military
trauma population and could aid pre-hospital care providers in their triage decisions,
potentially optimizing pre-hospital triage and improving soldiers’ chances of survival.
The ECRU-model could be used to provide a prioritized overview of wounded patients
and the models predicting (occult) injuries could aid pre-hospital care providers in
the on-scene recognition of injuries. Further research is needed to externally validate
and/or update the models in a military database and/or pre-hospital military clinical
practice.
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Supplementary Material

Supplementary Table 1. Definition of early critical-resource use

Direct (i.e., from the ED) admission to ICU
Emergency intervention within 24 hours
Damage control thoracotomy
Damage control laparotomy
Damage control orthopaedics
Extra peritoneal pelvic packing
Revascularization of extremities
Craniotomy
Intracranial pressure monitoring
Coniotomy/ cricothyrotomy
Interventional radiology
Death within 24 hours after arrival

Pre-hospital intubation

ED, Emergency Department; ICU, Intensive Care Unit.

Supplementary Table 2. Early Warning Score (EWS)

Score 3 2 1 0 1 2 &
Respiratory rate <9 9-14 15-20 21-30 >30
Heart rate <40 40-50 51-100 101-110 111-130 >130
Systolic blood pressure <70 70-80 81-100 101-200 >200

Temperature <35.1 35.1-36.6  36.5-37.5 >37.5

Conscience Alert Verbal Pain Unreponsive
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Supplementary Table 3. Selected AIS codes that define a significant hemorrhage

Code Region Injury Description AIS98 AlIS98exact  FCI
316006.3 Penetrating Injury Blood loss >20% by volume 316006.3 316006.3 5
310606.3 Skin/subcutaneous tissue/ Laceration blood loss >20% by volume 310606.3 310606.3 5
muscle
310806.3 Skin/subcutaneous tissue/ Avulsion blood loss >20% by volume 310806.3 310806.3 5
muscle
320212.4 Carotid artery [common, Laceration; perforation; puncture major; rupture; 320212.4 320212.4 5
internal] transection; segmental loss; blood loss >20% by volume
320213.4 Carotid artery [common, Laceration; perforation; puncture major; rupture; 320212.4 None 5
internal] transection; segmental loss; blood loss >20% by volume
bilateral
320214.5 Carotid artery [common, Laceration; perforation; puncture major; rupture; 320214.5 320214.5 1
internal] transection; segmental loss; blood loss >20% by volume
neurological deficit (stroke) not head-injury related
320215.5 Carotid artery [common, Laceration; perforation; puncture major; rupture; 320214.5 None 1
internal] transection; segmental loss; blood loss >20% by volume
neurological deficit (stroke) not head-injury related
bilateral
320408.3 Carotid artery [external] Laceration; perforation; puncture major; rupture; 320408.3 320408.3 5
transection; segmental loss; blood loss >20% by volume
321012.3 Vertebral artery Laceration; perforation; puncture major; rupture; 321012.3 321012.3 5
transection; blood loss >20% by volume
321014.4 Vertebral artery Laceration; perforation; puncture major; rupture; 321014.4 321014.4 2
transection; blood loss >20% by volume neurological
deficit (stroke) not head-injury related
321015.5 Vertebral artery Laceration; perforation; puncture major; rupture; 321014.4 None 1
transection; blood loss >20% by volume neurological
deficit (stroke) not head-injury related bilateral
320606.3 Jugular vein [external] Major; rupture; transection; segmental loss; blood loss 320606.3 320606.3 5
>20% by volume
320806.3 Jugular vein [internal] Laceration; perforation; puncture major; rupture; 320806.3 320806.3 5
transection; blood loss >20% by volume
416006.3 Penetrating injury With blood loss >20% by volume 416006.3 416006.3 5
410606.3 Skin/subcutaneous /muscle Blood loss >20% by volume 410606.3 410606.3 5
410806.3 Skin/subcutaneous /muscle Blood loss >20% by volume 410806.3 410806.3 5
420210.5 Aorta, thoracic Major; rupture; transection; segmental loss; blood loss 420210.5 420210.5 5
>20% by volume
420408.4 Brachiocephalic (innominate) Laceration; perforation; puncture major; rupture; 420408.4 420408.4 5
artery transection; segmental loss; blood loss >20% by volume
421008.5 Pulmonary artery Laceration; perforation; puncture major; rupture; 421008.4 421008.4 5
transection; segmental loss; blood loss >20% by volume
421009.6 Pulmonary artery Laceration; perforation; puncture major; rupture; 421008.4 None 1
transection; segmental loss; blood loss >20% by volume
bilateral
421408.4 Subclavian artery Major; rupture; transection; segmental loss; blood loss 421408.4 421408.4 5
>20% by volume
422008.3 Other named arteries e.g., Laceration; perforation; puncture major; rupture; 422008.3 422008.3 5
bronchial, esophageal, transection; segmental loss; blood loss >20% by volume
intercostal, internal mammary
420606.4 Brachiocephalic (innominate) Laceration; perforation; puncture major; rupture; 420606.4 420606.4 5
vein transection; segmental loss; blood loss >20% by volume
420608.5 Brachiocephalic (innominate) Laceration; perforation; puncture major; rupture; 420608.5 420608.5 5
vein transection; segmental loss; blood loss >20% by volume
with air embolus right side
421206.5 Pulmonary vein Laceration; perforation; puncture major; rupture; 421206.e 421206.4 5
transection; segmental loss; blood loss >20% by volume
421207.6 Pulmonary vein Laceration; perforation; puncture major; rupture; 421206.4 None 1
transection; segmental loss; blood loss >20% by volume
bilateral
421604.3 Subclavian vein Laceration; perforation; puncture minor; superficial; 421604.3 421604.3 5
incomplete circumferential involvement; blood loss
020% by volume
421606.4 Subclavian vein Laceration; perforation; puncture major; rupture; 421606.4 421606.4 5
transection; segmental loss: blood loss >20% by volume
421806.4 Vena Cava, superior and Laceration; perforation; puncture major; rupture; 421806.4 421806.4 5
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Supplementary Table 3. Continued.

Code Region Injury Description AIS98 AIS98exact FCI
421808.5 Vena Cava, superior and Laceration; perforation; puncture major; rupture; 421808.5 421808.5 5
thoracic portion of inferior, transection; segmental loss; blood loss >20% by volume
with air embolus right side
422206.3 Other named veins, e.g., Laceration; perforation; puncture major; rupture; 422206.3 422206.3 5
azygos, bronchial, esophageal, transection; segmental loss; blood loss >20% by volume

hemiazygos, intercostal, internal
jugular, internal mammary

441012.5 Heart (Myocardium) injury Laceration perforation, ventricular or atrial, with or 441012.5 441012.5 5
without tamponade
441013.5 Heart (Myocardium) injury Perforation atrial rupture 441013.5  441013.5 5
441014.6 Heart (Myocardium) injury Perforation ventricular rupture 441014.6 441014.6 1
441016.6 Heart (Myocardium) injury Perforation multiple lacerations; >50% tissue loss of a 441016.6 441016.6 1
chamber
441018.6 Heart (Myocardium) injury Avulsion 441018.6 441018.6 1
442201.4 Thoracic injury Hemothorax major; >1000cc blood loss on at least 442208.4 442208.4 5
one side
442206.4 Thoracic injury Hemopneumothorax major; >1000cc blood loss on at 442202.3 None 5
least one side
516006.3 Penetrating injury With blood loss >20% by volume 516006.3 516006.3 5
510604.2 Skin/subcutaneous/muscle Laceration major; >20cm long and into subcutaneous 510604.2 510604.2 5
[except rectus abdominus] tissue
510806.3 Skin/subcutaneous/muscle Avulsion blood loss >20% by volume 510806.3 510806.3 5
[except rectus abdominus]
520208.5 Aorta, Abdominal Laceration; perforation; puncture: major; rupture; 520208.5 520208.5 5
transection; segmental loss: blood loss >20% by volume
520408.5 Celiac Artery Laceration; perforation; puncture major; rupture; 520408.5 520408.5 5
transection; segmental loss: blood loss >20% by volume
520608.4 Iliac Artery [common, internal, Laceration; perforation; puncture major; rupture; 520608.4 520608.4 5
external] and its named transection; segmental loss: blood loss >20% by volume
branches
521108.4 Superior Mesenteric Artery Laceration; perforation; puncture major; rupture; 521408.4 None 5
transection; segmental loss; blood loss >20% by volume
521408.4 Other named arteries Laceration; perforation; puncture major; rupture; 521408.4 521408.4 5
transection; segmental loss: blood loss >20% by volume
520806.4 iliac Vein [common] Laceration; perforation; puncture major; rupture; 520806.4 520806.4 4
transection; segmental loss; blood loss >20% by volume
521006.3 Iliac Vein [internal, external] Laceration; perforation; puncture major; rupture; 521006.3 521006.3 4
transection; segmental loss: blood loss >20% by volume
521206.4 Vena Cava, Inferior Major; rupture; transection; segmental loss; blood loss 521206.4  521206.4 5
>20% by volume
521606.4 Other named veins Laceration; perforation; puncture major; rupture; 521606.4 521606.4 5
transection; segmental loss; blood loss >20% by volume
541626.4 Kidney Laceration extending through renal cortex, medulla 541626.4 541626.4 5

and collecting system; main renal vessel injury with
contained hemorrhage; major [01S /V]

541628.5 Kidney Laceration hilum avulsion; total destruction of organ and  541628.5 541628.5 5
its vascular system [OIS 14

541826.4 Liver Laceration parenchymal disruption 75% hepatic lobe; 541826.4 541826.4 5
multiple lacerations >3cm deep; burst injury: major
[OIS IV]

541828.5 Liver Laceration parenchymal disruption of >75% of hepatic 541828.5 541828.5 5

lobe or >3 Coulnard’s segments within a single lobe; or
involving retro hepatic vena cava/ central hepatic veins;
massive; complex [01S V]

541830.6 Liver Laceration hepatic avulsion (total separation of all 541830.6 541830.6 1
vascular attachments) [OIS VI]
544226.4 Spleen Laceration involving segmental or hilar vessels 544226.4  544226.4 5

producing major devascularization of >25% of spleen
but no hilar injury; major [OIS IV]

544228.5 Spleen Laceration hilar disruption producing total 544228.5 544228.5 5
devascularization; tissue loss; avulsion; massive [OIS ;4

716006.3 Penetrating injury NFS as to specific anatomical sites with blood loss >20%  716006.3 716006.3 5
by volume

716013.3 Penetrating injury At shoulder, with blood loss >20% by volume 716006.3 None 5
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Supplementary Table 3. Continued.

Code Region Injury Description AIS98 AIS98exact FCI
716017.3 Penetrating injury At or above elbow, below shoulder, with blood loss 716006.3 None 5
>20% by volume
710606.3 Skin/subcutaneous/muscle Laceration blood loss >20% by volume 710606.3 710606.3 5
710806.3 Skin/subcutaneous/muscle Avulsion blood loss >20% by volume 710806.3 710806.3 5
720208.3 Axillary artery Laceration; perforation; puncture major; rupture; 720208.3 720208.3 5
transection; segmental loss: blood loss >20% by volume
720406.3 Axillary vein Laceration; perforation; puncture major; rupture; 720406.3 720406.3 5
transaction: segmental loss; blood loss >20% by volume
720608.3 Brachial artery Laceration; puncture: perforation major; rupture; 720608.3 720608.3 5
transection; segmental loss; blood loss >20% by volume
720806.3 Brachial vein Laceration; puncture: perforation major; rupture; 720806.3 720806.3 5
transection; segmental loss; blood loss >20% by volume
721008.3 Other named arteries [e.g., Laceration; puncture: perforation major; rupture; 721008.3 721008.3 5
radial, ulnar] transection; segmental loss; blood loss >20% by volume
721206.3 Other named veins [e.g., Laceration; puncture: perforation major; rupture; 721206.3 721206.3 5
cephalic, basilic] transection; segmental loss; blood loss >20% by volume
816006.3 Penetrating Injury NFS as to specific anatomical site with blood loss >20%  816006.3 816006.3 4
by volume
816013.3 Penetrating Injury At hip or buttock, with blood loss >20% by volume 816006.3 None 5
816017.3 Penetrating Injury At or above knee, below hip, blood loss >20% by volume 816006.3 None 5
810606.3 Skin/subcutaneous/muscle Laceration blood loss >20% by volume 810606.3 810606.3 5
810806.3 Skin/subcutaneous/muscle Avulsion blood loss >20% by volume 810806.3 810806.3 5
820208.4 Femoral artery and its named Major; rupture; transection; segmental loss; blood loss 820208.4 820208.4 5
branches >20% by volume
820406.3 Femoral vein Laceration; perforation; puncture major: rupture; 820406.3 820406.3 4
transection; segmental loss; blood loss >20% by volume
820608.3 Popliteal artery Laceration; perforation; puncture major; rupture: 820608.3 820608.3 5
transection; segmental loss; blood loss >20% by volume
820806.3 Popliteal vein Laceration; perforation; puncture major; rupture; 820806.3 820806.3 4
transection; segmental loss; blood loss >20% by volume
821008.3 Other named arteries [e.g., Laceration; perforation; puncture major; rupture; 821008.3 821008.3 5
tibia, peroneal] transection; segmental loss; blood loss >20% by volume
821206.3 Other named veins [e.g., Laceration; perforation; puncture major; rupture; 821206.3 821206.3 4
saphenous] transection; segmental loss; blood loss >20% by volume
856164.5 Pelvic ring Fracture, incomplete disruption of posterior arch NFS 852610.5 None
blood loss >20% by volume
856173.5 Pelvic ring Fracture, complete disruption of posterior arch and 852610.5 None

pelvic floor NFS blood loss >20% by volume
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Supplementary Table 4. Model performances in validation set, mechanisms excluded

Early critical-resource use Severe head injury Serious Severe internal
(AIS =4) thoracic injury bleeding
(AIS =3)

Early critical- ISS =24

resource use
Discrimination
AUC (95%-CI) 0.754 0.823 0.812 0.711 0.809

(0.711-0.796)  (0.770-0.877) (0.735-0.889) (0.657-0.764) (0.736-0.881)
Sensitivity at 81.9% 87.7% 83.3% 77.4% 93.3%
50% specificity*
Specificity at 48.9% 49.9% 48.6% 47.7% 49.9%
50% specificity™*
Sensitivity at 50.6% 55.4% 57.1% 42.5% 46.7%
90% specificity*
Specificity at 87.5% 89.7% 87.9% 88.5% 88.3%
90% specificity*
Calibration
Slope 0.838 0.803 0.924 0.737 0.807
Intercept -0.271 -1.585 -0.462 -0.557 -0.644

AIS, Abbreviated Injury Score; ISS, Injury Severity Score. *Probability thresholds were chosen
based on specificity in development set.
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A. Early critical-resource use
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E. Severe internal bleeding
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Abstract

Importance: Adequate prehospital triage is pivotal to enable optimal care in inclusive
trauma systems and reduce avoidable mortality, lifelong disabilities, and costs. A
model has been developed to improve the prehospital allocation of patients with
traumatic injuries and was incorporated in an application (app) to be implemented
in prehospital practice.

Objective: To evaluate the association between the implementation of a trauma
triage (TT) intervention with an app and prehospital mistriage among adult trauma
patients.

Design, setting, and participants: This population-based, prospective quality
improvement study was conducted in 3 of the 11 Dutch trauma regions (27.3%),
with full coverage of the corresponding Emergency Medical Services (EMS) regions
participating in this study. Participants included adult patients (age 16 years) with
traumatic injuries who were transported by ambulance between February 1, 2015,
and October 31, 2019, from the scene of injury to any emergency department in the
participating trauma regions. Data were analyzed between July 2020 and June 2021.
Exposures: Implementation of the TT app and the awareness of need for adequate
triage created by its implementation (i.e., the TT intervention).

Main outcomes and measures: The primary outcome was prehospital mistriage,
evaluated in terms of undertriage and overtriage. Undertriage was defined as the
proportion of patients with an Injury Severity Score (ISS) of 16 or greater who were
initially transported to a lower-level trauma center (designated to treat patients who
are mildly and moderately injured) and overtriage as the proportion of patients with
an ISS of less than 16 who were initially transported to a higher-level trauma center
(designated to treat patients who are severely injured).

Results: A total of 80 738 patients were included (40 427 [50.1%] before and 40
311 [49.9%] after implementation of the intervention), with a median (IQR) age of
63.2 (40.0-79.7) years and 40 132 (49.7%) male patients. Undertriage decreased
from 370 of 1163 patients (31.8%) to 267 of 995 patients (26.8%), while overtriage
rates did not increase (8202 of 39 264 patients [20.9%] vs 8039 of 39 316 patients
[20.4%]). The implementation of the intervention was associated with a statistically
significantly reduced risk for undertriage (crude risk ratio [RR], 0.95; 95%-CI, 0.92—
0.99, P = .01; adjusted RR, 0.85; 95%-CI, 0.76-0.95; P = .004), but the risk for
overtriage was unchanged (crude RR, 1.00; 95%-CI, 0.99-1.00; P = .13; adjusted
RR, 1.01; 95%-CI, 0.98-1.03; P = .49).
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Conclusions and relevance: In this quality improvement study, implementation
of the TT intervention was associated with improvements in rates of undertriage.
Further research is needed to assess whether these findings are generalizable to other
trauma systems.

Introduction

Adequate prehospital triage is imperative to provide optimal care in inclusive trauma
systems. Undertriage (i.e., transporting patients in need of specialized care to lower-
level trauma centers) is associated with avertible mortality and morbidity,! whereas
overtriage (i.e., transporting patients who are mildly or moderately injured to higher-
level trauma centers) can result in an overutilization of scarce resources and increased
costs.? Reducing undertriage generally takes precedence over decreasing overtriage,
and the Dutch Health Care Institute and American College of Surgeons Committee on
Trauma (ACSCOT) recommend to attain maximum undertriage rates of 10% and 5%,
respectively.®>* No inclusive trauma system worldwide is currently able to adhere with
these guidelines while preserving acceptable overtriage rates.” The ACSCOT does
suggest overtriage rates up to 35% may be acceptable,* but no universal agreement
exists on acceptable overtriage rates.

Ininclusive trauma systems, prehospital triage is generally performed by Emergency
Medical Services (EMS) professionals. These professionals assess a patient’s need for
specialized trauma care at the scene of injury and subsequently decide trauma center
is the most appropriate destination, given additional factors, such as patient acuity
and trauma center proximity. EMS professionals in the Netherlands are aided in their
decision-making by the field triage criteria of the National Protocol of Ambulance
Services,® which are derived from the American Field Triage Decision Scheme.*’ Like
previously developed prehospital triage tools, both decision schemes provide limited
support to EMS professionals, as they were found to be relatively insensitive for
identifying patients who are severely injured.®1°

As these triage protocols and tools are static flowcharts, unable to detect subtle
and interacting patterns of signs and symptoms, a multivariable model was previously
developed to improve the prehospital allocation of trauma patients. The model was found
to potentially decrease the undertriage rate to approximately 10% while maintaining an
overtriage rate of 50% in external validation.! This model was integrated into a mobile
application (app), to be implemented in prehospital practice as part of the trauma triage
(TT) intervention. To our knowledge, the implementation of such a digital decision-
support tool in prehospital clinical practice has not been studied before. The aim of this
study was to evaluate the association of the implementation of the TT intervention with
prehospital mistriage among adult patients with traumatic injuries.
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Methods

Study Design, Setting, and Participants

This population-based, prospective quality improvement study was conducted
between February 1, 2015, and October 31, 2019. The study was registered at the
Dutch Trial Registry (NL6486). The Medical Ethical Committee of the University
Medical Center Utrecht determined the study was not subject to the Medical Research
Involving Human Subjects Act and was therefore exempt from review and informed
consent. This study is reported following the Standards for Quality Improvement
Reporting Excellence (SQUIRE) reporting guideline.!?

Of 11 Dutch inclusive trauma regions, 3 (27.3%; Traumazorgnetwerk Midden-
Nederland, Netwerk Acute Zorg Brabant, and Acute Zorgregio Oost) participated in
this study, which comprise 21 trauma centers: 3 higher-level (i.e., level 1) trauma
centers and 18 lower-level (i.e., level 2 or 3) trauma centers. Corresponding EMS
regions (i.e., Utrecht and Brabant Midden-West-Noord) that are solely served
by the participating EMS (i.e., full coverage) participated. These EMS transport
approximately 160 000 patients from the scene of injury to a trauma center annually'®
and serve rural, suburban, and urban regions, covering approximately 5000 km? and
housing a population of approximately 4 million people (Supplementary Figure 1).

In the Netherlands, patients with traumatic injuries are generally transported to a
hospital by ground ambulance and, in highly exceptional cases, by helicopter. Dutch
ambulances are staffed with an EMS professional (licensed to provide prehospital
advanced life support) and a dedicated driver (licensed to provide prehospital
basic life support). Dutch EMS professionals are generally specialized nurses who
previously worked as an emergency department nurse, intensive care unit nurse, or
an anesthetic technician. In the Netherlands, a specialized physician (e.g., trauma
surgeon or anesthetist) is sent to the scene of injury to assist the EMS professional
if the dispatch center expects a patient with seriously impaired vital functions. The
Dutch National Protocol for Ambulance Services guides EMS professionals in their
prehospital decision-making (Figure 1).° The field triage criteria in this protocol for
highest-level trauma care are comparable with those of the American Field Triage
Decision Scheme.* In the Netherlands, every inclusive trauma region has at least 1
higher-level (i.e., level 1) trauma center. Such center meets the criteria needed to
provide the highest level of trauma care, as outlined by the ACSCOT.*'* Dutch level 2
and 3 facilities are considered lower-level trauma centers, designated to treat patients
who are not severely injured.'* In the Netherlands, no patients with traumatic injuries
are transported by ambulance to nontrauma centers.

Adult (age =16 years) patients with traumatic injuries who were transported
during the inclusion period by a ground ambulance of a participating EMS from the
scene of injury to any emergency department were included. Patients transported to a
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nonparticipating trauma region were excluded. Patients transported by EMS Utrecht
were included between February 1, 2015, and September 30, 2019, and patients
transported by EMS Brabant Midden-West-Noord were included between May 1,
2016, and October 31, 2019.

Trauma |

v v v
- ABC unstable -RTS 11 or PTS 9/10 | RTS 12 or PTS > 10
- GCS <9 or deteriorating - Relevant mechanism of injury
- Pupil difference - Pregnancy >13 weeks
- Neurological deficit (>1
extremity)
- Hypothermia <32°C

- RTS <11 or PTS <9

Specific injury:

- Penetrating injury to the head,
thorax, or abdomen

- Flail chest

- Unstable pelvic fracture

- >2 long bone fractures (femur,
tibia, or humerus)

- Amputation proximal to

wrist/ankle
¢ Y Y

Level-I trauma center | | Level-I or -II trauma center | |Leve1—I, -I1, or -III trauma center

Figure 1. Field Triage Criteria of the Dutch National Protocol of Ambulance Services

GCS, Glasgow Coma Scale; PTS, Pediatric Trauma Score; RTS, Revised Trauma Score. In areas with
long expected transport times, it may, in case of severe hemodynamic instability, be preferred to first
transport the patient to the nearest hospital that is able to provide an adequate trauma response, if
rendez-vous (i.e., meeting during transport) with a specialized physician is not possible.

TT Intervention

The TT intervention consisted of the implementation of the TT app and the awareness
of the need for adequate triage created by its implementation. The TT app was
used as a decision-support tool that, like the Dutch National Protocol of Ambulance
Services, could be overruled by EMS professionals. As time is limited in prehospital
triage, EMS professionals could generate recommendations without sending the
result, could send it without filling out the patient record identifier, or could send the
result with the patient record identifier. Results were sent to and saved at a secured
server for medical data. The sample of patients in which the patient record identifier
was registered could be linked to prehospital and hospital data to assess prehospital
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triage rates among these patients. The TT app was introduced to EMS professionals
via email, a website,'> handouts, newsletters, posters, oral presentations at the EMS
professionals’ team meetings, and an electronic learning seminar that was developed
specifically for this study. These materials instructed on the importance of adequate
prehospital triage, characteristics of undertriaged patients, current quality of triage
by their EMS, and how to use the TT app. Various newsletters were sent to inform
EMS professionals on the progress of the study, and multiple professionals from the
participating EMS served as TT app ambassadors during the study.

We hired a company specialized in constructing medical apps (Synappz Digital
Healthcare) and developed the app in close collaboration with various EMS
professionals. A model that included 10 variables (Supplementary Figure 2 and
Supplementary R-script) was integrated in the app to provide recommendations. The
model’s intercept was updated for EMS Brabant Midden-West-Noord to account for
case-mix differences (e.g., prevalence of severe injury).!! Probability thresholds for
transport advice to a higher-level trauma center were chosen based on the maximum
proportion of overtriage that was considered acceptable (i.e., Utrecht, 50%; Brabant
Midden-West-Noord, 35%) by the participating EMS and trauma regions. Age, oxygen
saturation, and Glasgow Coma Scale score were entered as continuous variables, and
EMS professionals selected either yes or no for the dichotomous variables mechanism
criteria, burn wounds, and penetrating trauma (Figure 2). Regions suspected of serious
injuries were selected on an illustration of a human body. After entering the model’s
variables, the EMS professionals were asked their judgment on whether transport to
a higher-level trauma center was indicated or not. Based on the 10 variables and the
EMS professional’s judgment, the TT app provided a recommendation: transport to
a higher-level trauma center or transport to the nearest trauma center. The TT app
advised to transport a patient to a higher-level trauma center when the calculated
probability was greater than the chosen threshold or when the EMS professional
selected that higher-level trauma care was indicated. Implementation was preceded
by a digital testing period to overcome technical problems. During the study, a mobile
device was available in every ambulance to use the TT app: an iPhone 6s (Apple) in
Utrecht and an iPad Air 2 (Apple) in Brabant Midden-West-Noord.

Data collection

Prehospital and hospital data were prospectively collected and linked with a previously
validated accurate (accuracy, 100%; 95%-CI, 100%-100%) linkage scheme.!® Further
details regarding data collection are provided in the Supplementary Methods.
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Figure 2. Usability of the Trauma Triage Application

EMS, Emergency Medical Services.
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Outcomes

The primary outcome was prehospital mistriage, evaluated In terms of undertriage
and overtriage. Undertriage was defined as the proportion of patients requiring
specialized trauma care who were initially transported to a lower-level trauma center
and overtriage as the proportion of patients not requiring specialized trauma care
who were initially transported to a higher-level trauma center. Need for specialized
trauma care was defined as an Injury Severity Score (ISS) of 16 or greater, which is
the currently recommended reference standard to evaluate prehospital triage by the
Dutch Health Care Institute and the ACSCOT.# Secondary outcomes were mortality,
quality of filling out variables in the TT app by EMS professionals, adherence with
the advice of the TT app by EMS professionals, and prehospital triage in the sample
of patients that was registered in the TT app.

Statistical Analysis

The primary outcome was analyzed using before and after triage rates and crude and
adjusted risk ratios (RRs) for both undertriage and overtriage. Crude and adjusted
RRs were calculated using Poisson regression with robust Ses (i.e., Zou’s modified
Poisson regression).”-'® Confounders were chosen based on clinical reasoning and
previous literature.®!1*2! Risks and odds were adjusted for age, sex, dispatch priority,
day of the week, hour of the day, distance to the nearest higher-level trauma center,
penetrating injury, hemodynamic instability (i.e., compromised airway, breathing, or
circulation), prehospital vital signs (systolic blood pressure, respiratory rate, Glasgow
Coma Scale score, heart rate, and oxygen saturation), and ISS. Restricted cubic
splines with 3 knots were used to account for nonlinearity. Sample size calculations
were performed to estimate the required number of participants in our study to
have sufficient power (i.e., 80%) to show reduction of undertriage of 0.25 to 0.20
associated with implementation of the TT intervention with an app. This calculation
showed that when using a statistical significance level of P = .05, the study needed
to include 1092 patients who were severely injured before and 1092 patients who
were severely injured after the intervention. As approximately 3% of the ambulance-
transported patients with traumatic injuries were expected to be severely injured, we
aimed to include at least 40 000 patients in the before group and 40 000 in the after
group.

Mortality was analyzed using before and after mortality rates and crude and
adjusted odds ratios (Ors) for death within 24 hours, within 48 hours, and during
admission. Crude and adjusted Ors were calculated using generalized linear models
with inverse probability weights. Weights were computed for all patients using the
same potential confounders as for the primary analysis. Covariates were considered
accurately balanced when a Pearson correlation of less than 0.1 was observed.??

The sample of patients registered in the TT app was used to analyze the other
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secondary outcomes. Quality of filling out variables in the TT app was analyzed by
comparing the variables filled out by the EMS professionals with those coded by the
researchers based on the free-text fields. Adherence was determined by comparing
the advice provided by the TT app with the trauma center level of the transport
destination. Quality of prehospital triage in these patients was analyzed using
undertriage and overtriage rates.

Missing data were analyzed and assumed to be missing at random. Prehospital
variables with missing values were age (0.03%), sex (0.02%), dispatch priority
(0.007%), location of the scene of injury (0.1%), systolic blood pressure (15.2%),
respiratory rate (19.5%), Glasgow Coma Scale score (7.0%), heart rate (12.7%), and
oxygen saturation (20.0%). An estimation matrix was created to impute the missing
values. The R packages mice and micemd (R Project for Statistical Computing) were
used to perform multilevel multiple imputation to generate 30 different imputed
data sets based on 20 iterations per set. All data sets were used to perform analyses
of variables with missing data, which were subsequently pooled in accordance with
the Rubin rules, if applicable. Sensitivity analyses were performed excluding the
prehospital vital signs. All statistical analyses were performed using R version 4.0.3.
P values were 2-sided, and statistical significance was set at P = .05. Data were
analyzed from July 2020 and June 2021.

Results

A total of 80 738 adult trauma patients were included, with a median (IQR)
age of 63.2 (40.0-79.7) years and 40 132 (49.7%) were male patients; 40 427
patients (50.1%) were included before intervention implementation, and 40 311
patients (49.9%) were included after the implementation of the TT intervention
(Supplementary Figure 3). No major differences were observed in patient
demographic or prehospital characteristics (Table 1). Patients included after the
intervention, compared with those included before the intervention, were less often
severely injured (995 patients [2.5%] vs 1163 patients [2.9%]), admitted to the
intensive care unit (1127 patients [2.8%] vs 1338 patients [3.3%]), and transported
to a higher-level trauma center (8767 patients [21.7%] vs 8995 patients [22.2%]).
Baseline characteristics of the individual EMS are provided in Supplementary Table 1.
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Table 1. Baseline characteristics of the participants included before and after implementation
of the trauma triage intervention

Characteristic Before After
(n = 40 427) (n =40 311)

Age, median (IQR), y 62.6 (39.3-79.9) 63.8 (40.6-80.1)
Age >65 years, No. (%) 19 019 (47.0) 19 524 (48.5)
Sex, No. (%)

Female 20 465 (50.6) 20 141 (49.9)

Male 19 962 (49.4) 20170 (50.1)
Penetrating trauma, No. (%) 260 (0.6) 232 (0.6)
Assistance by a specialized physician, No. (%) 644 (1.6) 623 (1.5)
Prehospital vital signs, No. (%)

Systolic blood pressure 487 (1.2) 520 (1.3)

<90 mmHg

Respiratory rate 651 (1.6) 713 (1.8)

>29 or <10 per min

Glasgow Coma Scale <13 1469 (3.6) 1450 (3.6)

Heart rate 31629 (78.2) 33094 (82.1)

<40 or >100 per min

Oxygen saturation 1403 (3.5) 1424 (3.5)

<90%

Severe injury (AIS* =3), No. (%)

Head 1106 (2.7) 1051 (2.6)
Face 35 (0.1) 52 (0.1)
Neck 24 (0.1) 18 (<0.1)
Thorax 898 (2.2) 896 (2.2)
Abdomen 152 (0.4) 127 (0.3)
Spine 263 (0.6) 258 (0.6)
Upper extremity 129 (0.3) 66 (0.2)
Lower extremity 4822 (11.9) 4579 (11.4)
Clinical characteristics, No. (%)

Hospital admission 13 257 (32.8) 11 815 (29.3)
ICU admission 1338 (3.3) 1127 (2.8)

Prehospital triage, No. (%)

ISS® =16 1163 (2.9) 995 (2.5)
Higher-level trauma center 8995 (22.2) 8767 (21.7)
XIII AIS, Abbreviated Injury Scale; ICU, Intensive Care Unit; ISS, Injury Severity Score. “The Abbreviated Injury

Scale (AIS) scoring system is used to classify injuries based on their severity (ranging from 1/minor to 6/
unsurvivable) and body region (head/neck, face, chest, abdomen, extremity, external). *The Injury Severity
Score (ISS) is the sum of the squares of the highest AIS code in the three most severely injured body regions
and ranges from 0 to 75. An ISS of 16 or greater is generally considered major trauma, which requires
specialized/higher-level trauma care. Age missed in 0.03%, gender in 0.02%, systolic blood pressure in
15.2%, respiratory rate in 19.5%, Glasgow Coma Scale in 7.0%, heart rate in 12.7%, and oxygen saturation
in 20.0% of the patients.
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Primary Outcome

The undertriage rate decreased from 370 of 1163 patients (31.8%) before the
intervention to 267 of 995 patients (26.8%) after implementation of the intervention
(crude RR, 0.95; 95%-CI, 0.92-0.99; P = .01), while the overtriage rate did not
increase (8202 of 39 264 patients [20.9%] vs 8039 of 39 316 patients [20.4%]; RR,
1.00; 95%-CI, 0.99-1.00; P = .13) (Table 2). Implementation of the intervention
was associated with statistically significantly lower adjusted risk for undertriage
(RR, 0.85; 95%-CI, 0.76-0.95; P = .004), but the adjusted risk for overtriage was
unchanged (RR, 1.01; 95%-CI, 0.98-1.03; P = .49). Undertriage decreased less in
patients transported by EMS Brabant Midden-West-Noord than in patients transported
by EMS Utrecht in both the crude (RR, 0.97; 95%-CI, 0.93-1.03; P = .32; vs RR,
0.92; 95%-CI, 0.87-0.98; P = .006) and adjusted (RR, 0.90; 95%-CI, 0.78-1.03; P
= .14; vs RR, 0.83; 95%-CI, 0.70-0.98; P = .03) analyses (Supplementary Table 2).

Secondary Outcomes
After implementation of the intervention, there were significant decreases in risks of
death within 24 (adjusted OR, 0.71; 95%-CI, 0.52-0.98; P = .04) or 48 (adjusted
OR, 0.74; 95%-CI, 0.58-0.96; P = .02) hours. The odds of in-hospital death did not
change (adjusted OR, 0.96; 95%-CI, 0.84-1.09; P = .49).

EMS professionals chose to send the result of the TT app to the secured server
in 978 patients and registered the patient record identifier in 597 patients (61.0%).
Details regarding use of the TT app, adherence with its advice, and prehospital triage
in this sample of patients are displayed in Table 3. In 678 patients (69.3%), the app
advised to transport a patient to a higher-level trauma center; 647 patients (66.2%)
were registered as having been recommended by the model to be transported to a
higher-level hospital, and 304 patients (31.1%) were noted by the EMS professional
as needing to be transported to a higher-level hospital. Comparable results were
found in the 597 patients registered with a patient record identifier (Table 3). The
EMS records of these registrations were used by the researchers to manually code the
variables of the model. When using these manually coded variables, the model would
have recommended transport to a higher-level trauma center less often than the
TT app recommended at the scene of injury (348 patients [58.3%] vs 415 patients
[69.5%]). The differences between the registrations filled out by the EMS professional
and researchers are displayed in Supplementary Table 3. The EMS professionals
adhered to the advice of the TT app to transport a patient to a higher-level trauma
center in 219 patients (50.2%), of whom 51 patients (23.3%) were severely injured.
Nine patients (4.1%) for whom the EMS professional did not adhere to this advice
were severely injured. None of the patients for whom the TT app advised transport
to the nearest trauma center (rather than a higher-level center) was severely injured.
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The patients registered with patient record identifier were often severely injured
(60 patients [10.1%]) and transported to a higher-level trauma center (253 patients
[42.4%]). Among patients with patient record identifiers registered in the app, 9
patients (15.0%; 95%-CI, 7.9%-26.3%) were undertriaged and 202 patients (37.6%;
95%-CI, 33.6%-41.8%) were overtriaged.

Table 3. Registrations in the TT-app that were sent to the secured server by EMS professionals

Secondary outcomes Registration in TT-app used with registration of
TT-app* patient-record-identifier®
(n = 978) (n = 597)
Filled out by EMS Filled out by
professional researchers

Advice TT-app, No. (%)

Transport to level 1 trauma center 678 (69.3) 436 (73.0) B
Model + 647 (66.2) 415 (69.5) 348 (58.3)°
Judgment of EMS professional + 304 (31.1) 191 (32.5) -

Compliance, No. (%)

TT-app + & higher-level trauma center - 219 (50.2) -
ISS =16 - 51 (23.3) -
TT-app + & lower-level trauma center - 217 (36.3) -
ISS =16 - 9 (4.1) -
TT-app - & higher-level trauma center - 34 (5.7) -
ISS =16 - 0 -
TT-app - & lower-level trauma center - 127 (5.7) -
ISS =16 - 0 -

Prehospital triage

1SS =16, No. (%) - 60 (10.1)
Transport to higher-level trauma center, No. (%) - 253 (42.4)
Undertriage, % (95%-CI) - 15.0 (7.9-26.3)
Overtriage, % (95%-CI) - 37.6 (33.6-41.8)

EMS, Emergency Medical Services; 1SS, Injury Severity Score; TT-app, Trauma triage app. *As time
is limited in prehospital triage EMS professionals could generate predictions without sending the
result, could send it without filling out the patient-record-identifier, or could send the result with
the patient-record-identifier. The sample of patients in whom the patient-record-identifier was
registered, was linked to prehospital and hospital data to assess prehospital triage rates in this
sample of patients. *Glasgow Coma Scale missed in 1.5% and oxygen saturation in 9.5% of the
patients filled out by the researchers, all were multiply imputed.

The registered cases of the individual EMS are provided in Supplementary Table
4. Patients registered with patient record identifiers who were transported by EMS
Utrecht, compared with those transported by EMS Brabant Midden-West-Noord,
were less often undertriaged (8.7%; 95%-CI, 1.2%-28.0%; vs 18.9%; 95%-ClI,
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9.2%-34.5%) and more often overtriaged (56.5%; 95%-CI, 48.6%-64.1%; vs 30.0%;
95%-CI, 25.6%-34.8%). The professionals of the EMS Brabant Midden-West-Noord
less often adhered to the TT app recommending a higher-level hospital than the
professionals of the EMS Utrecht (120 events [28.6%] vs 99 events [55.9%]).

Discussion

This population-based quality improvement study investigated the association
between the implementation of the TT intervention and prehospital mistriage.
Patients transported after the implementation of the TT intervention had 15% less
risk of being undertriaged, while their risk of being overtriaged did not change. Also,
24- and 48-hour mortality significantly decreased after implementation of the app,
while in-hospital death did not change. A reduction of undertriage was observed in
EMS region Utrecht, while there was no statistically significant difference in EMS
region Brabant Midden-West-Noord, presumably due to the relatively higher chosen
probability threshold, lower adherence to the advice provided by the TT-app, and
longer distances in Brabant Midden-West-Noord.

Prior studies found that currently used field triage protocols and previously
developed triage tools are unable to adequately identify patients in need of higher-
level trauma care.®'° Their criteria are too generic, since trauma is caused by a
wide variety of mechanisms and patients in need of higher-level trauma care can
present in a multitude of ways. Moreover, important information is lost by the fact
that criteria of the currently used protocols do not interact and continuous criteria
are often dichotomized (e.g., systolic blood pressure <90 mm Hg).*® In contrast
to these protocols, a model is able to produce advice on an individual patient level
and could be improved by providing additional data (e.g., machine learning). Since
the introduction of the first triage tools, there is an ongoing debate regarding the
relationship between such tools and the judgment of EMS professionals.?*> Some
found the judgment of EMS professionals to be insensitive,?* accurate,? or superior?
compared with triage tools. Others have suggested combining such rules with the
judgment of EMS professionals to improve prehospital triage.?”?® In our opinion,
providing EMS professionals with advice based on personalized estimations is an
elegant method to combine previously gathered knowledge with the judgment of
EMS professionals. Moreover, the use of a model incorporated in a mobile device
enables EMS and trauma regions to continuously adapt prehospital triage based on
local needs and agreements (e.g., adjust probability thresholds based on acceptable
overtriage rates).

This study found that the TT intervention could successfully be implemented in
approximately 25% of the Dutch trauma system. Its implementation was significantly

262



Implementation of a trauma triage intervention

associated with a lower risk for undertriage, while nationwide such trend was not
observed.? Also, the intervention was associated with improved chances of survival
for patients, as we found a significant decrease of death within the first days of
admission. Further research in which interhospital transfers are taken into account,
as these are known to affect chances of survival,®® is needed to determine definite
triage rates and draw conclusions regarding the association of the intervention with
mortality.

To further improve prehospital triage, we recommend making the TT app available
to be used in all Dutch prehospital trauma patients, especially in those where doubt
exists regarding a patient’s need for higher-level trauma care. In this study, the first
version of the TT intervention was investigated. Further research is needed to assess
the effect of updating the TT app and incorporated model on prehospital triage. A
next step would be to investigate the impact of the updated intervention in the form a
stepped-wedge cluster-randomized trial. Also, additional research is needed to assess
whether our findings are generalizable to other trauma systems. To aid in assessing
this, the studied model will be available for other researchers.

Strengths of this study include its extensive implementation strategy, its selection of
participants, and standardized data collection. First, the researchers and participating
EMS used an extensive strategy to instruct as many EMS professionals as possible on
the importance of accurate prehospital triage and how to adequately use the TT
app. Second, patients were not selected solely on chief concern (e.g., trauma), but
were selected by using a highly accurate and previously validated selection tool.®
As ambulance-transported patients often have multiple concerns, the use of such a
selection tool is pivotal to minimize the chance of introducing selection bias. Moreover,
selection bias was minimized by the fact that the participating regions were solely
served by the participating EMS (i.e., full coverage). Furthermore, approximately
25% of Dutch trauma centers participated in this study, and the participating EMS
serve different types of areas (i.e., urban, suburban, and rural),®! which increases
the generalizability of our results. Third, patient records were prospectively and
consistently collected by the participating EMSs and trauma regions. Moreover,
EMS records of the patients that could be linked to registrations in the TT app were
assessed by the researchers in a standardized manner and blinded from the hospital
outcomes, and all hospital data were coded by the data registrars according to the
standards of the registry without access to the EMS records. Furthermore, the Dutch
Trauma Registry includes all patients with traumatic injuries (regardless of a patient’s
age or injury severity) who were admitted to any trauma center (i.e., any trauma-
receiving hospital).*? Additionally, a deterministic and probabilistic linking scheme
that was previously validated showing an high accuracy was used to link the EMS
records to the hospital outcome data.'®
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Limitations

This study has several limitations. First, EMS professionals chose to send the result of the
TT app to the secured server in a minority of patients. According to feedback received
from the EMS professionals, they regularly forgot to send the result after using the
app, which should be resolved in next a version or phase by, for example, integrating it
in the digital EMS record. This could also overcome the unnecessary duplicate variable
registration (i.e., in the application and EMS record) EMS professionals encountered.
Moreover, as this was the first study that tested the model and app in prehospital
clinical practice, EMS professionals could not be obligated to use the app or send the
result to the secured server. They used the application particularly when they were
in doubt regarding a patient’s need for higher-level trauma care (i.e., not for patients
who were clearly mildly or severely injured). Increased or standard use of the TT app
could potentially lead to further improvement of prehospital triage. Second, although
the app was developed in close collaboration with various EMS professionals and
strict instructions were provided regarding its use, EMS professionals filled out the
prehospital factors differently than the researchers. This was mainly related to the
fact that EMS professionals in certain cases also selected body injuries if only a minor
injury was suspected, which likely resulted too often in a recommendation to transport
a patient to a higher-level trauma center. Third, the model integrated in the TT app
was developed based on a relatively small population (4950 patients, including 435
patients who were severely injured) that was selected on chief concern (i.e., trauma).
Moreover, the model was developed only to identify patients who were severely injured
as ISS of 16 or greater, which may not be the best method, as ISS of 16 or greater
does not thoroughly correlate with a patient’s need for critical-resources.?*** In future
studies, the model should be updated to improve its performance and generalizability
across different EMS using a consensus-based dependent variable consisting of, among
others, critical resources.?>3¢

Conclusions

In this quality improvement study, implementation of the TT app intervention was
associated with lower rates of prehospital undertriage. Supporting EMS professionals
in their decision-making by calculating an individual patient’s probability to be in
need of specialized care at the scene of injury is a novel and promising approach to
optimize field triage.
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Supplementary Material | Supplementary Methods

Electronic EMS records were prospectively collected and comprised, among others,
patient characteristics, on-scene vital signs, and free-text fields that were filled out
by EMS professionals. The latter contain, among others, a description of the trauma
mechanism, diagnostic findings, and considerations regarding provided prehospital
treatments. The prehospital variables and free-text fields were used to select the
records of trauma patients with an previously developed and externally validated
prediction model, with an externally validated accuracy of 98.9% (95%-CI, 98.3—
99.2).! The EMS records were linked to data collected for the Dutch Trauma Registry
by the three participating trauma regions. This registry prospectively includes all
admitted trauma patients? and electronically documents, among others, all injuries
diagnosed within the first 30 days post-trauma and various clinical outcomes (e.g.,
mortality). Trained data registrars collected these data, classified injuries using the
Abbreviated Injury Scale 2005, update 2008, and computed Injury Severity Scores
(ISS). Combined deterministic and probabilistic linkage was applied to link the EMS
records to the data of the registry. The patient-record-identifier was used to perform
deterministic linkage and probabilistic linkage was conducted with a prediction
model, which comprised multiple characteristics of the patient/accident (e.g., date
of injury). This linking method previously was shown to have an accuracy of 100.0%
(95%-CI, 100.0-100.0)." The EMS records of the patients which could be linked
to registrations in the TT-app were assessed by the researchers, in a standardized
manner and blinded from the hospital outcomes, to code the prehospital predictors of
the model included in the TT-app. The hospital data were coded by the data registrars
according to the standards of the registry without access to the EMS records.

Zip codes of the scene of injury and exact addresses of hospitals were converted
into latitude and longitude coordinates with Open Street Map (OpenStreetMap,
Cambridge, UK).®> Previous research showed that actual driving distances could
reliably be estimated using zip codes.* The two nearest higher-level trauma centers
were selected based on the haversine method and subsequently we computed the
transport times to both centers using Bing Maps (Microsoft™, Redmond, US).> The
shortest driving distance was selected as the estimated driving distance from the
scene to the nearest higher-level trauma center.
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Supplementary Table 1. Baseline characteristics of the participants included before and after
implementation of the trauma triage intervention stratified for the individual Emergency Medical

Services
Characteristic EMS Utrecht EMS Utrecht EMS Brabant EMS Brabant
before after Midden-West- Midden-West-
Noord Noord
before after
(n = 14 895) (n = 14 842) (n = 25 532) (n = 25 469)
Age, median (IQR), y 61.3 (36.9-79.8) 63.0 (39.1-80.3) 63.3 (40.6-79.9) 64.3 (41.4-79.9)
Age =65 years 6778 (45.5) 7024 (47.3) 12 241 (47.9) 12 500 (49.1)
Sex, No. (%)
Female 7809 (52.4) 7759 (52.3) 12 656 (49.6) 12 382 (48.6)
Male 7086 (47.6) 7083 (47.7) 12 876 (50.4) 13 087 (51.4)
Penetrating trauma, No. (%) 118 (0.8) 85 (0.6) 142 (0.6) 147 (0.6)
Assistance by a specialized 111 (0.7) 114 (0.8) 553 (2.2) 509 (2.0)
physician, No. (%)
Prehospital vital signs, No. (%)
Systolic blood pressure <90 189 (1.3) 221 (1.5) 298 (1.2) 299 (1.2)
mmHg
Respiratory rate >29 or <10 270 (1.8) 282 (1.9) 381 (1.5) 431 (1.7)
per min
Glasgow Coma Scale <13 579 (3.9) 597 (4.0) 890 (3.5) 853 (3.3)
Heart rate <40 or >100 per min 13 039 (87.5) 13 283 (89.5) 18 590 (72.8) 19 811 (77.8)
Oxygen saturation <90% 775 (5.2) 795 (5.4) 628 (2.5) 629 (2.5)
Severe injury (AIS® score =3),
No. (%)
Head 491 (3.3) 459 (3.1) 615 (2.4) 592 (2.3)
Face 6 (<0.1) 11 (0.1) 29 (0.1) 41 (0.2)
Neck 12 (0.1) 11 (0.1) 12 (<0.1) 7 (<0.1)
Thorax 405 (2.7) 437 (2.9) 493 (1.9) 459 (1.8)
Abdomen 59 (0.4) 59 (0.4) 93 (0.4) 68 (0.3)
Spine 117 (0.8) 109 (0.7) 146 (0.6) 149 (0.6)
Upper extremity 96 (0.6) 32 (0.2) 33 (0.1) 34 (0.1)
Lower extremity 1923 (12.9) 1859 (12.5) 2899 (11.4) 2720 (10.7)
Clinical characteristics, No. (%)
Hospital admission 5202 (34.9) 4977 (33.5) 8055 (31.5) 6838 (26.8)
ICU admission 581 (3.9) 526 (3.5) 484 (1.9) 397 (1.6)
XIII Prehospital triage, No. (%)
ISS* =16 488 (3.2) 432 (2.9) 675 (2.6) 563 (2.2)
Higher-level trauma center 2323 (15.6) 2187 (14.7) 6672 (26.1) 6580 (25.8)

AIS, Abbreviated Injury Scale; EMS, Emergency Medical Service; ICU, Intensive Care Unit; ISS, Injury Severity
Score. ®The Abbreviated Injury Scale (AIS) scoring system is used to classify injuries based on their severity
(ranging from 1/minor to 6/unsurvivable) and body region (head/neck, face, chest, abdomen, extremity,
external). PThe Injury Severity Score (ISS) is the sum of the squares of the highest AIS code in the three most
severely injured body regions and ranges from 0 to 75. An ISS of 16 or greater is generally considered major
trauma, which requires specialized/higher-level trauma care. Age missed in 0.03%, gender in 0.02%, systolic
blood pressure missed in 15.2%, respiratory rate in 19.5%, Glasgow Coma Scale in 7.0%, heart rate in 12.7%,
and oxygen saturation in 20.0% of the patients.
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Supplementary Table 3. Differences in registration of predictors between EMS professionals

and researchers

Model predictors and outcome

TT-app used with registration of patient-
record-identifier®

(n = 597)
Filled out EMS Filled out by
professional researchers
Predictors model TT-app
Age, median (IQR), y 55 (33-72) 55.2 (33.1-72.0)
Physiologic characteristics, No. (%)
Oxygen saturation <90% 12 (2.0) 23 (3.9)
Glasgow Coma Scale <13 39 (6.5) 42 (7.0)
Mechanism of injury, No. (%)
Mechanism criteria 168 (28.1) 72 (12.1)
Burns or smoke inhalation 7 (1.2) 4 (0.7)
Penetrating injury to the head, thorax, or 9 (1.5) 4 (0.7)
Abdomen
Injury characteristics, No. (%)
Suspected of a serious injury to the head, 220 (36.9) 243 (40.7)
cervical spine, or neck
Suspected of a serious injury to the thorax 44 (7.4) 88 (14.7)
Suspected of a serious injury to the pelvis 137 (22.9) 20 (3.4)
Suspected of a serious injury in =2 body 208 (34.8) 143 (24.0)
regions (head/neck, face, thorax, abdomen, pelvis, extremities)
Suspected of a serious injury to the face 154 (25.8) 59 (9.9)
Suspected of a serious injury to the abdomen 71 (11.9) 34 (5.7)
Suspected of a serious injury to the extremities 226 (37.9) 209 (35.0)
Outcome model TT-app
Transport to a higher-level trauma center, No. (%) 415 (69.5) 348 (58.3)

EMS, Emergency Medical Services; TT-app, Trauma triage app. *As time is limited in prehospital triage
EMS professionals could generate predictions without sending the result, could send it without filling
out the patient-record-identifier, or could send the result with the patient-record-identifier. The sample
of patients in whom the patient-record-identifier was registered, was linked to prehospital and hospital
data to assess prehospital triage rates in this sample of patients. Glasgow Coma Scale missed in 1.5% and
oxygen saturation in 9.5% of the patients filled out by the researchers. All were multiply imputed and values
derived from multiply imputed variables were rounded to zero decimals.
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Implementation of a trauma triage intervention

Supplementary Figure 1. Participating Regions

Yellow: Emergency Medical Services (EMS) region Utrecht. Blue: EMS region Brabant Midden-West-
Noord. Purple: participating trauma regions (i.e., Traumazorgnetwerk Midden-Nederland, Acute
Zorgregio Oost, and Netwerk Acute Zorg Brabant) and higher-level trauma centers.
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Intercept EMS Intercept EMS Brabant
Utrecht Midden-Wesi-Noord
6.064 5.322
Age
+0.013

Oxygen Saluration
— 0.062

Glasgow Coma Scale
—-0.314

Mechanism crileria
+ 1.310

Burns/smoke inhalation
+1.914

Penetrating injury
+ 1.245

Serious injury head/neck
+10.943

Serious injury thorax
+0.456

Serious injury pelvis
+2.776

Serious injury =2 regions
+0.713

Supplementary Figure 2. Model Integrated in the Trauma Triage App

Thresholds for transport to a higher-level trauma center: Emergency Medical Services (EMS) Utrecht
0.03774761 and EMS Brabant Midden-West-Noord 0.0145000. The mechanism criteria were considered
present if the patient fell from >2 meters, suffered from a motorcycle accident >32 km/h, or was entrapped in
a motorised vehicle. Burns were considered present if a second-degree burn was suspected. A serious injury
was present in case an injury was suspected that corresponded with an Abbreviated Injury Scale score >2. The
following six body regions were considered independent regions for the variable serious injury >2 regions:
head/neck, face, thorax, abdomen, pelvis, and extremities.
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EMS records
(n=461 877)

|

> Non-trauma patients

Excluded (n= 376 309)

Y
Trauma patients
(n =85 568)
Transported to a non-participating
» trauma cenler
v Excluded (n = 4830)
Included
(n=80738)
EMS Utrecht EMS Brabant Midden-West-Noord
(n=29737) (n=51001)
T
Before After
(n=40427) (n=40311)
/ "

Supplementary Figure 3. Flowchart of Patient Enrollment

EMS, Emergency Medical Services.
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Supplementary R-script

# Install packages
install.packages(“tidyverse”)
library(tidyverse)

# Import the predictors in dataframe A from Rds or CVS

# As RDS
A <-readRDS(“H:\\Data/Name_Dataset.Rds”)

# As CVS

A <-read_csv2(
file = “H:/Data/Name_Dataset.csv”,
na = c(“?”, “NA”, 7, “ %)

)
##+# Utrecht ###

# Import model
Model <- function(

Age = NA,
SPO2 = NA,
GCS = NA,

Burns_Inhalation = NA,
Mechanism_Criteria = NA,
Penetrating = NA,
Head Neck = NA,
Thorax = NA,
Pelvic = NA,
Multiple Regions = NA

) A
6.064 +
0.013*Age -
0.062*SPO2 -
0.314*GCS +
1.914*(Burns_Inhalation == TRUE) +
1.310*(Mechanism_Criteria == TRUE) +
1.245*(Penetrating == TRUE) +
0.943*(Head Neck == TRUE) +
0.456*(Thorax == TRUE) +
2.776*(Pelvic == TRUE) +
0.713*(Multiple Regions == TRUE)

XIII
# Calculate linear predictors by hand

A$Linear Predictor <- Model(
A$Age,
A$SPO2,
A$GCS,
A$Burns_Inhalation,
A$Mechanism_Criteria,
A$Penetrating,
AS$Head Neck,
A$Thorax,
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A$Pelvic,
A$Multiple Regions
)

# Calculate probabilities
A$Probabilities <- (1/(1+exp(-A$Linear Predictor)))

# Calculate predictions with threshold
A$Predictions <- ifelse(A$Probabilities > 0.03901, 1, 0)

### Brabant Midden-West-Noord ###

# Import model
Model <- function(

Age = NA,
SPO2 = NA,
GCS = NA,

Burns_Inhalation = NA,
Mechanism_Criteria = NA,
Penetrating = NA,
Head Neck = NA,
Thorax = NA,
Pelvic = NA,
Multiple Regions = NA
){
5.322 +
0.013*Age -
0.062*SPO2 -
0.314*GCS +
1.914*(Burns_Inhalation == TRUE) +
1.310*(Mechanism_Criteria == TRUE) +
1.245*(Penetrating == TRUE) +
0.943*(Head_Neck == TRUE) +
0.456*(Thorax == TRUE) +
2.776*(Pelvic == TRUE) +
0.713*(Multiple_Regions == TRUE)
b
# Calculate linear predictors by hand
A$Linear Predictor <- Model(
A$Age,
A$SPO2,
A$GCS,
A$Burns_Inhalation,
A$Mechanism_Criteria,
AS$Penetrating,
AS$Head Neck,
A$Thorax,
A$Pelvic,
AS$Multiple Regions
)

# Calculate probabilities
A$Probabilities <- (1/(1+exp(-A$Linear Predictor)))

# Calculate predictions with threshold
A$Predictions <- ifelse(A$Probabilities > 0.01450, 1, 0)
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Chapter XIV

Part I: Evaluation of pre-hospital trauma triage and
on-scene decision-making

Evaluating pre-hospital trauma triage and on-scene decision-making stands or falls
with interregional collaboration. The Trauma Continuum of Care Cohort (TRACCC),
was established through a collaboration of eight EMS and six inclusive trauma regions,
encompassing an area exceeding 8000 km? and providing care to approximately
6.5 million individuals across thirty-four trauma centers, including six higher-lever
trauma centers and 28 lower-level trauma centers (Chapter II). This resulted in an
unique cohort of effectively combined pre-hospital and hospital data of 165,404
patients, enabling extensive evaluation of pre-hospital triage and decision-making.

On-scene decision-making by EMS professionals was found to be influenced by
several factors. A first pre-hospital triage decision is made at the dispatch center,
and the initial assigned priority seems to affect a patient’s chance to be undertriaged
(Chapter III). Similarly, the distance to the nearest higher-level trauma center seems
to influence EMS professionals’ decision-making, as patients in need of specialized
trauma care are less likely to be transported to such centers as the driving distance
increases (Chapter IV). Alternative causes for transport to a lower-level trauma centers
were identified in severely injured patients who died within 30 days post-trauma
(Chapter V): hemodynamic instability (13%) and patient requests not to receive
specialized trauma care due to pre-injury health status (7%). For the remaining
patients (i.e., truly undertriaged), the majority did not meet the field triage criteria
for higher-level trauma care, indicating, in line with previous research,’ the need for
its improvement. In another study was found that secondary transfers to higher-level
trauma centers occur in a minority of the undertriaged patients and may improve
their survival rates (Chapter VI). To be able to provide an adequate overview of pre-
hospital triage should in future research also nuances related to alternative causes for
triage and secondary transfers be taken into account, for which linkage of in-hospital
to pre-hospital data is crucial. Apart from evaluating whether the absolute criteria for
higher-level trauma care are present, EMS professionals assess which injuries might
be present. Pre-hospital injury recognition is however difficult,?® which was found to
be especially the case in patients with serious abdominal and/or pelvic injury (Chapter
VII). Certain pre-hospital clinical factors, such as suspicion of alcohol intoxication,
could be of influence on a patient’s chance to suffer from certain of injury (Chapter
VIII) and potentially influence injury recognition by the EMS professional. In future
research, such factors should be further identified as they could potentially be used
to create body region specific prediction models, which could be added to existing
models to improve the overall identification of severely injured patients and further
decrease undertriage.
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Part II: Evaluation of pre-hospital decision-support
tools

Various types of pre-hospital decision-support tools were investigated in this section.
The accuracy of the currently available decision-support for pre-hospital triage in
children was evaluated, revealing inadequate performance. As a result, numerous
children who required specialized care were transported to lower-level or non-
pediatric trauma centers (Chapter IX). Similarly, field triage protocols for spinal
immobilization were found to be suboptimal in aiding Dutch EMS professionals with
pre-hospital spinal immobilization decision-making (Chapter X). Additionally, the same
issue applied to the recently implemented pre-hospital protocol for administration
of tranexamic acid, which resulted in only about a quarter of patients with severe
hemorrhages receiving medication before arriving at the hospital (Chapter XI).

The different types of tools demonstrated low accuracy. In order to effectively
assist EMS professionals in their on-scene decision-making, improvement of such
tools is necessary. This could be achieved through developing and validating future
tools in larger and more appropriately selected datasets, for which the use of adequate
selection and linking tools is essential. Additionally, the tools investigated included
certain subjective components,*° which should be limited in future tool development,
and priority should be given to automatically collected predictors.” Furthermore,
all of the tools investigated were static flowcharts, in which for example vital signs
were dichotomized, resulting in a limited representation of the more complex/subtle
interactions between signs and symptoms. Such loss of information could be avoided
by implementing full prediction models in pre-hospital clinical practice.

Part III: Development and implementation of pre-
hospital decision-support

Pre-hospital digital decision-support is still in its infancy, but holds great potential
to enhance field triage. With advanced modeling techniques becoming increasingly
accessible, and more and more non-subjective pre-hospital data, such as vital
parameters, are being collected automatically, digital decision-support is poised
to further improve. The implementation of wearables, which would enable to
continuously and remotely assess and monitor vital signs, could enhance these
developments. Such advances will likely first be introduced in the military circuit, as
has been the case with many previous developments in trauma care. To effectively
utilize such automatically collected data, we developed multiple gradient boosting
machine models that were found to reliably predict outcomes in simulated military
trauma population (Chapter XII). The developed models could be used to provide a
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prioritized overview of wounded patients and to predict (occult) injuries, which could
aid pre-hospital military care providers in their on-scene decision-making. Future
research is needed to externally validate and/or update the models in a military
database and/or pre-hospital military clinical practice.

This part also investigated the implementation of the trauma triage intervention
that involved introducing a pre-hospital prediction model, incorporated in mobile
application, used as a decision-support tool by EMS professionals (Chapter XIII).
The intervention was successfully implemented in approximately 25% of the Dutch
trauma system and resulted in a 15% reduction in undertriage risk, with no increase
in overtriage risk. The improvement of triage found was significant, while nationwide
such trend was not observed.® These findings demonstrate the potential of supporting
EMS professionals in their decision-making by calculating an individual patient’s
probability of needing specialized care at the scene of injury. To enhance pre-hospital
triage, we recommend making the TT-app accessible for use in all pre-hospital trauma
patients in the Netherlands, particularly in cases where there is uncertainty about
a patient’s need for higher-level trauma care. As a next step, an updated version
of the intervention and model could be evaluated through a stepped wedge cluster
randomized trial to further investigate its impact on pre-hospital triage.® The updated
model should address the limitations of the previous version, which was developed
on a relatively small population (4950, with 435 severely injured patients) that
was selected on chief complaint (i.e., trauma), using a relatively simple modeling
technique, and included some partly subjective predictors (i.e., suspected serious
injuries).'® Moreover, the current model predicts solely severe injury (i.e., ISS =16),
which is debatable as ISS =16 does not necessarily indicate a patient’s need for
critical-resources.'!2 To address these issues, we are currently developing a gradient
boosting machine model, that uses the data of all regions included in TRACCC and
predicts both severe injury and early critical-resource use with solely automatically
collected predictors.”

Our prior experience with implementing a decision-support tool in pre-hospital
clinical practise has learned us valuable lessons (Chapter XIV). We have identified
three key areas for improvement of our implementation approach: prevent duplicate
variable registration, facilitate routine use, and enable feedback. First, the TT-app
was used as a stand-alone application, which required EMS professionals to manually
fill out predictors and register variables twice. This manual process was considered
impractical as EMS professionals work in a time-critical environment. To overcome
this issue, we recommend automatic digital communication between the implemented
decision-support tool and the EMS electronic documentation system, which would
overcome the unnecessary duplicate variable registration. Moreover, we suggest the
inclusion of more automatically measured predictors to save additional time.” Also,
are such variables in general objective and could the predictive value of the trends
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of such variables (e.g., vitals parameters) be included in future models. Second, the
TT-app solely included a prediction model for trauma patients, whom comprise 15-
20% of the patients transported by EMS professionals.!® This made it challenging for
EMS professionals to integrate the use of the TT-app into their working routine. To
avoid the development of multiple stand-alone applications in the future, we suggest
combining decision-support tools for different medical specialties (e.g., cardiac or
neurological patients), into a pre-hospital platform. Such a platform could also be
used to monitor triage and interact nationwide with other digital innovations (e.g.,
interregional capacity management system). Third, during the implementation of
the TT-app, EMS professionals were legally prohibited from receiving feedback on
their triage decisions due to personalized data protection and they only encountered
a severely injured patient a few times a year.!>'* In January 2021, Dutch legislation
changed which now permits to provide EMS professionals with feedback (e.g., in-
hospital diagnosed injuries). A pre-hospital digital platform could also provide EMS
professionals with automatic feedback, enabling them to learn from past cases and
improve their decision-making at the scene of injury. The feedback collected could also
be used to optimise integrated decision-support tools. Finally, a vice versa feedback
mechanism could be included to enable EMS professionals to provide feedback on the
usability of the integrated tools, to facilitate their continuous improvement.

Finally, it is essential to assess the generalizability of the findings of this thesis to
other trauma systems. A first step to achieve this was recently taken by externally
validating the previously developed model in collaboration with a study group in
the United Kingdom,' but also studies are needed on the implementation of the
trauma triage intervention or a similar digital decision-support tool. Such studies
would provide better understanding of how our approach can be adapted to address
needs and challenges of other trauma systems, ultimately improving the quality of
pre-hospital triage worldwide.
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Summary in Dutch - Nederlandse samenvatting

Ontwikkeling van pre-hospitale trauma triage

Pre-hospitale trauma triage werd voor het eerst beschreven rond 1800, toen militair
chirurg Pierre-Francois Percy en chirurgisch bevelhebber van Napoleon’s keizerlijke
garde Baron Dominique Jean Larrey, een systeem introduceerden voor het van
het slagveld evacueren van militairen op basis van de ernst van hun letsels.! Zij
stelden zich ten doel om de juiste patiént binnen de juiste tijd, op de juiste plek te
behandelen, wat vandaag de dag nog altijd het adagium van pre-hospitale trauma
triage is.? Over de decennia heeft pre-hospitale triage zich verder ontwikkeld, in
het bijzonder tijdens de Amerikaanse Burgeroorlog en de twee Wereldoorlogen. De
hierbij opgedane kennis werd gebruikt voor de ontwikkeling van een eerste pre-
hospitale traumasysteem in de Verenigde Staten in 1966.% Een decennium later werd
de noodzaak tot het gestandaardiseerd ontwikkelen van traumazorg erkend door de
American College of Surgeons Committee on Trauma (ACS-COT), welke de eerste
levelcriteria voor traumacentra vaststelden, uiteindelijk resulterend in het eerste
geregionaliseerde systeem van traumazorg.>* In 1999 implementeerde Nederland in
navolging van Amerikaans voorbeeld zijn eigen geregionaliseerde traumasysteem.®
Vandaag de dag is Nederland onderverdeeld in 11 inclusieve traumaregio’s, elk
bestaand uit één level-I traumacentrum en verschillende level-II en -III traumacentra.
Nederlandse level-I traumacentra worden beschouwd als hoger-level traumacentra.
Deze zijn vergelijkbaar met Amerikaanse level-I en -II traumacentra en ingericht om
ernstig gewonde patiénten te behandelen.® Nederlandse level-II en -III traumacentra
worden gezien als lager-level traumacentra en zijn ingericht om grote aantallen mild
en matig gewonde patiénten te behandelen. Verschillende studies,” inclusief een
vooraanstaande Nederlandse studie,® hebben aangetoond dat de implementatie van
inclusieve regio’s traumazorg aanzienlijk heeft verbeterd.

Moderne pre-hospitale trauma triage

Moderne pre-hospitale triage kan worden onderverdeeld in twee fases: triage
door de meldkamer en triage door pre-hospitale zorgverleners (op de plaats van
het ongeval en gedurende transport). Triage in de laatstgenoemde fase vindt plaats
door ambulanceprofessionals of door Medisch Mobiel Team (MMT) artsen, welke in
Nederland perambulance of helikopter naar de plaats van het ongeval worden gebracht.
Zowel de samenstelling en opleiding van pre-hospitale teams als de gebruikelijke
transportvorm naar het ziekenhuis kunnen aanzienlijk verschillen tussen landen.
Nederlandse ambulances worden bemand door verpleegkundigen welke bevoegd zijn
om pre-hospitale zorg op een Advanced Life Support level te bieden. Nederlandse
MMT-artsen, over het algemeen traumachirurgen of anesthesiologen, worden naar de
plaats van het ongeval gestuurd (meestal per helikopter) als de meldkamer inschat
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dat een patiént met ernstig aangedane vitale parameters zal worden aangetroffen. In
Nederland is vervoer naar het ziekenhuis per ambulance de primaire transportvorm,
wat ook de transportvorm is waarop dit proefschrift zich richt.

Pre-hospitale besluitvorming bestaat uit verschillende cruciale onderdelen.
Allereerst wordt een inschatting van de ernst van een patiént zijn/haar letsel gemaakt,
inclusief van de potentieel noodzakelijke zorgmiddelen, waarna het meest passende
traumacentrum wordt gekozen, waarbij extra factoren zoals de stabiliteit van een
patiént en afstand tot traumacentra worden meegewogen. Deze besluitvorming is
van vitaal belang in gecentraliseerde traumasystemen omdat mistriage patiénten
ernstig kan schaden.

Het transporteren van patiénten die gespecialiseerde traumazorg nodig hebben
naar lager-level traumacentra, ook wel ondertriage genoemd, leidt namelijk tot
voorkombare mortaliteit en morbiditeit.” Daarnaast leidt het vervoeren van mild en
matig gewonde patiénten naar hoger-level traumacentra, ook wel overtriage genoemd,
tot het onnodig gebruik van specialistische zorg en kosten.’® In het algemeen,
geniet het terugdringen van ondertriage de voorkeur boven het terugdringen van
overtriage. De ACS-COT en het Zorginstituut Nederland adviseren dan ook maximale
ondertriagepercentages na te streven van respectievelijk 5% en 10%.%!2 Een recente
systematische review laat echter zien dat het wereldwijd momenteel binnen geen
enkel traumasysteem met acceptabele overtriagepercentages (maximaal 35%)
mogelijk is om deze ondertriagepercentages te behalen.

Pre-hospitale triage kan worden verbeterd door zorgverleners te ondersteunen in
hun besluitvorming met behulp van pre-hospitale protocollen en tools. Een eerste stap
is echter om pre-hospitale triage adequaat te evalueren en factoren te identificeren
die van invloed kunnen zijn op pre-hospitale besluitvorming. Dergelijk onderzoek
kan uitdagend zijn omdat het accurate selectie en koppeling van data vereist, wat
zal worden gepoogd en onderzocht in dit proefschrift. De afgelopen decennia zijn er
verschillende decision-support tools ontwikkeld, verbeterd en geimplementeerd om
pre-hospitale triage te verbeteren,'* waarvan verschillende soorten onderzocht zullen
worden in dit proefschrift.

Momenteel zijn Nederlandse ambulanceprofessionals aangewezen op
het Landelijk Protocol Ambulancezorg (LPA), welke werd ontwikkeld door
Ambulancezorg Nederland,™ op basis van de triage criteria van het American Field
Triage Decision Scheme.!? Recent onderzoek laat echter zien dat dit protocol,®
evenals andere triage tools'# een lage accuratesse heeft ten aanzien van het selecteren
van ernstig gewonde patiénten. Deze statische flowcharts zijn onvoldoende in
staat om subtiele en interacterende patronen van symptomen te onderscheiden
wat leidt tot informatieverlies. Om deze beperkende factor te ondervangen werd
recent een multivariabel predictiemodel ontwikkeld om de pre-hospitale triage van
traumapatiénten te kunnen verbeteren.!” Het gebruik van een dergelijk model op de
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plaats van het ongeval om een inschatting te maken van een patiént zijn of haar kans
om ernstig gewond te zijn zou een nieuwe en veelbelovende methode zijn om pre-
hospitale triage te optimaliseren.

Inhoud proefschrift
Dit proefschrift betreffende beslisondersteuning binnen pre-hospitale trauma triage
is onderverdeeld in drie delen:

1. Evaluatie van pre-hospitale trauma triage en besluitvorming

Onderzoek naar pre-hospitale triage is grotendeels afhankelijk van de kwaliteit en
volledigheid van de bestudeerde data. Terwijl in andere registraties een substantieel
aantal ernstig gewonde patiénten ontbreekt,’® staat de Nederlandse Landelijke
Traumaregistratie (LTR) bekend om haar volledigheid, aangezien hierin alle in het
ziekenhuis opgenomen traumapatiénten worden geincludeerd.”” Toch ontbreekt
het deze registratie aan pre-hospitale data en gegevens van patiénten die vanaf
spoedeisende hulp naar huis werden ontslagen, beide cruciaal voor complete evaluatie
van pre-hospitale triage. Hoofdstuk II beschrijft hoe pre-hospitale en hospitale
data van verschillende ambulance- en traumaregio’s werden samengevoegd in een
cohort specifiek ontwikkeld om pre-hospitale triage te onderzoeken. Verschillende
factoren kunnen pre-hospitale besluitvorming beinvloeden, waarvan de eerste stap
plaatsvindt in de meldkamer. Het effect van de door de meldkamer vastgestelde
riturgentie op verdere pre-hospitale triage wordt geévalueerd in hoofdstuk III.
Hoofdstuk IV onderzoekt het effect van de afstand tot het dichtstbijzijnde hoger-level
traumacentrum op de ziekenhuiskeuze van een ambulanceprofessional. In hoofdstuk
V wordt de pre-hospitale triage en besluitvorming gedetailleerd onderzocht in
patiénten die binnen 30 dagen na trauma overleden. Hoofdstuk VI onderzoekt
overplaatsingen en hun relatie met mortaliteit onder patiénten waarbij er sprake was
van ondertriage. Hoofdstuk VII beschrijft het pre-hospitale onderzoek van letsel van
het bekken en abdomen door ambulanceprofessionals, daar deze van invloed kan zijn
op pre-hospitale besluitvorming en triage. Tot slot concentreert hoofdstuk VIII zich
op het effect van pre-hospitale verdenking op een alcoholintoxicatie, een factor die
potentieel van invloed zou kunnen zijn op letselherkenning.

2. Evaluatie van pre-hospitale decision-support tools

Binnen dit deel worden verschillende soorten decision-support tools onderzocht
die momenteel door ambulanceprofessionals worden gebruikt. Hoofdstuk IX
weergeeft een multiregionale observationele cohortstudie die de accuratesse van pre-
hospitale triage en de daarvoor gebruikte protocollen onder kinderen onderzoekt.
Hoofdstuk X onderzoekt pre-hospitale wervelkolomimmobilisatie en decision-
support in een inclusieve traumaregio in Nederland. Hoofdstuk XI evalueert de
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pre-hospitale toediening van tranexaminezuur, na implementatie in het landelijke
ambulanceprotocol (LPA), onder patiénten met een ernstige bloeding.

3. Ontwikkeling en implementatie van pre-hospitale decision-support tools

Dit deel focust zich op het ontwikkelen en implementeren van pre-hospitale decision-
support tools. In hoofdstuk XII werden modellen ontwikkeld en gevalideerd, met
slechts predictoren waarvan wordt verwacht dat deze in de nabije toekomst met
behulp van wearables kunnen worden verzameld. Deze modellen kunnen in potentie
militaire zorgprofessionals ondersteunen in hun pre-hospitale besluitvorming. Hoofd-
stuk XIII onderzoekt de implementatie van de trauma triage interventie. Het eerder
beschreven predictiemodel,’” werd geintegreerd in een mobiele applicatie om
ambulanceprofessionals te kunnen voorzien van een advies (de trauma triage applicatie/
TT-app), en vervolgens geintroduceerd in de pre-hospitale praktijk als onderdeel van
de triage interventie. Naar ons weten was dit de eerste studie wereld-wijd waarbij de
implementatie van een digitale decision-support tool in de pre-hospitale zorg werd
onderzocht. Tot slot wordt er in Hoofdstuk XIV gereflecteerd op welke lessen er werden
geleerd van het implementeren van digitale decision-support tools in de pre-hospitale
praktijk en kijken we vooruit naar potentieel toekomstig onderzoek.

Deel 1: Evaluatie van pre-hospitale trauma triage en besluitvorming
Het evalueren van pre-hospitale trauma triage en besluitvorming valt of staat
met interregionale samenwerking. Het Trauma Continuum of Care Cohort
(TRACCC), kwam tot stand met behulp van een samenwerkingsverband tussen acht
ambulancediensten en zes inclusief traumaregio’s, samen een gebied van meer dan
8000 km? beslaand, waarin zorg wordt geboden aan zo'n 6,5 miljoen personen,
verspreid over 34 traumacentra, waarvan zes hoger-level traumacentra en 28 lager-
level traumacentra zijn (Hoofdstuk II). Dit resulteerde in een uniek cohort van
gecombineerde pre-hospitale and hospitale data van 165.404 patiénten, daarmee
uitgebreide evaluatie van pre-hospitale triage en besluitvorming mogelijk makend.
Pre-hospitale besluitvorming door ambulanceprofessionals werd bevonden te
worden beinvloed door verschillende factoren. Een eerste pre-hospitaal triagebesluit
wordt genomen door de meldkamer en de initieel afgegeven riturgentie lijkt dan ook
een patiént zijn kans op ondertriage te beinvloeden (Hoofdstuk III). Ook de afstand
tot het dichtstbijzijnde hoger-level traumacentrum lijkt van invloed te zijn op de
besluitvorming van ambulanceprofessionals, gezien patiénten die gespecialiseerde
traumazorg nodig hadden minder vaak naar een hoger-level traumacentrum werden
vervoerd naarmate de afstand daartoe toenam (Hoofdstuk IV). Alternatieve oorzaken
voor transport naar een lager-level traumacentrum werden geidentificeerd in ernstig
gewonde patiénten die binnen 30 dagen overleden (Hoofdstuk V): hemodynamisch
instabiliteit (13%) en de wens om geen gespecialiseerde traumazorg meer te ont-
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vangen als gevolg van patiénten hun gezondheidstoestand voorafgaand aan het
ongeval (7%). Bij het merendeel van de resterende patiénten (waarbij sprake
was van “daadwerkelijke ondertriage”) waren er geen pre-hospitale criteria voor
transport naar hoger-level traumazorg aanwezig, in lijn met eerder onderzoek,®
hiermee de noodzaak tot verbetering hiervan indicerend. Tevens werd aangetoond
dat slechts een minderheid van de patiénten waarbij er sprake is van ondertriage
wordt overgeplaatst en dat overplaatsing hun overlevingskansen mogelijk vergroot
(Hoofdstuk VI). Om een adequaat overzicht van pre-hospitale triage te kunnen geven
in toekomstig onderzoek zullen ook factoren zoals alternatieve oorzaken voor triage
en overplaatsingen moeten worden meegenomen, waarvoor koppeling van pre-
hospitale en in-hospitale data cruciaal is. Naast het evalueren van de aanwezigheid van
absolute criteria voor hoger-level traumazorg, onderzoeken ambulanceprofessionals
ook welke letsels er mogelijk aanwezig zouden kunnen zijn. Het pre-hospitaal
herkennen van letsels is echter uitdagend,?*?! dit bleek in het bijzonder het geval te
zijn bij letsel van het bekken en abdomen (Hoofdstuk VII). Bepaalde pre-hospitale
factoren, zoals verdenking op een alcoholintoxicatie, kunnen van invloed zijn op een
patiént zijn kans op bepaald letsel (Hoofdstuk VIII) en potentieel op de herkenning
hiervan door de ambulanceprofessional. Dergelijke factoren moeten in toekomstig
onderzoek verder worden geidentificeerd aangezien deze potentieel kunnen worden
gebruikt om lichaamsregio specifieke predictiemodellen te ontwikkelen. Deze zouden
bijvoorbeeld kunnen worden toegevoegd aan bestaande modellen om de herkenning
van ernstig gewonde patiénten te verbeteren en ondertriage te reduceren.

Deel 2: Evaluatie van pre-hospitale decision-support tools

Verschillende soorten pre-hospitale decision-support tools werden onderzocht in dit
deel. De accuratesse van de momenteel beschikbare decision-support tools voor de
pre-hospitale triage van kinderen werd onderzocht en bleek inadequaat (Hoofdstuk
IX). Er werd dan ook een groot aantal kinderen dat gespecialiseerde zorg behoefde
getransporteerd naar een lager-level of niet-pediatrisch traumacentrum. Desgelijks
werd gevonden dat pre-hospitale protocollen voor wervelkolomimmobilisatie
ambulanceprofessionals suboptimaal ondersteunden in hun besluitvorming
(Hoofdstuk X). Dit gold ook voor het recent geimplementeerde pre-hospitale protocol
voor het pre-hospitaal toedienen van tranexaminezuur, resulterend in het feit dat
slechts ongeveer een kwart van de patiénten met een ernstige bloeding dit kreeg
toegediend voordat zij het ziekenhuis bereikten (Hoofdstuk XI).

De verschillende soorten tools toonden lage accuratesse. Verbetering van dergelijke
tools is nodig om ambulanceprofessionals adequaat te kunnen ondersteunen in hun
besluitvorming. Dit zou kunnen worden bereikt door toekomstige tools te ontwikkelen
en valideren in grotere en beter geselecteerde datasets, waarvoor het gebruik van
adequate tools voor selectie en koppeling essentieel is. Daarnaast betroffen de
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onderzochte tools bepaalde subjectieve predictoren,??2* waarvan het gebruik moet
worden beperkt bij het ontwikkelen van toekomstige tools en voorrang zou moeten
worden gegeven aan automatisch te verzamelen predictoren.?> Tevens waren alle
onderzochte tools statische flowcharts, waarin bijvoorbeeld vitale parameters werden
gedichotomiseerd, resulterend in een beperkte representatie van complexere of
subtielere interacties van symptomen. Dergelijk verlies van informatie kan worden
beperkt door volledige predictiemodellen in een mobiele applicatie te implementeren
in de pre-hospitale praktijk.

Deel 3: Ontwikkeling en implementatie van pre-hospitale decision-support
Pre-hospitale digitale decision-support staat nog in de kinderschoenen, maar heeft de
potentie om pre-hospitale triage aanzienlijk te verbeteren. Aangezien geavanceerde
modelleringstechnieken steeds breder beschikbaar worden en steeds meer objectieve
pre-hospitale data, zoals vitale parameters, automatisch worden verzameld, is
digitale decision-support klaar om zich verder te ontwikkelen. De implementatie
van wearables, welke het mogelijk zouden maken om continu en op afstand vitale
parameters te monitoren, zou deze ontwikkelingen kunnen versnellen. Dergelijke
ontwikkelingen zullen mogelijk eerst worden geintroduceerd in een militaire
context, zoals dit het geval is geweest met vele eerdere ontwikkelingen binnen
de traumazorg. Om dergelijke automatische data effectief te kunnen gebruiken
werden er verschillende gradient boosting machine modellen ontwikkeld waarmee
het mogelijk was om betrouwbaar uitkomsten te voorspellen in een gesimuleerde
militaire traumapopulatie (Hoofdstuk XII). De ontwikkelde modellen kunnen worden
gebruikt om een geprioriteerd overzicht van de gewonden te weergeven en om
(occulte) letsels te voorspellen, wat militaire zorgverleners zou kunnen in helpen in
hun pre-hospitale besluitvorming. Verder onderzoek is nodig om de modellen extern
te valideren/updaten in een militaire database en/of in de pre-hospitale militaire
praktijk.

Dit deel onderzocht ook de implementatie van de trauma triage interventie,
waarbij als onderdeel hiervan een pre-hospitaal predictiemodel in een mobiele
applicatie werd geintegreerd om als een decision-support tool te kunnen worden
gebruikt door ambulanceverpleegkundigen (Hoofdstuk XIII). De interventie was
succesvol geimplementeerd in ongeveer 25% van het Nederlandse traumasysteem en
resulteerde in een reductie van 15% van het risico op ondertriage, zonder toename
van overtriage. Er was sprake van een significante verbetering van triage, terwijl er
landelijk geen sprake was van een dergelijke trend.?® Deze bevindingen tonen het
potentieel van het ondersteunen van ambulanceprofessionals in hun besluitvorming
door op de plaats van het ongeval een individuele patiént zijn/haar kans te kunnen
berekenen om gespecialiseerde traumazorg nodig te hebben. Om pre-hospitale triage
te verbeteren adviseren wij om de TT-app beschikbaar te maken voor gebruik in
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alle pre-hospitale traumapatiénten in Nederland, in het bijzonder in casus waarbij er
twijfel is over een patiént zijn noodzaak tot hoger-level traumazorg. Als een volgende
stap zou de implementatie van een geupdate versie van de interventie en het model
kunnen worden onderzocht in de vorm van een stepped wedge cluster randomized
trial.?” Bij de ontwikkeling van het geupdate model moeten de limitaties van de eerdere
versie in ogenschouw worden genomen, deze was namelijk ontwikkeld met behulp
van een relatieve kleine populatie (4950, waarvan 435 ernstig gewonde patiénten)
welke was geselecteerd op basis van hoofdklacht (trauma), waarbij er gebruik
werd gemaakt van een relatief simpele modeleringstechniek en enkele gedeeltelijk
subjectieve predictoren werden geincludeerd (bijvoorbeeld de verdenkingen op
letsels).!” Daarnaast voorspelt het huidige model slechts ernstig letsel (Injury Severity
Score =16), wat discutabel is, gezien deze uitkomstmaat niet noodzakelijkerwijs een
patiént zijn noodzaak tot gespecialiseerde traumazorg indiceert.?®?° Om rekening
te houden met deze factoren ontwikkelen wij momenteel een gradient boosting
machine model, met behulp van data uit TRACCC, waarbij zowel ernstig letsel als
early critical-resource use worden voorspeld met slechts automatisch te verzamelen
predictoren.?

Daarnaast hebben de opgedane ervaringen bij het implementeren van de decision-
support tool in pre-hospitale zorg ons waardevolle lessen geleerd (Hoofdstuk XIV).
Wij hebben drie belangrijke punten ter verbetering geidentificeerd ten aanzien van
de implementatie: voorkom dubbele registratie van variabelen, faciliteer routine-
gebruik en maak feedback mogelijk. Allereerst werd de TT-app gebruikt als stand-
alone applicatie, waardoor ambulanceprofessionals genoodzaakt waren om manueel
predictoren in te vullen en variabelen dubbel te registeren. Dit manuele proces werd
door de ambulanceprofessionals als onpraktisch ervaren aangezien zij werken in een
omgeving waarin tijd kritiek is. Om dit te voorkomen adviseren wij automatische
digitale communicatie tussen toekomstige decision-support tools en het elektronisch
patiéntendossier van de ambulancedienst, wat onnodige dubbele registratie van
variabelen voorkomt. Tevens zou de inclusie van meer automatisch verzamelde
predictoren aanvullende tijd kunnen besparen.* Ook zijn dergelijke variabelen over het
algemeen objectief en kan ook de voorspellende waarde van de trends van dergelijke
variabelen (bijvoorbeeld vitale parameters) in toekomstige modellen worden
meegenomen. Ten tweede was in de TT-app slechts een predictiemodel geincorporeerd
voor traumapatiénten, welke zo'n 15-20% zijn van de door de ambulanceprofessionals
vervoerde patiénten.®® Dit maakte het uitdagend voor ambulanceprofessionals om
het gebruik van de TT-app te integreren in hun werkroutine. Om de ontwikkeling
van verschillende stand-alone applicaties in de toekomst te voorkomen, zouden de
decision-support tools voor de verschillende medische specialisaties (bijvoorbeeld
voor ook cardiologische of neurologische patiénten) kunnen worden gecombineerd in
een pre-hospitaal platform. Een dergelijk platform zou ook kunnen worden gebruikt
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om triage te monitoren en te kunnen samenwerken met andere regio-overstijgende
digitale innovaties (bijvoorbeeld een interregionaal capaciteitsmanagement systeem).
Ten derde was het voor ambulanceprofessionals gedurende de implementatie van
de TT-app wettelijk verboden om feedback te ontvangen op hun triagebesluiten in
verband met de bescherming van persoonsgegevens en treffen zij gemiddeld slechts
een paar keer per jaar een ernstig gewonde patiént.’®*! Sinds een wetswijziging in
januari 2021 is het voor ambulanceprofessionals toegestaan om feedback vanuit
het ziekenhuis te ontvangen (bijvoorbeeld de in het ziekenhuis vastgestelde letsels/
diagnoses). Een pre-hospitaal digitaal platform zou ambulanceverpleegkundigen
kunnen voorzien van automatische feedback, waardoor het voor hen mogelijk wordt
om van eerdere casus te leren en hun pre-hospitale besluitvorming te verbeteren.
De verzamelde feedback zou dan ook kunnen worden gebruikt om geintegreerde
decision-support tools te optimaliseren. Een vice versa feedbackmechanisme zou
tevens kunnen worden geincorporeerd om ambulanceprofessionals feedback te laten
geven op de gebruiksvriendelijkheid van de geintegreerde tools om deze continu te
kunnen blijven verbeteren.

Tot slot is het essentieel om de generaliseerbaarheid van de bevindingen van dit
proefschrift naar andere traumasystemen te onderzoeken. Een eerste stap hiertoe is
recent gezet door het eerder ontwikkelde model extern te valideren in samenwerking
met een studiegroep uit het Verenigd Koninkrijk,*> maar ook zijn dergelijke studies
naar de implementatie van de trauma triage interventie of een vergelijkbare digitale
decision-support tool noodzakelijk. Dergelijke studies zouden een beter begrip kunnen
verschaffen over hoe onze benadering kan worden aangepast op de benodigdheden
en uitdagingen van andere traumasystemen om uiteindelijk de kwaliteit van pre-
hospitale triage wereldwijd te kunnen verbeteren.
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Beste Vera, Titus, Nils en Remco, veel dank voor jullie hulp en enthousiasme binnen
Vitals IQ 2.0. Ontzettend interessant en leerzaam om onderdeel van jullie project uit
te hebben mogen maken.

Collega’s van de afdeling Heelkunde van het Diakonessenhuis, veel dank voor de
mooie en leerzame tijd waarbij ik als semi-arts en later als dokter mijn eerste stappen
in de kliniek heb mogen zetten.

Collega’s van de afdeling Heelkunde van het Deventer Ziekenhuis, veel dank voor een
prachtig 2¢ jaar als A(N)IOS chirurgie. Ik kijk er enorm naar uit om terug te keren naar
de geweldige omgeving die jullie daar als chirurgen en arts-assistenten hebben weten
te creéren. Beste dr. Elsman, veel dank voor uw raad als mentor en hulp rondom de
sollicitatieprocedure. Beste Bob, veel dank voor hoe je je waar mogelijk inzet voor
ons assistenten en door je humor in te zetten altijd het maximale uit eenieder weet
te halen. Geweldig om onder jouw hoede verdere stappen als AIOS te mogen zetten.

Collega’s van de afdeling Heelkunde Universitair Medisch Centrum Utrecht (UMCU),
veel dank voor de fantastische jaren, zowel als arts-onderzoeker als AIOS een
geweldig stimulerende en prettige afdeling om te werken. Chirurgen, veel dank voor
al jullie hulp en geduld bij mijn eerste stappen binnen de opleiding. Assistenten, veel
dank voor de prachtige tijd met de trip naar Istanbul als hoogtepunt. Beste Ivar, Kim,
Mark, Mirjam, Steven en in het bijzonder Falco en Karlijn, veel dank voor jullie hulp
bij onze studies en al het plezier tijdens mijn tijd als onderzoeker, in het bijzonder op
de traumacongressen.

Beste Ingrid, Héléne, Marielle en Romy, veel dank voor het plannen van alle afspraken,
het organiseren van talloze accounts/aanstellingen en het regelen van de vele andere

zaken rondom mijn promotie en opleiding.

Collega’s van het Calamiteitenhospitaal, veel dank voor de donkere, maar veilige
werkplek en al het plezier samen.

Geachte dr. Simmermacher, veel dank voor uw begeleiding en het plezier tijdens mijn
jaar als Arts Klinisch Onderwijs (AKO) en gedurende de buikwandstage; een groot

gemis voor het UMCU dat u dit jaar de kliniek verlaat.

Beste Arthur, veel dank voor al je hulp tijdens mijn jaar als AKO en bovenal het plezier.
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Mede-promovendi, veel dank voor de geweldige jaren samen, of we nou in de
collegebanken zaten, naar een congres gingen of met skireis waren, het was altijd
een feest. Eveline, veel dank voor al je hulp en geduld als supervisor van mijn eerste
stukken en mij met enthousiasme wegwijs te maken binnen de wereld van pre-
hospitale triage. Met veel genoegen kijk ik terug op onze maanden samen in het
Calhosp en de fantastische congressen samen. Rogier en Job, als Calhosp cowboys
hebben we in korte tijd veel kunnen bereiken, met TRACCC en vele topstudies als
resultaat. Graag denk ik terug aan hoe we met veel plezier het land doortrokken om
nieuwe samenwerkingen op te zetten (bij voorkeur onderweg naar de rode haan).
Rogier, dank dat je Job en mij op sleeptouw hebt genomen, ons hebt gestimuleerd
tot de master Epidemiologie en daardoor de database, die je als ongeévenaarde
programmeur in elkaar had gezet, goed aan ons hebt kunnen overdragen. Daarnaast
erg bijzonder om dit project als studiematen samen tot een goed einde te hebben
gebracht en dit jaar weer samen te werken in de kliniek. Job, veel dank voor al
je hulp bij de vele projecten die we samen zijn aangevlogen. Je bent een trouwe,
hardwerkende kracht en hopelijk is binnenkort ook voor jou het moment dat je je
proefschrift kunt afronden. Alexander, je eerste project was een schot in de roos
waarop ik graag met je had voortgebouwd, maar helaas was je tijd bij ons door
ander succes uiteindelijk van korte duur. Dunja, altijd fijn om met je te samen te
werken, met onder andere een prachtige gezamenlijke studie als resultaat. Max, als
student heb je al snel grote stappen kunnen zetten doordat je leergierig, analytisch
en fanatiek bent. Ik ben trots om je de komende tijd te mogen blijven begeleiden.

Mannen van de M3, in het bijzonder Dobbe, veel dank voor de prachtige jaren,
waarin plezier altijd samenging met hard werken; de M3 Esprit die ook nodig was
voor het schrijven van dit proefschrift. Menco, enorm bijzonder en dierbaar om na
vele jaren samen op de Mulderstraat nog zoveel andere ervaringen te hebben mogen
delen: onze publicaties samen, gezamenlijk als ANIOS in het DZ en nu beiden dit
najaar promoveren.

Volgelingen van Niek, dit traject had zijn geboorte in ons jaar samen. Veel dank
voor jullie hulp toen en sindsdien, maar in het bijzonder voor de vele onvergetelijke
momenten samen en de band die daaruit is voortgevloeid, welke altijd direct weer
opleeft als we samen zijn. Destijds was het een koude klets en puntzak friet (geen
liflafjes), laten we er vanavond een vergelijkbare avond als toen van maken. Fluit,
jij in het bijzonder veel dank voor al je hulp, je bent een geweldige vriend (en
ghostwriter), die altijd oprecht geinteresseerd is, met wie het eigenlijk niet uitmaakt
wat je doet, omdat het al fantastisch is om samen tijd door te brengen. Ik hoop dat
we dat nog lang blijven doen.
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Jaarclub Catenaccio, en in het bijzonder natuurlijk onze pres, veel dank voor de vele
prachtige avonden die als inspiratie dienden voor dit proefschrift. Het schrijven hiervan
voelde als onze reis met Bralte: vooral even tanden op elkaar en proberen ongeschonden
het eindstation te bereiken. Deze reis duurde wat langer, maar gelukkig kwamen er
steeds meer “boots on the ground” in de vorm van Stichtsche Catten. Met alle kittens
op komst zullen dit er alleen maar meer worden, het wordt ongetwijfeld een mooie
tijd... Died, zwarte panter, krediederik, sinds onze aanstelling als fisci zijn we op elkaar
aangewezen waarna onze vriendschap vele levensfases heeft doorkruist. Van avonden
met een overdaad aan snoepsalades, via avonturen op Amsterdamse dakterrassen, naar
inmiddels huwelijken en babybezoeken. Bijzonder om onze hoogte- en dieptepunten
te kunnen delen, iets wat denk ik niet vanzelfsprekend is. Veel dank voor je loyale
vriendschap, de vele waardevolle gesprekken en al het plezier.

Simon, Julius, Bas en Coen, veel dank voor jullie onvoorwaardelijke vriendschap.
Erg bijzonder dat deze al zoveel jaren en levensfases teruggaat waardoor deze
ongetwijfeld de tand des tijds zal doorstaan. Met veel plezier denk ik terug aan
onze tijd in Utrecht, de vele weekenden weg en alle dierbare dagen, met inmiddels
gezinnen, in Domburg. Het verlies van Jeppe heeft mij anders naar vriendschap doen
kijken en ik denk onze band verder versterkt, des te bijzonder vind ik het dat jullie
hier vandaag aanwezig zijn en we deze mijlpijl samen vieren.

Paranimf Van Beek, Dirk-Jan, amice, geweldig dat je mijn paranimf wilt zijn, vandaag
exact veertien jaar na de start van onze studie geneeskunde. Sindsdien bleven
we elkaar tegenkomen, zowel op hockeyveld, kroeg, faculteit, congres, als in het
UMCU en Diak wisten we elkaar te vinden. Zoals eenieder zal onderkennen, raak je
niet snel met je uitgepraat, wat we dan ook vaak urenlang deden gedurende onze
wandelrondes ten tijde van de coronamaatregelen waardoor onze vriendschap verder
heeft kunnen groeien. Ik ben je enorm dankbaar voor alle steun en adviezen die je me
over de afgelopen jaren hebt gegeven en hoop dat onze paden zich nog lang zullen
blijven kruisen.

Paranimf Gelissen, Floes, fantastisch dat je vandaag naast me staat als paranimf,
vanaf ons eerste jaar samen op de M3 zijn we niet meer van elkaars zijde geweken.
Ik heb denk ik, afgezien van met mijn gezin, de meeste tijd met jou doorgebracht,
altijd een groot feest waarbij je eenieder telkens weer op een positieve manier weet
te verbazen. Je bent een geweldige vriend die graag voor anderen klaar staat en
met wie ik het liefste onafgebroken op het terras zou zitten. Ik waardeer enorm hoe
geinteresseerd, loyaal, zorgzaam en betrokken je altijd bent. Onbeschrijfelijk hoe je
ons bijvoorbeeld hebt geholpen bij de verbouwing van ons huis, waarbij het prachtig
was om weer dagelijks samen op pad te zijn. Met veel plezier denk ik terug aan de
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vele bijzondere herinneringen die onze tijd samen heeft opgeleverd (met de geboorte
van Koos en Sophie in dezelfde week als meest dierbare), waarvan ik hoop dat we er
nog vele zullen maken.

Lieve opa, Lokermannen, Kotte’s en Wansinks, veel dank dat jullie als warme en
zorgzame familie mij altijd hebben gesteund.

Lieve familie Rohder, veel dank voor jullie steun over de afgelopen jaren bij dit project
dat jullie van het begin tot (letterlijk) het eind hebben meegemaakt. Ik heb geluk met
jullie als schoonfamilie, vind het fantastisch om jullie samen met Sophie te zien en
ben erg dankbaar voor de vele momenten en reizen samen.

Lieve Bas, geweldig om jou als ontzettend loyale en lieve broer te hebben. Ik geniet
altijd enorm van je aanwezigheid en in het bijzonder van je gevatte opmerkingen.

Lieve pap en mam, veel dank voor de veilige basis die jullie altijd voor Bas en mij zijn
geweest, de stimulerende maar nuchtere opvoeding die jullie ons hebben gegeven en
de fantastische jeugd die wij daardoor hebben gehad. Zonder jullie onvoorwaardelijke
steun had ik vele doelen niet weten te behalen. Pap, jij in het bijzonder veel dank
dat je me altijd hebt geholpen om zoveel mogelijk uit mezelf te halen. Ik bewonder
hoe je altijd een oplossing weet te vinden en hoe belangrijk je familie vindt. Mam,
jij in het bijzonder veel dank voor al die keren dat ik je als klankbord heb gebruikt
en je mijn manuscripten hebt gecontroleerd. Ik bewonder je grenzeloze interesse en
zorgzaamheid. Daarnaast is het geweldig om jullie als grootouders mee te maken, en
Maxime en ik hopen hier nog jaren van te mogen genieten.

Lieve Sophie, een jaar na je geboorte mag ik mijn proefschrift verdedigen, je was de
stimulans om dit project definitief af te ronden en bent een bron van positiviteit en
liefde.

Lieve Maxime, je was er al voordat de eerste letter van dit proefschrift op papier stond
en ik ben blij dat we er nu samen de laatste punt in hebben gezet. Mijn dank voor je
hulp is niet goed in woorden te vatten, maar zeker is dat zonder jou dit proefschrift
er niet was geweest; je las mee met studies, ontwierp de kaft en hielp me zelfs bij de
analyse van data. Vaak ging mijn promotie ten koste van onze spaarzame tijd samen,
maar desondanks heb je ruimte voor me gemaakt om het af te maken, waarvoor ik
je erg dankbaar ben. Ik ben ontzettend trots dat jij mijn verloofde en de moeder van
Sophie bent. Sinds zij er is vullen we elkaar nog beter aan, waardoor ik zeker weet dat,
nu dit project is afgerond, er meer tijd zal zijn voor al onze plannen samen.
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